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Mesons in 18.5-GeV/c m -p Interactions~
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New data are presented on the longitudinal- and transverse-momentum spectra of m

mesons produced in both z p and s+p interactions at 18.5 GeV/c. These distributions
are studied as a function of the number of charged particles observed in the final states.
The spectra are discussed in terms of relevant models and are compared with similar
data from pP interactions. The data cannot be factorized into a simple product of inde-
pendent functions of longitudinal and transverse momentum. The distributions suggest
strongly that a simple quark-quark model is inadequate to explain multipion production.

& p -& +anything,

& p-& +anything,

(1a)

(lb)

at the same incident beam momentum, 18.5 GeV/
c. These are, in the terminology of Feynman, '
"inclusive processes" with no constraints on the
final-state products.

Our data are based on 322000 pictures of m'p

interactions at 18.5 GeV/c in the Brookhaven
National Laboratory (BNL) 80-in. hydrogen bub-
ble chamber. We have measured the negative
particles produced in each interaction. The anal-
ysis thus includes events with four or more visi-
ble prongs in w'P interactions and two or more
visible prongs in m p interactions. At present
we have analyzed a total of 126000 negative
tracks, 62 000 for Reaction (la) and 64000 for
Reaction (1b). In the following analysis we as-
sume that all negative tracks correspond to &

mesons. The negative tracks which are obvi-
ously strange particles from their decay were
not measured. We have independently deter-
mined' the ratio of v'm:%+K:pp production in
the four-body final state to be 100:3:1,and we

The study of the characteristics of inelastic
processes in hadron-hadron collisions at high en-
ergies is of current interest. At high energies,
the inelastic processes are dominant, the pro-
duction of resonances in any specific channel is
small, and many particles are involved. It is of
particular interest" to study processes such as

pp —& +anything,

sp —s +anything.

The momentum spectra of pions produced in pp
collisions have been studied rather extensively';
the information on the same spectra in vp colli-
sions is limited. 4 We present new data on &

production in the two reactions

estimate the nonpion. contamination in the final
sample to be at most a few percent.

Various authors" have suggested parametriz-
ing multiparticle production processes in terms
of the transverse and longitudinal momenta of the
produced particles. Following Feynman, we de-
fine the quantity x as

p II/po (2)

where p „ is the longitudinal momentum of a sec-
ondary particle in the overall c.m. system and P,
is the c.m. momentum of the incident pion. Here
x is positive (negative) when p ~~

and p, are in the
same (opposite) directions.

Distributions of the transverse momentum Q
exhibit dependence on the prong number n and on
x. Figure 1(a) shows distributions of Q' for 0.0
&x &0.1 as a function of prong number n in w+p

reactions; Fig. 1(b) shows Q' distributions for
several ranges of x in & p interactions with n =4.
Steep slopes at small Q' are observed for all val-
ues of n when Ix I is small. The slopes at low
Q' become less steep for larger Ix I. The & p
data exhibit virtually identical features. The dis-
tributions for other n are similar in both the n+p'
and the & p interactions.

For small positive x, the strong peaks at low
Q' are as prominent in n+p as in s p interactions.
Yen and Berger' have suggested that such peaks
are caused primarily by peripheral production of
low-mass resonances. Such resonances should
be more important for low-multiplicity interac-
tions and, in the forward direction, are expected
to be predominantly of the same charge as the in-
cident particle. The peaks should thus be small-
er for forward-produced s from m'+p than from
v p interactions if meson resonances are respon-
sible, in contradiction to what is observed. We
also note that Abolins et aE. ' have observed a
sharp peak at low Q' in the proton momentum dis-
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FIG. 1. Distributions of the transverse momentum Q
for w+p interactions: (a) dN/dQ distributions with 0&x
&0.1 for a11-, four-, six-, eight-, and ten-prong
events separately; (b) dN/dQ distributions for four-
prong events with 0.1&@&0.0, 0.0&@&0.1, 0.1&@&0.1,
and 0.2 &x & 0.5; (c) dX/dQ distributions for combined
data (all prougs) with 0.0&x&0.04, 0.04&x&0.10, 0.10
&x&0.20, and 0.20& @&0.50. The curves are described
in the text.

tribution in pp interactions involving K-meson
production. As pointed out by these authors, the
application of the Yen-Berger model to these
events might imply the existence of a low-energy
Z* baryon resonance which has not been observed.
However, Berger has suggested that in both ex-
periments the peaks might be explained by peri-
pheral production of baryon resonances.

To display the region of low transverse momen-
tum in greater detail, we show in Fig. 1(c) Q dis-
tributions for s'+p data for all n and for different
ranges of x. These distributions show a shift in
the position of the peak towards higher Q and a
broadening of the peak with increasing Ix I.
These features correspond to the increase in
slope of the Q' distributions at low Q' observed
in Fig. 1(b) for small Ix I. According to the ther-
modynamical model of Hagedorn, the Q distribu-
tion should be x dependent, and in its simplest
form' is given by

dN/dQ = kg[exp(E/T) 1] 'dx, -
where E = [Q'+(xp,)'+m„'j'". Since the x binning
of the data is broad, it was not sufficient to eval-
uate Eq. (3) at a mean value of x for each bin.
We therefore numerically integrated over each x
bin, weighting Eq. (3) by the observed x distribu-

(c) 2.0—
p

m+p ~I-R I.o-

tion of the data. The smooth curves in the figure
show these fits. We find that the x dependence of
the Q distributions for all n can be quantitatively
described by expression (3). Acceptable values
of X' could not be obtained if the factor -1 was
neglected. In fitting the data, good fits' for all
of these distributions were obtained with a single
value of 7=0.118 GeV. It was not possible to
obtain as good a fit to either the negative x re-
gion or the & p data. To what extent these fits
are relevant to a thermodynamic interpretation
of the data is not clear.

