The KLOE drift chamber

M. Adinolfi m A. Aloisio g F. Ambrosino g A. Andryakov f A. Antonelli c M. Antonelli c F. Anulli c C. Bacci n A. Bankamp d G. Barbiellini o G. Bencivenni c S. Bertolucci c C. Bini k C. Bloise c V. Bocci k F. Bossi c P. Branchini n S.A. Bulychjov f G. Cabibbo k A. Calcaterra c R. Caloi k P. Campana c G. Capon c G. Carboni m A. Cardini k M. Casarsa o G. Cataldi d F. Ceradini n F. Cervelli j F. Cevenini g G. Chiefari g P. Ciambrone c S. Conetti q S. Conticelli c E. De Lucia k G. De Robertis a R. De Sangro c 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 j A. Doria g E. Drago g V. Elia e O. Erriquez a A. Farilla n G. Felici c A. Ferrari k M.L. Ferrer c G. Finocchiaro c C. Forti c A. Franceschi c P. Franzini k,c M.L. Gao b C. Gatti c P. Gauzzi k S. Giovannella c V. Golovatyuk e E. Gorini e F. Grancagnolo e W. Grandegger c E. Graziani n P. Guarnaccia a U.v. Hagel d H.G. Han b S.W. Han b X. Huang b,c M. Incagli j L. Ingrosso c Y.Y. Jang b,c W. Kim c W. Kluge d V. Kulikov f F. Lacava k G. Lanfranchi k J. Lee-Franzini c,p F. Lomtadze j C. Luisi k C.S. Mao c,b M. Martemianov f M. Matsyuk f W. Mei c L. Merola g R. Messi m S. Miscetti c A. Moalem h S. Moccia c M. Moulson c S. Mueller d F. Murtas c M. Napolitano g A. Nedosekin c,f M. Panareo e L. Pacciani m P. Pagès c M. Palutan m L. Paoluzi m E. Pasqualucci k L. Passalacqua c M. Passaseo k A. Passeri n V. Patera ℓ,c E. Petrolo k G. Petrucci c D. Picca k G. Pirozzi g C. Pistillo g M. Pollack p L. Pontecorvo k M. Primavera e F. Ruggieri a P. Santangelo c E. Santovetti m G. Saracino g R.D. Schamberger p C. Schwick j B. Sciascia k A. Sciubba ℓ,c F. Scuri o I. Sfiligoi c J. Shan c P. Silano k T. Spadaro k S. Spagnolo e E. Spiriti n C. Stanescu n G.L. Tong c L. Tortora n E. Valente k P. Valente c,1 B. Valeriani j G. Venanzoni j S. Veneziano k Y. Wu c,b Y.G. Xie b P.P. Zhao b Y. Zhou c aDipartimento di Fisica dell’Università e Sezione INFN, Bari, Italy bInstitute of High Energy Physics of Academica Sinica, Beijng, China cLaboratori Nazionali di Frascati dell’INFN, Frascati, Italy dInstitut für Kernphysik, Universität, Karlsruhe, Germany eDipartimento di Fisica dell’Università e Sezione INFN, Lecce, Italy

Preprint submitted to Elsevier Preprint 26 May 2000 f Institute for Theoretical and Experimental Physics, Moscow, Russia gDipartimento di Scienze Fisiche dell’Università e Sezione INFN, Napoli, Italy hPhysics Department, Ben-Gurion University of the Negev, Israel iPhysics Department, Columbia University, New York, USA jDipartimento di Fisica dell’Università e Sezione INFN, Pisa, Italy kDipartimento di Fisica dell’Università e Sezione INFN, Roma I, Italy ℓDipartimento di Energetica dell’Università, Roma I, Italy mDipartimento di Fisica dell’Università e Sezione INFN, Roma II, Italy nDipartimento di Fisica dell’Università e Sezione INFN, Roma III, Italy oDipartimento di Fisica dell’Università e Sezione INFN, Trieste, Italy pPhysics Department, State University of New York at Stony Brook, USA qPhysics Department, University of Virginia, USA

Abstract

The tracking detector of the KLOE experiment is 4 m diameter, 3.3 m length drift chamber, designed to contain a large fraction of the decays of low energy K_L produced at the Frascati DAΦNE ϕ–factory. The chamber is made by a thin carbon fiber structure and operated with a helium based gas mixture in order to minimise conversion of low energy photons and multiple scattering inside the sensitive volume. The tracking information is provided by 58 layers of stereo wires defing 12,582 cells, 2×2 cm^2 in size in the 12 innermost layers and 3×3 cm^2 in the outer ones. Details of the chamber design, calibration procedure and tracking performances are presented.

The main goal of the KLOE experiment [1] at the Frascati ϕ–factory DAΦNE is the measurement of the CP violation parameter ℜ(ε^′ /ε) in the decay of neutral kaons. This requires a large acceptance for K_L decays into charged and neutral particles, precise location of the decay vertices, good invariant mass resolution, γ–e–π identification and good self-calibrating capabilities of the detector. The two main KLOE sub-detectors are thus a lead-scintillating fiber e.m. calorimeter [2] and a large volume drift chamber, both surrounded by a superconducting coil providing a 0.6 Tesla magnetic field. In the December 1999 pilot run KLOE collected 2.42 pb^{−1}, corresponding to about 7.7 millions ϕ decays, which allowed precise calibration of the detector and first physics studies.

