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It has been suggested in a recent paper by Bon-
signori and the writer! that the inelastic scattering
of any particle on a target nucleon may be dom-
inated by the exchange of one single virtual pion.
Analyzing some known experiments,?? it was there
shown that in the Bev region there is good evi-
dence for such a mechanism, when the incoming
particle is a 7 meson or a nucleon. Further ex-
periments®* have shown the same qualitative evi-
dence which consists essentially in a low-energy
peaking of the laboratory spectrum of the recoil
nucleon. It seemed therefore desirable to go
further and calculate the cross section for the
process

p+p-»p+n+1r+ (1)

under the assumption of dominating peripheral
interaction. We wish to stress that this dominance
is assumed throughout the whole physical region
and not only for very small momentum transfers
as has been done in recent work.® The reason

for choosing reaction (1) is that final-state inter-
actions between the nucleons are negligible at

high energy, while the (3, 3) interaction of the

pion is likely to involve only one of the nucleons
and thus not to destroy the typical effects of the
one-pion exchange. A typical peripheral diagram
for this process is shown in Fig. 1. p, and p,

are the 4-momenta of the incoming protons; ¢, q,,
and ¢, those of the outgoing pion, proton, and neu-
tron, respectively. Together with this, one should
consider the other three diagrams obtained by ex-
changing the initial protons and the final nucleons.
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In (2), wy(E]) is the zero component of the four-
vector q(l), Pf=q+q, +4q,, P;=p, +p,, and \/_Z-Gy
is the rationalized and renormalized coupling
constant for emission of a charged pion. The
factor 272 and the minus sign are typical effects
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FIG. 1. Peripheral diagram contributing to proc-
ess (1). Full and dashed lines represent nucleons

and pions, respectively.

However, simple isotopic spin arguments show
that the separate contribution to the total cross
section for process (1) of the two diagrams in
which the 77 and the neutron emerge from the
same vertex is one ninth that of the diagram of
Fig. 1. Therefore we can consider them of sec-
ondary importance and neglect them in our cal-
culation. Furthermore, we shall be forced to
calculate the nucleon-nucleon-pion vertex and
the pion propagator to lowest order, and to sub-
stitute for the four-particle matrix element its
expression known phenomenologically for the
case in which all four particles are on the mass
shell. We will see a posteriori upon comparison
with experiments that these approximations prob-
ably are not too bad.

In the stated approximation the S-matrix ele-
ment for process (1) can be written

P2

1
26, 7_2—[M(p1p2) -M(popy)], (2)

of the identity of the initial protons.® In (3), A and
B are the well-known invariant amplitudes for
pion-nucleon scattering (in our case in the state

of isospin 3/2) as defined for example by Chew

et al.,” and m (u) is the nucleon (pion) mass. From
(1) and (3) it is in principle possible to calculate
any cross section at any energy. We choose to
calculate do/dT, T being the lab kinetic energy of
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the neutron. The importance of this variable was
stressed in reference 1 and is essentially due

to its simple relation with the 4-momentum trans-

fer to the target nucleon: (p,-¢,)*=2mT. In
performing the actual calculation we had in mind
a comparison with the 970-Mev experiment of

the Birmingham group.? At this energy, the
relative energies of the 7" and the proton are in
the region where the (3, 3) resonance dominates.
We have therefore kept only the J=3/2 P-wave
part of A and B. For future reference we write
down the result of our calculation:

%f:’ra:—z’:}’%f j(i)wmw)o(w)[a(r) +b(T, w) + (T, w)]dw, (4)

where b%=p2(161m?)G,*=0.08, p; is the lab

momentum of the incoming proton, w=[-(g+4q,)?]
is the total energy of 7t and p in their c.m. sys-
tem, and o(w) is the n+p cross section at a c.m.
energy w.2 R, a,b, and c are the following func-
tions:
R(w) = 3[w* - 2w?(m?® + p?) + (m® - p®)%]¥%,  (5)
A2
a(T) = “_(Azz T uz“)‘é') (6)
A2
= 7
b(T, w) m, (7
_ ¢
C(T, w) - (A12 + “2)(A22 + “2) ’ (8)

