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ABSTRACT:
Forward-backward multiplicity correlations in 7+ p, K*p and pp collisions at 250 GeV/c (/s=22 GeV)

are given for all charges and for the different charge combinations. The correlations are found to be caused
predominantly by centrally produced particles. It is demonstrated that this result is in agreement with
observations at the ISR and the CERN pp- Collider. The results are compared to expectations from LUND,
DPM and FRITIOF Monte Carlo models and a geometrical picture relating correlations in hadron-hadron
collisions to ete~ data in terms of impact parameters is tested.
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1. INTRODUCTION

Production mechanisms at the parton level, coupled with the fragmentation into hadrons, lead to cor-
relations between the final hadrons. Of fundamental interest are the correlations between the numbers of
(charged) particles produced into, respectively, the forward and the backward cms hemisphere of a collision,
the so-called forward and backward multiplicities np and ng. Together with the full multiplicity distri-
bution, the forward-backward (F-B) multiplicity correlation provides a first critical test of any model for
hadron production and represents a useful tool for the study of the energy dependence and the comparison
of different types of collision.

In hadron-hadron collisions clear evidence exists for strong F-B multiplicity correlations at high energies.
For pp and pp collisions, for which the data are most abundant [1,2], the correlation strength increases
logarithmically with energy, over a wide energy interval (10< /5 <900 GeV). At the ISR and at the CERN
pp Collider, it was found that the correlations are not only restricted to particles with a short distance in
rapidity space, but also extend to particles with much wider rapidity separation [1d,2]. Several attempts
have been made, to explain these correlations in the framework of different one and multi-string models
[3]. Results have also been fitted by models with random emission of clusters along the rapidity axis [2,4].
However, the exact dynamical origin of these correlations still seems unclear.

The few existing meson-proton data [5-8] come essentially from lower energies and seem to follow the
trend of the pp(pp)-data [9].

In contrast to hh collisions, such dynamical F-B multiplicity correlations are absent or small in ete™
annihilation [10] up to the highest energies so far reached at PETRA (1/5=43.6 GeV). Results from the
EMC-collaboration [11] indicate the absence of F-B correlations in up-collisions within the W-interval of 4
to 20 GeV (W = /s). This seems also to be true for vp and p reactions [12]. This would be expected from
independent fragmentation of the final state, in ete~ annihilation essentially one quark-antiquark pair, in
lepton-nucleon collisions one quark-diquark system.

The hadronic interaction, containing already 5 or 6 valence quarks in the initial state, is much more
complicated. In addition to beam- and target-fragmentation, the bulk of the particles is produced in the
central region. F-B correlations may, therefore, mainly be due to particles produced in the central region
kinematically increasing with energy.

In this paper we report on measurements of the charged hadron F-B multiplicity correlations in 7+ p,
K*p and pp reactions at a centre of mass energy /s=22 GeV.

In Sect. 2 we describe the experimental procedure and the selection of the data samples. In Sect. 3.1
we present F-B correlations in total phase space and compare these to other experiments and to Monte
Carlo model calculations. In Sect. 3.2 we study definite charge combinations, in Sect. 4 we concentrate the
analysis on central and off-central rapidity intervals. In Sect. 5 we try to interpret our results within the
framework of a simple geometrical picture [13]. Finally, in Sect. 6 we summarize the main results.

2. THE DATA SAMPLE

The NA22 experiment has been performed at the CERN SPS with the European Hybrid Spectrometer
(EHS), using the H, filled Rapid Cycling Bubble Chamber (RCBC) as an active vertex detector. The set-
up was exposed to a 250 GeV/c tagged positive, meson enriched beam. In data taking, a minimum bias
interaction trigger was used. The experimental set-up and the trigger conditions are described in ref. [14],
where also details can be found pertaining to the topological cross sections and the general charge multiplicity
distribution for our 7+p, K*p and pp samples. :

Charged particle tracks are reconstructed over the full solid angle from measurements in the bubble
chamber and from hits in wire- and drift-chambers of the two lever arm magnetic spectrometer. The average
momentum resolution (Ap/p) varies from a maximum of 2.5% at 30 GeV/c to 1.5% above 100 GeV/c. Events
are accepted when topology and charge balance are correct, all tracks are reconstructed with Ap/p < 0.25
and no electron is detected among the secondary tracks.

