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ABSTRACT

The multiplicity distributions of charged hadrons produced in the deep inelas-
tic muon-proton scattering at 280 GeV are analysed in various rapidity intervals,
as a function of the total hadronic centre of mass energy W ranging from 4 to 20
GeV. Multiplicity distributions for the backward and forward hemispheres are also
analysed separately. The data can be well parameterized by binomial distributions,
extending their range of applicability to the case of lepton — proton scattering. The
energy and the rapidity dependence of the parameters is presented and a smooth
transition from the negative binomial distribution via poissonian to the ordinary

binomial is observed.

1. Introduction

Several measurements of multiplicity distributions P(n) have been collected so
far in experiments with hadron and lepton beams at centre-of-mass (cm) energies
up to 900 GeV [1-4]. In this context the question has been raised as to the
relationship between the form of the multiplicity distributions and the mechanisms
responsible for multiparticle production. Several phenomenological rules have been
proposed to parameterize multiplicity distributions [1,5,6] and to describe their
energy dependence. In a recent analysis [1] the UA5 collaboration has shown
that the charged particle muitiplicity distribution follows the negative binomial
distribution (NBD). In addition it was shown that the multiplicities, not only of
all charged particles produced in full phase space but also of those produced in
limited pseudorapidity regions, are remarkably well described by the NBD, i.e. by

a distribution of the form

P(n;k,7) =

k(k'l‘l)...(k"l‘n—l)(-ﬁ,k)n( kk)k (1)

n! i +

where k£ and 71 are free parameters.

The average multiplicity <n> and the dispersion D of the NBD are related to

the two parameters as follows:

<n>=n , D=n+

(2)

x|,



In addition to the multiplicity distribution P(n) the KNO distribution [5], i.e.

the distribution ¥(z) =<n>-P(n) of the reduced multiplicity z = is often

n
<n>)
used. The average value <z> and the dispersion D, of binomial distributions in

terms of the 2 variable are:

<z>=1 ) D} =

(3)

-
& =

+

The original observations of the UAS5 collaboration have recently been followed
by similar results obtained in several other experiments. Charged multiplicity
distributions, measured in various rapidity intervals, for hadron-hadron collisions
7], for e*e™ annihilation [2], and even for proton-nucleus interactions [8] are well
described by the distribution of type (1)}.

These experimental findings led to several investigations as to the physical
interpretation of the observed empirical law. In recent papers [9,10|, some gen-
eral mechanisms of particle production, namely stimulated emission and cascade
type production via independent clans (types of clusters), were discussed. It was
also shown that the NBD rule for multiplicity distributions may hold for certain
jet fragmentation processes in QCD [11,12], for a model with a bremsstrahlung
analogy [13], for the "minimal” cluster model [14] and, to some extent, for the
dual parton model [15]. Correspondingly, the dependence of the NBD parame-
ters on energy and rapidity span has several possible interpretations. It can be
associated with the characteristics of particle production in hard (ete™ , lepton-
hadron) and soft {hadron-hadron} collisions [3,16], with particular properties of
clusters [9], with a phase-transition like behaviour resulting from the excitation
of the quark-gluon plasma in hadron-hadron collisions [17] or with the effect of

energy—momentum conservation [13].

One should however be aware that, despite this successful parameterization,
descriptions alternative to the NBD, and of an equally good statistical merit,
have been suggested [3,18,19]. In particular, it was argued recently [19] that the
problematic physical interpretation of the very large and rapidly varying parameter
k may be avoided when one considers a generalization of the NBD, namely a
three — parameter distribution describing a partially coherent emission from k

sources [20]. Before it is possible to draw more definite conclusions about the



proposed physical interpretations just mentioned, more experimental results of

high precision for various reactions and energies are needed.

In the present paper multiplicity distributions of charged hadrons produced
in deep inelastic muon-proton collisions at 280 GeV are analysed for various ra-
pidity intervals centred around a rapidity of zero in the virtual photon — proton
cm system. Furthermore, our previous studies [21,22] indicate considerable differ-
ences between hadronic final states produced in the forward and in the backward
hemisphere. Therefore, an analysis of multiplicities was also performed for each

hemisphere separately.

In the following section a brief description of the experimental data and of the
analysis procedure is given. The results are presented and discussed in section 3,

followed by concluding remarks.

