Frascati Physics Series Vol. nnn (2001), pp. 000-000 IX Int. Conf. on Calorimetry in Part. Phys. - Annecy, Oct. 9-14, 2000

CALIBRATION AND RECONSTRUCTION PERFORMANCES OF THE KLOE ELECTROMAGNETIC CALORIMETER

The KLOE Collaboration^1 presented by P. GAUZZI Rome “La Sapienza” University and INFN P.le A.Moro 2, 00185 - Rome (Italy) E-mail: Paolo.Gauzzi@roma1.infn.it

ABSTRACT

A review of the methods used to calibrate and to reconstruct energy and time with the electromagnetic calorimeter of the KLOE experiment is presented. The performances heve been evaluated with the first data collected at DAΦNE in 1999. An energy resolution of 5.7%/ √ E(GeV) has been achieved, together with a time resolution of ∼54 ps/ √ E(GeV) plus 50 ps constant term, well matching the design requirements.

1 Introduction

The main aim of the KLOE experiment^1 is the study of the CP violation in the decays of the neutral kaons at the DAΦNE φ-factory in Frascati 1, 2). The

1 The KLOE Collaboration: M. Adinolfi, A. Aloisio, F. Ambrosino, A. Andryakov, A. Antonelli, M. Antonelli, F. Anulli, C. Bacci, G. Barbiellini, F.

detector consists of two main parts: a large volume drift chamber (DCH) 3) and an electromagnetic calorimeter (EMC). The EMC has been designed to detect photons coming from the decays of K_{L,S} → π^0π^0 in order to measure the K_{L,S} decay vertex and to reject the K_L → π^0π^0π^0 background. Good efficiency for photons down to 20 MeV, together with hermeticity and good energy and time resolution are required.

The EMC 4) is a sampling calorimeter made of grooved lead foils, 0.5 mm thick, interleaved with layers of scintillating fibres of 1 mm diameter, glued by means of an epoxy resin. The fibre:lead:glue ratio is 48:42:10, the radiation length is about 1.6 cm and the average density 5.3 g/cm^3. The EMC consists of a barrel part, about 4 m diameter, divided into 24 modules 4.3 m long and 23 cm thick (∼15 X_0) of trapezoidal section, and two endcaps each made of 32 “C”-shaped modules with different lengths. Fibres run along the axis in the barrel and vertically in the endcaps. The read-out granularity is about 4.4 x 4.4 cm^2 for a total of 4880 cells; each cell is connected at both ends to a photomultiplier (PM) through a plexiglas light guide. Since the whole detector

Bellini, G. Bencivenni, S. Bertolucci, C. Bini, C. Bloise, V. Bocci, F. Bossi, P. Branchini, S. A. Bulychjov, G. Cabibbo, A. Calcaterra, R. Caloi, P. Campana, G. Capon, G. Carboni, A. Cardini, M. Casarsa, V. Casavola, G. Cataldi, F. Ceradini, F. Cervelli, F. Cevenini, G. Chiefari, P. Ciambrone, S. Conetti, E. De Lucia, G. De Robertis, R. De Sangro, P. De Simone, G. De Zorzi, S. Dell’Agnello, A. Denig, A. Di Domenico, C. Di Donato, S. Di Falco, A. Doria, E. Drago, O. Erriquez, A. Farilla, G. Felici, A. Ferrari, M. L. Ferrer, G. Finocchiaro, C. Forti, A. Franceschi, P. Franzini, M. L. Gao, C. Gatti, P. Gauzzi, S. Giovannella, V. Golovatyuk, E. Gorini, F. Grancagnolo, W. Grandegger, E. Graziani, P. Guarnaccia, H. G. Han, S. W. Han, X. Huang, M. Incagli, L. Ingrosso, Y. Y. Jiang, W. Kim, W. Kluge, C. Kuo, V. Kulikov, F. Lacava, G. Lanfranchi, J. Lee-Franzini, T. Lomtadze, C. Luisi, C. S. Mao, M. Martemianov, A. Martini, M. Matsyuk, W. Mei, L. Merola, R. Messi, S. Miscetti, A. Moaleme, S. Moccia, M. Moulson, S. Mueller, F. Murtas, M. Napolitano, A. Nedosekin, M. Panareo, L. Pacciani, P. Pagès, M. Palutan, L. Paoluzi, E. Pasqualucci, L. Passalacqua, M. Passaseo, A. Passeri, V. Patera, E. Petrolo, G. Petrucci, D. Picca, G. Pirozzi, C. Pistillo, M. Pollack, L. Pontecorvo, M. Primavera, F. Ruggieri, P. Santangelo, E. Santovetti, G. Saracino, R. D. Schamberger, C. Schwick, B. Sciascia, A. Sciubba, F. Scuri, I. Sfiligoi, J. Shan, P. Silano, T. Spadaro, S. Spagnolo, E. Spiriti, C. Stanescu, G. L. Tong, L. Tortora, E. Valente, P. Valente, B. Valeriani, G. Venanzoni, S. Veneziano, A. Ventura, Y. Wu, Y. G. Xie, P. P. Zhao, Y. Zhou

Figure 1: Left: example of MIP; right: photon spectrum for e^+e^− → γγ after the calibration.

is located inside a superconducting solenoid producing a 0.53 T magnetic field, fine mesh PMs have been used.

The EMC has been installed in 1998, and on April 1999 the first collisions were observed in DAΦNE. The integrated luminosity of 2.4 pb^{−1} collected in the 1999 run, has been used to setup the calibration procedures described in this paper.