¢ =w —m)[(b‘pz' +m)(Ep

" +m)]M? cosb,
1 1

3 coszei -1
+(w+m)[(Ep2’-rrt)(i‘fpl'-m)]”2 3 .
(9)
mb
Mev
04

2

In the preceding formulas A® and A,? are defined
by

AZ=(py-q,)° =m?+2m(T; - T) -w?,
A22 = (pz - q2)2 =2mT7

T; being the lab kinetic energy of the incoming
protonand E, ', E, ', §; the energies of the
initial protons1 and the angle between their direc-
tions, all in the c.m. system of the 7% and the
final proton. These three quantities can be ex-
pressed as a function of W, total c.m. energy for
reaction (1), w? A%, and 4,% through the follow-
ing relations:

Ep1'=(wz+m2+A22)/2w, (10)
Ep2'=(w2+m2+A12)/2w, (11)
cosb; = (-51'52)/p1p2) (12)

where p, and p, are three-momenta correspond-

| PERIPHERAL MODEL
STATISTICAL
/_ THEORY

FIG. 2. Experimental
energy spectrum in the
lab system for neutrons
from reaction (1) as com-
pared with statistical
theory (dashed line) and
our formula (4) (full line).
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ing to Epl' and Epz’, respectively, and

(2a-A2)(2a-AL%)
4w? ’

-51'52":“0‘"' (13)
with o =W?/2 -m?. Finally we have for the upper
limit of integration

T 7% 2T \V*]V¥2
g(T) — I:mz -Wz;'fl +W(W2 - 4m2)1/2(7? +_7_n~) .

(14)

The predictions of formula (4) at 970 Mev are
shown in Fig. 2 and compared with the experi-
mental spectrum.® As is seen, the agreement
is good while a statistical spectrum fails to ex-
plain the three main features of the experimental
distribution; these are: the strong peaking at
low (~50 Mev) energy, the broad bump at high
(~500 Mev) energy, and the minimum between
them. These features are, however, quantita-
tively predicted from our formula (4) and are
typical effects of the peripheral interaction (see
reference 1 for a more detailed discussion).

Theoretically, the total cross section!® is pre-
dicted to be 12 mb; its experimental value is
16.4+ 0.7 mb.? This indicates that something
more than the diagrams of Fig. 1 contributes to
process (1). However, this “something,” what-
ever it is, is not more than 309% of the peripheral
contribution. In view of these results it seems
very desirable to have a deeper comparison be-
tween this model and the experimental data.

The author is indebted to Professor A. Stang-

hellini and Dr. E. Ferrari for very useful sug-
gestions, and also to many theoreticians of CERN
for discussions.
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INTERMEDIATE BOSON PRODUCTION IN PION-PROTON COLLISIONS*

Norman Dombey
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(Received December 7, 1960)

The current-current hypothesis has been ap-
plied in recent years to the study of the weak
interactions. The conserved vector current® hy-
pothesis and the pionic character of the divergence
of the axial vector current® have evolved in its
wake. So has the idea of a boson field which me-
diates all weak interactions.® This note deals only
with the vector part of the current, leaving for
another time similar calculations with the axial
vector part; and examines the possibility of pro-
ducing the boson W, in pion-nucleon collisions, in
case of W having relatively low mass.*
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For definiteness let us consider the reaction
1t ep~Wh+p, @

and concentrate solely on the vector part of the
interaction. Then, on inverting incoming and
outgoing particles, it is apparent that the process
is almost exactly the same as electroproduction
of pions (i.e., production of pions by photons off
the mass shell). The differences are: (i) The
coupling constant is not the electromagnetic coup-
ling constant. (i) The four-momentum of the
“photon” is timelike, not spacelike. But the anal-