2. Experimental data and analysis

The data were taken by the European Muon Collaboration in the NA9 exper-
iment at the 280 GeV muon M2 beam line from the CERN SPS. The detector
consisted of a vertex spectrometer and a forward spectrometer, which were used
to detect and measure all charged particles of momenta bigger than 0.2 GeV/c.
It was described in detail in an earlier publication [23]. There, and in references
(21,24, 25], details can be found of the methods used for event reconstruction and
particle identification with an extensive system of Cherenkov and time of flight
counters, and of the procedure for the various corrections applied to the data.
In order to restrict the event sample to regions where the corrections for event
acceptance, smearing effects from the resolution of the apparatus and radiative
corrections are relatively small (<10%), the following selection criteria were ap-
plied:

4GeV? < Q% < 200GeV?
20GeV < v < 260GeV

4GeV < W < 20GeV

Eut > 20GeV, Ei <09, ©u> 075
N

In this list (—Q?) is the square of the four-momentum transfer between the in-



cident muon and the target proton, v = E,, — E,/ is the corresponding energy
transfer in the laboratory system, E, and E,f are the energy of the incident and
the scattered muon, respectively, in the laboratory system, W is the cms total
energy of the final state hadrons and ©,/ is the laboratory angle between the

incident and scattered muon.

The number of events remaining after the cuts was 25569. About 50 % of the
charged particles in these events were identified by the apparatus. The pion mass
was assigned to the remaining particles. The events were subdivided into eight
samples according to the cms energy W . The average value of W for each sample

and the corresponding number of events are given in Table 1.

Multiplicity distributions have been determined in the full phase space as well
as in restricted rapidity intervals. The observed multiplicity distributions were

corrected by means of a matrix unfolding technique:
Pi(n) = 3_ CamP°(m) (4)
m

where P°(m) is the observed multiplicity distribution and P°(n) is the corrected
multiplicity distribution. The matrix Cp,, was determined from a detailed Monte
Carlo simulation of the experiment, separately for each rapidity and W interval.

Cnm is the probability that an event with n charged particles has m of them
detected.

The corrected multiplicity distributions of particles produced in the selected
rapidity windows were fitted to the two-parameter binomial distribution, eq.(1).
This distribution reduces to the Poisson distribution as k — co. For negative
values of the parameter k the distribution (1) becomes an ordinary binomial dis-
tribution, which is narrower than the Poissonian (see eq.(2)). When multiplicity
distributions are close to the Poisson limit (715 = 0), i.e. for large positive or
large negative values of k, it is appropriate to use 2 and 1/k as the pair of fitted

parameters.

The fitting algorithm allowed for a smooth transition from positive to negative
values of the parameter 1/k . It is easy to show that the form of the ordinary
binomial distribution following from the parameterization of eq. {1) is useful only

when the values of the parameter k are considerably greater than 2. This is always

the case here.



3. Results

3.1. MULTIPLICITY DISTRIBUTIONS OF ALL CHARGED PARTICLES

For the eight W intervals listed in Table 1 multiplicity distributions of charged
hadrons were determined for various widths of the cms rapidity interval of the
produced particles. The rapidity intervals were chosen to be of width 2 - Ay,
with Ay increasing in steps of 0.5 units from the smallest value of 0.5, centred

symmetrically around zero rapidity in the virtual photon - proton ¢m system.

The effect of charge conservation on charged hadron multiplicity distributions
requires special treatment. For the full phase space, the charged multiplicity is
odd in the case of muon - proton scattering. For limited rapidity intervals the mul-
tiplicity distribution shows clear even/odd prong fluctuations. For smaller, more
resticted rapidity windows, with the width depending on the cms energy, these
fluctuations disappear and both even and odd prongs follow the same distribu-
tion. For such small windows, fits to the multiplicity distributions were performed
using both odd and even prongs. For the less restricted intervals, only the odd

prongs were taken into consideration.

The results of the fits are summarized in Table 2, where for each W interval
and rapidity interval of 2 - Ay, the fitted values of parameters 7 and 1 /k and the
ratio x?2 /Ndf characterizing the fit quality are given. The values for the widest
rapidity interval quoted for a given energy may be regarded as representing the
results for the full phase space available at this energy; no significant change
of the parameters was observed when the rapidity window was widened beyond
this value. The errors quoted on the parameters are statistical only. The main
source of systematic errors is the correction technique used for the multiplicity
distributions, eq.(4). It fully relies on the accuracy of the Monte Carlo simulation
of this experiment. An estimate of the systematic errors indicates that the error

on both # and 1/k is of the same order as the corresponding statistical error.

The quality of the fits is satisfactory for the majority of the distributions.
This shows that the remarkably good description of multiplicity distributions by
the NBD as observed for various types of reactions applies also to deep inelastic

muon - proton scattering, provided one considers the whole family of binomial



distributions, including the Poisson and ordinary binomial distributions.

