SLAC–PUB–6600 August 1994 (E)

MUL TIPLICITY MOMENTS IN e^+ e^− ANNIHILA TION INTO HADR ONS AT THE Z^0 RESONANCE^∗

The SLD Collaboration^⋆ Stanford Linear Accelerator Center Stanford University, Stanford, CA 94309

Represented by

JINGCHEN ZHOU Department of Physics, University of Oregon, Eugene, OR 97403

ABSTRA CT

We present the ratio of cumulant to factorial moments of multiplicit y distributions in hadronic events from Z^0 decays. Our preliminary result shows that this ratio, as a function of moment rank q, decreases sharply to a negativ e minimum at q∼ 5, followed by a sequence of quasi-oscillations. These observed features are in qualitativ e agreement with expectations from higher-order perturbativ e QCD.

Presented at the 8th Meeting of the American Physical Society Division of Particles and Fields, Albuquerque, New Mexico, August 2–6, 1994

∗Work supported by Departmen t of Energy contracts DE–F G06–85ER40224(Oregon) and DE–AC03– 76SF00515(SLAC).

1. Multiplicit y Distributions and QCD

Multiplicit y distributions ofparticles produced in high energy e^+ e^− collisions have been the subject of intense experimental and theoretical investigation. Quantum chromodynamics (QCD) offers natural explanations for such features as KNO-scaling.^{1,2} However, in lowest order perturbation theory, the predicted distributions are wider than the experimentally observed ones.^3 Efforts to include higher-order effects^{4–6} show that the resulting distributions should be narrower than predicted at lowest order. A new quantity, the ratio of cumulant to factorial moments, H_q = K_q/F_q , has recently been proposed^7 and shown to be very sensitive to higher-order effects in multiplicit y distributions,^8 and is studied here.

The factorial moment of rank q, F_q, is defined as

F_q ≡

< n(n − 1)...(n − q+ 1)>

< n>^q = ∑ n n(n − 1)...(n − q+ 1)P (n) ( ∑ n nP (n))^q

, (1)

where P (n) is the probabilit y for production of n particles in an event, and < n > is the average multiplicit y in the event sample. The cumulant moments K_q are related to F_q by the formula^9

F_q =

q− 1∑ m=0 C^m_{q− 1}K_{q− m} F_m . (2)

Here C^m_{q− 1} =^{(q− 1)!}_{m!(q− m− 1)!} are the binomial coefficien ts, and F_0 = F_1 = K_1 = 1. Eq. 2 allows one to solve for the K_q. Thus, F_q, K_q, and H_q can be determined from the multiplicit y distribution P (n).

Some phenomenological models^{8,9} of particle production have been examined to demonstrate the sensitivit y of H_q. For instance, H_q is identically equal to zero for a Poisson distribution while for the negative binomial distribution (NBD) it gives rise to H_q ∼ q^{− k}, where k is the NBD parameter. In perturbativ e QCD the moments have been calculated^{7–10} in next-to-next-to leading order, neglecting corrections involving quarks. While the leading double logarithmic approximation (DLA) predicts H_q monotonically decreasing to zero as H_q ∼ q^{− 2}, including the higher order corrections introduces additional features. Next-to-leading corrections give a minimum in H_q for q ∼ 5, and next-to-next-to-leading corrections predict that this minimum is negative, followed by quasi-oscillatory behavior at larger q. Neglecting quarks apparen tly has little effect^{9,11} on these features.

2. Data Analysis and Results

The SLAC Linear Collider (SLC) produces e^+ e^− annihilation events at the Z^0 resonance which are recorded by the SLC Large Detector (SLD). The detector is described in detail elsewhere.^{12} The present analysis relies primarily on information from the Central Drift Chamber in which the charged particles are tracked and momentumanalysed. In addition, a silicon vertex detector provides an accurate measure of particle

Fig. 1. Ratio of cumulant to factorial moments, H_q. The solid curve is to guide the eye.

tra jectories close to the beam axis. A set of cuts was applied to select well-measured tracks and hadronic events well-contained within the detector acceptance.^{13} Approximately 14,000 events surviving these cuts are included in the analysis presented here.

