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ABSTRACT

The possible contribution of a p-exchange process to the prhotopro-
duction of p mesons, which subsequently decay to high energy pions at
very small angles, is examined when the p-nucleon vertex is replaced by

the total cross section for p induced reactions.



Recent experimentsl on high energy photoproduction of pions in the very
forward directions have indicated a possible large cross section which éan-
th be explained by the Drell mechanism® of single pion exchange. Specula-
tions tﬁat a non-vanishing 0° cross section would be possible from a direct

ypop magnetic moment interaction have been considered® for the reaction

+
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as indicated in Fig. 1. The main problem with such a contribution is that
the calculated angular distribution must be drastically reduced away from
0° if the p-exchange mechanism is to be even in rough agreement with ex-
periment. A possible procedure for making the p-exchange process more
sharply peaked at very small angles is to assume a Regge pole-like behavior
of the exchanged p.* This procedure. brings the angular distribution to

a better agreement with experiment, but yields a slow decrease of the cal-
culated 0° cross section with increasing primary energy. The latter result
mﬁst still be checked by higher energy experiments.

In this note we examine the possible contribution of the p-exchange
process, where the pNN - vertex is replaced by the total cross section for
the reaction p + N —(all consistent final states), as shown in Fig. 2.
Assuming that the p-nucleon total cross section is 30 mb and that the p
.is coupled to a conserved current, we conclude that the p-exchange process
contribution to a final state of a small angle p and a nucleon, as calcu-
lated in Ref. 3, is always an order of magnitude larger than the contribu-
tion to a final state where the pNN vertex is replaced by the p total

cross section.



Consider the process where the exchanged p interacts with the target

nucleon (Fig. 2)
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The cross section for this process is given by
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where K 1is the photon energy, w,,w, are the energies of the produced

pions, O is the fine structure constant, I'y is the p width and g

P P

its coupling constant to the two pions.

The matrix element in Eq. (3) results from the magﬁetic moment inter-
action between the photon and the p-pair, and the subsequent absorption
of the exchanged p-meson. Following Ref. 3, the matrix element may be
written in the form

m = (k-e)ep - (e_-e)kp Fu

where e and € are the photon and p-meson linear polarization vectors.
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The wvector PH represents the absorption of the exchanged p. If we make
the assumption that the p 1is coupled to a conserved current, then aver-

aging over all other final particles, except for the exchanged p, allows

us to write the averaged tensor F“Pv = Tuv in the form®
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where pl and g are the initial nucleon and exchanged p momenta,

respectively. In order to assure that ‘I‘“V will be nonsingular at

g% =0, A and A, must be related near g® ~ 0 in the form
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The total cross section of the virtual p, given by B -5 T ,
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q
expressed in terms of A, and A_, is
(p_-a)® N
o, = 3A; - A, Pl - T = -BA, - plA2 (7)
q
and for small .qg' approaches
o, = 27, (8)



In integrating Eq. (3) over some narrow range of lqg I near lqzl ~ O
we are confronted with the probiem of whether there is a possible rapid.
variation of A, with lqgl. To this end we note that the assumption
that the p 1is coupled to a conserved vector current, and the additional
assumption that there is a direct gauge-invariant p-y coupling, leads to

the relation
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where G and B are constants. The observed inelastic electroproduction6
. £ibl ‘th .

is compatible with the above eguation for a nearly constant G(Virtual o)
as a function of lqgl. Therefore in the following considerations we use

Eq. (9) to support the assumption that 1s constant in the

G(Virtual p)
region of ,qzl ~0 to ‘qe} ~ 30 mi .
Within these assumptions it is possible to calculate cross section (3).

In the limit of Pp —0 we get
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where for small 'q ‘ values F(K,wl,wg,qz) is given by
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This result depends crucially on the assumption that reaction (2) is
dominated by small momentum and energy transfers. Unless‘We are limited
to small momentum transfers there is no justification for neglecting the
form factor Az' In evaluating F(K,wl,wa,qg) we have neglected terms
linear in g*(K - W, V).

Photo p production via a @ exchange process is best detected if
one of the high energy final pions is produced at OO, where other calcu-
l;ted contributions are either zero or negligible. In calculating the
cross section for reaction (2) at 6, = 0%, we have neglected the mass of
the produced high energy pion and have approximated cos 92 =~ 1. The
integration over q2 was taken over an interval Aqg.z 30 mi. As the
actual damping of momentum transfers in this reaction is probably very

strong,4 our result may be overestimated. Within these approximations the

cross section to photoproduce a high energy pion at Ql = 0° from



reaction (2) will be given by
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Some immediate consequences follow from this result: The cross section
to photoproduce a high energy pion at 6, = 0° in the BeV region from
reaction (1) was shown® to be of the order of 10 =8 cmg/BeV—sr. With the

assumption that Up is 30 mb, the equivalent cross section from reaction (2

, N

/ d"o

is one order of magnitude smaller. The differential cross section {aﬁ—a;—
% 1 1

6,-0°
was shown® to behave like (wl/K)wl ,_whereas (12) yields a dependence of
(wl/K)Zwl which 1s slightly weaker. We are led to the conclusion that at
any accessible photon energy reaction (1) is dominating reaction (2) by an
order of magnitude as a possible source for high energj rion production at
o)

6. =0

1 This result can be readily checked experimentally since it implies

that the great majority of charged pions photoproduced at very small angles
in a hydrogen bubble chamber experiment should belong to one-prong events
independent of the primary photon energy.

It was noted that the p exchange process cross sections calcﬁlated
in the pole approximation do not fit the known experimental results, and

a>Regge pole behavior was suggested® to overcome this difficulty. This



suggestion does not change the qualitative results of the present calcu-
lation. A Regge pole calculation would change the normalization, energy
dependence, and angular distributions of the individual cross sections

concerned, but will not change the approximate ratio of the contributions

o}

from reactions (1) and (2) at Gl =0 within the assumptions stated

here.
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FIGURE "APTIONS

Yy + N — pi + N via a p exchange process.

y + N — oF + (others) via a p exchange process. The photon is
denoted by the polarization e and momentum Kk, the produced ©

by €, p. The o-N vertex is denoted by T .
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