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EVENT OF 29 AUGUST, l957
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FIG. 2. Ion chamber response to x-ray event of August 29-30, 1957 (top figure), and
proton event of August 22-23, 1958 (bottom figure).

was very little if any magnetic disturbance pre-
sent during this event.
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DETERMINATION OF THE n -m' INTERACTION
STRENGTH FROM w -N SCATTERING~

C. Goebel
University of Rochester,

Rochester, New York
(Received August 25., 1958}

Many people have considered the role of the
m-n interaction in ~-N scattering, particularly
in the pion production process. ' Among the ef-
fects which can be qualitatively argued to be a
result of the m-n interaction are the following:

(a) The nonresonant behavior of the i= ', $--
wave phase shift at low energies, which indicates
a fairly long range for the S-wave interaction. '

(b) The positive value of Qs above -200 Mev, ~

and the positive rise of the i=& scattering ampli-
tude in the region 200to 500 Mev. 4 Taking into
account interactions of only the Born approxi-



VOLUME 1) NUMBER 9 P H YSICAL REVIEW LETTERS NovEMBER 1, 1958

mation (Tamm-Dancoff), one finds that the P
wave amplitudes are predicted to be negative,
and the positive D-wave amplitude is very small
up to at least a Bev.'

(b') The large value of the meson production
cross section near threshold in the i=-,' state, '
but not in the i=-,'state. In the latter case the
observed production cross section is roughly in
agreement with static model calculations, but
these are a factor of about 5 too small in the
i=-', state. '

(c) The maximum of the total cross section
in the i= ', st-ate at-O. S Bev (the "second maxi-
mum'). 2 It was suggested that this reflected a
resonance in the m-m scattering, ' but it was sub-
sequently pointed out that the spread of momentum
of the self-field pions would make the resulting
maximum in the m-N cross section very broad. '
Further, there is no evidence that the final pair
of pions tend to have the presumed resonant re-
lative energy. But at this energy the final state
resonant m-N interaction is probably important,
as well as perhaps "multiple scattering" in the
self field, so that the situation is too involved to
allow ruling out of this mechanism. For instance,
if the n-N resonant final state is indeed important,
this may tend to select the momentum of the vir-
tual pion, so that the effective momentum spread
is really less.

(d) The large size of the high-energy total
cross section, and the consequent backward peak-
ing of the nucleon's angular distribution, in both
elastic and inelastic events of low multiplicity. '
This clearly indicates that the incident w inter-
acts with the virtual pion cloud of the nucleon,
rather than with a core.

A way of getting a quantitative estimate of the
7t -z interaction strength is by isolating the con-
tribution of the one-pion exchange diagram (Fig.
1) from all others. One can attempt to do this by
using the fact that this matrix element becomes
infinite when the exchanged pion is real, i.e. , for
a momentum transfer 6 to the nucleon of about
i@. One cannot of course reach this physically,
but one can try to extrapolate the cross section
as a function of ~ to 6 = -p, . This j,s just the
principle of the threshold theorem, used for in-
stance in the determination of the g-N coupling
constant from z-N scattering. Chew" has re-
cently suggested the application of the extrapola-
tion procedure to a determination of the n -N
coupling constant from N-1V scattering. The
present case is similar, but in order to deduce
the dependence of the matrix element on momen-
tum transfer, one must extract from the cross

(xa, rua)

FIG. 1. Feynman diagram of the pole-containing
matrix element. Beneath each line is written its mo-
mentum and energy.
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where
2

g 2+~2 Q 2 ~ 2+P2/4 (2)

Integrating over the direction of $ (the length is
fixed by energy conservation), we find that Eq.
(1) becomes

da =8m' ( I ctrl ' ) v)[(W-E~) v2( 2'P/3] d6,2, (3)

where

t k . b,- WT~-&p, 2) ~2

i k Z-WTg+ 2P.'j-(4)

The ( ) on I'&&I2 indicate an average. Finally,

section the phase space of the three-body final
state. "

It is convenient to work in the laboratory sys-
tem. %e have, for the differential cross section
for single pion production,

der=(2' )' I'~
I
'd'k, d 'k, 5(ul+e2+8 &-W),

where YV=+y+M the total energy, and we have
put the velocity of the incident pion equal to unity.
The pole of5ttoccurs at T~=-iJ2/2M where T~
=8& -M, the kinetic energy of the final nucleon.
It is convenient to describe the final state by the
relative momentum of the final mesons (in their
center of mass) ( and the total momentum of the
mesons P or, equivalently, the momentum 6
of the nucleon. The pertinent Jacobian is
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FIG. 2. Schematic sketch of the 6 dependence of
the single pion production cross section. The deviation
from the dashed line near threshold is the effect of
the factor C(A), Eq. (5).

integrating over the direction of 6 we find, for
k»p and 6«M orb,

where

r'([5)1[2) k2~'C(~)
dh 3

(kg @AT~ Q [/2)3/2
C(a)=

kb, (kb. -WT +- p. ') ' (6)

Except very near the threshold, which is at
/k2, the two pions are relativistic in their

center-of-mass system, and C(6)=l.
The matrix element of the diagram of Fig. 1

(containing the pole) would be of the form

l c)ft
l

2 Q2/(i/ 2yQ2)2

for small momenta, whereas other diagrams
would contribute matrix elements which are
roughly constant; thus the total squared matrix
element would look something like Fig. 2. The
sme of the hump at A'=+g' would be a measure
of the strength of the w-m interaction.

Of course, the picture is distorted if other
contributions to the single-pion production mat-
rix elements interfere strongly with the pole
term or have themselves a significant depend-
ence on 4 in the region 6- p. The latter possi-
bility is not a priori likely; all.indications are
that the nucleon is effectively smaller than p. '.
Some evidence on this point is provided by Walker
et al. ,

"Fig. 16. This exhibits dc/dh, which

seems to be proportional to b,' up to b,= 500
Mev/c. They have very few events at small b„.

in fact to investigate our point economically one
must ignore events at ~ ~ 400 Mev/c, say.

Because of the low energy of the recoil nucleon
b, = p, (= 10 Mev), it seems impractical to do the
experiment of measuring do/db with counters.
The present techniques using diffusion cloud
chambers, or perhaps bubble chambers, should
be suff icient. One should discriminate against
higher multiplicity events, although their in-
clusion might merely increase the "background"
in Fig. 2.

As one goes to higher and higher energies,
keeping b, fixed, one expects that the matrix
element of Fig. 1 remains constant (if the w-n

cross section does), but all other diagrams be-
come small" so that in principle it could be
found exactly.

*This work was supported by the U. S. Atomic
Energy Commission.
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