The moments F_q, K_q, and H_q were calculated up to rank q = 17, and the resulting H_q are shown in Fig. 1 for q > 2. It is clear that H_q falls rapidly at the lower ranks and reaches a negative minimum at q ∼ 5. For increasing q, H_q apparen tly exhibits a quasi-oscillatory behavior.

We have examined sources of experimental measuremen t error. Systematic effects were found to be small compared with statistical errors. For ranks greater than q ∼ 7, the observed features in H_q, for example the phase of the oscillations, are sensitive to the statistics of our data set. However, the steep decrease at small q, the first negative minimum near q = 5, and the existence of quasi-oscillatory behavior at larger q are all features of the data which appear to be well established. The errors shown in Fig. 1 are the statistical errors estimated from Monte Carlo data sets of the same statistical size as the data. For this preliminary result, we have not explicitly applied corrections to the data to account for the effects of acceptance and resolution.

The observed qualitativ e features exhibited in Fig. 1 are in good agreement with the predictions from the higher-order perturbativ e QCD calculations discussed above. The DLA parameterization of multiplicit y, based on leading order QCD, and the phenomenological NBD distribution are clearly inconsistent with our data. An analysis^{14} of existing LEP data yielded similar conclusions.

3

References

1. A.Bassetto, M.Ciafaloni and G.Marchesini, Nucl. Phys. B163, 477 (1980). 2. Yu.L.Dokshitzer, V.S.Fadin and V.A.Khoze,Z. Phys. C18, 37 (1983). 3. Yu.L.Dokshitzer, V.A.Khoze, S.I.Troyan, in: Perturb ative QCD, ed. A.H.Mueller, (World Scientific, Singapore) 1989.

4. E.D.Malaza and B.R.Webber, Phys. Lett. B149, 501 (1984). 5. Yu.L.Dokshitzer, Phys. Lett. B305, 295 (1993). 6. M.Olsson and G.Gustafson, Nucl. Phys. B406, 293 (1993). 7. I.M.Dremin, Phys. Lett. B313, 209 (1993). 8. I.M.Dremin, Mod. Phys. Lett. A8, 2747 (1993). 9. I.M.Dremin and R.C.Hwa, OITS 531, Phys. Rev. D (to be published). 10. I.M.Dremin and V.A.Nechitailo, JETP Lett. 58, 945 (1993). 11. I.M.Dremin, B.B.Levtchenko and V.A.Nechitailo, Sov. J. Nucl. Phys. 57, 1091 (1994).

12. SLD Design Report, SLAC Report 273 (1984). 13. SLD Collab., K.Abe,et al., Phys. Rev. Lett. 71, 2528 (1993). 14. G.Gianini, in: Proc. of Multiparticle Dynamics-93, Aspen, 1993.

