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Where Do Gosmic Rays

Come From?

This question involves another one: How do these particles attain

their awesome energy? They have told us much about the nature

of the nucleus, and they promise to tell more about the universe

I T Yhe earth is under a ceaseless yain
l of particles from space, These cos-
mie vays, our only material contact

with the vast universe outside our plan
etary system, have excited wonder and
eager study ever since they were first
discovered 41 years ago. They fall upon
us with energies far beyond anything
that can be produced on earth. They
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Where Do Cosmic Rays

Come From?

This question involves another one: How do these particles attain

their awesome energy? They have told us much about the nature

of the nucleus, and they promise to tell more about the universe

of particles from space. These cos-
mic rays, our only material contact
with the vast universe outside our plan-
etary system, have excited wonder and
eager study ever since they were first
discovered 41 years ago. They fall upon
us with energies far beyond anything
that can be produced on earth. They
shatter the atoms of matter and make
their nuclei explode into strange frag-
ments. It is the investigation of cosmic
rays that has been responsible for the
discovery of so many new elementary
particles in the past quarter-century: the
positron, the various mesons, the V-par-
ticles and others which are being dis-
covered even as these lines are written.
Besides this, cosmic rays are of great
interest in biology, for by producing mu-
tations in genes they are said to have
played, and continue to play, a large role
in the evolution of life on the earth.
Thus the cosmic rays have been very
useful to science. But the big question
remains: Where do they come from, and
how do they get their fantastic energy?
At six oclock on the morning of
August 7, 1912, a balloon took off from
a field near the Austrian town of Aussig.
It carried three men, one of them a
young physicist named Victor Hess, and
three sensitive ionization meters. Hess
was out to learn something about the
source of a certain mysterious radiation
which physicists had been detecting for
some time with laboratory instruments.
His balloon rose to 16,000 feet, and he
found the radiation much stronger there
than at sea level. After analyzing his
readings, he announced: “The results of
my observations are best explained by
the assumption that a radiation of very
great penetrating power enters our at-
mosphere from above. . ..”

rI Yhe earth is under a ceaseless rain

64

by Bruno Rossi

This was the first recognition of what
the U. S. physicist Robert Millikan later
named cosmic radiation, The fascinated
investigation that ensued concerned it-
self first of all with finding out what the
cosmic rays were.

Outside the earth’s atmosphere cosmic
radiation consists mainly of protons (nu-
clei of hydrogen), varying widely in
energy. There are few, if any, protons
of energy below one billion electron
volts (Bev). Most of them are in the
range of one to 100,000 Bev. Occa-
sionally a cosmic-ray particle hits the
atmosphere with much higher energy,
up to 100 million Bev; it produces a
gigantic shower containing millions of
particles. For comparison, recall that the
most powerful accelerator made by man,
the Brookhaven Cosmotron, accelerates
protons to an energy of a little more than
two Bev.

Cosmic rays also contain nuclei of
helium and of heavier elements. Accord-
ing to our still incomplete information,
the velocity range of all the types of
nuelei is approximately the same. At any
given velocity, we find approximately
85 helium nuclei and six heavier nuclei
for every 1,000 protons. It is interesting
to note that the relative abundance of
the various nuclei in cosmic rays corre-
sponds closely to the relative abundance
of those elements in the universe. Long
before striking our atmosphere and be-
ginning the series of collisions by which
their energy is eventually dissipated,
cosmic-ray particles are deflected by the
earth’s magnetic field. Some of them are
thrown back into space; others reach the
earth from a direction which may differ
considerably from their original path.

Suggestions as to where the cosmic
rays may come from divide themselves
into two general schools of thought. One

school holds that the cosmic rays were
created several billion vears ago in a
tremendous explosion that gave birth to
the universe; since then lhey have been
traveling through space along trajecto-
ries curved by the universe’s general
gravitational field. The trouble with this
point of view is that it confines the en-
tire problem to the realm of pure specu-
lation. It therefore seems more profitable
to explore the second hypothesis, which
is at least theoretically verifiable. This
point of view assumes that cosmic rays
are produced continuously somewhere
in the system of stars which forms our
galaxy.

The most attractive theory is that they
come from the nearest star, our sun, for
the farther away we place the source,
the harder it is to account for the rela-
tively heavy intensity of the cosmic-ray
fall on the earth, The energy of this fall
is very small compared to the energy of
the light and heat we get from the sun,
but it is comparable to the light from
the distant stars.

Correlations between the intensity of
cosmic radiation and activity in the sun
have, in fact, been observed. Shortly
after the appearance of a large flare on
the sun, there is sometimes a sudden
burst of extra cosmic radiation at the
earth. Three such events are on record,
On November 19, 1949, cosmic-ray
meters at wi(lvly separntcd stations reg-
istered abnormally high intensities about
one hour after a solar flare had reached
its maximum. A detector of L'usmic-m)'
neutrons at Manchester, England, went
off the scale. At Climax, Col., a detector
of cosmic-ray mesons registered a 180
per cent increase.

Solar flares are often followed by per-
turbations of the magnetic field around
the carth (magnetic storms), which

COSMIC PARTICLE caused this tiny explosion revealed by a pho-
tomicrograph of a photographic emulsion especially prepared to
record nuclear events. An exceptionally energetic helium nucleus

struck a heavier nucleus in the emulsion, giving rise 1o 1oe jet of
mesons going off to the lower right. These photograplis were pro-
vided by Herman Yagoda of the National Institutes of Health.

PRIMARY COSMIC PARTICLE entered thiz emulsion from the
upper left and shattered a nucleus into about 40 nucleons and
mesons. Some of the particles went off at large angles to the plane of

19534 9H D Scientific American

“Where Do Cosmic Rays Come From?”

the emulsion, and hence are not visible. The nuclear charge of the
primary was about 20, that of calcium, The eyvent was recorded
during the flight of an unmanned balloon from Pyote, Texas.
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Cosmic microwave
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