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1. Introduction

The three-jet events observed [1] in e+e— annihilation into hadrons at
high c.m. energy (W = 30 GeV) have given direct evidence for gluon
bremsstrahlung as predicted by QCD [2]. Since the rate of three-jet events
is directly proportional to the strong coupling constant ag, a measurement
of the three-jet cross section should permit a reliable measurement of a
However, the extraction of as from the data is complicated by the fact that
the QCD prediction is made at the parton level. For comparison with the
data one has to combine the QCD calculation with a model that describes in

a phenomenological way the fragmentation of quarks and gluons into hadrons.

In an earlier publication [3] we have reported a measurement of ag
using the models of Refs. 4, 5 where quarks and gluons fragment
independently and where Field-Feynman (6] fragmentation functions are
employed. In this model the value of ag has been found to be insensitive
to variations of the fragmentation parameters within a broad range.
Subsequently, the CELLO group [7,8] has observed that a considerably larger
ag is obtained if instead the Lund scheme [9] is used where fragmentation
proceeds along the color strings between quarks and gluons. However, no or
only little fragmentation scheme dependence has been found by the JADE [10]
and MARK J [11] collaborations.

Besides fragmentation another potential source of uncertainty in the
determination of a, are the higher order corrections to the single gluon
bremsstrahlung process. In our previous determination of a the second
order diagrams leading to UY-parton final states [12] were included in
addition to the first order diagrams. Subsequently, several theoretical
groups [13-15] have computed the complete second order corrections which
include the loop diagrams of the 3-parton final states. Using these
calculations significantly smaller ag values compared to the first order
results have been obtained by the JADE [10], MARK J [11] and CELLO [8]

collaborations.
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In the present analysis we compared our data from e e annihilation

into hadrons at an average c¢.m. energy of 34.6 GeV with QCD plus

fragmentation models and extracted ag. A large variety of kinematic
quantities was considered. The independent jet as well as the color string
scheme were used to describe fragmentation. For the O(az) corrections to
the 3-jet cross—section we considered both a) the FKSS [14] calculation to
which we added the 4d-parton terms with one soft or two collinear quarks
(Extended FKSS) [22], and b) the AB [16] calculation based on the ERT [13]

matrix elements.

2. Event Selection

The experiment was performed with the TASSO detector at PETRA. The
data used for this analysis were taken at c.m. energies in the range
33 < W < 36.6 GeV with the bulk of the data between 34 and 35 GeV.
Hadronic final states from e+e_ annihilation were selected using the
information on charged particle momenta measured in the central detector.
The selection criteria for charged particles and for multihadron events
were identical to those described in Ref. 17. Basically, a charged track
had to have a momentum component transverse to the beam of pxy > 0.1 GeV/e
and a cosine of the polar angle of |cos®| < 0.87. The r.m.s. momentum
resolution including multiple scattering was up/p = 0.016 (1 + p2)1/2, with
p in GeV/c. The main criterion which the multihadron events had to satisfy
was that the momentum sum of the accepted charged particles %pi > 0.265 W.
An additional cut was made to remove events with §pi/W > 2. A total of
21315 events were accepted. To ensure a large acceptance for charged
particles in jets we required [cosojl < 0.7 where ej is the angle of the
jet axis of the event and the beam direction. The number of events

(M

satisfying this .cut was 16882 or 16219 depending on whether the T or the

T(Z) momentum tensor (to be defined in Sect. 5.1) was used for the axis
determination. We corrected our experimental distributions for the effect
of acceptance and for QED radiative effects. This will be described in

more detail in Sect. 5.
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3. QCD calculation to second order in o

QCD predictions to second order in ag for jet production in e+e_
annihilation were presented for the first time by Ali et al. [12]. These
included only the diagrams leading to qagg and qiqa final states. Complete
(apart from the virtual corrections to e+e_ > qa) second order calculations
including the loop corrections to ete - qqg were carried out by ERT [13],
FKSS [14] and VGO [15], with conflicting results. In the case of ERT and
VGO the O(uz) corrections were large whereas FKSS found them to be small.
The main reasons for the discrepancy are the use of different definitions
for when 2 partons i and j are called 2 separate jets, the use of
different variables [18, 19] and a different treatment of soft gluons.

FKSS [14] used a jet definition of the Sterman-Weinberg type: 2 partons
are counted as 2 separate jets if both energies are larger than eW/2 and
the angle between them is larger than 8. According to the experimental
results on jets a reasonable set of £, § values is 0.2, 40° which
corresponds to a scaled invariant mass squared y = Mij/w2 of about

0.01 - 0.03. In contrast, VGO considered i and j as 2 separate jets if

y > 10—5 corresponding to Mij > 0.1 GeV at W = 35 GeV. This is an
extremely small cut-off compared to the mass of an experimentally observed

quark jet which is typically several GeV.

