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ABSTRACT

The general charge properties of the hadronic final state produced in u*p and
ptd interactions at 280 GeV are investigated. Quark charge retention and local
charge compensation is observed. The ratio Fg'/ sz of the neutron to proton struc-
ture function is derived from the measurement of the average hadronic charge in ud

interactions.

1. Introduction

The leptoproduction of hadrons is generally interpreted in terms of the Quark-
Parton Model (QPM). In this scheme the deep-inelastic muon-nucleon interaction
is described by the scattering of the virtual photon, emitted by the muon, off a
constituent quark (or antiquark). The excited parton system (quark-diquark in the
simplest case) then fragments into the direct hadrons, some of them being resonances
which subsequently decay into the final hadrons. Thus the general charge properties
of the hadronic final state are determined by the charges of the primary partons
and the nature of the fragmentation process. In addition they are influenced by
the resonance decays. These considerations are illustrated in Fig.l1 which shows
the quark diagram corresponding to a typical pp interaction. In this figure the
hadronisation process has been represented by the simplest chain of quark-antiquark
pairs which has however all the qualitative properties of more refined models. This
mechanism leads to the general properties of quark charge retention and local charge

compensation.

In this paper we present results on the charge structure of the hadronic final state
produced in deep-inelastic up and ud interactions at 280 GeV. This experiment offers
a unique opportunity to study the hadronisation because of the relative simplicity
of the primary parton system, the full knowledge of the event kinematics (especially
the virtual photon direction), nearly complete detection of the final state hadrons,
and extended particle identification. The following aspects of the data are studied:
the rapidity distribution of the hadronic net charge, the average charge of hadrons
produced in given phase space regions, the long-range charge correlations and the
probability distribution of the charge transfer. By comparing the charge properties

of hadrons produced on hydrogen and deuterium targets some information on the



neutron structure is deduced.

This work continues the line of our previous publications on charge retention [1]

and charge correlations [2].

2. Experimental procedure

The data presented come from the NA9 experiment performed at CERN at the
280 GeV M2 ut beam, using the EMC spectrometer [3]. The apparatus detected
tracks with momenta down to 200 MeV/c and gave essentially 47 coverage in the

hadronic centre of mass (c.m.) system.

In order to restrict the event sample to regions where the corrections for event
acceptance, smearing effects and radiative corrections are relatively small (< 10%)

the following selection criteria were applied:

1GeVE < Q2 20GeV < v < 200GeV,  4GeV < W < 20GeV,

Eyr > 20GeV, Ei# <09, Ouw>0.75

In this list Q2 is the square of the four-momentum transfer between the incident
muon and the target proton, E, and Eyf are the energy of the incident and the
scattered muon, respectively, in the laboratory system, v = E, — Ey/ is the corre-
sponding energy transfer, W is the total energy of the final state hadrons in their
c.m. system, and @/ is the laboratory angle between the incident and scattered
muon. The number of events remaining after these cuts was about 25000 for up and
20000 for ud scattering.

About 50% of all charged hadrons were identified using the Cherenkov and
time of flight counters [4]. A special procedure described in [1] was applied to find
additional slow protons. A Monte-Carlo simulation showed that it gave the correct

mass assignment in 80% of the cases.

The data presented were corrected for the effects of acceptance, identification
inefficiency, smearing introduced by the resolution of the apparatus, and inefficien-
cies of various off-line processors. The corrections were determined by a complete

Monte-Carlo (MC) simulation of the experiment. Deep-inelastic scattering events



were generated using the Lund string model for the fragmenta.tion'.process [5]. Radia-
tive effects due to QED processes and secondary interactions of produced hadrons in
the target were taken into account. The secondary particles were tracked through the
apparatus and the-multiple Coulomb scattering and effects of chamber inefficiencies
were included. The resulting computed coordinates of the simulated measurements
in each detector component were passed through the recoustruction program chain.
Then, for a given data distribution, the correction function was computed as the
ratio of the corresponding distributions for generated MC events and MC events af-
ter the experimental simulation. The corrected experimental distribution was then
obtained by multiplying the measured distribution by the corresponding correction
function. Unless stated to the contrary all the errors discussed below are statistical

only.

