936 LETTERS TO

produced in pairs by the decay of the neutral pions, the cross
sections for the processes (1) and (2) would be (102=4) X 10727 and
(204:5)X 10727 cm?. The cross section obtained for the charge
exchange process is not very sensitive to the angular distribution
adopted. It would be (2947) X 10727 cm? for a cos?-distribution
and (18+4) X 1077 cm? for a sin?f-distribution.

* Research sponsored by the ONR and AEC.

Total Cross Sections of;Positive Pions
in Hydrogen*

H. L. ANDERSON, E. FErmi, E. A. LoNG,T AND D. E. NAGLE

Institute for Nuclear Studies, University of Chicago,
Chicago, Illinois

(Received January 21, 1952)

N a previous letter,! measurements of the total cross sections of
negative pions in hydrogen were reported. In the present letter,
we report on similar experiments with positive pions.

The experimental method -and the equipment used in this
measurement was essentially the same as that used in the case of
negative pions. The main difference was in the intensity, which for
the positives was much less than for the negatives, the more so
the higher the energy. This is due to the fact that the positive
pions which escape out of the fringing field of the cyclotron
magnet are those which are emitted in the backward direction
with respect to the proton beam, whereas the negative pions are
those emitted in the forward direction. The difficulty of the low
intensity was in part compensated by the fact that the cross sec-
tion for positive pions turned out to be appreciably larger than
for negative pions. The results obtained thus far are summarized
in Table I.

In Fig. 1 the total cross sections of positive and negative pions
are collected. It is quite apparent that the cross section of the
positive particles is much larger than that of the negative par-
ticles, at least in the energy range from 80 to 150 Mev.

In this letter and in the two preceding ones*? the three
processes: (1) scattering of positive pions, (2) scattering of nega-
tive pions with exchange of charge, and (3) scattering of negative
pions without exchange of charge have been investigated. It
appears that over a rather wide range of energies, from about
80 to 150 Mev, the cross section foy process (1) is the largest,
for process (2) is intermediate, and for process (3) is the smallest.
Furthermore, the cross sections of both positive and negative pions
increase rather rapidly with the energy. Whether the cross sections
level off at a high value or go through a maximum, as might be
expected if there should be a resonance, is impossible to determine
from our present experimental evidence.

Brueckner® has recently poin*ed out that the existence of a

broad resonance level with spin 3/2 and isotopic spin 3/2 would
give an approximate understanding of the ratios of the cross
sections for the three processes (1), (2), and (3). We might point
out in this connection that the experimental results obtained to
date are also compatible with the more general assumption that in
the energy interval in question the dominant interaction re-
sponsible for the scattering is through one or more intermediate
states of isotopic spin 3/2, regardless of the spin. On this assump-
tion, one finds that the ratio of the cross sections for the three

TaBLE 1. Total cross sections of positive pions in hydrogen.
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F1G. 1. Total cross sections of negative pions in hydrogen (sides of the
rectangle represent the error) and positive pions in -hydrogen (arms of the
cross represent the error). The cross-hatched rectangle is the Columbia
result. The black square is the Brookhaven result and does not include the
charge exchange contribution.

processes should be (9:2:1), a set of values which is compatible
with the experimental observations. It is more difficult, at present,
to say anything specific as to the nature of the intermediate state
or states. If there were one state of spin 3/2, the angular distribu-
tion for all three processes should be of the type 143 cos?6. If
the dominant effect were due to a state of spin 1/2, the angular
distribution should be isotropic. If states of higher spin or a mix-
ture of several states were involved, more complicated angular
distributions would be expected. We intend to explore further
the angular distribution in an attempt to decide among the
various possibilities.

Besides the angular distribution, another important factor is
the energy dependence. Here the theoretical expectation is that,
if there is only one dominant intermediate state of spin 3/2 and
isotopic spin 3/2, the total cross section of negative pions should
at all points be less than (8/3)wA2. Apparently, the experimental
cross section above 150 Mev is larger than this limit, which indi-
cates that other states contribute appreciably at these energies.
Naturally, if a single state were dominant, one could expect that
the cross sections would go through a maximum at an energy not
far from the energy of the state involved. Unfortunately, we have
not been able to push our measurements to sufficiently high ener-
gies to check on this point.

Also very interesting is the behavior of the cross sections at
low energies. Here the energy dependence should be approxi-
_mately proportional to the 4th power of the velocity if only states
of spin 1/2 and 3/2 and even parity are involved and if the pion
is pseudoscalar. The experimental observations in this and other
laboratories seem to be compatible with this assumption, but the
cross section at low energy is so small that a precise measurement
becomes difficult.
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HE change in the electrical conductivity of a metal upon
cold-working was first calculated by Koehler,! on the as-
sumption that the change is primarily due to the dislocations
themselves (rather than associated clusters of vacancies, for
example). The scattering potential he used was the difference in



