COMMISSIONING OF THE PIBETA DETECTOR

R-89-01.1, PIBETA Collaboration: VIRGINIA - PSI - SWIERK - ARIZONA - DUBNA - TBILISI - ZAGREB

E. Frlež^∗, J. E. Koglin^∗, W. Li^∗, A. V. Lebedev^∗ , R. C. Minehart^∗, D. Počanić^∗, S. Ritt^{∗†}, P. L. Slocum^∗, L. C. Smith^∗, W. A. Stephens^∗ , K. O. H. Ziock^∗, W. Bertl^†, C. Brönnimann^†, M. Daum^†, T. Flügel^†, R. Horisberger^†, D. Renker^†, R. Schnyder^†, H.-P. Wirtz^†, T. Kozlowski^‡, D. W. Lawrence^§, B. G. Ritchie^§, V. V. Karpukhin^¶, N. V. Khomutov^¶, A. S. Korenchenko^¶, S. M. Korenchenko^¶, N. P. Kravchuk^¶, N. A. Kuchinsky^¶, D. Mzhavia^{∗∗}, Z. Tsamalaidze^{∗∗}, I. Supek^{††}

∗ Department of Physics, University of Virginia, Charlottesville, VA 22901, U.S.A. † Paul Scherrer Institut, CH 5232 Villigen PSI, Switzerland ‡ Institute for Nuclear Studies, PL-05-400 Swierk, Poland § Department of Physics and Astronomy, Arizona State University, Tempe, AZ 85287-1504, U.S.A. ¶ Joint Institute for Nuclear Research, Dubna, Russia ∗∗ Institute for High Energy Physics, Tbilisi State University, Tbilisi, Georgia †† Rudjer Bošković Institute, Zagreb, Croatia

The PIBETA experiment at PSI proposes to measure the pion beta decay (π^+→π^0e^+ν) branching ratio with an accuracy of about 0.5 % in the current phase of the project. Owing to low theoretical uncertainties stemming mainly from axial vector loop corrections, this is one of the most precisely calculated observables in the Standard Model. The best experimental value at present has error limits of 4 %, far exceeding the theoretical uncertainty of < 0.15 %.

Figure 1: Timing spectra for π → μ → e events (top panel) and π → eν events (bottom panel). Fitting functions using the Particle Data Group values for the μ and π lifetimes are superimposed on the data histograms.

The PIBETA detector system was assembled during the first half of 1998. The heart of the detector is a 3π spherical calorimeter consisting of 240 pure CsI crystals. The central part of the apparatus contains active beam degrader and pion stopping target counters, surrounded by a charged particle (CP) tracking system consisting of a 20-bar scintillator hodoscope and a pair of concentric cylindrical wire chambers. All detector components, including trigger electronics and front-end DAQ computers, are mounted on a compact platform. Details of the detector design and construction can be seen at the experiment URL site http://psw340.psi.ch/~ pibeta/.

Figure 2: πβ spectra from the 1998 data: CsI calorimeter energy spectrum (top), timing histogram for events that pass πβ cuts (middle), and active target energy spectrum (bottom panel).

First calibration and commissioning data with the whole detector were taken during a six-week long summer 1998 run. After a lengthy initial setup and calibration, the response of all detector components to five different π^+ stopping rates between 0.3×10^5 and 8×10^5 π+/s was studied. The total number of pions stopped in the active target was 5.6×10^{10}. The CP detection inefficiency was less than 3×10^{−5}. The DAQ live time was 85 % and higher, enabling us to collect ∼ 80 k π → eν events (Fig. 1) and ∼ 120 πβ events (Fig. 2). Further analysis of the commissioning run data, as well as instrumental improvements and fixes are under way.