SLAC{PUB{7966 November 1998

Heavy Flavor Fragmentation and Decay at SLD^�

R. Plano Rutgers University, Piscataway, NJ 08855

Representing The SLD Collaboration^{∗∗} Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

Abstract

Results on heavy quark fragmentation obtained using the SLD detector at the SLAC Linear Collider are presented. This talk will cover the ratio of vector to pseudoscalar charmed meson production, the inclusive B hadron energy distribution, the inclusive particle production in heavy jets compared to their production in light jets, and charged and neutral B meson lifetimes.

Presented at the XXXIIIrd Rencontres de Moriond QCD and High Energy Hadronic Interactions Les Arcs, Savoie, France, March 12-28, 1998

�Work supported by Department of Energy contracts: DE-FG02- 91ER40676 (BU), DE-FG03- 91ER40618 (UCSB), DE-FG03- 92ER40689 (UCSC), DE-FG03- 93ER40788 (CSU), DE-FG02- 91ER40672 (Colorado), DE-FG02- 91ER40677 (Illinois), DE-AC03- 76SF00098 (LBL), DE-FG02- 92ER40715 (Massachusetts), DE-FC02- 94ER40818 (MIT), DE-FG03- 96ER40969 (Oregon), DE-AC03- 76SF00515 (SLAC), DE-FG05- 91ER40627 (Tennessee), DE-FG02- 95ER40896 (Wisconsin), DE-FG02- 92ER40704 (Yale); National Science Foundation grants: PHY-91- 13428 (UCSC), PHY-89- 21320 (Columbia), PHY-92- 04239 (Cincinnati), PHY-95- 10439 (Rutgers), PHY-88- 19316 (Vanderbilt), PHY-92- 03212 (Washington); The UK Particle Physics and Astronomy Research Council (Brunel, Oxford and RAL); The Istituto Nazionale di Fisica Nucleare of Italy (Bologna, Ferrara, Frascati, Pisa, Padova, Perugia); The Japan-US Cooperative Research Project on High Energy Physics (Nagoya, Tohoku); The Korea Research Foundation (Soongsil, 1997).

1 Introduction

Heavy quark fragmentation is interesting and useful in that it is very different from light quark fragmentation, perturbative QCD is able to make useful predictions, and the measurements remain relatively imprecise. Precision measures of neutral and charged B hadron decays are important to test the spectator model as well as to provide needed input for electroweak studies.

This talk will present results on:

• Production of vector and pseudoscalar charmed mesons[1],

• Inclusive B-hadron energy distribution[2],

• Production of π^±, K^±, K^o, K^{∗0}, ϕ, p, and Λ in heavy compared to light jets[3],

• Charged and Neutral B-hadron lifetimes[4].

The characteristics of the SLAC Linear Collider (SLC) and Large Detector (SLD) [5] are well known and will not be repeated here. Of particular importance for the physics discussed here, the pixel vertex detector made possible reliable and efficient identification of heavy quark events and the CRID (Cerenkov Ring Imaging Detector) provided high-quality identification of charged particles. Most of the results presented here are based on 150K events gathered by February, 1995; the B lifetime results use the 300K events gathered through December, 1997.

2 Prompt D^+ and D^{∗+} Production

In order to help understand the fragmentation of c-quarks directly into D-mesons in detail we have measured the production rates of prompt charmed pseudoscalar D^+ and vector D^{∗+} mesons^† as a function of scaled energy x in hadronic Z^o decays as well as the spin alignment of D^{∗+} along their flight direction.

To extract a sample of charged D and D^∗ mesons produced directly by the fragmentation of c-quarks, we proceed as follows. Charged D’s are searched for using the K^−π^+π^+ decay mode. D^{∗+} are found by first isolating all D^o decays into K^−π^+ and K^−π^+π^−π^+ and then combining with a secondary pion, π^+_s . Various cuts are made to purify the sample including p > 1 GeV/c for all tracks, x_D+ > 0.2, a decay vertex fit probability greater than 1%, and D^+ decay length significance greater than 3 standard deviations. x_D is the fractional energy carried by the meson, x_D = 2E_D/ √ s, where E_D is the energy of the charmed meson and √ s is the c.m. energy.

