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Abstract. Jet properties in e* e annihilation at center
of mass energies of 14, 22, 35 and 43.7 GeV were studied
with the data collected in the TASSO detector at PE-
TRA, using the same evaluation procedures for all the
energies. The total hadronic cross section ratio for the
center of mass energy interval 39-47 GeV was deter-

mined to be #=4.114-0.05 (stat)+0.18 (syst.) at }/s>
=43.7 GeV. Corrected distributions of global shape
variables are presented as well as the inclusive charged
particle distributions for scaled momentum and trans-
verse momentum. The center of mass energy evolution
of the average sphericity, thrust, aplanarity and particle
momentum is shown.

1 Introduction

At present, properties of jets in e*e” annihilation can
only be described by phenomenological models, charac-
terized by a number of adjustable parameters. An addi-
tional handle to understand hadronization and to test
the models is offered by the evolution of various jet prop-
erties with the center of mass energy. The PETRA stor-
age ring has operated at center of mass energies between
12 and 47 GeV, offering a large range of energy for which
such studies can be made. This paper complements an
earlier study by our collaboration [1].

The data in this paper were analysed in terms of
the total hadronic cross section, the event shape and
the inclusive distributions, using the same numerical pro-
cedure at each center of mass energy, which resulted
in a high degree of consistency of data sets at all four
energies. This, together with the analysis of our 43.7 GeV
data, implied reanalysis of the data at 14, 22 and 35 GeV.

2 Event and particle selection

The data were collected with the TASSO detector at
the PETRA storage ring at DESY between 1979 and
1986 (see Table 1). The detector has been described else-
where [2, 3]. The data acquisition and the event selection
criteria were similar to those described in [4], but since
they are important for the description of the systematic
error estimation we repeat them briefly here:

Charged tracks were accepted if they satisfied the follow-
ing requircments:

1) three-dimensional reconstruction;

Table 1. The data samples used in this analysis

Nominal Range of c.m. Average c.m. | At No. of
energy energy (GeV)  energy (GeV)  (pb™')  events
14 GeV 14.02-14.04 14.03 1.63 2704
22 GeV 21.98-22.00 21.99 2.79 1889
35 GeV 34.91-35.10 35.00 110 31175
44 GeV 39.32-46.78 4370 350 6299

2) ldo| <5 cm, where d, is the distance of the point
of the closest approach to the origin in the plane perpen-
dicular to the beam;

3) px,>0.1 GeV/c, where p,, is the track momentum
in the plane perpendicular to the beam;

4) |cos @, <0.87, where O, is the track polar angle;

5) |zo—2z,| <20 cm, where z, is the track coordinate
along the beam (which defines the z axis) at its closest
approach to the origin and z, is the z coordinate of
the event vertex calculated with the tracks passing the
above requirements.

A hadronic event was required to fulfill the following
conditions:

1) at least 5 (4) good tracks for a center of mass ener-
gy W>27 GeV (W <27 GeV);

2) the effective mass of the 3 particle system in events
with 1 and 3 (W=<15GeV) or 3 and 3 (W=15 GeV)
particles in each hemisphere (defined by the sphericity
tensor) be greater than the 7 mass;

3) for W< 15 GeV, at least one track in each hemi-
sphere (defined with respect to the beam axis) and
|>" Q| <3, where Q is the particle charge;

4) |z} <6 cm;

5} the momentum sum of accepted particles had to
satisfy Y |p|>0.265- W.

The above conditions were imposed on the data dur-
ing the offline analysis. At data taking there were trigger
conditions equivalent to demanding a minimum number
(2-5) of charged tracks with momentum larger than
0.25 GeV. In addition, independently, there were other
conditions the most important one being a trigger on
the energy seen in the calorimeters.

