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3. for W < 14 GeV, tracks were required in both hemispheres defined with
respect to the beam axis, and the sum of the charges of the accepted

tracks was not to exceed 3,
4. the z coordinate of the event vertex had to be |zV| < 6 cm,
5. the momentum sum Ip EZ|D1| of the particle momenta had to be Zp > 0.265 W.

These cuts discriminated against beam gas scattering (3-5), T pair production
(1,2), Bhabha scattering and u pair production (1) and yy scattering (1,5).
A1l events surviving these cuts were inspected visually. Approximately 3%
were rejected, most of them being Bhabha scattering events producing electro-
magnetic showers in the material before the tracking chambers.

A total of 28 721 events from an integrated Tuminosity of 90 pb'1 passed
the selection criteria. The contamination of the accepted events by other
processes was found to be small (Ref. 9): from beam gas scattercng 0.5 + 0.5%
at W < 15 GeV and a negligible amount at higher energies; from T pair production
1.5 + 1.5% (1.2 + 1.2%) at W < 15 GeV (W > 15 GeV); from yy scattering
1.6 + 0.8%. The systematic uncertainty in the corrected number of events
is 1.8% at W = 14 GeV, 1.5% at W = 34 GeV and 1.3% at W = 41.5 GeV.

3. Corrections

The distributions presented below were corrected for acceptance and other
detector effects and radiative effects. The corrected cross sections do(x)
as a function of a variable x were obtained from the measured distribution

dnmeas(x) with the help of a correction function C(x),
(x) (1)

which was determined by a Monte Carlo techniqueS)

events in first order QCD and using Field-Feynman type fragmentation
10)

do(x) = C(x) dnmeas

, generating qq and qqg

functions

Firstly, N n Monte Carlo events were generated at a fixed c.m. eneray W

without QED radiative effects. These events yielded the distribution ngen(x)

of charged particles. For ngen(x) all primary produced particles or those
-10

produced in the decay of particles with Tifetimes less than 3 <« 10 sec were
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4. QCD Models

This section describes briefly the QCD models used for the correction
of the data and for comparison with the data. The QCD prediction for
e'e™ > q3, qgg at the parton Tevel was calculated in first order of o

according to Refs. 5 - 7.

For the fragmentation of quarks and gluons into hadrons two different
models, an independent jet model and a string model,were considered. In
the independent jet model based on the work of Hoyer et a].s) and ATi et
a1.6) quarks and gluons are assumed to fragment independently into hadrons.
In the model of the Lund group7) hadronization occurs along the colour field
lTines (strings) between quarks and gluons. In both models the fragmentation

7,10) depend on a set of parameters whose values have to be

functions
found by comparison with experiment. We have fitted these parameters together
with o in the course of a QCD ana]ysislz) by adjusting the model predictions
to our high energy data. Different o values have been found in this analysis,
a. = 0.19 + 0.02 for independent jet fragmentation and o = 0.27 + 0.03

for string fracmentation, These o values were used for the present comparison.
The QCD predictions were computed with both models. In general, both gave
similar results. For this reason in most cases only the predictions of the

independent jet model are shown.

5. The total cross section

Table 1 1ists the number of accepted events. The bulk of the data were
obtained at W = 14, 22, 30-36.7 and 38.7-43.1 GeV. The latter energy inter-
vals will be referred to as W = 34 GeV and W = 41.5 GeV. Fig. 1 (see also
Table 1) shows the total cross section for ete™ annihilation into hadrons,

Otote 1M terms of the ratio

R =

Ttot / oUU (3)
2 2

2
_ Ao _ 86.9 in GeVS. The cross section data up to

where oUU = 3 S nb, s =W
33.5 GeV have already been presented in Ref. 9. The data measured in this
experiment are shown together with those from other experimentsl3)
data between 14 and 43.1 GeV are consistent with a constant value of R,
the average being R = 4.04 + 0.02 (stat.) + 0.19 (syst.).

. Our
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6. Charged particle multiplicities

The corrected multiplicity distribution was determined by unfolding the
observed multiplicity distribution. Let Nﬂﬂi) be the number of accepted
events with i accepted charged tracks and N(j) be the corrected number of
events with j(j = even) produced charged particles. The two distributions

were related by a matrix M:

N(3) = Mo N (1) (4)

jim

The coefficients Mji were determined from events generated by the Monte

Carlo programs mentioned above. In this case N(j) gives the multiplicity
distribution of events generated at a fixed c.m. energy (i.e. without the
emission of radiative photons). Nm(i) is the multiplicity distribution of

the Monte Carlo events obtained by including radiative and detector effects

and imposing acceptance criteria. Eq.(4) was used to determine the multiplicity
distribution for j > N oin where Noin = 4 (5) is the minimum number of

accepted tracks at W < 15 (> 15) GeV. For the multiplicities j = 0, 2

(j =0, 2, 4) at W < 15 (> 15) GeV the corrected numbers of events were taken
from the Monte Carlo calculation. The uncertainty of these numbers were esti-
mated by comparing the predictions of the independent jet and the string models
and was found to be of the order of a factor of two. Due to the fact that

the fraction of events with j < n_. is only a few percent the N(j) value

min
for j < Nin has littie effect on the average charge multiplicity <nCH>
"and on the dispersion D, defined as

2
CH CH

For completeness we mention that the correction for radiative effects alone

D = (<nlp> - <n.p2)/? (5)

raised <nCH> typically by 5% and reduced D by 4%.

Fig. 2 and Table 2 show the charged particle multiplicity distribution
at W =14, 22 and 34 GeV. The nonaccepted multiplicities NcH < 4(5) at
W < 15 (>15) GeV were taken from Monte Carlo predictions (see above). The
error bars shown are statistical except for the nonaccepted multiplicities
where they are of purely systematic origin:. As mentioned before, the = from
the decay Kg > n+n' are included: they contribute 0.75, 0.85, 1.0, ~1.05 units
to the multiplicity at 14, 22, 34, 41.5 GeV, respectively. The average mul-
tiplicity is shown in Fig. 3 as a function of W and listed in Table 3. It
is corrected for the nonaccepted multipicities. The error bars shown in
Fig. 3 are purely statistical. The sy;tematic uncertainty for <nCH> is
+0.25 at W = 14 GeV increasing to #0.45 at W = 41.5 GeV.
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In Ref. 29 a prediction has been given for the coefficient c,
c=72/(33 - 2Nf}, where Nf is the number of flavours. Using Nf =3
for 1.8 < W < 3.7 GeV, Nf = 4 for 3.7 < W < 10.5 GeV and Nf = 5 for
W > 10.5 GeV and treating QO as a free parameter the fit gave the

following result:

a

2.56 £ 0.02 b = 0.089 + 0.024 QO = 0.85 + 0.34 GeV

with x2 = 72 for 79 d.o.f.