The sample was then divided into c-rich and b-rich samples using the D^o or D^+ impact parameter, the D^o proper decay time, and a b-tag in the opposite hemisphere based on the number of tracks with impact parameters at least three times the error. The good separation between cc̄ and bb̄ is apparent in Fig. 1 for the Kπ mode. Similar separation was obtained

yThe inclusion of charge-conjugate states is implied throughout this section

in the D^+ → K^−π^+π^+ decay mode. These distributions are then unfolded to obtain the direct c → D^± and c → D^{∗±} contributions.

Figure 1: ΔM distributions for D^{∗+} → D^0π^+_s in the D^0 → K^−π+ mode. a) shows the c-rich sample and b) the b-rich. The points represent the data and the histograms represent the simulation, for which the flavor composition is indicated.

The measured numbers of D^{∗+} and D^+ in cc̄ events can be related to the number of primary cd̄ pairs, N_c¯_d, via the relative vector to pseudoscalar meson production parameter P_V = V/(P + V ). Solving N_{c→D}�+/N_{c→D}+ = P_V /(1 − P_V BR_∗) where BR_∗ = BR(D^{∗+} → D^oπ^+) in each bin of x_D yields Fig. 2. The data are consistent with simple spin counting (P_V = 0.75) as well as theoretical predictions by Suzuki[6] and Braaten et al [7]. Averaging over x_D > 0.4, we obtain the preliminary result P_V = 0.650 ± 0.089(stat) ± 0.032(syst) ± 0.030(BR). This is consistent with LEP results[8] [9].

The D^{∗+} spin alignment along its flight direction was studied by considering the angle θ^∗ between the momentum direction of the D^{∗+} in the laboratory frame and the daughter D^0 in the D^{∗+} rest frame. The events were separated into several x_D� bins and then fit to (1 + α cos^2 θ^∗) in each bin. The results for α are shown in Fig. 3 where they are compared with theoretical predictions by Suzuki [6] and Braaten et al [7]. There is no evidence for spin alignment of the prompt D^{∗+} at any x_D�. The average for x_D� > 0.4 is α = 0.02 ± 0.38(stat) ± 0.02(syst.) (preliminary), also consistent with zero.

3 b Quark Fragmentation Function

Measurements of heavy hadron energy spectra can be used to constrain both perturbative QCD, which can predict the heavy quark spectrum, and the hadronization process which transforms the quark into a heavy hadron. We have measured the B hadron energy spectrum by reconstructing B hadron energies on an event by event basis using the B → DlX decay mode.

Figure 2: Preliminary measured P_V (dots) as a function of x_D

Figure 3: Preliminary fitted spin alignment parameter α for primary D^{∗+} mesons as a function of x_D� .

The analysis procedure consists of first selecting leptons using the Liquid Argon Calorimeter (LAC) to identify e^± and the Warm Iron Calorimeter (WIC) to identify μ^±. Independently all candidate D decay vertices are reconstructed using the vertex detector and drift chamber. If both an identified lepton and a reconstructed D decay vertex are present, the lepton is intersected with the D track to form the B decay vertex. Finally cuts on M_D, M_B, and the length of the D and B tracks are imposed to purify the sample. This resulted in a sample of 293 events with μ^± and 304 events with e^±.

The energy of the B hadron is then determined by a subtraction technique. First the energy of the jet, E_{jet}, containing the B is determined from simple kinematics (using angles only for 3 jet events). Then the charged and neutral energy, E_{chrg} and E_{neut}, in the jet not associated with the B are estimated. To calculate E_{chrg}, all the unassociated charged tracks are assigned the pion mass. E_{neut} is estimated as the sum of electromagnetic calorimeter clusters in the jet not associated with charged tracks. Then, E_B = E_{jet} − E_{chrg} − E_{neut}. Corrections are made for neutral tracks from the D vertex and the distribution unfolded to correct for the B energy resolution.

The resulting X_EB distribution[10] is shown in Fig. 4. The average is < X_EB >= 0.718 ± 0.011(stat) ± 0.010(syst) ± 0.019(unfold). 4 Identified Particle Production in Heavy and Light Flavor Jets

This topic depends on reliable charged particle identification which is largely provided by the CRID. Samples of events enriched in light (uds), c, and b primary flavors were selected

Figure 4: The distribution of reconstructed scaled energies for B hadron candidates.

based on the signed impact parameters δ of charged particles. n_{sig}, the number of tracks with δ > 3σ_δ was calculated for each event. Events with n_{sig} = 0 were assigned to the light sample, those with n_{sig} ≥ 3 to the b sample, and the remainder to the c sample.

