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The n-p charge-exchange differential and total
cross sections were recently measured at 2. 04
and 2. 85 BeV.' A very sharp forward peak was
reported in the differential cross section. A pos-
sible explanation of this sharp peak was proposed
by Phillips' in terms of an interference between
the single pion contribution and the background
part of the NN amplitude. The purpose of this
communication is to propose an alternative ex-
planation in terms of the p meson treated as a
Regge pole. If this explanation is indeed correct,
the high-energy n -p and K -p charge-exchange
reactions should also show a similar sharp peak
for small momentum transfers.

It is well known that only the exchange of parti-
cles and resonances of isospin 1 or greater are
possible for charge exchange. Of the known par-
ticles and resonances, the p and m mesons should
be important for n-P charge exchange and the p
meson only for m -P and K -p charge exchange.
In the n-P case if the v and p mesons are treated
as poles in lowest order perturbation theory with
currently expected coupling constantss g &g /4~
=2 andg &g /4m=15, one finds total disagree-
ment with the experimental results in reference 1.
This is not surprising since the p contribution,
due to the large p mass, gives rise to a broad
peak, and the m contribution which is 0 in the for-
ward direction is too large at the larger angles.
Because of the spin structure of the NN amplitude
and the quantum numbers of the v and p mesons,
an interference between the m and p contributions

is impossible and any one-pion contribution is ad-
ditive.

In this communication the p-meson Regge tra-
jectory is assumed to be the dominant mechanism
in high-energy charge exchange, and it is shown
that the slope of the p trajectory a'(t), t ~ 0, can
be adjusted to give rough agreement with the n-p
experimental data' for small momentum transfers.
The p meson treated as a Regge pole gives a dif-
ferent angular distribution than the broad angular
distribution from that due to the p treated as a
perturbation-theory pole.

A detailed treatment of the NN problem in terms
of Regge poles is given. 4 The contribution of the
p trajectory to the NN helicity-nonf lip amplitude is

x[0' (-g )- (P (g )]-,'[1+2(-l) ], (j)t n t
where P(t) and o. (t) are the residue and position
of the p trajectory. The quantities s and t are
the usual Mandelstam variables. The p is ex-
changed in the t NN channel. The quantity T is
the total isospin for the NN channel. The func-
tion 5' o(zt) is related to the hypergeometric func-
tions by
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where zt, the c.m. scattering angle for the t NN

channel, is defined by

s =-2p '(1+z ),t t'
t =4(p '+m'), (3)

and m is the nucleon mass.
The contribution of the helicity-flip amplitudes

and the magnetic coupling of the p to nucleons are
neglected at small momentum transfers which is
the region of interest here.

The single-pion contribution is contained in the
helicity-flip amplitudes in such a manner that
there is no interference between the p and m con-
tributions to the differential cross section after
summing over all helicities.

Retaining the first term in the expansion of the
hypergeometric function in 1/zt' [Eq. (2) j, the
contribution of the p to the charge-exchange n-P
amplitude is

1 ( ) "' (2o. + 1)P (t)I'(o + -,') ( s + 2p ')
c e. 2~sJ f(a+1) I, 2p' )

1- exp(-iso. )

where K = in[4m (TI + m )/t 0]= 3.24 for TJ = 2. 85
BeV and HL is the laboratory scattering angle.
The 2. 85-BeV data are fitted with Eq. (8) in Fig. 1

by varying o. (0) and o. '(0); 5 is determined from
the experimental cross section at O'. The most
sensitive parameter in the fit is the slope of the
trajectory a'(0). The t dependence contained in
the square bracket in Eq. (8) plays an important
role and makes the choice of scale factor in Eq. (8)
less critical. The larger value of a(0) =0.7 and
the slope o. '(0) = 1/35m„' is more favorable since
the p was assumed to be the dominant mechanism
at this energy. This assumption is clearly the
weakest point; charge-exchange n-p scattering
might be a great deal more complicated and a
subtle cancellation of amplitudes could give rise
to the peak. Also the fit to the 6' point is the
poorest, indicating that other mechanisms such
as the single-m exchange are more important for
the larger angles. ' However, the n-P charge-
exchange peak can be understood in terms of the
simple mechanism of a dominant p if one con-
structs a suitable trajectory to fit the experimen-
tal data of reference 1. If the estimate of the
slope used in fitting this data is taken seriously,

X
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The quantity s is related to the laboratory kinetic
energy I'L by

20

s = 2m (T + 2m), (5)

and Pt'= -rn' for t near the forward direction. The
threshold behavior' of P(t) is removed in the fol-
lowing manner:

The function b(t) is real for t ~ 0. The scale fac-
tor to is assumed to be the square of the mass of
the p (to= 28m„'). The function b(f) is also as-
sumed to be constant in the momentum transfer
region 0 ~ jt |&10m~'. All other t dependence is
contained in n(t) in Eq. (4). The position of the
p trajectory o. (t) is approximated by

a(t) = o. (0)+fo, '(0) for t - 0.
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x exp/[a(0) +ta'(0) |K), (8)

The contribution of the p trajectory to the lab-
oratory differential cross section is FIG. 1. The differential cross section for the elas-

tic charge-exchange reaction at 2.85 BeV. The open
squares are the experimental points of Palevsky et al.
Three different sets of a(0) and n'(0) are plotted. All
three sets give approximately the same fit to the data
since the + dependence in Eq. (8) is more rapidly vary-
ing for the larger + requiring a smaller slope to fit the
data.
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the v -p and K -P charge-exchange reactions will
also show a similar sharp peak at small momen-
tum transfers. Of the known particles and reso-
nances, the p alone is exchanged in w -P and K -P
charge exchange.

In conclusion, the following differences of total
cross sections g(v+-P)-g(w -P) and o(P-P)-g(n
- p) can also be related to the p-meson trajectory
at t = 0.' At high energies the above differences
should approach 0 with the energy dependence
s~( ) . The experimental information indi-
cates9 that g(p -p) - o(n - p) & 2 mb in the momen-
tum range 5-25 GeV/c and a(& —P) - &r(v+ -P) = 2

mb in the momentum range 10-20 GeV/c. How-

ever, the experimental information on the n-P to-
tal cross section is scanty, and it is difficult to
obtain a(0) from v(p - p) - g(n - p). von Dardel et
al.' obtained a value of o;(0) = 0. 3 by fitting all of
the v+-P and m -P data between 4. 5 and 20 GeV/c
with a Regge pole formula. However, the data
are not inconsistent with a value of o. (0) = 0. 5 or
greater, and more experimental data are needed
to determine n(0) accurately. "
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The one-pion-exchange model for inelastic proc-
esses has achieved some success in describing
reactions like p+p-N~2*+++n and w +p -p +p.'
There are, however, processes such as

p++P -N *+++m
)e2

K++P —N *+++K,g2

n'+P -y, *++K+,

K +P-y, *++m,

(la)

(lb)

(1c)

(1d)

where one-w exchange or one-K exchange is for-
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bidden but one-p or one-K* exchange is allowed. '
In this note we would like to present some specific
predictions of immediate experimental interest
based on the vector meson exchange model for
isobar production. ~ The results we report here
depend only on angular momentum and parity con-
siderations; more detailed calculations including
estimates of cross sections based on the "p-pho-
ton analogy" and the "broken eightfold way" will
appear in a separate communication.

%hen a spin-one particle is exchanged in Re-
actions (la)-(ld), we have a situation analogous