In order to suppress events with hard photon radia-
tion in the initial state, and to ensure a large acceptance
for the particles in the jets, additional cuts were made.
It was required that |cos @, > 0.20, where O, is the angle
between the normal to the event plane and the beam
direction and [cos Og|<0.7, where @y is the angle be-
tween the sphericity tensor axis and the beam direction.
To avoid distortions in the event shape variable distribu-
tions, all particle momenta which were reconstructed to
be larger than 1.5 times beam momentum, were rescaled
{conserving the direction) to be equal to 1.5 pyeam-

3 Monte Carlo event generator

To correct the data a Monte Carlo program [5, 6] was
used. Two options for calculating the initial parton con-
figuration were employed, namely the Lund cascade [7]
option (Lund LLA +0(¢y)) and a matrix element [8]
option (Lund O(a?)) (z, denotes the strong coupling con-
stant). Since the event generator is used to calculate the
corrections for the data, some of its parameters were
adjusted to get an agreement between the data and the
Monte Carlo. A tuning method similar to that of pre-
vious TASSO publications [1, 9] was applied. Several
distributions were used to tune the parameters, namely



(1/N)dN/dQ,, (1/N)dN/dQ,, (1/N)dN/dL,,
(I/N) dN/dLla (l/atot) do—/dpfi)n3 (1/Gtot)d0—/dp(lsgut,
(/o) do/dpth,. (/o) do/dpfy. and (1/o,)da/dx.
Here Q,,Q, and L,, L, are the smallest and next to
the smallest eigenvalues of the sphericity [10] and the
first order momentum [11] tensors respectively;
Plins Diow are the transverse momentum components in
and out of the event plane defined by the plane perpen-
dicular to the eigenvector corresponding to the smallest
eigenvalues of the tensors. The S or P superscripts denote
p. calculated with respect to the sphericity tensor axis
or the first order momentum tensor axis respectively,
and x is defined by 2p/W, where W is the center of mass
energy. One should stress that the Monte Carlo was used
here as a tool to obtain the corrected data and not with
a view to determine physical parameters.

The tuned parameters, obtained in a simultaneous
fit, were: the QCD scale parameter 4, ¢, related to the
rm.s. of the Gaussian p, quark spectrum e~ ?¥2°% and
the parameters a and b of the Lund fragmentation func-
tion [12]

2
bmj

1 _omy
fEA=—(=zre 5 mi=pltm?,

where z is the fraction of remaining E+ p, (energy plus
longitudinal momentum) taken by a hadron. This func-
tion was used for the light quarks only. For b and ¢
quarks the Peterson fragmentation function [13]

1
I
(1-5-1)
was used. Different sets of Peterson fragmentation pa-
rameters, close to those determined previously by TAS-
SO [14, 15], were tried while performing the fits de-
scribed below and ¢,=0.07, ¢,=0.01 gave the best de-

scription of the data and were used in the further analy-
sis. In fits with the Lund fragmentation function used

f@~

Table 2. Number of events produced and parameter values of Lund
0(0?) and Lund LLA +O(x?) programs used while correcting the
data at W=14, 22, 35 and 44 GeV

14 GeV 22 GeV 35 GeV 44 GeV
Lund LLA 4+ O(ay)
Apea [GeV] 0.44
a 0.87
b [c*/GeV?] 1.05
o, [GeV/c] 0.37
Lund O(e2)
Agrs [GeV] 0.57 0.74
a 0.96 1.10
b [c*/GeV?3] 0.70* 0.84
o, [GeV/c] 0.40 042
No. of MC events 12740 8450 75120 30560
No. of data events 2704 1889 31175 6299

2 fixed at the default value
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Table 3. 32 per degree of freedom for some uncorrected distribu-
tions at W= 14, 22, 35 and 44 GeV as a measure of the agreement
between the data and the Monte Carlo simulation. LM and LL
denote Lund O(2?) and Lund LLA +O(x,) Monte Carlo

Variable 14 GeV 22 GeV 35 GeV 44 GeV
LM LL LM LL LM LL LM LL
en 2.1 075 1.6 037 52 24 14 0.99
X, 2.2 2.3 1.2 1.2 5.8 55 22 1.5
S 1.8 13 095 057 10 1.4 19 0.68
A 13 14 064 099 80 1.3 37 1.1
T 3.0 14 0.89 033 24 1.7 32 23

for all quark flavours the x of the fit was about 20%
higher than with the Peterson fragmentation function.

To save computer time the tuning was performed
to corrected data described below and an iterative proce-
dure was applied until agreement between the data and
fully simulated Monte Carlo events, expressed in terms
of y?, was acceptable or it was not possible to obtain
a further significant decrease of y2. In the case of Lund
LLA + O(x,) the fit was performed at 43.7 GeV only and
the Monte Carlo with those parameters properly de-
scribed the data at lower energies. In the case of Lund
0(x2) it was found necessary to perform a separate fit
also at 35 GeV.