Fig. 5 shows the x_p = 2p/E_{cm} distribution of identified hadrons in Z^o decays into light flavors. Fig. 6 shows the ratio of the production of these particles in b and c flavor jets to their production in light flavor jets. Note that there is a large flavor dependence, which is consistent with the fragmentation and decay properties of heavy hadrons. The main features are well described by the JETSET [11] and UCLA [12] models, but HERWIG [13] has some trouble describing the π^± and K features.

5 Measurement of the B^± and B^0_d Meson Lifetimes

We have updated our determination of the charged and neutral B lifetimes using the 300K events obtained through December, 1997. This is interesting as a test of the spectator model – are the charged and neutral lifetimes equal, unlike for the D mesons – and to generate the precise inputs needed for incisive electroweak studies including V_{cb}, R_b, A_b, and B^o − B̄^o mixing.

The small SLC beam spot (roughly 2 × 1μm^2) and the close in vertex detector (first layer only 2.5 cm from the Interaction Point (IP)) give SLD a particular advantage in this

Figure 5: Identified hadron differential cross sections in lightflavor events.

Figure 6: Ratios of the particle production in bflavor events to that in light-flavor events (left) and in c-flavor:light-flavor (right). Also shown are the predictions of the three fragmentation models

measurement, which is exploited to the full by the topological algorithm [14] used to isolate B decays. This algorithm starts by seeking well-measured tracks which form a “seed vertex” that is displaced from the IP. Additional tracks are then attached to the seed vertex by an iterative algorithm. Finally, after correcting for missing transverse momentum, those vertices with invariant mass > 2 GeV/c^2 are selected, yielding 35,947 decay candidates which are 98% pure B hadrons.

An event is then classified as a B^± or a B^o decay depending on whether the net charge of the tracks leaving the vertex is zero. Fig 7 shows the decay length distributions for the charged and neutral vertices. A weighted Monte Carlo fit to the data yielded: τ (B^±) = 1.665±0.029±0.042 ps, τ (B^o) = 1.612±0.030±0.055 ps, τ (B^±)/τ (B^o) = 1.030±0.035±0.027 These SLD results are very precise and can be combined with other similar measurements.

The world averages are τ (B^±) = 1.67 ± 0.04 ps and τ (B^±)/τ (B^o) = 1.07 ± 0.04. Note that the lifetime ratio is consistent with 1.0 as predicted by the spectator model and very unlike the charm meson case.

Figure 7: Decay length distribution for data (points) and best fit Monte Carlo (histogram) in the topological analysis of B lifetimes.

6 Conclusions

In summary, we have measured:

• the production of vector and pseudoscalar charmed mesons and obtained P_V = V/(V + P ) = 0.65±0.09±0.04, consistent with simple spin counting. Further, no spin slignment of the D^{∗+} was observed.

• the shape of the inclusive B-hadron energy distribution with:

< x_EB >= 0.716 ± 0.011 ± 0.022.

• the relative production of π^±, K^±, K^0, p, Λ, ϕ, K^{∗0} particles. Very different production rates in heavy versus light jets were observed.

• charged and neutral B-hadron lifetimes with good accuracy. In particular, the charged to neutral lifetime ratio, τ_B+/τ_Bo = 1.030±0.035±0.027 is consistent with the spectator model.

With the end of the current run in June 1998, almost 500K events are available. We plan to continue to exploit the strengths of the SLD detector, especially the Vertex Detector and the particle identification, for more and improved heavy flavor QCD measurements.

