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Charged-hadron multiplicity distributions in vn and vp interactions are measured in an
exposure of the Fermilab deuterium-filled 1S-foot bubble chamber to a wide-band neutrino
beam. Multiplicity moments are studied as functions of the invariant mass of the hadronic
system W in the range 1 p 8'& 15 GeV. The mean multiplicities for both vn and vp are
found to increase logarithmically with 8' with identical slopes but slightly different inter-

cepts. A linear rise of the dispersion D with the mean multiplicity (n,h ) is observed with
an approximate slope of 0.35. This value is similar to that found in e+e and pp annihila-
tion and is much less than the asymptotic prediction of QCD. A close similarity between

D vs (n ) in vn and vp interactions is seen. Negative correlations between the multiplici-

ty distributions in the forward and backward hadronic center-of-mass hemispheres are
found and discussed.

I. INTRODUCTION

Characteristics of charged-particle Inultiplicity
distributions have been studied extensively in high-
energy hadronic collisions and, more recently, in
e+e annhilation' and in lepton-induced interac-
tions. Despite the existence of quantum chromo-
dynamics as a theory of strong interactions, detailed
predictions of hadron production are still quite
model dependent. It is important to compare
lepton-lepton, lepton-hadron, and hadron-hadron in-
teractions in all their manifestations in order to elu-
cidate similarities or differences as well as
phenomenological regularities. In this paper we re-
port the first study of charged-hadron multiplicities
initiated in high-energy charged-current neutrino in-

teractions on deuteron targets, from which vn and

vp collisions from an identical neutrino flux can be
separated.

A schematic diagram of a charged-current neutri-
no interaction is shown in Fig. 1, for the case that

27

the positive weak-interaction current converts a
valence d quark to a u quark, leaving behind a (ud)
or (utt) diquark for a neutron or proton target,
respectively. In general, we have

&„+&~p +&+, X+~hadrons,

&&+p~p +&, X +~hadrons .

(la)

(lb)

The bubble-chamber technique is well suited for in-
vestigation of the multiplicity of charged hadrons,
n,h, emitted in each of these reactions.

The behavior of the mean multiplicitly (n,h ) as a
function of energy and the dispersion of these multi-
plicity distributions are studied and compared with
results of other experiments and with theoretical
models. The results are discussed in terms of the
quark-parton model (QPM), and compared with
simple asymptotic predictions of quantum chromo-
dynamics. Multiplicities of charged particles in the
forward and backward hemispheres in the hadronic
c.m. system, and their correlations, are investigated.
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Implications of these results for particle production
mechanisms are discussed.

II. EXPERIMENTAL PROCEDURE

The data sample comes from a 328000-frame ex-
posure of the Fermilab 15-foot deuterium-filled bub-
ble chamber, with a two-plane external muon iden-
tifier, to a single-horn focused wide-band neutrino
beam produced by 350-GeV/c protons. The sample
corresponds to a flux of 4.57&&10' protons on tar-
get, representing 92% of the exposure. The average
neutrino energy is 50 GeV.

The film was scanned twice for events with two
or more charged prongs produced by neutral parti-
cles. The scanning efficiencies of this double scan
are 94% for two-prong events, 98% for three-prong
events, and 100% for events with four or more
prongs. These events were measured and processed
through the TvGp-SQUAw program chain. Events
that failed our geometrical reconstruction criteria
were remeasured. We accept only those events in
the fiducial volume of 16.7 m which have

bp/p &0.5 for all tracks and which satisfy the
charge balance requirement. We further require that
the sum of charged-particle longitudinal momenta
be greater than 5 GeV/c to reduce background from
neutral-hadron-induced events. Two-prong events
which are consistent with E or A decay or with a y
conversion were removed from the event sample.
With these selection criteria, the averaging efficien-
cy varies from 96% to 50% as the multiplicity in-
creases from 2 to &13. The overall scanning-
measuring efficiency is 84%. The charged-current
events are extracted by applying the kinematic
method described by Bell et a/. We require that

@zan, the p transverse momentum relative to the to-
tal momentum of other charged particles, be greater
than 1 GeV/c.

