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Abstract: It is generally believed that the cosmic rays below the ankle of the energy spectrum are of
galactic origin whereas those having energies above this energy are extragalactic though there are also
suggestions for lower transitional energies. We have critically examined such hybrid scenario of origin
of cosmic rays and have concluded that a single class of extragalactic source for all energies is more
consistent and reasonable.

Cosmic ray energy spectrum extends a wide range
of energies, from sub GeV to at least3 × 1020 eV
(the highest energy observed so far). An important
feature of the spectrum is that it can be well repre-
sented by a steeply falling power law for energies
above the solar modulated onei.e. above few tens
of GeV. The slope of the spectrum changes slowly
at only two energies - at∼ 3 × 1015 eV (the so
called knee) where the spectrum slightly steepens
and at∼ 3 × 1018 eV (the so called ankle) where
the spectrum again flattens to its original slope.

The featureless nature of the spectrum over more
than11 decades of energy naturally suggest for a
single universal class of source of cosmic rays. All
initial proposals of origin of cosmic rays was based
on such an idea. At that stage the main question
was whether cosmic rays are galactic or extragalac-
tic in origin.

In galactic model, dominant part of cosmic rays are
originated within the galaxy and are confined in it
or rather within galactic cosmic ray halo for a long
period [6]. Among the galactic sources the sun was
a natural candidate for cosmic ray source. How-
ever, the proposal that bulk of the cosmic rays are
originated in the sun had to exclude on energetic
as well as on composition grounds. Supernova ex-
plosions are considered as most potential galactic
candidates concerning sources of cosmic rays. The
amount of energy released in a supernova explo-
sion is of the order of1051 ergs. The average rate
of supernova explosion in the galaxy is estimated

as one per30 years. Thus supernova explosions
can satisfy the requirement of energy necessary to
maintain the cosmic ray flux in the galaxy. A plau-
sible mechanism of acceleration of charge particles
also exists in supernova environment. The first or-
der diffusive acceleration at shocks (Fermi mech-
anism) by supernova blast waves could produce a
power law spectrum of accelerated charged parti-
cles with a universal slope of∼ −2.1 (the prop-
agation effects are usually considered as responsi-
ble for the difference from the observed slope of
−2.7) The envelops of supernovae are observed as
powerful sources of synchrotron radiation. This
implies that the envelops contain relativistic elec-
trons and thus serve as an evidence in favor of the
diffusive shock acceleration mechanism at super-
nova remnant. Since supernova is the last stage
of evolution of a star, abundances of heavy ele-
ments are expected to be higher in it than that in
a normal star. This explains the observed fact that
the abundances of heavy nuclei in cosmic rays are
higher than their abundances in solar system mate-
rial. Thus the galactic model (with halo) of cosmic
rays with supernovae as sources appears quite fea-
sible.

But the model also suffers from some persistent
problems [8, 7, 5]. In particular, it seems that the
maximum energy that a cosmic ray particle may
achieve in diffusive shock acceleration process can
hardly reach the knee energy for an ordinary super-
nova remnant (SNR).
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An extragalactic origin of the bulk of observed
cosmic rays at all energies was tentatively consid-
ered by Baade and Zwicky [1]. Later the idea has
been developed by Burbidge and his collaborators
[3, 2, 4]. The main objection against such proposal
is that the potential extragalactic sources of cosmic
rays like Blazars, radio galaxies, active galactic nu-
clei are unlikely to provide the required cosmic ray
energy density over the whole space.

At present the widely accepted idea concerning
sources of cosmic rays is the following: Cosmic
rays below the knee energy are produced in rem-
nants of supernovae explosions (SNRs) whereas
cosmic rays above the ankle energy are extragalac-
tic. Between the knee and the ankle the situa-
tion remains uncertain -some insist for a new class
of galactic source (hitherto unknown), some argue
that somehow particles can attain energies up to
that of the ankle in SNRs whereas some even fa-
vor for extragalactic origin of cosmic rays of this
energy range also.

By virtue of its development, the stated model
can avoid many of the criticisms raised against the
models based on a single universal class of source
of cosmic rays at all energies. Yet, the model suf-
fers from few other problems. In particular, in this
model a special variety of SNe or some other type
of source (even extragalactic) has to be invoked as
generator of cosmic rays between the knee and the
ankle. The problem with such a proposal is that it
requires fine tuning to match both the flux and the
energy at the point of taking over. The same ar-
gument also holds against the idea that galactic to
extragalactic transition occurs at an energy below
the ankle or even at the knee energy.

Here we consider the situation that galactic to ex-
tragalactic transition takes place at the ankle. It is
generally considered that it is easier to interpret the
flattening of the spectrum above the ankle as the
eventual overriding of a harder cosmic ray com-
ponent, which is sub-dominant at lower energies;
in contrast the feature of knee is difficult to under-
stand. Our analysis indicates that such a concep-
tion may not be true.

To arrive our conclusion, we consider the follow-
ing points:

1) It is very unlikely that the confinement of cosmic
rays by the galactic magnetic field ceases sharply

at a particular energy point (here the energy of the
ankle).

2) It does not seem realistic that galactic mag-
netic field strictly restricts the entry of extragalac-
tic component till the energy of the ankle (sharp)
whereas allows them to enter just above this en-
ergy.

3) The energy of escape from a class of poten-
tial extragalactic sources cannot be expected as the
same.

4) The shape of the extragalactic component of
cosmic rays over the whole energy range should
be taken into account.

Based on these points we argue that the shape of
the energy spectrum of primary cosmic rays around
the ankle and just above of it should be deformed
in contrary to the observations. This suggests that a
single class of source for all energies is more con-
sistent and reasonable. The last point of the above
list of arguments in fact favors for an extragalactic
origin of cosmic rays at all energies. In that case
the question of energetics of sources will arise. The
flux trapping hypothesis [9] could circumvent such
problem but create new problems.

The details of our analysis would be presented at
the conference.
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