3. The distribution of hadronic net charge

The distribution of the hadronic net charge as a function of the c.m. rapidity y
is defined as the difference of the normalised rapidity distributions for positive and

negative hadrons:

aQ _ 1 (ﬂ+ - _@’") (1)

dy Ney N dy dy
where Negy is the number of selected events. In our previous publication [1] it was
pointed out that this distribution shows a structure which reflects the charges of
the interacting partons. Since that time the event sample in the experiment has
been more than doubled, allowing the analysis to be repeated in a more restricted
region of hadronic energy, namely 10 < W < 20 GeV. This restriction to higher
energy yields a broader rapidity range in which the current and target fragments
are better separated. In Figs.2a-c the net charge distribution is shown in three
intervals of Bjorken z for pp scattering. The errors indicated are statistical only.
The systematic errors, reflecting the uncertainty of the MC correction, are estimated

to be of similar magnitude.

A systematic change of the shape of the net charge distribution with increasing
z is observed: at low z most of the positive charge is produced in the backward ¢.m.
hemisphere. With increasing = the net charge in the forward hemisphere increases.

This increase occurs mainly at higher values of rapidity (y > 1.0} and hence is not



simply due to spillover of target fragments. The observed z-dependence is easily
explained in the QPM since at higher z scattering off a valence u-quark becomes
dominant. For z > 0.2 the excess of positive charge is concentrated in two separated
regions corresponding to fast backward and fast forward hadrons. This phenomenon
is known as quark charge retention. The two maxima in the net charge distribution
corresponding to quark and diquark fragments are separated by a central, essentially
neutral region. Hadrons produced in this region compensate their charges locally
and do not "remember” the charges of the primary partons. It is worth noting
that the Lund string model, which incorporates these ideas, reproduces the data

reasonably well.

In this context it is interesting to analyse the net charge distribution of hadrons
produced in ud interactions (excluding the spectator protons which in general stop
in the target and remain undetected). In this case the charge of the final hadrons is
determined also by the relative probabilities of muon scattering on a neutron and a
proton. In the impulse approximation these probabilities are given by the ratio of

the structure functions F and Fg which of course depend on z.

In Figs.2d-f the distribution of the hadronic net charge in ud scattering is shown
as a function of the c.m. rapidity in the same three z bins for the hadronic energy
range 10 < W < 20 GeV. Clear differences are visible between the pp and ud
distributions. The difference between their integrals (average total charge) is of
course due to the contribution from un scattering with total hadronic charge zero.
In the backward hemisphere the net charge in pp interactions is always greater than
that in ud scattering and the difference does not vary strongly with z. In the forward
hemisphere, on the other hand, the net charge at low z is similar in both reactions
and close to zero. This is easy to understand since in this = region scattering both
on a proton and a neutron is dominated by sea quarks and antiquarks. At higher =
values the net forward charge in up interactions becomes systematically bigger than
in ud interactions, due to the growing importance of the scattering off u-quarks in

the proton. This aspect will be studied quantitatively in the next section.

4. The z-dependence of integrated charges

As noted before, the average total hadronic charge in pd interaction < @ >4 is



related to the ratio of the neutron and proton structure functions. Neglecting the
nuclear effects coming from the Fermi motion in the deuteron, which are < 2% for
z < (1.7 [6], this relationship is given by:
F} 1
Qp(x) = 71 (2)
Fy(z)  <Q(z)>

The average total charge < Q(z) >% (excluding the proton spectator, which is not
detected) can be calculated as the difference of the MC-corrected average multi-
plicities of positive and negative hadrons in a given r interval. Thus eq.(2) offers
a possibility of measuring the ratio of the neutron and proton structure functions
Fy using only the deuterium target. In Fig.3a the average hadronic charge in ud
interactions is shown as a function of z. It starts from about 0.5 at low z and rises
slowly with increasing z. This trend is reasonably well reproduced by the theoretical
prediction based on the structure function para.rnétrisation of Glick, Hoffmann and
Reya [7] (see curve). The corresponding ratio of the neutron to proton structure
functions, calculated using eq.(2), is shown in Fig.3b. The quoted errors are statis-
tical only, the systematic errors are estimated to vary from +0.1/ — 0.2 at z =0 to
40.1 at x = 0.6. For comparison we also present in Fig.3b the results from the stan-
dard determination of structure functions in deep-inelastic muoproduction [6] and
electroproduction [8]. Although the accuracy of the present evaluation cannot com-
pete with that of dedicated measurements, the results on the £3'/F¥ ratio obtained
in different ways look rather consistent: at z close to zero both structure functions
are practically equal, but with increasing = the neutron to proton ratio falls below
0.5. In other words, at higher « deep-inelastic ud scattering is dominated by the
proton interaction. This is a consequence of the quark content of the neutron and
proton and the proportionality of the virtual-photon quark coupling to the square
of the quark charge. Thus this constitutes a test of one of the basic assumptions in

the quark parton model.