~x OF

x &0F

FIG. 1. Schematic diagram of a charged-current
vX~p X reaction. The valence quark lines correspond
to neutron (proton) targets.

(p )

(p)
Nucleon

Hadrons

FIG. 2. Kinematic diagram for a charged-current
viY ~p X reaction. Four-momenta are given in

parentheses.

A diagram representing a vN interaction is shown
in Fig. 2, with our kinematic notation. To correct
for missing neutral particles, the neutrino energy is
calculated for each event according to the following
formula :

E,=pf+pL 1+ I PT+PT I

Q I pr I

(2)

where pg (pP) and pl'. (pr) are, respectively, the
longitudinal (transverse) momenta of the p and the
charged-hadron system relative to the neutrino
direction, and pz; is the transverse momentum of the
ith charged hadron. Only events with E y 10 GeV
are accepted for analysis. The effective mass of the
hadronic system 8"is calculated as follows:

W =Mq +2M'(E, Eq) Q- —
Q2= q2=2E„(E„——pg) —m„ (3)

In Eqs. (3) m& and Mz are the muon and proton
masses and q is the square of the four-momentum
transfer at the leptonic vertex.

A Monte Carlo calculation is used to correct for
the number of true charged-current events lost from
our sample because of our experimental selection
criteria as well as for the small ( &6%) number of
neutral-current and v„events included in our sam-
ple. Ingredients in this Monte Carlo calculation in-
clude the neutrino energy spectrum, obtained from
our own data in the bubble chamber, together with
theoretical flux calculations, structure functions of
the proton and neutron parametrized by Field and
Feynman, hadron distributions based on data from
hadronic reactions (longitudinal phase space), and
the experimental errors of track measurements in
the bubble chamber. The uncorrected (corrected)
number of charged-current events in our final vD
sample is 11 467 (15 530).

The smearing of W due to the uncertainty in our
estimate of the neutrino energy for each event was
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(a) vn p, X+

(b) vp p x

than 1%. No corrections were made for these small
effects.

We separate vD events into vn and vp samples, as
described by Eqs. 1(a) and 1(b), using the following
procedure: events with an even number of prongs
plus events with an odd number of prongs that in-
clude a visible spectator proton track fall into the vn

category; events with an odd number of prongs with
no visible spectator track are assigned to the vp
category. By spectator we mean an identified pro-
ton which is emitted backward in the laboratory
frame or forward with a momentum p &pa ——340
MeVjc. This choice of po gives the expected ratio
of the number of backward spectators to the number
of forward spectators as calculated from the Moiler
flux and cross-section ratios.

The vp sample defined in this way contains
neutron-target events that have been converted from
an even-prong to an odd-prong topology by an in-
teraction of a hadron or a parton in the final state
with the proton in the deuteron. Effects of this re-
scattering on the results presented here will be dis-
cussed later. The vn sample is not contaminated by
the rescattering process in deuterium.

III. CHARGED-HADRON MULTIPLICITIES

IO

W Gev

IOO

FIG. 3, Normalized topological cross sections versus
8' for charged-hadron multiplicities. (a) vn ~p
+(n,h)+. (b) vp ~p +(n,h)++. The lines are drawn be-

tween experimental points to guide the eye.

also studied by the Monte Carlo method, and the ap-
propriate corrections were applied. The sensitivity
of the calculated values of 8' to the uncertainty of
the beam energy determination was examined by us-
ing an alternative formula for E, in lieu of Eq. (2).
In particular, the denominator in the last term was
replaced by pT Only rela.tively small differences in
the final results between these calculations, as indi-
cated below, were observed. The uncertainty in the
determination of 8' due to neutrino energy uncer-
tainty is estimated to be 20% full width at half
maximum (FWHM).