Table 2 shows final parameter values of the Lund
O(x2) and Lund LLA+O(x,) programs used at each
center of mass energy. The number of Monte Carlo
events produced with the full detector simulation are
also shown.

Table 3 shows y2 for some uncorrected (“raw”) distri-
butions, compared with the fully stmulated Monte Carlo
events, including radiative corrections, background con-
tamination, detector response, event reconstruction and
selection cuts. Since at cach energy the number of events
in the Monte Carlo sample was significantly bigger than
the number of the data events, the y*> are dominated
by the statistical errors on the data. While making com-
parisons of y? for two different energies one should re-
member that the number of events in the data is different
at different center of mass energies and that y2, by its
nature, increases with the number of events. The number
of Monte Carlo events was the same for each option.
From the table one can see that the overall agreement
between the data and the Lund LLA + O(x,) Monte Car-
lo at 43.7 GeV 1is sufficiently good for our purpose, as
mentioned above. As mentioned already the Lund
LLA + O(ox,) Monte Carlo was run with the same param-
cters at all energies and the agreement between the data
and the Monte Carlo was rather good. The agreement
for the Lund O(x2) Monte Carlo is still satisfactory, al-
though two sets of parameters had to be used.

4 The total cross section

The total cross section for annihilation into hadrons ac-
cording to the reaction e™ ¢~ — hadrons was determined
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by evaluating the acceptance ¢ for Monte Carlo events
with QED radiative corrections [16] applied. The final
result was obtained from the equation:

Nmeas
Le(l+9)

where & is the collected luminosity and ¢ is the correc-
tion for the increase of the cross section due to the QED
radiative effects. The hadronic cross section was then
expressed by its ratio # to the theoretical cross section
o, for the process e e™ — u* u~ calculated in the lowest
order of QED.

To make sure that the acceptance was calculated pro-
perly, distributions of the variables used to make the
selection cuts were studied. Figures 1-4 show a compari-
son of uncorrected distributions of charged multiplicity
n., track polar angle cos ®,,, particle momentum per-
pendicular to the beam p,, and ) |p|/W as measured
with the TASSO detector at a center of mass energy
of 43.7 GeV with the fully simulated Lund LLA + O(x,)
Monte Carlo events, including radiative QED correc-
tions, background, detector response, event reconstruc-
tion and selection cuts. Despite some small discrepancies
the overall agreement between the data and the Monte
Carlo is good. The measured value of # at 43.7 GeV
is Z=4.113+0.052 (stat.) = 0.085 (syst.). The systematic
error was estimated by varying the selection criteria, in-
cluding the trigger condition, and by changing the option
of the generator from Lund LLA + O(x,) to Lund O(c2).
The contributions to the systematic error coming from
the changes in the various cuts and conditions are sum-
marized in Table 4.

We are adding an additional systematic error of 3.0%
coming from the luminosity measurement and 2.5%
[17, 18] coming from uncertainties in the radiative cor-
rections and for higher order effects, which have been
neglected. The final result including all the errors reads:

RA=4.11+0.05 (stat.) £0.18 (syst.).

Cior=

and is in a good agreement with the results of other
PETRA experiments [19, 20, 21]. The £ values calculat-

Table 4. Cuts and conditions used for systematic error estimation
at 14, 22, 35 and 44 GeV and contributions to the systematic error
of % at W=44 GeV

Condition varied Standard Contribution
condition to the systematic
error of #
ldo| =3 cm <5cm 0.45%
=02 GeV =0.1 GeV 0.21%
[cos O, |08 =0.87 0.63%
|24 =~ Zyerel S 15 cm <20 cm 0.51%
Hep 27 (6) =5(4) 1.16%
lcos @] <0.65 <0.70 -
&20.3 =0.265 0.11%
w
only events with the all events 1.16%
track trigger on
Lund O(«2) MC used Lund LLA + O(x) 0.07%
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Table 5. Total hadronic cross section ratio # for W=14, 22, 35
and 44 GeV