The average charge < @p > of hadrons produced in the forward hemisphere
of the c.m. system is the other integrated quantity of particular interest. It has
been pointed out [1] that its value is essentially determined by the charge of the
fragmenting quark and the analysis of sect.3 supports this view. Thus, a different
z-dependence of < @ > in up and ud interactions is expected. The results are

shown in Fig.4: at low z the average forward charges in interactions on protons and



deuterons are the same, whereas with increasing « the former grows faster than the
latter. This behaviour reflects the relative contributions of neutron and proton and

their different quark contents.

In order to test the idea of quark charge retention in a quantitative way we
compare the measured forward charge in Fig.4 with the predictions of the QPM, in

which the mean net charge of hadrons in the quark fragmentation region is given by

[9):
< QF >=3_(ei — m)ei(2) (3)
with

ei(z) = e}ai(=)/ 3 efa;(2) (4)
J

where the summation is over the quarks and antiquarks. Here e; and g;(z) are the
charge and the density distribution of a quark or antiquark with flavour i. The
quantity n; =  or —n for quarks or antiquarks respectively, where 5 is the "charge
leakage”, i.e. the charge of a "mean” quark produced in the fragmentation chain
(Fig.1). The value has been estimated to be about 0.1 [1]. Using equations (3) and
(4), together with the quark density distributions g;(z) of [7], < Qp > has been
evaluated and the results are shown in Fig.4 as continuous lines. The agreement
between data and the prediction of the QPM is good.

In the present experiment it has not been possible to select from the ud inter-
actions the subsample of un interactions event by event. However, from knowledge
of the average forward charges in yp and pd interactions (< @f >P and < Qp >d
respectively) and the average total charge in pd interactions, < >% the average

forward charge in un interactions can be calculated, giving

<Qp>"=(<Qr>%— < Q> Qp>P)/(1- < Q>% (5)

This is shown as a function of z in Fig.4. The resulting value is significantly differ-
ent from zero, which demonstrates the presence of the charged constituents of the

neutron.



5. Long-range charge correlations

Recently W.Ochs [10] has suggested a new kind of long-range charge correlation.
His proposal concerns the average charges and the associated charge correlation in
reduced regions ¢ of the forward and backward hemispheres:

1 1
<Qpp>‘= N > Q%p and <QpQp>°= N ZQ%Q% (6)
eV o ey o:ﬂ

Here Q¢ g is the charge of an individual hadron « in region ¢ and the summation is
over all such hadrons in the Ney events. The "full” forward charge < @z > studied
in sect.4 is for the special case in which the selected region ¢ is the whole forward
hemisphere. We also define the normalised charge correlation function:
B — < Qrdp >
Q =
<QF>°<Qp>°

In the framework of the QPM the theoretical expectation for Rg can be readily

(M

calculated using two simple assumptions. In the simplest version of this model,
the fragmenting quark (antiquark) of charge ¢; picks up an antiquark (quark) of
arbitrary flavour to form a meson with an average charge of Q; = ¢; — ; (n; has
been defined in sect.4.), ndrmally accompanied by other hadrons of total charge
zero. This charge @); is distributed over the forward hemisphere. It should be
noted that the complications introduced by the creation of baryons and antibaryons
are neglected in this approach. We assume that the hadron charge in the selected

forward region c is proportional to @; with a flavour independent factor f%, so that
<QF >°=3_ filei —ni)e (8a)
1
Correspondingly for the backward hemisphere:
<Qp >=3_ fB(l ~ei +mie (85)
1

Equation (8b) is for up scattering where the total hadronic charge is one. (For the

full forward or backward hemisphere f§ or f§ is unity.)

The second assumption is that for the forward-backward charge correlation the

following factorisation property holds:

<QrQp >°=3_ fi(ei —ni)fB(1 — e+ mi)ei (9)



If only one quark flavour is involved (e.g. in vp scattering at large ) the factorisation
in eq.(9) means that the charge distributions in the two hemispheres are uncorrelated
and Rg = 1. In the more general case of a superposition of processes involving
several quark flavours the same assumption leads to a long-range correlation, i.e.
Rg # 1. For example in up scattering at high = where the contribution from the

sea quarks is negligible and assuming u & 2d one obtains Rg = 0.6.

