arXiv:hep-ex/0010011 5 Oct 2000

FERMILAB–CONF–00/252–E CMU–HEP–00–04

RECENT RESULTS FROM SELEX

THE SELEX COLLABORATION J. RUSS3, G. ALKHAZOV11, A.G. ATAMANTCHOUK11, M.Y. BALATZ8^{,∗}, N.F. BONDAR11, P.S. COOPER5, L.J. DAUWE17, G.V. DAVIDENKO8, U. DERSCH9^{,†}, A.G. DOLGOLENKO8, G.B. DZYUBENKO8, R. EDELSTEIN3, L. EMEDIATO19, A.M.F. ENDLER4, J. ENGELFRIED13^,5, I. ESCHRICH9^{,‡}, C.O. ESCOBAR19^{,§}, A.V. EVDOKIMOV8, I.S. FILIMONOV10^{,∗}, F.G. GARCIA19^,5, M. GASPERO18, I. GILLER12, V.L. GOLOVTSOV11, P. GOUFFON19, E. GÜLMEZ2, HE KANGLING7, M. IORI18, S.Y. JUN3, M. KAYA16, J. KILMER5, V.T. KIM11, L.M. KOCHENDA11, I. KONOROV9^{,¶}, A.P. KOZHEVNIKOV6, A.G. KRIVSHICH11, H. KRÜGER9^{,‖}, M.A. KUBANTSEV8, V.P. KUBAROVSKY6, A.I. KULYAVTSEV3^{,∗∗}, N.P. KUROPATKIN11, V.F. KURSHETSOV6, A. KUSHNIRENKO3, S. KWAN5, J. LACH5, A. LAMBERTO20, L.G. LANDSBERG6, I. LARIN8, E.M. LEIKIN10, LI YUNSHAN7, M. LUKSYS14, T. LUNGOV19^{,††}, V.P. MALEEV11, D. MAO3^{,∗∗}, MAO CHENSHENG7, MAO ZHENLIN7, P. MATHEW3^{,‡‡}, M. MATTSON3, V. MATVEEV8, E. MCCLIMENT16, M.A. MOINESTER12, V.V. MOLCHANOV6, A. MORELOS13, K.D. NELSON16^{,§§}, A.V. NEMITKIN10, P.V. NEOUSTROEV11, C. NEWSOM16, A.P. NILOV8, S.B. NURUSHEV6, A. OCHERASHVILI12, Y. ONEL16, E. OZEL16, S. OZKORUCUKLU16, A. PENZO20, S.I. PETRENKO6, P. POGODIN16, M. PROCARIO3^{,¶¶}, V.A. PRUTSKOI8, E. RAMBERG5, G.F. RAPPAZZO20, B.V. RAZMYSLOVICH11, V.I. RUD10, P. SCHIAVON20, J. SIMON9^{,∗∗∗}, A.I. SITNIKOV8, D. SKOW5, V.J. SMITH15, M. SRIVASTAVA19, V. STEINER12, V. STEPANOV11, L. STUTTE5, M. SVOISKI11, N.K. TERENTYEV11^,3, G.P. THOMAS1, L.N. UVAROV11, A.N. VASILIEV6, D.V. VAVILOV6, V.S. VEREBRYUSOV8, V.A. VICTOROV6, V.E. VISHNYAKOV8, A.A. VOROBYOV11, K. VORWALTER9^{,†††}, J. YOU3^,5, ZHAO WENHENG7, ZHENG SHUCHEN7, R. ZUKANOVICH-FUNCHAL19 1Ball State University, Muncie, IN 47306, U.S.A. 2Bogazici University, Bebek 80815 Istanbul, Turkey 3Carnegie-Mellon University, Pittsburgh, PA 15213, U.S.A.

4Centro Brasiliero de Pesquisas Físicas, Rio de Janeiro, Brazil 5Fermilab, Batavia, IL 60510, U.S.A.

