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It has been generally agreed that directions of
cosmic rays are essentially isotropic, with some
reservations according to some indications of ani-
sotropy suggested by a few investigations. '

The implication of the isotropy of primary cos-
mic rays seems to be that the trajectories of cos-
mic rays are so well disturbed by galactic mag-
netic fields that the memory of the original direc-
tion is lost. It is, then, natural to suppose that,
if we consider the cosmic rays of extremely high

energy, they are less affected by magnetic fields
and hence the original anisotropy, if there is any,
would show up. Attempts have been made to look
for the anisotropy of extensive air showers. ' The
isotropy of extensive air showers of size -10' par-
ticles has been well established. ' However, above
a size of 10 particles essentially no investigation
had been made until the groups of M.I.T. and Cor-
nell obtained data on the isotropy of extensive air
showers of this size and suggested some possible
indication of an anisotropy, although it is still un-
certain. '~'

We wish to inquire here if there is any particu-
lar component in primary cosmic rays which is
anisotropic but is buried in the majority of iso-
tropic components. As one of the possibilities,
we may consider heavy nuclei of extremely high
energy. The present report describes experi-
mental results which may concern this problem,
obtained by two experimental groups. The statis-
tics of the results are by no means satisfactory;
but, since preliminary results appear to be very
suggestive from the astrophysical point of view,
we thought it worth while to publish them. Part
of the results was obtained by the air shower proj-
ect of the Institute for Nuclear Study (INS). ' The
apparatus is essentially composed of an air shower
array above the ground, with which the size, N,
the location of the center of the shower, and the
arrival direction are determined for each exten-
sive air shower; and an underground detector of
eight square meters, with which we can measure

+ ~ ~

/d— ~™I ~
~ ~

~ ), ~ ~

~ ". '
~ ~ ~ L ~ ~

I i "gj
~ I ~ g' I ~ i

A
~ ~

~ ~ 0

~ g ~ %

Y ~ ~
~ ~r e ~ i

~ ~ ~

~ i

I) I'I. f I, i'L, Iale. l.
/0 lo /c~ IO

FIG. 1. Example of an 1V-n& diagram. This diagram
is for the showers whose zenith angle is between 20' and
39'. The upper boundary of the distribution of points is
indicated by a dashed line.

the density of p, mesons whose energy is greater
than 5 Bev at the ground surface. Another part
of the results comes from the project of the Osaka
City University (OCU). ' This is also a combina-
tion of an air shower array above ground and a
detector array underground. Both groups used
similar distribution functions for the lateral
spread of particles in estimating the size N of
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Table I. Observed numbers of p-meson-rich air showers for the intervals of right ascension. Data for different

ranges of the size are shown separately for INS and OCU. Distributions of showers without the selection with re-
spect to the p-meson component are also shown.

Right ascension (hr) 0-3 9-12 12-15 15-18 18-21 21-24

(a) p-meson rich
INS: &10'

10 -10~

OCU: & 10'
10'-10'

2

10

Sum

(b} Without the selectiom
INS: & 10~

10 —10
25
29

10

21
34

15

21
32

14
48

28
32

22
36

17
24

16
33

each extensive air shower. ' The total number of
p. mesons, n, in each shower was evaluated

P.'
from the density of p. mesons measured at a cer-
tain distance from the center of the shower with
the aid of an empirical lateral distribution of p, -
meson component. '

As a possible means of distinguishing heavy-
primary-initiated air showers, we propose the
"N-n&" diagram analysis. If we plot, on the dia-
gram whose coordinates represent the size N and
the total number of p. mesons n&, respectively,
the point representing each extensive air shower,
these points are known to be distributed on the di-
agram within a band which spreads by a factor of
several to ten, having a rather definite boundary.
Figure 1 shows an example of this diagram. The

reason for the relation between n& and N not being
unique is probably that the starting point of the ex-
tensive air shower, or the altitude where the first
interaction of the shower occurs, is different from
shower to shower. Thus the location of the point
on the diagram is considered to specify a unique
combination of the total energy and the altitude
of the starting point of the shower. '

In the case of heavy-primary-initiated showers
it was shown that the ratio of n to N would not
fluctuate as much as in the case of proton-initiated
showers and moreover that the ratio is greater. '
Therefore, if we select showers whose n& to N
ratios are close to their maximum possible val-
ues, heavy-primary-initiated showers would be
concentrated. This criterion of selection is cer-

FIG. 2. The distribution of arrival
directions of p-meson-rich air show-
ers on the celestial sphere. The ze-
nith of the locations of observation
scans the celestial sphere along the
declination +35'. Showers which are
very inclined and which are relatively
p-meson rich are also plotted.
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tainly artificial, but we may pick up several to
ten percent of all showers with a strong bias to-
wards the heavy-primary-initiated showers. We
plotted on the celestial sphere the arrival direc-
tions of those showers, whose n& to N ratios are
between the maximum and eight-tenths of the
maximum value.

Table I and Fig. 2 show the distribution in right
ascension of the arrival directions for the show-
ers of various sizes and for different series of
experiments. The apparent features of this dis-
tribution are a "bright" region between 3 and 15 hr
right ascension and a "hole" in the region between
15 and 18 hr, along the band around 35'N declina-
tion. On the other hand, no indication of anisot-
ropy can be seen if we plot all the showers with-
out respect to the above criterion. This bright
region, incidentally, corresponds to the general
direction which is perpendicular to the Orion arm
of the galaxy where the solar system is located. '
The probability of a statistical fluctuation produc-
ing the observed anisotropy is estimated to be
less than one percent.

This apparent anisotropy leads us to the tenta-
tive conclusions that, first, at least several per-
cent of cosmic rays in the energy range of the ex-
tensive air shower (10"-10'~ ev) are produced by
heavy primaries, and second, that the maximum
intensity is at right angles to the axis of the gal-
actic arm or, probably, to the direction of more
or less regular magnetic field of the galaxy. '

Although the conclusion is still of a temporary
nature, it appears to encourage further discus-
sions and investigations. We wish to emphasize
the importance of investigations of this type at
different latitudes in order to survey the part of
the sky which is out of sight at our latitude. This
kind of information would be crucial for the con-
firmation and the interpretation of the anisotropy.
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At a recent conference' several groups, includ-
ing this one, reported indications of a possible
anisotropy in the arrival directions of very ener-
getic cosmic rays. 2 ~ Our report was based main-
ly on data obtained at the NIT Volcano Ranch sta-
tion in 1959-60, but also included data obtained
by the Cornell group and by the M'IT group at
Agassiz. The apparent anisotropy, (Ima -Im;n)/
(Im~+I in), was about (25+ 7) % for primary
energies of the order of 5&10"ev, and about
(70+ 30)% for energies of the order of 4x10" ev.
The minima were located in sidereal time be-
tween 12 hr and 18 hr, and between 18 hr and 24

hr, respectively. Another series of measure«
ments was carried out at Volcano Ranch in 1960-
61. However, events recorded in the second run
were not included because analysis of data from
that period has not been completed. Until that is
done, we cannot make the usual plot showing the
arrival directions of the individual showers in
celestial coordinates. However, the apparent
asymmetry shown by the 1959-60 data is strong
enough so that, if the effect were real, we would
expect to find a sidereal variation in counting rate
during the second run. The 1960-61 data were
obtained after the area of the array had been in-
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