w R

14.03 4.124+0.08+0.11+0.16*
4.12+0.21

21.99 3.86+0.09+0.08+0.15
3.86+0.19

35.00 4.1540.02+0.08+0.16
4.15+0.18

43.70 4.11+£0.05+0.08+0.16
411+£0.19

2 The first error is statistical, the second is systematic coming from
selection cuts and Monte Carlo, the third is systematic coming
from luminosity measurement and missing terms in the radiative
corrections calculations. The value in the second row presents all
the errors combined in quadrature

ed in this analysis for 14, 22, 35, and 43.7 GeV are pre-
sented in Table 5. The values at 14 and 22 GeV are very
close to our old results [4, 17]. The value at 35 GeV
is based on new data as compared to [4, 17]; it agrees
with results published there. The 43.7 GeV data include
all the statistics from [18]; also at this energy the new
cross section value agrees with the old ones.

5 Inclusive particle momentum
and event variable distributions

5.1 Corrections

The distributions presented in this section were obtained
by correcting the measured distributions for initial state
radiation, background contamination from v ¢~ and yy
processes [22], particle decays, detector effects and selec-
tion procedure.

The correction procedure was similar to that in [4]:
first, a set of N, events was generated using a Monte
Carlo program at a fixed center of mass energy with
no QED radiative corrections, yielding the distributions
Ngen(x) Of charged particles for different intervals of an
observable x. All the primary produced particles or those
produced in the decay of particles with an average life-
time smaller than 3-107'%s were considered. For this
event sample the sphericity and thrust axes distributions
were derived not only from the charged particles, as in
the case of all the other distributions, but from both
charged and neutral particles.

Secondly, both hadronic and background events
were generated including QED radiative effects and were
followed through the TASSO detector simulation pro-
gram, generating hits in the tracking chambers. Energy
loss, multiple scattering, photon conversions, nuclear in-
teractions in the material of the detector and particle
decays as well as the detector efficiency, resolution, noise
and cross-talk were taken into account. The events were
then passed through the same track finding and recon-
struction programs and through the reduction programs
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as used for the real data, yielding Ny, accepted events,
corresponding to the distributions ny.(x). For every bin
i of every distribution n(x), a correction factor C'(x) was
calculated

oy Men(X) / Nger(X)
Ci(x) =—Eem ™ [ Zeett)
( ) Ngen ]Vdet

The corrected distributions nim(x) were then derived
from the measured distributions n},.,(x) for a total of
N,cas €Vents, using the formula

meas

1
)= i) "),

Nmeas
The above definition implies that the distributions
nt,..(x) are normalized to one event for global event vari-
ables and to the average accepted charged multiplicity
for inclusive distributions.

5.2 Statistical and systematic errors

The statistical errors are dominated by those of the data.
At all center of mass energies two types of systematic
error were considered, namely those coming from the
differences between the data and the Monte Carlo and
those coming from the type of Monte Carlo used. The
former were estimated by changing the sclection cuts
and trigger condition, the latter by taking the difference
between the corrected distributions obtained with the
Lund LLA + O{(x,) and Lund O(x?) Monte Carlo.

Table 4 itemizes the systematic error sources in-
fluencing the distributions of the studied quantities. For
each bin of each distribution and for the average values,
the errors shown below are the sums in quadrature of
statistical and systematic errors.

5.3 Inclusive momentum distributions

Figure 5 and Table 6 present the normalized cross sec-
tion (1/0,,) do/dx, where x is the fractional particle mo-
mentum, x=2p/W,. The data presented in Table 6 show
some disagreement as compared with the old TASSO

TASS0O
- 14 GeV
- 22 Gev
. ~3- 35 GeV
10= -1 44 Gev
10t E
1
b
]
S
e
0
ke
3
& 100 4
.
107! b
107% - ! ; ‘
0.0 0.25 0.50 0.75 1.00
x=2p/W

Fig. 5. Normalized scaled momentum distributions (1/c,,,) d¢/dx,
where x=2p/W at W=14, 22, 35 and 44 GeV. The lines join the
corresponding points for clarity

