Charged Kaon Physics with the KLOE experiment.

The KLOE Collaboration

A. Aloisio^g, F. Ambrosino^g, A. Antonelli^c, M. Antonelli^c, C. Bacci^m, M. Barva^m, G. Bencivenni^c, S. Bertolucci^c, C. Bini^k, C. Bloise^c, V. Bocci^k, F. Bossi^c, P. Branchini^m, S. A. Bulychjov^f, R. Caloi^k, P. Campana^c, G. Capon^c, T. Capussela^g, G. Carboni^ℓ, F. Ceradini^m, F. Cervelli^i, F. Cevenini^g, G. Chiefari^g, P. Ciambrone^c, S. Conetti^o, E. De Lucia^k, A. De Santis^k, P. De Simone^c, G. De Zorzi^k, S. Dell’Agnello^c, A. Denig^d, A. Di Domenico^k, C. Di Donato^g, S. Di Falco^i, B. Di Micco^m A. Doria^g, M. Dreucci^c, O. Erriquez^a, A. Farilla^m, G. Felici^c, A. Ferrari^m, M. L. Ferrer^c, G. Finocchiaro^c, C. Forti^c, P. Franzini^k, C. Gatti^k, P. Gauzzi^k, S. Giovannella^c, E. Gorini^e, E. Graziani^m, M. Incagli^i, W. Kluge^d, V. Kulikov^f, F. Lacava^k, G. Lanfranchi^c J. Lee-Franzini^{c,n}, D. Leone^k, F. Lu^{c,b}, M. Martemianov^c, M. Martini^c, M. Matsyuk^c, W. Mei^c, L. Merola^g, R. Messi^ℓ, S. Miscetti^c, M. Moulson^c, S. Müller^d, F. Murtas^c, M. Napolitano^g, F. Nguyen^m, M. Palutan^c, E. Pasqualucci^k, L. Passalacqua^c, A. Passeri^m, V. Patera^{c,j}, F. Perfetto^g, E. Petrolo^k, L. Pontecorvo^k, M. Primavera^e, P. Santangelo^c, E. Santovetti^ℓ, G. Saracino^g, R. D. Schamberger^n, B. Sciascia^c, A. Sciubba^{c,j}, F. Scuri^i, I. Sfiligoi^c, A. Sibidanov^{c,h}, T. Spadaro^c, E. Spiriti^m, M. Testa^k, L. Tortora^m, P. Valente^c, B. Valeriani^d, G. Venanzoni^c, S. Veneziano^k, A. Ventura^e, R.Versaci^m, I. Villella^g, G. Xu^{c,b}

Contributed paper to ICHEP’04 2 August 2004 aDipartimento di Fisica dell’Università e Sezione INFN, Bari, Italy.

bPermanent address: Institute of High Energy Physics, CAS, Beijing, China.

cLaboratori Nazionali di Frascati dell’INFN, Frascati, Italy. dInstitut für Experimentelle Kernphysik, Universität Karlsruhe, Germany.

eDipartimento di Fisica dell’Università e Sezione INFN, Lecce, Italy. f Permanent address: Institute for Theoretical and Experimental Physics, Moscow, Russia.

gDipartimento di Scienze Fisiche dell’Università “Federico II” e Sezione INFN, Napoli, Italy hPermanent address: Budker Institute of Nuclear Physics, Novosibirsk, Russia iDipartimento di Fisica dell’Università e Sezione INFN, Pisa, Italy.

jDipartimento di Energetica dell’Università “La Sapienza”, Roma, Italy. kDipartimento di Fisica dell’Università “La Sapienza” e Sezione INFN, Roma, Italy.

ℓDipartimento di Fisica dell’Università “Tor Vergata” e Sezione INFN, Roma, Italy.

mDipartimento di Fisica dell’Università “Roma Tre” e Sezione INFN, Roma, Italy.

nPhysics Department, State University of New York at Stony Brook, USA. oPhysics Department, University of Virginia, USA.

Abstract

The status of the analyses in progress on charged kaon physics with the KLOE detector is presented, specifically we summarize the study of the charged kaon lifetime and the analyses of two-body and semileptonic decays.

Introduction

The KLOE experiment runs at DAΦNE[1], the Frascati ϕ-factory, an e^+-e^− collider operating at the center of mass of the ϕ(1020) meson. K_S K_L pairs and K^+K^− pairs are produced in a well prepared, C-odd, quantum state. A unique feature is the production of quasi monochromatic K_S , K_L , K^+ and K^− tagged beams.

