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• J-PARC E06/E36 (2009 - 2011)
‣ Muon polarimeter (drift chamber) R＆D 

‣ J-PARC K1.1BR beam line commissioning 

• LHC-ATLAS (2011 - 2019)
‣ Higgs search＆coupling meas. (Ph.D. thesis)

‣ SUSY searches 
‣ ATLAS TRT operation 
‣ HL-LHC silicon detector ASIC design

Research summary

• SuperKEKB/Belle II (2019 -)
‣ Belle II operation (KLM, collimator)  
‣ Machine Detector Interface (MDI):  

interface between detector and accelerator
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Outline

• Muon polarimeter 
• LHC-ATLAS TRT 
• Belle II KLM 
• Sudden Beam Loss 
• ALPs search
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Muon polarimeter
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• Principle: positrons tend to be 
emitted in muon spin direction 
(due to helicity conservation)

Muon polarimeter

• A5052 (aluminum alloy) was selected 
as a material after μSR testing.  

• Assembly was performed at REPIC. 
Beam testing at TRIUMF.

• Requirement: sufficient material to 
stop incident muons while tracking 
positrons to determine the positron 
emission angle. 

• Internal structure optimized with 
GEANT4 simulation. 

https://www.icepp.s.u-tokyo.ac.jp/papers/
ps/thesis/master/kyoshihara_mthesis.pdf

e+ νeμ+
νμ

σ μ

muons rest frame

• I led the development from the 
design to manufacturing. 
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• The purity of kaons (against pions) was measured by utilizing 
various detectors (e.g. Cherenkov counters, MWPCs, TOFs) 

• I led the effort for the beam channel construction, installation 
and operation of the detectors and quadrupole magnets.

Beamline commissioning at J-PARC

it’s me

• ESS (Electrostatic separator) is a key 
component for K/π separation. 

• Trigger logic for various particles 
prepared for users.
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LHC-ATLAS TRT
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• TRT is a straw-tube tracker (Xe+CO2), providing an electron 
identification (ID) against hadrons using transition radiation (βγ~1000).

• TRT employs low threshold for tracking and high threshold for 
electron ID. Position resolution: <150 μm

Figure 3: An event display containing a close-up view perpendicular to the beam direction of hits and reconstructed
tracks in the ID with pT > 2 GeV and |⌘| < 1.4. Only the hits in the pixel, SCT and TRT layers within �1 < ⌘ < 0
are shown. Here pixel hits (45.5 < r < 242 mm) are shown as magenta dots, and SCT space points (255 < r < 549
mm) are shown in green. TRT hits (554 < r < 1082 mm) above tracking threshold are shown as blue dots, with red
dots corresponding to hits above the TR threshold. A photon conversion vertex (large brown dot in the second pixel
layer) as well as the associated reconstructed electron (blue line) and positron (red line) tracks are also shown.

alignment procedure was developed and the results of this procedure are presented in Section 5. Results
from studies of the TRT tracking parameters at low straw-occupancy are presented in Section 6.1 for straw
tubes filled with a xenon-based (Xe-based) gas mixture, which was the baseline operation during Run 1.
The TRT tracking parameters are the straw e�ciency, the straw track position measurement accuracy, and
the number of TRT precision hits. These parameters are defined later in the text.

During the 2012 data-taking period, several leaks developed in the gas pipes which bring the active gas
to the cleaning and mixing stations. In most cases, the leaks are located in inaccessible areas and their
repair is not possible. Because of the high cost of losing the Xe-based gas mixture, the possibility to
operate the most a↵ected modules with a significantly less expensive argon-based (Ar-based) gas mixture
was investigated. In order to understand the TRT performance with such an Ar-based mixture, dedicated
studies were performed during the proton–lead collisions in 2013 where leaking modules in the barrel
and end-caps were supplied with the Ar-based mixture. The results of these studies are presented in
Section 6.2. TRT modules with high leak rates have been routinely operated with the Ar-based gas
mixture since the beginning of the second period of LHC operation, Run 2, which started in 2015.

At an LHC design luminosity of 1034 cm�2s�1 a TRT straws occupancy can reach 60%. Large detector
occupancies present many challenges for track reconstruction, including a degradation of the track para-
meter resolution due to incorrect hit assignments, a decrease of hit e�ciencies, and an increase in the rate
of fake tracks due to random hit combinations. Studies of the TRT tracking capabilities in a high-density
particle environment are reported in Section 7. For these studies, special LHC high-intensity pp collision
fills with hµi up to 70 and heavy-ion collision runs were analysed.

In Section 8, tracking performance studies in jet cores at di↵erent TRT occupancies are presented. Con-

5

298, 304 straw 
channels 

•  low-threshold
•  high-threshold

Transition Radiation Tracker
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• On-detector FE ASIC (ASDBLR and DTMROC) communicates 
with PPs via electrical transmission (LVDS) 

• ROD and TTC (VME) communicate with the PPs via optical 
links. ROD eventually sends data to the ATLAS central ROS.

TRT DAQ
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• As the luminosity increases (twice as high as designed peak 
luminosity as of 2018), we were forced to increase the S-Link 
bandwidth (data sending out to ROS): 
‣ S-Link card (on ROD) upgrade — 192 boards in total 
‣ Re-optimization of hash table and data compression.

Readout upgrade

S-Link card upgrade
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Clock speed: 100 →120MHz
FPGA: 2.0 Gbps → 2.5 Gbps,  
allowing for <μ>~60-65 at L1~100kHz

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

DRAFT

2.2 ROD S-Link and HOLA card182

S-Link is a high-performance data acquisition interface developed at CERN. The S-Link is employed in183

the ATLAS experiment as a standard interface for the data communication between the ROD and ROS184

system. For the TRT, there are two High-speed Optical Link for ATLAS (HOLA) S-Link interface cards185

mounted on the ROD. The HOLA was designed to perform the data transfer with one duplex fiber at the186

full S-Link bandwidth of 200MB/s in the input internal clock speed of 40 MHz/32bits (and the clock187

was overclocked at 50 MHz/32bits in early Run-2). However the S-Link bandwidth was being bottleneck188

due to the increased L1 trigger rate and TRT occupancy in Run-2. Therefore the upgrade of the card189

was performed increasing the clock speed to 62.5 MHz/32bits. The FPGA on the HOLA card was also190

upgraded to achieve 2.5 Gbps data handling. This upgrade naively leads to more than 50% improvement in191

the bandwidth but due to the limitation in the V2 firmware setting, the clock speed is expected to be limited192

to 60 MHz/32bits. Figure 2 shows an image of a TRT ROD and the HOLA card with the components193

of the HOLA card that were upgraded highlighted. Figure 3 shows a new HOLA card produced for the194

upgrade.195

Figure 2: ROD and HOLA card.

