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For the inclusive reaction & P pX, the average charged multiplicity (n) of the system A"

as a function of missing mass ~ and momentum transfer I, is studied in terms of a multi-
peripheral model. For M )20 GeV (above the low-mass pion diffraction region) and for
~t i

& 1 GeV2, the model is found to be in good agreement with data at 205 Gev/c, which
show (n(~, t)) -ln~ for fixed t, and (n(M, t)) only weakly dependent ont for fixed ~l .
Further experimental and theoretical investigation is suggested.

I. INTRODUCTION

The multiperipheral model' has had considerable
success in describing many features of multi-
particle production at high energy. Here we apply
a simple version of the model to the inclusive in-
elastic reaction

possible, this simplified model predicts essential-
ly the same M' and t behavior for the average
charged multiplicity of X as the more realistic
model, and has the advantage of being calculation-
ally considerably easier to use.

The inclusive differential cross section for re-
action (1) for 20 GeV' (M' & s is then

We study the behavior of the average charged mul-
tiplicity (n) of the produced system X as a function
of M' and t, where M' is the mass-squared of X
and t is the four-momentum transfer squared to
the recoil proton. The model is shown to provide
a good description of data' at 205 GeV/c, which,
for M' & 20 GeV' and

~
t

~
6 1 GeV', show (n(M', t))

- lnM' at fixed t, and (n(M', t )) approximately
independent of t for fixed M'.

We first discuss some theoretical details and
then compare model predictions with average
multiplicity data for reaction (1). Although we

specifically treat reaction (1), the model is ap-
plicable to the general class of reactions of the
form a+P-PX, as well as to reactions involving
charge exchange at the nucleon vertex, such as
a+P- nX and a+P- &"X.

II. MULTIPERIPHERAL MODEL

To obtain do/dM'dt for reaction (1) we make
two basic assumptions: (i) The M' dependence of
do/dM'd t can be descri'bed by a single Pomeron
pote term for sufficiently large values of M'. (ii)
The system X is produced mainly by a non-I'om-
e~on exchange mechanism for M') 20 GeV', as
suggested by the observed inclusive M' distribu-
tion' for reaction (1) at 205 GeV/c.

A detailed multiperipheral model embodying
these assumptions has been described in Ref. 3.
For the present, we employ a simplified version
of this model which assumes that the system X is
produced by pion exchange (ignoring G-parity re-
strictions). Although other exchanges are clearly

dM'd t 16m's' (t m, ')' " -s, t-
(.:) (2)

Here g' is the effective coupling at the nucleon
vertex, s is the center-of-mass energy squared,
and n is the intercept of the Pomeron pole. The
last three factors represent the high-energy off-
shell nm scattering amplitude; this form for the
mm amplitude is suggested by an approximate an-
alytic solution to the multiperipheral integral
equation. ' The factor j3„depends only on n, and

s, is related to the squared masses of the prom-
inent mm resonances (thus s, = 1 GeV').

We now calculate (n), the average charged mul-
tiplicity of X, as a function of M' and t. Assum-
ing that (n) is a constant fraction of the overall
charged plus neutral multiplicity of X, (n) can be
obtained from the inclusive differential cross sec-
tion using"

(n(M', t )) = C —D(M', t (M', t),

where C is a constant related to the vw coupling
strength and D(M', t) =do/dM'dt. Inserting (2) we

flnd

t

(n(M', t)) =C lnM'+ln +d,So-t

with d=C[8(lnj3„)/So. -lns, ]. Thus, for positive C,
(n(M, t)) is predicted to increase logarithmically
with M~ at fixed t, and to decrease very slowly
with t for fixed M . Furthermore, (n(M', t)) is
predicted to be independent of s. Although both
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constants C and d in (3) are calculable from the
multiperipheral model, they depend strongly on
the details of the model and we therefore choose
to obtain them by fitting the data, as described
below.

We now proceed, by integrating (3) with respect
to t or M', to calculate two other quantities of
interest. The average charged multiplicity at
mass M' is

l .6 '-

l. 2-
C4

0.8:-

(n(M')) = (n(M', t)) D(M', t)dt D(M', t)dt
0.4 .-

= C[lnM'+cp (u„)]+d,

where u„ is the minimum allowed
~
t

~
value for

given M' and s, and

(4)
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The function u (M') represents the Chew-Low
boundary: For values of M' not too close to s,
u„= (M'/s)'ns~'(I M'/s) ', -where m~ is the proton
mass. When M'/s«1, u is close to zero and the
term cp(u ) in (4) has negligible contribution. How-
ever, as M', and therefore u„, increases, y(u„)
gives a small negative contribution, so that for
s/2 ~i'))I' ~ s, (n(M')) is predicted to deviate down-
ward slightly from a simple lnM' dependence.

The average charged multiplicity of X as a func-
tjpn pf t, fpr M & 20 GeV', is similarly obtained
by integrating over M'.

