Proceedings of the

XXX International Symposium on MULTIPARTICLE DYNAMICS

International Symposia on Multiparticle Dynamics

I Paris France 1970 II Hensinki Finland 1971 III Zakopane Poland 1972 IV Pavia Italy 1973 V Eisenach and Leipzig GDR 1974 VI Oxford United Kingdom 1975 VII Tutzing Germany 1976 VIII Kayersberg France 1977 IX Tabor Czechoslovakia 1978 X Goa India 1979 XI Bruges Belgium 1980 XII Notre Dame USA 1981 XIII Volendam Netherlands 1982 XIV Lake Tahoe USA 1983 XV Lund Sweden 1984 XVI Kiryat Anavim Israel 1985 XVII Seewinkel Austria 1986 XVIII Tashkent USSR 1987 XIX Arles France 1988 XX Dortmund Germany 1990 XXI Wuhan China 1991 XXII Santiago de Compostela Spain 1992 XXIII Aspen USA 1993 XXIV Vietri sul Mare Italy 1994 XXV Stará Lesná Slovakia 1995 XXVI Faro Portugal 1996 XXVII Frascati Italy 1997 XXVIII Delphi Greece 1998 XXIX Rhode Island USA 1999 XXX Tihany Hungary 2000

Proceedings of the

XXX International Workshop on MULTIPARTICLE DYNAMICS

Tihany, Hungary October 9-15, 2000

Edited by

Tamás Csörgő Sándor Hegyi

MTA, KFKI, RMKI, Budapest, Hungary

Wolfram Kittel

HEFIN, University of Nijmegen/NIKHEF, Nijmegen, The Netherlands

XXX International Symposium on Multiparticle Dynamics

Tihany, October 9-15, 2000

International Scientific Advisory Committee B. Andersson (Lund) N.G. Antoniou (Athens) A. Białas (Cracow) J.D. Bjorken (SLAC) B. Buschbeck (Vienna) M. Derrick (Argonne) Yu.L. Dokshitzer (St. Petersburg) A. Giovannini (Turin) R.C. Hwa (Oregon) T.D. Lee (Columbia) L.S. Liu (Wuhan) W. Ochs (Munich) L. Sandor (Kosice) I. Sarcevic (Tucson) C.I. Tan (Brown) F. Verbeure (Antwerp)

Organizing Committee T. Csörgő (KFKI, Budapest) - chair S. Hegyi (KFKI, Budapest) W. Kittel (Univ. of Nijmegen) - co-chair Á. Horváth (ELTE) G. Jancsó (KFKI RMKI) P. Lévai (KFKI RMKI) A. Ster (KFKI MFA)

Secretariat

K. Láng (Diamond Congress Ltd) A. Varga (Diamond (Congress Ltd) E. Fritz (Securicor)

PREFACE

The anniversary XXXth International Symposium on Multiparticle Dynamics took place at a resort complex at Tihany, Lake Balaton, Hungary, October 9-16, 2000. The ISMD series not only celebrated its maturity with its 30th annual meeting, but also the location was chosen specially for this purpose as Hungary celebrated its 1000th year of statehood in the same year. A symposium belonging to this successful series takes place every year, either in Europe, America or Asia. It provides a meeting ground for experimental and theoretical physicists trying to understand the production of particles in the collision of particles at high energies. Very different types of collisions exist, ranging from e^+e� annihilation via lepton-hadron and hadron-hadron collisions to ultra-relativistic heavy-ion collisions. It was the aim in particular of this meeting to unite physicists working on these different types of collisions, to let them share each other’s experience and each other’s problems in the analysis and interpretation of most complex data, with the ultimate aim of coming to one general common understanding of them all. In this, we especially encouraged young participants to present their results.

We organized a friendly competition for the most interesting talk. The idea was to encourage and stimulate the interaction with the audience, so the best talk was defined by the highest ratio of discussion time to speaking time. The prize (a bottle of Bulls Blood wine from the Eger region) went to Bo Andersson for his talk on Bose-Einstein correlations, but, in addition, three young speakers were honored: Stella Bradbury, Raphael Hakobyan and Karsten Tabelow, as also their talks achieved an outstanding discussion-time/speaking-time ratio. Another friendly competition was organized for the most exciting session, decided by a kind of popular vote: the number of attendants at the particular session. The prize (two bottles of Tokaj wine) went to “Relativistic Heavy-Ion Collisions – Experimental”, thus indicating the excitement about the most recent heavy-ion data from RHIC and CERN SPS, the former presented for the first time.

