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1.Introduction

The properties of the charged multiplicity distribution in restricted intervals
of rapidity have been studied.!!! In this paper, we have studied the distribution
in single hemisphere with restricted intervals of rapidity. The data are compared
with the predictions of Lund Parton Shower model(Monte Carlo prograimn JETSET
version 6.3). We treat the distribution by Poisson which shows the independent
emission of produced particles. The approach of the Poisson-like distribution in
ete™ is different from the long-tail shape of h-h collision, this has been emphysized
and argued by some theoreticians untill Singapore Conference.[! The analysis of
the shoulder structure of the multiplicity distribution in different rapidity intervals
is also considered which has been observed recently.?)

2.Data selection and correction

This research is based on 20916 hadronic events of Z° decays around Z° peak
of 91.2 Gev after selection. For event selection, we apply the same cuts as in the
ALEPH papers about properties of hadronic events.! The cuts are: the tracks
are good ouly if they originate from a cylindrical region with radius Dy <3cm
and length Z <5cm around the interaction point, if they have at least four hits
in TPC, if their transverse momentum Pt is larger than 200Mev/c, if their polar
angle is between 20° and 160°. Events are good ouly if the total energy of charged
particle exceeds 15Gev, if there are at least 5 charge tracks. if the polar angle of
sphericity axis are in the range between 35° and 145°.

For correcting the multiplicity distribution, the probability matrix methods are
considered:

T(Ny) = ZP(Nipy Nop) X O(Ngp)

where:



O(No, ):0bserved reconstructed multiplicity distribution before correction

T(N,,):true multiplicity distribution after correction

P(Ny,., Ny ):probability matrix

All the final particles of Monte Carlo truths have been treated with a life tie
of 1 x 10~%ec. Those particles with its life time less than 1 x 107?sec are forced
to decay while the others are forced to be stable. We don’t counsider the influence
of initial radiation.

3.Results

The errors quoted after the result data are statistical errors.

1) Fig.1 gives the multiplicity distributions for different rapidity windows and
Fig.2 gives the multiplicity distribution in single hemisphere for different rapidity
windows. The mean multiplicities in single and both hemispheres for different
rapidity windows are listed in tab.1. The following is the mean multiplicity of full
space at 91Gev energy which is consistent with the ALEPH paper:l

< n >=20.84+0.05

Tab.2 gives < n > /D defined as the ratio of mean multiplicity to distribution
dispersion. We give the < n > /D in full space and the F/S defined as the ratio
of < n > /D in full space to that in single hemisphere from TASSO and onrs as
the following!™ :

energy 14. 22. 34.8 43.6 91.2
<n>/D|3.03+0.36 | 3.1940.41 | 3.2840.34 | 3.28+0.31 3.2440.11
F/S: 1.354+0.03 | 1.3540.03 | 1.3440.01 | 1.35£0.02 | 1.34£0.03

The value < n > /D is invariant in the range of 10%. This is consistent with
the Wroblewski regulation.!®! The curves are overlapping and they show that the
multiplicity distributions with the KNO variable are independent of energy from
lower enegies to 91.2Gev. So we can say the scaling is still valid at 91Gev.

Compared with the data in lower energies from TASSO, this value F/S seems
to be also independent with energy. It’s invariant in the range of errors. Thus, in
a large range of energy, the F/S approach roughly to V2 predicted by theory.]

2)The results of Poisson Fit are listed in the Tab.3a, 3b, 3c, 3d. It is seen that
the Poisson doesn’t fit the distribution very well. The multiplicity distribution
is wider than Poisson fit. This can be explained by the Barshay’s opinion!” that
introduces a parameter c related to neutral cluster. Observing the y?/NDF value,
we get that Poisson fitting for 2-jet event multiplicity distribution is hetter than
that of whole event multiplicity distribution in different rapidity windows by a
factor of ten in y?/NDF value.

