
Belle

TOP counter @N-lab 

Maeda Yosuke 
for the Belle II TOP group 

17th Dec, 2015 
N-lab introduction 



N-lab introduction 

Belle

Particle Identification @Belle II	

p PID is an essential part for precision 
measurement in Belle II 
p Bàππ / BàKπ 
p Bàργàππγ / BàK*γàKπγ

p Improvement of 
K/π separation for 
high momentum region  
was critical.  

17th Dec, 2015 
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FIG. 3 (color online). (color online) Projections of the fit to the data enhanced in the B0 ! !þ!" signal region. Points with error
bars represent the data and the solid black curves or histograms represent the fit results. The signal enhancements, Mbc >
5:27 GeV=c2, j!Ej< 0:04 GeV, F b "b=q "q > 0, L#

K=! < 0:4 and r > 0:5, except for the enhancement of the dimension being plotted

are applied to each projection. (a), (b), (c), (d) and (e) show the Mbc, !E, Lþ
K=!, L

"
K=! and F b "b=q "q projections, respectively. Blue

hatched curves show the B0 ! !þ!" signal component, green dotted curves show the B0 ! K#!$ peaking background component,
dashed red curves indicate the total background, and purple dash-dotted curves show the B "B background component.

J. DALSENO et al. PHYSICAL REVIEW D 88, 092003 (2013)

092003-8

Belle result for Bàπ+π- 
(PRD88 092003)	

BàKπ	

Bàππ	
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CHAPTER 1. MOTIVATION AND OVERVIEW

1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modifications are
due to the change in the accelerator design from the high current version to the “nano-beam”
collider, and are associated with the larger crossing angle, the need to have the final quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modified interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

• just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

• the silicon strip detector extends from just outside the pixel detector to a larger radius

14

PID Upgrade	

p Time Of Flight (TOF) 
+ Aerogel Cherenkov Counter (ACC) 
àendcap : Aerogel RICH (ARICH) 
barrel : Time Of Propagation 
counter (TOP) 

p TOP counter 
p novel type of Ring 

Imaging Cherenkov 
detector with quartz 
radiator and fast 
photo sensor 
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K/π	
Δtime	

第 1章 TOPカウンター用MCP-PMT 5

端に接着されるプリズムとミラーによって構成され、光検出器MCP-PMTはプリズム端面に設置
される。波長分散効果の対策として波長カットフィルターとフォーカシングミラーを導入してい
る [16]。2枚の石英板を光学接着材で接着し、石英板の両端にそれぞれプリズムとミラーを接着す
る。そして、筐体である Quart bar box(QBB)に入れる。そして、オプティカルクッキーと呼ばれ
る光学接着用のシリコンゴムを用いてMCP-PMTをプリズムに接着する。

図 1.4 TOPカウンターの模式図 図 1.5 TOPカウンターの各部品の模式図

1.2.2 TOPカウンターの粒子識別原理

図 1.6 TOPカウンターの粒子識別原理の概略図。赤線と青線はそれぞれ Kと π 中間子からの
チェレンコフ光

石英輻射体に入射した荷電粒子が石英輻射体内でチェレンコフ光を放射する。放射されたチェレ

p concept 
p reconstruct ring image 

of Cherenkov radiation 
with timing information 

p advantages 
p threshold type à RICH type : 

improvement on PID performance 
p compact : more space for CDC 
p smaller amount of materials 
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TOP counter	

from M. Thesis 
by Yonekura (2015)	

from flavor workshop 
slide by Arita (2012)	
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Belle II TOP detector

16 modules at R = 119 cm

Quartz bars:
2⇥ 45 cm2 in cross section
2.6 m long

Spherical mirrors:
radius of curvature: 7 m

Expansion prisms:
100 mm long, 51 mm high

MCP-PMT:
Hamamatsu SL-10 with
borosilicate window and
NaKSbCs photo cathode
2 rows of 16 per module

M. Starič (IJS) Performance studies of the Belle II TOP counter 5 December 2013 5 / 22
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Detector overview	

p barrel structure with 16 modules 
p module components 

p quartz bars (2 pieces/module) 
p focusing mirror, prism 
p photo sensors 

(MCP-PMT) 
p quartz-bar box 
p readout electronics 
p and many more…  
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After the alignment, the gluing process can start. Some special
jigs are designed to help the gluing. This includes an air dispensing
system, and a mechanical gluing trolley to translate the syringe.
The adhesive for gluing is NOA63, which is UV adhesive.