We turn now to a discussion of the shape of the multiplicity distributions.
The dispersion D is shown in Fig. 6 as a function of W. The error bars do not
include the systematic uncertainties which are close to +7 % of the D values.
Also shown are measurements by the LENA group14) at Tower energy and by the
PLUTO group14). The energy dependence of the dispersion can be described by
the form D = Cy *+ Cy ans + c3ans. As shown in Fig. 7 rather similar values
are measured for D in e’e” annihilation and in pp, pp interactions.

The multiplicity distributions shown in Fig. 2 were compared with two
types of Poisson distributions. The first type (dashed curves in Fig. 2)
ignores the fact that the number of positive and negative charged particles
have to be equal. To a good approximation,

i
N(i) = 2 &p et (6)
Here N(i) is the number of events with i charged particles (i = even) and
A= <Ney”- The second type (solid curves in Fig. 2) acknowledges the fact
that there are equal numbers of positive and negative particles:

i/2 =x/2
N(§) = UJZ}(_WE?! = (7)

The two types of distributions are seen to bracket the data, the first one
predicting a narrower distribution, the second one predicting a wider
distribution than observed.

In Fig. 8a we present the multiplicity distributions at 14, 22 and 34 GeV
together with data measured by other experiments between 5 and 30.6 GeV in
a way suitable to test for KNO sca11ng31), namely P(nCH) <Ny> versus
nCH/<nCH> where P(nCH) is the measured probability for events with multi-
plicity NeH- Only the statistical errors are shown. The data of the JADE
groupls) (not shown) agree with our data shown in Fig. 8a. KNO scaling holds
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W is seen which corresponds to the observed growth of the multiplicity. For
xp > 0.2 the data show a slow but significant decrease with W. Thiszis more
clearly seen in Fig. 14 where 1/0tot dc/dxp is plotted versus s = W . Going
from W = 14 to 41.5 GeV 1/0tot do/dxp on the average is reduced by ~25 %.
This scale breaking was discussed in detail in Ref. 32. The amount of scale
breaking was quantified by fitting the data to the following form suggested
by QCD:

1/o do/dxp = Cy (1 + <) Qn(s/so)) (8)

tot

where S = 1 Gevz. The fit results for ¢y and c, are given in Table 5. The

scale breaking effects seen in this experiment are in agreement with the

data from the MARKII33) and JADElS) experiments.

The observed x dependence of inclusive particle production was compared
with several theoretical conjectures. The behaviour for e+e_ - h + anything
near xp = 1 has been related to the s dependence of the vhh formfactor
Fh(s) in the reaction e'e” - hh (see Ref. 35). If Fh(g) <« 5™ for s + w
a Drell-Yan-West relation predicts do/dx_ « {1-x )n with n = 2m - 1. For
instance, for h = pion or kaon m = 1 is expected which leads to n = 1 while
for protons m = 2 and hence n = 3 should be observed.

In order to determine the large x_ behaviour we multiplied 1/0tot dg/dxp
by a factor of f = xp(l—xp)_n for n =1, 2 and 3 (the factor xp ensures a
reasonable description of the data near x_ = 0). The result is shown in
Fig. 15. In the high xp region (0.4 < x < 0.8) the data suggest f'l/otot do/dxp
to be constant for a value of the power n between 1 and 2. Taking into
account the fact that in the high Xp region roughly 20 - 30 % of all charged
particles are protons (antiprotons)3 the Drell-Yan-West relation seems to be
in reasonable aareement with the data.

30,35,36) have led to qualitative predic-

Studies of multigluon emission
tions for the behaviour at small and medium x values. They suggest that the

energy weighted gluon spectrum
xdo/dx = -do/d(n(1/x))

(x is the fractional gluon energy) follows a Gaussian distribution with
respect to &n(1/x). The distribution should be centered around

en(l/x) = 1/4 Rn(s/uz) where u is the virtual gluon mass. The assumption
that the gluon x distribution represents the xp distribution of the final
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8. Jet properties

8.1 Jet variables

In the following analysis all events were treated as two-jet events.

The event shape was characterized in terms of the sphericity tensor 3/

and of thrust38)- The sphericity tensor is defined as
: (10)
MOLB = J)_—El PJOL PJB OB = X,¥,Z5
j=1,..., N particles

with eigenvectors ﬁl’ ﬁz, ﬁ3 and corresponding normalized eigenvalues

(11)

which satisfy Q1 + Q2 + Q3 = 1 and which are ordered such that 0 < Q1 < 02 < Q3.
In terms of these QK, the sphericity S, the aplanarity A and the variable Y are
given by

S =5 (0 + Q)

3
A=“2‘Ql (12)

The plane defined by ﬁz and ﬁ3 is called the event plane; ﬁ3 gives the sphericity
axis (= jet axis determined by sphericity). Sphericity

3 3 5y .
5—7(01+02)—g—zgg, 0<S«< (13)
is a measure of how well particles are collimated into two jets. Here Py is
the particle transverse momentum with respect to the jet axis. Extreme
two-jet events have S = 0 while for spherical events S -~ 1. Aplanarity A,
0 < A< 0.5, measures the flatness of events; extreme flat events have A = 0.
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bb contribution was assumed to be given a) by the asymptotic value RbB = 1/3
(case a); b) by the value modified for quark mass effects RbB =1/3 8(3-62)/2,
where B is the b quark velocity (case b). It is not clear which of these is
the appropriate description. The predictions are given in Fig. 28 as a func-
tion of the threshold c.m. energy, wthresh’ for open bottom production. We
define the b quark mass™ as m, = wthresh/z' The observed fraction of events
with A > 0.18 is 3.5 + 0.7 % which is significantly larger than the 1.3 % pre-
dicted for the case without b quarks. Agreement with the data is found if

bb production with asymptotic strength is assumed to be present and

9.2 < wthresh < 14 GeV. The Tatter is in accord with the threshold for open
bottom production near W = 10.5 GeV. The same method was applied in Fig. 29

to search at W = 34 GeV and 41.5 GeV for heavier quarks with charge leQ\ = 2/3
(top guark) and \eQI = 1/3. The data agree well with the predictions for
u,d,s,c,b + gluon alone. The additional fraction of highly aplanar events
predicted for either quark charge is much too large as long as Wthresh is

1-2 GeV below the c.m. energy at which the data were taken. Using data at

all W we can exclude the presence of additional heavy quark pair production
for 5 < MQ
summary of results on heavy quark production from this and other experiments
has been given in Ref. 39.

* Note that the mass found for the b quark from potential model analyses
of the T system is somewhat lower than Tthresh/z’

¥% In Qeriving the upper values the contribution from the five known quarks
was ignored. Hence, they represent conservative limits.

< 20.3 GeV (qul =2/3) and 7 < My < 19 GeV (|eQ| - 1/3)at 95% C.L.