28th September 2017 – 14:40 8
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Figure 3: HOLA card testing.

Table 1: Comparison of the expected performance of the old and new HOLA cards.

Period Run-1 (Old HOLA) Since 2017 (New HOLA)
Internal clock speed 40 MHz/32bits 60 MHz/32bits
Total 32-bit words at L1=100 kHz 400 32-bit words/evt 600 32-bit words/evt
Header and footer size 20 words
Available bits for data+error 12160 (380⇥32) 18560 (580⇥32)
Number of straws to handle per ROD 1920 straws (120 DTMROC ⇥ 16 straws)
Average bits/straw 6.44 bits/straw 9.66 bits/straw

28th September 2017 – 14:40 10
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Data compression

Huffman encoding: For patterns that occur frequently, short 
bit stream is assigned. While for less frequent patterns, longer 
bit stream is assigned such that the total number of bits can be 
minimized.

As the bit pattern depends on <μ>, the encode was optimized as 
<μ> changes such that the data compression is always effective. 
The most frequent patterns are saved on the look-up table to be 
able to convert immediately. 

5

4 LHC Run2運転 - 高ルミノシティ
との闘い

LHC は Run1 (7–8 TeV, 2010–2012) と Run2

(13 TeV, 2015–2018) を経て, その後の長期シャット
ダウンも終えようとしており, 2022 年春から Run3

(13.6 TeV) が開始予定である。Run2 の中盤までは後
で述べるガスリークを除けば穏やかだったと聞いている
が, 2016年に LHCが当初予定していたビームルミノシ
ティ (1034cm−2s−1) を達成し, 2017年秋以降さらにそ
の倍で運転しようとしたため状況が一変した。高い輝度
は基本的に陽子衝突のパイルアップ6が増えることを意
味する。例えば図 9は Run1 (左) と Run2後半 (右) の
典型的な衝突事象における TRTバレルのストローヒッ
トマップであるが, Run1の牧歌的なイベントディスプ
レイに対してRun2後半のそれは刃傷沙汰ともいうべき
有様である。パイルアップは 50前後, LTを鳴らしてい
るストローは一番苛烈な領域では 70%にものぼり, 時間
情報による分解とシリコン検出器ヒットからの外挿が強
力ではあるものの普通に運用ができているということに
は純粋な驚きがある。とはいえこの状態でデータを取れ
るようになるまでには多大な努力があり, 自分が TRT

のDAQに参加し始めたのもまさにその準備の真っ只中
であった。

図 9: Run1 (左) と Run2後半 (右) の典型的な衝突事
象におけるTRTバレルの片側のストローヒットマップ。
青い点は LT, 赤い点は HTを超えたストローヒットを
表している。

4.1 DAQアップグレード
最大の困難は読み出しの bandwidth であり, 複数の

段階で逼迫することが明らかだった。特にヒット数が上
昇し, 1イベントあたりのビットパターンの多様性が増
え RODにおける Huffman圧縮の効率が悪くなったこ
とによって, RODの後段への転送 (S-Link) がネックと
なった。これを受けて RODのファームウェアは Run2

6陽子の束同士が衝突するので多数の衝突が同時に起こる。

開始前から中盤にかけて様々な改造が実行された。例
えばパイルアップ由来のヒットのみで構成されている確
率の高いビットパターンのマスク, RODで修飾するエ
ラー情報に関するビット数の削減, 圧縮のルックアップ
テーブルに登録できるパターンの数の増加, それに伴う
ファームウェアの不安定性を取り除くための多岐にわた
る微調整が行われた。また根本的な解決としてRODの
S-Linkドライバカード (HOLA) のアップグレードも行
われた。新しい FPGAと 50%早くなったクロックを積
んだカードを新調し, マステストの後 2017年の運転が
始まる前の 5月に総取り替えが行われた。VMEクレー
トにギチギチに詰まった RODを引っ張り出して搭載し
ている HOLAを交換するわけだが, 元々のスペースの
なさに加え経年劣化によるボードやレールの歪みで隣の
ボードとも干渉して非常に苦労した。結局米粒みたいな
キャパシタが吹き飛んで何枚かの RODが破損したが,

それ以外は目立ったミスもなく約 8日間チーム総員でフ
ル稼働し HOLAカード 192枚を交換。抜いた 3000本
近くのケーブルを繋ぎ直した後一発でシステムが復旧し
たときは猛烈な感動が巻き起こった。

図 10: HOLA交換キャンペーン。右の人物は 2019年ま
で同じくペンシルバニア大学で TRTの DAQ責任者を
担当した吉原圭介氏 (現名古屋大学)。
また Run2 では L1 トリガーのレートが Run1 の

75 kHz から本来のデザインゴールである 100 kHz を
目指すことが決まっていた。この単純な読み出しレー
ト上昇によって RODのインプットの bandwidth も問
題となり, FEから送る LTのデータの最後の 3ビット
(9.375 ns分) を削って対応せざるを得なくなった。ドリ
フト時間の長いヒットが取りこぼされることになるため
慎重に検討されたが, 長寿命荷電粒子の検出に多少の影
響が見られたものの, 通常の飛跡検出性能にはほぼ変化
を及ぼさないことがわかった。
これら一連の変更によって達成した読み出し性能改善
が図 11にまとめられている。100 kHzの読み出しに対
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して以前はストロー占有率 (LTが鳴ってるストローの
割合) 50%ほどで限界だったのが 85%まで許容できるよ
うになった。これはパイルアップの数にして 65-75に相
当する。

図 11: DAQアップグレード前後での読み出し性能の比
較。横軸はTRTのストロー占有率 (LTが鳴ってるスト
ローの割合), 縦軸はその際に S-Linkの bandwidthを逼
迫させずに読み出しが行える最大レート (L1トリガー
の発行レート) を表している。ATLASのデザインゴー
ルは 100kHzである。色つきの帯は各イベントのデータ
に付随する可変長の error block (データに異常が検知さ
れた際に RODで修飾されるビット列) による不定性だ
が, 実際の運転ではほぼ最小の状態を取り続けるので上
の縁を見れば十分である。

