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tube for a kaon rare decay experiment

Developments of a sandwich-type detector and a new photomultiplier%-

KEK E391a is an experiment to study direct CP violation through a measurement of
the K¢ — 7% % decay branching ratio. This decay mode will offer a clean information
of the CKM matrix element ImV},; because an uncertainty in the theoretical calculation
is estimated to be only a few %.

K9 — 7% events will be identified by a signal of K — 7% — ) + nothing in the
whole decay region of the £391a detector. The kinematical constraint is so weak that
most important aspect to identify the 7°v7 events is background rejection using veto
counters.

Developments of a new photomultiplier tube (PMT) and a barrel veto counter, which
plays an important role in the background rejection, are reported in this thesis.

1. We succeeded mass-production of large plastic sheets made of MS-resin-based
scintillator over 5.5m long by the extruding technique. As a consequence, a
lead/scintillator sandwich-type calorimeter to give sufficient light yield to reject
background events, became available.

2. The performance of the lead/scintillator sandwich-type detector with a WLS
fiber readout has been tested by using 0.4-2.0 GeV/c¢ electrons and pi-
ons. It has been fabricated as a prototype counter for the KEK E391a ex-
periment. For electrons the prototype counter provides a very linear re-
sponse to the incident energy. The energy resolution is obtained to be
o/E (%) = 5.10 £ 0.03/,/E (GeV) @ 0.00 £ 0.26. A light yield of 5.75 -+ 0.03 pho-
toelectrons/MeV is obtained for the incident energy of v rays. It corresponds to
a light yield of 19.6 &= 0.1 photoelectrons/MeV for the energy deposit in a plastic
scintillator. These values ensure the detection inefficiency of 10~* for photon veto
counters of the E391a experiment.

3. We have made improvements on the 2-inch PMT (Hamamatsu R329) to increase
the photoelectron yield with a prism-shaped, an extended-green photocathode and
polished electrodes. Consequently, about 1.8-times larger photoelectron yield was
obtained with the new PMTs. A similar behavior in the T.T.D. was found for the
standard and new PMTs. However, the T.T.S. of the new PMTs is significantly
larger than that of the standard PMTs. The darkcurrent of the new PMTs is
comparable to that of the standard PMTs at room temperature.
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