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講演の流れ
1. COMET-CDCの宇宙線を用いた性能評価試験 (6)            森津 

2. 宇宙線を用いた位置分解能の評価試験                             太田 

3. 宇宙線試験の解析　　　　　　　　　　　　　　　　　松田
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連続講演

CDCのヒット情報を用いたのトリガーシステム 

• 15pK209-11  COMET Phase-Iのための飛跡検出器情報を用いたオンライントリガーシステムの開発状況　（中沢遊） 

• 15pK209-12  Result for communication test of online trigger system of Cylindrical Drift Chamber for COMET Phase-I 
experiment  (Chau Thanh Tai)

CDCのスローコントロールシステム 

• 17aK104-7  COMET Phase-I CDCのためのSlow Control Systemの開発状況(2) （吉田学立）

他の関連する講演



Introduction
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‣ ミューオン・電子転換過程：   µ- N ̶> e- N   
‣ Charged Lepton Flavor Violation beyond the Standard Model 
‣ 探索感度： S.E.S. = ~3 × 10-15 at COMET Phase-I 
‣ J-PARCの大強度ビームと超伝導ソレノイドにより大量のミューオンを生成・輸送 
‣ 物理測定にCylindrical Drift Chamber (CDC) を採用 
‣ シグナルは ~105 MeVの単色電子 （for Al標的） 
‣ 主な背景事象は、 

1. Beam-related BG  ̶> 高純度パルスビーム@J-PARC Bunched SX 
2. Decay-In-Orbit electron (DIO電子)   ̶> 次のページ 
3. Cosmic-ray BG

COMET Phase-I

6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.

The COMET Phase-I muon beam line consists of a section for pion production and capture, a muon
transport section and a muon collimation section;. These three elements are descibed in the following
sections. At the ‘downstream’ end of the muon beam line is the detector solenoid. The schematic
layout of the COMET Phase-I muon beam line is shown in Fig. 26.

6.1 Pion Production

The COMET experiment uses negatively-charged low-energy muons, which can be easily stopped in
a suitable thin target. The low-energy muons are mostly produced by in-flight decay of low energy
pions. Therefore, the production of low energy pions is of major interest. Conversely, we wish to
eliminate high-energy pions, which could potentially cause background events.

6.1.1 Comparison of di�erent hadron production codes

In order to study the pion and muon production yields, di↵erent hadron production simulations were
compared. The comparison of the backward yields of ⇡

� and µ
� three metres away from the proton

target for di↵erent hadron production codes is given in Table 3. It is found that there are a factor of 2.5
di↵erence between di↵erent hadron production programs. Among them, the QGSP BERT and FTFP BERT

hadron production models have the lowest yield. Therefore, to make a conservative estimation, the
QGSP BERT hadron production model is used to estimate and optimize the muon beam.

Figure 27 shows the momentum distributions for various particles produced by 8 GeV proton bom-
bardment at the location of the end of the pion capture solenoid sections.

6.1.2 Adiabatic transition from high to low magnetic fields

The pions captured at the pion capture system have a broad directional distribution. In order to
increase the acceptance of the muon beamline it is desiarable to make them more parallel to the beam
axis by changing the magnetic field adiabatically. From the Liouville theorem, the volume in the phase
space occupied by the beam particles does not change. Under a solenoidal magnetic field, the product
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pion production systemmuon transport systemdetector system
COMET Phase-I Layout 

Pion productiondetector for  
µ-e conversion

Muon transport

Figure 1.1: Schematic layout of COMET Phase-I.

2

8 GeV proton beam
µ- ← π-

Cylindrical  
Detector System



Decay-In-Orbit BG
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∝(E - Eµe)5

EDIO
Log scale

Eµe

Muon Decay in Orbit (DIO)

DIO

Signal
To distinguish signal from DIO BG,  
Momentum resolution < 200 keV/c   
for 105 MeV electrons

@ S.E.S. = 3 x 10-15 (Phase-1)

Simulation



COMET CDC
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1 T
µ

e Stopping
Target
(Al discs)

CDC

1.5 m

1 m

105-MeV track
Feature of COMET CDC 
‣ Large inner bore, φ1 m  @1 T    <- suppress DIO hits 
‣ All alternative stereo wire, ±4 deg    <- z-resolution 
‣ Low mass gas =  He:iC4H10 (90:10)  <- p resolution