As has been pointed out in Refs. 19, 20, the ERT and VGO calculations
used "bare" parton variables like thrust which are uniquely defined,
whereas FKSS expressed their results in terms of "dressed" jet variables.
However, in the limit of €, 6 » 0 (or y » 0) the discrepancy vanishes: the
sum of all O(az) terms as computed by FKSS approaches the corresponding
result of ERT and VGO [20]. The approach occurs from below. At nonzero
values of the resolution parameters, the O(ai) calculation of the 3-jet
cross-section as formulated in terms of "dressed" jet energies has

problems:

Different ways of computing 3 "dressed" jet energies from 4
partons are conceivable. If 2 partons are collinear within 6,
either their energies or their 3-momenta can be added to give the

energy of a single mass-less parton. The difference between the

results obtained with these two schemes was found to be negligible
[21]. A soft large angle gluon which is not accepted as a
separate jet because of its small energy can be treated in

either one of the following ways: a) it can be combined with
another parton either randomly or such that the invariant mass

is minimized (minimum mass recombination); b) it can be omitted
from the event; to restore the total energy in this case the
remaining 3 parton energies are rescaled. The latter is the
scheme of Sterman-Weinberg and was adopted by FKSS. Based on a
study [22] of the dressed thrust distribution it was estimated
that for e.g. ag = 0.15 and ¢, § = 0.2, 40°, ag decreases by about
154 if, instead of the Sterman-Weinberg scheme, the minimum mass

recombination scheme is employed.

Furthermore, terms of order e and 62 (or y) have been neglected in the
FKSS calculation. A study [22] of the dressed thrust distribution showed
that for e.g. a = 0.15 and €, &6 = 0.2, ho°, ey decreases by about 11% if
all the missing terms were included. Of the 11%, 5% arise from
approximations in the analytic calculation of FKSS, 6% arise from qagg and
qaqa states where either one quark is soft and at large angle or two quarks
are collinear within the resolution criterion. These states were inserted
into the event generator used for the present analysis (Extended FKSS).
Note, the g = qa divergency which arises when qa are collinear is already

contained in FKSS.

For the present analysis the Extended FKSS scheme was chosen; the
asvalues were not corrected for the estimated 5% error mentioned above.
The 3-jet cross section as given by the sum of the first order and the
second order FKSS expressions was used to generate 3 partons which were
treated as qag in fragmentation. The hard and noncollinear lU-parton events
(qagg and qiqa) were generated according to Ali et al. [12]. The extension
of FKSS consists of 3-jet-like lU-parton configurations where either one
quark is soft and at large angle or 2 quarks are collinear. As far as
fragmentation is concerned these states were treated as U-parton states.
The separation between 2-, 3- and l-jet events is achieved with energy-

angle (z, &) cuts.






4.1.5 Fragmentation into baryons was described with the model by
Meyer [30]. Baryons are produced by assuming that besides qs pairs
also diquark-antidiquark pairs (qgq, aa) are picked up from the sea with
a relative probability set to ’

= 0.11. (5)

Only the lowest lying octet (0) and decuplet (D) baryons are formed
with the ratio 0/D set equal to P/V. In this way a reasonable

description of our measured p, A and Z yields was obtained [28,31,32].

4.1.6. For the fragmentation of gluons two possibilities were

considered :

~ The simplest assumption is that a gluon fragments like a light
quark [4]. This is realized in the model by assuming that the ‘gluon
converts into a qa pair of the u, d, or s type and imparts all its

momentum to one of the quarks.

- The gluon converts into a qa pair such that the gluon momentum is
shared by the q and a in the proportion given by the Altarelli-Parisi
splitting function [33]

£(z) =22+ (1 -2)%, 2-=E/E. (6)
q B

The q and q which are given zero relative transverse momenta are

assumed to fragment independently.

4.1.7. Experimental information [34] was used to simulate charmed particle
decays. For the decays of b-flavored mesons the jet model of Ref. 35
was employed which includes weak decay matrix elements. The charged
multiplicity generated by this model was found to agree with a recent
measurement by the CLEO collaboration [36].

4.1.8. Energy, momentum and quantum number conservation:
The fragmentation is treated as a successive repetition of the basic
process q * q' + h which is terminated when the remaining E + pL falls
below a cutoff leaving unpaired a quark or a diquark in each jet. For
a qa 2-jet system the quantum numbers of the last hadron generated in
one of the jets are changed to ensure overall quantum number
conservation. The gluon is treated analogously since it is desecribed

as a qa system.