The assembly room in KEK is shown in Fig. 2. This is a clean
room with a class 5000 buffer room outside and a class 1000 dark
booth inside. Two optical tables stay inside the dark booth. The
larger one is used for the testing, aligning and gluing of the optical
components. The gluing stages are mounted on two high precision
rails which are fixed on the table. After the gluing, the completed
TOP module will be moved to another optical table by a specially
designed handling jig and crane. Then the module will be sealed in
the quartz bar box (QBB). Finally, the TOP module will be moved
outside the clean room for mounting electronics and cosmic ray
testing.

3. Acceptance tests

By the end of February, 2014, two bars were delivered to KEK
(one made by Zygo and the other one made by Aperture-Oka-
moto). Four prisms (all made by Zygo) and one mirror (made
by ITT) were delivered to University of Cincinnati. Some tests are

performed with these components and in this section some
preliminary results will be shown.

3.1. Quartz bar

The quartz bar made by Zygo is shown in Fig. 3. The acceptance
test system for quartz bar is shown in Fig. 4. The quartz bars are
put on the stages and the measurement system is installed around
them. The laser and photo-diode are on the two ends of the quartz
bars, and they are used to measure the bulk transmittance and
internal reflectance of the quartz bars. The position of the laser
and photo-diode is controlled by x–y stages, which are controlled
by a notebook computer. The measurement system is automatic,

Fig. 1. Overview of the TOP counter. The length for one module is 270 cm and the
width is 45 cm. It consists of two 125 cm long quartz bars, one 10 cm long mirror
with focal length as 5 m, and one 10 cm long prism with a ! 181 tilted angle

Fig. 2. The TOP module assembly clean room in KEK. Outside is a class 5000 buffer room and inside is a class 1000 dark booth. There are two optical tables inside the clean
room: one for testing, aligning and gluing, and the other one for QBB assembly. A crane with a specially designed handling jig could move the TOP module from one table to
another.

Fig. 3. The quartz bar made by Zygo. The bar is mounted on the gluing stage with
six micrometers. The gluing stage is mounted on high precision rails which are
fixed on the optical table.

B. Wang / Nuclear Instruments and Methods in Physics Research A 766 (2014) 204–207 205

quartz radiator	

p consisting of 2 quartz bars, 
focusing mirror and prism 
p roughness < 5Å 
p reflectance > 99.9% 
p transmittance > 98.5%/m   

p assembly in the clean 
room @KEK 
p acceptance test 
p alignment and gluing 

10th Aug, 2015 
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NIM A 766 204-207	
2号機: 輻射体製作状況 

2015/03/23 2015年年次大会、早稲田大学 11 

石英板 透過率
[%/m] 

内部表面反射率
[%/bounce] 

岡本光学Sr#2 99.62+-0.06 99.997+-0.004 

岡本光学Sr#4 99.57+-0.07 99.993+-0.005 

¾ 石英板の光学測定 
• 透過率(要求 > 98.5%/m）  
• 内部表面反射率(要求> 99.90%/bounce) 
Î 要求を満たし、また一様性もよい。 

¾石英輻射体の組立(接着) 
• 接着用光学ステージにてアラインメント中。 
• 新手法による接着を順次開始。 
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PMT͕ͣͭͰ͋Δɻ