6Institute for High Energy Physics, Protvino, Russia 7Institute of High Energy Physics, Beijing, P.R. China 8Institute of Theoretical and Experimental Physics, Moscow, Russia 9Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany 10Moscow State University, Moscow, Russia 11Petersburg Nuclear Physics Institute, St. Petersburg, Russia 12Tel Aviv University, 69978 Ramat Aviv, Israel 13Universidad Autónoma de San Luis Potosí, San Luis Potosí, Mexico 14Universidade Federal da Paraíba, Paraíba, Brazil 15University of Bristol, Bristol BS8 1TL, United Kingdom 16University of Iowa, Iowa City, IA 52242, U.S.A.

17University of Michigan-Flint, Flint, MI 48502, U.S.A. 18University of Rome “La Sapienza” and INFN, Rome, Italy 19University of São Paulo, São Paulo, Brazil 20University of Trieste and INFN, Trieste, Italy

aTalk given by J. Russ at the XXXth International Conference on High Energy Physics July 27 - August 2, 2000, Osaka, Japan. Proceedings to be published by World Scientific.

osaka˙paper: submitted to World Scientific on October 5, 2000 1

The SELEX experiment (E781) is 3-stage magnetic spectrometer for the study of charm hadroproduction at large x_F using 600 Gev Σ−, π− and p beams. New precise measurements of the Λ_c, D0, and D_s lifetimes are presented. We also report results on Λ_c and D_s production by Σ−, π− and p beams at x_F > 0.2. The data agree with expectations from color-drag models to explain charm particle/antiparticle production asymmetries.

1 Introduction

Charm physics explores QCD phenomenology in both perturbative and nonperturbative regimes. Charm lifetime measurements test models based on 1/M_Q QCD expansions and evaluate corrections from non-spectator W-annihilation and Pauli interference to perturbative QCD matrix elements. Production studies test leading order (LO) and next to leading order (NLO) perturbative QCD. The parton-level processes are symmetric between c and c, but fixed-target data on hadrons show significant asymmetries. Experimental data from different incident hadrons (π, p and Σ^−) may help to illuminate hadron-scale physics.^1

2 Features of the Selex

spectrometer

The SELEX experiment at Fermilab is a 3- stage magnetic spectrometer^2. The negative Fermilab Hyperon Beam at 600 GeV had about equal fluxes of π^− and Σ^−. The positive beam was 92% protons. For charm momenta in a range of 100-500 Gev/c mass resolution is constant and primary (secondary) vertex resolution is typically 270 (560) μm. A RICH detector labelled all particles above 25 GeV/c, greatly reducing background in charm analyses.^3 Our charm analysis requires: (i) primary/secondary vertex separation L ≥ 8σ (σ is the combined error); (ii) the decay tracks extrapolated to the primary vertex z position to miss such that the second-

∗deceased †Present address: SAP, Walldorf, Germany ‡Now at Imperial College, London SW7 2BZ, U.K. §Now at Instituto de Física da Universidade Estadual de Campinas, UNICAMP, SP, Brazil ¶Now at Physik-Department, Technische Universität München, 85748 Garching, Germany ‖Present address: The Boston Consulting Group, München, Germany ∗∗Present address: Lucent Technologies, Naperville, IL

largest transverse miss distance ≥ 20μm; (iii) the secondary vertex to lie outside any charm target by at least 0.5 mm; (iv) decays to occur within a given fiducial region; and (v) proton and kaon tracks to be identified by the RICH.

3 Measurements of the Λ_c, D^0 and D_s lifetimes

The lifetime hierarchy for the charm system presents a challenge to HQET and pQCD methodologies due to the low charm quark mass. We report here lifetimes for the following charm hadrons in the decay modes listed: (i) Λ^+_c → pK^−π^+; (ii) D^0 → K^−π^+ and K^−π^+π^−π^+ + c.c.; and (iii) D_s → K^∗(892)K and ϕπ.