Energy-momentum conservation is achieved in our analysis by Lorentz
boosting the event into the rest system of the produced hadrons and
rescaling all momenta such that the total energy is conserved. This is
the procedure used in the Monte Carlo model of Ref. 5. It has recently
been pointed out [8, 37] that imposing energy-momentum conservation a
posteriori as done here changes the kinematiec structure of qag events
and affects the determination of ag. We shall study below the effect

on ag if energy-momentum conservation is not imposed.
4.2 The string model.

The second model considered for fragmentation was the string model
developed by the Lund group [9]. In this model the colored partons are
connected by color field lines (strings) which break up to form hadrons.
The main difference to the IJ model shows up in the fragmentation of events
containing one or more gluons. In the case of e+e_ > qag the gluon
corresponds to a kink in the string stretched between q and a. The string

breaks up near the gluon corner to form a q 51 pair on one side and a

qzaz pair on the other side from which a 1e;ding hadron composed of q162 is
formed. The two left-over string pieces (qq1) and (q2q) fragment into
hadrons in their own rest frames. Due to the string forces the hadronic
final state is systematically distorted towards a more 2-jet like
configuration. Consequently, to describe a given number of observed 3-jet
events, the string model requires a larger value of ag compared to the IJ

model.
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An ambiguity occurs in the case of U-parton events. For instance for
an e+e— i qag1g2 event the string may be stretched in two ways from the q
via the two gluons to the q. We verified that either choice does not
affect the value of ag- We chose the configuration which has the smaller

sum of the parton-parton mass squared, Mz(qg1) + Mz(agz).

In the string model the fragmentation function of light quarks is
similar to equ.(1), namely fh(z) « (1 - z)s. However, the exponent
B = aLY(mq) depends on the mass of the fragmenting quark such that
Y(mu) = Y(md) = 1 and Y(ms) = 0.85. Eq.(2) was used for ¢ and b quark
fragmentation. The transverse momentum distribution, the P/(P+V) and
P(s)/P(u) ratios were treated in the same way as in the independent jet

model and the same constants were employed for these two quantities.

For baryon production a diquark to gquark rate of 0.11 was used and the

parameter

d =

Plug} P(d)
) Fisy

which acts as an extra suppression of s-quarks in diquark pairs was set

equal to 0.3 leading to a good description of our p, A and = data [28, 31,
32].

Note that in the string model, energy-momentum and the charge, flavor

and baryon quantum numbers of the event are automatically conserved.
4.3 Variable fragmentation parameters.

The fragmentation parameters to be determined in the oy fits are, for

both fragmentation schemes, a and uq which control the longitudinal and

transverse momentum distributions of the hadrons.

5. Event Shape and Transverse Momentum Distributions for the Determination

of a_.
5

The strong coupling g can be determined, in principle, from the rate of
3-jet (and 4-jet) events relative to that of the dominant 2-jet events. The
3-jet events produced by gluon bremsstrahlung are planar. They are
therefore characterized by hadrons with large Pr in the event plane (pT is
measured relative to the jet axis of the event). On the other hand,
fluctuations of the fragmentation process and the decays of heavy hadrons in
genuine e+e— . qa events occasionally also contribute to large pT hadrons
and therefore can lead to a correlation between oy and the fragmentation
parameters. However, the large pT hadrons from qgq events are not restricted
to lie in the event plane (except in the case of hard initial state photon
radiation) and therefore a simultaneous analysis of the Pr behavior in and
out of the event plane allows to separate fragmentation effects from those
of gluon bremsstrahlung. The correlations are taken into account by
optimizing simultaneously oy and the fragmentation parameters aq and aL.

For this purpose the total event sample is used. As a check, we also
determined b by a fit to the tails of the event shape and P distributions
which are dominated by hard gluon emission. We refer to this as the

perturbative region. In this procedure we kept the fragmentation parameters

fixed.

We used the following event shape measures as computed from the

charged particles:
5.1 The momentum tensor.

The generalized momentum tensor is defined as
Y

N p. bp.
Ny i "J8

= (7
aB i |2 Y

N

P |p.|

: J
ij j

where a, 8 refer to the x, y, 2z momentum components of the jth particle and

N is the number of particles in an event.
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event plane strongly restricts the parameter oq. The tails of the first

distribution in each set are particularly sensitive to ag.

As a side remark we note that with the high statistics data available
here it was found that ags oq and a; can also be determined using only one
distribution which can be any one of the distributions listed above.