ਤ 1.8 MCP-PMTͷߏ

ਤ 1.9 ϚΠΫϩνϟϯωϧϓϨʔτ

MCP-PMTͱੴӳࣹମͷؒʹɺޮࢄՌ੍ͷͨΊʹΧοτϑΟϧλʔΛૠೖ͢Δɻ͜Ε·

Ͱͷ͔ڀݚΒ 350 nmҎԼͷΛΧοτ͢Δͷ͕࠷దͰ͋Δ͜ͱ͕Θ͔͍ͬͯΔ [3]ɻ

1.3.3 QBB

ػ࣮ TOPΧϯλʔͰɺੴӳࣹମɺMCP-PMTɺಡΈग़͠ճ࿏ͷᝑମͱͯ͠ QBB(Quartz Bar Box)

ΕΔɻਤ͞༺͕ 1.10ͷΑ͏ʹ QBBશମͷଆ໘Λ෴͏αΠυϨʔϧɺੴӳ൘ٴͼूޫϛϥʔΛ෴͏Ξ

λʔϋχΧϜύωϧͱΠϯφʔϋχΧϜύωϧɺϓϦζϜɺMCP-PMTٴͼಡΈग़͠ճ࿏Λ෴͏ϓϦζϜΤ

ϯΫϩʔδϟͱίʔϧυϓϨʔτʹେผ͞ΕΔɻϓϦζϜΤϯΫϩʔδϟͱίʔϧυϓϨʔτʹޙड़͢Δ

PMTϞδϡʔϧΛऔΓ͚ΔͨΊͷՃ͕ͳ͞Ε͍ͯΔɻਤ 1.11ϓϦζϜΤϯΫϩʔδϟͷ෦ߏΛ

ද͍ͯ͠ΔɻPMT ϞδϡʔϧΛऔΓ͚ΔͨΊͷωδ͕݀Ճ͞Ε͍ͯΔ΄͔ɺண໘ΛࡱӨ͢ΔͨΊͷ

CCDΧϝϥͱ LEDϥΠτऔΓ͚ΒΕΔɻCCDΧϝϥͱ LEDϥΠτʹ͍ͭͯ 3ষͰड़Δɻਤ 1.12
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第 1章 TOPカウンター用MCP-PMT 10

図 1.9 MCP-PMTの外観

図 1.10 MCP-PMTの断面図
図 1.11 MCPの断面図

入射窓と光電面
MCP-PMTの窓材には不純物や格子欠陥が少なく、放射線耐性の強い合成石英ガラスを使用す

る。光電面にはマルチアルカリであるNaKSbCsを使用することで、TOPカウンターに必要なピー
ク波長 350から 400 nmでの QEが 24%以上で平均 28%を目指す。

MCP

MCP が異なる 2 種類の MCP-PMT がある。Conventional-MCP-PMT と Coating-MCP-

PMT である。鉛ガラスをエッチングした際に形成される二次電子放出層を用いているのが
Conventional-MCPで、MCPの表面に原子層をコーティングし、二次電子放出層を形成している
のが Coating-MCP である。Coating-MCP-PMT は新たに開発され、Conventional-MCP-PMT

photo sensor : MCP-PMT	

p key point to realize TOP counter 
p two layers of Micro Channel Plate 
p <50 ps timing resolution 

for a single photon 
p available in magnetic field 

p various R&D items 
p gain and timing resolution 
p operation in 1.5 T field 
p radiation tolerance 
p lifetime 
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図 1.25 Conventional-MCP-PMTと Coating-MCP-PMTの寿命

1.5 本研究の目的
Belle II 実験において、粒子識別装置 TOP カウンターは新物理の探索などに必要な検出器で

ある。TOP カウンターではチェレンコフ光を検出する MCP-PMT の性能が TOP カウンター
の粒子識別性能に直結する。これまでに TOP カウンター用の MCP-PMT の開発が行われてき
た。そして、開発したMCP-PMTの量産を行い、2014年 10月から製造を開始した TOPカウン
ターに MCP-PMT512 本を実際に使用する段階に到達した。世界的にみても、512 本もの大量の
MCP-PMTを量産し、実験に使用した例はなく、製造元の浜松ホトニクスにとっても量産は初の
経験だった。よって、要求性能を満たす MCP-PMT を大量に量産し、実際に使用するためには、
TOPカウンターに必要な性能である QE、増幅率、時間分解能、収集効率の性能評価を量産に沿っ
て行う必要があった。つまり、浜松ホトニクスでの生産と名古屋大学と KEKでの性能測定は二人
三脚のようにMCP-PMTの量産の成功と実際の使用に向けて進んできたと言える。性能評価を行
うことで量産の成功や実際の使用のために必要な以下の項目の実現を目指した。