We would like to congratulate the winners as well as all the other speakers and session organizers for the high overall level of the presentations. We would like to thank the members of the International Advisory Committee and the Organizing Committee, as well as the Session Chairpersons and Scientific Secretaries, whose contributions helped in arranging a smooth performance. Thanks are also due to László and Gyöngyike Bódis, director and manager of the resort complex consisting of Hotels Kastély, Park and Strand, as well as to their staff for the excellent performance and for their humanism at the most difficult time of the meeting, when we suffered a tragic loss, the untimely death of Mrs. Bondorf.

We hope that the participants will remember the beautiful shore of Lake Balaton at the time of the Indian summer, remember the atmosphere of the Tihany peninsula, the taste of the Hungarian wines and the touch of folk-dances by the Kamaszka group, Visznek. We hope that the participants will remember the self-organized structures at the spectacular “Hegyestű” or “Pinned needle” of Monoszló as well as the beautiful view from the Badacsony and Tihany hills. The conference logo was specially designed for us by Suzy Smile using Mayan sun elements to form a symbol of multiparticle dynamics resembling the sunflower so typical of the region. Her artistic photo-collages are scattered throughout this volume in an attempt to remind the participants of the atmosphere of ISMD 2000 in Hungary. Thank you Suzy for the great pictures and also for reminding us that we are not only physicists, but first of all curious and very human beings.

The most incredible effort was invested into these proceedings by Annelies Oosterhof-Meij, who not only rearranged many of the figures in a tedious fight against page limits, but literally reedited large parts of most of the contributions to let them appear in this coherent form. Finally, we would like to thank the participants for these contributions that have brought ISMD 2000 to such a success.

Looking forward to the next meeting in this series, the XXXI International Symposium on Multiparticle Dynamics to be held in Datong, China, September 2001.

Tamás Csörgő, Sándor Hegyi and Wolfram Kittel

SPONSORING ORGANIZATIONS:

OMFB - OM KFHÁT US - Hungarian Joint Fund MAKA 652 / 1998 Dutch - Hungarian NWO - OTKA grant N026186 Hungarian - Ukrainian Science and Technology Fund 45014

CONTENTS

Preface vii QCD IN MULTIPARTICLE PRODUCTION Organized and chaired by: W. Ochs and R. Venugopalan Scientific Secretaries: O. Smirnova and Š. Todorova-Nová P. Edén QCD in multiparticle production - the status of pertur- bative cascade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 O. Passon Test of QCD predictions for multiparticle production at LEP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 S. Kluth Multijet final states in e^+e� annihilation . . . . . . . . . . . . . 16 A. Finch Tests of QCD in two photon physics at LEP . . . . . . . . . 24 G. Zanderighi Interplay between perturbative and non-perturbative QCD in three-jet events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 C. Ewerz QCD and hadronic final states at the LHC . . . . . . . . . . . 36 G. Gustafson Transverse energy and minijets in high energy collisions 42 A. Krasnitz Multiparticle production at RHIC and LHC: a classical point of view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 M. Braun High energy interaction with the nucleus in the pertur- bative QCD with Nc → ∞ . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 DIFFRACTIVE PRODUCTION AND SMALL-x Organized and chaired by: A. De Roeck and K. Goulianos Scientific Secretaries: E. Sarkisyan and R. Hakobyan

J. Kwiecinski Introduction to low-x physics and diffraction . . . . . . . . . 63 A.M. Cooper- Sarkar Low-x physics at HERA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 M. Albrow Diffractive structure functions at the Tevatron . . . . . . . 80 B. Cox What is the experimental evidence for the BFKL Pomeron? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 K. Tabelow Self-organized criticality in gluon systems and its con- sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 D. Kharzeev Scale anomaly and dipole scattering in QCD . . . . . . . . . 99 Chung-I Tan Pomeron and AdS/CFT correspondence for QCD . . . . 105

INTERPLAY BETWEEN SOFT AND HARD PHENOMENA Organized by: Yu. Dokshitzer and I. Sarcevic (T. Csörgő and W. Kittel) Chaired by: M. Derrick and Ch.-I. Tan Scientific Secretaries: R. Nandakumar and M. Kopal