It has been argued [15] that in a comparison of charge multiplicities in hh, lh and e*e~ collisions
non-diffractive hh events have to be used. We, therefore, restrict the analysis to the non-(single)-diffractive
samples. These are defined by excluding low multiplicity events (n < 6 charged tracks) with at least one
positive particle having Feynman |zr| >0.88. After application of these cuts, our sample consists of 53.000
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7+ p, 22.000 K+p and 3.900 pp collisions. This corresponds to 80% of the final 7*p and 100% of the K*p
and pp samples. A

In determining the multiplicity in the forward and backward c.m. hemispheres separately, special care
has to be devoted to the question of ”spill-over”. Due to the fact that an unidentified particle (proton or
kaon) has been assigned the wrong mass (7 mass), a backward going proton or kaon could falsely appear as
a forward going pion. The effect has been studied in detail by making use of the large particle identification
capacity of the EHS [16] as well as by means of Monte Carlo simulations. It turns out that this effect is
small at our energies, if the ionization- and stopping track information in the bubble chamber is used for
slow particles. At this stage, ionization information is used for the full K*p and pp samples and for 23%
of the 7+ p sample, while stopping track information is available for the full sample. A correction for the
migration in y due to the possible misidentification of the remaining tracks is applied from the Monte Carlo
study. '

3. CORRELATIONS IN TOTAL PHASE SPACE

To examine the correlations between particles produced in the forward (¢ > 0) and backward (zr < 0)
cms hemispheres, one investigates the average multiplicity in one hemishere as a function of the multiplicity
in the opposite hemisphere. It has been noted already earlier [1d] that this relationship is linear.

If one denotes by (np(nr)) the average multiplicity of charged particles produced in the backward
hemisphere for a given multiplicity np of charged particles in the forward hemisphere, the correlation can
be described by the formula

(nB(np)) =ag+bp-nr (la)

or vice versa, with corresponding notation,
(nr(np)) =ar+br-np . (1b)

The slope parameters bg, br are a measure of the correlation strength between the multiplicity in the forward
and backward hemispheres. For symmetric systems, such as ete™, pp and pp, br = bp must, of course, hold
for an unbiased sample.

3.1 All Charged Particles

In Fig.1 we present the overall correlation (np(nr)) for all charged particles produced in non-diffractive
7+p, K*p and pp collisions, respectively. In all three types of collision, an approximately linear dependence
of (ng) on np can be observed. The odd-even differences appearing for low multiplicities are due to charge
conservation. They cannot be reduced by a stronger cut on diffraction. Linear fits to our data according to
(1) give the slope parameters listed in table 1. Within errors, no difference is seen between the three types
of hh collision.

In Fig.2 we show, vice versa, the correlation (nr(np)). The slope parameter br for the linear fits to the
data is also given in table 1 and agrees within errors with bp. For brevity we shall, therefore, use (1a) and
omit from now on the subscript F or B on a and b not only for pp collisions, but also for the asymmetric
7ntp and K*p systems. .

In Fig.2, the data are compared to three different Monte Carlo models, the single string LUND model
[17], a two string dual parton model (DPM) [18] and the two string FRITIOF2.0 model [19]. The same
non-diffractive cut has been applied to the models as to the data. In DPM, the two chains are spanned
between beam and target (di)quarks. In FRITIOF, one of the chains originates from beam, the other from
target excitation by multiple soft gluon exchange. Each of the strings is treated as a quark-antiquark chain
(for the meson jet) or quark-diquark chain (for the proton jet) at an energy corresponding to the excitation
mass. In the case of LUND and DPM, symmetric LUND fragmentation is used, while in FRITIOF2.0 a
multi-gluon radiation mechanism is included. A total of 120.000 Monte Carlo events is generated for each
of the three models, so that statistical errors are smaller than those of the data samples by the root of the
corresponding ratios.

The single chain LUND model, very successful in describing ete~ data, does not follow our data at all.
On the other hand, both two chain models predict (nr) to increase with np. In particular, the FRITIOF
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approach is in agreement with the data, although it is below the data at low multiplicities and the dispersion
D of the overall charge multiplicity distribution is not fully reproduced by the model [20].

A comparison of all available results [1,2,5,6,7,8,9] for the slope b in various hh collisions is given in
fig.3a. Different cuts have been used in defining the non-diffractive samples. Nevertheless, there seems to
be no significant difference between the various types of hh collision. The correlation strength b increases
logarithmically with the cms energy /5. The highest value so far, 6=0.65+0.01, has been measured at
V/5=900 GeV by the UAS5 collaboration [2].