• 要求性能を満たすMCP-PMTのみを準備し、要求を満たさないMCP-PMTをはじくこと。
• 量産の中で起きる問題を詳細な測定で洗い出し、改善に役立て、少しでも良い性能を持った

Photoelectron flux on PMTs
• new PMTs (45%): at least 7 C/cm2

• old PMTs (55%): max 1 C/cm2

• 1 MHz/PMT æ 1.0 C/cm2/50 ab≠1

(dashed line – Gain: 0.5 ◊ 106)

• some decrease due to geometry
update

• overall increase in RBB due to new
method

• much too high!

11th campaign
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Tara Nanut tara.nanut@ijs.si TOP Beam Background 3/17
3/17

Lifetime improvement	

p possible QE degradation due beam 
background in Belle II environment 
p ion feedback 
p neutral gasses 

p We have worked on R&D for lifetime 
improvement 
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1 MHz = 1 C/cm2/50 ab-1 
with 0.5×106 gain	

slide by Tara Nanut at 21th B2GM	

M
H

z/
P

M
T
	

PMT φ position	

total output charge [C/cm2]	

re
la

ti
ve

 Q
E
	

ALD type	

lifetime : total output 
charge 
@relative QE=0.8	

conventional	
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lifetime improvement	

p  lifetime measurement 
p LED to give loads to PMTs and 

laser to monitor their relative 
QE 

p  various samples were tested, 
and significant improvement 
was confirmed with 
certain method 

p mass production is on going 
p  to be installed in the last 

modules	

10th Aug, 2015 
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第 4章 光電面の長寿命化 57

図 4.5 寿命測定のセットアップの写真

布のMean値から求め、ヒットレートはレーザーに同期して TDCで検出された信号の数から求め
る。MCP-PMTのヒットレートをリファレンス PMTのヒットレートで割ることで、レーザーの
光量変化を補正する。
相対 QEを正確に求めるため、月に約 1度の頻度で QE測定を行う。QE測定を行うことで、相

対 QEと相対ヒットレートが一致しているかの確認や波長ごとの相対 QE、相対 QEの面分布の確
認が可能である。

4.3 測定結果
4.3.1 対策 1の測定結果

図 4.6が測定結果のプロットである。各プロットが 4つのMCP-PMTを示しており、青い曲線は
Coating-MCP-PMTの平均寿命 8.6 C/cm2の曲線である。凡例に書いてある文字は各MCP-PMT

の型番である。2つのMCP-PMTについては 8.6 C/cm2 より長い寿命になると予想される。その
ため、4本中 2本は 8.6 C/cm2 より寿命が長く、寿命改善の見込みがあると考えられる。残り２つ
のMCP-PMTについては現在測定中であるが、これらも 8.6 C/cm2 より長いように見える。寿命
測定開始前後のの QE測定から相対 QEを求めたものが図 4.7∼4.18である。図 4.7などのように
寿命測定中での相対ヒットレートが QE測定から求めた相対 QEと一致しているか確認する。チャ
ンネルによっては少しずれている。これは測定回路上の検出効率の変化やノイズ量の変化によるも
のであると考えられる。図 4.8などのように一様に QEが減少しているため、QE減少の主原因は
イオンによるものであると考えられる。また、図 4.15のように長波長側から QEが減少する傾向
が見られる。以上の結果から、対策 1は有効な寿命対策である可能性が高いとわかった。以下、相
対 QEの面分布や波長依存性、相対ヒットレートとの比較の図は、出力電荷量が YH0148は 7.5、

