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The existence of high-energy electrons in the
galaxy was first deduced from observations of the
nonthermal galactic radio emission. ' More re-
cently electrons reaching the earth at energies of
a few hundred MeV have been directly observed
in balloon experiments. '~' lt is of great interest
to study these electrons in detail in order to gain
information on the origin of cosmic rays. As has
been pointed out in the literature, ' a measure-
ment of the positron-to-electron ratio will be
decisive in the determination of the electron
source. The two sources which have been con-
sidered are (1) P-P collisions between the cosmic-
ray protons and intergalactic hydrogen, and

(2) the production of electrons as a consequence
of supernova explosions. The first process has
been studied in detail by Hayakawa and Okuda'
and by Jones. ' This process yields a prediction
for the energy spectrum of the electron compo-
nent as well as the ratio of positrons to electrons.
The e+/e ratio has a value of about 2 at 100 MeV
and moves towards 1 with increasing energy. On
the other hand, the second process, proposed by
Ginzburg' and others, is expected to yield pre-

dominantly negative electrons. Process (1) will
certainly occur in the galaxy since high-energy
protons as well as hydrogen are known to be pres-
ent.

In order to gain information on the nature of
the electron source we have carried out an ex-
periment in which we measure the positron-elec-
tron ratio of the primary cosmic radiation as a
function of energy. We wish to present here
some preliminary results.

The essential features of our instrument are
shown in Fig. 1. The equipment consists of a
permanent magnet, delivering approximately
6000 gauss over a 3-cm gap of 12 x 12-cm' area,
a spark chamber telescope for the determination
of the particle trajectory before and after passing
through the magnetic field, and a tantalum plate
spark chamber (4. 2 radiation lengths) for parti-
cle identification. The four trajectory spark
chambers have aluminum plates of 3-mil thick-
ness. The spark chambers are triggered by a
triple coincidence counter telescope which in-
cludes a Cherenkov counter (index of refraction,
l. 27). The Cherenkov counter excludes upward-
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FIG. 1. Schematic view of the magnet, spark cham-
ber, and counter telescope.

moving particles and protons with energy below
about 600 MeV. The plastic scintillation counter
under the magnet gap is sufficiently thin (1/8 in. )
to avoid appreciable scattering. The spark cham-
ber array is photographed by two 16-mm cameras.

Two balloon flights were carried out at Fort
Churchill, Manitoba. In the first flight on 28 July
1963, the balloon floated for 10 hours under about
3 g/cm' of residuaL atmosphere. The second
flight took place on 5 August 1963 with the balloon
floating for 12. 3 hours under about 5 g/cm'.

In both flights combined, about 62 000 events
were photographed. These events were scanned
for the occurrence of electron-photon showers in
the tantalum plate spark chamber. The radius of
curvature of the particles in the region of the
magnetic field was subsequently measured. Fig-
ure 2 shows an example of the track and shower
produced by a negative electron of approximately
700-MeV energy. In order to exclude pairs or
showers mhich originate in the Cherenkov counter
or gondola wall, all events in which more than
one track appeared in any trajectory chamber
mere rejected.

The instrument is capable of discriminating be-
tween positive and negative particles up to about
2-BV rigidity. In this preliminary analysis we

FIG. 2. The track and shower produced by a 700-
Me V negative electron. (The evenly spaced sparks
on the top and bottom of each chamber are mounting
screws. )

have included only electrons with E & 1 BeV, and
we have divided this region into three energy in-
tervals. The numbers obtained in the tmo balloon
experiments are shown in Table I. It should be
noted that no flux or energy spectrum can be de-
rived from these numbers. The detection effi-
ciency has not yet been determined and is energy
dependent. Particularly in the 100-MeV region
and below, a fraction of the electrons will not
produce a shower of sufficient size for unique
identification in the shower chamber. The ratio
of electrons to positrons, however, will not de-
pend on the detection efficiency. The division
into energy intervals does not yet have the ac-
curacy which we shall eventually achieve. In Ta-
ble I our results are compared with the fraction
of positrons expected on the basis of Hayakawa
and Okuda's calculation' for the proton-proton
collision source.

Within the experimental errors there is no dif-
ference in the fraction of positrons between the
flights at 3 g/cm' and 5 g/cm'. This agrees with
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Table I. Summary of results.

Date of
flight

Average
atmospheric

depth
(g/cm')

energy
interval
(Me V)

Number of
electrons a
e+ e

Fraction e /(e + e )

Observed
Individual Combined

flights flights

C alculated b

28-7-63
5-8-63

28-7-63
5-8-63

28-7-63
5-8-63

50-100

100-300

300-1000

19
13

15
8

13
7

24
27

52
65

0.24 +0.16
0.42 +0.20

0.44 +0.11
0.32 ~0.10

0.22 +0.07
0.11 +0.05

0.31 +0.12

0.38 +0.07

0.16 +0.04

=0.70

=0.65

-0.60

These numbers must uot be used to obtain the total flux or to construct energy spectra for e, e, or (e++ e )

since no corrections for the detection efficiency were made. Only the ratios e+/e or e+/(e++e ) are independent
of the detection efficiency.