Effects arising from close secondary interactions,
close V decays and Dalitz pairs were considered.
Residual effects of close secondary interactions and
V decays were found to be less than 2%. When a
single electron or positron was identified this track
and another track of opposite charge were removed
from the final state if their invariant mass was less
than 70 MeV. The effect of unrecognized Dalitz
pairs of the multiplicities was estimated to be less

A. Multiplicity distributions

The multiplicity distributions for charged-current
neutrino interactions have been determined for both
neutron- and proton-target events. The normalized
topological cross sections

P(n, h) =o(n,q)l g 0(n,h)
"ch

are given in Fig. 3 and the corresponding numbers
of events in Table I for 14 W intervals between 1

and 22S GeV . We observe a strong decrease of
P(1) and P(2) with energy, indicating the absence
of substantial diffractive components. This is a ma-

jor difference between lepton-nucleon and hadron-
nucleon reactions.

B. Average multiplicities

The average charged-particle multiplicities (n,h )
for the joint vD sample are given as a function of
W2 in Fig. 4(a). Any visible spectator proton is not
included in this prong count. (This choice was made
in order to facilitate future A-dependence studies, al-
though it is different from the convention used in
hadron-deuterium multiplicity papers. ) The average
charged-particle multiplicities for vn and vp interac-
tions separately are plotted as functions of 8' in
Fig. 4(b). Above W =4 GeV they lie along
straight lines parallel to each other with the vp
charged multiplicity larger by 0.7. The error bars
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FIG. 4. Average charged-hadron multiplicity (n, t, ) as

a function of JY . (a) vD events. (b) vn and vp events.

The solid lines represent linear fits to the data. The
dashed line is the linear fit to the vp data of Ref. 2.

shown do not include the possible systematic uncer-
tainty related to our method of estimating the ener-

gy of the incident neutrino. We checked the sensi-
tivity of our results to this uncertainty by applying
various methods of calculating 8', as explained in
Sec. II. The mean multiplicity (n,h) at a given W
was found to vary within a range of about +0. 1

units. However, the difference

(n,h)„~—(n,h)„„=0.70

remained unchanged. Above 8'=2 GeV the mean
multiplicities are in very good agreement with a
linear dependence on in@', that is,

(n,h) =A+B in@' (4)

The values of A and 8 for VD, vn, and vp interac-
tions are given in Table II, along with the results of
previous vp experiments. *

%e confirm that the energy dependence of the
mean multiplicity of charged hadrons produced in
VX interactions at energies below 8'=15 GeV is
consistent with the scaling hypothesis of the naive
quark-parton model. ' No indication of a more ra-
pid rise of charge multiplicity with 8', as has been
seen in e+e collisions' above 10 GeV, is observed
in our data.

A comparison of the mean multiplicities in vn

and vp interactions from our experiment with results
from vp interactions in hydrogen allows us to study
the difference in the (ud) and (uu) diquark fragmen-
tation and to assess the size of double-scattering ef-
fects in deuterium. As seen in Fig. 4(b) the vp data
from Ref. 2 lie between the vn and vp data from this
experiment.

As mentioned in Sec. II, our vp sample contains
events where a primary neutrino interaction on a
neutron or a proton is followed by a rescattering in-
side the deuteron. The differences between the mean
multiplicity (n,h),» obtained in deuterium and in
hydrogen is a measure of the multiplicity of parti-
cles produced in the secondary scattering. The
values of the observed difference vary between 0.3
and 0.5 and are somewhat larger than the systematic
error due to the 8' scale uncertainty, which is
about 0.2. The difference is presumably the result
of double-scattering effects, and is quite small.

The difference (n,h)„z—(n,h) „,or the corre-
sponding difference between the negative hadron
multiplicities a = (n )„„—(n ),z, has a simple
quark-parton-model interpretation. In the dominant
process the d quark which absorbs the intermediate
8'+ is transformed into a u quark and is separated
from the remaining diquark system (see Fig. 1). The

TABLE II. Parameters of the linear fit to the multiplicity distributions
(n,h) =A +8 in%'.

