SLAC–PUB–8687 August 2000

Production of ß�, K�, p and p̄ in Quark, Antiquark and Gluon Jets �

Hyejoo Kang Rutgers University, Piscataway, NJ 08854 Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

Abstract

We present measurements of identified charged hadron production over a wide momentum range using the SLD Cherenkov Ring Imaging Detector. In addition to studying flavorinclusive Z^0 decays, we compare particle production in decays into light, c and b flavors and compare production in gluon jets with that in light quark jets, where the jet flavors are selected using precision vertex information.

Presented at DPF 2000: The Meeting of The Division of Particles and Fields of the American Physical Society, Columbus, Ohio, August 9-12, 2000

�Work supported in part by Department of Energy contract DE-AC03-76SF00515.

1 Introduction

The fragmentation process by which hadrons are produced from final stage partons in e^+e� → Z^0 → qq̄ is not fully understood. Several phenomenological models of the process [1] [2] [3], in which the partons radiate gluons that are eventually transformed by different methods into primary hadrons have been tuned to reproduce data from e^+e� collisions. To understand the hadronization process better and test these models further, we report a measurement of the production of π�, K�, p and p̄ in inclusive events, uds, c and b events and uds quark and gluon jets.

2 PARTICLE AND EVENT IDENTIFICATION

We used 55,000 selected [4] hadronic Z^0 decays collected by SLD in 1993-98 within the acceptance of the Cherenkov Ring Imaging Detector(CRID). The CRID provides particle identification over a broad momentum range by measuring the opening angle of the cone of Cherenkov light emitted as a charged track passes through liquid and gas radiators. To identify a charged track as π�, K�, p or p̄ , a likelihood is calculated for each particle type and cuts are made on their ratios. In each momentum bin, identified π, K, and p were counted, and these were unfolded using the inverse of an identification efficiency matrix, and corrected for track reconstruction efficiency. The elements of the identification efficiency matrix were determined using a detailed MC simulation of the detector and calibrated with selected K^0_S, τ decay data.

To separate light, c and b quarks, we selected secondary vertices in each event hemisphere and counted tracks with large impact parameter. Since B and C hadrons produce the only secondary vertices and have larger mass and more tracks, we can obtain pure and efficient light, c and b quark samples [4].

3 INCLUSIVE HADRONIC FRACTIONS

The measured charged particle fractions for hadronic Z^0 decays as a function of momentum are shown in Fig. 1. Pions are seen to dominate at low momentum and to decline steadily in fraction as momentum increases. The kaon fraction rises gradually to about one-third at high momentum. The proton fraction rises to a maximum of about one-tenth at ≈ 10 Gev/c, then declines. Also shown in Fig. 1 are the predictions of three fragmentation models with default parameters. All the models reproduce the shape of each particle fraction qualitatively. The HERWIG and UCLA predictions for the pion fraction are high at intermediate monemtum. All three predictions for the kaon fracton are too low at high momentum. The JETSET prediction for the proton fraction is too high at all momentum and those of HERWIG and UCLA show structure in the proton fraction at high momentum that is inconsitent with the data.

Figure 1: Comparison of the charged hadron fractions in flavor-inclusive(left) and lightflavor(right) events with the predictions of three fragmentation models

4 FLAVOR DEPENDENT ANALYSIS

The analysis was repeated separately on the high-purity light, c and b tagged samples and a complete flavor unfolding was done. Fig. 1 shows the charged hadron fractions in light quark flavor events. Qualitatively there is little difference between these data and those for the inclusive sample, however these are more relevant for comparison with QCD predictions based on the assumption of massless primary quark production. The same general differences between the predictions of the three models and the data were observed indicating that these deficiencies are in the fragmentation simulation and not simply in the modelling of heavy hadron production and decay.

In Fig. 2, the ratios of production in b- to light-flavor and c- to light-flavor events for the three species are shown. There is greater production of charged pions in b-flavor events at low momentum. The production of charged kaons is approximately equal in the two samples at x_p = 2p/E_{cm} = 0.02, but the relative production in b-flavor events increases with x_p, peaking at x_p ≈ 0.07. There is approximately equal production of protons in b-flavor and light-flavor events below x_p = 0.15. For x_p > 0.1, production of all these particle species falls faster with increasing momentum in b-flavor events. These features are consistent with expectations based on the known properties of bb̄ events and similar observations hold for cc̄ events. The fragmentation models reproduce these features qualitatively, although HERWIG overestimates the pion and kaon ratios by a large factor at low x_p.