XX

A
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9.7Qh§rged particle production with respgptA;ofthe jet axis

9.1 Longitudinal and transverse momentum spectra

We studied the Tongitudinal and transverse momentum distributions of charged
particles with respect to the jet axis. If not specified otherwise the sphericity
axis was used. In Figs. 30-32 and Table 4 the longitudinal and transverse momen-
tum distributions 1/0tot do/dp”, 1/0tot dc/dpT and 1/0tot do/dp% are shown for
14, 22 and 34 GeV. The P distribution resembles closely the p distribution
shown in Fig. 11. Asoexpected from phase ipace, the Py distribution approaches
zero as pg + 0., The p? distribution near p? = 0 is of the form
do/dp% ~ exp (-a pT). The Pt and p% distributions broaden with increasing c.m.
energy.

For small Prs Pr < 0.4 GeV/c (see insert of Fig. 31) no energy dependence of the
shape of the Pr distribution is observed. In order to study this in more detail,
Fig. 33 shows the ratio of the Pr distribution at 34 GeV with respect to those
observed at 14 and 22 GeV, e.q.

1/0 4, do/dp(W
F(34 GeV, 14 GeV) = T/6 o 907dp (W =

34 GeV)
14 GeV)

1

The ratio F is above unity which reflects the growth in multiplicity as W
increases. F is almost constant for pr up to 0.4 GeV/c and then starts to
rise. The growth of the number of particles at,pT > 0.5-GeV/c with in-
creasing W can be understood as a result of hard gluon bremsstrahlung (solid
Eurves). The dashed and dashed-dotted curves show the predictions for the

case where gluon bremsstrahlung is turned off and only the process efe” > qaq
is considered. In this case the value of F at pr < 0.4 GeV/c is well accounted
for and only a small rise is predicted for 0.5 < pr < 2 GeV/c. The comparison
suggests that hard gluon bremsstrahlung affects mostly the particle flux

at Py 2 0.5 GeV/c.

In Fig. 12 we compare the energy dependence of the average values <p>,
<pH>, <pr> and <p$> (see also Table 3). The sphericity axis was used as the
jet axis; <p> and <p”> rise rapidly with W, while <pr> shows only a weak
increase; <py> is also seen to rise rapidly with W. The data were fitted to
following form:

<p$> = a + bW (18)
with the result a = 0.072 + 0.008 GeV', b = 0.0070 + 0.0003 GeV.*

The <py> and <p$> data agree with those by the PLUTO groupqo).

*
The errors include systematic uncertainties.
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those from 22 and 34 GeV for X 2 0.1; however, the difference between 14 and
22 GeV is larger than between 22 and 34 GeV and it is conceivable that for

Xr 2 0.1 scaling in X1 is approached at large W values. Single noncollinear
gluon emission, e'e” -~ qqg, at the parton level predicts scaling in Xp up to
logarithmic terms.

For completeness, we present in the Appendix X spectra and the dependence

of <pp> on x, obtained by using a high momentum particle as a jet trigger as
done by some ISR experiments. These distributions were compared with the
unbiased ones shown in Figs. 34 and 40.

9.2 Particle spectra in terms of rapidity

The charged particle production along the jet axis was also analysed in
terms of the rapidity vy,

To compute the particle energies E all particles were assumed to be pions.¥

The y distributions were determined using the thrust axis as the jet éxis.

The region of very small y values, y < 0.1, is particularly sensitive to the
corrections and to the choice of the jet axis. The difference in yield obtained
at largery values (0.1 <y < 2) with the thrust and sphericity axes is less
than 10 %**The intrinsic resolution at large y-is approximately Ay = 0.3 due

to the accuracy in determining the jet direction.

Fig. 43 and Table 8 show the rapidity distribution normalized to the total
cross section 1/0tot do/dy at 14, 22 and 34 GeV. Note that the data were
folded around y = 0. The y yield changes comparatively 1ittle over the y region
starting at y = 0, called the plateau region, and then drops off rapidly at
higher y values. In the plateau region, starting fromy = 0, the y yield goes
through a maximum which is 20 % higher than the yield at y = 0. This maximum
will be discussed in more detail below. The plateau is found to broaden with
increasing energy. The height of the plateau is shown in Fig. 44 for small
y values (0.1 <y < 0.2) and for 0.2 <y < 1. It is found to rise with the

c.m. energy in a manner similar to the pp, pp data41_43)_

* The rapidity distributions like all other distributions were corrected by
Monte Carlo. For the "true" y distribution, y was calculated from the
momenta of the final state particles assuming pion masses.

¥% Monte Carlo studies show,however, that the y distribution determined
with the thrust axis is closer to the original distribution measured with
respect to the parton direction, than if the sphericity axis was used.
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10. Summary

We have studied charged particle production and the properties of the under-
lying jet structure for e'e” annihilation into hadrons at c.m. energies W
between 12 and 43 GeV. In this energy range pair production of the five quarks
u,d,s,c and b is the dominant process. Hard gluon bremsstrahlung effects
change from being almost invisible at W = 12 GeV to being prominent at the
high energy end.

The ratio R of the total cross section to the u pair cross section over
the full W range is consistent with a constant value of R = 4.04 + 0.02 + 0.19.
The behaviour of R and of the transverse momentum spectra with respect to the
event plane exclude the presence of heavy quarks with masses 5 < mQ < 20.3 GeV
for a quark charge |eQ| = 2/3 and 7 < my < 19 GeV for |eQ| = 1/3.

The average charged particle multiplicity Ny is found to rise with energy
faster than &n s (s = WZ) if the data from Tower energies are included. Good
fits are obtained with the form Ney> ~ a + b &4n s+ € an 52 but also with a
form suggested by QCD. The multiplicity distributions are found to lie between
the two Poisson distributions obtained when the fact that equal numbers
of positive and negative particles are produced is or is not taken into account.
The multiplicity distributions obey KNO scaling to within ~20 %. The multipli-
city distributions for each event hemisphere also satisfy KNO scaling to
‘within that accuracy.

The average charged particle momentum rises almost linearly with W. The
scaled momentum distribution exhibits scale breaking, 1/0tot do/dxp for
xp > 0.2 being 25 % smaller at W = 41.5 GeV compared to W = 14 GeV. The large
X behaviour of the scaled momentum distribution can be approximated by
do/dx,_ ~ x_(1-x )n (with n =1 to 2). Multigluon emission calculations pre-
dict x do/dx to be distributed as a Gaussian with respect to 2n(1/x) and the
position of the maximum of the Gaussian to change like 1/4 2n s. The measured
inclusive spectra for ni, K* and p,p are consistent with these expectations but
also with the QCD model predictions for single hard gluon bremsstrahlung.

