Recent Results from SELEX

Heavy Quark 2000 Rio de Janeiro, October 10, 2000 Jürgen Engelfried^1 (Instituto de Física, Universidad Autónoma de San Luis Potosí, Mexico) On behalf of the SELEX Collaboration

Outline

• The SELEX Experiment • Weak Decays of Charm – Motivation – SELEX Lifetime Analysis Method – Results for Λ_c, D^0, D_s • Hadroproduction of Charm – Motivation – SELEX Features – Production of Λ_c, D^0, D�, D_s

by Σ�, π�, p

• Hyperon Physics – Σ� Radius Measurements – Λ^0 inclusive polarization – Σ^+ polarization • Conclusion

1jurgen@ifisica.uaslp.mx, http://www.ifisica.uaslp.mx/~ jurgen

The SELEX Collaboration

G.P. Thomas Ball State University, Muncie, IN 47306, U.S.A. E. Gülmez Bogazici University, Bebek 80815 Istanbul, Turkey R. Edelstein, S.Y. Jun, A.I. Kulyavtsev^1, A. Kushnirenko, D. Mao^1, P. Mathew^2, M. Mattson, M. Procario^3, J. Russ, J. You^4 Carnegie-Mellon University, Pittsburgh, PA 15213, U.S.A. A.M.F. Endler Centro Brasiliero de Pesquisas Físicas, Rio de Janeiro, Brazil P.S. Cooper, J. Kilmer, S. Kwan, J. Lach, E. Ramberg, D. Skow, L. Stutte Fermilab, Batavia, IL 60510, U.S.A.

V.P. Kubarovsky, V.F. Kurshetsov, A.P. Kozhevnikov, L.G. Landsberg, V.V. Molchanov, S.B. Nurushev, S.I. Petrenko, A.N. Vasiliev, D.V. Vavilov, V.A. Victorov Institute for High Energy Physics, Protvino, Russia Li Yunshan, Mao Chensheng, Zhao Wenheng, He Kangling, Zheng Shuchen, Mao Zhenlin Institute of High Energy Physics, Beijing, P.R. China M.Y. Balatz^5, G.V. Davidenko, A.G. Dolgolenko, G.B. Dzyubenko, A.V. Evdokimov, M.A. Kubantsev, I. Larin, V. Matveev, A.P. Nilov, V.A. Prutskoi, A.I. Sitnikov, V.S. Verebryusov, V.E. Vishnyakov Institute of Theoretical and Experimental Physics, Moscow, Russia U. Dersch^6, I. Eschrich^7, I. Konorov^8, H. Krüger^9, J. Simon^{10}, K. Vorwalter^{11} Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany I.S. Filimonov^5, E.M. Leikin, A.V. Nemitkin, V.I. Rud Moscow State University, Moscow, Russia A.G. Atamantchouk, G. Alkhazov, N.F. Bondar, V.L. Golovtsov, V.T. Kim, L.M. Kochenda, A.G. Krivshich, N.P. Kuropatkin, V.P. Maleev, P.V. Neoustroev, B.V. Razmyslovich, V. Stepanov, M. Svoiski, N.K. Terentyev^{12}, L.N. Uvarov, A.A. Vorobyov Petersburg Nuclear Physics Institute, St. Petersburg, Russia I. Giller, M.A. Moinester, A. Ocherashvili, V. Steiner Tel Aviv University, 69978 Ramat Aviv, Israel J. Engelfried^4, A. Morelos Universidad Autónoma de San Luis Potosí, San Luis Potosí, Mexico M. Luksys Universidade Federal da Paraíba, Paraíba, Brazil V.J. Smith University of Bristol, Bristol BS8 1TL, United Kingdom M. Kaya, E. McCliment, K.D. Nelson^{13}, C. Newsom, Y. Onel, E. Ozel, S. Ozkorucuklu, P. Pogodin University of Iowa, Iowa City, IA 52242, U.S.A. L.J. Dauwe University of Michigan-Flint, Flint, MI 48502, U.S.A. M. Gaspero, M. Iori University of Rome “La Sapienza” and INFN, Rome, Italy L. Emediato, C.O. Escobar^{14}, F.G. Garcia^4, P. Gouffon, T. Lungov^{15}, M. Srivastava, R. Zukanovich-Funchal University of São Paulo, São Paulo, Brazil A. Lamberto, A. Penzo, G.F. Rappazzo, P. Schiavon University of Trieste and INFN, Trieste, Italy