Ch. Royon Inclusive jet cross sections and BFKL dynamics searches in dijet cross sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 F. Rimondi Soft and hard interactions in pp̄ Collisions at √ s = 1800 and 630 GeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 J.H. Vossebeld Recent results on particle production from OPAL . . . . 125 S. Bravo New results on α_s and optimized scales . . . . . . . . . . . . . . . 131 M. Kopal Preliminary results of the standard model Higgs boson search at LEP 2 in 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 B. Andersson Ways to go between hard and soft QCD . . . . . . . . . . . . . . 141 S. Mohanty Alternative scenarios for fragmentation of a gluonic Lund String . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 B. Dienes A simultaneous measurement of the QCD colour charges and the strong coupling from LEP multijet data . . . . . . 155 O.G. Tchikilev Branching function and Koenig’s function . . . . . . . . . . . . 160 M.B.G. Ducati Soft and Hard QCD Dynamics in J/ψ Hadroproduction 166

HADRONIC FINAL STATES IN l+l, l+h AND h+h REACTIONS Organized and chaired by: E.A. De Wolf and G. Gustafson Scientific Secretaries: D. Mangeol and V. Uvarov

G.D. Lafferty Universality in hadron production in electron-positron, lepton-hadron and hadron-hadron reactions . . . . . . . . . . 175 W. Ochs Search for gluonic mesons in gluon jets . . . . . . . . . . . . . . . 183 V. Uvarov Vector-to-pseudoscalar and meson-to-baryon ratios in hadronic Z decays at LEP . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 T.H. Kress Polarization and spin alignment in multihadronic Z^0 de- cays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 H.-C. Schultz- Coulon Jet physics at HERA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 L. Shcheglova Final state studies at HERA . . . . . . . . . . . . . . . . . . . . . . . . . 212 F. Hautmann A gauge-invariant subtraction technique for noninclusive observables in QCD . . . . . . . . . . . . . . . . . . . . . . . . 220 F.W. Bopp Baryon transport in dual models and the possibility of a backward peak in diffraction . . . . . . . . . . . . . . . . . . . . . . . 226

ASTROPARTICLE PHYSICS Organized and chaired by: N. Schmitz and J. Morfin Scientific Secretary: K. Tabelow

K.-H. Kampert Cosmic Rays in the energy range of the knee - recent results from KASCADE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235 S.M. Bradbury Imaging atmospheric Čerenkov telescopes: techniques and results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 D. Heck Extensive air shower simulations with CORSIKA and the influence of high-energy hadronic interaction models 252 M.T. Dova Future directions in astroparticle physics and the AUGER experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260 p+A COLLISIONS Organized by: T. Csörgő Chaired by: Yu. M. Sinyukov Scienfitic Secretary: M. Spyropoulou-Stassinaki

G. Vesztergombi p+p and p+A collisions at CERN SPS . . . . . . . . . . . . . . . 269 J.J. Seth Charmonium attenuation and the quark-gluon plasma 275 R.C. Hwa Gluon depletion and J/ψ suppression in pA collisions . 281

CORRELATIONS AND FLUCTUATIONS - EXPERIMENT Organized and chaired by: B. Buschbeck and W. Kittel Scientific Secretaries: J. van Dalen and D. Reinberger

H.C. Eggers Exp. correlation analysis: foundations and practice . . . 291 E.K.G.Sarkisyan Intermittency and correlations at LEP and at HERA . 303 D.J. Mangeol Moments of the charged-particle multiplicity distribu- tion in Z decays at LEP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312 L.S. Liu On the scale of visible jets in high energy electron- positron collisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 M. Murray HBT in relativistic heavy ion collisions . . . . . . . . . . . . . . . 325 R. Hakobyan Comparison of the pion emission function in hadronhadron and heavy-ion collisions . . . . . . . . . . . . . . . . . . . . . . 331 O. Smirnova Multiparticle correlations at LEP1 . . . . . . . . . . . . . . . . . . . 337 Š.Todorova-Nová Inter-W Bose-Einstein correlations or not ? . . . . . . . . . . 343

R. Nandakumar Colour reconnection at LEP2 . . . . . . . . . . . . . . . . . . . . . . . . 349

CORRELATIONS AND FLUCTUATIONS - THEORY Organized and chaired by: T. Csörgő and I. Dremin Scientific Secretaries: P. Edén and O. Tchikilev

