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Development of a multi-pixel photon sensor with

single photon sensitivity
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In particle physics experiments, photon sensors play key roles in detecting and
measuring particle’s kinetic parameters. Photons produced by a particle in a detector
possess essential information on the particle’s properties. They are utilized for
particle identification in Cherenkov counters and TOF counters, for particle tracking in
scintillating fiber detectors and for energy measurement in calorimeters. An
interesting and attractive photon sensor is a hybrid photo-detector (HPD) equipped
with a multi-pixel avalanche diode. An HPD can be realized based on vacuum-tube
technology and the rapidly evolving semiconductor technology. The latter is the key
element for multi-pixel readout with single-photon sensitivity.

We have investigated various types of avalanche diodes (AD) appropriate for
electron multiplication, and have successfully developed an HPD equipped with the
most practical AD. The developed HPD has an effective area of 16x16 mm? with 8x8
pixels of 2x2 mm” each. The gain is 5x10*, sufficiently high to detect single photons
with a timing resolution better than 100 ps. Photoelectrons from 1 to 5 can be clearly
identified in a pulse-height spectrum as distinct peaks, thanks to the low noise
characteristics of the HPD. In addition, it has been proved that the HPD can be
operated with good performance in a magnetic field of up to 1.5 T. A superb feature
of this HPD as a particle tracker has been demonstrated by a measurement of muon
tracks in cosmic-rays with a detector system consisting of a bundle of scintillating
fibers and an HPD.

In this way, the developed HPD has successfully functioned as a multi-pixel photon
sensor. This is the first HPD having all desirable features, such as high granularity,
single-photon sensitivity, fast timing capability and operability under high magnetic
fields, which are essential requirements in applications for high-energy physics

experiments.
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