• 600 GeV/c negative Beam: 50 % π� / 50 % Σ� • 570 GeV/c positive Beam: 92 % protons • RICH Counter for definite identification of π, K, proton • precision momentum resolution (δp/p ≈ 0.5 % at 100 − 300 GeV/c) • precision vertex resolution (primary: 270 μm; secondary: 560 μm)

SELEX Apparatus

3 Segment Forward Spectrometer (x_F > 0.1)

• 74000 Strip Silicon system, 4 μm transverse position resolution at 600 GeV/c • Beam Tagging (Σ�/π�, p/π^+) with Beam TRD • 3000 Phototubes RICH – 2 σ K/π separation up to 165 GeV/c • Secondary e� with Electron TRD for semileptonic decays • Precise downstream tracking

– 18 large silicon planes (σ ∼ 8 μm) – 26 PWC planes (σ ∼ 0.6 − 1 mm) – 3 × 24 Vector Drift chambers (σ ∼ 100 μm) • 3 lead glass photon detectors

Jürgen@HQ2K 10Oct00. 5

Jürgen@HQ2K 10Oct00. 6

Jürgen@HQ2K 10Oct00. 7

Charm Selection

• vertex driven with definite RICH identification of p, K required

~^{�ßTarget region} ~ *** *** *** *** *** *** *** ***

œ L -

� � � �˘

HHH Hj � �` π^+ p

K� ßßß ßßß ß p̂ σ_s

σ_p b - Beam

• Good secondary vertex (χ^2/dof < 5) • Longitudinal separation (L) between the vertices bigger than 8 σ (σ^2 = σ^2_p + σ^2_s ) • Charm track points back to primary vertex (pointback = (b/σ_b)^2 < 12) • K, p identified by the RICH: L(K) > L(π), L(p) > L(π) • No secondary vertices in material

Acceptance

• Acceptance for Particle and Anti-particle identical (Difference < 3 %) • Acceptance still high at large x_F • Acceptance flat in p_t

Charm Lifetimes

Experimental goal is to measure lifetime hierarchies for mesons and baryons to: • test calculation of 1/m_Q terms in HQET expansion • compare strength of W-exchange and W-annihilation terms • compare Pauli suppression mechanisms in different hadrons

Features of SELEX Lifetime Analysis Method • apply strong PID requirements to minimize overlapping states • use real data to establish acceptance correction function • check systematics by using several decay modes, different production targets • Use reduced proper time t_R = t − 8 σ/(βγ) • σ_{tR} ∼ 20 fs ⇒ use binned likelihood analysis • Analyze D^0 lifetime to verify methodology

SELEX Lifetime Results

• Final results for Λ^+_c , D^0, (D�) (Submitted to PRL, hep-ex/0010014) • Preliminary for D_s and τ_{Ds}/τ_D0

Decay Mode τ (fs) Events D^0 → K�π^+ , 407.9 ± 6.0 10210 ± 125 K�π^+π�π^+ +cc Λ^+_c → pK�π^+ 198.1 ± 7.0 1630 ± 45 D^0 → K�π^+ 416 ± 12 2470 ± 57 D^0 → K^+π� 416 ± 10 3420 ± 65 D^0 → K�π^+π�π^+ 399 ± 16 1950 ± 63 D^0 → K^+π�π^+π� 400 ± 14 2360 ± 66 average 410.3 ± 6.3 χ^2/dof 0.49 Target Λ^+_c τ (fs) D^0 τ (fs) 1 Copper 198 ± 20 394 ± 13 2 Copper 198 ± 22 422 ± 14 3 Diamond 229 ± 25 413 ± 15 4 Diamond 178 ± 14 412 ± 14 5 Diamond 202 ± 16 413 ± 16 average 195.2 ± 8.2 410.1 ± 6.4 χ^2/dof 0.88 0.55

Λ^+_c Δτ(fs) D^0 Δτ(fs) acceptance 5.1 3.8 mass reflections 1.3 background systematics - 1.0 second charm in event < 1.0 < 1.0 other < 1.5 < 1.5 total (quadrature) 5.6 4.3

Lifetime Stat. Err. Sys. Err.