Table 6. Normalized scaled momentum distributions (1/e,,} da/dx, where x=2p/W. In the calculation of {(x)

the interval 0 < x <0.02 was included

X 14 GeV 22 GeV 35 GeV 44 GeV
0.02-0.03 472  +17 940 +39 1693 124 1918  +39
0.03-0.04 565 t3.6 1022 £33 1437 +27 1527  +30
0.04-0.05 663 t21 90.7 £39 1155 416 1185  +29
0.05-0.06 629 £27 859 £36 933 +£15 950 +2.7
0.06-0.08 580 +23 657 £20 692 +12 705 413
0.08-0.10 449 +17 503 +21 497 +11 490 +1.7
0.10-0.12 361 +13 354 15 3633 +043 3717 £0.89
0.12-0.14 294 +10 270 +13 28.08 +£0.37 28.67 +0.84
0.14-0.16 2205 +096 218 +13 2243 +035 22.66 +0.61
0.16-0.18 189  +1.7 171 +1.2 18.02 +0.31 17.79  £0.76
0.18-0.20 16.01 +0.95 1516 +095 1438 +0.28 1345 +047
0.20-0.25 11.58 4042 10.78  +0.47 1024 +0.16 10.06 +0.32
0.25-0.30 744 +048 705 %038 643 +0.11 6.18 +0.23
0.30-0.35 528 4£0.30 465 038 423 40.10 408 =+0.18
0.35-0.40 315 £0.35 313 1032 2719 +0.087 266 +0.14
0.40-0.50 1.75 +0.11 1.76 +0.15 1.587 £0.037 1.517 +£0.072
0.50-0.60 095 +0.13 082 +0.13 0.782 +0.028 0.631 +0.052
0.60-0.70 0.342 +0.056 041 +0.11 0.341 +0.023 0.331 +0.031
0.70-0.80 0.181 +0.041 0.193 £0.050 0.162 £0.018 0.129 +0.017
0.80-1.00 0.058 +0.017 0.056 +0.025 0.030 +0.012 0.0309 4 0.0059
{xp 0.130240.0023 0.1102+0.0020 0.0908 + 0.0008 0.0839 +0.0009
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Table 7. Normalized scaled momentum distributions (1/7,) do/d x, shown in the binning used in fits

X 14 GeV 22 GeV 35 GeV 44 GeV
0.02-0.05 564 +39 954 +2.6 1429 +20 1544 +24
0.05-0.10 541 +1.7 636 +1.6 66.23 +0.92 672 +12
0.10-0.20 24.51 +0.46 23484049 23.85 +0.18 2395 +0.38
0.20-0.30 951 £0.28 892+0.29 8.335+0.098 812 +0.20
0.30-0.40 421 +£0.22 3.89+0.19 3.476 £0.069 337 £0.12
0.40-0.50 1.75 +0.11 1.76 +0.15 1.587+0.037 1.517+0.072
0.50-0.70 0.640+0.061 0.61+0.10 0.562+0.019 0.484 +0.031

results [4] at 14-35 GeV center of mass energy. Since
data presented here were corrected with more realistic
Monte Carlo methods, they are more reliable and super-
sede our carlier results.

The energy dependence of the differential cross sec-
tion is better seen in Fig. 6 and Table 7, which show
(1/0,,,) do/dx for fixed x intervals plotted versus s= W2
The amount of the scale breaking can be quantified by
fitting the data to the following form suggested by QCD
[23, 34]

1o, da/dx=c (14 c,1In(s/sy))

with

so=1GeV2.

The result of the fit is given in Table 8. Note that
0((1/oy) da/dx)/0Ins=c, c, and that the quoted errors
have been calculated taking full account of correlations
between ¢; and c¢,. There are significant scaling viola-

tions. In Fig. 6 the results of the Lund LLA + O(x,) and
Lund O(x?) Monte Carlo are shown also. The Monte

Table 8. Fit results to the s-dependence of the scaled cross section
(/o) dojdx=c(1+c;In(s/sy)), where 5o=1 GeV?

X Cy Cy ci€y
0.02-0.05 —179 +12 —0.2498+0.0070 446 +1.7

0.05-0.10 280 + 6.8 0.191 +0.068 533 +0.82
0.10-0.20 252 + 1.6  —0.0072+0.0087 —0.18 +0.23

0.20-0.30 1275+ 095 —0.0486+0.0071 —0.62 +0.14
0.30-0.40 622+ 070 —0.061540.0090 —0.38340.099
0.40-0.50 234+ 037 —0.045 £0015  —0.10740.053
0.50-0.70 1.03+ 021 —0.066 +0.015  —0.068+0.029

Carlo parameters are those given in Table 2. One can
see that the Lund programs represent the data and its
energy dependence quite well.