Construction of CDC
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2015

2016

2016

2016ワイヤー張り 
張力測定

内筒の 
インストール

構造体完成

宇宙線試験 
を開始

＠KEK富士実験棟 
B4Fクリーンルーム

これまでの学会で報告

高エネルギーニュース Vol.35, No.3 (2016)「COMET Phase-I Cylindrical Drift Chamber」吉田・森津

2017~

読み出し 
領域を拡張



宇宙線試験の進捗
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Plan of cosmic-ray test
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Plan of CDC cosmic-ray test

~8 RECBEs ~36 RECBEs 104 RECBEs

Stage-1 Stage-2 Stage-3

Establish cosmic-ray test 
setup and analysis

Elec. trigger upgrade & 
Detail performance check

Full setup operation

⬆
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σ=160 µm 
including tracking error

ε= 95% (3σ), 98%(5σ)

Layer #
Residual [mm] First demonstration was well done !!



今年度の進捗
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1. 読出し領域を昨年度の３倍に拡張し、
計36枚の読出しボードを実装。 

2. 回路へのLV電源供給システムを構築。 
3. トリガー分配回路の拡張。 
4. 光ファイバー読出し経路の構築。

• The LEMO connectors for the test are removed.

• A socket for aurora interface is removed.

• KEK-ASD ASIC chip is replaced to new one which is developed by an external vender.

• The PCB is modestly re-worked for the new ASD ASIC chips.

The readout electronic will be located on the CDC downstream endplate and the HV cables
will be connected on the upstream endplate. The production of all the readout boards (128
boards with spares) has already finished by the IHEP group in China in 2015. A performance
test for these new boards is ongoing. The detail is described in latter sections. Specification of
the CDC readout board is summarized in Table 13.4.

Slit�

Slit�

ASDs�

ADCs�

SFP+slot�

LVDS�JTAG�

Power�

analog+input+from+CDC+48ch�

DAQ/IF+
SiTCP�

Trigger/IF�

FPGA�

Figure 13.21: The COMET CDC front-end readout board

Size 200 ◊ 170 mm2

Thickness 1.838mm (16layers)
Power supply +5.5V, +3.8V, +2.0V, +1.5V
Power consumption 12.5W

Table 13.4: The specification of the COMET CDC readout board.

FPGA Firmware Figure 13.22 shows a block diagram of the COMET CDC readout module
implemented in the FPGA. The fast control block receives the reference clock, trigger (trigger
number) from FCT board, and sends a busy signal to stop receiving triggers if the bu�er is full.
The CDC block arranges data of drift time and dE/dx from digitized values by the TDC and
ADC. SiTCP is used to transmit the event data to the DAQ system via Gigabit Ethernet fiber
link. TCP/IP provides end-to-end reliable connectivity. The Reg block, which is responsible
for configuration and status, can be accessed through UDP communication. The SYS MON
block is used for status monitoring of the board, such as temperature and voltage monitor.

143

CDC Frontend Readout Board (RECBE)

Power Optical 
readout

JTAG Clock/ 
Trigger 1G/10G front-end switch

10

FS.COM (Fiberstore) S3800 24F4S

• 20× 1 GbE SFP
• 4× 10 GbE SFP+
• 4× 1 GbE Metal
• Layer2+

Price : JPY ¥ 45,060 
SFP : JPY ¥ 660 
SFP+ : JPY ¥ 1,800 

Cisco MS410-32

• 32 × 1 GbE SFP
• 4 × 10 GbE SFP+ 
• Layer3 capable

Price:  $11,343.00
SFP :  $87.09 
SFP+:  $75.00

(in Amazon.com) 

30 times cost difference ??
Around 10 front-end switches are needed.

• Our requirements of the front-end switch is not fit to the current 
technology trend.
– Many 1G SFP optical fiber links

– One 10 Gb handling

– Large data buffer

CDC CRT network configuration

4

RE
CB

E

FS.com  S3900 24F4S

Switch

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

Slow 
monitors

Optical 1Gb

Op
tic

al
 1

0G
b

Trigger

CDCDAQ
Xeon E5-1650 v2 @ 3.50GHz
Mellanox Connect X-3 Pro

37 to 1

RE
CB

E

FS.com  S3900 24F4S

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

RE
CB

E
RE

CB
E

Optical 1Gb

…

Optical 10Gb

Power supply

Distributor

Trigger electronics

DAQ PC



Power supply scheme
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Nominal 
Voltage