The values of the slope b available for lepton-lepton and lepton-nucleon collisions are summarized in
fig.3b. The data are from two ete~ experiments, one at PETRA and one at PEP [10], from the EMC pup
experiment [11] and from a vp(¥p) experiment in BEBC [12]. The authors of all four experiments claim
to see no significant dynamical F-B multiplicity correlations. Nevertheless, a certain energy dependence is
visible and the two highest energy (and smallest error) TASSO points are larger than zero by many standard
deviations. So, higher energy will be able to tell.

At this point it is worth stressing, that at lower energies an influence from trivial correlations caused
by kinematical constraints, such as phase space limits and conservation of energy, momentum and charge
is still important. The authors of ref. [12] have investigated this problem in detail [21] and conclude, that
their b-values reflect this effect below W=5 GeV. .

As already pointed out in [22], the slope b is directly related to the parameter 1/k of the negative
binomial fit to the full charge multiplicity distribution. In particular, if no further correlations exist from
conservation laws or dynamics, the forward-backward partition of n particles follows a binomial (see also
[23]) and the relation is

—__(ns) = _(ns)/k _ _
TR 0 T T T ®

The dotted lines in Fig.3 give b and its energy dependence derived from the energy dependence of 1/k [14,24]
under the assumption of random partitioning. For hh collisions at high energy, an anti-correlation of np
and np develops relative to this assumption. For Ik and ete™ collisions, the value b ~ 0 observed at highest
available energies may be accidental and a positive correlation may be expected for /s >30 GeV if 1 /k keeps
inceasing for these types of collision, as well.

Our data allow us to go into more detail in two respects, firstly by restricting ourselves to particles of
given charge, in particular to negatives representing only produced particles, and secondly by considering
separate (central and off-central) phase space regions, where the influence of conservation laws is smaller.

3.2 Correlations in Separate Charge Combinations

Using the complete non-diffractive sample, the F-B correlations have been determined in full phase space
for the different charge combinations (— —), (+ —) and (+ +). These are shown in Figs.4-6, respectively.
Linear fit results according to (1a) are given in table 1. No correlations exist at our energy for equal charges
in both hemispheres (except for an incident particle effect in (+ +) at np — 0), while a particularly strong
correlation (6=0.31+0.01) is observed for positive particles going backward and negative particles in the
forward region. The same holds for the opposite charge combination (= +) (not shown) with a similar result
for the correlation strength b. '

Our result may be in contradiction to Chou et al. [25], who introduce a concept of partition temperature
in high-energy collisions and who predict equal correlations for the (+ -) and (+ +) combinations, though
at much higher energies than ours.

The correlations observed in our data are compared to those expected from LUND, DPM and
FRITIOF2.0. The (+ -) combination in Fig.5 is well reproduced by DPM, but slightly overestimated
by FRITIOF. It is interesting to note that, contrary to Fig.2, LUND now shows a correlation, presumably
due to resonance production.

Obviously, the positive correlation of LUND in (+ -) is compensated by the negative correlation for
(- -) and (+ +) in Figs.4 and 6, not followed by the data. This de-correlating compensation effect within
the LUND chain may be a fundamental problem of this fragmentation picture and a verification of the effect
in ete™ data would be extremely useful. \



The DPM Monte Carlo version used [18b] inherits the negative correlation of the LUND chain, but
weakened due to the use of two chains. FRITIOF, again, slightly overestimates the correlation and predicts
a positive slope for (- -).

4. CORRELATIONS IN CENTRAL AND OFF-CENTRAL RAPIDITY INTERVALS
4.1 Central Intervals

In order to investigate in which domain of phase space the correlations are concentrated at our energy,
we first determine the F-B correlations in symmetric intervals of different size around y=0. Fig.7 gives the
intercept a and the correlation strength b for tracks with |y| < Yeu: as a function of ycy:, for the three data
samples. While the intercept a grows linearly with yeu: towards a saturation at large y.ut, the correlation
strength b first increases with increasing y.y: towards a maximum around yey: ~1.0 and then decreases
towards the full phase space value.

Using (2) to calculate the intercept a and slope b from the negative binomial fits [26] under the as-
sumption of random partitioning, we obtain the dotted lines shown for the pp sample in Fig.7. Except for
the very small yc,; region, the correlation in y is weaker than expected from random partitioning. The
anti-correlation with respect to this assumption is much larger in this differential distribution than would be
expected from the full phase space behaviour at our energy in Fig.3a.