Another way of looking at the scaled momentum
distribution (usually employed in multigluon emission
studies, see e.g. [25] and references therein) is to plot
xdo/dx versus In(1/x) instead of plotting do/d x against
x, which allows one to have a closer look at the low
x values. From Fig. 7 (Table 9) one can clearly sec that

Table 9. Normalized In(1/x) distributions (1/,,) do/d In(1/x), where x=2p/W

In(1/x) 14 GeV 22 GeV 35 GeV 44 GeV
0.0-0.2 0.052+0.026 0.033+0.016 0.0222+0.0088 0.01954+0.0043
0.2-04 0.140+0.025 0.164 + 0.056 0.127 40.013 0.111 +0.015
0.4-0.6 0.325+0.047 0.351+0.086 0.297 +0.013 0.257 +0.022
0.6-0.8 0.624+0.068 0.581 1+ 0.067 0.559 +0.020 0474 +0.057
0.8-1.0 095 +0.10 0.986 1 0.084 0.860 +0.026 0.865 +0.046
1.0-1.2 1.6204+0.085 1.46 +0.13 1.256 +0.028 1.277 +0.053
1.2-1.4 202 +£0.11 1.88 £0.13 1.780 +0.033 1.663 +0.070
1.4-1.6 268 +0.11 245 +0.16 2.294 +0.042 2.259 +0.078
1.6-1.8 3.09 +£0.12 2.86 +0.14 2.888 +0.040 2.798 +0.094
1.8-2.0 349 +0.15 331 £0.15 3.369 +0.047 3.367 +0.098
2022 3.81 £0.13 3.67 +0.16 3.741 +£0.042 3.855 £0.098
22-24 399 +0.16 426 +0.19 4.264 +0.078 426 +0.13
2426 4.08 +0.15 4.68 +0.19 4.587 +0.076 4.66 =+0.18
2.6-2.8 398 +£0.30 4.63 +0.27 4.878 +0.067 499 +0.11
2.8-3.0 344 +0.16 474 +0.26 5.106 +0.083 523 +0.12
3.0-3.2 297 +0.14 4.03 +0.19 5.244 +0.080 531 +013
3234 2.19 +£0.15 371 £0.14 5.100 +0.070 540 +0.16
34-3.6 1.63 +0.13 3.13 +0.16 4737 +0.080 525 +012
3.6-3.8 1.198+0.070 2.31 +0.15 4.206 +0.081 4.68 +0.10
3.8-4.0 0.799 + 0.061 1.72 +0.19 3.532 +0.086 426 +0.10
4.04.2 0.478 + 0.095 1.257+0.083 2.734 +0.068 341 +0.10
4244 0.953+0.073 2.082 +0.064 2.784 +0.075
4446 0.56 +0.10 1.487 10.075 208 +0.10
4.64.8 1.051 +0.022 1.566 +0.072
4.8-5.0 0.632 +0.044 1.053 +0.049
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Table 10. Normalized transverse momentum distributions (1/6,,)do/dp, GeV/c)~!