K. Fiałkowski Correlations and fluctuations - introduction . . . . . . . . . . 357 B. Andersson Coherence and incoherence in Bose-Einstein correla- tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364 G. Wilk Bose-Einstein correlations in cascade processes and non- extensive statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373 M. Blažek A systematic approach to anomalous phenomena at high energies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379 Yu. Sinyukov Reconstruction of hadronization stage in Pb+Pb colli- sions at 158A GeV/c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385 I.M. Dremin Status of ring-like correlations and wavelets . . . . . . . . . . 391 M. Asakawa Fluctuation probes of quark deconfinement . . . . . . . . . . . 398 T.A. Trainor PQCD structure and hadronization in jets and heavy- ion collisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404 N. Antoniou Net-baryon fluctuations at the QCD critical point . . . . 410 N. Suzuki Fractional Fokker-Planck equation and oscillatory behavior of cumulant moments . . . . . . . . . . . . . . . . . . . . . . . . . 417 S. Hegyi QCD and multiplicity scaling . . . . . . . . . . . . . . . . . . . . . . . . 423

RELATIVISTIC HEAVY ION COLLISIONS - EXPERIMENT Organized by: W.A. Zajc and P. Seyboth Chaired by: B. Cole and P. Seyboth Scientific Secretaries: F. Siklér and A. Ster

M. Gyulassy Introduction to multiparticle dynamics at RHIC . . . . . . 433 W. Christie First results from the STAR experiment at RHIC . . . . 440 G. David Preliminary results from the PHENIX experiment at RHIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447 M. Murray Forward energy and multiplicity in Au-Au reactions at √ snn = 130 GeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 452 K. Woźniak Results from the PHOBOS experiment on Au+Au col- lisions at RHIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458 L. Šándor Strangeness production in Pb-Pb collisions at the CERN SPS: results from the WA97 experiment . . . . . . . . . . . . . . 464 H. Büsching Direct photon production in 158A GeV^{208}Pb+^{208}Pb collisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472 M.L. Kopytine Search for critical phenomena in Pb+Pb collisions . . . . 478 F. Siklér Recent NA49 results on Pb+Pb collisions at CERN SPS 484 F. Prino J/ψ suppression in Pb+Pb collisions at CERN SPS . . 492

RELATIVISTIC HEAVY ION COLLISIONS - THEORY Organizered and chaired by: M. Gyulassy and J. Zimányi Scientific Secretaries: G. Barnafoldi and P. Csizmadia

J. Zimányi Hyperon ratios at RHIC and the coalescence predictions at mid-rapidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501 J. Pišút Dynamics of nuclear collisions and the dependence of the onset of anomalous J/ψ suppression on nucleon numbers of colliding nuclei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509 U. Heinz Multi-boson effects in Bose-Einstein interferometry . . . 516 V.K. Magas The source of the “third flow component” . . . . . . . . . . . . 523 N. Borghini Collective flow and multiparticle azimuthal correlations 529 S.E. Vance Microscopic strangeness enhancement mechanisms at the SPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535 P. Lévai Jet quenching at finite opacity and its application at RHIC energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 541 R. Ugoccioni Particle rapidity density and collective phenomena in heavy ion collisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546 D. Molnár Elliptic flow from an on-shell parton cascade . . . . . . . . . 552

C. Gale Dilepton production in ultra relativistic heavy ion colli- sions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 558 B. Lörstad Coulomb and core/halo corrections to Bose-Einstein n- particle correlations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 564 CP VIOLATION IN MULTIPARTICLE DYNAMICS Organized by: T.D. Lee and D. Kharzeev Chaired by: D. Kharzeev Scientific Secretaries: S. Hegyi and G. Jancso

A. Bizzeti New results from NA48 experiment on neutral kaon rare decays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573 T. Gershon Measurement of direct CP violation by the NA48 exper- iment at CERN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 579 M.H.G. Tytgat Aspects of parity, CP, and time reversal violation in hot QCD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585 R. Baier Decay of parity odd bubbles . . . . . . . . . . . . . . . . . . . . . . . . . 598 J. Sandweiss Parity and Time Reversal Studies at RHIC . . . . . . . . . . . 608 I. Trigger Constraining CP-violating TGCS and measuring W- polarization at OPAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 611 T. Csörgő Buckyballs of QCD: gluon junction networks . . . . . . . . . 616

List of participants 628