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We have developed a Cherenkov ring-imaging detector asrallparticle identification device,
named TOP, for the Belle Il experiment. We have successfulhgluced the detector modules,
which consists of the 2.7m long quartz radiators, MCP-PMia i@adout electronics, by devel-
oping many tools and method. Along with the construction,als® have developed the life-
extended MCP-PMT with the Hamamatsu photonics, to keep énfopnance for long period
even under higher background environment than the expeatedt SuperK EKB.
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1. Introduction

We have been developed new ring imaging Cherenkov deteetored “TOP detector” [1], for
the ™ /K* particle identification (PID) in the barrel region of Bellegetector [2], which improves
the PID performance. The target fake rate is about 5 timeshes the previous Belle experiment.
TOP detector measures the time-of-flight and time-of-pgagian of internally reflected Cherenkov
photons, emitted by the charged particle. TOP consistsefdiye quartz radiators, a focusing
mirror and an image expansion block, as shown in Fig. 1(Idft)e mirror and expansion block is
used to correct the chromaticity and increase the numbéfaaftive detected photons. The quartz
radiator is made of high quality fused-silica with a polighiaccuracy of A flatness and 5 A sur-
face roughness. Two quartz bars, a focusing mirror and aansipn block are glued together
(Fig. 1(right)) with an angle accuracy ef 0.02 mrad by EPOTEK305-2 epoxy adhesive.
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Figure 1: Overview of TOP radiator shape and readout position (left) the photo of the quartz radiator
on the alignment stage (right). TOP detector consists ofjtletz radiator with the size of 2.6 m 45 cm

x 2 cm and focusing mirror and expansion block. At the end ofrddiator, MCP-PMTs and readout
electronics are attached.

MCP-PMT
& Electronics

The radiator is supported by PEEK buttons on the honeycomilelparlhe button surface
are tuned within~ 40 um flatness. The module stiffness is improved by adopting deslraped
honeycomb panel, and also by connecting the modules eaeh ashbarrel shape. During the
module production, we attached “strong back” support frémrtbe quartz-bar-box (QBB), to keep
the flatness within 50Qim.

On the end of expansion block, photon detectors and the ueadectronics are attached.
We have employed square-shape MCP-PMTs [3] as the photectdetwhich can detect single
photon even under a 1.5 T magnetic field, with the transietspread ok 40 ps (Fig. 2). The PMT
signal is read out by a newly developed ASIC [4] with GHz agatandwidth, high performance
waveform recording, to achieve pico-second level timingsueement.

2. MCP-PMT

We have developed the MCP-PMT with Hamamatsu photonics ,Kkd<obtain the higher
performance, especially for the single photon detectifiniefcy. Along with the mass production
for Belle 1l experiment, we have tuned the photocathodepee@nd obtained the high quantum
efficiency (QE) of 28~ 31 % at the peak wavelength. The typical QE distribution iswshin
Fig. 3(left).
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Figure2: Photo of MCP-PMT array for TOP detector (left) and typicalitig distribution for single photon
detection by pulse laser (right).

The photocathode lifetime was main issue for high intensiperiments. In the Belle II,
many background gammas from the beam-line illuminate tlaetguadiator and covert to electron-
positron pairs, which emit background Cherenkov photomksnaakes many background signals at
MCP-PMT. The photocathode is damaged by feed-backed iams MCP due to the electron
multiplication process. In order to improve the lifetimee wdopted ALD coated MCP [5] and
also developed further life-extended MCP-PMT with Hamamaihotonics by tuning the MCP
cleaning method. The result is shown in Fig. 3(right).
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Figure 3: Typical QE distribution as a function of photon wavelend#itf and the relative QE depending
on the output charge (right).

3. TOP module production

Finally, we have started the TOP module production from Deaer 2014, following the prac-
tice of 4 prototypes. After optics gluing and honeycombitnutpreparation, we lift up the optics
from the gluing stage to honeycomb panel (Fig. 4(left))nthesemble the QBB, PMT modules and
front-end electronics. We have produced the TOP modulds 2v8 weeks per module, success-
fully, and finished in about one year. Then we have instalied Belle Il structure in April/May
2016 (Fig. 4(right)). The test with cosmic-ray is underway.
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Figure 4: Photos of TOP module production (left) and the installatiaght).
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