See reference 5. The ratio e+/(e++e ) calculated for secondary production in the atmosphere above the instru-
ment has an average of 0.68 over the energy interval from 50 MeV to 1000 MeV.

earlier results on the altitude dependence of the
electron flux, ' where it mas shown that secondary
electrons produced in the atmosphere contribute
only a few percent of the primary flux in the re-
gion of atmospheric depth with mhich we are con-
cerned. The absence of an appreciable secondary
electron contribution is also expected on the basis
of ealeulations using the known cross sections
for pion production. Most of the secondary elec-
trons and positrons produced in the Cherenkov
counter and gondola mall above the spark chambers
mere eliminated by the rejection of multiple tracks
in the upper spark chambers as discussed above.
We have, for the purpose of this preliminary dis-
cussion, not attempted to make a correction for
secondary electrons. Our values for e+/(e +e )
may be taken as upper limits for the primary
cosmic-ray electron component since secondary
production processes will yield a positron excess.

From the data presented in Table I we draw the
following conclusions: (l) The primary electron
component contains an excess of negative elec-
trons which cannot be attributed to the P-P colli-
sion source; (2) the fraction e+/(e++e ) appears
to decrease with increasing energy between 100
MeV and 1000 MeV.

Although me are in no position to prove that the
observed primary electrons are of galactic and
not of solar origin, we consider the latter possi-
bility to be unlikely. At the present phase of the
solar cycle an enhanced flux of galactic particles
of rigidity between 0.4 BV and 1 BV has appeared
in the solar system. ' Also, if the electrons were
of solar origin, a positive correlation of their

flux with solar activity is to be expected. It
would then be difficult to reconcile our observa-
tions with the upper limit for the electron flux
obtained at solar maximum by Critchfield, Ney,
and Oleksa. '

Therefore, we tentatively assume the observed
electrons to be of galactic origin. Since we are
unable, at the present time, to obtain an experi-
mental energy spectrum we try to construct an
energy spectrum under the assumption that the
energy spectrum as well as the e+/e ratio due
to the proton-proton collision source is correctly
described by Hayakawa and Okuda. ' Under the
further assumption that all positrons which we
observe originate in the proton-proton collision
source, we can obtain an energy spectrum for the
excess negative electrons as mell as for the total
electron plus positron flux. The theoretical (e
+e ) spectrum of Hayakawa and Okuda due to P-P
collisions and the deduced spectra of the excess
negative electrons and of all electrons and posi-
trons are shown in Fig. 3. We conclude from
this figure that, in the energy region from 100
MeV to 1000 MeV, the energy spectrum of all
electrons is flatter than the spectrum of the P-P
collision electrons alone. This would eliminate
the difficulty of reconciling the shape of the cos-
mic-ray energy spectrum with the observed spec-
tral index of the nonthermal galactic radio emis-
sion. '0

It is a pleasure to acknowledge the assistance
of R. Hartman in the development of the Cheren-
kov counter, and in the execution of the balloon
flights; of R. Daniels and A. Cook in the design
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and maintenance of the electronic system, ' of
J. Upton and S. Lucero in the assembly and test-

FIG. 3. The calculated energy spectrum of positrons
and electrons from galactic p-p collisions (Hayakawa
and Okuda, reference 5) . Circles: the energy spectrum
of negative excess electrons, based on reference 5 and
the measured fraction e+/(e++e ). Crosses: the en-
ergy spectrum of all electrons and positrons based on
reference 5 and the measured fraction e+/(e++e ).

ing of the mechanical and optical system; of
N. Metropolis and R. Dornberger in presenting the
computer program for analysis of the events; of
D. Tsui for calculations of the atmospheric cor-
rections; and of J. Dill in scanning and measur-
ing.

Raven Industries, Inc. , provided us with the
two successful balloon flights. %e gratefully
acknowledge the excellent support given us by
the Skyhook program of the U. S. Office of Naval
Research and by the Royal Canadian Air Force at
Fort Churchill, Manitoba, Canada.
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CRITERION FOR STABILITY AGAINST RESISTIVE INTERCHANGE MODES*
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Considering the stability of hydromagnetic sys-
tems in which a small resistivity is introduced,
the fastest growth rates of the new modes have
been found to be proportional to the cube root of
the resistivity. '" In particular, when the analysis
is restricted to a plane incompressible sheet-
pinch with a finite gravitational field' or to very
low P systems' ' such as the stellarator configura-
tion, with a negative pressure gradient along the
radius of magnetic curvature, unstable inter-
change modes have been shown to exist always.
These modes become topologically possible when

resistivity is introduced because the mass flow
is no longer tied to the magnetic lines of force.

Here we consider a cylindrical pinch configura-
tion and show that if P =—2P/B' is of the same or-
der of magnitude as p'R/B' and small, but not
negligible, a criterion for stability against re-
sistive interchange modes can be given. P is the
pressure, P' its gradient, B the total magnetic
field, and R the radius of the plasma cylinder.
The condition for stability is

ding {(dine/dlnr)'+ (2kra)'}
dlnr (1+k'r'c') + 0(P)