5 QUARK AND GLUON JET COMPARISON

For quark and gluon jets, differences in the inclusive particle production are predicted from QCD and have been observed. Only small differences are expected in identified particle

Figure 2: Ratios of production rates in b- and c-flavorevents to those in light-flavor events(left) and ratios in gluon and light-flavor jets(right)

production due to leading particle production and kinematics. Three-jet events are selected using the Durham algorithm with y_{cut} = 0.005. Jet energies are rescaled using the angles between the jet axes and ordered E_1 > E_2 > E_3. Four different samples of jets are defined by: • Gluon sample: If one of the lower energy jets has a vertex which passes mass and momentum cuts, the other is tagged as a gluon jet with purity 92%.

• Light mixture: If no secondary vertex and no large impact parameter tracks are found in the event, the two lower energy jets are put into the light mixture sample with udsg purity 94%.

• b(c) mixture: If the highest energy jet is tagged b(c), the two lower energy jets are included in the b(c) mixture 98(92)% b(c)g purity.

The fractions analysis is repeated on all four samples. The ratio of each particle’s fraction in the gluon and light mixture jet samples is shown in Fig. 2 and differs from unity. However the simulation is consistent with the data and shows a kinematic bias that must be reduced for future studies.

References

[1] T. Sjöstrand, Comp. Phys. Comm. 82 (1994) 74.

[2] G. Marchesini et al., Comp. Phys. Comm. 67 (1992) 465.

[3] S. Chun and C. Buchanan, Phys. Rep. 292 (1998) 239.

[4] SLD Collab.: K. Abe et al., Phys. Rep. D59 (1999) 52001, SLAC-PUB-8507(2000).

∗∗List of Authors

Koya Abe,^{(24)} Kenji Abe,^{(15)} T. Abe,^{(21)} I. Adam,^{(21)} H. Akimoto,^{(21)} D. Aston,^{(21)} K.G. Baird,^{(11)} C. Baltay,^{(30)} H.R. Band,^{(29)} T.L. Barklow,^{(21)} J.M. Bauer,^{(12)} G. Bellodi,^{(17)} R. Berger,^{(21)} G. Blaylock,^{(11)} J.R. Bogart,^{(21)} G.R. Bower,^{(21)} J.E. Brau,^{(16)} M. Breidenbach,^{(21)} W.M. Bugg,^{(23)} D. Burke,^{(21)} T.H. Burnett,^{(28)} P.N. Burrows,^{(17)} A. Calcaterra,^{(8)} R. Cassell,^{(21)} A. Chou,^{(21)} H.O. Cohn,^{(23)} J.A. Coller,^{(4)} M.R. Convery,^{(21)} V. Cook,^{(28)} R.F. Cowan,^{(13)} G. Crawford,^{(21)} C.J.S. Damerell,^{(19)} M. Daoudi,^{(21)} S. Dasu,^{(29)} N. de Groot,^{(2)} R. de Sangro,^{(8)} D.N. Dong,^{(13)} M. Doser,^{(21)} R. Dubois, I. Erofeeva,^{(14)} V. Eschenburg,^{(12)} E. Etzion,^{(29)} S. Fahey,^{(5)} D. Falciai,^{(8)} J.P. Fernandez,^{(26)} K. Flood,^{(11)} R. Frey,^{(16)} E.L. Hart,^{(23)} K. Hasuko,^{(24)} S.S. Hertzbach,^{(11)} M.E. Huffer,^{(21)} X. Huynh,^{(21)} M. Iwasaki,^{(16)} D.J. Jackson,^{(19)} P. Jacques,^{(20)} J.A. Jaros,^{(21)} Z.Y. Jiang,^{(21)} A.S. Johnson,^{(21)} J.R. Johnson,^{(29)} R. Kajikawa,^{(15)} M. Kalelkar,^{(20)} H.J. Kang,^{(20)} R.R. Kofler,^{(11)} R.S. Kroeger,^{(12)} M. Langston,^{(16)} D.W.G. Leith,^{(21)} V. Lia,^{(13)} C. Lin,^{(11)} G. Mancinelli,^{(20)} S. Manly,^{(30)} G. Mantovani,^{(18)} T.W. Markiewicz,^{(21)} T. Maruyama,^{(21)} A.K. McKemey,^{(3)} R. Messner,^{(21)} K.C. Moffeit,^{(21)} T.B. Moore,^{(30)} M. Morii,^{(21)} D. Muller,^{(21)} V. Murzin,^{(14)} S. Narita,^{(24)} U. Nauenberg,^{(5)} H. Neal,^{(30)} G. Nesom,^{(17)} N. Oishi,^{(15)} D. Onoprienko,^{(23)} L.S. Osborne,^{(13)} R.S. Panvini,^{(27)} C.H. Park,^{(22)} I. Peruzzi,^{(8)} M. Piccolo,^{(8)} L. Piemontese,^{(7)} R.J. Plano,^{(20)} R. Prepost,^{(29)} C.Y. Prescott,^{(21)} B.N. Ratcliff,^{(21)} J. Reidy,^{(12)} P.L. Reinertsen,^{(26)} L.S. Rochester,^{(21)} P.C. Rowson,^{(21)} J.J. Russell,^{(21)} O.H. Saxton,^{(21)} T. Schalk,^{(26)} B.A. Schumm,^{(26)} J. Schwiening,^{(21)} V.V. Serbo,^{(21)} G. Shapiro,^{(10)} N.B. Sinev,^{(16)} J.A. Snyder,^{(30)} H. Staengle,^{(6)} A. Stahl,^{(21)} P. Stamer,^{(20)} H. Steiner,^{(10)} D. Su,^{(21)} F. Suekane,^{(24)} A. Sugiyama,^{(15)} A. Suzuki,^{(15)} M. Swartz,^{(9)} F.E. Taylor,^{(13)} J. Thom,^{(21)} E. Torrence,^{(13)} T. Usher,^{(21)} J. Va’vra,^{(21)} R. Verdier,^{(13)} D.L. Wagner,^{(5)} A.P. Waite,^{(21)} S. Walston,^{(16)} A.W. Weidemann,^{(23)} E.R. Weiss,^{(28)} J.S. Whitaker,^{(4)} S.H. Williams,^{(21)} S. Willocq,^{(11)} R.J. Wilson,^{(6)} W.J. Wisniewski,^{(21)} J.L. Wittlin,^{(11)} M. Woods,^{(21)} T.R. Wright,^{(29)} R.K. Yamamoto,^{(13)} J. Yashima,^{(24)} S.J. Yellin,^{(25)} C.C. Young,^{(21)} H. Yuta.^{(1)}