2 Energy calibration

The first calibration of the EMC is performed with cosmic rays, by selecting minimum ionizing particles, and measuring, for each read-out cell, the peak of the energy release at the calorimeter centre, called MIP(fig.1.a). In a typical cosmic ray run (about one day data-taking), 1000 events per cell are collected, and this corresponds to a statistical accuracy in the MIP determination of 1÷2%.

Then fine corrections to the cell intercalibration are applied by equalizing the response to the electromagnetic (e.m.) showers produced by Bhabha scattering events. Finally the energy scale is set by using e^+e^− → γγ events, since photons do not lose energy passing through the beam-pipe and and the

Figure 2: e^+e^− →e^+e^−γ events; left: linearity of the response; right: energy resolution.

DCH walls(fig.1.b). The energy scale turns out to be 38 MeV/MIP, that, taking into account the number of photoelectrons (p.e.) per MIP measured in the cosmic ray test of the calorimeter modules 5), corresponds to a light yield of about 1 p.e./MeV deposited at the calorimeter centre per read-out side. This calibration with e.m. showers is performed by selecting on-line Bhabha and γγ events, and by analyzing them with an automatic procedure starting every 100 nb^{−1} of integrated luminosity (corresponding to about 8 hours of data-taking at the present luminosity).

The EMC performances on energy reconstruction have been evaluated by exploiting e^+e^− →e^+e^−γ events. The energy of the photon can be determined with good accuracy by measuring the momenta of e^+ and e^− with the DCH, and then compared to the energy measured by the EMC. In fig.2 are reported the differential linearity and the energy resolution in the range 20 ÷ 500 MeV. The non-linearity is below 1% for E_γ > 75 MeV, while at lower energies a drop down to 5% is observed. The overall energy resolution turns out to be dominated by the sampling fluctuations:

σ_E E = 5.7% √ E(GeV)

⊕ 0.6% (1)

As examples of energy reconstruction with the KLOE EMC, in fig.3 are reported the γγ invariant mass for 3-photon events (from φ → ηγ , π^0γ, with η, π^0 → γγ), and the 4-photon invariant mass for events with a K_S → π^0π^0 decay. The reconstructed masses agree within 1% with the PDG values 6).

Figure 3: Left: γγ invariant mass for φ → ηγ , π^0γ, with η, π^0 → γγ; right: 4 photon invariant mass for K_S → π^0π^0.

3 Timing calibration

Cosmic rays are also used to provide a first calibration of the time response: from the difference of the arrival times of the signal at both ends of a cell, the offsets difference (Δt_0) and the effective velocity of light in the fibres (v_{ef f} ) are determined. In order to align the time response of the cells among each other also the sums of the offsets have to be measured. This is done by selecting high momentum tracks in the DCH and by minimizing the residuals of the linear fit to the time-position relation with an iterative procedure.

One hour data-taking is sufficient to calibrate the time offsets with an accuracy of 30÷40 ps, and the v_{ef f} with an accuracy of 0.3% (the average value is 16.7 cm/ns). A check of the validity of the calibration procedure is obtained by plotting the measured velocity of cosmic ray as a function of the track momentum (fig.4.a). This is fit to the relation β = p/ √ p^2 + m^2 taking the particle mass as a free parameter: a good agreement with the muon mass is obtained.

Fine corrections to these time offsets are obtained with e^+e^− → γγ events,

Figure 4: Left: velocity vs momentum for cosmic muons; right: time resolution as a function of E_γ for photon from φ radiative decays.

reaching an accuracy of 10÷20 ps.

The time resolution has been evaluated by measuring the quantity t − r/c for the prompt photons from the radiative decays φ → ηγ, π^0γ, where t is the measured arrival time of the photon on the EMC, r/c is its expected time of flight, assuming that it is produced at the nominal centre of the detector. One obtains (fig.4.b): σ_{t−r/c} =

54ps √ E(GeV)

⊕ 147ps (2)

By comparing the t − r/c distributions for e^+e^− → γγ events at small and at large polar angles, three main contributions to the constant term can be separated: 55 ps due to the bunch lengths, 120 ps due to the uncertainty in the interaction time and 50 ps due to residual miscalibration of the detector.

The velocity spectrum of the K_L interacting in the EMC (fig.5.a) is an example of timing performance; the average value is β_L=0.213 and the width δβ_L=0.004 is essentially due to the machine energy spread (δE≃ 1 MeV). Thus the measurement of β_L can be used to monitor the centre of mass energy of DAΦNE with accuracy comparable to that obtained using the measurement of the momenta of π^+ and π^− from K_S decays in the DCH.

The time resolution enters directly the accuracy of the neutral vertex

Figure 5: Left: velocity spectrum for of K_L interacting in the EMC; right: decay length for K_L → π^0π^0π^0 (open points) compared to the K_L → π^+π^−π^0 one (full points).

reconstruction: in fig.5.b the measurement of the K_L decay length for the events K_L → π^0π^0π^0 is shown to be in good agreement with the same quantity obtained with the DCH from K_L → π^+π^−π^0. References 1. KLOE Collaboration The KLOE detector - Technical proposal, LNF- 93/002 (IR) (1993); S. Bertolucci, hep-ex/0002030 (2000) 2. S. Guiducci et al. Proceedings of PAC99, New York, March 1999. 3. KLOE Collaboration, submitted to Nucl. Instr. and Meth. (2000). 4. KLOE Collaboration, submitted to Nucl. Instr. and Meth. (2000); M.

Anelli et al. LNF-97/029 (NT) (1997).

5. M. Antonelli et al. Nucl. Instr. and Meth. A409, 558 (1998); C. Bini et al.

KLOE Note 154 02/96 (1996).

6. D. E. Groom et al. Eur. Phys. J. C15, 1 (2000).