A11 events have been analysed with respect to a common jet axis and longi-
tudinal and transverse momentum spectra as well as various jet measures have
been studied. The angular distribution of the jet axis measured with respect
to the incoming beams is of the form 1 + cosze. The result gives strong
support for the assumption that the underlying process is predominantly
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Appendix

ISR experiments sometimes selected jet events produced in hard pp scatter-
. . . . . 44)
ing by demanding that a high momentum particle is emitted at large angles '’.
The particle flow on the trigger side and on the away side are then studied
(Fig. 44) with the hope that the bias introduced by the trigger for the away

side is small.

In order to facilitate the comparison with e'e” annihilation we applied
similar selection criteria to our data. Using the sphericity axis each event
was subdivided into two hemispheres. If the track with the largest momentum
in a hemisphere had Pirig > 4 GeV/c it was called the triqger particle and the
particle properties were studied in the hemisphere of this particle (= trigger
side) and in the opposite hemisphere (= away side). Similarly, the other
hemisphere was searched for a trigger particle and the analysis was repeated.
In the distributions presented in the following the trigger particle was not
included. The distributions were compared with the unbiased distributions
presented in Figs. 34, 40 above. The unbiased distributions are indicated in
Figs. 56-61 by the shaded bands which represent hand drawn averages of the
data of Figs. 34, 40.

Firstly, the sphericity axis determined from the particles on the away
side was used as the jet axis. Fig. 55 shows <pp> as a function of X|| = ZpH/N
for the trigger and away sidgs. In Fig. 56 the X distributions are dis-
played for the two sides. The away side shows good agreement with the unbiased
distributions. The analysis was repeated taking the momentum vector of the
trigger particle as the jet axis. In this case, the trigger side distribu-

44). The results are shown in

tions might be compared to the unbiased ones
Figs. 58, 59. Large differences with respect to the unbiased results are
observed. This is also true when the trigger direction is used as the jet
axis and the particle distributions are determined as a function of

xﬁ = pH/ptrig (Figs. 60, 61). In conclusion, the <pp> and X(| distributions on
the away side are in good agreement with the unbiased results while the
trigger side distributions analysed as described differ markedly from their

unbiased counter parts.
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Table 1:  Number of events and values for R = Otot/oyy as a function of the
c.m. energy. The errors quoted include the statistical as well
as the point to point systematic error. An overall systematic
error of 4.5 % has to be added.

W-range - W(GeV) L (nb~1) | no of evts R
, e 1 1 _ ;. S
12 12 | 96 186 3.80+0.28
14 14 1631 2704 4.14+0.30
22 22 | 2785 1889 3.89+0.17
25 25 454 231 3.72+0.38
| 27.4-27.7 27.5 | 337 141 3.91+0.32
29.9-30.5 30.1 1309 460 3.94+0.18 |
30.5-31.5 31.1 1317 | 407 3.66+0.18
| 32.5-33.5 33.2 1581 4184 4.09+0.19
33.5-34.5 34.0 12650 3706 4.12+0.11
34.5-35.5 34.7 59581 16746 4.08+0.09
| 35.5-36.7 36.1 2213 548 3.93+0.19
38.7-43.1 41.4 6485 1219 4.06+0.29 |




Table 2: Charged particle multiplicity distributions, 1/N dN/dnCH

Multiplicity W=14 CeV W=22 GeV W=34 CeV
|
0 0.001+0.001 0.000+0.000 ! 0.000+0.000
2 \ 0.017+0.008 0.005+0.003 0.003+0.002
4 2 0.076+0.010 0.028+0.007 0.015+0.008
6 0.172+0.011 0.085+0,010 0.043:0.002
8 0.248+0.013 0.17340.013 0.088x0.003
10 0.226+0.015 0.208+0.014 0.146+0.003
12 0.148+0.015 0.204+0.017 0.185+0.004
14 0.072+0.012 0.140+0.017 | 0.180+0.005
16 ' 0.027+0.009 0.086+0.015 0.142+0.005
18 0.009+0.005 0.04120.015 | 0.092+0.004
20 0.003+0.002 0.018+0.010 0.052+0.004
22 0.001+0.001 0.007+0.004 0.028+0.003
24 0.002+0.001 0.015+0.003
26 0.001+0.001 0.006+0.002
28 ; 0.002+0.001




Table 3:

errors are given.

Average values for track and event parameters. The sphericity axis was used as the jet axis; only statistical

- <Py~ (

| “PTout

<S>
<T>
<p> (GeV/c)
PP (GeV/c)
<py> (GeV/c)

2 GeV/c2

2
PTin”

2

(GeV/c)

> (GeV/c

2

)2

Wo12 CeV | W14 GeV | W22 Gev We25 GeV | W-30.5CeV | W-34.5CeV Wed1.5CeV
| 8.48:0.21 9.0840.05 | 11.2240.07 | 11.69:0.24 | 12.79:0.13 | 13.48:0.030 | 14.41:0.24
 0.59:0.02 | 0.58+0.01 0.5840.01 0.58:0.02 | 0.60:0.01 0.59:0.002 | 0.58:0.015
3.240.08 | 3.81%0.25 | 4.46+0.05
\
0.25540.017 | 0.213+0.004 | 0.145+0.004 | 0.127+0.009 | 0.112+0.006 | 0.108:0.001 | 0.108£0.005 |
0.840+0.008 | 0.855+0.002 | 0.884+0.002 | 0.898:0.005 | 0.900£0.003 | 0.902+0.001 | 0.905+0.003 |
0.841£0.021 | 0.895:0.006 | 1.163+0.010 | 1.233:0.032 | 1.42440.019 | 1.512:0.004 | 1.671+0.019
0.683:0.023 | 0.756:0.007 | 1.019:0.011 | 1.0750.031 | 1.281:0.022 | 1.350+0.005 | 1.5230.022 |
0.340£0.007 | 0.334:0.002| 0.37740.003| 0.368+0.007| 0.404:0.004 | 0.42240.001| 0.448:0.004 |
0.171+0.008| 0.1680.002| 0.232:0.004| 0.213£0.009| 0.281:0.008| 0.3110.002 0.350<0.00¢ |
0.128:0.009 | 0.131+0.002 | 0.1840.009 | 0.1610.011 | 0.223:0.012 | 0.251£0.003 | 0.28010.012?
0.044:0.002 | 0.04440.001 | 0.059:0.002 | 0.055£0.002 | 0.0610.002 | 0.068:0.001 | 0.075:0.002 |




