arXiv:hep-ex/0211036 v1 13 Nov 2002

STUDIES OF FRAGMENTATION FUNCTIONS USING e^+e^− ANNIHILATION DATA FROM PETRA AND LEP

S. KLUTH Max-Planck-Institut für Physik, Föhringer Ring 6, D-80805 München, Germany, E-mail: skluth@mppmu.mpg.de

We present studies of the angular and momentum distributions of charged particles in hadronic final states of e^+e^− annihilation. Some results are derived from reanalysis of data of the JADE experiment operating at the PETRA e^+e^− collider at DESY from 1979 to 1986 [1] while other data are from OPAL [2].

1. Longitudinal Cross Section

The results shown in this section are published in [3]. The distribution of the angles Θ between the charged hadrons and the e^− beam direction is predicted to have the following form [4]: 1 σ_{tot} dσ_{ch} d(q · cos Θ) = 3 8 (1 + cos^2 Θ) σ_T σ_{tot} + 3 4 (sin^2 Θ) σ_L σ_{tot}

, (1)

where σ_{tot} is the total cross section for hadron production, σ_{ch} is the cross section for charged hadron production, q is the electric charge of the hadron and σ_T and σ_L are the transverse and longitudinal cross sections. The cross sections σ_T and σ_L refer to the polarisations of the intermediate electroweak gauge bosons of the interaction where σ_T practically dominates above quark production thresholds. A significant contribution to σ_L comes from gluon radiation in the qq final state and can be predicted in perturbative QCD in O(α^2_S) [5] to be (σ_L/σ_{tot})_{PT} = 2α̂_S + 33.78α̂^2_S with α̂_S = α_S/(2π).

The result of the analysis of JADE data taken at √ s = 35 and 44 GeV is shown together with the fit curves in figure 1. The fit result is σ_L/σ_{tot} = 0.067 ± 0.013 corresponding to α_S(36.6GeV) = 0.150 ± 0.025 or α_s(M_Z0 ) = 0.127 ± 0.018.

Possible effects of hadronisation have not been considered in this analysis. In [6] hadronisation effects are predicted to scale as a 1/Q power 1

2

Figure 1. Distribution of production angles of charged hadrons w.r.t. the e^− beam direction measured with JADE data [3].

correction where the relative size of the effect is given by a universal parameter α_0. A fit of this prediction to data for σ_L from OPAL, DELPHI and this analysis yields α_s(M_Z0 ) = 0.126±0.025 and α_0(2GeV) = 0.3±0.3. The uncertainties of the present data do not allow to draw conclusions about the power correction.

2. Momentum Spectra

The study of momentum spectra of charged particles in hadronic final states of e^+e^− annihilation allows tests NLLA QCD predictions together with Local Parton Hadron Duality (LPHD) [7]. For charged particles with momentum fractions x = 2p/ √ s, where p is their momentum, the distribution of ξ = ln(1/x) is studied; here we show results using data from JADE and OPAL [8, 2]. Figure 2 (left) shows the ξ distribution measured by JADE (preliminary) at √ s = 35 GeV while figure 2 (right) shows the evolution of the peak position ξ_0 with √ s using JADE (preliminary) and OPAL data.

3

Figure 2. Distribution of ξ measured by JADE at 35 GeV (left) and peak positions ξ_0 as function of √ s (preliminary) [8].

The evolution of the peak position ξ_0 is seen to be well described by the NLLA prediction.

The NLLA QCD prediction is found to describe the data at 22, 35 and 44 GeV well around the peak region where the predictions are expected to be valid. A more detailed study of LPHD was done by OPAL [2] by fitting MLLA predictions [9] which also predict the normalisation. A socalled hadronisation constant K^h gives the number of hadrons produced per parton and is seen to be constant for √ s > M_Z0 .

In [8] possible effects of finite quark masses on the ξ-distribution are studied by introducing effective parameters Λ^f_{QCD} with f = uds, b or c to absorb mass effects. Using OPAL data for ξ measured for uds, c or b quarks as constraints the effects of the b quark mass w.r.t. light quarks are indicated as ca. 25% in the values of Λ^f_{QCD}.

References 1. B. Naroska: Phys. Rep. 148 (1987) 67 2. OPAL Coll., G. Abbiendi et al.: CERN-EP-2002-057 (2002) 3. JADE Coll., M. Blumenstengel et al.: Phys. Lett. B 517 (2001) 37 4. P. Nason, B.R. Webber: Nucl. Phys. B 421 (1994) 473 5. P.J. Rijken, W.L. van Neerven: Phys. Lett. B 386 (1996) 422 6. M. Beneke, VladimirM. Braun, L. Magnea: Nucl. Phys. B 497 (1997) 297 7. C.P. Fong, B.R. Webber: Nucl. Phys. B 355 (1991) 54 8. M. Blumenstengel: Ph.D. thesis, RWTH Aachen, 2002 9. V.A. Khoze, W. Ochs: Int. J. Mod. Phys. A 12 (1997) 2949