The correlation function Rg is plotted in Fig.5 for up events with & > 0.2 as
a function of an increasing "cut-off” parameter z% (zp is the Feynman variable).
The consecutive data points correspond to a more and more restrictive selection of
the fragmentation region: for a given value of % only particles with |zp| > =%
are included, i.e. particles inside a symmetric "window” of —z% < zp < x‘} are
rejected. The prediction according to eqs.(8) and (9) is plotted as a horizontal
dashed line. (The f-factors cancel in the ratio Rg). The measured values at low
z% are seen to be far from this prediction. However after a rapid rise By becomes
approximately constant for 2% < 0.3 and the data points are reasonably close to the
expectation. This means that the charges of hadrons in the two opposite "extreme”
fragmentation regions are consistent with showing only correlations predicted by
the QPM in eq.(9). Thus, the observed long-range charge correlation (Rg # 1)
can be entirely explained by the superposition of processes with various (anti)quark
flavours, each with uncorrelated charges in the two hemispheres. The negative values
of B¢ observed for z% around zero s a consequence of charge conservation with total
charge 1 and of < QF > and < Qg > being positive. This can easily be seen by
considering the possible charges Qp and @p, constrained by @ + @p = 1. The
full curve in Fig.5 is the prediction of the Lund-model; it agrees well with the data.

It has been pointed out [10] that R is very sensitive to the form of the hadro-
nisation mechanism. For example, in the Firestring Model (FSM) [11] the final
state hadrons are produced via the decay of firestrings” with integer charge. In
this model the phase of the primary parton evolution is absent (in contrast to the
QPM-QCD models) and the final state is the result of a "hadron phase” evolution
only {(another one-phase model is discussed in [12] for ete™ annihilation). Many
aspects of the present up experiment have been compared to the predictions of the
FSM [13,14] and it is found to give a reasonably good qualitative description of the
data. Using a sample of MC generated events, the prediction of the FSM for Rg is

10



plotted as a dashed-dotted line in Fig.5 and is seen to be in complete disagreement

with the experiment.

In Fig.6 Rg (for 2% = 0.5) is plotted as a function of z for up events (full
points) together with the prediction of the Lund model (open points). The full
line represents the QPM expectation from eqs.(8) and (9). At lower z values where
processes involving several (anti}quark flavours are superimposed, the agreement
between the data and the QPM calculation is somewhat worse than for higher z,
where only the two valence quarks v and d dominate. The expectation from a
hadron-phase model (following [10]) is plotted as a dashed line.” This calculation
is performed assuming factorisation as in eqs.(8) and (9), but the primary quark
states are replaced by a proper superposition of states with integer charges. The
prediction of the FSM are found to be similar. This model deviates significantly
both from the data and from the QPM.

8. The charge transfer distribution

The charge transfer AQ between the c.m. backward and forward hemispheres
is a useful variable describing the charge pfoperties of the hadronic final state. It
is defined as the difference between the final and initial charges in the forward
hemisphere, or equivalently, as the difference between the initial and final charges in
the backward hemisphere. According to this definition, chdrge is transferred during
the interaction from the backward to the forward hemisphere. So far most data
on charge transfer come from hadron-hadron interactions [15]. In pp scattering the
initial state has charge 1 in the backward (proton) and charge 0 in the forward
hemisphere (virtual photon). Thus, the charge transfer AQ in a pp event is simply
equal to the net charge @y of hadrons produced in the forward hemisphere:

AQ=Qrp=1-Qp (10)

where Q g denotes the net charge of hadrons produced in the backward hemisphere.
In the QPM the charge transfer has a simple interpretation. On the level of the
direct hadrons the charge of each cut quark line (of the interacting quark or from
the fragmentation chain) contributes to the value of AQ. However the subsequent
decays of resonances can considerably modify the initial value. These considerations

are illustrated in Fig.1.