Table 4a: Normalized momentum distributions, l/otot do/dp (GeV/c)-1

p W=14 GeV W=22 GeV | W=34 GeV
(GeV/c) '
0.10-0.20 | 8.224+0.184 6.248:0.214 6.298+0.076
0.20-0.30 10.340+0.230 | 10.270+0.275 | 10.670+0.099
| 0.30-0.40 9.898+0.225 | 10.110+0.272 | 10.510+0.098
0.40-0.50 | 8.592:0.205 9.045+0.258 9.628+0.094
0.50-0.60 | 7.25110.188 7.885:0.241 8.546+0.088
| 0.60~0.70 5.840+0. 167 7.236+0.231 7.737+0.084
| 0.70-0.80 4.957+0.154 8.207+0.214 6.638+0.078
0.80-1.00 3.934+0.096 5.028+0.136 5.495:0.050
| 1.00-1.20 2.893+0.083 3.836+0.119 4.294+0.044
| 1.20-1.40 2.20410.073 2.883:0.103 3.534+0.040
1.40~1.60 1.778+0.066 2.264+0.091 2.778+0.036
1.60~1.80 1.315+0.057 1.951+0.085 2.465:0.034
| 1.80-2.00 1.077+0.052 1.422:0.073 | 2.088:0.031
| 2.00-2.20 0.835+0.046 1.352+0.071 | 1.710+0.028
2.20-2.40 0.751+0.044 1.097+0.064 | 1.510+0.026
| 2.40-2.60 0.523+0.037 0.816+0.055 1.238+0.024
| 2.60-2.80 0.384+0.032 0.811+0.055 1.124+0.023
| 2.80-3.00 0.342+0.030 0.631+0.049 0.960+0.021
| 3.00-3.50 0.209:0.015 0.484+0.027 0.802+0.012
3.50~4.00 0.134+0.012 0.307+0.021 | 0.586+0.011
| 4.00-6.00 0.036+0.003 0.144+0.008 | 0.295:0.004
| 6.00-8.00 0.038+0.004 0.117+0.003
8.00-10.00 0.046+0.002
10.00~12.00 0.008+ 0.001
|




Table 4b: Normalized scaled momentum distributions, l/otot do/dxp,
where xp = 2p/W.

Xp W=14 GeV W=22 GeV W=34 GeV
0.02-0.03 54.98+ 3.46 116.80+7.700 162.60+21.50
0.03-0.04 66.40+ 4.12 110.50+6.600 135.80+15.50
0.04-0.05 68.14+ 4.20 93.30+5.200 106.80+ 9.50
0.05-0.06 61.42+ 3.84 85.80+4 .500 85.80+ 5.79
0.06-0.08 56.72+ 3.40 84 .90+3.200 62.70+ 3.%
0.08-0.10 42.79+ 2.60 49.50+2.400 45.10+ 1.60
0.10-0.12 34 .70+ 2.16 34.20+1.600 34.00+ 0.0
0.12-0.14 28.11+ 1.77 27.00+1 .400 25.72+ 0.68
0.14-0.186 21.56+ 1.41 21.20+1.100 19.50+ 0 53
0.16-0.18 19.10+ 1.24 16.72+0.960 16.38+ 0.48
0.18-0.20 15.04+ 1.02 14.23+0.870 13.34+ 0.3
0.20-0.25 11.58+ 0.72 10.13+0.520 9.23+ 0.25
0.25-0.30 7.41+ 0.50 6.71+ 0.40 5.69+ 0.17
0.30-0.35 5.25+ 0.36 4.22+ 0.29 3.66+ 0.11
0.35-0.40 3.32+ 0.25 2.95+ 0.23 2.56+ 0.10
0.40-0.50 1.83+ 0.14 1.55+ 0.11 1.41+ 0.10
0.50-0.60 0.93+ 0.09 0.78+ 0.08 0.66+ 0.04
0.60-0.70 0.40+ 0.05 0.38+ 0.05 0.36+ 0.03
0.70-0.80 0.21+ 0.04 0.21+ 0.04 0.19+ 0.04




Table 4c: Norma]iz?d longitudinal momentum distributions, l/otot do/de

(GeV/c)~
ﬂl W=14 GCeV W=22 GeV W=34 GeV
(GeV/c)

0.00-0.05 8.732+0.292 7.881+0.328 8.454+0.120
0.05-0.10 9.431+0.304 9.595+0.364 9.39410.127
0.10-0.15 11.710+0.339 11.06040.392 | 12.450£0.147
0.15-0.20 11.050+0.329 11.970+0.410 12.450+0.147
0.20-0.25 10.820+0.326 10.545+0.387 11.630+0.143
0.25-0.30 8.866+0.296 9.804+0.375 10.520+0.137
0.30-0.35 8.621+0.292 | 9.139+0.364 9.640+0.131
0.35-0.40 7.690+0.276 | 8.342+0.349 8.849+0.1286
0.40-0.45 6.574+0.256 7.526+0.333 8.423:0.124 |
0.45-0.50 6.161+0.248 7.346+0.330 7.639+0.118 |
0.50-0.60 5.250+0.162 6.703+0.224 7.037+0.080
0.60-0.70 4.448+0.150 5.393+0.202 6.153+0.076
0.70-0.80 3.875+0.140 4.909+0.194 5.454+0.072
0.80-0.90 3.348+0.130 | 4.630+0.189 4.882+0.068
0.90-1.00 2.850+0.120 3.833+0.173 4.392+0.065

' 1.00-1.20 2.517+0.080 3.269+0.113 3.675+0.042
1.20-1.40 1.950+0.071 2.591+0.101 3.088+0.039
1.40-1.60 1.538+0.063 2.111+0.091 2.558+0.035
1.60-1.80 1.19940.055 1.661+0.081 2.222+0.033
1.80-2.00 0.958x0.050 1.358+0.073 1.847+0.030
2.00-3.00 0.483+0.015 0.822+0.025 1.181+0.011
3.00-4.00 0.145+0.008 0.356+0.025 0.642+0.008
4.00-5.00 0.046+0.005 0.174+0.011 0.337+0.006
5.00-6.00 0.080+0.008 0.206+ 0.004
6.00-8.00 0.032+0.003 0.107+ 0.002
8.00-10.00 0.041+ 0.002
10.00-12.00 0.019+ 0.001 |
12.00-14 .00 0.007+ 0.001