Λ^+_c → pK�π^+ 198.1 fs 7.0 fs 5.6 fs D^0 → Kπ 416 fs 8 fs – D^0 → Kπππ 402 fs 10.5 fs – D^0 407.9 fs 6.0 fs 4.3 fs D� → Kππ 1070 fs 36 fs – D_s → ϕπ 474 fs 22 fs – D_s → K^⋆K 478 fs 33 fs – D_s 475.6 fs 17.5 fs 4.4 fs

Jürgen@HQ2K 10Oct00. 12

Charm Hadroproduction

Charm hadroproduction is major challenge to factorized pQCD analysis • quark-level QCD process is charm/anti-charm symmetric • hadronization depends on local color field environment • some experiments observe significant production asymmetries in some cases

SELEX compares π�, Σ�, and p production in same apparatus Clear systematic differences between pion and baryon beams emerge

Possible Phenomenology Two classes of models for asymmetries: color-drag (leading particle effect) and intrinsic charm Predictions differ:

• color-drag effects are more pronounced at high x_F and don’t depend on p_T • intrinsic charm effects occur at low p_T , become apparent at large x_F

SELEX Measurements for Λ_c

• Λ_c production is very hard for all beam particles • Striking contrast in Λ_c production between

π� beam (valence anti-quark) and baryon beams. • Large-x_F structure in Σ� data suggest Pythia-style color drag

SELEX Measurements for Λ_c (cont.)

• Σ� production data show expected deviation from Gaussian behavior slightly earlier than corresponding D^+ spectra from π beams • Forward gaussian slope (p^2_T ≤ 4 (GeV/c)^2) same for all beams

SELEX Measurements for D_s

• Σ� x_F distribution shows clear effect of valence quark • no effect for the π� beam =⇒ Indication for color-drag effect_{Jürgen@HQ2K 10Oct00. 16}

x_F Distributions for D0 and D0 x_F Distribution for D0 + D0 (π� beam)

E791 Collaboration, Phys. Lett. B462 (1999) 225-236_{Jürgen@HQ2K 10Oct00. 18}

x_F Distributions for D�

D�_{Asymmetry}

Charm Production Summary

SELEX has preliminary (nearly final) data for dσ/dx_F , dσ/dp_T , and asymmetry for Λ_c, D^0, D�, and D�_s with

Σ�, π�, and p beams

• charm dσ/dx_F shows strong sensitivity to shared valence quark • little support in SELEX data for “Intrinsic Charm”

Σ�_{Charge Radius – Preliminary Results} dσ dQ^2 = 4πα^2h̄^2 Q^4

0
B@1 − Q^2

Q^2_{max}

1
CA · F 2(G_E, G_M , Q2)

G_E(Q^2) = 1 κ − 1 G_M (Q^2) =

0
@1 + 1

12 Q^2 <r^2_{ch}>

1
A

�2

SELEX <r^2> [fm^2] <r^2> [fm^2] Σ^− 0.61 � 0.12 � 0.09 0.91 � 0.51^a p 0.69 � 0.06 � 0.06 0.72 � 0.01^b π^− 0.42 � 0.06 � 0.08 0.44 � 0.01^c

aWA89 Collaboration, Eur. Phys. J. C8 (1999) 59 bMergell et al., Nucl. Phys. A596 (1996) 596 cNA7 Collaboration, Nucl. Phys. A277 (1986) 168

Comparison Charge Radius – Strong Radius

Polarization of Inclusively Produced Λ0

Jürgen@HQ2K 10Oct00. 25

Conclusion

• SELEX has most precise Λ_c lifetime measurement: τ (Λ_c) = (198.1 ± 7.0 ± 5.1) fs • SELEX has preliminary D�_s lifetime measurement: τ (D�_s ) = (475.6 ± 17.5 ± 4.4) fs • Analysis method validated with D^0 and D^+ lifetime • SELEX has preliminary results on Λ_c, D_s, D^0, and D� production with Σ�, π� and p beams • SELEX has measured the electromagnetic charge radius of the Σ� • New results on polarization