As an example, Fig. 1 shows the distributions and the fits for the highest
energy interval. In the figure one can also observe, between the distributions for
Ay = 1.5 and Ay = 2, the transition from fitting all prongs to fitting only odd
prongs. (Sometimes, because of the logarithmic scale, the last points with the
lowest values and the largest errors are not shown. However, all the non-zero

values were used in the fits.)

3.2. MULTIPLICITIES OF CHARGED PARTICLES PRODUCED IN THE FORWARD
AND IN BACKWARD HEMISPHERES

The charged multiplicity distributions have also been analysed separately in
the forward and backward hemispheres in a way analogous to that described in the
previous section. In the framework of the quark parton model the forward multi-
plicity is related to the fragmentation of the scattered quark while the backward
multiplicity results mostly from the remnant target fragmentation. It has been
observed previously that for lepton — hadron reactions, the forward and backward
multiplicity distributions differ considerably and that the multiplicities in the two

hemispheres are only weakly correlated {4,21].

The forward and backward multiplicity distributions were fitted separately
for each of the eight W intervals listed in Table 1, and for each selected rapidity
interval. Intervals of width Ay increasing from 0.5 in steps of 0.5 rapidity units
were considered, extending from the cms rapidity ¥y = 0 to positive values for the
forward hemisphere and to negative values for the backward hemisphere. The
fitted parameters fi and 1/k are summarized in Table 3 for the forward and in
Table 4 for the backward hemisphere, where also the x2 and the number of degrees
of freedom Nys are given for each fit. As an example, Figs. 2a and 2b show the
multiplicity distributions and the fits for the highest W interval for the forward

and for the backward hemisphere, respectively.

The analysis shows that these distributions are also well parameterized by
binomial distributions. The differences of the backward and forward multiplicities
and their energy and rapidity dependences can thus be described in terms of the

parameters # and 1/k of binomial distributions.



3.3. ENERGY DEPENDENCE OF THE PARAMETERS #i AND 1/ k

The energy dependence of the parameter i, representing the mean multiplicity,
is shown in Fig. 3a for several rapidity intervals 2 - Ay, centered around zero
cms rapidity (see also Table 2). A similar energy dependence of # is observed
for multiplicity distributions in the forward and in the backward hemispheres
separately (Tables 3 and 4). The n increases very slowly with energy in the
small rapidity intervals in the central rapidity region, which is consistent with our
previous observation [26] that the density at zero rapidity is approximately energy
independent and the width of the rapidity distribution increases logarithmically.
The energy dependence shows up more clearly with increasing width of the rapidity
interval. For the larger rapidity intervals #i shows an increase which slows down

with the increasing W.

The weak energy dependence of 7 , especially for the smallest rapidity inter-
vals, concurs with the clear increase with energy of the parameter 1/k, observed for
all rapidity intervals. This is illustrated for some of the intervals 2- Ay in Fig.3b.
According to eq. (3), the interplay of the energy dependences of the two terms
1/n and 1/k implies a clear broadening of the KNO multiplicity distributions in
the central rapidity region with the increasing W. The opposite effect was recently
predicted for eTe™ annihilation [27]. Such a clear violation of KNO scaling in the
central region has not been observed before. To show this effect independently of
the NBD fits we present in Table 5, in addition to <n> and D2, the skewness Y3
and the kurtosis 4 as functions of W, determined from the multiplicity distribu-
tions for the rapidity interval 2- Ay = 2. The skewness and the kurtosis are given
by

V3 = ;ﬁ%g ,  m=1t%-3 ()

where
pg=<n—<n>)¥> . (6)
These quantities y3 and -4 show a clear increase with W in the central region

whereas they should be constant if KNO scaling holds exactly.

For the full phase space multiplicity distributions the energy dependences of

the two terms 1/# and 1/k almost compensate each other in the W range covered



by this experiment. According to eq.(3) this implies (approximate) KNO scaling
in this W range. If the observed energy dependences of 1/#i and 1/k continue
towards higher W, then KNO scaling would be considerably violated there, as

observed for hadron - hadron collisions [1].

We now compare the energy dependence of 1/k observed in this experiment
in the full rapidity range with various reactions for which the multiplicity distri-
butions for the full rapidity ranges are given. For pp and pp collisions 1/k was
found by the UAS5 collaboration [1] to increase approximately linearly with the
logarithm of the cms energy over the range of 10 to 900 GeV. A similar regularity
was recently observed [3] for ete™ annihilation. The resulting linear fits are shown
in Fig. 4 by the dashed line for pp and pp scattering and by the solid line for ete™
annihilation. In e*e™ annihilation lower 1/k values are found with a somewhat
slower increase with energy. In the same figure we also show the points for meson
- proton {Mp) collisions from ref. [3], and our data points from Table 2. Both
the Mp and u*p points fall between the lines for pp-pp and ete™. Furthermore,
the u*p points tend to be systematically somewhat lower than the M p points and
closer to the eTe™ line than to the pp-pp line. In order to investigate further this
similarity between 1/k for u+p and ete™ scattering, we show in Fig. 5b the energy
dependence of 1/k for uTp scattering separately for the full forward and backward
hemispheres. The solid line shows 1/k for one hemisphere of ete~ annihilation
as derived from 1/k for both e*e™ hemispheres with the assumption that the two
hemispheres are uncorrelated. The data points for the forward u*p hemisphere
are seen to fall close to the values for one e*e~ hemisphere. This observation