SELEX charm signals are extracted by the sideband subtraction method with a fixed signal region (±2.5σ_M , i.e., 20 MeV/c^2) centered on the charm mass. Sidebands of equal width are defined above and below the charm mass region. The background under the charm peak is the average of the two sideband regions.

π/K misidentification causes mixing of charm signals. In SELEX this is significant only for the D_s peak. For both D_s modes kaon momenta are ≤160 Gev/c to reduce misidentification. Any KKπ event having a pseudo-D^± mass in the interval 1867 ± 20 Mev/c^2 is removed to eliminate an artificial lengthening of the D_s lifetime, even though some of these are real D_s events.

We make a binned maximum likelihood fit simultaneously to signal and side-

††Now at Instituto de Física Teórica da Universidade Estadual Paulista, São Paulo, Brazil ‡‡Present address: SPSS Inc., Chicago, IL §§Now at University of Alabama at Birmingham, Birmingham, AL 35294 ¶¶Present address: DOE, Germantown, MD ∗∗∗Present address: Siemens Medizintechnik, Erlangen, Germany †††Present address: Deutsche Bank AG, Eschborn, Germany

Table 1. PRELIMINARY SELEX lifetimes (fs)

Charm Particle τ σ_{stat} σ_{syst} Λ^+_c 198.1 7.0 5.5 D^0 407.0 6.0 4.3 D_s 475.6 17.5 4.4

band regions in reduced proper time t^∗ = M (L − 8σ)/pc. SELEX results are given in Table 1. The D_s/D^0 lifetime ratio R, sensitive to the W-annihilation amplitude in the weak decay, is 1.17 ± 0.057, consistent with other recent published results.

4 Charm and Anticharm

Hadroproduction

For Σ^− and proton beams (valence q, not q) Λ_c^+ production is favored over Λ_c^−at all x_F , and the difference increases dramatically at large x_F . The efficiency difference for charm and anticharm hadrons in SELEX is small, at most 3%. π^− production (valence q and q) shows a small asymmetry that becomes consistent with zero at large x_F . The data are shown in Fig. 1. For D_s the Σ^− beam produces far more D^−_s (s-quark) than D^+_s (s quark), with the difference increasing at large x_F . For pions, the yield is smaller and the integral yield difference between D^−_s and D^+_s for x_F ≥ 0.2 is consistent with zero. These asymmetry patterns suggest a connection between a charm or anticharm quark and remnants of the beam fragmentation jet, like in the quark-gluon string model. There is no evidence in the large-x_F events for a diffractive partner to the leading charm hadron, again consistent with a color-drag picture.

The p_T distributions for Λ^+_c production from the three different beam hadrons have identical gaussian distributions out to p^2_T ≤ 2 (GeV/c)^2, after which the good-statistics Σ^− data show a change to power-law behavior, as is expected from QCD and has been observed in D-meson production by π^−.

Figure 1. x_F dependence of Λ+_c and Λ_c − production by different beams

5 Summary

SELEX has explored charm hadroproduction in the large x_F region using different beams. Results favor the color-drag explanation of production asymmetry. We used the data to measure preliminary charm lifetimes: τ (Λ_c) = 198.1 ± 7.0 ± 5.5 fs, τ (D^0) = 407.0 ± 6.0 ± 4.3 fs, and τ (D_s) of 475.6 ± 17.5 ± 4.4 fs. The SELEX result for the ratio τ_{Ds} /τ_D0 is 1.17 ± 0.057, 3.3σ from unity.

References

1. S.Frixione,M. Mangano, P. Nason and G. Ridolfi “Heavy quark production” in Heavy Flavour II”, A. Buras and M. Lindner eds. World Scientific Publishing Singapore 1997; I.Bigi and N. Uraltsev, Z. Physik C 62 (1994) 623;

2. J. Russ, et al. , in Proceedings of the 29th International Conference on High Energy Physics, edited by A. Astbury et al. (World Scientific, Singapore, 1999) VolII, p. 1259;hep-ex/9812031.

3. J. Engelfried, et al., Nucl.Instr.and Methods A431, 53, 1999