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Abstract

A recent experiment at LEAR, the CERN Low Energy Antiproton Ring, has
provided very precise di�erential cross-section data for the �pp ! �nn charge-
exchange reaction. When performing the extrapolation procedure to the pion
pole originally proposed by G. F. Chew the data exhibit the same dynamical

mechanism than the np ! pn line reversal reaction. The residue at the pole
is consistent with the known value of the charged �NN coupling constant, as
expected from charge conjugation invariance.
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One pion exchange (OPE) has been shown since many years, both qualitatively
and quantitatively, to be a fundamental process which dominates at large distances
the nucleon-nucleon interaction [1]. Although neither the nucleons, nor the pions, are

structure-less, it is a most remarkable fact that OPE with point-like nucleons and pions
describes correctly the NN dynamics down to distances as small as the pion Compton
wave-length. This is clearly related to the smallness of the pion mass, but it is also true
that the pion, amongst all the mesons, has always played a special role, related to chiral

symmetry and its identi�cation with a Goldstone boson [2].
In order to clarify this special role of the pion it is of the greatest importance to

detect clear pion manifestations in many di�erent physical systems. In this paper we would
like to draw attention over a clear evidence for pion exchange in the �NN interaction, which

is based on the �pp ! �nn cross-section data from a recent experiment [3] at LEAR, the
Low Energy Antiproton Ring at CERN.

The data have been taken at two values of the antiproton momentum, 601 and
1202 MeV/c. They have small statistical errors and overall normalization errors of 3 and

4% respectively. In �g. 1a we show only the low-t data, and what is plotted is the ratio
of the di�erential cross-section to its best �tted value at t = 0 (the details of the �t
are given below). The data have comparable quality and remarkable similarities with the

line-reversed reaction np! pn data, two examples of which can also be seen in �g. 1b for
two similar energies [4].

The most striking feature of both sets of data is the forward spike, which since long
time has been interpreted as a manifestation of the nearby pion pole, and now for the

�rst time has been precisely measured for the �pp ! �nn channel. The second interesting
feature is the energy dependence of the �pp! �nn di�erential cross-section which contrasts
with the universal shape with momentum transfer exhibited by the np ! pn reaction
from a few hundred MeV to almost 10 GeV. A third point to be noticed, not apparent

from the �gure, is that the value of the forward di�erential cross-section at a given energy
is about 4 times smaller for �pp ! �nn than for np ! pn: this is due to the annihilation
process, which is unique of the �NN system, and is responsible of the strong absorption of
the lower partial waves.

Although the very narrow width of the forward peak (� 100 Gev�2) immediately
suggests a pionic phenomenon, it is not straightforward to explain the exact shape of the
di�erential cross-section in terms of the pion propagator. Due to the lack of good �pp! �nn

data, what has been scrutinized in so far is the np! pn cross-section and its remarkable
energy-independent t-shape, but the symmetry between the two reactions demands for a
common explanation.

It is well known that, due to the pseudoscalar nature of the pion, pion exchange

must contribute to the cross-section with a Born term
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is the charged pion-nucleon coupling constant (m� andM are the pion and proton masses).
The Born approximation predicts therefore a narrow dip in the forward direction, rather
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than the observed spike. Taking into account also the u-channel �0 exchange gives the cor-
rect cross-section value at t = 0, but still fails to reproduce the measured t-dependence [5].
Agreement with the data can be obtained only assuming destructive interference between

the pion- and some `background'- term [6]. At low energy this `background' amplitude
arises naturally when subtracting the �-function which is present in the central part of
the Yukawa potential. The subtraction of this unphysical term allows to obtain excellent
agreement with the data, as can be seen in �g. 1b, where the data are compared with

the potential model calculation of the Paris group [7]. Several mechanisms, like the no-
exchange model [8], have been proposed to motivate the subtraction of the �-function.
Recently it has been suggested that the subtraction is obtained quite naturally when
correcting the OPE potential at short distances to take into account the �nite size of

the pion [9]. At high energy an intensive theoretical e�ort was dedicated in the past to
the understanding of this puzzle, and several ad-hoc recipes (like conspiracy [10], or the
`poor man absorption' [11]) have been proposed. Although this problem by now is well
understood, it is fair to say that a simple explanation of why the Born approximation fails

to give the shape of the di�erential cross-section of the np ! pn reaction is still lacking
[12].