Table 4d: Normalized transverse momentum distributions 1/c do/dp
b tot T

(GeV/c)™
pr(GeV/c) W=14 GeV | W=22 GeV W=34 CeV

0.00-0.05 5.609+0.250 6.432+0.328 8.030+0.112
0.05-0.10 12.960+0.380 15.710+0.513 17.192+0.164
0.10-0.15 18.99010. 460 20.350+0.584 23.270+0.191
0.15-0.20 20.750+0.481 23.300+0.8625 25.420+0.199 |
0.20-0.25 19.890+0.471 22.280+0.611 24 .630+0.196 d
0.25-0.30 18.790+0.458 21.860+0.605 22.820+0.189
0.30-0.35 | 16.150+0.424 18.460+0.556 20.670+0. 180
0.35-0.40 | 13.510+0.388 16.160+0.520 17.900+0.16%7
0.40-0.45 ; 10.780+0.347 13.160+0.470 | 15.430+0.155
0.45-0.50 i 8.586+0.309 11.200+0.433 | 13.020+0.143
0.50-0.60 I 5.926+0.182 8.022+0.259 | 10.230+0.089

| 0.60-0.70 3.841+0.146 5.619+0.217 | 7.326+0.075
0.70-0.80 2.052+0.107 3.71820.177 U 5.222+0.0684
0.80-0.90 1.399+0.088 2.387+0.141 H 3.712+0.054
0.90-1.00 . 0.675+0.061 1.692+0 119 | 2.867+0.045 ;
1.00-1.20 0.56540.045 0.961+0.065 1.712+0.026 |
1.20-1.40 0.176+0.026 0.448+0.045 | 0.976+0.019
1.40-1.60 0.088+0.019 0.242+0.033 | 0.572+ 0.015 }
1.60-1.80 0.031+0.012 0.177+0.029 | 0.368t 0.012 |
1.80-2.00 0.027+0.011 0.105+0.022 0.232+ (U.009
2.00-2.50 0.005+0.003 0.047+:0.010 0.114+ O 004
2.50-3.00 - 0.015:0.007 0.043+ 0.003
3.00-4.00 : 0.012+ 0.001
4.00-6.00 ‘ | 0.0014+ 0.000
6.00-8.00 | ‘ 0.0004+ 0.000




Table 4e:

Normalized distributions of the transverse momentum squared

1/o,,, do/dps (GeV/c)™?
pr? (GeV/c)? W=14 CeV W=22 GeV W=34 GeV
0.00-0.01 92.820+2.275 110.702+3.050 | 125.600+0.991
0.01-0.02 75.870+2.057 82.32012.620 94 .650+0.861
0.02-0.04 61.390+1.308 87.950+1.690 73.780+0.538
0.04-0.086 45.260+1.123 49.950+1.449 55.28040 . 465
0.06-0.08 36.370+1.007 41.160+1.313 44.160+0.416
| 0.08-0.10 29.040+0.900 35.720+1.223 36.420+0.377
0.10-0.12 23.530+0.810 26.550+1.054 30.820+0.347
0.12-0.14 19.600+0.739 22.530+0.971 25.880+0.318
0.14-0.186 17.030+0.689 20.980+0.937 22.510£0.297
| 0.16-0.18 13.630+0.617 16.880+0.841 20.340+0.282
| 0.18-0.20 12.160+0.582 14 .530+0.780 16.430+0.253
0.20-0.25 9.055+0.318 11.810+0.445 13.810+0.147
0.25-0.30 6.468+0.269 8.224+0.371 10.860+0.130
0.30-0.35 4.6611+0.228 6.466+0.329 8.262+0.114
0.35-0.40 3.546+0.199 5.578+0.308 6.826+0.103
0.40-0.60 2.024+0.075 3.204+0.116 4.402+0.041
0.60-0.80 0.884+0.050 1.541+0.080 2.320+0.030
| 0.80-1.20 0.314+0.021 0.714+0.039 1.184+0.015
| 1.20-1.60 0.123+0.013 0.287+0.025 0.576+0.011
1.60-2.00 0.038+0.007 0.130+0.016 0.322+0.008
. 2.00-3.00 0.019+0.004 0.069+0.008 0.157+0.004
| 3.00-4.00 0.0077+0.0027 0.030+0.005 0.066+0.002
| 4.00-6.00 0.0018+0.0010 0.012+0.003 0.026+0.001
6.00-8.00 0.003+0.002 0.0098+0.0006 |
8.00-10.00 0.0049+0.0004
| 10.00-12.00 0.0023:0.0003 |
12.00-14.00 0.0013+0.0003
14.00-16.00 0.0011+0.0002
16.00-18.00 0.000650.00018 |
18.00-20.00 0.00029+0.00013
20.00-30.00 0.00020+0. 00009
| 30.00-40.00 0.00003+0 . 00002




Table 4f:  Distributions of the scaled parallel momentum,l/otOt do/dxH,

where T ZPH/W.
x|, W=14 GeV W=22 CeV W=34 CeV
0.02-0.03 77.40+ 3.468 | 114.50+7.940 | 143.90:21.50
0.03-0.04 70.50+ 4.12 91.60+6.500 112.30+14.50
0.04-0.05 60.64+ 3.20 79.50+4 .500 89.40+ 9.00
0.05-0.06 | 51.00+ 3.14 62.84+4 . 000 72.90+ 5.10
0.06-0.08 | 41.30+ 2.90 49.50+1.340 54,90+ 2.70
0.08-0.10 31.40+ 2.00 37.30+1.900 39.80+ 1.40
0.10-0.12 25.20+ 1.60 29.10+1.300 30.90+ 0.80
0.12-0.14 21.70+ 1.53 21.10+1.000 23 .42+ 0.60
0.14-0.186 17.90+ 1.21 18.60+0.900 18.30+ 0.53
0.16-0.18 15.50+ 1.12 13.40+0.840 14.70+ 0.40
0.18-0.20 12.50+ 0.95 12.20+0.800 12.40+ 0.35
| 0.20-0.25 9.40+ 0.72 8.72+0.510 8.63+ 0.25
| 0.25-0.30 6.35+ 0.45 5.80+ 0.39 5.26+ 0.17
0.30-0.35 4.35+ 0.36 3.76+ 0.28 3.49: 0.11
0.35-0.40 2.75+ 0.25 2.80+ 0.23 2.37¢ 0.10
0.40-0.50 1.58+ 0.09 1.48+ 0.11 1.27+ 0.08
0.50-0.60 0.88+ 0.07 0.70+ 0.07 0.63+ 0.02
0.60-0.80 0.26+ 0.04 0.28+ 0.05 | 0.24% 0.02
|




Table 4g: Distributions of the scaled transverse momentum, 1/otot do/de,
where Xy = 2pT/w,
- m\‘ ' O - !
XT - W=14 GeV W=R2 GeV W=34 GCeV |
0.00-0.01 52.52+1.74 126.10+3.22 301.00+1.55
0.01-0.02 | 115.70+2.54 241.70+4 .47 400.60+1.78
0.02-0.03 143.80+2.80 | 232.70+4.40 261.00+1.43
0.03-0.04 132.80+2.67 - 169.40+3.76 148.30+1.07
0.04-0.05 112.20+2.45 113.3043.09 82.40+0.80
0.05-0.06 . B6.41+2.16 74.85+2.51 46.61+0.60
0.08-0.07 65.99+1.90 46.91+2.00 27.82+0.46
0.07-0.08 46.15+1 .61 29.78+1.59 17.13+0.37
0.08-0.09 33.84+1.39 20.81+1.34 10.72+0.29
0.09-0.10 26.78+1.26 12.34+1.03 7.35+0.24
0.10-0.12 15.26+0.69 6.67+0.54 4.25+0.13
0.12-0.14 7.49+0.50 3.5640.40 1.98+0.09
0.14-0.16 4.89+0.42 1.91+£0.29 1.05+0.07
0.16-0.18 2.65+0.32 1.31+0.25 0.54+0.05
- 0.18-0.20 1.02+0.21 1.06+0.21 0.27+0.03
0.20-0.25 0.48+0.09 0.18+0.06 0.12+0.02
| 0.25-0.30 0.20+0.06 0.08+0.05 0.03+0.01
0.30-0.40 0.01+0.01 0.008+0.002
\




Table 5a: Fit results to the s-dependence of the scaled

cross section 1/0tOt do/dxp = cl'(1+c2'2n(s/so))
where s = 1 Gel?