⋆ K. Abe,^{(28)} I. Abt,^{(14)} T. Akagi,^{(26)} W.W. Ash,^{(26)} D. Aston,^{(26)} N. Bacchetta,^{(21)} K.G. Baird,^{(24)} C. Baltay,^{(32)} H.R. Band,^{(31)} M.B. Barakat,^{(32)} G. Baranko,^{(10)} O. Bardon,^{(16)} T. Barklow,^{(26)} A.O. Bazarko,^{(11)} R. Ben-David,^{(32)} A.C. Benvenuti,^{(2)} T. Bienz,^{(26)} G.M. Bilei,^{(22)} D. Bisello,^{(21)} G. Blaylock,^{(7)} J.R. Bogart,^{(26)} T. Bolton,^{(11)} G.R. Bower,^{(26)} J.E. Brau,^{(20)} M. Breidenbach,^{(26)} W.M. Bugg,^{(27)} D. Burke,^{(26)} T.H. Burnett,^{(30)} P.N. Burrows,^{(16)} W. Busza,^{(16)} A. Calcaterra,^{(13)} D.O. Caldwell,^{(6)} D. Calloway,^{(26)} B. Camanzi,^{(12)} M. Carpinelli,^{(23)} R. Cassell,^{(26)} R. Castaldi,^{(23)} A. Castro,^{(21)} M. Cavalli-Sforza,^{(7)} E. Church,^{(30)} H.O. Cohn,^{(27)} J.A. Coller,^{(3)} V. Cook,^{(30)} R. Cotton,^{(4)} R.F. Cowan,^{(16)} D.G. Coyne,^{(7)} A. D’Oliveira,^{(8)} C.J.S. Damerell,^{(25)} S. Dasu,^{(26)} R. De Sangro,^{(13)} P. De Simone,^{(13)} R. Dell’Orso,^{(23)} M. Dima,^{(9)} P.Y.C. Du,^{(27)} R. Dubois,^{(26)} B.I. Eisenstein,^{(14)} R. Elia,^{(26)} D. Falciai,^{(22)} C. Fan,^{(10)} M.J. Fero,^{(16)} R. Frey,^{(20)} K. Furuno,^{(20)} T. Gillman,^{(25)} G. Gladding,^{(14)} S. Gonzalez,^{(16)} G.D. Hallewell,^{(26)} E.L. Hart,^{(27)} Y. Hasegawa,^{(28)} S. Hedges,^{(4)} S.S. Hertzbach,^{(17)} M.D. Hildreth,^{(26)} J. Huber,^{(20)} M.E. Huffer,^{(26)} E.W. Hughes,^{(26)} H. Hwang,^{(20)} Y. Iwasaki,^{(28)} P. Jacques,^{(24)} J. Jaros,^{(26)} A.S. Johnson,^{(3)} J.R. Johnson,^{(31)} R.A. Johnson,^{(8)} T. Junk,^{(26)} R. Kajikawa,^{(19)} M. Kalelkar,^{(24)} I. Karliner,^{(14)} H. Kawahara,^{(26)} H.W. Kendall,^{(16)} M.E. King,^{(26)} R. King,^{(26)} R.R. Kofler,^{(17)} N.M. Krishna,^{(10)} R.S. Kroeger,^{(18)} J.F. Labs,^{(26)} M. Langston,^{(20)} A. Lath,^{(16)} J.A. Lauber,^{(10)} D.W.G. Leith,^{(26)} X. Liu,^{(7)} M. Loreti,^{(21)} A. Lu,^{(6)} H.L. Lynch,^{(26)} J. Ma,^{(30)} G. Mancinelli,^{(22)} S. Manly,^{(32)} G. Mantovani,^{(22)} T.W. Markiewicz,^{(26)} T. Maruyama,^{(26)} R. Massetti,^{(22)} H. Masuda,^{(26)} E. Mazzucato,^{(12)} A.K. McKemey,^{(4)} B.T. Meadows,^{(8)} R. Messner,^{(26)} P.M. Mockett,^{(30)} K.C. Moffeit,^{(26)} B. Mours,^{(26)} G. Müller,^{(26)} D. Muller,^{(26)} T. Nagamine,^{(26)} U. Nauenberg,^{(10)} H. Neal,^{(26)} M. Nussbaum,^{(8)}