4.2 多発する同期エラー
2017 年 9 月 LHC はピークルミノシティ1.65 ×

1034cm−2s−1 を達成し7 [16], ATLASに最大パイルアッ
プ数 62, TRTに最大ストロー占有率 81%という空前絶
後の爆裂状態をもたらした。アップグレードによるDAQ

の性能改善が概ね予想通りだったのはよかったが, この
運転環境になって以降 30分から 1時間くらいに一回の
頻度で DAQシステム内 (主に RODを流れるデータと
LHCのクロック) の同期が外れる現象が見られるよう
になった。ほとんどの場合自動で再同期のコマンドが
走り 15秒ほどで回復するが 時々直らないこともあり,

再起動 (一回あたり 3分ほど ATLASのデータ取得を止
める) や, 最悪問題の RODやそれに繋がる中継ボード
(図 5参照) の交換が必要になるケースもあった。タチ
の悪いことにこのエラーは実際の物理ラン以外では一
切再現ができずデバッグは困難を極めた。それまで主
に物理解析ばっかりやってきたケツ青き若造だった自分

72017 年 11 月にあった special run においては宣言通り 2.09 ×
1034cm−2s−1 を達成した。

は, working hypothesisが何もなくてもとりあえず何か
試すという発想に乏しく, 当時相棒であった Ianも納得
しないと手を動かさないタイプのやつだったので輪に
かけて何も進まなくなった。対処療法で耐え続ける中,

2017年 10月 31日最もエラーを起こしていたRODを含
むVMEクレートが運転中にトリップしラックごと落ち
た。ハロウィーンの日にふさわしい大災害だったが, 死
んだ電源を交換するとなぜか以降そのRODのエラーは
治ってしまった。その後試行錯誤した結果, モニタリン
グにかからないほどの短い back-pressure8をATLASの
バックエンドからRODに送るとエラーが再現されるこ
とがわかった。どうもこういうことであったようである:

(1) 短い back-pressureによるデータ取得の停止と再開
によってRODに流れるデータのパターンが急激に変わ
る (2) RODを保持しているクレートが供給する電流も
急変する (3) 調子の悪い電源だとさらに激しい変化にな
る (4) RODのクロック同期を保証する PLL回路を流れ
る電流が変わり, 定格ギリギリだった場合機能しなくな
り同期を失う。こんなんわかるかよという感想しかない
が, working hypothesisなんていうものは後からついて
くるというハードウェアデバッグの流儀を叩きつけられ
た感じであった。2017年末のATLASソフトウェアトリ
ガーの計算機増強によって RODへの back-pressureの
問題は解消され, 2018年の運転では同期エラーの頻度が
それまでの 2割程度に減少した。この残り 2割は違うメ
カニズムで起こっており, 今だに原因究明が続いている。

図 12: 2017年の高ルミノシティ運転を乗り切り浮かれ
る DAQチーム (一番右が筆者)。
ちなみに TRTDAQシステムの中継ボードはATLAS

検出器の内部, ミューオン検出器の層間のスペースにあ
り, アクセスにするには文字通り ATLASの中に潜るこ
とになる9。ケーブルや冷却パイプの間をすり抜け, 時

8データを受け取る側の処理が飽和したときに上流からのデータの流入を止める行為およびそのために発するビジー信号。
9中継ボードを交換する様子 (動画): https://www.youtube.com/
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TRT → Silicon Strip detector

• TRT will be replaced by silicon strip detector for HL-LHC. 
• I have studied behavioral modeling of the chips in hardware 

simulation (verilog), implementing functionalities and optimizing 
the data packet structure for the ABC and HCC to 
accommodate trigger rate and latency constraints.HCC Star Layout

Keisuke Yoshihara (UPenn)

HCCstar Model
Trigger
Generation ABCstar

ABCstar

ABCstar

L1

R3

Packet
xfer

Input
Buffers

Trigger
Queue

R3�not�full

L1�not�full

Packet
Builders

Serialize
Priority�
Logic

Designed by Paul Keener

28

•  The trigger transmission (from TTC to HCC) for command transfers that causes a 

delay of 375ns (15 × 25ns) for R3 and 275ns (11 × 25ns) for L1.

•  The trigger queue receives feedback from “Input Buffer” to stop trigger transmission 

if one of the buffers is full.

Trigger transmission

R3: Regional Readout Request

Trigger transmission
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Belle II KLM



 April 19, 2023,  Keisuke Yoshihara 14

KLM

Barrel: 
2 (scintillators) + 13 RPC 

Endcap: 
Bwd: 12 (scintillators)  
+ 2 (polyethylene) 
Fwd: 14 (scintillators)

• KLM consists of RPC (or scintillator) and absorber material (iron). 
Iron also works as return yoke.  

• KL0 s cause hadronic shower due to strong interaction in material.  
• Ionization loss when muons pass through. Pions have large 

multiple scattering.

Performance$Requirements$(1)

• Detect$KL$mesons$and$muons$(≈1$per$event)

3
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Scintillator readout
• HAMAMATSU MPPC (SiPM) operating 

in Geiger mode is used as scintillator 
readout.
Advantages

‣ Radiation hard, Great time resolution (~10ps), Operational at 
magnetic field (up to ~4T), Low operational voltage  (~75V) 

Drawbacks 
‣ Relatively high dark current (~106Hz/mm2).  increases with 

radiation damage. Sensitive to ambient temperature  
‣

40x40 pixels in an area of 1 × 1 mm2

• TARGETX ASIC chip (Gary Varner) 
having the capability of wave form 
sampling

16

WLS$fibre$is$epoxied$to$a$ferrule$that$
is$epoxied$to$the$scinQllator$strip

Spring
Scintillator strip

WLS fiber
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• In 2020, frequent B2TT errors (ttlost) occurred due to signal 
degradation with 20 m long CAT7 cable. I coordinated the local 
work for re-arrangement of hardwares to shorten the cable 
length and fix frequent errors due to B2TT.

KLM operation

Overview of KLM readout

11

• Front-end electronics boards 
(RPC boards or scintillator 
mother boards) are 
connected to Data-
concentrator board (DC).


• DCs are connected to FTSW 
and COPPER modules (and 
UT3)


• Each DC corresponds to one 
HSLB (in COPPER).Here

Newly installed mini-VME 
crate for FTSW modules
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• VME backplane GND was not sufficient and LVDS 
transmitter chip for JTAG/B2TT was broken due to electrical 
surge needing chip replacement. 