Reaction Intercept Slope
8

g /DF

vD

VP

VP

VP

0.05+0.06
—0.20+0.07

0.05+0.08
0.37+0.02

1.43+0.02
1.42+0.03
1.42+0.03
1.33+0.02
1.35+0.15

1.34
1.15
0.48

This experiment
This experiment
This experiment
Ref. 2
Ref. 5



52 D. ZIEMINSKA et al. 27

(a)

~O
0.5—

0

o pp=)u, X
++

~ vn =p. X+

I I I
I

I I I I

I

I I I I

between 0.7 and 0.3), depending on whether we use
for the vp reaction data from our vD experiment or
from the vH experiment of Ref. 2. These results
mean that the fragmentation of the (ud) diquark
gives rise to about 0.15—0.35 more negative hadrons
per event, produced directly or via decay of an excit-
ed hadronic state, than does the fragmentation pro-
cess of the (uu) diquark.

The difference between the mean multiplicity of
negative particles produced on neutron and proton
targets has been measured in high-energy hadron-
nucleon interactions. There it is interpreted as a
probability of the charge-exchange rate at the nu-
cleonic vertex,

O.r—

pp annih

0.3—

(b)

+
~ tn =)u, X
o pp=p. X

++

IOOO
I I »I )

IO IOO

W GeV

a =o(n ~pm X)/o(n ~all)

=o (p +no—+X)./o (p ~all) .

The results for nN, ' for pN (Ref. 11), and for pho-
toproduction' are close to 0.3 at beam energies be-
tween 10 GeV and 20 GeV, which correspond to
hadronic energies in this experiment, and increase to
about 0.5 at energies above 100 GeV. '

C. DISPERSION AND KOBA-NIELSEN-OLESEN
DISTRIBUTIONS

The dispersion D =((n ) —(n ) )' of the
negative hadron multiplicity is plotted as a function
of (n ) in Fig. 5(a). Various values of (n ) cor-
respond to data grouped in the same 8' intervals as
in Table I and Figs. 3 and 4. The data exhibit a
linear dependence

FIG. 5. (a) The dispersion D =((n ') —(n )2)'~ as
a function of (n ). The solid line is the linear fit to the
vn data. (b) D/(n, h) as a function of W'. The solid
lines result from the relations D =0.32+0.36(n,q ) for vn

and D=0. 10+0 34(n,h). for vp and from the relations
between (n,h) and W listed in Table II.

main difference between the final states in vn and vp
interactions lies, therefore, in the valence quark con-
tent of the diquark which is (ud) and (uu), respec-
tively, so that a may be identified with the differ-
ence (n )„d—(n )„„.In the final state, most of
the negative particles are pions, whose quark content
is (du). Thus, a m. meson shares a valence quark
only with a (ud) diquark. Therefore, one possible
way to produce a positive value for a is for the (ud)
diquark to break up and fragment independently.
Alternatively a can be positive due to the increased
probability for an excited baryon formed from a
(ud) diquark to emit a negative meson as compared
to its emission from a baryon formed from a (uu)
diquark whose electric charge is greater by one unit.
The measured values of a are between 0.15 and 0.35
(the corresponding values of ( n, h ),z —(n, h )„„are

D =o+b(n ). (5)

TABLE III. Parameters of the linear fit to the disper-
sion distributions D =a+b(n ). Note that D =2D
n, h ——2n +1 for vn, and n, h

——2n +2 for vp.

Reaction Intercept a Slope b g /DF

vn

vp

vp

0.34+0.01 0.36+0.01 0.92 This experiment
o.39+0.02 0.34+0.02 0.41 This experiment
0.36+0.03 0.36+0.03 Ref. 2

The results of these fits for vn and vp interactions,
shown in Table III, are very similar. They are also
quite consistent with the values obtained for vp in-
teractions observed in a vH experiment.

The ratio D/(n, h ) as a function of W is shown
in Fig. 5(b). The curves in Fig. 5(b) result from the
fits in Table III, which imply D =0.32+0.36(n,h )
for vn and D =0.10+0.34(n, h ) for vp and from re-
lations between (n,h) and 8' listed in Table II. In
the case of vp interactions the ratio D/(n, h) is al-
most independent of energy for W) 2 GeV and is
close to the value b=0.34. For vn interactions
D /( n,h ) approaches its asymptotic value from
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FIG.. 6. KNO scaling distributions for (a) vn and for
(b) vp interactions. The curve represents a fit to pp an-

nihilation data, from Rushbrooke et at. (Ref. 16).