*1-100 kHz 
*turned off 
during laser runs	

*turned on only 
during laser runs	

diffuser	

LED	 ref. PMT	
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ਤ 2.1 ΦϓςΟΧϧΫοΩʔΛ༻ͨ͠ޫֶணͷ֓೦ਤɻද໘͕ࢁͳΓͷܗঢ়Λͨ͠ΦϓςΟΧϧΫοΩʔΛϓϦζ

Ϝʹରͯ͠ԡ͚͠Δ͜ͱͰண໘ͷۭ͕ؾൈ͚Δ͜ͱΛظ͍ͯ͠Δɻ

2.2 ΦϓςΟΧϧΫοΩʔͷ։ൃ

͜͜ͰɺPMTΞηϯϒϦʹ༻͢ΔΦϓςΟΧϧΫοΩʔͷ։ൃڀݚʹ͍ͭͯ·ͱΊΔɻΦϓςΟΧϧ

ΫοΩʔͷ࡞ख๏ɺ͓ΑͼΦϓςΟΧϧΫοΩʔͷαϯϓϧΛͨͬߦͯ͠࡞ΨϯϚઢরࣹݧࢼɺѹॖࢼ

ॱʹड़Δɻ͍ͯͭʹݧࢼணͨͬɺϞοΫΞοϓΛݧ

2.2.1 ΦϓςΟΧϧΫοΩʔͷ࡞

ޫֶண༻ͷγϦίϯΰϜͱͯ͠ɺಁ͍ߴաͱੴӳʹ͍ۙ۶ંΛͭ࣋ 2 ӷࠞ߹ܕӷঢ়γϦίϯΰϜ

TSE3032ʢϞϝϯςΟϒɾύϑΥʔϚϯεɾϚςϦΞϧζɾδϟύϯ߹ಉձࣾ*2ʣΛ༻ͨ͠ɻਤ 2.2 ʹࣔ

͢Α͏ʹ TSE3032ɺओࡎͷ TSE3032(A)ͱߗԽࡎͷ TSE3032(B)ͷ 2͔ΒͳΓɺࣨԹ·ͨԹՃ

͢Δ͜ͱͰΰϜঢ়ʹߗԽ͢ΔɻߗԽͤ͞ΔܕΛ͢࡞Δ͜ͱͰܗঢ়Λࣗ༝ʹબͰ͖ɺ·ͨɺओࡎͱߗԽ

Λද༷Δ͜ͱ͕Ͱ͖ΔɻTSE3032ͷ͢ߋΛมߗΔ͜ͱͰ͢ߋͷࠞ߹ൺΛมࡎ 2.1ʹࣔ͢ɻTSE3032ɺ

KOTO࣮ݧʹ͓͍ͯ CsIΧϩϦϝʔλͷޫֶணʹ༻͞Ε࣮͕ͨ͋Γɺ࡞ख๏ͳͲ͕͞ڀݚΕ͍ͯ

Δ [7]ɻKOTO࣮ݧʹ͓͍ͯߗԽࡎͷׂ߹ΛݮΒͯ͠༻͞Ε͓ͯΓɺຊڀݚͰͷ࡞ख๏ KOTO࣮ݧ

ͰͷڀݚΛߟࢀʹ͍ͯ͠Δɻ

*2 http://www.momentive.jp/

19

PMT module	

p conventional-type PMTs 
need to be replaced 
àreplacement should be considered 
in installing PMTs 

p optical contact with silicon 
rubber 
p no bubble 

with small force 
p PMTs should be 

detachable 
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34. Mount the PMT module in the HV test setup (Fig. 26). 
35. Apply the Hamamatsu nominal high voltage one-by-one and check the dark noise 

with the oscilloscope (Fig. 27). 
36. Leave it for 30 minutes with all the high voltages on. 

9 Check that the high voltage does not trip. 

 

 

 

 

 

MCP-PMT layout and the Hamamatsu nominal high voltage can be found at Belle II TOP database: 

http://www.hepl.phys.nagoya-u.ac.jp/~matsuoka.nagoya/top/db.php 

 

Fig. 23 Complete PMT 

module. 