5.4 Corrections to the experimental distributions

The experimental distributions to be shown below were computed using the
charged particles measured in the central detector for the accepted events
as described in Sect. 2. To these distributions corrections were applied
for the effects of QED radiation in the initial state [41], detector
acceptance, multiple scattering, secondary interactions, resolution and
reconstruction efficiency (see also Ref. [42]). Let Ng:zg(x) be the number
of raw data events (or charged particles) in a bin of some variable x. The

corrected number of events (or charged particles) is given by

data data
orp(X¥) = Clx) . N 2M(x) (13)
The correction factors
- MC MC
Clx) = Ntrue(x) 4 Nmeas(x>

were calculated by Monte Carlo techniques using 1lst order QCD and Field-
Feynman fragmentation [4]. The "true" Monte Carlo distribution of any
variable was computed without QED radiation and without detector effects
from the primary charged particles or from those produced in the decay of
particles with lifetimes less than 3.10_1osec. For example, the charged
particles from K; and A decays were included, irrespective of how far away
from the interaction point the decay occurred, while the charged particles
from K?

L
the momentum tensors) to which the shape variables and transverse momenta

decays were not included. The coordinate systems (eigenvectors of

refer, were computed with all charged and neutral stable particles. In this
case, the w°, K; and A were considered as stable. In order to obtain the

"measured" Monte Carlo distribution of aﬁy variable, Monte Carlo events,
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which now include QED radiative effects, were generated and passed through a
detailed detector simulation and through the same event reconstruction and
selection programs as used for real data. For the Monte Carlo events, the
event shape, P and xp variables were computed from the accepted charged
tracks, as for the real data. It was checked that the Monte Carlo events
used for calculating the correction functions describe the data reasonably
well.

We stress that the correction functions were found to be independent of
the specific QCD model used. They are basically determined by the
geometrical acceptance and the effect of initial state QED radiation. We
checked that the determination of ol did not depend on whether 1st or 2nd
order QCD was employed or which fragmentation model was used in the

calculation of the correction functions.
5.5 Fit procedure

space

For a given model a lattice of 4 x 4 x ¥ points in the ag, oq, a,

was considered. For each lattice point U000 Monte Carlo events were
generated and the "true" distributions were calculated according to our
definition (Sect. 5.4). The content of each bin of each distribution listed
in Sect. 5.3 was parametrized by a 2nd order polynomial in o oq and aL
which gave a good description of the Monte Carloc data. The best values for
ag. oq and aL were obtained by a combined fit of these parameterizations to
the corrected data using the computer code MINUIT [43].

6. Results of the Shape Analysis

The fits were performed in 1st and 2nd order QCD and for both, the
independent and string fragmentation models, considering for each of the 4

possible cases the 4 combinations of distributions given in Sect. 5.3.

The QCD cut-off parameters e, 6 were set to the values 0.2, 40°. For
the IJ model the gluon was assumed to fragment like a light quark and the

values of the oq and aL parameters of the gluon jet were assumed to be the
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contribution is expected to be small (<3%). The QCD models are seen to give tGS < 0.94, The ay results in 2nd order QCD from fits to the tGS
a good description of the data for the tCL—region fitted. At larger tCL distribution for tGS < 0.94, < 0.90 and < 0.85 are given in Table 6b. The
values more events are observed than predicted by the models. The a values of ag obtained with this method are very similar to those obtained
results are given in Table 6a for the cuts tCL < 0.9%, < 0.90 and < 0.85. from the cluster analysis; they are ag = 0.14 (0.19) for independent
The values of o depend little on the tCL cut. (string) fragmentation. Again, oy depends on the fragmentation model :
string, IJ
[+ /a = 1.31.
s s
The values of ag obtained in this way, viz. e, = 0.14 (0.18) for
independent (string) fragmentation, are systematically lower than those
obtained by the shape analysis, viz. ag = 0.155 (0.21). The ratio of 9, Determination of ag from Energy-Energy Correlations.
tri — — —_— —
as rlng/aiJ = 1.29. Thus, in contrast to the earlier hope [47] and to
results from JADE [10], a significant model dependence of a, is also Energy-energy correlations have been proposed [50, 51] to study
observed with the cluster analysis [7]. The values of o were found to be e+e— + hadrons and the underlying parton structure. The energy-weighted

stable against changes of the cluster defining parameters (a, B8, € angular correlation (EWAC) is defined as

1 &)
within a broad range.

E..E
= H—QE— f(cosy) = %— ) Y 1 2k 5(cosx—cosxik) (15)
9%tot cosx events i,k W

8. Determination of ag with the Method of Generalized Sphericity

where Xik is the angle between particles i and k with energies Ei and Ek.
i i i i f 1 in an nt

We also used the method of generalized sphericity [49] to extract 3-jet The summation is extended over all pairs i, k of particles an eve

including the case i = k, and over all N events. The normalization is

1.

events. In distinction to the cluster method described before, this

algorithm is quadratic in the particle momenta and therefore gives high therefore [ f(cosx)dcosy

momentum particles a larger weight. The particle momenta are projected onto

(2)

- a ; i ion. i £ f
the event plane (nz’ n3) obtained frem the momentum tensor T . Three The EWAC is affected by fragmentation. The fragmentation effects from