supports the concept of universality of quark fragmentation.

Comparing the forward (y > 0) and backward (y < 0) u™p multiplicity dis-
tributions one observes that i is smaller in the backward than in the forward
hemisphere (Fig. 5a) whereas the width D, of the KNO distribution is smaller
in the forward than in the backward hemisphere (eq.(3) and Fig. 5). In order to
examine whether these differences may be due to the somewhat arbitrary choice of
y = 0 as the boundary between the two hemispheres, we have shifted this bound-
ary to y = 0.25 such that the two # values become more similar. This is seen
in Fig. 6a which shows the W dependence of the fitted fi for the two rapidity
ranges y > 0.25 ("forward”) and y < 0.25 ("backward”). However the forward

10



- backward difference for the second parameter 1 /k, becomes even larger for the
new choice of the boundary (Fig. 6b) than for the boundary y = 0 (Fig. 5b)
(although the slopes of the W dependence are now rather similar). This indicates
that there is a genuine difference between the multiplicity distributions for quark

and target remnant fragmentation.

3.4. RAPIDITY DEPENDENCE OF THE PARAMETER l/k AND THE FORWARD
— BACKWARD ASYMMETRY

Another aspect of the difference between forward and backward multiplicities
discussed above may be deduced from the dependence of the parameter 1/k on
the rapidity interval Ay. Fig. 7 illustrates this dependence for the backward and
the forward hemisphere, for various W intervals (see also Table 3 and 4). The
fast decrease of 1/k with increasing Ay in the forward hemisphere contrasts with
the development of a maximum at small Ay in the backward hemisphere. For the

highest W interval a broad maximum extends over about two units in rapidity.

The parameter 1/k of the multiplicity distribution of particles produced in
a certain rapidity interval is related [9] to the two — particle correlation in this

interval by
1 1
= %E/[C2(ylsy2)dyldy2 ()

where the correlation function Cz(y1,y2) is given by the two-particle density

p2(y1,¥2) and single particle densities py(y) :
Caly1,¥2) = p2(y1,¥2) — p1(v1) - p1(v2) (8)

One can conclude from eq. (7) that the clear difference of the parameter 1/
in the forward and backward hemispheres indicates (particularly for higher W) the
existence of short and medium range positive two — particle rapidity correlations,
which are considerably stronger in the backward hemisphere than in the forward

hemisphere.

In a recent analysis of the charged particle rapidity correlations based on the
data from this experiment [28] it has been found that the two — particle rapid-
ity correlations are indeed stronger in the backward than in the forward hemi-

sphere. This is illustrated in Fig. 8, which shows the two — particle correlation

11



function Cy(y1,yz2) for three intervals of ys selected in the backward and forward
hemispheres and in the central rapidity region, for events in the energy range
12 < W < 20 GeV. It has also been found that the difference between the forward
and backward hemispheres in the correlation strength increases with increasing

W. These results agree qualitatively with our observations.

4. Summary and conclusions

We have parametrized multiplicity distributions of charged hadrons produced
in the deep inelastic muon — proton scattering at 280 GeV by binomial distri-
butions. The multiplicity distributions, corresponding to various energies W and
rapidity intervals Ay , have been fitted to the two parameter formula of eq. (1).
The quality of the majority of the fits is good. This confirms that the negative
binomial distribution (NBD) represents an effective way of parameterizing multi-
plicity distributions. Our analysis shows, that the ”NBD law” includes the whole
family of binomial distributions with a smooth transitions, via the rapidity and
energy dependence of the parameters, from negative binomial through Poissonian

to ordinary binomial distributions.

The satisfactory description by binomial distributions means that a study of
- multiplicity distributions can be made in terms of the parameters ## and 1/k. The
energy behaviour of 1/k was compared for various reactions in connection with
the concept of ”jet universality” and found to be very similar for the forward up

hemisphere and one e*e~ hemisphere.

The observed differences between the forward and the backward multiplicities
expressed in terms of the rapidity dependence of the NBD parameters, indicate
that there are stronger short and medium range two — particle correlations in the
backward than in the forward hemisphere.