Fig. 24 Label for the PMT 

module. 

Fig. 25 Container of the 

PMT module. 

Fig. 26 Setup inside the dark box 

for the HV test of the PMT module. 

Fig. 27 Setup outside the dark box 

for the HV test of the PMT module. 

 

 

9. Check if the MCP-PMT window is clean under light. 
9 Wipe the PMT window with a dry piece of dusper (Fig. 5). 

10. Check the MCP-PMT positions relative to the HV card (Fig. 6). 

11. Gently insert the MCP-PMT pins into the sockets on the HV card and put them on 

the vacuum chuck (Fig. 7). 
9 Do not fully insert the pins. The HV card should be removed easily at this point. 

12. Start the pump for the vacuum chuck. 
9 The PMTs should be stuck onto the vacuum chuck. They should not move. 

9 Keep the pump working until the PMTs are taken off later. 

 

 

 

 

Fig. 2 MCP-PMT ID written 

on the Kapton tape. 

Fig. 3 Another layer of 

Kapton tape. 

Fig. 4 Cleaning of the 

MCP-PMT silicon potting. 

Fig. 5 Cleaning of the MCP-

PMT window. 

Fig. 6 Positioning of the 

MCP-PMTs and the HV card. 

Fig. 7 Vacuum chuck. 

 
26. Slide the wavelength cut filter to remove bubbles in the silicon rubber (Fig. 18). 
27. After all bubbles disappear, position the wavelength cut filter (Fig. 19). 
28. Wipe excess of the silicon rubber with a piece of dusper (Fig. 20). 
29. Mount the PEEK parts on the HV card and fix them with PEEK screws (Fig. 21). 
30. Leave the PMT modules standing on the table for about 20 hours to let the silicon 

rubber cure (Fig. 22). 
31. Figure 23 shows the complete PMT module. 
32. Put a yellow TEPRA label “PMT??-?” (TOP module # and PMT module #) on the top 

PEEK part (Fig. 24). 
9 The width of the label is 9 mm. 
9 PMT module # starts from 1 to 8. 

33. Keep the PMT module in the plastic box (Fig. 25). 
9 The box should be cleaned with ethanol in advance. 

 
 

Fig. 18 Removing the 
bubbles by sliding the 
wavelength cut filter. 

Fig. 19 Wavelength cut filter 
on the MCP-PMTs without 
any bubble. 

Fig. 20 Wiping the excess of 
the silicon rubber. 

Fig. 21 PEEK parts to hold the 
wavelength cut filter. 

Fig. 22 Leaving the PMT modules 
standing on the table for curing. 

filter	 silicon rubber	

prism	
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支持構造体 
• ハニカムパネル単体を取り
扱うための補強用構造体。 
– ステンレス溶接とトラス構造で
軽量かつ高剛性を目指した。 
– 溶接歪みを金属パテとL型取り
付け金具で吸収。 

15.3.23� ���
��70���	�� ��

D5#

D4#

D3#

D2#

D1#

0#

0# 1000# 2000# 3000#

M
od
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e#
sa
g#
[m

m
]#

z#posi^on#[mm]#

PrototypeDII#

δL#(w/#SB)#

δR#(w/#SB)#

δL#(w/o#SB)#

δR#(w/o#SB)#

両端単純支持 
分布荷重 

w/ Strong Back 

w/o Strong Back 

“Strong Back” 

mechanics	

p Quartz Bar Box (QBB) 
p hold quartz bars 

with light material 
p sag should be < 0.5mm 
p aluminum honeycomb panel 

+ strong back in handling 
a single module 
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ECLフランジ 
(H:70mm, T:4mm) 

TOP検出器構造体 (1) 

15.3.23� ���
��70���	�� ��

Honeycomb panel 
(outer) 

TOP�

Single module 

Integrated 16 modules 
• 前後方端面をECLフランジ
に固定して設置。 

半径方向12 cmの設置スペース 

筐体: “Quartz Bar Box (QBB)” 

Honeycomb panel 
(inner) 

Side rail 

End-plate 

Prism 
enclosure 

Photo-detector 
+ front end elec. 