R &

if i ry 1 idered:
nonoverlapping sets of particles are found which satisfy the requirement e'e > qq are suppressed if instead of f(cosy) the asymmetry is consi
that the sum of the jet sphericities is a minimum. The jet directions are

given by the individual jet sphericity axes. Aleosy) = f(eos(m-x)) - f(cosx). (16)

An analysis similar to the one described in the previous section was In the asymmetry the contribution from hard noncollinear gluon emission
. s . . . . relative to the qa contribution is enhanced and therefore the sensitivity to
performed to determine the 3-jet thrust tGS' The distribution of tGS is

shown is Fig. 4 for those events in which each jet has a visible energy of
more than 0.145 W/2. The distribution looks quite different from the

as is increased. However, the asymmetry still depends on the fragmentation

of e+e- > qag events.

cluster-thrust distribution. This is partly due to the fact that in the

. s 1 1 e charged particles and replacing W

method discussed here all events are treated as 3-jet events and that each We evaluated the EWAC using only th ged p P g
isi i i h, articl rgies

particle is assigned to one of the three jets. Consequently, the jets on by the visible energy wvis which is the sum of the charged p tele ?ne &

i i i i . ollowi Sect. 5.4, the

average have more energy and therefore a higher chance of passing the jet in an event assuming all particles to be pions F Wing 5

selecti cuts and QED
energy cut. The two QCD models provide reasonable fits to the data for EWAC was corrected for detector acceptance, event ction Q



R hi—

Naf—
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11. Discussion of the results

We have determined ag from a data sample of 16 500 multihadron events
produced by e+e_ annihilation at an average c.m. energy of 34.6 GeV. The o
analysis employed the 1st as well as the 2nd order QCD calculations and used
both the independent jet (IJ) model and the Lund string model to describe

the hadronization.

By taking into account the many measurements of identified particle
spectra most of the parameters of the fragmentation models have been fixed.
We have treated as the only free parameters oq and aL which describe the

transverse and longitudinal momentum spectra of the produced hadrons.

Using all events, ag was obtained simultaneously with oq and aL by

fitting event shape or Pr distributions and the momentum distribution. 1In a

L
repeated considering only the perturbative regions, which are dominated by

second step, oq and a were fixed to the fitted values and the us fits were

gluon bremsstrahlung. The resulting ag values were found to be the same as
those from the overall fits, within errors. The perturbative regions and
the overall distributions were found to be described equally well by the QCD
models. This shows that we have obtained a consistent description of the

two- and three-jet regions.

All data considered, i.e. event shapes, jet masses, transverse momenta,
3-cluster thrust and the asymmetry of the energy-energy correlation, can be
described by the same value of as to within + 10% provided the same QCD

calculation and the same fragmentation model is used.

The value of a obtained in 2nd order QCD, (a

(1),

than the 1st order result, (as

is always smaller
The ratio us depends on the QCD
calculation, on the fragmentation model and on the distribution used.

With the Extended FKSS scheme we have obtained:
@)y, 1y : .
ol Ias = 0.74 to 0.84 for independent fragmentation and

0.71 to 0.76 for string fragmentation.

With the AB scheme, a larger difference between uéz) and ué1) was obtained:

L(2), (D)
S

s 0.70 for independent fragmentation and

0.63 for string fragmentation.

Thus, the way soft gluons are treated has a noticeable influence on the size
of the 2nd order corrections. The 2nd order corrections are large and it is

conceivable that the next higher orders are not negligible.

In the case of the string model the inclusion of the 2nd order
contributions has led to a marked improvement of the fit quality for the Q1,

L, and p
1 T out
[45]. 1In case of the IJ model, 1st and 2nd order QCD gave about the same

distributions. This is in agreement with the JADE observation
fit quality, in contrast to Ref. ui5.

The dependence of ag on the fragmentation scheme was studied by
considering two conceptually different fragmentation models, namely the
independent jet and the color string models. All distributions used led to

a fragmentation scheme dependent ag value. 1In 1st order QCD the result is
oSTN85 19087 Ly 32 10 1,60,

This model dependence is slightly reduced in 2nd order QCD (Extended FKSS
and AB):

0‘str‘lng/ul.l,g=q
s s

1.22 to 1.48

depending on the distribution. The smallest (largest) model dependence was
seen with the Pr oin (AMZ) distribution. Our results on this model

dependence are in agreement with those published by the CELLO group [7,8].
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Compared to the case where gluons fragment like light quarks (g = q),
the assumption of gluon splitting (g - qa) led to a smaller ratio:
o String, 1J,82qq 1.08 to 1.35,
s s
However, with gluon splitting the data distributions were in general less

well fitted than with the g = q assumption.