12
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Tab. 1: Number of events N and the average hadronic energy < W> in the selected

energy intervals.

W (GeV) 45616>-8(8-+-10(10+12|12+ 14|14+ 16|16+ 18] 18 + 20
N 1304 | 2453 | 3044 3193 3305 3551 3984 4735
<W> (GeV}| 5.2 7.0 9.0 11.0 13.0 15.0 17.0 19.0
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Tab. 2: Parameters of binomial distributions, fitted to the measured charged mul-
tiplicity distributions, followed by the x2 and the number of degrees of freedom for
various rapidity intervals 2 - Ay centred around y = 0, for vartous intervals of the

total hadronic energy W.

Ay 7 1/k x%/Ng || Ay fi 1/k x2/ Ny
W=4-<6GeV W =6+ 8 GeV

0.5 1.4540.03 0.093+0.025 2.0/6 0.5 1.4710.02 0.0684+0.016 3.7/ 7

1.0 2.80+0.05 0.061+0.022 0.7/ 3 1.0 2.8540.03 0.05540.009 16.5/ 10

1.5  3.82+0.05 -0.032%+0.008 4.0/3 1.5 4.12+0.05 0.029+0.008 27.5/4

2.0 4.0610.04 -0.05410.006 2.9/4 2.0  4.84+0.04 -0.0261+0.005 3.2/4

2.5 4.08+0.04 -0.058+0.005 4.0/4 2.5 4.891+0.03 -0.0341+0.004 3.0/4
W =28+ 10 GeV W =10 + 12 GeV

0.5 1.50+0.02 0.120+0.016 2.8/8 0.5 1.53%£0.02 0.138+0.016 5.6/8

1.0 2.94140.03 0.09410.008 2.6/10 1.0 3.0310.03 0.097+0.008 13.0/11
1.5 4.1740.03 0.049+0.005 30.1/13 1.5 4.34+0.03 0.062+0.005 10.6/14

2.0 5.31+0.04 0.005+0.005 15.0/5 2.0 5.5540.04 0.026+0.005 10.3/6

2.5 5.5610.03 -0.016+0.003 7.0/6 2.5 6.07+0.04 -0.006:0.003 5.4/6

3.0 5.55+0.03 -0.018+0.003 5.5/6 3.0 6.09+0.03 -0.013+0.003 6.6/6
W =12 + 14 GeV W= 14 + 16 GeV

0.5 1.5230.02 0.174+0.016 0.7/8 0.5 1.52+0.02 0.1361+0.015 2.8/8

1.0 3.01x0.03 0.119+0.008 6.5/12 1.0 3.02+0.03 0.123£0.009 4.0/12
1.5 4.3710.03 0.08410.006 10.8/14 1.5  4.384+0.03 0.0861+0.005 16.5/15

2.0 5.6610.05 0.05410.006 14.2/7 2.0 5.60+0.05 0.07310.006 6.0/7

2.5 6.46£0.04 0.0041+0.003 12.1/7 2.5 6.71+0.04 0.022+0.004 11.2/7

3.0 6.51+0.03 -0.002+£0.003 4.9/7 3.0 6.8540.04 0.003+0.003 1.7/7
W =16 + 18 GeV W =18 + 20 GeV

0.5 1.54+0.02 0.186+0.015 3.5/9 0.5 1.57+£0.02 0.212+0.014 0.8/10

1.0  3.06+0.02 0.137+0.008 3.3/12 1.0 3.1240.02 0.163+0.008 7.9/13
1.5  4.53+0.03 0.105+0.006 3.1/15 1.5 4.5610.03 0.127+0.005 12.2/17

2.0 5.78+0.05 0.073+0.006 9.9/9 2.0 5.75+£0.05 0.104+0.006 11.2/8
2.5 6.9410.05 0.033+£0.004 23.7/9 2.5 7.00+0.05 0.061+0.004 35.3/9
3.0 7.256+0.04 0.010+0.003 2.5/9 3.0 7.51+£0.04 0.025+0.003 4.1/9
3.5 7.20+0.03 0.007+0.002 2.8/9 3.5 7.48+0.03 0.017+0.002 9.8/9
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Tab. 3: Same as Table 2 but for rapidity intervals Ay in the forward hemisphere,

extending from y = 0 to positive values.