(1)Aomori University, Aomori, 030 Japan, (2)University of Bristol, Bristol, United Kingdom, (3)Brunel University, Uxbridge, Middlesex, UB8 3PH United Kingdom, (4)Boston University, Boston, Massachusetts 02215, (5)University of Colorado, Boulder, Colorado 80309, (6)Colorado State University, Ft. Collins, Colorado 80523, (7)INFN Sezione di Ferrara and Universita di Ferrara, I-44100 Ferrara, Italy, (8)INFN Laboratori Nazionali di Frascati, I-00044 Frascati, Italy, (9)Johns Hopkins University, Baltimore, Maryland 21218-2686,

(10)Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720,

(11)University of Massachusetts, Amherst, Massachusetts 01003,

(12)University of Mississippi, University, Mississippi 38677,

(13)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139,

(14)Institute of Nuclear Physics, Moscow State University, 119899 Moscow, Russia,

(15)Nagoya University, Chikusa-ku, Nagoya, 464 Japan,

(16)University of Oregon, Eugene, Oregon 97403,

(17)Oxford University, Oxford, OX1 3RH, United Kingdom, (18)INFN Sezione di Perugia and Universita di Perugia, I-06100 Perugia, Italy, (19)Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United Kingdom, (20)Rutgers University, Piscataway, New Jersey 08855, (21)Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309, (22)Soongsil University, Seoul, Korea 156-743, (23)University of Tennessee, Knoxville, Tennessee 37996, (24)Tohoku University, Sendai, 980 Japan, (25)University of California at Santa Barbara, Santa Barbara, California 93106, (26)University of California at Santa Cruz, Santa Cruz, California 95064, (27)Vanderbilt University, Nashville,Tennessee 37235, (28)University of Washington, Seattle, Washington 98105, (29)University of Wisconsin, Madison,Wisconsin 53706, (30)Yale University, New Haven, Connecticut 06511.