A similar trend is seen for FRITIOF, but already weaker than in random partitioning. The correlation b
is described well in very small intervals, but becomes too large for yey: values above the maximum at Yeur=1.
LUND and even DPM (using LUND chains) are too weak for all yeu: values. :

The general trend is the same for the (- -) combination in Fig.8, but now LUND and DPM suffer from
the decorrelation effect even stronger than for full phase space in Fig.4. Contrary to the all-charged case,
random partitioning is now better than any of the three models. It is a satisfactory decription, except in the
region 1 < yey: < 3, but also there the relative anti-correlation is weaker than in the all-charged case.

The complement of Fig.7 and 8, i.e. the parameters a and b for the particles with |y| > ycy: is given in
Fig.9 and 10, again as a function of y.y:. The F-B correlation first decreases with increasing ycy: towards a
minimum around y.u: ~1.0 where b is even negative. Increasing y.u: to larger values leads back to positive
values of b for all charged particles (Fig.9) and to b~ 0 for (- -) (Fig.10).

The models follow the general trend and the truth seems to be between the two, except that the negative
value of b in the minimum at yeu: & 1 cannot be reproduced by either model.

There are very few experiments [1d,2,7,10] explicitely giving F-B correlations in the central region. Two
of them, the pp ISR-experiment [1d] and the e*e~ HRS-experiment [10b] have published results at energies
close to our 1/5=22 GeV, so that we can compare.

In Fig.11, the two pp experiments (this exp. and ISR) give rather similar positive values of b for the
all charged particle correlation in the region |y|] < 1.0 (|n| < 1.0 in case of ISR). In contrast, the ete”
experiment does not show any F-B correlation there, at all. For the complementary region |y| > 1, the slope
is close to b = 0 in all three cases.

The energy dependence of the correlation strength b in hh collisions for full phase space and for the
regions |n| < 1.0 and |n| > 1.0, separately, is given in Fig.12, using our pp data together with the results
from the pp ISR experiment [1d] and the pp UA5 experiment [2].

Fig.13 shows the correlation strength b as a function of an increasing gap size An = 27)cy; in comparison
to the ISR [1d] and UAS5 [2,27] data, up to the first zero of b. For all energies, b decreases approximately
linearly with increasing An and the rate of decrease seems independent of energy. At each energy, the
extrapolated intercept, i.e. An positions of b=0, coincides within errors with the corresponding width of the
central rapidity plateau. Over this A7 range, no strong change in behaviour is seen when passing from short
range to long range order. Thus, F-B multiplicity correlations are continuously spread over the region of the
central rapidity plateau, which widens with In s.

4.2 Correlations in Off-Central Intervals

A further investigation of the domain of F-B correlations is performed in terms of the left-right right
correlation within rapidity intervals of width Ay=2.0, centered around a rapidity y = yo.
The resulting intercept a and slope parameter b are given in Figs.14 and 15 for all charged particles
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and for the restriction to negative ones, respectively. There is an asymmetry with respect to yg=0, due to
the fact that the average left multiplicity is taken as_a function of the multiplicity of the right half of the
interval. Reversing left and right leads to a similar but reversed asymmetry (not shown), just as reversing
forward and backward gives similar slopes and intercepts in the central intervals.

The correlation is positive over the central rapidity plateau. At the ends of the rapidity plateau it
becomes negative, presumably due to phase-space limitations. Again, we conclude that the left-right corre-
lations are continuously spread over the region of the central rapidity-plateau. '

As already observed in Figs.7 and 8 for the central intervals, also here the trend is similar for all charged
particles and for negatives, but the effect is weaker in the latter.

All models follow the behaviour in the large |yo| tails. FRITIOF2.0 can reproduce the behaviour of b
over the full range, but underestimates a. DPM, in the other hand, reproduces a, but not the behaviour of
the slope b.

5. DISCUSSION WITHIN THE FRAMEWORK OF A GEOMETRICAL PICTURE

In the framework of a simple geometrical picture, a straight forward relation between existing F-B
correlations in hh reactions and their absence in ete~ collisions is proposed in [13] via eq. (A7) of the
Appendix in terms of impact parameters: in this picture the broad hh multiplicity distribution originates
from an incoherent superposition of narrow distributions belonging to all possible impact parameters b;

P(n,s) = /p(n, bi, s)db; - weight function . (3)

The multiplicity distribution for impact parameter b; = 0 is identified with that for ete- collisions. From
ete” data at /5=29 to 47 GeV [10b and ref. therein] one finds a relative dispersion (D(n)/ (n))?=0.1140.01,
essentially equal to ((d,(A))/(n))? [13b], and, therefore, from (A7) a slope b ~0, in agreement with experi-
ments in the same energy range.