Cold 
plate 

“Quartz” optics 
(prism, bar x 2, mirror) 

性能要求：MCスタディにおいて性能に影響
が出始める0.5 mmの撓み以下に抑制する。 
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module test	

p We have tested assembled modules 
to confirm performance 
as integrated system 
p using laser system 
p Laser response was 

observed for all the 
readout channels.	
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waveform for Carrier 1, Asic 1, Channel 2 (EventNo : 1) - nHit = 1waveform for Carrier 1, Asic 1, Channel 2 (EventNo : 1) - nHit = 1

an example 
of PMT signal	

pulse width	

Constant 
Fraction timing	

MCP-PMT	

laser	

front end 
electronics	

quartz bar	
λ=400 nm	
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module installation	

p Procedures of module transportation 
and installation are confirmed 
with dummy modules	
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MidR�

MidL�

MidH�
Frame�

Downside#
view�

MidA#
(open#edge)#

Flange#

Frame�

BwdL�

MidL�

FwdL�

FwdR�

MidR�

BwdR� MidH�

Fwd#view�

Practice in 2013 (3) 

15.10.20� ��B2GM22)TOP)Parallel)Session�

• Position variations 

FwdR� FwdL�

E1.2)
E1.0)
E0.8)
E0.6)
E0.4)
E0.2)
0.0)
0.2)
0.4)
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0) 1) 2) 3) 4) 5) 6) 7) 8) 9) 10)11)12)

M
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Procedure#ID#

FwdR#

FwdL#

MidR#

MidL#

BwdR#

BwdL#

MidH#

Flame#

MidA#

Flange#
Slider#

removal�
Strong back 

removal�
Z;beam#
tests�

Bending 
limits 

Gap)�
UnmounIng)

angle�

ID� Ac%on�

0� Fix#the#module#to#the#ECL#flanges.�

1� Remove#the#balance#weights.�

2�
Remove#the#screws#between#the#SB#and#sliders.##
(They#are#sSll#joined#by#L;angle#fixtures.)�

3� Remove#the#sliders#(and#guide#pipe)#from#the#SB.�

ID� Ac%on�

4� Re;measure#19#hours#later#with#the#same#condiSon.�

5# Set#z;beams#puang#the#screws#loosely.�

6� Tighten#the#z;beam#screws.�

7� Loosen#the#screws#between#the#SB#and#the#Prototype;III.�

8� Remove#the#SB#from#the#Prototype;III.�

• Variation was controlled within ±0.2 
mm, except the “Mid” positions. 
! To be improved by the slider clearance. 
• Positions are quite stable after joining 
the adjacent modules (z-beam joints). 

mimic “last module” installation	

Day 4 (Oct. 8th) (2) 
• Proto4 installation into Slot15. (cont’d) 

15.10.20� ���B2GM22)TOP)Parallel)Session�

dummy modules 
installed at the real 
Belle detector	
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module test plan	

p performance test with Belle II CDC 
(central drift chamber) as a tracking 
device 
p also works as DAQ 

integration test 
p discussing detail of 

design and 
going to start 
construction	
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TOP module	

TOP module	 µ	
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students’ activities	

p development of strain 
gauge  
p monitoring sage of TOP 

module during installation 
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on site	
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Coincidence timing measurement 

2015/12/1 11 
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photon detector R&D	

p MCP-PMT performance 
study 
p optimization of HV dividing ratios 
p lower gain keeping TTS 
àlonger lifetime 

p development of Cherenkov TOF-PET 
p application of excellent single photon TTS 
p new MPPC by Hamamatsu 

(not MCP-PMT) 
p collaboration with 

the Ljubljana group 
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original dividing ratio 
special dividing ratio	

gain	
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summary	

p Nagoya group is intensively working 
for the TOP counter construction 
p module construction, structure design, 

development of photo sensors, 
preparation of installation, 
performance test… 

p Production of all the modules and 
their installation is scheduled to finish 
by the end of next April  
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