Data concentrator repairDC repair

5 September 25 2020,  Keisuke Yoshihara

• Also at KEK, 4 boards were sent to a local company (GND) for U9 chip 
repair and they were returned and re-installed into the detector. Another 
board is now in repair — it will be back at KEK on Oct2


• A few DCs will be shipped back to KEK as spares (soon)

→ we’ll have 4-5 DC spares before 2020c 

5
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NOTE:
1. COMPONENT TYPE DESIGNATION (VALUE) ARE SHOWN FOR REFERENCE ONLY. THE COMPLETE PART NUMBER,
AS CONTAINED IN THE PWA PARTS LIST, SHALL BE USED FOR PROCUREMENT.
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3. UNLESS OTHERWISE SPECIFIED: CAPACITANCE VALUES ARE GIVEN IN PICOFARAD (PF) OR MICROFARAD (UF).
RESISTANCE VALUES ARE IN KILOOHMS (K) OR MEGAOHMS (M).
4. LAST REFERENCE DESIGNATION USED: A3, C237, DS1, J13, L24, R219, T1, TP10, U50, X1.
5. UNUSED REFERENCE DESIGNATIONS: NONE
6. COMPONENTS OF VALUE "OPEN" ARE TO GENERATE LAND PATTERNS FOR COMPONENTS THAT ARE NOT
INITIALLY INSTALLED. THESE COMPONENTS ARE FOR POSSIBLE FUTURE USE.
7. THE FOLLOWING MGT SIGNALS ARE SWAPPED IN POLARITY AND MUST BE DESIGNATED AS SUCH IN FPGA
IMPLEMENTATION SOFTWARE: MGTRX3_115, MGTRX2_115, MGTRX2_116, MGTRX1_116, MGTRX0_116,
MGTTX2_114, MGTTX1_114, MGTTX0_114, MGTTX2_115, MGTTX0_115.
8. TIMING AND TRIGGER SIGNALS ARE SWAPPED IN POLARITY TO IMPROVE SIGNAL ROUTING: 1) RSV IS
INVERTED TWICE, 2) CLK IS INVERTED TWICE, 3) TRG IS INVERTED ONCE.
9. REFERENCE DRAWINGS: PWB 4020043, PWA 4020044.
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• 8 boards were shipped to IU in July 
and issues of broken boards were 
identified — many are due to electrical 
damage needing chip replacement 
(either JTAG or B2TT transmitter).  
See Brandon’s report on Aug18 at 
KLM meeting

DC38 after the replacement

9 September 25 2020,  Keisuke Yoshihara

GND work

3 September 25 2020,  Keisuke Yoshihara

• After some study with scope, it was found that JTAG/B2TT transmitters 
are fragile and tend to be broken — chip replacement (e.g. U9) is 
required 

• We suspect this is due to improper backplane GND 

• a sample GND connector was produced — it uses 6 pins connecting 

to the GND through J4


• quick test with GND connector confirmed that there is small voltage 
(or finite resistance) between backplane GND and crate rack in some 
DC locations (not all locations).


GND connector

• I led the replacement work and fix 
the backplane GND with special 
GND cable.

J4
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Sudden Beam Loss
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Collimator system

vertical collimator

• Collimators are used to reduce the beam background.

• I have been in charge of collimator operation and BKG control 

since 2020. I also give personal training to those who take a shift.



 April 19, 2023,  Keisuke Yoshihara 20

Stored beam is lost in only a few turns for unknown reasons. 
This sometimes occurs in association with a QCS (final focus 
magnet) quench damaging collimator head or Belle II detector. 
→ Major limitation in machine operation

Sudden beam loss
Severe damage on LER D02V1 collimator 
after the huge beam loss on June 6th

- After the huge beam loss event on June 6th, LER BG increased significantly

- D02V1 collimator jaws were severely damaged (deep scar on the bottom jaw)

- We lost 3~4 days for the collimator replacement work and the baking runs

Beam

Beam Beam

Understanding the cause of huge beam loss events is essential for the stable 

operation at high beam currents. Where in the ring the beam abnormality initially 

occurs? Adding more sensors to the key collimators will help to understand the 

initial beam loss position. 14

ʲ̍ɹڀݚ໨తɺํڀݚ๏ͳͲʢ͖ͭͮʣ ʳ
ʢ̗ʣʢҰൠʣڀݚ൫ج ̎

ͷϝϯςφϯε࣌ʹ൑໌͢Δ͜ͱ΋͋Γ, ,γεςϜͰ͸͍ͭߦݱ Ͳͷࣄ৅ʹΑͬͯଛই
Λཧղ͢ΔͨΊͷ৘ใ͕ෆ଍͍ͯ͠Δ͜ͱ͕໌Β͔ʹͳͬͨɻ܎ͷ͔ͷҼՌؔͨͬ͜ى͕
ྫ͑͹, Ϧϯά಺ʹઃஔ͞Ε͍ͯΔϏʔϜϩεϞχλʔ (PIN photo Diode)͸, ϏʔϜଛ
ࣦྔͷଌఆΛ͢Δ͕, ,Ε͓ͯΓ͞ܭμΠφϛοΫϨϯδΛΧόʔ͢ΔΑ͏ʹઃ͍޿ ؒ࣌
ܾఆʹؔͯ͠͸໿ 3 µsʢϝΠϯϦϯά໿ 1/3 प෼૬౰ʣͷਫ਼౓ͱͳ͍ͬͯΔɻ͜Ε͸Ϧ
ϯά಺ͰͷϏʔϜϩεൃੜ஍఺ͷಛఆʹ͸ෆे෼Ͱ͋Δɻ

ਤ 1: িಥ఺෇ۙͷμΠϠϞϯυηϯαʔͰଌఆ͞ΕͨϏʔϜϩε࣌ͷ์ࣹઢྔʢࠨʣͱ
ϏʔϜϩεʹΑΓଛইΛड͚ͨίϦϝʔλʢӈʣɻ

·ͨ, ͜ͷΑ͏ͳݪҼෆ໌ͷϏʔϜଛࣦ͸ SuperKEKB͚ͩͰͳ͘CERNڀݚॴͷ
LHCՃ଎ثͰ΋໰୊ͱͯ͠ࢦఠ͞Ε͓ͯΓૣٸʹཧղ͢Δ͜ͱ͕๬·Ε͍ͯΔɻ͑ߟΕ
ΒΕΔݪҼͱͯ͠ (1)ϏʔϜͱϏʔϜύΠϓ಺ཹ࢒෺࣭ͷ૬࡞ޓ༻, (2)ϏʔϜݯىϓϥζ
Ϛ (e-cloud, ion-cloudͳͲ)ʹΑΔϏʔϜෆ҆ఆੑ, ͕͋͛ΒΕΔ͕, ઌڀݚߦͰ͸͜ΕΒ
ͷݪҼΛ੾Γ෼͚Δʹ͸͍ͯͬࢸͳ͍ɻޙࠓ, ҆ఆͨ͠ϏʔϜӡసΛ࣮͢ݱΔͨΊʹ͸,