The following summarizes the ey values obtained in 2nd order QCD for the
different fragmentation models.
Using Extended FKSS:

u;J"‘:q = 0.14 to 0.16
uf'g"qq = 0.16 to 0.18
uz"'"ing = 0.18 to 0.23.

A comparison between the Extended FKSS and the ERT + AB schemes has been
made for the case of the asymmetry of the energy-energy correlation
yielding the following results:

Extended FKSS ERT + AB
uiJ,g=q - 0.139 0.117
af'g*qa = 0.157 0.127
oString - 0.190 0.159

As mentioned in Sect. 3 the Extended FKSS calculation used for the fits
involves certain approximations which affect the value of as . We estimate
that without these approximations the ag values given above and in Tables
1 - 7 for Extended FKSS should be reduced by about 5%.

Our results can be compared with similar determinations of ag in full

2nd order from other experiments.

The JADE group [10] employing the unmodified FKSS calculation and
assuming g > qa in case of the IJ model, obtained from a cluster analysis
a = 0.16 + 0.015 # 0.03 independent of the fragmentation scheme. Within
the systematic errors quoted this is consistent with our corresponding
values of 0.136 + 0.005 for the IJ model and 0.174 + 0.007 for the string
model obtained for tCL < 0.85 (see Table 6).

The MARK-J group [11] used the ERT + AB calculation and determined ag
from the asymmetry of the energy-energy correlation. Their values,

o = 0.12 + 0.01 for the IJ, g qa model and ay = 0.14 + 0.01 for the
string model should be compared with our values 0.127 + 0.010 and
0.159 * 0.012 respectively, as shown in Table 7. Our values indicate a

stronger dependence on the fragmentation model.

The CELLO group [8] employed the unmodified FKSS calculation and fitted
a to the distributions qf the asymmetry and the 3-cluster thrust. Their
values of agy = 0.18 - 0.19 for string fragmentation and a, = 0.13 - 0.15 for
independent fragmentation (with g = q and the Lorentz boost method to
conserve energy-momentum) agree with our corresponding values of 0.18 - 0.19

and 0.14, respectively, see Tables 6, 7.

In conclusion, the uncertainty in the determination of ag is

rather large. As shown above, this has several causes:

- Fits to distributions of different kinematical variables lead to a
values which differ by up to 15 - 20 %.

= There is a complete lack of theoretical understanding of the
fragmentation process. The o values determined with the IJ and the
string model differ by about 30%. The quality of the fits to the
distributions considered here has not permitted a choice between the

the two models. However, the JADE group [53] from a study of other
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Table la: Fit results for the independent jet model, lst order QCD

Diéffibutions (Xz/d.f.) overall o % a
X?/d.f s ' L
T B (GeV/c) o
0,(1.2) . Q2.9) " x(4.7) 3.6 0.215 + 0.005 | 0.354 + 0.003 | 0.642 + 0.015
L,(1.5) L,(3.0)  x(5.5) 4.3 | 0.195 + 0.005 | 0.341 + 0.003 | 0.638 £ 0.015
a7y ol (3.2)  x(5.8) 4.7 0.188 + 0.004 | 0.351 + 0.002 | 0.636 + 0.011
ol a0y plb) (4.3)  x(6.2) 5.3 0.195 + 0.004 | 0.344 + 0.002 | 0.603 % 0.011

1st

Table 1b: Fit results for the Lund string model, order QCD.
' Distributions (xz/d.f.) ovgra]] o | o a
| x2/d.f. s v L
. ) . / ) B (GeV/c) 7
0,(2.2) 0,(9.0)  x(3.6) 4.5 0.283 + 0.005 | 0.323 + 0.004 | 0.471 * 0.018
L,(3.1) L;(23.0) x(4.1) | 7.7 | 0.292+0.005 | 0.319 £ 0.004 | 0.413 £ 0.016
| |
B9y pll (7.9) x3.8) | s 0.252 + 0.004 | 0.336 + 0.002 | 0.508 * 0.012
{50y  plb) (10.2) x(3.8) 6.3 0.248 + 0.005 | 0.332 + 0.002 | 0.500 & 0.012
| |




2nd

Table 2a: Fit result for the independent jet model, order QCD.

Distributions (x%/d.f.) overall a ‘ a | a

) - - | /d.f. (7GeV/c) 7 |
0,(2.0) 0,(2.9)  x(4.8) 3.9 0.158 + 0.004 | 0.360 + 0.004 | 0.661 + 0.019
Ly(1.4) L,(3.3)  x(5.5) 4.2 . 0.349 + 0.004 | 0.648 &

Vi) Q) (2.8) x(6.1) 4.8 s 0.349 + 0.002 | 0.595 &
L L | - | |

p{t)(a. J) pldi(2.2)  x(6.8) 5.0 | 015 £0.002 | 0.381:0.002 | 0.551 £ 0.012

Table 2b: Fit results for the Lund string model, Z"d order QCD.

