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A rescattering model is proposed which accounts for the experimental angular distributions in the process
E +P ~Z +m+.

KCENT experimental study' of E prea-ctions,
when the incident E—momentum is in the few-

GeV/c region, has revealed anomalous behavior in the
angular distributions. It is not possible to understand
this behavior within the framework of the single-
particle-exchange model. There is a need, therefore,
to investigate this phenomenon by going beyond this
simple model. The simplest way out would be to con-
sider a rescattering square diagram for such processes.

The anomalous behavior is quite prominent in the
reaction LFig. 1(a)$

X-+p —+ z-+~+,

for which a backward peak. is observed at high energies, '
but below about 1.5 GeV/c the angular distributions
show a forward peaking along with a mild backward
peaking. ' 4 The meson exchange being C-forbidden, we
must give up the hope of meeting this situation on the
basis of one-particle-exchange contributions. In Fig. 2

we show the singularities for reaction (1). If we fix s
on the straight line S of Fig. 2, we can determine the
singularities. We have, e.g. , a cut at &= (m +mz)', a
pole at N=m', i.e., t=Pm;2 —m' —s, and a cut from
N=(m+m )', i.e., t=Pwz;e (m+m, )'——s. We there-
fore assume that (1) is dominated by a two-particle-
exchange graph (Fig. 1(b)] which contributes the
nearest singularity in the t variable. We further assume
that at the energy involved, this diagram can be ap-

proximated by the rescattering square diagram shown
in Fig. 3. We now put the s-channel particles on the
mass shell, which implies that the reaction (1) is a
two-step process:

E +p-+ p'+A~Z +m.+.

This will enable us to extract a convergent contri-
bution from Fig. 3 by using Hamilton s coincident-pole
method. 5 ' In this method it is possible to write the
fourth-order matrix element as a product of two matrix
elements corresponding to the two successive second-
order processes (2).

Using the masses and the momenta of the particles
as labeled in Fig. 3, we can write the invariant ampli-
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FIG. 1. (a) Labeling of momenta of the particles for the reaction
E +P -+ Z +++. (b) Two-meson-exchange diagram for the re-
action E +P ~Z +71-+.
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FIG. 2. Locations of the important singularities to the Z m+

production amplitude with respect to the physical regions are
indicated in the Mandelstam diagram, which is drawn approxi-
mately to scale.
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FIG. 3. Rescattering diagram for
E +P ~Z +x'+.
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It is possible to find a value of p' for which both the
denominators p"+MA' and p+m»2 vanish. This
corresponds to the situation in which p' and A are free
particles. The coincident-pole contribution can be
extracted by integrating over pe', which gives a pole
(i.e., a 8-function) contribution from the first denomi-
nator. Now we substitute the value

pe'= +L(p"+MA')"' «n j—

(where g) 0) in the second denominator and take the
pole (or 5-function) contribution over the remaining
integration. The process (1) is now a two-step process
(2) for which we can write

&p,~«l ~41 pl, el&

d'p' d«q' MA 1

(2m. )2 (2K)2 2' 2qe'

&&(p', 8'I ~2I pl, e &

This allows us to write9

@(p«)gAwx75( «7' p+MA)V«gZ»A
SxW

V~ V~
X«gpvv(g« Q2) v 8v»+ «g pKK(gl+Ql)»

x (p), (5)
where

1 nln« —cos82+g( —P)
Y= ln

gi el ie"
I I+i v'( P) nl—n« —c»82—v'( —&)
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where 8' is the c.m. total energy and cos0'= jg j'. To
evaluate the integral in (4) we use the fact' that the
function F=1/(Ql'+mK')(Q«'+en') is a rapidly
varying function of cos8', and theref ore essentially
determines the angular distribution. Hence, we sub-
stitute in the rest of the integrand that value of cosg'
for which the function F is maximum (i.e., cos8'~ 1).

VWe have adopted the notations of J. D. Jackson and H.
Pilkuhn, Nuovo Cimento 33, 906 (1964).

'L. Her«OCChi and A. CapeHav NnOVO Qi~ente 51A, 369 (1967)l,
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Pro. 4. Production angular distribution in the reaction (1) at a
E momentum of 1.46 GeVjc. The solid curve is the theoretical
prediction yielded by Kq. (6). The dashed curve is the outcome
when we assume forward production of p . The histogram repre-
sents the experimental data of Cooper et al. (Ref. 3).

9 A. 0. Sarut, The Theory of the Scattering Matrix (The Mac-
rqillan Company, New York, 1967), p. 119,
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FIG. 5. Production angular distribution at an incident E

momentum of 1.95 GeV/c. The curve represents the theoretical
prediction from Eq. (6). The histogram represents the experi-
mental data of Dauber et al. (Ref. 4).

After taking the usual sum over polarization and spin
states, we And the differential cross section to be

da twas l q2 l—=0.38935 l"g~ z'gay~'
dn 12S(2~@)4

l q l

)&gp 'gplr g'FIFI mb/sr, (6)

FI= &6LV2. VI+(V'C') (VI.C')/~B,
F=g( 2/IMII)s( IMIIg+ pip')(M~Mz+pI p').

To evaluate the differential cross section from Eq. (6),
we take the values of the coupling constants as fol-
lows"". gz y,'/4II=3. 8, gg„I,'/4II='I. 4, and gp '/4II
=2g, ling'/4Ir=2. 4. Thus, we have no free parameters
ln our cRlculRtlon.

Results of our calculations are shown in Figs. 4-6
along with the experimental histograms. Ke 6nd that
the present calculation is able to account for the
forward and backward peaking observed' at an incident

~0 R. H. Graham, S. Pakvasa, and K. Raman, Phys, Rev. 163,
1774 (1967).

u A. W. Martin and K. C. Wali, Phys. Rev. 130, 2455 (1963).
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FIG. 6. Production angular distribution at a E momentum of

3.5 GeV/c. The curve represents the theoretical prediction from
Eq. (6).The histogram represents the experimental data of Ref. 2.

E moment-um of 1.46 GeV/c. We are also able to get
the correct high-energy behavior' (increase in back-
ward peaking) as shown in Figs. 3 and 4.

If wc RssuIQc folwRrd production of p ln the lntcl-
nMdlRtc states» thRt ls» lf we put cos8 = 1 ln thc func-

tion P as well, we get the dashed curve shown in Fig. 4.
Slight improvement ln thc agI'ccIIlcnt with thc cxpcI'1-

mental data shows that this approximation is
reasonable.

Thus, we find that the situation created (i) by the
presence of both forward and backward peaking and

(11) by the cllallge lI1 'tile production angular dlstrl-

butions with the change in the incident momenta can
be understood in terms of the rescattering diagram.
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