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It is shown that for the processes np — pn and yp — 7w~ A**, the Williams method of modifying the
one-pion-exchange amplitude is not equivalent to the addition of crossed-channel particle exchanges.

I. INTRODUCTION

It is well known that the forward-direction be-
havior of the processes yp—~7*n, np-pn, and yp
- 7"A** at high energies cannot be explained by
simple one-pion-exchange (OPE) Born models.
Specifically, these models do not account for the
experimentally observed forward-direction cross
sections. To remedy this deficiency it was found'~?
sufficient to include crossed-channel exchanges in
conjunction with the original OPE contributions
within the framework of a simple Born model. A
different approach was to modify the OPE ampli-
tude by absorptive corrections.* This also ac-
counts fairly well for the observed small-¢ behav-
ior as well as the behavior at higher momentum
transfers.

Recently a very simple and parameter-free ab-
sorption prescription was suggested by Williams.®
This method entails the removal of the exceptional
Kronecker 5 terms which appear in the s-channel
partial-wave expansion. These terms are elimi-
nated without recourse to a full partial-wave de-
composition simply by evaluating the residue of
the pion pole at ¢ =m ,® and retaining this value for
all ¢ values. One writes the OPE Born amplitude
in the s-channel c.m. system as®
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where A=X; =X, L=X;—A,, and where P(), u, s, t)
is a polynomial in ¢ whose order depends on the
spins of the external particles. Absorption of the
Kronecker 6 terms in the partial waves is ob-
tained by replacing P(X, u, s, t) by P(X, i, s,m .2).
The resulting amplitude was named the “OPE-3
amplitude” by Williams. In addition to the 6 ab-
sorption one corrects the wrong high-|¢| behavior
by a further application of an exponential form
factor” or a similar Regge factor.®

It has been recently stated®:® that the Williams
method is equivalent to the inclusion of crossed-
channel contributions, i.e., to the “full” Born
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model, for yp— 7*n and the np charge-exchange
reaction (CEX). It is the purpose of this note to
check this statement explicitly for the above-men-
tioned reactions as well as for the photoproductior
process yp—T"A**. The statement can be con-
firmed by an explicit calculation for the process
yp - n*n; however, for np—pn and yp—71"A%" we
shall demonstrate in Secs. II and III the inequiva-
lence of the OPE-5 model and the full Born model
The conclusions to be drawn from this result will
be discussed in Sec. IV.

II. THE PROCESS np - pn

The Born amplitude for the 7* exchange in the
¢t channel for p(1) +n(2)—~ n(3) +p(4) is given by
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where g2/4m=14.7 and u=m,. The corresponding
s-channel helicity amplitudes can be directly ob-
tained and are
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where p and 6 denote the nucleon momentum and
scattering angle in the c.m. system and where m

is the nucleon mass. On the other hand one has
for Ay ==2x;, A ==2,

2 for A =-x,
A=pul= 1
| | {0 for A, =X,
and (2.3)
[A+u|=0.

The OPE-5 amplitudes, henceforth denoted by M,
are therefore
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where sin?(36)=sin®(36)|,-,2. The contribution of
the 7° exchange in the u channel is

w7 = Ll b)) Wbl )], (2:5)

u -
which yields the following helicity amplitudes:
28 p?
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It 1s obvious that, for arbitrary s, (M eMT ){ A}
#MJ { )‘} However, this is a trivial observation and
holds even for 7" xn photoproduction. Only for s
> m? do the Williams and the full Born amplitude
coincide in 7*% photoproduction. Therefore one
would expect the corresponding equality in np CEX
only in the same limit, i.e., as s—-«. We there-
fore look for the asymptotic values of (2.2), (2.4),
and (2.6). Recalling p?~s/4, sin®(36)~-t/s,
cos?(z6)~1, one obtains
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From this one easily sees that asymptotically

1l71{"{} equals (M"° +M”+){ A for Ay =-x, = -x; =2, but
differs from it for all other helicity configurations.
Let us also compare the cross sections predicted
by the two models. The cross section is related

to the helicity amplitudes by'®
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This implies the following Williams amplitudes:
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i.e., the Williams cross section is twice the one
due to the full Born model for |¢|< u? and has a
quite different shape. Comparison with the dis-
cussion in Ref. 2 shows that d¢/dt might be in bet-
ter agreement with the data, although the experi-
mental situation is not completely clear due to
possible systematic errors.

It is interesting to note here that had we taken
the 7° exchange in the Born model with an appro-
priate form factor, its contribution would have
been negligible due to its being far off the mass
shell at s> m?2, It is in fact due to their inclusion
of form factors in the Born model that Islam and
Preist'! did not succeed in reproducing the forward
peak by pion exchanges alone. In our introduction
to Ref. 2 we have failed to state this clearly.!?:!3
It is also interesting to note!® that the full Born
amplitude violates unitarity. However, this is not
too alarming, since both the Born and Williams
models need further absorption corrections to
their wrong high-|¢| behavior.