Ay A 1/k x [Ny || Ay i 1/k x*/ Ny
W =4+ 6GeV W =26 =8 GeV
0.5 0.69+0.02 0.081+0.069 2.5/4 0.5 0.741£0.02 0.091+40.049 3.0/4
1.0 1.3140.03 0.0381+0.035 5.1/6 1.0 1.48+0.03 0.047+0.020 5.9/7
1.5 1.80+0.03 -0.066x0.020 3.9/6 1.5 2.10+£0.03 -0.013+0.013 5.6/7
2.0 2.0310.03 -0.110+£0.015 2.4/6 2.0 2.45+0.03 -0.051+0.010 6.8/7
2.5 2.104£0.03 -0.136+0.013 4.7/6 2.5 2.60+0.03 -0.081%0.009 6.8/7
W =283 10 GeV W =10 % 12 GeV
0.5 0.79+0.01 0.133+0.021 6.8/4 0.5 0.804+0.01 0.156+0.020 2.1/5
1.0 1.58+0.01 0.091+0.010 14.0/6 1.0 1.61+0.01 0.088+0.010 8.8/6
1.5 2.28+0.01 0.037x0.007 2.4/7 1.5  2.36+0.01 0.050:0.006 7.9/9
2.0 2.74+0.01 -0.018+0.005 6.9/7 20 2.90+40.01 -0.004+0.004 10.8/9
2.5 2.95+0.01 -0.050+0.004 3.3/7 2.5 3.17+0.02 -0.037+0.004 3.2/9
3.0 3.01+0.01 -0.062+0.004 14.1/7 3.0 3.26+0.01 -0.048+0.004 4.1/9
W =12 + 14 GeV W =14 &+ 16 GeV
0.5 0.80x0.01 0.16240.019 6.6/4 0.5 0.7810.01 0.116+0.019 5.4/5
1.0 1.64%0.01 0.130£0.010 9.1/7 1.0 1.62:40.01 0.113+0.010 4.1/8
1.5  2.43+0.01 0.085+0.006 15.5/8 1.5 2.421+0.01 0.074+0.006 9.0/10
2.0 3.06+£0.02 0.021+0.004 3.6/10 2.0 3.0710.02 0.02940.004 6.9/10
2.5 3.4240.02 -0.017+0.004 4.3/10 2.5 3.4840.02 -0.012+0.004 3.8/10
3.0 3.55%0.02 -0.031+0.004 9.6/10 3.0 3.65+£0.02 -0.032+£0.003 9.5/10
W =16 &+ 18 GeV W =18 + 20 GeV
0.5 0.79x0.01 0.193+0.018 2.4/5 0.5 0.79+0.01 0.21520.017 8.4/6
1.0 1.62x+0.01 0.138+0.009 5.7/8 1.0 1.61+001 0.171+0.009 8.1/8
1.5 2454001 0.09740.006 4.0/9 1.5 2.43+0.01 0.113+0.006 4.8/10
20 3.14:40.02 0.04710.004 9.9/ 10 2.0 3.12+0.01 0.057+0.004 14.3/11
2.5 3.5910.02 0.008+0.004 15.8/10 2.5 3.56%+0.01 (.023+0.003 13.8/11
3.0 3.7910.02 -0.014+0.003 10.3/11 3.0 3.854+0.02 -0.006%0.003 10.2/11
3.5 3.8840.02 -0.026+0.003 17.6/11 3.5 3.96+0.01 -0.0224+0.003 17.5/11
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Tab. 4: Same as Table 2 but for rapidity intervals Ay in the backward hemisphere,

extending from y = 0 to negative values.

