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Recently construction of the Hyper-Kamiokande detector, 20x larger than the
Super-Kamiokande detector, has been planned in order to gain a deeper understanding
of neutrino physics.

The photosensor requirements have been examined and a conceptual prototype
photosensor module system for the Hyper-Kamiokande detector has been proposed.
This photosensor module is comprised of a hybrid photon-detector (HPD) as the
photosensor, a charge-sensitive amplifier, an analog memory cell (AMC) as the
waveform sampler, a flash analog to digital converter (FADC) and a field
programmable gate array (FPGA). In this system, the output signal of the HPD is
digitally processed inside the photosensor module and only information regarding
peaking time and the peak amplitude of the signal are extracted and sent.

Three key devices in the photosensor module in this study, an HPD, a
charge-sensitive amplifier, and an AMC were developed and their performance were
evaluated. A 13-inch diameter HPD was developed and proven to have a fast rise time
of ~1ns, a smaller timing jitter of ~190ps (o) and an excellent single photon energy
resolution of ~24%. None of these superior features could have been achieved using a
traditional photomultiplier tube structure. A low noise, fast response charge-sensitive
amplifier specially designed for the HPD was fabricated. Equivalent noise charge of
the charge-sensitive amplifier is estimated to achieve ~2,200 electrons with an ideal
shaping function. A 512-cell AMC was developed and attained a fast sampling speed of
~T780ps with the low power consumption of ~72mW. A prototype algorithm for digital
signal processing was developed and utilizing a general-purpose digital signal
processing prototyping hardware environment, a tentative photosensor module system
was constructed. As a result, the validity of this photosensor module concept could be

successfully demonstrated.
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