11



The probability distribution P(AQ) of the charge transfer is quite sensitive
experimentally to any losses or pick-ups of charged tracks. Therefore a careful
correction of the raw data is necessary. To do this, AQ was expressed by the directly
measured numbers of positive and negative tracks in the forward hemisphere, nt

and n”:
AQ = nt —n~ (11)

The charge transfer distribution P(AQ) is related to the two-dimensional distribu-
tion P(nt,n™) by the formula:

P(AQ) = > P(n*,n7) (12)

AQ=nt—n-—

The latter distribution was corrected for experimental imperfections as described in
sect.2. It follows from eq.(10) that the charge transfer distribution can be calcu-
lated independently using either the forward or the backward tracks. A comparison
proved both results to be consistent and allowed the systematic errors on the AQ
distribution to be estimated. These turned out to be comparable with the statistical

EITOrS.

The first two moments of the charge transfer distribution, namely its average
value < AQ > and the dispersion squared D?=< AQ?> - < AQ >2_ are suitable

for a quantitative study.

Fig.7 presents the probability distribution P(AQ) of the charge transfer in up
interactions in the whole energy range 4 < W < 20 GeV together with the Lund
model prediction {full line). The model generally agrees with the data except for
the tails of the distribution. This discrepancy may be partly due to systematic
uncertainties which are more pronounced in these regions. The experimental values
of the moments are: < AQ >= 0.30 £ 0.01, D? = 1.25 + 0.05. These values can
be compared with the Lund model expectations: < AQ >= 0.28, D? = 1.06. The
most probable values expected from the strict ordering of charges in the simple
fragmentation chain of Fig.l. are AQ = —1,0,1. Higher values of the charge
transfer are expected to have small, but non-zero, probabilities as a consequence
of the stochastic mechanism of quark-antiquark production in the fragmentation

process.

12



To examine the influence of the overall charge conservation and finite hadron
multiplicity on the charge transfer distribution a so-called Random Charge Model
(RCM) was constructed. In each event the charges of the final hadrons were ran-
domised in such a way that the total charge and multiplicity of the event and the
momenta of the particles were unchanged. Thus all dynamical properties depend-
ing on the charges of the particles, apart from global charge conservation, were
removed. As can be seen from Fig.7 (dashed curve) the RCM charge transfer dis-
tribution is not in agreement with the data and also differs significantly from the
Lund model prediction (full curve). The RCM distribution is broader than the data
and its maximum is shifted towards AQ = 1. The RCM values of the moments
are < AQ >= 0.56 and D? = 1.55. The fact that the experimental value of the
dispersion is smaller than that of the RCM can be interpreted as a consequence of
local charge compensation following from the quark ordering in the fragmentation
chain of Fig.lf. On the other hand, the difference between the experimental and the
RCM average charge transfer again demonstrates the retention of the chaige of the

interacting quark.

7. The dependence of the charge transfer distribution on event variables

As discussed already in sect.4 the é.vera.ge forward charge (=avefage charge
transfer) reflects mainly the charge of the interacting (anti)quark with a small con-
tribution from the fragmentation chain. In case of the charge transfer dispersion
squared D? the situation is rather different: the contribution from the fragmenta-
tion chain may dominate over that of the interacting quark. Therefore investigating
the 2 and W dependence of D? may yield interesting information about the hadro-
nisation process. Because of the stochastic character of this process one can also
expect a dependence of D? on the charged multiplicity. The interpretation of the

results is however obscured by the z — W correlation following from the relation:
1
w2 = Mm%+ Q2(; -1), (13)

where M denotes the target mass. According to this relation an x dependence may

show up in a W-dependence, and vice-versa.

In order to reduce these mutual reflections the W-dependence of D? is plotted

in Fig.8 for fixed z intervals. In a fixed W bin, D? does not seem to depend on

13



z, implying that it is essentially independent of the number of interacting quark
flavours. In a given z interval the dispersion evidently increases with rising W and
the source of this rise should be locked for in the hadronisation process. Follow-
ing this line, D? is shown in Fig.9 as a function of the charged multiplicity, Tehs
together with the prediction from the RCM. Both the data and the RCM show a
strong linear rise of D? with the multiplicity, typical of a chaotic process. How-
ever the data have a significantly lower slope. The observed behaviour of the data
implies that the dispersion of the charge transfer distribution is determined by the
short range ordering of particle charges which has a stochastic character. (Absolute
ordering of direct hadrons in the fragmentation chain would yield a D? independent
of multiplicity). In other words, a certain degree of chaos is a natural feature of the
hadronisation process and this is reflected in the strong dependence of D? on the
multiplicity. For example, the resonance decays effectively increase the value of the
dispersion because they increase the charged multiplicity of the final state. In this
context the W-dependence of D? observed in Fig.8 turns out to be a reflection of its
genuine multiplicity dependence, the average multiplicity increasing with rising W
like [nW [16]. This is illustrated more directly in Fig.10, where the W-dependence
of D? for fixed charged multiplicities is presented. At fixed multiplicity the disper-
sion is constant or, for n.p > 5, decreases with increasing W. The latter observation
can be understood on the basis of kinematical arguments: at fixed multiplicity a
higher energy means a larger average rapidity distance between particles, and thus
more effective ordering of their charges. This, in consequence, leads to a smaller