The theoretician paper ® predicts that D? oc n if the Poisson distribution
is fully valid. For KNO scaling, D? « n?. We have presented in 1) that the
experimental result shows D? o n2. In this point, the result is against Poisson dis-
tribution. Recently a new correction factor K from Yang-Chou Model has been in-
troduced whicl is relative to the cluster sizel?. Yang predicte that K=D?/n = 2.
We get K=1.95 at 91Gev, which is also consistent with the prediction from Cap-
pela’s paper.l?) So we can say the experimental results support the Yang-Chou’s
model after modification. Observing the shape of distribution, we find that the




skewness of the distribution is positive in lower wultiplicity region, and the distri-
bution is almost symmetric around the peak: These evidences support Poisson-like
shapel®l,

3) It is seen'in Fig.3, Fig.4, Fig.5, that the multiplicity distributions show
a sharp shoulder structure in the windows between |y| < 1.5 and ly| < 2.0
especially in the condition of single hemisplere. We analyze this shoulder structure
by resolving the data into multi-jet hadronic final states, using the jet finding
algorithm originally introduced by the JADE collaboration which is applied by
wany other collaborations for study of jet production. For each event the squares
of the scaled inuvariant masses for each pair of charged particles i and J:

Yij =2EE;(1 — cosb,;)/E?

are evaluated, Here E;, E; are the energies and 6;; the angle between the mowmen-
twmn vectors of the two particles, E is the total encrgy of charged particles in an
event. the particle pair with the lowest value of 1j; is selected and replaced by a
psewdo-particle with four momentum (P; + P;). Iu successive steps the procedure
is repeated until Y; are larger than a given jet cut resolution 1.,. The result-
ing pseudo-particles are called jets. The choice of the lower limit for the scaled
invariant mass has conventionally heen set at ¥.,,=0.04 for resolution of 4-jet.

Wit this jet definition, we get the case in window |y| < 2.0 as an example. See
Fig.4, we can explain that the shoukler structure is formed by the superposition
of 2-,3-,and 4-jet distribution.The shoulder is between n1=20 and n=25 whicl is
the overlap of the 3-jet peak and 4-jet peak. We can see in Fig.4, the peak of 2-jet
distribution is at n=38 , and for 3-jet distribution, it is at n=13, for 4-jet , it is at
n=20.

4) Tab.4 lists the forward-bhackward multiplicity correlation strength b in dif-
ferent rapidity windows which has heen given in our last notel'). We compare tah.2
with tab.4 carefully and found an interesting phenomenun Seeing the fig.G and
fig.7, these two curves have the same turn-poiut at the |y| < 0.5. For strength
the turn point is the maximum point and for < n > /D it’s a minimum point. This
imply the relationship between the strength b and < n > /D. The above rosults
reveal the degree of the Poisson fit distribution, which shows the indepedence of
ewmitted groups of particles, beiug narrower than real distribution. < n > /D value
is a parameter which shows the narrow-wide property of multiplicity distribution.
The distributions are narrower when the < n > /D value is bigger. The phe-
nomenum shows that when strength is biggest the real multiplicity distribution is
widest which means that the multiplicity distribution deviates more from Poisson-
like. Thus, the more deviation from Poisson-like identifies the less independence
of emitted particle and the more correlation. In this points, the strength b and
< > /D have the same inclusion and can be explained for each other.

4.Conclusions

© The multiplicity distributiou has some characteristics of Poisson-like shape and
is consistent with the corrected theoretical models, but is not good to fit to the
data with standard Poisson shape, however, the fitting to 2-jct evenut wmultiplicity
distribution is better than that of whole event.