D. DISCUSSION

The linear dependence of dispersion of the aver-
age multiplicity was first observed for hadron-
hadron interactions' and later confirmed in the case
of leptoproduction, and in pp (Ref. 16) and e+e
annihilations. ' The value of the slope b =0.35 is a
common feature of both e+e and lepton-nucleon
collisions. It is the same, within errors, for pp an-
nihilations, whereas the corresponding values report-
ed in the literature for the mp and pp interactions is
b =0.57. However, as predicted by Van Hove, ' and

above, showing considerably more variation with 8'.
In Fig. 6 the dependence of (n,h)P(n, h) on

,n/h(n, )his shown for five intervals of W, for the
vn and vp samples. It is seen that in both cases the
data approximately agree with Koba-Nielsen-olesen
(KNO) scaling, ' i.e., the points from differing W
intervals lie approximately on a single curve. The
agreement with KNO scaling is particularly good in
the vp case, for which, as seen in Fig. 5(b), the ratio
D/(n, )his close to its asymptotic value at relative-
ly low energies. (Exact KNO scaling demands that
the parameter a be equal to zero. ) The behavior of
the vp data on the KNO plot is similar to that found
for the pp and e+e annihilation data, whereas the
distribution for the vn sample is slightly broader.
We stress, however, that the dispersion data for the
vn and vp samples more nearly coincide when stud-
ied in terms of n rather than in terms of the total
charged-hadron multiplicity n,h. This is not
surprising since n is a closer measure of the num-
ber of pairs of mesons produced in the final state
and is less dependent on the total hadronic charge.

as shown recently by Wroblewski, ' when the contri-
bution of diffractive dissociation processes is sub-
tracted from pp and mp cross sections the slope b of
the function D ( (n ) ) agrees with that found in
other types of reactions.

The similarity of multiparticle distributions in
high-energy hadron and lepton collisions has been
stressed more recently by Goulianos and collabora-
tors. ' * For example, if one compares the probabil-
ities for 1, 3, 5, and 7 charged particles that can be
derived from our data listed in Table I(a) for vn col-
lisions with the same probabilities given in Ref. 19
.for the hadronic reactions h+-+p~X+-+p, where
h=m or p, as functions of the available mass
M=@'—M„, one finds almost identical results.
However, the simple model proposed in Ref. 20 fails
when applied to the vp data here and in Ref. 2.
That model predicts much larger values for D
from vp as compared to vn collisions for the same
value of (n ) whereas Fig. 5(a) shows that the D
vs (n ) curve is the same for vn and vp collisions.

The similarity of multiparticle distributions in
high-energy hadron and lepton collisions suggests a
universality of the hadron production mechanism.
At the same time, it seems to be at odds with some
theoretical models, where differences in the distribu-
tions of hadrons produced in hadron- and lepton-
induced processes are predicted.

In the dual unitarization model ' the properties
of particle production in various processes are relat-
ed to the number of chains, or superclusters, which
are formed as a result of 33 color separation. In
e+e and IN interactions only one chain is pro-
duced (see Fig. 1). In hadron-hadron collisions two
chains are predominantly formed while in Pp annihi-
lation one expects that three chains are predom-
inantly formed. The multiplicity distributions in
these latter cases are then described as convolutions
of two or three single-chain distributions. The ex-
pected relation between the ratios of the dispersion
to the mean multiplicitly in pp annihilation, hN, lN,
and e+e is then

D D D
(n.h ) „„(n,h )

3
—1/2.2

—i/2. 1 (6)

Given the D/(n ) =0.35 for the single-chain e+e
or IN collisions, the pp and hN values are much too
high at presently available energies to fit this model.
It has been shown, however, that if the effect of
the chain energy spread is taken into account the
multiplicity dispersion data in pp collisions are
described well by the dual model.