L 2 overall % a
Distributions (Xx“/d.f.) I XZ/d;f. | Gq (GeV/c) ] L
Q,(1.3) Qy(3-0)  x(4.2) 3.3 0.212 + 0.003 0.317 + 0.004 | 0.416 + 0.018
L,(2.4) Li(11.9) x(4.1) | 5.4 | 0.219 + 0.003 0.309 + 0.004 0.344 + 0.016
p§9)(2.2) %gat(s.s) x(4.5) | 4.2 0.192 + 0.003 | 0.327 + 0.003 0.452 + 0.014
%%3(4 2) %tat(7 8) x(4.3) 5.4 [ 0.193 + 0.003 0.320 + 0.003 0.432 + 0.013




Table 3: Values of a. with X2/d.f. in brackets from fits to the perturbative regions. The jpdependent!jgﬁfmodg]iis used
for fragmentation.

0 2
0(sg ) - Olag)
I 0.2 0.2 0.15 | 0.25 i
s 40° 40° 34.5° 50
% 0.35 GeV/c 0.35 GeV/c 0.34 GeV/c |  0.355 -CeV/c
distribution | 0.63 Ve S 0.61 . . 4 .« 0.49 0.68
0, >0.12 - [0.215 £ 0.007 (9/5) [0.161 + 0.004 _(12/5) | 0.155 + 0.004 (7/5) |0.174 + 0.004 (13/5)
L, > 0.18 0.208 + 0.006 (1/5) |0.153 + 0.004 (3/5) | 0.148  0.003 (3/5) |0.165 + 0.004 (2/5)
2 | | !

I+
+

I+
o

I+

p%?& >1GeV/c [0.187 + 0.004 (55/10){0.153 + 0.003 (37/10)| 0.145 + 0.002 (38/10)|0.167 + 0.003 (61/10)

pdt) > 1 gev/c [0.194 + 0.004 (43/10)[0.157  0.003 (40/10)| 0.148 + 0.002 (29/10)[0.173 + 0.003 (48/10)
M > 0.08 0.196 + 0.010 (3/6) |0.155 + 0.007 (2/6) | 0.148 + 0.006 (5/6) |0.175 + 0.007 (4/6)




Table 4: Values of O with X2/d.f. in brackets from fits to the perturbative regions. The Lund string model is used for

fragmentation
| 2
B O(Cr:s): ) L 7 0(701.5) 7 B
€ 0.2 0.2 | 0.15 L 0.25
s | 40 40 34.5 45
o | 0.33-GeV/c | 0.32 GeV/c 0.31 GeV/c 0.335 CeV/c
| distribution\ a 0.47 | 0.41 | 0.43 0.45
Q, > 0.12 0.293 + 0.008 (20/5) | 0.208 + 0.005 (12/5) | 0.202 + 0.004 (14/5) |0.215 + 0.005 (13/5)
L, > 0.18 0.299 + 0.007 (6/5) |0.213 + 0.004 (2/5) 0.207 + 0.004 (5/5) 0.217 + 0.005 (1/5)
p%?& >1GeV/c | 0.262 + 0.005 (14/10)| 0.194 + 0.003 (7/10) | 0.186 + 0.003 (14/10)| 0.209 * 0.003 (6/10)
p%%& > 1 GeV/c 0.256 + 0.005 (32/10)| 0.192 + 0.003 (26/10)] 0.181 * 0.003 (30/10) | 0.208 + 0.003 (14/10)
AM > 0.08 0.313 + + + s

0.011 (5/6) | 0.230 = 0.008 (6/6) | 0.217 + 0.007 (6/6) | 0.234 + 0.009 (8/6)




Table 5a:* Fit results for the independent jet model with g -~ qg» 2" order QCD.
g > qq

overall ‘ o

o 2

Distributions (x~/d.f. o q . a
| ( B ) ) Xrdf. | S (GeV/c) L
| 0,(2.8) 0,(6.8)  x(6.6) 5.9 0.162 + 0.004 | 0.377 + 0.003 | 0.500 + 0.023
| L,(4.3) L,(3.3)  x(6.9) 7.1 0.137 £ 0.003 | 0.367 + 0.004 | 0.576 + 0.019
| : ‘ \
[pl® 28y plO 3.0y  x(9.7) 6.3 0.171 + 0.003 | 0.353 + 0.002 | 0.343 + 0.013
i T_‘n » Tout - L} . - —_— - . —_— - L] — .
i) plb) (2.5)  x(10.8) 7.1 0.173 + 0.003 | 0.346  0.002 | 0.318 + 0.012
| |

Table 5b: Values of o an order QCD (with x2/d.f. in brackets) from fits to the perturbative regions.