,Δͷ͔Ͳ͏͔Λ਍அͰ͖Δ৘ใ͍ͯ͠࡞ਖ਼͘͠ಈ͕ثػ ·ͨ͸ϏʔϜଛࣦͷݪҼ໌ڀΛ
ΔΑ͏ͳ৽͍͠γεςϜͷಋೖ͕ෆՄܽͰ͋Δɻ͑ߦ

(2) ຊڀݚͷ໨త͓Αͼֶज़తಠࣗੑͱ૑଄ੑ

(ຊڀݚͷ໨త)

ຊڀݚͰ͸, ੒͞ΕΔ৽͍͠ϏʔϜߏγεςϜ͔Βظಉؒ࣌ਫ਼౓ߴ଎ϩεϞχλʔͱߴ
਍அγεςϜͷ։ൃͱߏஙΛ͏ߦɻߦݱϩεϞχλʔγεςϜͱ͸ಠཱͰ૬ิతͳ৽͠
͍γεςϜΛ༻͍ͯ, ͷ݈શੑͷ֬ೝ΍ϏʔϜଛࣦൃੜ஍఺ͷಛఆɾϏʔϜෆ҆ఆੑثػ
ͷݪҼ໌ڀΛՄೳʹ͠, ҆ఆͨ͠ϏʔϜӡసͱߴϧϛϊγςΟΛ࣮͢ݱΔɻ

• Λଌఆ͢ΔͨΊࢠग़͞ΕΔΨϯϚઢ΍ՙిཻ์ʹ࣌଎ϩεϞχλʔɿϏʔϜଛࣦߴ
ͷݕग़ثɻେ͖ͳϏʔϜଛࣦʹλʔήοτΛߜΓ, ্ཱ͕ͪΓͷૣ͍৴߸Λݕग़ ࣌)
ܾؒఆਫ਼౓ < 500 ns, Ϧϯά໿ 1/20 प෼૬౰)͢Δ͜ͱͰൃੜҐஔΛݶఆ͢Δɻ͜
ͷΑ͏ͳݕग़ثΛϦϯά಺ओཁίϦϝʔλҐஔ̍̌ՕॴҎ্ʹઃஔ͢Δɻ

• ,͠߹γεςϜɿ֤ϩεϞχλʔ͔Βͷ৴߸Λ౷ظಉؒ࣌ਫ਼౓ߴ ૬ର͔ࠩؒ࣌ΒϏʔ
ϜଛࣦΛײ஌ͨ͠ॱʹϩεϞχλʔͷॱҐ෇͚͕Ͱ͖ΔΑ͏ͳγεςϜɻؒ࣌ΛҐ
ஔʹম͖௚͢͜ͱͰϏʔϜଛࣦൃੜ஍఺Λಛఆ͢ΔͨΊʹඞཁͳ৘ใΛऩूΛ͢Δɻ

Damaged collimator head 

Rad. Dose

Observed Rad. Dose  
at interaction region

mrad
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1. Beam diagnostics (5 students from Europe, Japan, China) 
‣ Identifying the location of initial beam loss


2. Faster beam abort (1 student from Japan) 
‣ Minimizing the risk of damaging hardware from SBL


3. Verification of fireball hypothesis (1 student from US) 
‣ Fireball hypothesis that can explains SBL mechanism is 

verified with acoustic sensors 

In addition, an international task force (involving CERN, SLAC, IHEP, etc) 
was created to tackle SBL issue and share knowledges with other labs.

→ Good opportunity to establish a global collaboration scheme in 
accelerator at KEK!

How to tackle SBL?

I initiated the beam diagnostics and beam abort upgrade, forming 
a joint team with accelerator experts.
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• Fast loss monitors (CsI+PMT, EMT) 
installed step-by-step around collimator 
locations (i.e. smallest aperture in the 
ring) since summer 2021. 

D10

D07

Already installed
To be installed

TB4

D06

D04

•Working on adding more sensors to be a full scale system.

•White Rabbit (referred to as WR in the following slides) 

introduced as time sync system.

Motivation
-EMT delivered 11th Oct. Assembly and signal check is done.
-PMT (R9980U-110) based but aluminum used for Photoelectric surface.
R&D has been done by T2K for muon beam monitor.

EMT EMT + divider circuit

CsI+PMT EMT

high radiation tolerance sensor 

Beam diagnostic system

Adding more “eyes” to find the hint for SBL!
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EMT
PMT (R9880U-110): Known as radiation hard 
sensor. Similar to PMT but photocathode 
vapored with aluminum, originally studied at 
T2K as muon beam monitors.

Beam test (3.5 GeV e- beam) performed at 
KEK in Nov 2022 to evaluate the detection 
efficiency and gain curve. 

ਤ 4.3 EMTͱσόΠμʔճ࿏ͷࣸਅɹ EMTͷΞϧϛχ΢Ϝ໘ʹΧόʔ͕औΓ෇͚ͯ͋Δ

4.2 EMTͷಈݪ࡞ཧ

ՙిཻ͕ࢠೖࣹ͢ΔͱɺΞϧϛද໘͓Αͼ֤μΠϊʔυʹ͓͍ͯೋࢠి࣍Λ์ग़͢Δɻͦͷ์ग़

͞Εͨೋࢠి࣍Λ֤μΠϊʔυͰ૿෯ͤ͞৴߸ͱͯ͠ͱΓͩ͢ɻೋ์ࢠి࣍ग़཰͸ɺૉࡐ΍ೖཻࣹ

ͷΤωϧΪʔʹΑΔɻࢠͷछྨɺཻࢠ

ਤ 4.4 EMTͷߏ଄

͜͜ͰμΠϊʔυ͕ nஈͷ PMTͷ৔߹ͦͷήΠϯ G͸࣍ͷΑ͏ʹද͞ΕΔɻ

G = δe,1 × δe,2 ×ɾɾɾ× δe,n =
n∏

i=1

δe,i (4.1)

δe,i ͸ i൪໨ͷμʔϊʔυʹ͓͚Δೋ์ࢠి࣍ग़཰Ͱ͋Δɻ
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charged 
particles

window 
(aluminum)

e-
e-

e-

dynode

pins

anode

up to ~1000V applied

EMT

19

Motivation
-EMT delivered 11th Oct. Assembly and signal check is done.
-PMT (R9980U-110) based but aluminum used for Photoelectric surface.
R&D has been done by T2K for muon beam monitor.