From a more fundamental point of view it has
been pointed out that the slope b =0.57 found for
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IV. MULTIPLICITIES IN FORWARD AND
BACKWARD HEMISPHERES

(a) xF&0

c 5
vp (Ref. 2}

0 Q.II'I- ~

(b) x,&o

++Otp =p, X
+~ vn =Iu. X

t
I I

i
I

Pp (Ref.3)

vp (Ref. 2} p~ 'I

gpo)t
0 0

l~

The multiplicities of charged particles in the for-
ward (xF &0) and backward (x~&0) c.m. hemi-
spheres can be studied separately. In Fig. 7 the
mean multiplicities (n,h)zz are shown as functions
of W for vn and vp interactions. As in the case of
the overall multiplicities, each satisfies the relation
(n,h )F~ ——A +B ln W . The mean multiplicities of
positive and negative particles, (n+ )p s and
(n )Fz, are shown in Fig. 8. According to the

Q PM, the dominant charged-current interaction
makes a leading u quark for both n and p targets,
with the remaining diquarks being (ud) and (uu),
respectively. The subsequent processes of hadron
formation are expected to be dependent on the quark
or diquark flavor but not on the primary reaction
from which they originate. The following observa-
tions are in agreement with this model:

(i) Within experimental uncertainties, the mean
multiplicity of charged particles which follow the

0

I I I I
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W

up = X++
+~ un =p. X

I I I f I I
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I I I

(a) xF&0

2 0 vp (Ref. 2)

FIG. 7. Average charged-hadron multiplicity as a
function of 8' (a) in the forward (xF) 0) and (b) back-
ward (xF (0) hemispheres in the hadronic center of mass.

+I
1.5—

o pp: h+

vn: h+

hp interactions (including diffractive events) is very
close to the asymptotic value of Dg /( ns )
=v'I/3=0. 577 where Dg and (nz ) are the disper-
sion and multiplicity of gluon clusters of
(mass) =Qo, A «Qo «Q, A being the scale
parameter of QCD. The corresponding theoretical
value for quarks is Dql(nq ) =v'3/4=0. 866. Since
in neutrino reactions one may expect that one quark
jet gives a significant contribution to the total
charged-particle multiplicity, that would suggest
that (D/(n, h ) )„~& (D/(n, h ) )~~, again in disagree-
ment with what we find. It should be pointed out
that the predictions of the QCD calculus involve
partonic "final states, " and that by applying them to
the hadronic system one assumes that the final stage
of hadron formation does not alter the results.
Furthermore, more realistic theoretical calculations
by Odorico with the QCD calculus indicates that
the asymptotic energy at which the prediction cited
above for D/(n, h ) should hold is much higher than
the region explored here.
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FIG. 8. Average charged-hadron multiplicity versus

for positive and negative particles, separately. (a)

xF) 0; (b) xF (0.
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for all negative particles and the analogous parame-
ters (fz )F,B for forward and backward negative
particles. The results are presented in Fig. 9. The
data on f2 as a function of (n ) for all negative
particles are shown in Figs. 9(a) and 9(b) for vn and

vp, respectively. The curves follow from the linear
fits of the dependence of D on (n ) and from the
equation f2 =D —(n ). The dependence of
(fi )p s on (n )~ s is shown in Figs. 9(c) and
9(d). To calculate the curves we take the empirical
dependence of f2 on (n ) and we assume that
particles are distributed randomly between the for-
ward and backward hemispheres according to the bi-
nomial distribution

P(n, nF ) =P (n)("„)f (7)

leading quark (xF & 0) coincide for the vn and vp in-
teractions. They agree with the results of the vH ex-
periment of Ref. 2.

(ii) In the backward hemisphere, (n, h )s for vn is
smaller than that for vp interactions. Instead, it
agrees with (n,h)z for vP interactions where the
spectator diquark is also (ud). Our vp data are simi-
lar to the results from the vH experiment, although
they lie slightly higher, presumably due to the re-
scattering effect in deuterium.