References

[1] SLD Collab.: K. Abe et al, SLAC-PUB-7574. [2] SLD Collab.: K. Abe et al, Phys. Rev. D56 (1997) 5310. [3] SLD Collab.: K. Abe et al, SLAC-PUB-7766. [4] SLD Collab.: K. Abe et al, Phys. Rev. Lett. 79 (1997) 590. [5] SLD Design Report, SLAC Report 273 (1984). [6] M. Suzuki, Phys. Rev. D33 (1986) 676. [7] E. Braaten et al, Phys. Rev. D51 (1995) 4819;

K. Cheung and T. C. Yuan, Phys. Rev. D50 (1994) 3181. [8] ALEPH Collab., D. Buskulic et al, Z. Phys. C62 (1994) 1. [9] DELPHI Collab., P. Abreu et al, Z. Phys. C59 (1993) 533. [10] SLD Collab., Phys. Rev. D56 (1997) 5310. [11] T. Sjostrand, Comp. Phys. Comm. 82 (1994) 74. [12] S. Chun and C. Buchanan, Phys. Rep. 292 (1998) 239. [13] G. Marchesini et al, Comp. Phys. Comm. 67 (1992) 465. [14] D. J. Jackson, Nucl. Inst. and Meth. A388 (1997) 247.

∗∗List of Authors

K. Abe,^{(2)} K. Abe,^{(19)} T. Abe,^{(27)} I.Adam,^{(27)} T. Akagi,^{(27)} N. J. Allen,^{(4)} A. Arodzero,^{(20)} W.W. Ash,^{(27)} D. Aston,^{(27)} K.G. Baird,^{(15)} C. Baltay,^{(37)} H.R. Band,^{(36)} M.B. Barakat,^{(14)} O. Bardon,^{(17)} T.L. Barklow,^{(27)} J.M. Bauer,^{(16)} G. Bellodi,^{(21)} R. Ben-David,^{(37)} A.C. Benvenuti,^{(3)} G.M. Bilei,^{(23)} D. Bisello,^{(22)} G. Blaylock,^{(15)} J.R. Bogart,^{(27)} B. Bolen,^{(16)} G.R. Bower,^{(27)} J. E. Brau,^{(20)} M. Breidenbach,^{(27)} W.M. Bugg,^{(30)} D. Burke,^{(27)} T.H. Burnett,^{(35)} P.N. Burrows,^{(21)} A. Calcaterra,^{(11)} D.O. Caldwell,^{(32)} D. Calloway,^{(27)} B. Camanzi,^{(10)} M. Carpinelli,^{(24)} R. Cassell,^{(27)} R. Castaldi,^{(24)} A. Castro,^{(22)} M. Cavalli-Sforza,^{(33)} A. Chou,^{(27)} E. Church,^{(35)} H.O. Cohn,^{(30)} J.A. Coller,^{(5)} M.R. Convery,^{(27)} V. Cook,^{(35)} R. Cotton,^{(4)} R.F. Cowan,^{(17)} D.G. Coyne,^{(33)} G. Crawford,^{(27)} C.J.S. Damerell,^{(25)} M. N. Danielson,^{(7)} M. Daoudi,^{(27)} N. de Groot,^{(27)} R. Dell’Orso,^{(23)} P.J. Dervan,^{(4)} R. de Sangro,^{(11)} M. Dima,^{(9)} A. D’Oliveira,^{(6)} D.N. Dong,^{(17)} P.Y.C. Du,^{(30)} R. Dubois,^{(27)} B.I. Eisenstein,^{(12)} V. Eschenburg,^{(16)} E. Etzion,^{(36)} S. Fahey,^{(7)} D. Falciai,^{(11)} C. Fan,^{(7)} J.P. Fernandez,^{(33)} M.J. Fero,^{(17)} K.Flood,^{(15)} R. Frey,^{(20)} T. Gillman,^{(25)} G. Gladding,^{(12)} S. Gonzalez,^{(17)} E.L. Hart,^{(30)} J.L. Harton,^{(9)} A. Hasan,^{(4)} K. Hasuko,^{(31)} S. J. Hedges,^{(5)} S.S. Hertzbach,^{(15)} M.D. Hildreth,^{(27)} J. Huber,^{(20)} M.E. Huffer,^{(27)} E.W. Hughes,^{(27)} X.Huynh,^{(27)} H. Hwang,^{(20)} M. Iwasaki,^{(20)} D. J. Jackson,^{(25)} P. Jacques,^{(26)} J.A. Jaros,^{(27)} Z.Y. Jiang,^{(27)} A.S. Johnson,^{(27)} J.R. Johnson,^{(36)} R.A. Johnson,^{(6)} T. Junk,^{(27)} R. Kajikawa,^{(19)} M. Kalelkar,^{(26)} Y. Kamyshkov,^{(30)} H.J. Kang,^{(26)} I. Karliner,^{(12)} H. Kawahara,^{(27)} Y. D. Kim,^{(28)} R. King,^{(27)} M.E. King,^{(27)} R.R. Kofler,^{(15)} N.M. Krishna,^{(7)} R.S. Kroeger,^{(16)} M. Langston,^{(20)} A. Lath,^{(17)} D.W.G. Leith,^{(27)} V. Lia,^{(17)} C.