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ORIGIN AND PROPAGATION OF COSMIC RAYS
(Prepared by S. B. Pikelner)

Three concepts of the origin of cosmic rays have been developed during these years—the
metagalactic, the galactic, and the local generation.

(1) According to the metagalactic concept, cosmic rays come into the Galaxy from meta-
galactic space, in which they are distributed uniformly with a density similar to the density
near the Earth (2). There are here difficulties with energy (x) and also other difficulties (3).
Now some modifications of this hypothesis have been developed, which connect the cosmic rays
with the local group of galaxies (4) and with the local supergalaxy (5). In both cases, the systems
are considered as ideal traps completely confining the cosmic rays.

In (4), it is suggested that cosmic rays conserve the adiabatic invariant during the whole life
of the system. In that case the density of the particles changes as 4/ B. The chemical composi-
tion of cosmic rays puts definite restrictions to the density of gas in the system.

Critical discussion of the fundamental assumptions of these papers is given in (x). Besides
there are difficulties with respect to energy. The idea that cosmic rays are kept rigorously in
the systems is interesting in connection with magnetic configuration and magneto-hydrodynamics
in general. The question arises if the trap might be closed when galaxies, gas and 2 system as a
whole move. Moreover, the constancy of the adiabatic invariant causes a strong anisotropy of
cosmic-ray pressure in the regions of weak magnetic field. This anisotropy may lead to
instability.

The balance of kinetic, magnetic and cosmic-ray energy is interesting from the magneto-
hydrodynamic point of view. Usually it is accepted that these three kinds of energy are equal.
If this applies to the metagalactic medium, and if p =~ 1072 gfcm?, V' x 1 to 5 167 cm/sec, then
the density of cosmic-ray energy is about 10714 erg/cm3 (1). This is considerably less than that
in our Galaxy. The possibility of considerable deviations from the equipartition is not clear yet.

An electron component of cosmic rays and cosmic y and X-rays attract great attention now.

Besides radioastronomical data, direct measurement (6, 7) proved the presence of 1 to 39,
electrons in cosmic rays. Calculations show (8) that electrons which appear in the encounters of
cosmic rays with nuclei of atoms of interstellar gas and in the following desintegration of
m+ mesons are not enough to explain the observation. Consequently electrons should be
original and in the frame of metagalactic theory they should be present in the Metagalaxy with
the same density. In this case the radio emission of the Metagalaxy should be much stronger
than the observed upper limit of it.

Encounters of relativistic electrons with photons of stellar light should create y-quanta in
metagalactic space (9). As calculations show (8), this process is principal. To explain the
observed upper limit of intensity of y rays (10), it is necessary that the density of relativistic
electrons be less than 3%, of their galactic density.

(2) According to the concept of galactic origin the cosmic rays are associated with processes
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taking place inside galaxies, including ours. Cosmic rays come into metagalactic space from
galaxies. The density of cosmic rays in the Metagalaxy should be three orders of magnitude
less than that in the galaxy.

Supernovae explosions are considered as the origin of cosmic rays in galaxies. They inject
cosmic rays into the Galaxy in a quasi-stationary way. The observed frequency of supernovae
explosions is enough to maintain the density of cosmic rays taking into account their diffusion
out of the Galaxy. This hypothesis is developed now more completely than others (see (1) and
a bibliography there). This allows co-ordination of all data of observations except in the very
high energy region. The origin of the highest-energy particles should be connected with other
more extended sources of radiogalaxy type.

In opposition to such a stationary model there was suggested recently a non-stationary model
supposing that enormous explosions took place in the nuclear regions of galaxies (11). In our
Galaxy such explosion might have taken place 5-107 years, or more, ago. The origin of the galactic
halo is connected with this explosion (12). Similar explosions are really observed in other
galaxies (M82 and especially some distant radiogalaxies). In our Galaxy we may observe
several indirect results of such explosions, for instance, a movement of inner spiral arm
(R = 3 kpc).

It can be shown (8) that such explosions hardly can give cosmic rays with the observed
concentration, as the energy of cosmic rays decreases when the gas expands. However, such
explosions can be important for the theory of origin of cosmic rays as they change considerably
the conditions of diffusion of particles and the model gets non-stationary.

Concerning the question about the diffusion of cosmic rays in galactic magnetic fields it is
important to clear up if particles move strictly along magnetic lines conserving the adiabatic
invariant or if there are some processes facilitating the guiding of cosmic rays inside the Galaxy.
The second possibility seems more realistic both according to the observational data (isotropy of
cosmic rays) and according to some theoretical suggestions connected with the inverse influence
of relativistic gas upon the magnetic field. This influence is connected with the possible
instability when the distribution is non-uniform and velocities are not isotropic {x). This very
important and interesting question requires more complete theoretical analysis.

(3) Local generation. Varying magnetic fields in space are likely to produce acceleration of
particles under very general conditions. Besides the acceleration due to variations in meta-
galactic fields and galactic fields we should also consider variations in fields in our close environ-
ment as possible sources of cosmic rays. We know that the interplanetary magnetic field is
varying, and we may infer that the ejection of plasma beams into interstellar space around us is
likely to drive acceleration mechanisms also in the local environment of the solar system.
A local generation of cosmic radiation would be an analogy to the generation of the van Allen
radiation close to the Earth (13, 14).
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