Frascati Physics Series Vol. VVVVVV (xxxx), pp. 000-000 Frontier Science – Frascati, Oct. 6-11 , 2002 Invited Contribution in Plenary Session

CHARM AND BEAUTY PRODUCTION IN TWO PHOTON COLLISIONS AT LEP

Achard Pablo^∗ Geneva University, DPNC, 24 quai E. Ansermet, 1211 Genève 4.

ABSTRACT

Heavy quark production is widely studied in two-photon collisions at LEP and is a very fruitful laboratory for testing perturbative QCD. Clear evidence for the gluon content of the photon is obtained. The data favour low values of the charm mass. The bb̄ production is found to be three times higher than the NLO QCD predictions.

Two photon collisions are the main source of hadrons at LEP. The study of charm and beauty production in two-photon collisions, introducing a large physical scale, provides a means of testing pertubative QCD and of probing the partonic structure of the photon. At LEP energies, the direct and single resolved processes, sketched in Figure 1, are predicted to give comparable contributions to the cross section σ(γγ → cc̄, bb̄). The resolved photon cross

∗ On behalf of the L3 Collaboration

Figure 1: Feynman diagrams of the two main γγ → cc̄, bb̄ processes

section is dominated by the photon-gluon fusion process γg → qq̄. This talk is a short survey of recent LEP results 1).

The event selection follows two steps: first hadronic final states from twophoton collisions are selected, then an heavy quark is tagged. A cut on the calorimetric energy deposited in the detector provides a clean separation between two-photon collisions and e^+e^− annihilation processes. The charm is

Figure 2: Left: transverse momentum of the electron with respect to the nearest jet. Right: total cross section of cc̄ and bb̄ productions with respect to √ s.

tagged either by the presence of a D^∗ resonance or by the presence of a lepton (electron or muon). The D^{∗±} meson is studied via its decay into a D^0 meson and a low energy π^±. D^0 → K^−π^+, D^0 → K^−π^+π^0 and D^0 → K^−π^+π^−π^+ decay channels are analysed. The beauty is tagged with high momentum leptons. The transverse momentum distribution of the lepton with respect to the nearest jet is fitted with uds, c and b content as free parameters as shown in Figure 2(left).

The total cross section of charm production, e^+e^− → e^+e^−cc̄X, shown in Figure 2(right) is in good agreement with NLO QCD predictions 2). The direct process alone is insufficient to describe the data. This is an evidence of the importance of the gluon-photon fusion process and of the gluon content of the photon.

The L3 and OPAL measurements of the total cross section of beauty production are in good agreement with each other, but data are more than three times higher than NLO QCD predictions 2).

Figure 3: Left: differential cross section of the charm production with respect to the transverse momentum of the D^∗. Right: total cross section with respect to the mass of the γγ system.

The differential cross section of the charm production as a function of the transverse momentum and the total cross section γγ → cc̄X as a function of the mass of the γγ system W_{γγ} are also measured. In Figure 3, one can see that these measurements favour a low value of the charm mass. The rise of the γγ cross section at high W_{γγ} values is characteristic of the resolved processes 3). The separation between the direct and the resolved processes has also been studied with kinematic variables of the jets.

As shown in Figure 4, the charm structure function of the photon exhibits at low x higher values than predicted 4). The gluon component of the photon is therefore probably underestimated.

Figure 4: Charm structure function of the photon.

References

1. M. Acciarri et al. [L3 Collaboration], Phys. Lett. B 453, 83 (1999);

M. Acciarri et al. [L3 Collaboration], Phys. Lett. B 467, 137 (1999); A. Bohrer and O. Krasel [ALEPH Collaboration], ALEPH-2000-031; A. Csilling [OPAL Collaboration], hep-ex/0010060; M. Acciarri et al. [L3 Collaboration], Phys. Lett. B 514, 19 (2001); M. Acciarri et al. [L3 Collaboration], Phys. Lett. B 503, 10 (2001); P. Achard et al. [L3 Collaboration], Phys. Lett. B 535, 59 (2002); G. Abbiendi et al. [OPAL Collaboration], Phys. Lett. B 539, 13 (2002).

2. M. Drees et al. , Phys. Lett. B 306, 371 (1993).

3. S. Frixione et al., J. Phys. G 26, 723 (2000).

4. E. Laenen and S. Riemersma, Phys. Lett. B 376, 169 (1996).