(n(t)) =

M~

(n(M' t)) D(M', t)dM'
2

111111

M~

D(M' t)dM'
2

Al 1P

Here M' . = 20 GeV' and

M' —(s/2m ')(-t)"'[(4m ' t)' ' —(-t)' ']—
= (s/mi, )(-t)"'

for -t«4m~'. Using (n(M', t)) as given by Eq. (3)
we find

max) in ~ max (™min InM min

(M' )"' '-(M' )""
+ln ' — +d. (5)

( t)' 1(n(t)) = C in ~ + ins- + d .
mp(so-t) N+I (6)

Thus, for fixed s, (n(t)) is predicted to rise with
-t from t= 0, reaching a maximum at -t = s,
= 1 GeV'.

For t~ 0.1 GeV', the M—'„„„terms in (5) can be
neglected and we obtain, using M', „=(s/m)) )(-t)'~',

FIG. 1. Two-dimensional plot of missing mass (M~)
vs momentum transfer (t) for 1566 inelastic events of
the reaction x p Px at 205 GeV/c. A cutoff of 1.4
GeV/c in the recoil proton momentum limits -t to:1.4 GeV~

III. COMPARISON WITH DATA

The data to be considered consist of 1566 in-
elastic events of reaction (1) at 205 GeV/c (s
=385 GeV'), observed in the Fermi National Ac-
celerator Laboratory 30-in. hydrogen bubble
chamber. The outgoing proton, identified by ion-
ization, has momentum & 1.4 GeV/c. The iluanti-
ties M' and t were calculated from measure-
ments of the beam and recoil proton. Further ex-
perimental details are given in Ref. 2.

In order to apply the present version of the
multiperipheral model, we assume that the pro-
duced system X consists entirely of charged and
neutral pions ~ We assume, furthermore, that the
charged/neutral pion ratio is independent of M'
and t, so that the average charged multiplicity of
X is a constant fraction of the average overall
multiplicity of X.

Figure 1 shows do/dM'dt as a two-dimensional
scatter plot of M' vs t. [As discussed in Ref. 2,
the observed exponential falloff with t of
d o'/d t dM' is such that biases introduced by the
1.4-GeV/c cutoff in proton momentum ( t~ 1.4-
GeV') are negligible up to M'= 180 GeV'. ] For
fixed t, events extend in M' up to the Chew-Low
boundary, M', , = (s/m~)(-t)'~'. The low tcluster-
of events which peaks at M' = 2 GeV' is produced
by diffraction dissociation of the incoming pion.
In the following, pion diffra. ction dissociation [i.e.,
production of the system X in reaction (1) via
Pomeron exchange] is assumed to be unimportant
fpr M abpve 20 GeV .
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the ts,/(s, t)j—""factor in Eq. (2). However,
while the statistical significance is not overwhelm-
ing, Figs. 3 and 4 do show that the data for ~'
& 20 GeV' at high

~
t

~
(i.e., ~

t (& 0.5 GeV') are
consistently above the model predictions. This
suggests that other than pion exchange may con-
tribute appreciably in this not-very-peripheral
region. Further high-statistics data at the higher
t values would be desirable.

can be reasonably understood with a simple version
of the multiperipheral model for 20%M' & 200
GeV' and

~
t

~
& 1 GeV'. It would clearly be of

interest to extend the present multiperipheral
analysis to higher values ot s, M', and

~
t ~; to

the higher multiplicity moments ot X, such as f,
and f„and to other reactions of the form a+p-pX.
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On the basis of general phenomenological arguments, it is suggested that the neutral weak
hadronic current should transform as a U-spin scalar. Possible tests for this hypothesis are
proposed, and the implication of the available data is discussed. The question whether such a
structure can be generated from unified gauge theories is also examined.

Several recent experiments' ' have established
the existence of neutral currents in neutrino-
induced reactions. Qualitatively at least, such
neutral currents have been proposed in some
gauge-theory models of weak and electromagnetic
interactions. Not surprisingly, a great deal of
effort has been directed recently at testing the
original Weinberg-Salam model, ' and although
nothing conclusive can be said at the present time,
more definitive and elaborate comparisons will
undoubtedly be forthcoming as the experimental
data grow.

At this stage, however, it is worthwhile to keep
an open mind on various theoretical or phenomeno-

logical possibilities. Even within the context of
unified gauge theories such an attitude is useful,
due to the fact that several models exist or can be
constructed with different structures for neutral
currents, although probably none is as simple in
appeal (at least for the leptonic sector) as the
original Weinberg-Salam model.

In this note we propose a general structure for
the weak hadronic neutral current from a phenom-
enological point of view. This structure is a gen-
eralization of a recent proposal due to Sakurai. '
We suggest possible tests for this current struc-
ture, and also discuss the implications of the
available data. The question whether such struc-