EMT EMT + divider circuit

EMT: radiation test after installation
-After compare the signal yield with PMT for ~2weeks (at 27th Oct?), 
I plan to move location of EMT to near D2V1 (as much as possible ?)

-According to electron beam test,
no degradation is seen up to ~2MSv 
(ͤno test with neutron, gamma)

-If ~20 Sv/2weeks is assumed, 
no degradation is expected ~20000 week

-How to evaluate degradation is a concern.
-compare injection or loss with PMT ?

-Can I put badge again to measure dose ?

-e beam (~200kGy/100day)
EMT

SiPM

EMT: test with radiation source 
-ɴ�ƐŽƵƌĐĞ�;90Sr) test at B2 ECLTRG test bench
-Signal is seen @HV=-1000V
-�ĂƌŬ�ĐƵƌƌĞŶƚ�ŝƐ�Ϯϯϴʅ��Λ�HV=-500V. Consistent with spec from 
Hamamatsu.

10ns

5mV

EMT: assembly
-Aluminum box + kapton cable + BNC/SHV connectors

-Soldering(䛿䜣䛰䛵䛡) by hand
-Acrylic spacer with kapton tape

-Kapton tape and black tape are used around the box

https://kds.kek.jp/event/39769/contributions/198081/attachments/148147/184992/koga_emt_2021_10_10.pdf

T. Koga

• EMT — PMT (R9980U-110) but with aluminum for photoelectric surface, 
known to have high radiation tolerance. 


• R&D study was originally performed by T2K for muon beam monitors. 
Studies with β source (90Sr) were also performed and the signal confirmed 

arXiv:1805.07712

EMT

TRG

counters



•WhiteRabbit (WR): 
Distributed TDC system in sync with GPS. 125 MHz CLK 
sharing time stamps with other WR nodes.

150 m

150 m

150 m

14

READOUT

D02V1

SuperKEKB トンネル

CsI+PMT

HV

Dis.

Picoscope 
 (3403D MSO)

158 m

G.G.

inj. signal

thre: 20 mA

delay 
 1 ms

AND

Div

Level Adaptor 

thre: 75 mA

White Rabbit

NIM TTL

TB4 (実験室)

 

(3403D MSO) 

SuperKEKB  
tunnel TB4

WR

high threshold for injection study  
low threshold for beam loss
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Readout system

• Picoscope (USB oscilloscope):  
Recording waveform w/ time window ±1ms wrt abort trigger timing.

24

20 mv

75 mv
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D10D10D10
5

White Rabbit

• White Rabbit (WR) is a time-synchronization system that consists of master 
and slave modules. All slave nodes have a common timestamp. Bidirectional 
communication with a single optical cable. 

• Slave modules have been installed in TB4 and D06 station for our Loss monitor 
system.

FPGA clocks (125 MHz) are synchronized 
with an accuracy of  3-10 ps

optical cables (max 10 km)

master module

slave modules

• White Rabbit (WR) is a time-synchronization 
system originally developed at CERN for LHC. 


• FPGA clocks (125 MHz) in all modules are 
synchronized with 3-10 ps precision

WhiteRabbit

Slave node plan
10

Barebone kit with PCIe slot

- SPEC and FMC-DIO

- CPU: Core i5-10400 2.9GHz, RAM: DDR4 8GB, SSD: SATA III 240GB 

Software

- Ubuntu 18.04 and EPICS device/driver

$3000 for one setup

7.8cm

20 cm

25 cm

SPEC

FMC-DIO

PCIe w/ digital I/O

9

分散型TDCシステム (White Rabbit)

　　　　　　　

　　　　　　　

D10

D07

ロスモニター設置箇所
設置予定箇所

SPEC4

SPEC6

Leader node

SPEC0 SPEC1 SPEC7 SPEC4 SPEC6

ch1: D06V1 
ch2: D06V2 
ch3: D06H3 

ch1: D02V1 
ch2: spare

ch3: D01V1

ch4: inj trg 

ch1: D09V3

ch2: D09H2

ch1: Abt req (L) 

ch2: Abt req (H)

ch3: Rev.

ch4: inj trg 

ch1: Beam gate (L)

ch2: Abt trg (L)

ch3: Beam gate (H)

ch4: Abt trg (H)

SPEC7

１つのチャンネル（e.g. inj. trg）を基準
として、そこからの時間差を測定。

→ どのロスモニターが最初に鳴ったかを
8 ns（クロック周波数125 MHz）の精度
で決定できる！• The system consists of leader (Master) module and follower nodes, sharing 

common timestamps with 8 ns accuracy. 

• Bidirectional communication with a single optical cable.



8

Timing & Synchronization Method 

8VH�³DERUW�WULJJHU´�WR�V\QFKURQL]H�
different local system (fast loss 
monitor, BCM, etc..)

we utilize ȟܶ ൌ ௦ܶ௘௡௦௢௥௦ െ
஺ܶ௕௢௥௧୘୰୧୥୥ୣ୰ to compare timing 

among all sensors.

Using the double threshold method 
timing waveform.

High threshold

low threshold

Tim
ing point

Fast loss monitor waveform

Abort trigger

abort triggerLM signal

ΔT = TLM - Tabort trigger  is measured at each sensor.

‣ TLM: beam loss timing at each loss monitor (LM) 

‣ Tabort trigger: abort trigger as a common time reference

 April 19, 2023,  Keisuke Yoshihara

ΔT measurement

26

ΔT

April 7 2022 Keisuke Yoshihara 9

Timing analysis with waveform

1. abort request being sent to CCR

2. waiting for abort gap

3. sending out abort trigger to LCRs

abort triggerLM signal

IR

BCM

CCR

D06H3

D06V1

D06V2

D02V1

LCR (D06)

LCR (TB4)

Abort 
kicker

1

2

3

3
3

optical cable
analog cable

Example of LM signal

• The waveform is recorded for the time 
window of “abort trigger ± 10 ms”


• Use low threshold (e.g. 5mV) to pick up 
the start of the loss, and high threshold 
(e.g. 50 mV) for the large signal.


•  Known cable delays are corrected.