The KLOE detector consists of a large cylindrical drift chamber[2] surrounded by a lead/scintillating-fiber sampling calorimeter[3]. Two small calorimeters [4], wrapped around the quadrupoles of the low-β insertion, complete the detector hermeticity. A superconducting coil and an iron yoke surrounding the whole detector provide a 0.52 T magnetic field. The momentum resolution of the drift chamber is σ(p_⊥)/p_⊥ ∼ 0.4% while the decay vertices are reconstructed with a resolution σ_v ∼ 3mm. The calorimeter ensures 98% coverage of the solid angle, the energy resolution is σ_E /E = 0.057/ √ E (GeV) and the time resolution is σ_t=(54/ √ (E(GeV )⊕ 50) ps. The present data set corresponds to an integrated luminosity of ∼ 450 pb^{−1} equivalent to ∼ 7 × 10^8 each K^+ , K^− decays.

With this statistics we are undertaking a comprehensive program for the study of the decays of the charged kaons. The very clean signature of K^± → μ^±ν(ν̄) and K^± → π^±π^0 decays is exploited to tag charged kaons and provides pure samples of kaons with known charge, as starting point for all the analyses. Moreover most of the efficiencies (tagging, tracking, vertexing, clustering and track to cluster association) can be evaluated directly from data control samples.

Study of two-body decays of charged Kaons with the KLOE detector. The measurement of the branching ratios of the two-body decays (K^± → μ^±ν(ν̄) and K^± → π^±π^0 ) is done using the momentum spectra of the charged secondary evaluated in the kaon rest frame and in the pion mass hypothesis.

The spectra of the three different components (μν and ππ^0 peaks and 3-body distribution) are extracted from data control samples.

The reconstruction efficiencies of the tracking system for these decays are measured directly from data samples by using the redundant calorimetric information. For this purpose several methods have been developed and among them we describe the measurement of the global efficiency, tracking plus vertexing, for the ππ^0 decay. The kaon track of the tagging side is extrapolated to the signal hemisphere where the neutral decay vertex is found using the timing of the neutral clusters fired by the photons of the π^0 decay. We step along the path given by the extrapolated kaon in order to find the point giving the best evaluation of the position of the neutral vertex. Thanks to the excellent time resolution of the calorimeter the neutral vertex resolution is about 1 cm. This sample is used as normalization for the evaluation of the global efficiency.

The achievable statistical accuracy on the measurement of the branching ratio of the two-body decays is at the level of a few permil.

Study of the charged Kaon semileptonic decays with the KLOE detector. The semileptonic decays are selected by means of kinematical cuts in the kaon reference frame. The subsequent μ − e discrimination is achieved by means of time of flight (TOF) measurement. Most of the correlated efficiencies

(tracking, vertexing and TOF) can be measured from data using techniques similar to the one described above for the global efficiency, tracking plus vertexing, for the ππ^0 decay. The effect of radiative K_{l3} decays is accounted for.

The present data set allows us to reach a ≃ 0.6% accuracy on the branching ratio measurements.

Study of the charged Kaon lifetime with the KLOE detector. Two independent methods to measure the charged kaon lifetime have been developed. The first one relies on drift chamber information only and evaluates the K^+K^− proper lifetime (τ^±) stepping along the charged kaon track up to the decay vertex, taking into account the dE/dx loss in the gas mixture of the drift chamber (10%isobutane − 90%helium).

In the second method the kaon track of the tagging side is extrapolated to the signal hemisphere and the time measurements of the two photons from the π^0 decay are used to evaluate the time of flight.

The statistical uncertainty, based on the available data set, will allow us to improve the present 0.2% accuracy on the kaon lifetime measurement considerably.

Measurement of the branching ratio for the decay K^± → π^±π^0π^0 with the KLOE detector. A new measurement of the absolute branching ratio BR( K^± → π^±π^0π^0 ) with the KLOE detector has been published [6], using a sample of ≃ 3.3 × 10^7 charged kaon tagged events, and had improved the measurement of the branching ratio of this mode by a factor of ≃ 1.5 .

References

[1] S. Guiducci et al., Proc. of the 2001 Particle Accelerator Conference (Chicago,Illinois,USA), P.Lucas S.Weber ed., 353, (2001) [2] KLOE Coll., M. Adinolfi et al., Nucl. Instrum. Meth. A488 (2002) 51. [3] KLOE Coll., M. Adinolfi et al., Nucl. Instrum. Meth. A482 (2002) 363. [4] KLOE Coll., M. Adinolfi et al., Nucl. Instrum. Meth. A483 (2002) 649. [5] KLOE Coll., M. Adinolfi et al., Nucl. Instrum. Meth. A492 (2002) 134. [6] KLOE Coll., A. Aloisio et al., hep-ex 0307054 and Phys. Lett. B in press.