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The strong coupling constant ¢, was determined from analyses of the
thrust, heavy jet mass and, differential 2-jet rate, using e*e™ hadronic events
at /5 = 58 GeV with the TOPAZ detector at TRISTAN. The NLLjet Monte
Carlo simulation(NLLjet) and analytic formulae based on resummation up to
the next-to-leading logarithms combined with O(e?) calculations were used
to evaluate a,. The averaged a, values at Q2 = (58 GeV)? from the analyses
are a, = 0.125 £ 0.009 for NLLjet and a, = 0.132 = 0.008 for the resummed

analytic formulae.
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particles had no charged tracks extrapolated to their vicinity.

In order to make a comparison with theoretical predictions, the measured
distributions should be corrected for the acceptance, such as the detector
efficiency, resolution, decays, and initial state photon radiation. Here, we
use a bin-by-bin correction determined from Monte Carlo studies with the
JETSET 7.3 parton shower model[15]:

(Drdran)s e
AUN“N&EY = AU:MM.SH_V : Abuﬂnu‘v‘. = bin :u&mvf :u
sim. /1

where DECon(DECoITy is the Monte Carlo prediction of each. distribution

sim.
with(without) the initial state radiation(RC) and the TOPAZ detector sim-
ulation, D34 and Dfee  are the measured and corrected distributions

of the hadrons, respectively. The distributions (T, p,y3) of the normalized

differential cross sections after these corrections are summarized in table 1.

3 Determination of o from the NLLjet Monte
Carlo Simulation

In the NLL order we sum all of the terms in the following form:

2\ " 2\ "

(@) [In 55| + Y daa (@)™ {55 ], )
n=0 Qo n=0 Qo

where Q stands for a momentum scale of the process and Qo! is the cut off
parameter to stop parton shower evolution. The first terms are those from
the LL approximation and the second terms include any O(c,) correction
to the LL approximation, which is the NLL approximation. These large
logarithms originate from a collinear singularity.

NLLjet produces partons by means of the NLL approximation described
above. To hadronize partons, the LUND string fragmentation model[15] is
applied. Parameters in the LUND fragmentation, @, b, and o,, were tuned
using several event shape data other than the thrust and heavy jet mass
distributions. Since parameter b is strongly correlated to a, we fixed it to
be 0.9 GeV~? in the tuning process[16]. The obtained values of the tuned
parameters are a = 0.413 and o, = 0.434 GeV /c for Qo = 1.0 GeV. When
we set the fragmentation parameters to be these values and varied kw%w for
5 flavors from 150 to 300 MeV, x? did not become large and the event shape
data were well reproduced. The Qq(1.0 GeV) was chosen so as to reduce any
non-perturbative contributions. In NLLjet there is another parameter é for
scparating primary two jets from three jets. We fixed it at 0.5 so that 2- and 3-
jet dominated regions in the thrust distribution of partons could be smoothly
connected. We found that the dependences of the distributions of T', p, and
y3 on Qg are small when we set the fit region as 1.2 < —In(1 - T) < 2.6,
1.8 < —In p < 28, and 1.6 < —In y3 < 4.0, respectively. In order to
determine >$< the distributions obtained from NLLjet for each variable
are fitted to data at the hadron level in the above fit region. The fitted
distributions of the three observables are shown in Fig.1. The resultant of

a, at /s = 58 GeV are listed in table 2. The systematic errors consist of

tThe definition of Qo given in the text is that of LUND. The relation between Qp in
LUND and Qg in NLLjet is Q3(NLLjet) = Q2(LUND)/4.
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study the effects of hadronization, we used the JETSET 7.3 parton shower
with the string fragmentation model. The LUND parameters were tuned so
as to reproduce our several event shape data, as described in section 3. We
obtained the following set: Agep = 0.323 GeV, a = 0.264(b was fixed to be
0.9), and 0, = 0.426 GeV/c where Qp = 1.0 GeV.

We used the fit range 1.2 < —In(1 - T) < 2.6, 1.8 < “la p < 2.8 and
1.6 < —1In y3 < 4.0, where hadronization corrections were less than typically
10 %, as shown in Fig.1. These fit ranges are the same as the analyses for
NLLjet.

In order to derive a,, we fit the theoretical distributions to the measured
distributions at the hadron level for a fixed scale u = /5. The fit results
of a, are shown in table 4, and three distributions of the thrust, heavy jet
mass and differential 2-jet rate are plotted in Fig.1. The value of a is gwms_
as the center value of the results using the two matching schemes (InR-
matching and R-matching) at the scale 1 = \/s. We took into account the
following effects as systematic errors. The experimental and hadronization
errors were considered in a similar way as that described in section 3. The
theoretical uncertainties come from the renormalization scale dependence
and the matching ambiguity. The theoretical errors were estimated as being
the maximum differences between the resultant a, values, when we switched
the matching procedure, changing the renormalization scale factor in the
range —1 < Inf < +1 around In f = 0[9], where f = y%/s. The obtained

theoretical errors are thus asymmetric.