More detailed information on particle production
is provided by the study of higher moments of the
multiplicities in the forward and backward hemi-
spheres. We have determined the correlation param-
eter

CQ

I

u
I

O
O

O. I

-0.I—

-0.2-

(a) vn p. x+
I . I

(b) vp-p, -X++

-0,4 I I

I 2
(n ) 3 0

FIG. 10. Covariance cov((n )F,(n ls) versus (n )
in vn and vp scattering. The curves follow from the fits
of Table III and from the assumption of the binomial dis-
tribution.

FIG. 9. The correlation parameter f2

=(n (n —1))—(n ) as a function of (n ): (a) vn

events, all x~, (b) vp events, all xF,' (c) vn events, xF &0
and x+&0 separately; (d) vp events, x+&0 and x+&0,
separately. The curves in (a) and (b) display the fits of
Table III to D vs ( n ) and the relation

f2 =D (n ). T—he curves in (c) and (d) follow
from the above fits and the assumption of the binomial
distribution.

where f+b =1 and fib=(n)p/(n)s. The co-
variance of (n )F and (n )s,

cov{(n )F(n )s)

=((n )F(n )s &
—(n &F&n

which is related to the correlation parameters f2
by

2cov((n )~(n )s )=f2 —(fz )z —(fr )s,

is shown in Fig. 10. While the binomial distribution
of Eq. (7) qualitatively reproduces the trends in the
data it does not yield a good fit. Another extreme
assumption, namely, that forward and backward
particles come from two independent, uncorrelated
sources, implies the relation

fz =(f2 )F+(f2 4 . (9)

V. CONCLUSIONS

The mean multiplicities of charged hadrons pro-
duced in vn and vp interactions studied in deuterium
are observed to increase logarithmically with 8' in
the range 2(8'(15 GeV. The slope of the in-
crease, 8 =1.42, is found to be equal for vn and vp

Equation (9) is not compatible with the experimental
results shown in Figs. 9 and 10. The simple binomi-
al distribution given in Eq. (7) gives a qualitative fit
to the data but does not address the underlying
physical interpretation of the non vanishing
forward-backward correlations. For example, sim-

ple energy conservation could play a role at our
modest values of W. Nevertheless, this finding
should serve as a warning against too literal a treat-
ment of forward- and backward-going particles as
fragmentation products of the current quark and the
spectator diquark, respectively.
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interactions. The mean multiplicity (n,h)„z mea-
sured in deuterium is larger by about 0.3 to 0.5 units
than (n,h )„zmeasured in hydrogen possibly due to
the rescattering in deuterium. The difference
a =(n )„„—(n ),z is between 0.15 and 0.35, and
can be interpreted as the excess of negative particles
produced in (ud) diquark fragmentation over that in
(uu) fragmentation. The values of a for deep-
inelastic neutrino scattering are comparable to the
value of 0.3 found in hadronic reactions and in pho-
toproduction.

The dispersion of the multiplicity distribution
shows a linear rise with mean multiplicity with a
slope b=0.35 similar to that found in other neutrino
experiments and in e+e and pp annihilations. Al-
though there are differences observed between the
dependence of D on (n,h) for n and p targets, the
dependence of D on ( n ) is very similar for vn
and vp interactions. In both cases KNO scaling is
approximately satisfied. In our energy region, nei-
ther the dependence of (n,h) on W, nor the com-
parison of D/(n, h ) for lepton-nucleon and hadron-
nucleon interactions shows effects predicted by
asymptotic QCD.

Data on mean multiplicity for forward and back-

ward hemispheres in the hadronic center-of-mass
system are consistent with QPM. The mean multi-
plicities are similar for vn and vp at xF &0, where
the leading quark is a u quark in both cases. Differ-
ences are seen in the backward hemisphere, where
the leading systems are (ud) and (uu), respectively.
On the other hand, the vn data resemble the vp data,
for which the spectator diquark is also a (ud) sys-
tem.

The correlation parameter fz for the forward
and backward hemispheres has also been measured,
and found in qualitative agreement with the simple
assumption of a binomial distribution of particles
between the two hemispheres.
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