Current # 
/ board

Current  
/ 104 boards

+5.5 V 
for ASD 0.5 A 52 A

+3.8 V 
for FPGA

1.5 A 156 A

+2.1 V 
for ADC 2.0 A 208 A

+1.5 V 
for FPGA

2.5 A

(4.0 A)*

260 A 
(416 A)*

×104

# including small margins of 0.2~0.3A 
* if use TMR (optional)

Total power:  
5.5×52+3.8×156+2.1×208+1.5×260 = 1706 W 

(1940 W)*      

Figure 14.2: The segmentation of the basement floor (left) and a cross-section view (right) of the
COMET building.
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Figure 14.3: The layout of the basement level of the COMET building that will house the beamline,
target and pion capture solenoid, muon beam line, muon stopping target and detectors. DP denotes
a power distribution panel.

the basement and the ground floor. The through-holes near the hatch consist of two „125-mm
holes and six „100-mm holes and will be used for the apparatus for the magnets and the trigger
electronics. Those near the gas platform and the electronics consist of six „100-mm holes. The
cable length between the detector and the trigger electronics is about 14 m and that for the
other electronics is about 35–45 m depending on the location of the electronics.
The upper floor will be used by COMET and the other experiments in the south area of the
NP Hall. It will accommodate the control-rooms of all the experiments (and the beam channel
group) and an air-conditioned computer server room.
The beamline and experimental area are air-conditioned to ensure none of the apparatus over-
heats. A charcoal filter is installed in the primary beamline area to filter out harmful, radioactive
isotopes such as iodine and caesium. Standard dust-filtering systems are installed elsewhere:
the experimental area, the ground floor and the upper floor. In preparation for COMET Phase-

253

地上階

地下階

COMET Exp. Building

✓地下階は放射線レベルが高いため、
電源本体は地上階に設置。 

✓地上と地下をつなぐ貫通穴内におけ
るケーブルの発熱を考慮。 

✓地下の検出器近くに分配器を置いて
各ボードへ配線。

Power Consumption



Cabling
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Distributer 
36ch × 3

RECBE

RECBE 
× 104

• arrange 5.5, 3.8, 2.1, and 1.5 V, 
     and distribute board by board. 
• Locates near detector solenoid.

6-core vinyl cab tire code

Cable 
× 12

Cable 
× 104

RECBE

RECBE

5.5, 3.8, 2.1, and 1.5 V

EM cable, 2C×100SQ BF1  F1  DS 

# PSs are independent for each 1/3 region.

Power Supply 
(Remote control) 
4 × 3 = 12

TEXIO PSU12.5-120  
12.5V, 120A, Switching PS



Power supply connection
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Power supply

TEXIO PSU12.5-120 Backside of power supply

Inside of distributor

Frontside of distributor

No serious trouble during 1-month operation. → The scheme works well !!



New setup
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After cabling



Data taking with new setup
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RECBE

36 boards

x
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2018/11/22~12/21

Gas:       He:iC4H10 = 90:10,  100CCM

HV:         1825 V

Vthre:        3600 mV

Trigger:   S5 x S6  (1130 x 440 x 6.5 mm3),  ~4.5 Hz

SETUP 5

~6,000,000 cosmic-ray events were 
accumulated for 1-month data-taking.Preliminary result of analysis for the SETUP 5 

4

S5
S6

• Just for a instant check for the new data,
used 10000 events of cosmic-ray to do tracking and evaluated various values.  

Event Display

[mm]

[mm]

[mm]

[mm]

• A clear track with large incident angle were drawn  

Zoom View



Summary
‣ COMET実験Phase-Iに向けてCDCの試験が進んでいる。 

‣ 本年度は実機仕様の電源/トリガー/データ読出しラインを構築して、読出し領域
を３倍に拡張し、全体の1/3のシステムで健全性を確認できた。 

‣ 宇宙線試験は第２段階に入り詳細な性能評価をおこなっている。（解析状況につ
いては次の講演を参照。） 

1. 位置分解能の評価                  —> 太田 

2. セル形状と入射角度の影響    —> 松田
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‣ 来年度はシステムを拡張してフルセットアップでの試験をおこなう。 
‣ CDCをKEKからJ-PARCに移設。 
‣ 検出器ソレノイドにインストールして磁場中での試験。

今後の予定