Ay fi 1/k x¥/Ny || Ay i 1/% x2/ Ny
W =4+ 6 GeV W =6+ 8GeV
0.5 0.72:£0.03 0.133x0.075 1.2/3 0.5 0.73+£0.02 0.054+0.042 1.2/4
1.0 1.31£0.03 0.04540.029 8.4/5 1.0  1.36+0.03 0.105+0.026 4.5/5
1.5  1.7240.03 -0.065+0.019 4.6/5 1.5  1.814£0.03 0.034+0.014 20.6/6
2.0  1.83:0.03 -0.08440.018 3.0/5 2.0 2.09+0.03 -0.045+0.011 11.3/7
2.5 1.851+0.03 -0.090+0.017 3.0/5 2.5 2.14+0.03 -0.052+0.010 12.0/7
W =28 = 10 GeV W = 10 -+ 12 GeV
0.5 0.71£0.02 0.134+0.043 0.3/4 0.5 0.73£0.02 0.1444-0.041 1.4/4
1.0 1.35%0.02 0.151+0.023 3.8/8 1.0 1424002 0.182:+0.023 3.4/7
1.5 1.90+0.03 0.124+0.017 10.3/7 1.5 1.9740.03 0.187+0.018 8.8/8
2.0 2.30+0.03 0.028+0.011 15.5/8 2.0 2.4410.03 0.108+0.014 25.2/8
2.5 2.43+0.03 0.00310.011 5.3/7 2.5 2.67+0.03 0.038+0.011 4.8/8
3.0 2.46+0.03 -0.002+0.010 5.6/7 3.0 2.71£0.03 0.034:0.011 6.2/8
W =12 + 14 GeV W =14 + 16 GeV
0.5 0.7230.02 0.217+0.043 0.3/5 0.5 0.7410.02 0.164::0.041 0.7/4
1.0 1.3740.02 0.180+0.023 5.1/7 1.0 1.4040.02 0.217+0.024 2.3/7
1.5 1.9440.03 0.18610.018 4.8/8 1.5 1.98+0.08 0.215+0.018 2.7/9
2.0 2.41+0.03 0.146+:0.014 23.9/9 2.0 2.4740.03 0.18840.014 17.8/10
2.5  2.7530.03 0.05240.010 6.6/9 2.5 2.88+0.03 0.099+0.011 12.5/10
3.0  2.83:£0.03 0.038+0.010 3.9/9 3.0  3.03+0.03 0.054+0.009 2.8/10
W =16 + 18 GeV W =18 = 20 GeV
0.5 0.75+0.01 0.200+0.036 1.4/5 0.5 0.77£0.01 0.209+0.034 0.3/5
1.0  1.454+0.02 0.215£0.022 1.3/8 1.0 1.4940.02 0.24310.021 10.8/8
1.5 2.07+0.03 0.210+0.017 3.3/9 15 2.1340.03 0.268+0.017 10.1/9
2.0 2.58+0.03 0.201£0.014 14.9/9 2.0 2.66£0.03 0.244+0.014 16.5/11
2.5  3.0240.03 0.116+0.011 29.2/10 2.5 3.14+0.03 0.165+0.011 31.8/11
3.0 3.2410.03 0.054+0.008 6.4/10 3.0 3.43£0.03 0.070+0.007 16.2/13
3.5  3.28+0.03 0.048:+0.008 6.8/10 3.5  3.49+0.03 0.060+0.007 10.2/13
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Tab. 5: Average multiplicity <n>, dispersion D?, skewness Y3 and kurtosis ~4 for
multiplicity distributions of charged hadrons produced in the cms rapidity tnterval
—1.0 < y £ +1.0 as functions of cms energy W.

W (GeV) <n> D? T3 14
4-6 2.69+0.05 3.04+0.12 1.05+0.22 0.1910.45
6—-8 2.8540.04 3.3140.10 1.27+0.19 0.4010.40
§-10 2.944-0.03 3.7240.11 1.50+0.19 0.61+0.37

10 - 12 3.03+0.04 3.944-0.11 1.6340.19 0.71+0.38
12 - 14 3.014:0.04 4.0910.12 1.63+0.19 0.67+0.39
14 - 16 3.0240.03 4.13+0.12 1.7430.20 0.91+0.42
16 - 18 3.0710.03 4.3940.12 1.861+0.21 1.02+0.43
18 - 20 3.12+0.03 4.694+0.12 1.9210.20 1.023-0.41
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FIGURE CAPTIONS

. Charged multiplicity distributions for up interactions for various cms
rapidity intervals 2- Ay extending from —Ay to + Ay and for cms energies
W in the range from 18 to 20 GeV. The histograms show the negative
binomial distributions fitted to the data point The distribution for the
widest interval is shown in the ordinary scale, each consecutive one is

shifted down by a factor of ten.

. Same as Fig. 1 but for rapidity intervals extending fromy = 0 to (a) +Ay
in the forward hemisphere, and to (b) —Ay in the backward hemisphere.

. Values of the parameters of the negative binomial distributions fitted to
the multiplicity distributions in various rapidity intervals 2 - Ay centred

around zero cms rapidity as a function of the hadronic cms energy W,
(2) 7, (b) 1/k.

. The parameter 1/k for the full rapidity range as a function of W for this
experiment (circles) and for meson — proton (Mp) scattering (squares) of
ref. [3]. The dashed line is a fit to the fp and pp data [1] , the solid line
is a fit to the e*e™ data [3].

. The parameters (a) 2 and (b) 1/k as a function of W for the full forward
{y > 0, circles) and the full backward (y < 0, squares) up hemispheres.
The straight line shows 1/k for one ete™ hemisphere determined from
1/k for full ete™ events (solid line in Fig. 4) under the assumption that

the two ete™ hemispheres are uncorrelated.

. The parameters (a) 7 and (b) 1/k as a function of W for y > 0.25

("forward”, circles) and y < 0.25 ("backward”, squares).