p. (GeV/c) 14 GeV 22 GeV 35 GeV 44 GeV
0.00-0.05 6.11 +049 6.79 +0.46 770 +£0.38 8.50 4049
0.05-0.10 12.11 £0.73 1429 40.66 1643 4045 1770 +0.92
0.10-0.15 17.03 +0.96 181 +1.0 2196 1041 23.19 +0.62
0.15-0.20 18.65 +0.81 215 +141 2496 1046 2554 +0.64
0.20-0.25 18.28 +0.90 21.58 +0.87 2543 4045 26.08 +0.67
0.25-0.30 19.10 +0.65 213 +1.5 2395  +0.36 24.00 4+0.56
0.30-0.35 16.31 +0.83 1897 +0.75 21.88 4029 22.69 +0.60
0.35-0.40 1419 4090 16.7  +1.0 19.13 1+0.56 1948 +0.58
0.40-0.45 11.30 +0.85 1371 4+0.74 1650  +0.24 1794  40.59
0.45-0.50 933 +048 1203 +0.76 1435  +0.22 15.02 4045
0.50-0.60 673 +0.33 847 1044 11.04  +0.16 12.17 4028
0.60-0.70 446 +0.29 6.02 +042 773 £0.14 8.69 +0.22
0.70-0.80 248 +0.19 415 +£0.25 549  +£0.10 627 +0.23
0.80-0.90 1.69 +0.19 252 +0.29 4.008 4+0.085 443 +40.25
0.90-1.00 089 40.10 1.84 +0.19 2810 +0.077 330 £0.16
1.00-1.20 0.589 +0.088 1.03 +0.12 1.786 +0.054 2.344 40.077
1.20-1.40 0.196 +0.040 0.51 +0.11 1.049 +0.039 1.338 +0.057
1.40-1.60 0.082 +0.041 0.269 +0.058 0.622 +0.038 0.846 +0.044
1.60-1.80 0.030 +0.018 0.164 +0.046 0.379 +0.019 0.563 +0.036
1.80-2.00 0.030 +0.022 0.123 +0.053 0.239 +0.016 0412 +0.034
2.00-2.50 0.070 +0.035 0.1261 +0.0066 0.229 +0.016
2.50-3.00 0.0086 +0.0059 0.0500 +0.0048 0.087 +0.016
3.00-4.00 0.0155 4+0.0018 0.0385+0.0050
4.00-6.00 0.003204-0.00071 0.0068 +0.0016
p> 0.3466 -+ 0.0056 0.3889 +0.0064 04342 40.0038 0.4695 +0.0049
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Fig. 6. Normalized scaled momentum distributions (1/0,,)do/dx Fig. 7. Normalized In{1/x) distributions (1/5,,) do/d In(1/x), where
versus s=W? for different x intervals. The lines show predictions x=2p/W at W=14, 22, 35 and 44 GeV. The lines join the corre-
of Lund LLA + O(x,) and Lund O(«?) Monte Carlo with the param- sponding points for clarity

eters as described in Sect. 3 and Table 2
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W=14, 22, 35 and 44 GeV. The lines join the corresponding points

for clarity
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Table 11. Normalized sphericity distributions (1/N)dN/dS

S 14 GeV 22 GeV 35 GeV 44 GeV
0.000-0.025 040 +40.20 1.30 +0.30 530 +0.37 8.02 +0.54
0.025-0.050 1.61 +0.33 546 +0.74 931 +0.63 945 4043
0.050-0.075 3.01 +049 6.61 +0.84 6.32 +0.27 583 +0.31
0.075-0.100 421 4+0.78 596 +0.65 419 +0.15 3.80 +026
0.100-0.150 409 +0.31 328 4045 270 +0.16 2,14 +0.15
0.150-0.200 3.06 -+0.25 230 +0.28 1.485 +0.062 1.35 +0.11
0.200-0.250 1.85 +0.33 1.36 ¢ +£0.17 0.938 +0.061 0.86 +0.11
0.250-0.300 1.50 +0.20 094 +0.18 0.646 +0.100 0.544 +0.073
0.300-0.350 1.09 +0.15 0.87 +0.18 0.485 +0.080 0.455 +0.055
0.350-0.400 1.05 +0.18 0.56 +0.12 0.359 40.043 0.320 +0.049
0.400-0.450 0.58 +0.24 0.330 +0.053 0.254 +0.028 0.217 +£0.044
0.450-0.500 0.509 +0.083 ’ - 0.198 +0.018 0.193 +0.060
0.500-0.550 0.34 +0.10 0.150 +0.037 0.138 +0.019 0.150 +0.049
0.550-0.600 034 4012 ’ - 0.120 +0.019 0.083 +0.025
0.600-0.650 0.084 +0.013 0.084 +0.025
0.650-0.700 0.348 £0.073 0115 £0.051 0.0469 + 0.0081 0.043 +0.016
0.700--1.000 0.067 +0.025 0.0104 4 0.0063 0.00824-0.0033 0.0079 +0.0025
8> 0.2252+0.0075 0.1528 +0.0075 0.11554+0.0047 0.1053+0.0035
Table 12. Normalized aplanarity distributions (1/N)dN/dA