® The multiplicity distributions in intermediate rapidity windows(such as |y| < 1.6
; [y] < 2.0) show a shoulder structure. This shoulder structure has beei explained
by mult-jet analysis;

® Variation of < n > /D with rapidity intervals has opposite tendency with
respect to the variation of multiplicity correlation strength b with rapidity inter-
vals. This phenomenum implies that Poisson distribution shows the independence
in particle emission, and the deviation from Poisson distribution consists with the
F-B correlation strength b in different rapidity intervals.
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Fig:1 The clhiarged particle multiplicity distributions of different rapidity window
in full space.
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Fig.2 The charged particle multiplicity distributions of different rapidity window

in single hemisphere.
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Fig.3 The charged particle multiplicity distribution of rapidity window |Y| < 1.5
in full space.
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Fig.4 The charged particle multiplicity distribution of rapidity window |¥| < 2.0
in full space.
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Fig.6(above) The multiplicity correlation strength(inclusive). Fig.7(below) The
<N > /D of full space(inclusive).
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SINGLE HEMI. | BOTH HEMI.
<N> | ERROR | <N> | ERROR
1.669 0.011 2.307 0.014
2.311 0.014 3.655 0.020
2.972 0.018 5.109 0.027
3.654 0.021 6.668 0.032
4.368 0.025 8.248 0.037
5.109 0.027 9.857 0.042
6.589 0.031 13.060 0.048

=

il =
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2.50 | 8.000 0.033 15.965 | - 0.050
3.00 [ 9.121 0.032 18.264 | 0.049
3.50 | 9.823 0.031 19.693 | 0.047
4.00 | 10.189 | 0.030 | 20.431 0.045

4.50 | 10.332 | 0.030 | 20.717 0.044
5.00 | 10.376 | 0.029 | 20.805 0.044
9.00 | 10.390 | 0.029 20.835 0.044

Tab.1 The mean charged multiplicity of full space and single hewmisphere.
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SING. HEM. | BOTH HEM.
Y | <N>/D ERR | <N>/D ERR
0.25 | 1.535 4+-0.050 | 1.33G +-0.032
0.50 | 1.332 +-0.032 | 1.291 +-0.026
0.75 | 1.250 +-0.028 | 1.337 +-0.026
1.00 | 1.241 4-0.026 | 1.418 +-0.027
1.25 | 1.255 +-0.025 | 1.505 +-0.029
1.50 | 1.303 4-0.025 | 1.610 +-0.032
2.00 | 1.450 +-0.028 | 1.861 +-0.040
2.50 | 1.674 +-0.033 | 2.175 +-0.051
3.00 | 1.928 +-0.042 | 2.524 4-0.066
3.50 | 2.155 +-0.050 | 2.849 +-0.083
4.00 | 2.309 +-0.057 | 3.077 +-0.096
4.50 | 2.382 4-0.061 | 3.188 +-0.103
5.00 | 2.410 +-0.062 | 3.228 +-0.106
FULL | 2.419 4-0.063 | 3.244 +-0.107
6.3 <N>/Dffs
Y | (<N>/D){/(<N>/D)s | ERROR
0.25 0.870 +-0.047
0.50 0.969 +-0.033
0.75 1.069 +-0.027
1.00 1.142 +-0.025
1.25 1.199 +-0.023
1.50 1.236- +-0.022
2.00 1.283 +-0.022
2.50 1.299 +-0.024
3.00 1.309 +-0.026
3.50 1.322 +-0.028
4.00 1.332 +-0.030
4.50 1.338 +-0.031
5.00 1.340 +-0.031
full 1.341 +-0.031

Tah.2 The < N > /D(above) and the ratio(below) of < N > /D in full space
to < N > /D in single hemisphere.
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SINGLE HEMI., WHOLE-JET EVENT
Y | <N>|ERROR| chj2/NDF