4

Y. Ohnishi,^{(19)} L.S. Osborne,^{(16)} R.S. Panvini,^{(29)} H. Park,^{(20)} T.J. Pavel,^{(26)} I. Peruzzi,^{(13)} L. Pescara,^{(21)} M. Piccolo,^{(13)} L. Piemontese,^{(12)} E. Pieroni,^{(23)} K.T. Pitts,^{(20)} R.J. Plano,^{(24)} R. Prep ost,^{(31)} C.Y. Prescott,^{(26)} G.D. Punkar,^{(26)} J. Quigley,^{(16)} B.N. Ratcliff,^{(26)} T.W. Reeves,^{(29)} P.E. Rensing,^{(26)} L.S. Rochester,^{(26)} J.E. Rothberg,^{(30)} P.C. Rowson,^{(11)} J.J. Russell,^{(26)} O.H. Saxton,^{(26)} T. Schalk,^{(7)} R.H. Schindler,^{(26)} U. Schneekloth,^{(16)} B.A. Schumm,^{(15)} A. Seiden,^{(7)} S. Sen,^{(32)} M.H. Shaevitz,^{(11)} J.T. Shank,^{(3)} G. Shapiro,^{(15)} S.L. Shapiro,^{(26)} D.J. Sherden,^{(26)} N.B. Sinev,^{(20)} C. Simopoulos,^{(26)} S.R. Smith,^{(26)} J.A. Snyder,^{(32)} M.D. Sokoloff,^{(8)} P. Stamer,^{(24)} H. Steiner,^{(15)} R. Steiner,^{(1)} M.G. Strauss,^{(17)} D. Su,^{(26)} F. Suekane,^{(28)} A. Sugiyama,^{(19)} S. Suzuki,^{(19)} M. Swartz,^{(26)} A. Szumilo,^{(30)} T. Takahashi,^{(26)} F.E. Taylor,^{(16)} A. Tolstykh,^{(26)} E. Torrence,^{(16)} J.D. Turk,^{(32)} T. Usher,^{(26)} J. Va’vra,^{(26)} C. Vannini,^{(23)} E. Vella,^{(26)} J.P. Venuti,^{(29)} P.G. Verdini,^{(23)} S.R. Wagner,^{(26)} A.P. Waite,^{(26)} S.J. Watts,^{(4)} A.W. Weidemann,^{(27)} J.S. Whitak er,^{(3)} S.L. White,^{(27)} F.J. Wickens,^{(25)} D.A. Williams,^{(7)} D.C. Williams,^{(16)} S.H. Williams,^{(26)} S. Willocq,^{(32)} R.J. Wilson,^{(9)} W.J. Wisniewski,^{(5)} M. Woods,^{(26)} G.B. Word,^{(24)} J. Wyss,^{(21)} R.K. Yamamoto,^{(16)} J.M. Yamartino,^{(16)} S.J. Yellin,^{(6)} C.C. Young,^{(26)} H. Yuta,^{(28)} G. Zapalac,^{(31)} R.W. Zdarko,^{(26)} C. Zeitlin,^{(20)} and J. Zhou^{(20)}

(1) Adelphi University, Garden City, New York 11530 (2) INFN Sezione di Bologna, I-40126 Bologna, Italy (3) Boston University, Boston, Massachusetts 02215 (4) Brunel University, Uxbridge, Middlesex UB8 3PH, United Kingdom (5) California Institute of Technology, Pasadena, California 91125 (6) University of California at Santa Barbara, Santa Barbara, California 93106 (7) University of California at Santa Cruz, Santa Cruz, California 95064 (8) University of Cincinnati, Cincinnati, Ohio 45221 (9) Colorado State University, Fort Collins, Colorado 80523

(10) University of Colorado, Boulder, Colorado 80309

(11) Columbia University, New York, New York 10027

(12) INFN Sezione di Ferrara and Università di Ferrara, I-44100 Ferrara, Italy

(13) INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy

(14) University of Illinois, Urbana, Illinois 61801

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

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

(17) University of Massachusetts, Amherst, Massachusetts 01003

(18) University of Mississippi, University, Mississippi 38677

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

(20) University of Oregon, Eugene, Oregon 97403

(21) INFN Sezione di Padova and Università di Padova, I-35100 Padova, Italy

(22) INFN Sezione di Perugia and Università di Perugia, I-06100 Perugia, Italy

5

(23) INFN Sezione di Pisa and Università di Pisa, I-56100 Pisa, Italy

(24) Rutgers University, Piscata way, New Jersey 08855

(25) Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United

Kingdom

(26) Stanford Linear Accelerator Center, Stanford University, Stanford, California

94309

(27) University of Tennessee, Knoxville, Tennessee 37996

(28) Tohoku University, Sendai 980 Japan

(29) Vanderbilt University, Nashville, Tennessee 37235

(30) University of Washington, Seattle, Washington 98195

(31) University of Wisconsin, Madison, Wisconsin 53706

(32) Yale University, New Haven, Connecticut 06511

6