-J. S. Lin,^{(27)} X. Liu,^{(33)} M.X. Liu,^{(37)} M. Loreti,^{(22)} A. Lu,^{(32)} H.L. Lynch,^{(27)} J. Ma,^{(35)} G. Mancinelli,^{(26)} S. Manly,^{(37)} G. Mantovani,^{(23)} T.W. Markiewicz,^{(27)} T. Maruyama,^{(27)} H. Masuda,^{(27)} E. Mazzucato,^{(10)} A.K. McKemey,^{(4)} B.T. Meadows,^{(6)} G. Menegatti,^{(10)} R. Messner,^{(27)} P.M. Mockett,^{(35)} K.C. Moffeit,^{(27)} T.B. Moore,^{(37)} M.Morii,^{(27)} D. Muller,^{(27)} V.Murzin,^{(18)} T. Nagamine,^{(31)} S. Narita,^{(31)} U. Nauenberg,^{(7)} H. Neal,^{(27)} M. Nussbaum,^{(6)} N.Oishi,^{(19)} D. Onoprienko,^{(30)} L.S. Osborne,^{(17)} R.S. Panvini,^{(34)} H. Park,^{(20)} C. H. Park,^{(29)} T.J. Pavel,^{(27)} I. Peruzzi,^{(11)} M. Piccolo,^{(11)} L. Piemontese,^{(10)} E. Pieroni,^{(24)} K.T. Pitts,^{(20)} R.J. Plano,^{(26)} R. Prepost,^{(36)} C.Y. Prescott,^{(27)} G.D. Punkar,^{(27)} J. Quigley,^{(17)} B.N. Ratcliff,^{(27)} T.W. Reeves,^{(34)} J. Reidy,^{(16)} P.L. Reinertsen,^{(33)} P.E. Rensing,^{(27)} L.S. Rochester,^{(27)} P.C. Rowson,^{(8)} J.J. Russell,^{(27)} O.H. Saxton,^{(27)} T. Schalk,^{(33)} R.H. Schindler,^{(27)} B.A. Schumm,^{(33)} J. Schwiening,^{(27)} S. Sen,^{(37)} V.V. Serbo,^{(36)} M.H. Shaevitz,^{(8)} J.T. Shank,^{(5)} G. Shapiro,^{(13)} D.J. Sherden,^{(27)} K. D. Shmakov,^{(30)} C. Simopoulos,^{(27)} N.B. Sinev,^{(20)} S.R. Smith,^{(27)} M. B. Smy,^{(9)} J.A. Snyder,^{(37)} H. Staengle,^{(9)} A. Stahl,^{(27)} P. Stamer,^{(26)} R. Steiner,^{(1)} H. Steiner,^{(13)} M.G. Strauss,^{(15)} D. Su,^{(27)} F. Suekane,^{(31)} A. Sugiyama,^{(19)} S. Suzuki,^{(19)} M. Swartz,^{(27)} A. Szumilo,^{(35)} T. Takahashi,^{(27)} F.E. Taylor,^{(17)} J. Thom,^{(27)} E. Torrence,^{(17)} N. K. Toumbas,^{(27)} A.I. Trandafir,^{(15)} J.D. Turk,^{(37)} T. Usher,^{(27)} C. Vannini,^{(24)} J. Va’vra,^{(27)} E. Vella,^{(27)} J.P. Venuti,^{(34)} R. Verdier,^{(17)} P.G. Verdini,^{(24)} S.R. Wagner,^{(27)} D. L. Wagner,^{(7)} A.P. Waite,^{(27)} Walston, S.,^{(20)} J.Wang,^{(27)} C. Ward,^{(4)} S.J. Watts,^{(4)} A.W. Weidemann,^{(30)} E. R. Weiss,^{(35)} J.S. Whitaker,^{(5)} S.L. White,^{(30)} F.J. Wickens,^{(25)} B. Williams,^{(7)} D.C. Williams,^{(17)} S.H. Williams,^{(27)} S. Willocq,^{(27)} R.J. Wilson,^{(9)} W.J. Wisniewski,^{(27)} J. L. Wittlin,^{(15)} M. Woods,^{(27)} G.B. Word,^{(34)} T.R. Wright,^{(36)} J. Wyss,^{(22)} R.K. Yamamoto,^{(17)} J.M. Yamartino,^{(17)} X. Yang,^{(20)} J. Yashima,^{(31)}