We present x distributions for s+p and v p in-
teractions in Figs. 2(a) and 2(b), respectively. In
each case, distributions for all events as well as
for four-, six-, eight-, and ten-prong events
are shown. The distributions are asymmetric,
being less steep for x &0 than for x &0. This ef-
fect is somewhat more pronounced for & p inter-
actions but is also evident for m'p. Thus an in-
terpretation of the entire asymmetry in terms of
a. very simple "leading-particle" picture in which
the beam particle continues in the forward direc-
tion will not explain the data. In both &'p and m p

0. I I I I I

2 4 6 8 IO
n

FIG. 2. Distributions in the longitudinal-momentum
variable x: (a) dN/dx for w+p data for a11-, four-, six-,
eight-, and ten-prong events; (b} dN/dx for x data for
all-, four-, six-, eight-, and teu-prong events; (c) de-
dendence of R (see text) on prong number n for x+p and
K p data.
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dN/dQ = C Q'I' exp(-aQ) (5)

and have determined a as a function of n and x.
We have fitted the x distributions with the func-
tion

dN/dx =C exp(-blx I)

and have determined b as a function of n and Q'.
The fitted parameters are shown in Fig. 3. Since
the x distributions are not symmetric, values of
b for x &0 and x )0 are presented separately.
Function (5) fits the data rather well in the re-
gion 0.06 & Q & 1.0 (GeV/c) and function (6) fits
well for 0.02 & Ix I &0.4. The fitted curves deviate
significantly from the data beyond these regions.

The straight lines shown in Figs. 3(a), 3(c),
3(e), and 3(g) provide reasonably good descrip-
tions of the variation of these parameters; the

interactions the x distributions for high multi-
plicity approach symmetry about x = 0.

The asymmetry of the longitudinal-momentum
distributions is dependent on the frame of refer-
ence. This asymmetry decreases as one goes
from the laboratory system to the c.m. system.
This suggests that a reference frame may exist
in which the longitudinal-momentum distribution
is symmetric about zero. To describe such a
system, we define a quantity R as

R =
I p, /p;. I,

where p, and p;„are the momenta of the target
and the incident particle. (We require p, and p;„
to be collinear. Here R = 0 defines the laboratory
system and R = 1 defines the c.m. system. ) We
have investigated the distributions of the longitu-
dinal momentum pz„, in Lorentz frames corre-
sponding to different values of R. In Fig. 2(c) we
show the value of R for which the pz, distribution
approaches symmetry as a function of n for ~'p
and II p interactions. The value of R decreases
monotonically for increasing n in both II+p and
r p interactions" and approaches the value 1 for
large n. This suggests the relevance of the c.m.
system in describing high-multiplicity events.
If a simple picture of quark-quark interactions"
is assumed to account for pion production, the
value of R is exPected to be a for IIP interactions.
Although (R) = 2 for n ) 4 in II+p and n ) 6 in s p
interactions, it is clear that the dependence of
R on n cannot be explained in terms of a simple
quark-quark model. "

In order to provide a comparison with previous-
ly published results, "we have fitted the Q dis-
tributions with the function

10
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curves on the other figures are shown to guide
the eye.

The dependence of a on x and of b on Q, shown
in Figs. 3(b), 3(d), 3(f), and 3(h), indicates that
d'a/dxdQ' cannot be factorized into independent
functions of x and Q'. We also find that (d'a/
dxdQa)E cannot be factorized into independent
functions of x and Q'.

In Table I we compare our data with results
for II' production in pp collisions" at the same
c.m. incident momentum. The values of b for x
&0 in both E p and w p interactions are in quali-
tative agreement" with values for the pp data.

In summary, we present extensive new data on
production in II'p and II p interactions at the

high energies studied. We have studied the
transverse-momentum distribution as a function
of prong number and of longitudinal momentum,
and the longitudinal-momentum distribution as a
function of prong number and of transverse mo-
mentum. We point out that (a) the backboard ~
production data in II' p interactions are in rather
good agreement with pion production in pp inter-
actions indicating that fragmentation of the pro-
ton is similar for IIp and pp interactions. (b) The
dependence of a on x and of b on Q indicates that' d/ adxQd' does not factorize in any simple way.
(c) In II'p interactions there is a strong peak at
low Q' for negative pions with small positive
longitudinal momentum; this peak is as large as
the peaks in corresponding distributions for n p

FIG. 3. Dependence of fitted parameters & and b:
(a) a as a function of n, (b) a as a function of x, (o) b as
as a function of n, and (d) b as a function of Q, all for
& p data. The corresponding parameters for the m p
data are shown in (e)-(h).
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Table 1. Values of b in the expression dN/dx = C exp[-b ~ x( ] for x &0.

Number of
prongs, n

All
2

6
8

10

9.88 + 0.08
8.82 + 0.34
8.44 + 0.10

10.32+ 0.14
12.44 + 0.26
14.80 + 0.79

10.29+ 0.07

8.36+ 0.10
10.89 + 0.12
13.02 + 0.28
14.24 + 0.60

7.29+ 0.10
3.0.08+ 0.20
12.80+ 0.34

The values for the PP data have been interpolated to yield values corresponding to
the same c.m. momentum as that of the rp experiment.

interactions and cannot be explained by peripher-
al production of meson resonances. (d) The Q
distributions can be quantitatively described by
the function (3) for a wide range of x.
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