For these reasons we believe that the cleanest way to show up the presence of the

pion pole in the scattering amplitude is the extrapolation procedure which was suggested
already in 1958 by G. F. Chew [13] as a way for determining the pion-nucleon coupling
constant. If in the t-interval under consideration the pion propagator is the only singularity
of the scattering amplitude, by multiplying the di�erential cross-section by the square of

the denominator of the pole term x = m2
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which, when extrapolated in the unphysical region to the pole position t = m2
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provide the value of the coupling constant.
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are plotted as a function of x in �g. 2 for the �pp! �nn measured data at 601 MeV/c. The

data at 1202 MeV/c have a very similar behavior, but have not been plotted because they
fall largely on top of the ones at 601 MeV/c. For comparison we show in the same �gure
the same quantity for the line-reversed reaction np ! pn, using precise data recently
measured in this energy region, at 435 MeV/c [14], and at 1040 MeV/c [15] incident

neutron momentum. We have divided by g4
c
(assuming g2

c
= 13:6, a presently agreed upon

value) so that the plotted quantities should extrapolate to one at the position of the pole.
Also shown in the �gures are the lower order polynomial �ts which best reproduce the
data. The leading term of the �tted functions is parabolic, which is what one expects

by assuming only the pion term in the scattering amplitude, interfering with a constant
background.

It is a most remarkable fact that within errors the �pp! �nn data nicely extrapolate
to the same value as the np! pn data. This means that pion exchange is a real dynamical

mechanism in �NN physics much in the same way as it dominates the NN interaction,
and it is not masked by the annihilation process. In this sense the use of �-exchange
as a tool to probe the �NN force seems to be quite plausible, and the perspectives for
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measuring the long and medium-distance behavior of the �NN meson exchange potential,
and testing its physical interpretation and the G-parity rule, look promising. The fact that
the data points extrapolate to the same value is also a nice con�rmation of the charge

conjugation independence, i.e. that the pion is coupled with the same strength to nucleons
and antinucleons.

These facts clearly do not come as a surprise. The exchange of pions has always
been regarded as an essential ingredient to understand the �NN data, starting from the

very early ones, i.e. the very large cross-section values as compared with those of the NN
system [16]. The fact that the pionic charge of an antinucleon should be -g, and that
in general from any NN meson exchange potential one can derive a corresponding �NN
potential, are clearly generally accepted, and supported by all the data which have been

accumulated over the past forty years. Thus we regard �g. 2 just as a nice con�rmation
of our theoretical ideas and of the simplicity of physical laws. What can be considered
as a nice surprise is the smooth behavior of the quantity x2 � d�=d
 : the shape of the
di�erential cross-section is very di�erent for the �pp ! �nn and np ! pn reaction, but

these di�erences are much less important when considering the Chew's function.
The procedure suggested by Chew has been applied successfully in the past [17] to

the np! pn data providing fairly accurate values for the coupling constant. Other more

precise methods have been implemented successively, which use dispersion relations or
phase-shift analysis either of NN or of �N data, but with the advent of new precise d�=d

data in the np! pn reaction very likely this reaction will again become competitive with
the other methods [18]. Given the interest of knowing precisely the value of the �NN

coupling constant and the recent debate stimulated by the Nijmegen group [19], which
challenged the generally accepted value of f2

c
= 0:079, in a separate paper [20] we describe

a determination of f2
c
which relies on the extrapolation to the pole of our �pp! �nn data.

This work stems out of a large experimental e�ort we have undertaken over the

past ten years to study the �NN force and we are grateful to all the members of the PS199
and PS206 collaborations, and in particular to the great enthusiasm and dedication of
R. Hess. We are deeply indebted to T. E. O. Ericson, J. M. Richard and I. Shapiro for
their continuous encouragement, support and enlightening discussions.
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