HADRON CROSS-SECTIONS IN γγ COLLISIONS AT LEP

P. ACHARD, for the L3 COLLABORATION DPNC, 24 quai E. Ansermet 1211 Genève 4, Switzerland E-mail: pablo.achard@cern.ch

The reaction e^+e^− → e^+e^−γγ → e^+e^−hadrons is analysed for quasi-real photons using data collected at LEP for √ s = 130 − 202 GeV. Results on the total cross-sections are compared to the universal Regge parametrisation. We observe a steeper rise with energy as compared to hadron-hadron cross-sections. The data are also compared to the expectations of different theoretical models. Inclusive charged hadrons, π^0 and K^0_S productions are measured as function of the transverse momentum p_T .

1 The e^+e^− → e^+e^−γγ → e^+e^−hadrons total cross-section

The γγ total cross-section has been measured at LEP: by L3^1 at intermediate energies √ s = 130−161 GeV with an integrated luminosity of L ≃ 15.4 pb^{−1};

by OPAL^2 at √ s = 161−183 GeV with L ≃ 74.3 pb^{−1}. Preliminary L3 results are here presented at √ s = 189 − 202 GeV with L ≃ 392.6 pb^{−1}.

The γγ events are selected by energy and multiplicity cuts. An antitag selection keeps only quasi-real photon interactions. The main remaining backgrounds are annihilation events (< 15 %) and γγ → ττ events (< 5 %). The hadronic mass (W_{γγ} ) is calculated from the visible mass in the detector (W_{vis}) using unfolding programs : BAYES^3 for L3 and GURU^4 for OPAL. Both experiments use as input for unfolding PHOJET^5 and PYTHIA^6 Monte-Carlos with JETSET^7 hadronization. The results obtained with the two Monte-Carlos are averaged. To extract the σ(γγ → hadrons) cross-section from σ(e^+e^− → e^+e^−hadrons), the luminosity function L_{γγ} is calculated and the process is extrapolated to zero Q^2.

The results are shown on fig.1 with statistical and detector related systematic errors added in quadrature. OPAL and L3 data, as well as 1998 and 1999 data are consistent with each other. The main uncertainty is the MC dependence of the unfolding procedure. This changes the absolute normalisation, but not the W_{γγ} dependence of the measurement.

A Regge fit^8 σ_{γγ} = As^ε + Bs^η , with s = W^2_{γγ} , using the universal values^9 ε = 0.095 and η = 0.34, doesn’t reproduce the high W_{γγ} data. Relaxing the Pomeron intercept in the fit gives ε = 0.263 ± 0.014. Different theoretical model are also tested. Those^{10} which are too close to hadron-hadron or γhadron phenomenology also fail to reproduce the data. Models^{11} which take

Figure 1: The γγ cross-section, using the average of PYTHIA and PHOJET corrections, is compared to Regge fits and to various theoretical models.

into account the specific γγ direct and hard-QCD subprocesses, show a better agreement with the data.

2 The single particle inclusive cross-section

The specific γγ behaviour can be analysed through single particle inclusive production. OPAL published^{12} cross-sections for charged hadrons and K^0_S production at √ s = 161-172 GeV and L3 measured π^0 and K^0_S cross-sections at 189-202 GeV. The results are shown on fig.2. The L3 and OPAL results are in good agreement in the K^0_S channel. The p_T dependance of the crosssections shows a soft-interaction part which can be fitted by an exponential and a hard-interaction part starting above 2 GeV. The first part is similar to other hadronic processes. The second is specific to γγ processes; the direct and hard-QCD subprocesses are well explained by NLO calculations^{13}.

3 Conclusions

L3 and OPAL measured the total γγ cross-section and single particle inclusive production at high energies. Their results are in agreement with each other. The main source of uncertainities comes from the Monte-Carlo model dependence. In all channels, γγ collisions present a specific behaviour, distinct from γ-hadron and hadron-hadron collisions.

Figure 2: Inclusive single particle transverse momentum distributions for: charged hadrons in OPAL, π^0 in L3 and K^0_S in L3 and in OPAL. In the first figure, the γγ events are compared to other hadronic processes. In the last two, an exponential fit describes the soft part. NLO-QCD calculations are compared to the π^0 high-p_T differential cross-section.

Acknowledgments

I would like to thank the OPAL and the L3 γγ groups for results, discussions and encouragement.

References

1. M. Acciari et al., the L3 coll., Phys. Lett. B 408, 450 (1997). 2. The OPAL coll., to be published in Eur. Phys. J. C. 3. G. d’Agostini, NIM A 362, 487, 1995.

4. A. Höcker and V. Karvishvili, NIM A 372, 469, 1996. 5. PHOJET v. 1.05c, R. Engel and J. Ranft, Phys. Rev. D 54, 4246 (1996). 6. PYTHIA v. 5.718 and 5.722, T. Sjöstrand, Comp. Phys. Comm. 82, 74, 1994.

7. JETSET v. 7.408, T. Sjöstrand, Comp. Phys. Comm. 82, 74, 1994. 8. A. Donnachie, P.V. Landshoff, Phys. Lett. B 296, 227 (1992). 9. Review of Particle Physics, Comp. Eur. Phys. J. C 3, 1, 1998. 10. C. Bourrely, J. Soffer, T.T. Wu, CERN-TH/99-76 ; P. Desgrolard, M.

Griffon, E. Martynov, E. Predazzi, HEP-PH/9811393 ; G.A. Schuler, T. Sjöstrand, Z. Phys. C 73, 677, 1997.

11. R.M. Godbole, A. Grau, G. Pancheri, Nucl. Phys. B 82, 246, 2000 ; R.

Engel, private communication.

12. K Ackerstaff et al., the OPAL coll., Eur. Phys. J. C 6, 253, 1999. 13. B. Kniehl, private communication.