A 14 GeV 22 GeV 35 GeV 44 GeV
0.00-0.01 5.8 +1.5 1.2 +1.9 254 +1.7 35.3 +19
0.01-0.02 12.8 429 20.6 +2.4 28.4 +2.6 28.4 +2.1
0.02-0.03 140 +1.7 180 +1.7 1700 +40.65 14.9 +1.1
0.03-0.04 12.8 +12 15.5 +1.5 10.30 +0.65 8.3 +1.1
0.04-0.06 997 4098 8.9 +1.2 525 +0.88 359 4087
0.06-0.10 443 40.71 305 +0.38 143 4032 1.08 +033
0.10-0.15 216 +0.37 0.78 +0.16 0.37 +40.11 0.180 +0.060
0.15-0.20 0.68 +0.14 0.210 +0.065 0.083 +0.025 0.046 +0.025
0.20-0.30 032 +0.16 0.039 +0.023 0.01364-0.0053 0.0157 £ 0.0080
(A 0.0613 +£0.0057 0.0386 +0.0029 0.02614-0.0019 0.0213+0.0015
Table 13. Normalized thrust distributions (1/N)dN/dT

T 14 GeV 22 GeV 35 GeV 44 GeV
0.60-0.64 047 +0.23 0.07 40.20 0.037 +0.020 0.019 +0.014
0.64-0.68 0.62 +024 0.218 +0.074 0.164 +0.027 0.171 +0.048
0.68-0.72 1.16 4+0.31 0.37 +0.12 0.328 +0.065 0.236 +0.042
0.72-0.76 1.61 +0.23 0.81 +0.23 0.583 +0.093 0.57 +0.11
0.76-0.80 1.92 40.36 1.22 +0.17 0.869 +0.079 0.84 +0.11
0.80-0.84 332 4045 227 4029 144 +40.13 .12 +0.13
0.84-0.88 4.52 40.73 406 +0.38 265 +0.25 248 +0.16
0.88-0.90 6.05 +0.55 5.7 +1.2 404 +040 355 4030
0.90-0.92 67 +1.2 723 +0.87 604 +0.66 485 +049
0.92-0.94 56 +1.6 860 +0.82 86 +1.1 6.8 +1.1
0.94-0.96 3.1 +1.1 7.8 +1.9 10.65 +0.36 11.67 +0.66
0.96-0.98 0.97 +0.31 2.9 +1.0 7.5 +14 10.3 +19
0.98-1.00 0.132 +0.086 033 +0.18 1.14 +0.33 1.97 +0.63
(T 0.8499 +0.0085 0.8876+0.0073 0.9079 +0.0045 0.9157+0.0049

the growth of the multiplicity with energy is due to the 5.4 Global event parameters
increase of low momentum particle production.

Figure 8 and Table 10 present the distributions of
the transverse momentum with respect to the sphericity

tensor axis. They become broader as energy increases.

Figures 9-11 (Table 11-13) show the sphericity, aplanar-
ity [10] and thrust [26, 277 distributions. All of them
change with center of mass energy in a way which indi-
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cates that the events become more collimated with in-
creasing energy.

The 14, 22 and 35 GeV results differ from the earlier
[4] result. The difference comes mainly from the fact
that the distributions are very sensitive to the Monte
Carlo used to correct the data; in the past an indepen-
dent jet O(x,) Monte Carlo [28] was used, which does
not reproduce the data so well. Since Lund LLA + O(«)
Monte Carlo reproduces the data better, one can hope
that the new distributions are closer to the true ones.

5.5 Comparison with MARK II

A comparison of the TASSO data with the MARK 11
[29] data is shown in Figs. 12-16, where the x, S, A, T
and p, distributions are presented. The MARK II results
for sphericity, aplanarity and thrust interpolate quite
well between our data at 22 and 35 GeV; in the inclusive
distributions the agreement is still reasonable.

6 Summary

In summary, jet propertics at center of mass energies
of 14, 22, 35 and 43.7 GeV were studied with the data

collected in the TASSO detector. The total hadronic
cross section ratio # at a center of mass energy of
437 GeV was found to be H#=4.11+0.05(stat)
-+0.18 (syst.).

Corrected distributions of global shape variables
such as sphericity, aplanarity, thrust and inclusive
charged particle distributions of scaled momentum and
transverse momentum were obtained. At all energies the
same Monte Carlo event generator was used to calculate
the corrections. At all energies the same correction tech-
nique was applied to avoid systematic biases.
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