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Spectra of Produced Pions in Meson-Nucleon Collisions in the Diffractive Model*
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The longitudinal-momentum distributions of produced pions in Xp and mp inclusive reac-
tions are calculated in the framework of the diffractive model. Not only is the- backward-
forward asymmetry predicted, but the absolute slopes are also determined without any pa-
rameters in good agreement with experiment.

This note is an addendum to Ref. 1 in which the
proton and pion spectra in PP collisions have been
studied in the diffractive model. The extension-of
that work to Kp and mp inclusive reactions is con-
sidered here.

Let us first summarize briefly the basis of the
model. A multiparticle production process at high
energy is viewed in this model as a collision in
which the two incident hadrons are diffractively
scattered (via the exchange of the Pomeranehukon)
into two excited states. The latter subsequently
decay isotropically in their respective reit frames
with an average energy for each pion that is inde-
pendent of the incident energy and the number of
particles produced. The production cross section
depends on the masses of the excited states in a
way that is in accordance with the vanishing of the
triple-Pomeranchukon coupling. In fact, we found

d o'~dMq O-'Mq"

where M1 is the mass of one of the excited states.
Because the Pomeranchukon has been assumed
factorizable, the same can be written for M„ the
mass of the other excited state; moreover, this
dependence on M, and M, is independent of the na-
ture of the incident particles. Consequently, the
analysis in Ref. 1 can be straightforwardly applied
to the meson-nucleon collisions.

The pion spectra on the proton side of these col-
lisions are identical to those in the pp collisions.
The pion spectra on the meson side differ only

slightly. For a KP collision, the "nucleus" of the
decay cluster of the excited-K state is the kaon
just as it is for the proton in the case of the ex-
cited-proton state. Thus, all we need is to replace
M (mass of proton) in Ref. 1 by Mr, the mass of
the K meson. The invariant cross section for the
pion spectrum at infinite energy has the same form

as before [Eq. (15) of Ref. 1].
do e '"
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The only difference is that the parameter g should
now be Mr/E rather than M/E. The multiplicity
n p of the produced pions in a minimal cluster should
be 1 if the pion detected from the kaon side has the
same charge as the kaon; otherwise it should be 2.

For mp collisions, all the decay products of the
excited-m cluster are pions. Thus, they should aQ
be treated on equal footing. Since n, 1s the number
of produced pions in the (first) cluster, the mass
of the cluster should, therefore, be M, = (n, +1)E.
Hence, ( =1. This is the only modification we need
in the above equations to determine E(x) for vp col-
lisions. It is, however, important to note in the
present case that the spectrum so determined
should correspond only to the produced pions, since
the "through-going" pions have not been properly
taken into account. That means that the results
are valid only for v'p -v'+ anything. The value
of np is 2 in either case because the pion cluster is
always odd for diffractive excitation.

We have computed E(x)jx at infinite energy with

Rp = 2 fol both KP and FP colllslonsy they are shown
as heavy solid lines on the right side of Fig. 1.
The 1eft side is the pion' spectrum from the proton
also for np=2, as calculated in Ref. 1. Note that
we have plotted do /dr instead of the invariant cross
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Fia. 1. Pion spectra in Kp and mp collisions. Solid
curves are for infinite energy; broken curves are for
EI =20 GeV. The experimental points (Refs. 2-6) all
fall within the shaded regions.
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section F(x) because the experimental data at lab-
oratory energies appear simplest in that plot. Our
results show divergence at x =0 because the inci-
dent energy has been taken to be infinity. To cor-
rect for this unreality, we have also plotted
F(x)/x', where x' = 2k*'/vs, k*' being the c.m.

pion energy and s corresponding to 20 GeV. The
supposition here is that F(x) is limiting at 20 GeV
already. The results are shown in broken lines.
There is no significant variation in the shapes of
these curves if the incident energy is varied from
10 to 25 GeV.

Data are available for K"P - w X (11.8 GeV), '
w P-m'X (25 GeV), ' m+P-w X(18.5 GeV), ' K+P-m-X (12.7 GeV), ' and K P -w+X (9 GeV). ' Though
taken at various energies, they are all remarkably
straight in the log plot and are all confined to the
shaded regions in Fig. 1. The agreement between
theory and experiment is evidently good.

We remark that we have used no free parameters
except in the normalizations which are adjusted
separately on the two sides. We have no reliable
way to obtain the constant A. which may be different
for the two clusters. Thus, our claim here is in
the prediction of the shapes of the pion spectra.
The slope on the proton side is steeper because
for the same number of pions emitted, the proton
cluster moves slower in the c.m. system than the
meson cluster; consequently, the pions emitted on
that side have smaller longitudinal momenta.
There is no need to invoke the quark picture to ex-
plain the asymmetry. 3'
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