. The parameter 1/k as a function of the width of the rapidity intervals
extending (a) from —~Ay to +Ay, (b) from y = 0 to —Ay in the backward
hemisphere and (c) from y = 0 to +Ay in the forward hemisphere, for
selected intervals of W (in GeV).

. The two — particle correlation function Cy(y;,y2) vs. y; for the y, inter-
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vals {(a) -2<ys<-1 , (b) -0.5<y2<+0.5 , (c) 1<yz<2, for events in the
energy range 12 < W < 20 GeV.

22



10 oAyLO.S
o =1.0
-1 v =]1.5
10 X =2.0
o =2.5
-2 ’ » =3,0
10 A >3,5
102 | s
< 10" T‘—*—
a :
-5 I-—
10 : ?
10°
10”7
10°
107°
: W =18-20 GeV
10"10 A W NN SRR RN NRENUS NN N NN N RN N |

Figure 1.



‘g 2In3aig

u
A 8 v 0 ot ¢l 8 v 0
1 T T T T T ™7 o1 T T 1 T T _ T ] o101
A9 0Z-8T= M xoo oz-51- n Iy :

G <
0°t=
§°¢=
0'e=
§° 1=
0°1=

o
m.opaaﬁnv

il

)
601
01
ff)orf% o1

pJemsoeq (9
| 1 | 0

AN T
o
-

pJemJoy (e

1 | 1 1 | 1 0

(U)d



Ic

0.3

0.2

0.1

1/k

-0.1

Figure 3.

¥ O Ay=0.5
L a) ) QDS d
. ¥ O =1.0
n ¢ A =
. vx x % x 1.5
X X =2,0
— *» -
. R . A A A A o 22,5
- ¢ ¥* =3.0
- 5 2 a o a B o) v >3.,5 _
®© 06 @& 0 06 O 0 ©0
] L ] L 1 i 1 1 |
T T T ; T T T T T
b) O Ay=0.,5
¢ A al,5
. ¢ O ’2.5
5 4’ * >2.5
4> 4’ ¢ A
5 4
; -
9 . 4 o
4 ® ¢
¥*
- . @  * *
4 ¢
K ]
i 1 1 | 1 L N 1 L
12 16 20 24
W (GeV)




0.08

0.04

1/k
o

-0.04

-0.08

Figure 4.




0.2

0.1

1/k
o

-0.1

-0.2

L a) o backw, -
R oforw. J
ooo |
u 0] - i
0] m
[ o) m -
m
® m
n o 4
m
L [ I L1 1 L 1
I I t T 1 T 1 {
L b) a backw. 7
- oforw. 7

W (GeV)

Figure 5.

40



c

0.2

0.1

1/k

-0.1

-0.2

- a) o"backw.” A
" o''forw.” _
m
i o0
g O 3
m O 7
_ z O .
o 0] |
] i
- b) a"backw.” -
_ o'forw.”
" rw
_ L :
i ¢ ;
B : 0@
¢ 09 )
i ¢ @
5 i
- (# -
4 10 40
W (GeV)

Figure 8.



0.3

0.2

1/k

0.1

1/k

1 1

L a) all O d<i< 6
+ A Bel<]0
- #* 18<W<20
= * e
*
- ‘# a * i
*
" 'y -
® £oa
n o o §
| b) } +'ba$kward O a<u< 6_
R . A Beu<iO
+ #* #* 18<W<20
! 4 ]
i *
TN
- 4 4 _
(o]
- c) forward dede 8
A 8<W<10 |
* # 18<N<20 |
= * -
¢
L. s * -
- ¢ A -
L ¢ 1
A ¢ -
1 2 3 4 5
Ay

Figure 7.



I ] ) ¥ T 1 L1 1 13 1 1 T T
0.8 _a) ]
- ()]
>¢;‘0.4 B -1
- o® G)Q
5 - o] mmo .
*h e mo @
oOb———— o _— 8 e D — — e ]
° o o—005-5
—Ooa =l yz -
(1 i — 1 1 1 ] L L L l
T T T ¥ i 1 r T 1 L L2 1 1
0.8 -6 -
o o e
—_ o® o
~ - (03] -
o i o? Do
e 00
© Qb —— e o
o © < o]
o) @
Lo 0%
-0.4 r Y, -
1 1 L 1 ! | ) 1 i 1 1
T T ] 1 T L T 1 1 1 Kl T T
0.8 ¢ -
= 0.4 1
= L -
™ 0] 0]
O 0 .._G.mm— &Qmamm-m.m——omm_m ______
| °00° |
-0.4 | Y, -
b1t g r 0 seeeeees 0
-3 -2 -1 o) 1 2 -3
Ya

Figure 8.



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