Going within the geometrical picture to hh collisions, one takes ({dn(A))/(n))? from ete~. This sup-
ported by the fact that the summation over impact parameters according to (3) does not change much the
distribution in the variable A = np — np. However, the integration causes a large spread in the overall
distribution for the variable n = np + ng, thus leading to larger values for the dispersion D(n). From (A7)
one then gets for the overall correlation strength

forz*tp :  b=0.19 £ 0.04

for K¥p :  b=021+ 0.04

forpp : 5=0.204+0.04

in reasonable agreement with our values given in table 1.
The experimental observation that the F-B correlations are restricted to the central region can be
interpreted in the geometrical picture by the central production not being limited to small impact parameters.
In a recent paper Barshay (last ref. [13b]) tries to extend his model to describe charge separated F-B
correlations, both in hk and ete~ collisions. He claims that the quantity d2(A) at fixed n must contain
dynamical F-B correlations and proposes a general parametrization of that quantity depending on (n) and
n. A similar attempt is in fact already made by Chou and Yang [13a] who show that the UA5 pp-data at
5=540 GeV [28] follow the simple relation

dZ(A) = (A%, —(A)2 =2n . (4)

This is in agreement with Barshay’s parametrization within the range of n available at this energy and
indicated in Fig.16.

We determine the dependence of d2(A) on n from our data and compare it in Fig.16 with UAS5 results,
as well as with values at lower energy calculated from published data [6]. While the difference between pp
and 7+*p data is very small at our energy, an interesting energy dependence is observable between 5.6 and
946 GeV, with slopes as given in table 2. The slope of 2, expected from (4), is only reached at Collider
energies and it is approached from below.



6. CONCLUSIONS

1. The forward-backward multiplicity correlation parameter b becomes positive for hadron-hadron collisions
at \/s ~5 GeV, while this does not happen until 15 GeV in lepton-hadron and 30 GeV in e*e~ colli-
sions. The observed F-B correlation is weaker, however, than to be expected from the full multiplicity
distribution under the assumption of random partitioning between hemispheres.

2. The correlation observed for all charged particles is due to a correlation in unequal charges (+ -), and
absent at our energy in equal charge combinations, (— -) and (+ +).

3. Within small central rapidity intervals |y| < ycut, the correlation first increases as a function of the
interval size, to reach its maximum strength at y.,: =~ 1, and then decreases towards the full phase
space value. All charged particles are strongly, negatives only weakly anti-correlated relative to random
partitioning.

4. Excluding a central region |y| < ycu: leads to a decrease towards a negative b minimum, at 1/5s=22 GeV
centered at y.u: ~ 1. The ycy: position of the first zero of b increases with the width of the plateau, so
that b > 0 holds until most of the plateau region is excluded.

5. The trend of the correlation effects is reproduced by the FRITIOF2.0 model, but the strength of the
effect is, in general, overestimated.

7. The effect is underestimated and the trend often not reproduced by the single LUND chain and even
by a DPM version using two LUND chains. A comparison of the various charge combinations in ete~
collisions to the non-zero slopes expected for these from LUND would be essential.

8. The geometrical picture has an explanation for the difference in strength of the correlation for ete™
and hh collisions, but more definite predictions only seem to be fulfilled at much higher energies.
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APPENDIX
Using a straight line fit of the form

(np(nFr)) =ap +bpnr : (A1)
to describe F-B multiplicity correlations, the slope bp is given by
b = ((nrnp) — (nF)(ns))/((n}) — (nF)?) . (A2)

The nominator is called cov(np,npg), and the denominator is equal to D%, the dispersion of the forward
multiplicity ditribution. The correlation strength is therefore given by

bg = cov(np,np)/D% or bp =cov(nr,np)/DE . (A3)

By using n = np + np and D? = (n?) — (n)? the relation between the dispersion in the separate
hemispheres and the total dispersion D can be shown to be

D?(n) = D% + D% + 2cov(nr,np) . (A4)

In a similar way, by using d2(A) = (A?),, — (A)Z as the dispersion for the variable A = np — np at
fixed n, one can derive the relation

(d2(A)) = D% + D% — 2cov(np,nB) . » (A5)
By making use of (A4) and (A5) one obtains the expression
(D*(n) — (d2(A)/(D*(n) + (dh(A))) = 2cov(nr,np)/(Df + D) . (A6)