S.J. Yellin,^{(32)} C.C. Young,^{(27)} H. Yuta,^{(2)} G. Zapalac,^{(36)} R.W. Zdarko,^{(27)} J. Zhou.^{(20)} (The SLD Collaboration) (1)Adelphi University, South Avenue- Garden City,NY 11530, (2)Aomori University, 2-3-1 Kohata, Aomori City, 030 Japan, (3)INFN Sezione di Bologna, Via Irnerio 46 I-40126 Bologna (Italy), (4)Brunel University, Uxbridge, Middlesex - UB8 3PH United Kingdom, (5)Boston University, 590 Commonwealth Ave. - Boston,MA 02215, (6)University of Cincinnati, Cincinnati,OH 45221, (7)University of Colorado, Campus Box 390 - Boulder,CO 80309, (8)Columbia University, Nevis Laboratories P.O.Box 137 - Irvington,NY 10533, (9)Colorado State University, Ft. Collins,CO 80523,

(10)INFN Sezione di Ferrara, Via Paradiso,12 - I-44100 Ferrara (Italy), (11)Lab. Nazionali di Frascati, Casella Postale 13 I-00044 Frascati (Italy), (12)University of Illinois, 1110 West Green St. Urbana,IL 61801, (13)Lawrence Berkeley Laboratory, Dept.of Physics 50B-5211 University of California-

Berkeley,CA 94720,

(14)Louisiana Technical University, , (15)University of Massachusetts, Amherst,MA 01003, (16)University of Mississippi, University,MS 38677, (17)Massachusetts Institute of Technology, 77 Massachussetts Avenue Cambridge,MA

02139,

(18)Moscow State University, Institute of Nuclear Physics 119899 Moscow Russia, (19)Nagoya University, Nagoya 464 Japan, (20)University of Oregon, Department of Physics Eugene,OR 97403, (21)Oxford University, Oxford, OX1 3RH, United Kingdom, (22)Universita di Padova, Via F. Marzolo,8 I-35100 Padova (Italy), (23)Universita di Perugia, Sezione INFN, Via A. Pascoli I-06100 Perugia (Italy), (24)INFN, Sezione di Pisa, Via Livornese,582/AS Piero a Grado I-56010 Pisa (Italy), (25)Rutherford Appleton Laboratory, Chiton,Didcot - Oxon OX11 0QX United Kingdom, (26)Rutgers University, Serin Physics Labs Piscataway,NJ 08855-0849, (27)Stanford Linear Accelerator Center, 2575 Sand Hill Road Menlo Park,CA 94025, (28)Sogang University, Ricci Hall Seoul, Korea, (29)Soongsil University, Dongjakgu Sangdo 5 dong 1-1 Seoul, Korea 156-743, (30)University of Tennessee, 401 A.H. Nielsen Physics Blg. - Knoxville,Tennessee

37996-1200,

(31)Tohoku University, Bubble Chamber Lab. - Aramaki - Sendai 980 (Japan), (32)U.C. Santa Barbara, 3019 Broida Hall Santa Barbara,CA 93106, (33)U.C. Santa Cruz, Santa Cruz,CA 95064, (34)Vanderbilt University, Stevenson Center,Room 5333 P.O.Box 1807,Station B

Nashville,TN 37235,

(35)University of Washington, Seattle,WA 98105, (36)University of Wisconsin, 1150 University Avenue Madison,WS 53706, (37)Yale University, 5th Floor Gibbs Lab. - P.O.Box 208121 - New Haven,CT 06520-8121.