Y. Liu

Abort request 
sent to CCR

Wait for 
abort gap 

Send out abort 
trigger to LCRs

Abort 
kicker
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Belle II

BCM D06H3

D06V1
D06V2

D02V1

LCR (D06)

LCR (TB4)

Abort 
kicker

optical cable
electrical cable

BCM

Our findings

Initial loss was mostly observed 
in the D06 section. However,  
the abort request was made  
by sensors near the Belle II

11

Sudden Beam loss summary

0

5

10

15

20

25

30

D06H3 D06V1 D06V2 D02V1 BCM/BOR
Sudden beam loss in 2022 (except QCS quench case)
QCS quench in 2022

Sensors detected sudden beam loss first 

&DWHJRUL]H�HYHQWV�DFFRUGLQJ�WR�WKH�ILUVW�VHQVRU¶V�ORFDWLRQ

D06 section found the initial beam loss in most case without QCS quench 
D02V1 found the initial beam loss in 7/8 sudden beam loss events
Only few events saw beam instability before fast loss monitor 
Sudden beam loss cause beam abort in a short time

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

ȟܶ
ሺ�
�ሻ

ȟܶ ൌ ௦ܶ௘௡௦௢௥௦ െ ஺ܶ௕௢௥௧୘୰୧୥୥ୣ୰ distribution for first sensor SBL events summary

CCR
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Belle II 

BCM

CCR

LCR (D06)

Abort 
kicker

BCM

optical cable

Toward faster beam abort

Can we improve the time by having: 
 1. better sensor location

 2. shorter transmission path

 3. faster transmission

reference

2023/04/06 Michele Aversano 8/

BOR analysis
Example: 2022-06-03 14:48:08 (QCS Quench)

• BOR beam orbit change timing

To find the starting point of the instability,                
I set some conditions:

• max
&' ()*' +

$%&,)( > 345 + 2* 6'77

• max
&' ()*' +

$%&,)( > 345 + 0.2* 6'77
(in at least 40 buckets looking every 
200  buckets)

• m'(
&' ()*' +

$%&,)( < 3'( + 2* 6'77

• m'(
&' ()*' +

$%&,)( < 3'( + 0.2* 6'77
(in at least 40 buckets looking every 
200 buckets)

• Subsequent  max
&' ()*' +

$%&,)( − m'(
&' ()*' +

$%&,)( > 2 * 6'77

2023/04/06 Michele Aversano 8/

BOR analysis
Example: 2022-06-03 14:48:08 (QCS Quench)

• BOR beam orbit change timing

To find the starting point of the instability,                
I set some conditions:

• max
&' ()*' +

$%&,)( > 345 + 2* 6'77

• max
&' ()*' +

$%&,)( > 345 + 0.2* 6'77
(in at least 40 buckets looking every 
200  buckets)

• m'(
&' ()*' +

$%&,)( < 3'( + 2* 6'77

• m'(
&' ()*' +

$%&,)( < 3'( + 0.2* 6'77
(in at least 40 buckets looking every 
200 buckets)

• Subsequent  max
&' ()*' +

$%&,)( − m'(
&' ()*' +

$%&,)( > 2 * 6'77

0.6

Time (μs)
10 20

10 μs
Beam 
loss

In 2022, we demonstrated that 
“better sensor location” actually 
gives 10 μs improvement.
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• At present, abort request signals are sent to D07 section (abort 
kicker) through CCR. What if the signals are directly sent to 
abort kicker?

‣D06: 4.8 μs → 2.9 μs 
‣D05: 6.9 μs → 5.2 μs

1.
38
us 3.44us

CCR

D7

D6

D5

abort 
module 
(slave)

abort 
module 
(master)

kicker 
circuit

kicker

CCRLocal CR D07

1.38us

abort gap waiting

abort module 
(master, new)

kicker 
circuit 
(new)

D06 and D05
                    


A transmission path 
changes from → to → 

abort 
module 
(slave)

Modifications required for shorter path

Abort 
kicker
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Abort module upgrade

�[hj<YY<jQ][�]N�[Iq�<D]gj�Z<hjIg�<j��ÁÈ
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jPI�[Irj�g<EX�Ng]Z�jPI�Y]hh�Z][Qj]g�g<EX�
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loss 
monitor 

rack
D7-BT-C1

• The firmware on Event Receiver (EVR) 
FPGA will be updated such that two kicker 
circuits can be operated (CCR and D07) in 
parallel.


• A student can work on installation and 
commissioning with beam.

Event Receiver

INHIBIT circuit 
(TD4V)

Abort 
module

Revolution 
509 MHz/5120

Kicker

abort 
request 

kicker circuit 
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Fireball hypothesis

• Fireball can be heated by the beam-induced field and plasma is 
generated around it, growing up into a macroscopic vacuum arc, 
leading to significant interactions with the beam particles.

Tetsuo ABE (KEK)Fireball Hypothesis and Acoustic Observation 9

Physical process of the fireball breakdown, causing a current flash (ABE's hypothesis)

䠖 Ablation plasma
(+ microwave plasma?)

݁ି
݁ି݁ି݁ି

݁ି

RF field takes electrons out of plasma.

Fireball landing

݁ି

݁ି

݁ି

݁ି

݁ି

The electrons are accelerated by 
the RF field, causing a current flash.

݁ି

݁ି

݁ି

W or Ta

Cu (beam pipe)

z

z

z

z

z

z

15

• Fireball: A micro particle from damaged 
collimator with a high sublimation point 
(e.g. W or Ta). Collimator head made of W or Ta
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Acoustic sensor

Tetsuo ABE (KEK)Fireball Hypothesis and Acoustic Observation 21

Acoustic sensor: AE124AT

(Selection by Toshiyasu HIGO (KEK/e+e-Linac))

Sensitive to 30kHz – 1MHz

Tetsuo ABE (KEK/ACCL)

Proposed Experimental Setup

Proposed Acoustic Experiment (2023-03-10) 3

B
C

A

Oscilloscope
Excitation source

(e.g. pulse 
generator)

(30kHz – 1MHz)

D

Pure water (~5L/min)

: Acoustic sensor

Sensitivity spectrum of the acoustic sensor

360 mm

• Acoustic sensor (AE124AT) can be used to “hear” ultrasonic 
sound waves generated at vacuum breakdown.


• Sensors will be installed around the collimators. 

‣ sensor position will be optimized with the spare collimator jaw. 