1 - = =

| X Cq Ce

| | |

| 0.02-0.05 0.5040.05 25.30 +2.49
0.05-0.10 1.97+0.87 0.318 +0.08|
0.10-0.20 26.80+1.40 -0.022+0.008|
0.20-0.30 14.99+0.81 -0.071+0.005
0.40-0.50 7.27:0.54 —0.08110.006‘
0.40-0.50 3.29+0.37 ~-0.084+0.008|

' 0.50-0.70 1.09+0.16 -0.075+0.012
TabTe 5b: Fit results to the s-dependence of the scaled
cross section 1/0tot do/dxII = cl-(1+c2-Qn(s/so))
where So = 1 Gev?

T - c oz

| 0.02-0.05 0.54+0.01 27.7 +0.33
0.05-0.10 2.95:0.01 2.36 +0.03 |
0.10-0.20 15.86+1.00 0.032:0.012|

| 0.20-0.30 | 11.55:0.72 | -0.059:0.006

| 0.30-0.40 5.72:0.49 | -0.069:0.007
0.40-0.50 2.56+0.49 -0.071+0.007

| 0.50-0.70 0.94+0.30 -0.069+0.025




Table 6: Monte Carlo calculation of the angle between the jet axis determined
by thrust or sphericity and the direction of the most energetic
parton. QED radiative effects were turned off.

a) for an ideal detector and using charged and neutrals.

sphericity thrust
W (GeV) aq qq+qqg aq qq+qqg
14 5.5 8.2° | 6.8° R g.é?
22 2.8° 5.7° 3.7° 5.9°
34 1.8° 5.4° 2.3° 4.8°
41.5 1.3° 5.2° 1.8° 4.4°

b) for the TASSO detector and using only charged particles.

icity ust
W (GeV) qq qq+qqg aq qq+qqg
14 12.2?7 14.0° 13.i57 14.7°HN
22 6.2° 10.3° 7.4° 10.5°
34 3.5° 8.2° 4.1° 8.1°
41.5 3.0° 7.4° 3.6° 6.8°




Table 7a:

Normalized sphericity distributions, 1/N dN/dS

Sphericity W=14 GCeV | W=R2 CeV W=34 CeV
0.000-0.025 1.14£0.15 2.22+0.23 6.29+0.18
0.025-0.050 2.72+0.24 6.23+0.46 8.87+0.20

| 0.050-0.075 3.87+0.29 8.55+0.48 5.77+0.15
| 0.075-0.100 4.21+0.30 5.06+0.41 4.12+0.12
0.100-0.150 3.68+0.20 3.01+0.21 2.70+0.07
| 0.150-0.200 2.63+0.18 2.26+0.17 1.58+0.05
0.200-0.250 1.67+0.13 1.32+0.13 1.14+0.04
0.250-0.300 1.44+0.11 0.92+0.10 0.68+0.03
0.300-0.350 1.03+0.09 0.72+0.09 0.45+0.02
0.350-0.400 0.99:0.09 0.58+0.08 0.29+0.02
0.400-0.450 0.55+0.07 0.30+0.05 0.19+0.01
0.450-0.500 0.51+0.06 . 0.34+0.08 0.1320.01
0.500-0.550 0.37+0.05 0.17+0.04 0.11+0.01
0.550-0.600 0.39+0.08 0.10£0.03 0.10+0.01
| 0.600-0.650 0.33+0.05 0.13+£0.03 0.07+0.01
' 0.650-0.700 0.26+0.05 0.11+0.03 0.04+0.01




Table 7b: Normalized thrust distributions, 1/N dN/dT

Thrust | W=14 CeV W=22 GeV | W=34 CeV
| 0.60-0.84 0.3420.07 0.05:0.03 0.02+0.01
. 0.64-0.68 0.4410.07 0.24+0.08 0.11:0.01

0.68-0.72 1.17+0.11 0.50+0.08 0.26+0.02
0.72-0.76 1.56+0.12 0.90:0.11 0.48+0.02
0.76-0.80 2.17+0.16 1.38+0.14 0.92+0.04
| 0.80-0.84 3.32+0.20 2.53+0.20 1.97+0.08
0.84-0.88  4.08:0.22 | 3.8410.25 3.02:0.08
| 0.88-0.90 | 5.36+0.36 | 5.46:0.43 4.40:0.13
0.90-0.92 . 5.67+0.37  6.25:0.48 5.76+0.15
| 0.92-0.94 | 5.63+0.35 - 7.74+0.54 8.11:0.19
0.94-0.96  4.04+0.29 6.80+0.46 9.70£0.21
| 0.96-0.98 ~ 2.55:0.23 3.8210.33 6.64+0.18
0.98-1.00 - 0.59£0.11 0.93£0.15 1.86+0.08
| |




Table 8:  Normalized rapidity distributions, l/o,c do/dy
(folded around y = 0) ot

Repidity W=14 GeV W=22 CeV W=34 GeV
| 0.-0.2 3.74+0.13 3.77+0.15 4.10+0.05
| 0.2-0.4 4.05:0.11 4.00+0.13 4.5010.05

0.4-0.6 3.98:0.10 | 4.31+0.15 4.69:0.05
| 0.6-0.8 4.22¢0.10 | 4.57:0.12 4.88+0.05
| 0.8-1.0 3.974¢0.09 | 4.50+0.13 4.99+0.05
[ 1.0-1.2 3.80+0.09 | 4.5420.13 | 4.99:0.05
| 1.2-1.4 3.7120.09 | 4.54+0.13 | 4.94+0.05
1.4-1.8 | 3.30+0.08 4.3110.13 4.80+0.05
1.6-1.8 3.10+0.08 4.0240.12 4.68+0.05
1.8-2.0 2.60+0.07 3.61+0.13 4.4310.04
2.0-2.2 2.111+0.07 3.03+0.11 3.9420.04
2.2-2.4 1.68+0.08 2.67+0.10 3.5320.04
2.4-2.6 1.31+0.08 2.2620.09 2.930.04
2.6-2.8 0.99+0.05 1.65+0.08 2.49+0.04
' 2.8-3.0 0.62+0.04 1.09+0.07 1.85+0.03
- 3.0-3.2 0.4320.03 0.67+0.05 1.42+0.03
| 3.2-3.4 0.19+0.02 0.55+0.05 1.05+0.03
3.4-3.6 0.12+0.02 0.34+0.04 0.71+0.02
| 3.6-3.8 0.05:0.01 | 0.20:0.03 0.50+0.02
| 3.8-4.0 0.03:0.01 | 0.08:0.02 0.30+0.01
| 4.0-4.2 - 0.05+0.02 0.18+0.01
4.2-4.4 0.04+0.02 0.09+0.01
4.4-4.6 | 0.06+0.01
4.6-4.8 | 0.03+0.01




Figure Captions

1)

2)

8a)

The ratio R = c(e+e— > hadrons)/ouu where O = 4na2/3s. The data from
other experiments were taken from Ref. 18.