1 Corresponding author

Fig. 1. Left: Spatial resolution (left) and cell efficiency (right) as a function of the impact parameter.

1 Requirements and specifications

The design of the tracking detector[3] is driven by the requirements of having a large, homogeneous active volume that should also be highly transparent to minimise K_L regeneration, photon conversion before the calorimeter and multiple scattering. It should provide tracking in three dimensions with a resolution in the bending plane of ∼ 200 μm and a decay vertex resolution of ∼ 1 mm over the whole sensitive volume. It also should be used to provide a fast trigger on charged particles to complement the calorimetric trigger[4]. The chamber is made by a 4 m diameter, 3.3 m long C-fiber cylinder, closed by 2 C-fiber 8 mm thick spherical end-plates, and is filled with a 90% He–10% iC_4H_{10} gas mixture. There are 12 582 approximately square cells, 12 2×2 cm^2 layers in the inner part, and 46 3×3 cm^2 outer layers; the geometry is “allstereo” with alternating angles (60÷150 mrad) at costant drop (1.5 cm). The ratio between the silver plated 80 μm Al field wires and the gold plated 25 μm W wires is 3:1, for a grand total of 52 140 wires.

2 Performances

Since drift velocity is not saturated and the shape of the cells vary along the chamber axis according to the stereo geometry, track reconstruction is based on a set of 232 time-to-space relations depending on 6 cell-shape parametrisations and different incidence angles. Each relation is defined by a sixth order Chebychev polynomial computed by an iterative procedure applied to tracks produced by cosmic rays and/or Bhabha pairs. Space-to-time relations are

Fig. 2. Momentum resolution for Bhabha’s (left) and reconstructed invariant mass of ϕ → K^+K^− (right).

varied until track fit residuals are smaller than 50 μm (with the exclusion of the region near the wire). As a result a spatial resolution (Fig. 1) of about 140 μm over the largest part of the cell is achieved. Tracking efficiency is estimated by interpolating fitted tracks and looking for hits at the intersection of the expected trajectory with layers. As shown in Fig. 1 the efficiency is larger than 99% over the whole cell.

The absolute momentum scale is fixed using Bhabha, di-muon and π^+π^−π^0 events produced in e^+e^− collisions and from a series of decays such as K_s → π^+π^−, K_L → π^+π^−π^0 and K_L → ℓν_ℓπ which span the full momentum range. Tracking takes into account the precise determination of wire positions and the measured map of the magnetic field. Deviations from nominal values are at the level of 0.1%, while momentum resolution is better than 0.3% for large angle Bhabha’s (45^∘ < θ < 135^∘), as shown in Fig. 2. The energy loss in the drift medium (gas+wires) and in the chamber walls is also taken into account. This correction is particulary relevant for the low momentum kaons produced in ϕ → K^+K^− decays. In Fig. 2 the reconstructed ϕ peak is reproduced at the nominal value with an accuracy of 1.2 MeV/c^2.

The advantage of a ϕ-factory is that K_s and K_L are automatically produced in pairs, thus providing simple and effective tags. The drift chamber is used to tag the presence of a K_L by identifying a K_S → π^+π^−, complementing the K_S → π^0π^0 tagging with the calorimeter. The beam pipe around the IP is spherical in shape with a radius of 10 cm (≃ 16 λ_S ), so that all K_s’s decay in vacuum. The K_s is tagged using the charged decays of the K_L (mostly semileptonic and π^+π^−π^0) by the presence of a two-tracks vertex well inside the chamber. Since about 70% of K_L’s do not decay in the chamber, this tag is complemented by another identyfing those K_L (∼ 15%) which interact in the calorimeter. Fig. 3 shows the two-pions invariant mass in the CP allowed K_S → π^+π^− and CP violating K_L → π^+π^− decays: the nominal value for

Fig. 3. Reconstructed invariant mass of K_S → π^+π^− and K_L → π^+π^−. the neutral kaon mass is found with a resolution of about 1 MeV/c^2. The CP violating sample was selected among the tagged K_L decays into two charged particles, by loose requirements on the missing mass and missing momentum of the two pions system.

In conclusion data collected during the 1999 DAFNE pilot run have been used to confirm the good performances of the drift chamber, which had already measured with cosmic rays since the chamber installation in March 1998. In addition e^+e^− data have allowed a precise calibration and an exaustive test of tracking capabilities, which fully satisfy design requirements thus allowing a clean observation of CP violating events and preliminary kaon decays studies.

References

[1] The KLOE collaboration, LNF-93/002 (1993).

[2] S. Miscetti for the KLOE collaboration, First performances of the KLOE electromagnetic calorimeter at DAΦNE, these proceedings, and references therein.

[3] The KLOE collaboration, LNF-94/028 (1994).

[4] B. Sciascia for the KLOE collaboration, The KLOE trigger system, these proceedings, and references therein.