dispersion of the charge transfer.

In conclusion the width of the charge transfer distribution is found to be deter-

mined by the stochastic and local properties of the fragmentation process.

8. Summary

The general charge properties of the hadronic final state produced in deep-
inelastic uN interactions at 280 GeV have been studied. They are found to be
determined by the charges of the interacting partons and the mechanism of the

fragmentation.

The retention of the quark charge by fast hadrons and local charge compensa-
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tion in the central region are observed in the rapidity distributions of the hadronic
net charge. The charge distribution in pd and pp interactions are clearly different

reflecting the different flavours of the initial parton states in both targets.

The estimate of the neutron and proton structure function ratio F§'/ FS, derived
from the total hadronic charge in ud interactions, is consistent with the results

obtained by the standard measurement from proton and deuteron targets.

Significant long-range correlations have been observed between the charges in
the forward and backward hemispheres. Within the QPM these correlations can be
explained by the superposition of processes with various (anti)quark flavours, each

with uncorrelated charges in the two hemispheres.

The charge transfer distribution and its moments have been measured. Its aver-
age value reflects mainly the charge of the interacting (anti)quark whereas its shape
is determined mostly by the properties of the fragmentation process. In particular

its dispersion depends strongly on the charged multiplicity.
The random distribution of particle charges is excluded by the data.

All aspects of the charge distributions which have been studied, are reasonably

well reproduced by the Lund fragmentation model.
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FIGURE CAPTIONS

. Quark diagram describing a typical up interaction. The variable y denotes
the c.m. rapidity, @ is the net charge of the hadrons produced in the
forward hemisphere (y > 0).

Distribution of the hadronic net charge as a function of c.m. rapidity y
in pp and pd interactions with 10 < W < 20 GeV, in three z intervals:
z<0.050065<r<02 z>02

. a) Average total charge of hadrons (except the spectator) produced in ud
interactions as a function of z. The line is obtained from eq.(2) using the
structure function parametrisation of ref.[7] (see text). b) The = depen-
dence of the ratio FJ!/FJ of the neutron and proton structure functions.
Open circles represent this experiment, full points are from the EMC-NA2
experiment [6] and the shaded area shows a compilation of the SLAC elec-

troproduction data {8].

. Average forward hadronic charge < Qp > as a function of z in pp (full
points), ud (open circles), and pn {crosses) interactions. The curves rep-

resent the expectations from the QPM (see text).

. The normalized charge correlation Rg as a function of the cut-off z% for
events with z > 0.2. The full curve represents the Lund model, the dashed
horizontal line is the expectation from the QPM and the dashed-dotted

line is the prediction of the fire-string model.

. The normalized charge correlation Rg as a function of z. The full points
are the data, the open circles are the Lund model prediction, both for a
cut-off at 2% = 0.5 (see Fig.5). The continuous and dashed lines are the
predictions of the QPM and a hadron-phase model {10] respectively.

. The charge transfer distribution P(AQ) in up interactions with 4 < W <
20 GeV. The solid and dashed lines represent the predictions of the Lund
model and of the Random Charge Model respectively.

. The charge transfer dispersion squared D? as a function of W in three
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10.

z intervals: z < 0.05 (full circles), 0.05 < = < 0.20 (full triangles) and

z > 0.2 (full squares). The curves are the Lund model predictions.

The dispersion squared D? as a function of the charged hadron multiplicity
nep. The full points represent the data, the open points are calculated from
the RCM (data with randomised charge). The straight lines are linear fits
to the points.

The dispersion D? as a function of W for fixed charged hadron multi-
plicities nog: ngp = 3 (open triangles), n., = 5 (open circles), np = 7
(full triangles), n.; = 9 (full points). The curves are the Lund model

predictions.
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