The unfolded distribution of the charged multiplicity ey at W =14, 22
and 34 GeV. The curves show two kinds of Poisson distributions (see text)
computed for the measured average charge multiplicity.

Average charged particle multiplicity as a function of the c.m. energy W

from this experiment () and from other e‘e” experiments19220)

Average charged particle multiplicity in e'e” annihilation as a function
of the c.m. energy. Also shown are the QCD model prediction for

e'e” > qg, qqg (solid curve) and the prediction for e'e” - qq (dashed
curve) summed over all possible quark flavours.

Average charged particle multiplicity as a function of the c.m. energy W
from this and other e'e” experimentslg’zo). Also shown are the data for
pp and pp collisions22226)

data (see text).

. The curves show fits to the e'e” and PP PP

The dispersion D = (<HEH> - <Ney> 2)1/2 of the charged particle multipli-

city d1str1but1on as a function of the c.m. energy w as measured by this

(4) and other e'e” expemments19 .20
The dispersion D = (<nEH = <Ney> 2y1/72 of the charged paktic]e mu]tip]i-
city distribution as a function of the c.m. energy W as measured in ete” R

pp and pp expemments19 25 26).

The charged particle multiplicity distribution P(n CH) multiplied by the
average charged particle multiplicity <Ney> 3s a function of the ratio

nCH/<nCH> from this experiment at 14, 22 and 34 GeV and other e e~

exper1ment519)

Same as a) as measured in this experiment at W = 34 GeV and data from
pp annihilation (curve)zs) and pp scattering at a c.m. energy of
540 GevZ0)

The ratio <nCH>/D as a function of the c.m. energy as measured in this

and other ete” expemments19 20)

+ - 19,20)

Same as in a) for e e 25)

26)

, pp~~/ and pp°’/ data. The straight lines

are drawn to guide the eye.
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22)

23a)

26)

The average value of 1l-thrust, <1 - T>, as a function of the c.m. energy W.
The curve shows the prediction of the QCD independent jet model for
e’e” + q3, qgg. The dashed curve shows the prediction for ete™ - qq.

The angular distribution of the jet axis determined by sphericity at
W =14, 22 and 34 GeV. The curves are proportional to 1 + coszes.

The angular distribution of the jet axis determined by thrust at W = 14,

22 and 34 GeV. The curves are proportional to 1 + coszeT.

The distribution of sphericity versus aplanarity.

schematic diagram

distribution predicted for W = 34 GeV by the QCD string model for 1100

accepted events

distribution predicted for pair production of top quarks with a mass of
16 GeV at W = 34 GeV for 650 accepted events.

measured distributions at W = 14 (2704 accepted events), 34 (20452) and
41.5 GeV (1219).

Distribution of the transverse momentum squared out of the event plane
<p$ out > and in the event plane, <p$ ine averaged over the event, at
W =14, 22, 34 and 41.5 GeV.

The average momentum squared in and out of the event p]ane,<<p$ in>> and
<<p$ out>>’ averaged over all events, as a function of the c.m. energy W.

" The curves show the prediction of the QCD string model; for

27)
28)

29)

ete” > q4, qag (solid) ande’e”™ + qq (dashed).
The normalized aplanarity distributions at W = 14, 22 and 34 GeV.

The fraction of events with A > 0.18 at W = 14 GeV. The dashed band shows
the #1 s.d. band for the observed event fraction. The dashed-dotted line

shows the QCD model prediction for u,d,s,c + gluon. The solid curves show
the QCD prediction including an asymptotic b-quark contribution

( bh = 1/3) and a b-quark contribution with the thresho]d factor
(Ryp = 1/3 8(3-8
duction, wthresh = 2mb where my is the b-quark mass.

)/2). wthresh is the assumed threshold for open b pro-

The fraction of events with A > 0.18 GeV at W = 34 (a) and 41.5 GeV (b).
The dashed bands show the +1 s.d. band for the observed fraction. The
dashed-dotted lines show the QCD prediction for five quarks. The solid
curves show the QCD prediction including a sixth quark of charge 2/3 or
1/3 with either an asymptotic contribution or including the threshold
factor. wthresh is the assumed QQ threshold, W
the quark mass.

thresh = 2mQ, where mQ 1s



30)

31)

32)

34)

35)
36a)

37)

38)

Normalized differential cross section for the momentum component parallel
to the jet axis (= sphericity axis), P for W = 14, 22 and 34 GeV.

Normalized differential cross section for the momentum component trans-
verse to the jet axis (= sphericity axis), Prs for W = 14, 22, 34 and
41.5 GeV.

Normalized differential cross section for the square of the momentum
component transverse to the jet axis (= sphericity axis), p%, for W = 14,
22, 34 and 41.5 GeV.

Ratio F of the normalized differential cross sections
_ 1/otot dc/de Sw = 34 Ggyz
1/ dcjde (W = 22 GeV)

tot
_ }Zotot dg/de (N = 34 GeV)
5, do/dp; (W = 14 GeV)

as a function of Pr- The solid and dotted curves show the prediction of
the QCD independent jet model for e'e” > qq, qgg. The dashed and dashed-
dotted curves show the predictions for e'e” - qq.

The average transverse momentum <pr> as a function of the fractional
Tongitudinal momentum X[ = ZpH/W with respect to the jet axis at W = 14,
22 and 34 GeV.

a) using the sphericity axis

b) using the thrust axis.

The curves show the predictions of the QCD independent jet model.

Same as Fig. 34 for the square of the transverse momentum, p%.

The average transverse momentum pr as a function of the longitudinal
momentum P, at W = 14, 22 and 34 GeV. The thrust axis was used.
Same as a) for the square of the transverse momentum.

The average transverse momentum <pr> as a function of X = ZpH/W
separately for the narrow and the wide jet at W = 14, 22 and 34 GeV.
a) using the sphericity axis

b) using the thrust axis.

The curves show the predictions of the QCD independent jet model.

Same as Fig. 37 for the square of the transverse momentum, p%.
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