III. THE PROCESS yp - mA*"

The Born amplitude for 7* exchange in the ¢
channel for (1) +p(2)~77(3) +A**(4) is

M=eG2e,(p )P} =, (P p )bl (3.1)

with G2/47=18.9 GeV™2 and ¢2?/47=1/137. The s-
channel helicity amplitudes implied by (3.1) are
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(3.3)
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In these formulas p’ = | Bs|= B[, p=[B,|= 5,1,
Po=p3=E; po=pi=E,, cos=Dp, Dy/p'p, cosb
=cosf|,-,2, M is the mass of A**, and
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For s> M? one has cosf=~1+(2t/s), sin?($6)
==t/s, 2(p'p, - ppcosd)=m? - (M? +u?),
2(mM)V2f,~Vs, and 2(mM)"?f _~m+M. This
gives to leading order in s

Therefore
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Numerical calculation shows that (3.6) coincides,
within experimental errors, with the data for
0< V=f <0.08 GeV. It lies above the data for all
higher values of |#|. This is a slightly poorer
achievement than that of the Born model and is
even worse than the “low-t theorem” prediction of
Campbell et al.®

To compare the three fkeovetical predictions let
us choose characteristic values of [¢|; [¢[=0, ¢
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=m,% and t=0.16 GeV?. One obtains for

(s = m?)%do /dt (in ub GeV?) from Eq. (3.6) the val-
ues 600, 1330, and 890, respectively; from the
Born model one obtains 530, 1000, 550; and from
the “low-t theorem” 530, 1200, and 820, respec-
tively. The Williams curve has, as we see, a
steeper increase from [t[=0to |t|= m,2, i.e., it
is also of a different shape than the other two
curves besides yielding higher values of do/dt.
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IV. DISCUSSION

We have shown that the theoretical results for a
full Born amplitude and a Williams model are dif-
ferent. In particular, for np- pn the forward dif-
ferential cross section in the Williams model is
twice that in the Born model and has moreover a
different shape for small values of |¢|. The same
holds for 7"A** photoproduction, with the sole dif-
ference that now the Williams model yields a
cross section which is only 1.2-1.3 times the
Born cross section.

|©

We have also seen that experiment cannot yet
discriminate between the two models. The best
place to look at is np charge exchange. Unfortu-
nately present-day experiments have normalization
uncertainties? just of the magnitude (i.e., a factor
of 2) we are looking for.

ACKNOWLEDGMENT

I am indebted to H. Pleyer for numerical evalua-
tion of (3.6).

1B. Richter, in Proceedings of the Third International
Symposium on Electron and Photon Interactions at
High Energies, Stanford Linear Accelerator Center,
1967 (Clearing House of Federal Scientific and Techni-
cal Information, Washington, D. C., 1968), p. 313;
A. M. Boyarski et al., Phys. Rev. Lett. 20, 300 (1968).

M. Gliick, Phys. Rev. Lett. 29, 1762 (1972), and refer-
ences therein.

3p. Stichel and M. Scholz, Nuovo Cimento 34, 1381
(1964); A. M. Boyarski et al., Phys. Rev. Lett. 22,
148 (1969); J. A. Campbell, R. B. Clark, and D. Horn,
Phys. Rev. D 2, 217 (1970); D. J. Broadhurst,

N. Dombey, and B. J. Read, Phys. Lett. 34B, 95 (1971).

‘F. Henyey et al., Phys. Rev. 182, 1579 (1969); G. L.
Kane et al., Phys. Rev. Lett. 25, 1519 (1970); J. Froy-
land and G. A. Winbow, Nucl. Phys. B35, 351 (1971).

Sp. K. Williams, Phys. Rev. 181, 1963 (1969).

8y. Chiu and L. Durand, Phys. Rev. 137, B1530 (1965);
139, B646 (1965). -

P. K. Williams, Phys. Rev. D 1, 1312 (1970);
P. Baillon et al., Phys. Lett. 35B, 453 (1971).

8E. Gotsman and U. Maor, Nucl. Phys. B46, 525 (1972).

%J. J. Sakurai, UCLA Report No. UCLA/72/TEP/62
(unpublished).

10we use throughout wave-function normalizations and
other conventions as in S. Gasiorowicz, Elementary
Particle Physics (Wiley, New York, 1966).

M. M. Islam and T. W. Preist, Phys. Rev. Lett. 11,
444 (1963).

12M, M. Islam, private communication.

13¢, J. Goebel, private communication.