0.25 | 0.971 | +-0.015 | 40.4/11 =3.67
0.50 | 1.631 | +-0.017 | 73.7/17 =4.30
0.75 | 2175 | +-0.019 | 99.6/21 =4.74
1.00 | 2.710 | +-0.020 | 117.2/24 =4.88
1.25 +| 3.253 | +-0.022 | 122.7/27 =4.54
1.50 | 3.834 | +-0.024 | 136.7/28 =4.88
2.00 | 5.304 | +-0.030 | 157.9/30 =5.26
2.50 | 6.594 [ +-0.040 | 160.9/32 =5.03
3.00 | 8.280 | +-0.044 | 142.1/32 =4.44
3.50 | 9.265 | +-0.040 | 104.5/32 =3.27
4.00 | 9.687 | +-0.036 | 79.03/32 =2.47
4.50 | 9.835 | +-0.034 | 68.07/32 =2.13
5.00 | 9.869 | +-0.033 | 64.20/32 =2.01
FULL | 9.879 | +-0.033 62.87/32 =1.97

i&m WM A LR L TR GLE L

-| BOTH HEML. WHOLE-JET EVENT
Y | <N> |ERROR| chi?/NDF
0.25 | 1.619 | +-0.017 | 86.4/15 =5.76
0.50 | 2.762 | +-0.021 | 119.1/24 =4.96
0.75 | 3.871 | +-0.025 | 145.2/28 =5.19
1.00 | 5.063 | +-0.031 | 146.4/34 =4.31
1.25 | 6.285 | +-0.038 | 148.2/38 =3.90 |
1.50 | 7.598 | +-0.044 | 146.8/42 =3.49
2.00 | 10459 | +-0.055 | 150.8/46 =3.28
2.50 | 14.105 | +-0.076 | 145.4/48 =3.03
3.00 | 17.499 | +-0.037 | 233.3/99 =2.36
3.50 | 19.252 | +-0.033 | 177.9/99 =1.70
4.00 | 19.913 | 4-0.030 | 142.9/99 =1.44
450 | 20.155 | +-0.028 | 127.5/99 =1.29
5.00 | 20.219 | +-0.027 | 124.7/97 =1.22
FULL | 20.244 | +-0.028 | 121.4/99 =1.23

Tah.3a(above) The poisson fit of ‘charged multiplicity distribution for whole jet
event in single hemisphere. Tab.3b( below) The poisson fit of charged wultiplicity
distribution for whole jet event in full space.
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SINGLE HEMLI., 2-JET EVENT

Y | <N> | ERROR | chi?/NDF
0.25 | 0.498 | 4-0.018 | 3.7/7 =0.52
0.50 | 0.969 | +-0.018 | 4.9/11 =0.45
0.75 | 1.454 | +-0.020 | 5.9/15 =0.39
1.00 | 1.971 | +-0.021 | 9.5/16 =0.59
1.25 | 2.525 | +-0.023 | 13.6/18 =0.75
1.50 | 3.103 | +-0.026 | 19.6/19 =1.03
2.00 | 4.287 [ +-0.032 | 29.4/23 =1.28
2.50 | 5.604 | +-0.039 | 36.5/26 =1.40
3.00 | 6.965 | +-0.047 | 41.9/25 =1.67
3.50 | 8.089 | +-0.046 | 28.4/27 =1.05
4.00 | 8.689 | +-0.043 | 18.5/26 =0.71
4.50 | 8.938 | +-0.040 | 11.9/27 =0.44
5.00 | 9.013 | +-0.039 | 9.8/27 =0.36
FULL | 9.039 | +-0.039 | 9.1/27 =0.34

6. 6b  2-WENE M KRR 2 EROE A

! BOTH HEMI., 2-JET EVENT
Y <N> | ERROR| chi?/NDF
0.25 | 0.921 | 4-0.018 | 5.77/10 =0.58
0.50 | 1.822 | 4-0.020 | 7.01/17 =0.41
0.75 | 2.761 | +-0.022 | 9.16/22 =0.41
1.00 | 3.801 | +-0.027 | 13.02/25 =0.52
1.25 | 4.891 | +-0.031 | 15.86/29 =0.55
1.50 | 6.059 | +-0.036 | 20.55/31 =0.66
2.00 | 8.592 | +-0.049 | 28.01/35 =0.80
2.50 | 11.428 | 4-0.06 | 34.78/38 =0.92
3.00 | 14.354 [ 4+-0.038 | 67.1/38 =0.81
3.50 | 16.505 [ 4-0.037 | 52.42/85 =0.62
4.00 | 17.559 [ 4+-0.033 | 36.15/86 =0.42
4.50 | 18.011 | +-0.031 | 28.81/86 =0.34
5.00 18.16G6 | +-0.030 27.()4/84 =0.32
FULL | 18.227 | +-0.029 | 26.15/85 =0.31