The independent jet model with g + qq is used. The parameters e,"6§, oq, 3 have been set to
0.20, 40°, 0.36 GeV/c, 0.43.
Distributions
Q, > 0.12 0.177 + 0.004 (14/5)
L, > 0.18 0.165 + 0.004 (3/5)
p§$% > 1 GeV/c| 0.176 + 0.003 (27/10)
p§%% > 1 GeV/c| 0.178 + 0.003 (52/10) |
1
AMZ > 0.08 0.170 + 0.008 (4/6) |
|




Table 6: Values for og in an order QCD from fits to a) the cluster-thrust (tCL) distribution of 3-jet

events and b) the 3-jet thrust (tGS) distribution computed by the method of generalized sphericity.

The Xz/d.o.f. is given in brackets. The second column gives the fraction of all 16 219 events
satisfying the tCL or tGS cuts indicated.

distribution event fraction Independent jet model Lund string model
% g=q _ - 20°
e =0.20, § = 40° €=0.20, 6 = 40
a) tCL < 0.94 6.8 0.142 = 0.004 (6.0/3) 0.183 = 0.005 (4.8/3)
< 0.90 4.0 0.137 =+ 0.005 (2.8/2) 0.177 £+ 0.006 (1.3/2)
< 0.85 2.0 0.136 + 0.005 (2.7/1) 0.174 + 0.007 (0.8/1)
b) teg < 0.94 10.7 0.147 + 0.003 (10.1/5) 0.192 + 0.004 (12.2/5)
< 0.90 6.4 0.143 + 0.004 (5.8/3) 0.188 + 0.004 (5.9/3)
< 0.85 3.3 0.141 + 0.005 (5.5/2) 0.183 + 0.006 (4.6/2)




Table 7: Values of Oig from fits to the asymmetry of the EWAC in the
region |cosX| < 0.7.
2
mode € S Qg (x~/d.f.)
a)  15% order qcD:
indep. jet, g = q 0.20 40° .166 + 0.010  (16/5)
string 0.20 40° .253 + 0.018  (12/5)
b) 2" order QCD, Extended FKSS :
indep. jet, g = q 0.20 40° 0.139 + 0.009 (12/5)
string 0.20 40° 0.190 + 0.009  (9/5)
indep. jet, g = q 0.15 34.5° 0.142 + 0.011  (16/5)
indep. jet, g = q 0.25 45° 0.142 + 0.008 (12/5)
indep. jet, g = qq  0.20 40° 0.157 + 0.009 (17/5)
indep. jet, g = q 0.20 40°
no energy-momentum conservation .109 + 0.007 (5/5)
nd
c) 2 order QCD, ERT + AB :
indep. jet, g=q  0.20 g¢° 0.117 + 0.009  (9/5)
indep. jet, g =qq  0.20 4¢° 0.127 + 0.010 (12/5)
string 0.20  40° 0.159 + 0.012  (10/5)




Figure Captions

Fig.1

Fig.?2

Fig.3

Fig.l

a,b)

e,f)

g,h)

k)

1st order QCD fits.
The normalized distributions 1/0tot do/dX where X is the
quantity indicated on the horizontal scale, for the corrected

data (+) and for the best fit predictions of the independent
jet model (—) and of the string model (---).

The scaled momentum distribution xp = 2p/W. The histograms are
from the fit to set Nr. 1 (see Sect. 5.3). The fits were
performed in the region 0.02 < xp < 0.7. The data for xp < 0.01

are not shown.

(2)

The eigenvalues Q, and Q1 of the T tensor. The histograms

are from the fit to set. Nr. 1.

and L1 of the T(1)

The eigenvalues L tensor. The histograms

2

are from the fit to set Nr. 2.
(Q) (Q)

T in and pT ou distributions.

t
The momentum components refer to the eigenvectors of the T(2)

The single particle inclusive p

tensor. The histograms are from the fit to set Nr. 3.

(L) (L)

T in and pT ou distributions.

t
The momentum components refer to the eigenvectors of the T(1)

The single particle inclusive p

tensor. The histograms are from the fit to set Nr. U,
The difference AM2 between the higher and lower scaled jet mass
squared. The histograms are from the perturbative fits (lowest

row in Tables 3, 4).
Same as Fig. 1 for 2nd order QCD fits using Extended FKSS.

The normalized distribution 1/¢ do/dtCL of 3-cluster thrust

tot
of the uncorrected data (+) and the predictions of the indepen-
dent jet model (——) and of the string model (---) in 2nd order
QCD (Extended FKSS) as obtained from fits to the region

tCL < 0.94.

The normalized distribution 1/¢ do/dtGS of the 3-jet thrust

tot
computed with the method of generalized sphericity. Shown are

the uncorrected data (+) and the predictions of the independent
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