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FIG. 1. Long-term correlation between ionization
due to cosmic rays at high altitudes (15 g cm ~ pres-
sure) near the north geomagnetic pole, the ionization
at Huancayo, Peru, and the Zurich sunspot numbers.

as measured by the yearly average of Zurich
sunspot numbers for the same period. These
relationships are shown in Fig. 1.

The large ratio of 19 to 1 for the percentage
change near the north geomagnetic pole to that at
the equator is due primarily to the large numbers
of low'-energy particles in the primary radiation
which can get through the earth's magnetic field
at Thule and penetrate 15 gcm ' of air and which
were present in some numbers during the solar
minimum of 1954.
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In a recent letter' Wilson has suggested that
the rise in the photopi. on cross sections above
500 Mev may be interpreted as being due to
another resonance in the pion nucleon system.
Since the 7t+ cross section is the larger, the
resonance must presumably be in a T = 1/2
state. If we examine the observed angular dis-
tributions, it is also possible to determine the
probable angular momentum and parity of such
a state.

We consider a scheme indicated roughly in Fig.
1. There are three important contributions to the
photopion cross section up to about 900 Mev: (A)
the J'=3/2, T = 3/2, p-wave resonance at about
300 Mev; (B) the proposed T =1/2 resonance at
about 700 Mev; (C) the "direct photoelectric"
production (s-wave, electric dipole), occurring
only for m+. If A, 8, C are the three corre-
sponding complex amplitudes, then for the total
cross sections we have

2 ~ 4
o(m+) ~ —IA I2 + —IB I' + IC I'

o(w') ~ —MI'+ —IBI'.
3 3 (1)

At the peak, - VOO Mev, one has o( m+) = 2 o( w')

whence
The above therefore constitutes further evi-

dence that for these long-time effects, (a) the
changes are world wide, (b) the low energy par-
ticles are affected more than those of higher en-
ergy, (c) the average, yearly Zurich sunspot
numbers are a good index of the long-term ef-
fect of the sun on the intensity of cosmic rays as
measured on the earth.
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FIG. 1. Major contributions to photoproduction of
pions below 900 Mev.
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For energies below 350 Mev, the main features
of the observed distribution can be explained by
A and C alone. For. mo there is a 2 + 3 sin'8
distribution throughout, while the m+ has one half
of this together with an isotropic component and
an interference term

-2~ —
~

Re(A C)cos8.(1 ~'

tion may be written

IC I'+
6

(2+3 sin'8)( IA I'+2 IBI') -2( -
I Re(C A).

3 j

(At resonance, B A and B C are purely imagin-
ary. ) Since A and C are about 180' out of phase
at this energy, and because of (2), this becomes

I
2+2 - cos8IIAI'+ - (2+3sin'8)(IAI'+2 IBI').2 2 'I, 1

I, 3 j 6

The phase of C remains small; that of A in-
creases through 90' at resonance, so that this
term gives an asymmetric contribution having
a backward maximum below resonance and a
forward maximum above. For the measurements
near 700 Mev the results are somewhat similar' 4:

the w' shows a steady symmetric distribution
with a maximum at 90', while the ~+ distribution
has a strong asymmetry which, however, is
peaked forward below, as well as above, the

resonance. The v' distribution rules out /=5/2
for the state B (which would require a dip at 90')
and is quite consistent with 8=3/2. However,
the asymmetric term in the m distribution can-
not be interpreted as interference between J3 and
C since it does not change sign on going through
resonance. We must conclude that the interfer-
ence between B and C is symmetric about 90'
and thus that B and C have the same parity.
Hence the most likely assignment for the pro-
posed resonance is 7=3/2, odd parity (D,~,).

This assignment has one difficulty: If A and
B are assigned opposite parity, then there must
be an interference term (also cos8 in this case)
between A and 8 which should also show up in
the r' distribution. However, the coefficient of
this term involves -Re(A B). Since the widths
of the resonances A and 8 are roughly compar-
able with the separation between them, the
phase of 8 is small at the maximum of A. and in-
creases to 90' at 700 Mev, while the phase of A
increases from 90' to near 180'. Hence the re-
lative phase of A and 8 remains near 90 through-
out this region and thus any interference term
will be suppressed. Above 700 Mev, this re-
lative phase decreases from 90', and we expect
a backward-peaked distribution to occur. This
is, in fact, observed at these energies.

It still remains to explain the observed asym-
metry in the n'+. As we have seen, the interfer-
ence between A and C above the maximum of A
is peaked forward, and this asymmetry would
not be affected by J3 going through resonance.
At the second resonance the ~+ angular distribu-

This agrees with the shape of the actual dis-
tribution. Since the observed ratio of maximum
to minimum is about 3:1, it follows that

)g(2 —4 (A)2 —2 )C )2

This determination of the relative magnitudes of
A, 8, C from the data at one energy, assuming a
D3/2 re sonance, agrees extremely wel 1 with the
extrapolation of lower energy data for A and C—
certainly within the possible accuracy of such an
oversimplif ied calculation.

In pion scattering experiments, a T= 1/2 peak

is also observed, but spread over a much wider
range of energies. This can be interpreted as
two overlapping levels' of which the lower cor-
responds to that seen in photoproduction. We may
then ask why the higher one is not also seen, or aI

at least does not overlap so strongly. From the
magnitude of the total cross sections this level
must have J'~ 5/2, and thus may also be a D-
state resonance. However, in photoproduction
a D3 ~, level can be excited by electric dipole
while a D, ~, state requires magnetic quadrupole.
Hence, as compared with scattering, the Ds/,
state should be much less important.

We may conclude that, assuming the existence
of a resonance, the angular distributions greatly
restrict its possible nature. The fact that we are
then led uniquely to reasonable values for the
ratios A:8:C, consistent with a resonance picture
seems in itself some evidence of the validity of
the assumption.

The author is greatly indebted to Professor
R. R. Wilson and Professor H. A. Bethe for much
stimulating discussion and valuable suggestions.
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