For symmetric systems like e*e~ or pp one has (nr) = (ng), Dr = Dp, and the right hand side of (A6)
becomes the definition of the correlation strength b in (A3), so that one can write

b= (D*(n) = (d3(A)))/(D*(n) + (dp(A)) - (A7)

For asymmetric systems as 7#*p or K*p we replace D% and D} in (A6) via (A3) and obtain for the
right hand side of (A6)
2/(1/bs +1/bF) : (A8)

the harmonic average of b and bp.
It has been verified that the values of b determined this way from results on D?(n) published earlier [26]
and d2(A) given in Fig.16 are in good agreement with those determined from (A1) directly (table 1).
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Table 1. Fit parameters

ag bp ap br

all-charged
ntp 3.7340.09* 0.15+0.02 4.04+0.08 0.1540.02
K*p 3.744-0.08 0.16+0.02 3.86+0.05 0.15+0.01
pp 3.90+40.09 0.1740.02 3.564+0.06 0.1540.01
(=_=) combination
atp 1.654:0.01 0.0240.01
K*p 1.6540.02 0.02+0.01
pp 1.7840.03 0.02+0.01
(4_=) combination
atp 2.21+0.02 0.2940.01
K*p 2.2040.02 0.31+0.01
pp 2.2940.02 0.31+0.01

combinatio
xtp 2.9540.04 -0.07+0.01
K*p 2.96+0.05 -0.07+0.02
pp 3.00+0.08 -0.07+0.03

* Errors are multiplied by \/x2/N DF if this is larger than unity, mainly due to the odd-even differences.

Table 2.

NG

Fit parameters to d2(A) = « + fn in Fig.16

a

B

7tp 5.6 GeV [6]

7tp 22 GeV (this exp.)
pp 22 GeV (this exp.)
Pp 546 GeV [28]

-0.67+0.04 0.86+0.01

-2.2 £0.1 ° 1.4440.03
-1.4 £0.3  1.35+0.06
0 (fixed) 2 (fixed)
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FIGURE CAPTIONS:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.10:
Fig.11:
Fig.12:
Fig.13:
Fig.14:
Fig.15:

Fig.16:

1:

2:

The average number of backward produced charged particles versus the number of forward produced
charged particles. The lines are linear fits to the data.

The average number of forward produced charged particles versus the number of backward pro-
duced charged particles. The curves join points predicted by Monte Carlo models for soft hadronic
collisions, as indicated.

: Correlation strength b as a function of the cms energy for a) hh collisions, b) for e*e~ and lepton-

nucleon collisions. The dotted lines correspond to the expectation from the energy dependence of
the negative binomial parameter 1/k under the assumption of random partitioning.

: The average number of backward produced negative particles versus the number of forward pro-

duced negative particles. The curves join points predicted by Monte Carlo models for soft hadronic
collisions as indicated.

: The average number of backward produced positive particles versus the number of forward produced

negative particles. The curves join points predicted by Monte Carlo models for soft hadronic
collisions as indicated.

: The average number of backward produced positive particles versus the number of forward pro-

duced positive particles. The curves join points predicted by Monte Carlo models for soft hadronic
collisions as indicated.

: Intercept a and slope b for all charged particles within the region |y| < ycut, as a function of yey:.

The curves connect points from models as indicated.

: Intercept a and slope b for negative particles in the regions |y| < ycu:, as a function of y.u:. The

curves connet points from models as indicated in Fig.7.

: Intercept a and slope b for all charged particles in the regions |y| > ycut, as a function of y.u;. The

curves connect points from models as indicated in Fig.7.

Intercept a and slope b for negative particles in the regions |y| > ycut, as a function of y.,;. The
curves connect points from models as indicated in Fig.7.

Direct comparison of F-B correlations in the central region |y| < 1 and the complementary outer
region |y| > 1 for experiments at similar energy as indicated.

The correlation strength b as function of the cms energy for different pseudo-rapidity regions indi-
cated.

The correlation strength b as function of an excluded central pseudorapidity gap A7, for the energies
indicated.

Intercept a and slope b for all charged particles in the regions |y — yo| < 1, as a function of yey:.
The curves connect points from models as indicated in Fig.7.

Intercept a and slope b for negative particles in the regions |y — yo| < 1, as a functlon of Yeur. The
curves connect points from models as indicated in Fig.7.

The quantity d2(A) as a function of n, at the energies indicated. The dotted, dot-dashed and
dashed lines are linear fits to the 5.6 GeV ntp, 22 GeV 7*p and 22 GeV pp data, respectively.
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