5 Combined Results

The fitted o, values can be averaged by taking into account the weights

between the three determinations. The averaging procedure(10] is defined as
dg =3 wial’/ 3w, (i = T, pand g), )

where o!? is derived from the i-th observable and w; is the inverse of the
quadratic sums of all the errors given in tables 2 or 4. The correlations in

the theoretical errors for the three event shape variables have not been taken

into account.
The results are

ag(at 58 GeV) =0.125+0.009

N from NLLjet
AD = 220718 MeV !

and

)t

0.132 £ 0.008
315780 MeV

a,(at 58 GeV)

(5) from the resummed analytic formulae.
Asrs

i

We used the solution of the renormalization group equation(B.1) in ref.[17]

with the §-function truncated at the second order:

1 o, I
— +bln{—"—] = bylnZ, 10
Qh+~= 14+ ba, o:> (10)
where
Bo B
= — 2 = R 11
vo o and m: r\mw_'mo A v

Here, 3y = 11 - (2/3)ny, i = 102 - (38/3)n;, and ny = 5. The n; is the

number of quarks with a mass less than the energy scale .

6 Conclusions

The thrust, heavy jet mass, and differential 2-jet rate were measured at
V5 = 58 GeV using the TOPAZ detector at TRISTAN. Their acceptance
corrected distributions were compared with the distributions obtained from
both the NLLjet Monte Carlo simulation and the resummed analytic formu-
lae. The a, values from the three event shape measurements are summarized
in Fig.2 for the two approaches: NLLjet and the resummation with the O(a?)
calculations. The results of the «, values from NLLjet and the resummed
analytic formulae are consistent with each other.

We previously studied the asymmetry of the energy-energy correlation at
Vs = 59.5 GeV([18]. The results for @, are also consistent with this earlier

measurement.
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Table 1: Distributions of the variables of thrust, heavy jet mass, and dif-
ferential 2-jet rate. The data are corrected for acceptance and resolution of

the detector and for initial state photon radiation. The errors are statistical

only.
Figure caption
(1/0)(do/dL) (1/0)(do/dL)
L | L=-n(1-T) L=~lnp L L=-Iny;
0.9 | 0.0009 £ 0.0009 1.4 { 0.024+0.004
1.1 0.047 + 0.006 0.0050 £ 0.0015 j| 1.8 | 0.058 £ 0.005
Fig.1 The measured distributions(plot) of thrust(a), heavy jet mass(b), 1.3 | 0.099+0.008 0.037+£0.006 | 2.2 | 0.075%0.006
and differential 2-jet rate(c) after acceptance correction. Histograms are dis- 15| 01490010 0.092£0010 || 2.6 | 0.10040.006
. . . A .. 1.7 0.188 +£ 0.011 0.126 £ 0.011 3.0 | 0.129+0.006
tributions from the NLLjet Monte Carlo and solid lines are QCD predictions
. o . 19| 023740012 || 018740013 [ 34| 0.149+0.007
from the resummed analytic formulae. This is the case of R-matching proce+ 21| 0.299 +0.014 022640013 |l 3.8 | 0.159  0.007
dure and the renormalization scale factor In f = 0 for the resummed analytic 23| 0.3470.015 0.284 40015 1| 421 0.19240.008
formulas. Dashed lines show the fit ranges. Hadron/Parton means the ratio 2.5 | 03760015 0.326+£0.015 § 4.6 | 0.206+0.007

2.7 0.426 +0.016 0.382 £0.017 5.0 | 0.251 £0.008
2.9 0.473 +£0.017 0.419 + 0.017 5.4 0.277 £ 0.009
3.1 0.567 £0.019 0.514 £ 0.020 58 | 0.281+0.009
LUND 7.3 PS. 33| 054820019 || 059640021 || 6.2 | 0.246%0.009
3.5 0.464 % 0.017 0.544 + 0.019 6.6 | 0.186+0.008
3.7 0.354 £ 0.015 0.506 £ 0.017 7.0 0.097 + 0.006
3.9 0.198 £ 0.010 0.334 £0.013 74 0.041 + 0.004
4.1 0.134 + 0.008 0.203 + 0.008 7.8 | 0.0101 £ 0.0016
4.3 0.064 £ 0.005 0.108 + 0.005 8.2 | 0.0035 £ 0.0009
the square of the quadratic sums of statistical, experimental, hadronization, 4.5 | 0.0223+0.0026 || 0.0489 + 0.0028
and theoretical errors. 4.7 | 0.0086 % 0.0015 || 0.0329 + 0.0025
4.9 | 0.0044 £ 0.0011 || 0.0047 £ 0.0005
5.1 | 0.0018 £ 0.0008 | 0.0016 &+ 0.0003

of the number entries in each bin of hadrons to that of partons in the case of

the analyses with the resummed analytic formulae, which was obtained from

Fig.2 Compilation of final results of o, at /s = 58 GeV. The errors are

13 14
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TOPAZ

thrust /NLLjet
jet mass /NLLjet
jet rate /NLLjet
thrust /resummed
jet mass /resummed
jet rate /resummed

AEEC ( at Vs=59.5 GeV ref.[18] )

1 _ 1 1 ] 1 _ I 1 i 1

0.125 0.15

a( q°=(58 GeV)*)

Fig. 2

0.175 0.2 0.225