Tab.3c(ai;gx;é)—7f‘lle_1—)c—>i§§on"ﬁt of chargéd'_iliﬁltil)liéity-distfil)lttioxl for 2-jet e'veﬁ(
in single hemisphere: Tab.3d(below) The poisson fit of charged multiplicity distri-

bution for 2-jet event in full space.
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Y MC DATA
<Yy b CHI2/N, b CHIZ/Ny
0.05 | 0.1443+0.1746 | 0/ 2 | 0.1404£0.1773| 0/ 2
0.10 | 0.218740.0875 | 0/4 |0.21504£0.0888 | 0/ 4
0.15 | 0.2882+0.0578 | 1/5 |0.280240.0580 | 1/5
0.20 |0.324140.0433 | 1/7 |0.3159+0.0430 | 2/7
0.25 | 0.3431+0.0347 | 2/9 |0.3368+£0.0354 | 2/ 8
0.30 | 0.35014+0.0289 | 4/10 | 0.3444+0.0296 | 3/10
0.40 | 0.3563+0.0219 | 10/13 | 0.3496+0.0223 | 10/12
0.50 | 0.347240.0176 | 19/15 | 0.3362+0.0180 | 20/15
0.55 | 0.3344+0.0160 | 27/16 |0.3215+£0.0164 | 24/15
0.60 | 0.3255+0.0148 | 33/18 | 0.3123+0.0151 | 27/17
0.70 | 0.2983+0.0128 | 43/20 | 0.292340.0131 | 32/20 |
0.80 | 0.274740.0113 | 66/22 |0.2672+0.0115 | 54/22 |
0.00 | 0.2556+0.0102 | 89/24 | 0.246740.0104 | 70/23 |
1.00 | 0.235940.0002 | 100/24 | 0.2282+0.0095-| 79/24 |
1.10 | 0.221640.0086 | 121/26 | 0.2139+0.0088 | 102/26 |
1.20 | 0.2124+0.00S0 | 140/25 | 0.2055+0.0082 | 116/25 |
1.30 | 0.2003+0.0075 | 162/26 | 0.1908+0.0077 | 128/26
1.40 | 0.190740.0071 | 179/26 | 0.1839+0.0073 | 139/26
1.50 | 0.1835+0.0067 | 173/26 | 0.1780+0.0069 | 118/26
1.60 | 0.1760+0.0065 | 186/26 | 0.1698+0.0066 | 137/26
1.75 | 0.1682+0.0061 | 190/26 | 0.1593+0.0062 | 139/26
2.00 | 0.1618+0.0057 | 182/26 | 0.1579+0.0058 | 145/26
2.50 | 0.1578+0.0055 | 167/26 | 0.1513+0.7055 | 143/26
3.00 | 0.1499+0.0055 | 124/26 | 0.1453+0.0055 | 106/26
3.50 | 0.1308+0.0057 | 71/26 |0.1271+0.0057 | 68/26
4.00 |0.1153+0.0059 | 40/26 | 0.1095+0.0059 | 42/26
| 4.50 | 0.1060+0.0060 | 29/26 | 0.1001+0.0060 | 31/26
5.00 | 0.1025+0.0061 | 27/26 | 0.0967+0.0061 | 24/26
6.00 | 0.1015+0.0061 | 26/26 | 0.0965+0.0061 | 25/26

e ——

Tab.4 Multiplicity correlation strength b (|Y'| < Y., (inclusive)w.r.t.sphericityazis).
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