Sensitive to 30 kHz - 1 MHz

Adding more “ears” to investigate SBL!
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ALP search
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credit: Y. Suetsugu
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ALPs search at KEK LINAC

10-1
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10-5
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Figure 4: [Left panel]: The blue and black lines show the 95% C.L. sensitivity to ALP with Setup-1

and Setup-2, respectively. For each setup, the number of injected particles is assumed to be 6.5 ⇥ 10
18

,

which is equal to the number of particles using the beam current at KEK Linac for one month. For

Setup-2, the bunch charge is assumed to be 0.2 nC. The dashed lines show the sensitivity in other

beam dump and forward detector experiments, NA62 [17, 38], NA64 [18], SHiP [17, 39], FASER [40],

SeaQuest [14], ILC [28], and from the e+e�
collider experiment Belle II [24]. The gray shaded region

shows the region excluded by the previous studies [16, 17, 41–45]. [Right panel]: The change in

sensitivity with di↵erent bunch charges and the thickness of the Front shield in Setup-2. The solid line

is the same as the result of the left panel. The red dashed line shows the case where the bunch charge

is set to 4 nC which is the maximum value used for SuperKEK. The blue dotted line is for a 4 nC bunch

with a shield thickness of 25 cm. The signal parameter used in Fig. 3 is marked with a star symbol.

therefore SHiP and ILC beam dump experiments, which use a larger number of incident
particles, are more sensitive to this region than Setup-1. We, however, emphasize the
advantage of Setup-1 which can be achieved much earlier and with a much lower cost
than SHiP and ILC beam dump experiments. Setup-2 has a better sensitivity to larger-
mass and larger-coupling regions compared to other beam dump and forward detector
experiments.

Figure 4 (right) shows the variation of sensitivity with di↵erent bunch charge and
thickness of Front shield in Setup-2. The solid line is the same as the result of Setup-2
in Fig. 4 (left). The red dashed line shows the case where the bunch charge is set to 4 nC
which is the maximum value used for SuperKEK. The sensitivity decreases with higher
bunch charge due to increase of the pileup.4 The blue dotted line is for a 4 nC bunch
with a shield thickness of 25 cm. It can be seen that the upper boundary of the contour
shrinks, compared to the case of T = 20 cm. This is because the decay length of ALP
in that parameter region is only a few cm, and a longer shield increases the probability
of ALP decay in the shield and reduces the number of signals. We note that the signal
parameter in Fig. 3 is marked with a star symbol.

4
With T = 20 cm and 4 nC bunch charge, it might be di�cult to search ALP with small mass

(ma < 0.04 GeV) and large coupling (ga�� & 10
�3/GeV). This is because the low-energy photons

leaking from electromagnetic showers per bunch becomes sizable in the signal region of this parameter

space, which is the very forward region (< 10 mrad). The energy deposit in the detector by the leakage

photons depends on its configuration and detailed study is left as a subject for future work.
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• Axion-like particle (ALP) is more general 
expression of axion, with the ALP mass 
(mφ) being independent of the breaking 
scale (fa) 

• A new beam dump experiment was 
proposed at the KEK LINAC, targeting 
an unexplored region of phase space.
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Figure 1: Schematic diagram of the production of ALP (a) by the Primako↵ process and their decay

behind a shield.

2 Model

We consider ALPs described by the following e↵ective Lagrangian:

�L = �
1

4
ga��aFµ⌫F̃

µ⌫ +
1

2
(@µa)

2
�

1

2
m2

aa
2, (1)

where a is the ALP, F µ⌫ is a strength of the photon field, and F̃ µ⌫ = ✏µ⌫�⇢F �⇢/2. In
our evaluation, it is assumed that a coupling ga�� and a ALP mass ma are independent
parameters.

In assuming this model, the ALP is mainly produced by photon-nucleus interactions,
the Primako↵ process, in the target as shown in Fig. 1. After passing through the shield,
the ALP decays into two photons that reach the detector and are observed as a signal.

For the ALP production, we use the following angular di↵erential cross section [15–
18], based on the improved Weizsacker-Williams approximation [19–21],

d��a

d✓a
'

↵g2a��k
4✓3a

4t2
G2(t), (2)

where G2(t) ' Z2 (a02t/(1 + a02t))2 / (1 + t/d)2, Z is the atomic number of target, a0 =
112Z�1/3/me, d = 0.164 GeV2, and me is the electron mass. The momentum transfer
t is approximated as t ' k2✓2a + m4

a/(4k
2) to avoid cancellation of significant digits in

numerical calculations [18]. For the form factor G2, we use the combined simple atomic
and nuclear form factor, which takes into account the screening e↵ect. The decay width
of the ALP is given by

�a =
g2a��m

3

a

64⇡
. (3)

These formulae is adopted to calculate the signal yield.

3 Experimental setups

This section describes the geometries of the shielding system, beam conditions, and
detector concept. We propose two experimental setups (Setup-1 and -2) with di↵erent
shielding geometries. In both setups, the maximum size is 5-10m in the beam axis
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ALPs search at KEK LINAC実験セットアップ案
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50-100 cm

~ 500 cm

検出器
Magnet

< 50 cm

• 従来のビームダンプ実験よりシールドが極めて短い
• 膨大な電磁シャワーは Front Shield で止める

• ハドロン・ミューオンバックグラウンドの完全な遮蔽は諦めるが、　
Hollow Shield と Magnet で軽減する

• さらに、高エネルギーのヒットセルで再構成された質量と azimuthal angle 
を用いてバックグラウンドを最小化

• 中性ハドロン（中性子、中性Kaon）が主要バックグラウンド
➡ e.g. KS0 → π0 π0,  π0→γγ

Detector

55-70 X0

• Shorter beam dump in comparison with previous experiments

‣ Large ALP acceptance while allowing for larger BKG. 

‣ BKG can be reduced by Hollow Shield and dipole magnet

• In 2022, I have led 

‣ Background study (3 students) 

‣ PbO calibration (6 students)


• Future: readout development  
— more hardware opportunities  
for students! Test beamline at KEK
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Calorimeter readout

• Segment size of 1 cm x 1 cm required for the background 
reduction with azimuthal angle (Δφγγ ) cut


• Sampling calorimeter (e.g. plastic scintillator + tungsten) can be 
readout with SiPM. 

PbO

PbO

PbO

sampling calo

γ

γ

• Electronics should have the capability to record the waveform 
to be able to reduce the background further. Something similar 
to KLM scintillator electronics?
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Summary

• I have been working on various hardware projects through 
my career.  

• I would like to propose 

‣ MDI projects (beam diagnostics, beam abort upgrade, 

fireball verification) 

‣ ALPs search with calorimeter readout development  

• I am happy to join IDL for firmware/electronics 
development for UH HEP projects.
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Thank you!
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