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Search for Charged Lepton Flavour Violation in μ-processes
3

Hajime NISHIGUCHI (KEK)                                                    ”The COMET Experiment”                                                                 ICHEP 2024, Prague

✤ Try to Explore New Physics via “Charged Lepton Flavour Violation” 
✤ Among “Quark”, “Neutrino” = Known as Flavour violated 
✤ “Charged Lepton Flavour Violation  (cLFV)” = Never Observed so far 

✤ Very sensitive to the TeV-scale new physics beyond Standard Model 
→ Complementary and Competitive to the Energy Frontier (eg. LHC)

µ decay in SM µ LFV in BSM

✦ pure leptonic
✦ only weak interaction

✦ causable via new particle
✦ not suppressed by tiny mν 
✦ if BSM assumed…

 BR(μ→eγ) = O(10–16-10–13)
 → clear evidence of BSM

✤ Muon is Best Probe to search for CLFV; eg. µ+→ e+γ, µ−N→e−N, µ+→ e+e+e−

✦ taking mν≠0 into account
→ BR(μ→eγ) < O(10−54)



μ−N → e−N Search
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✤ “Muon-to-Electron Conversion in Muonic Atom  ( µ−N → e−N )” 
✤ Charged LFV, So-called “µ-e Conversion” 
✤ One of the most prominent process of muon LFV

e-
N

μ -

✤ “Signal” 
✤ Ee = mµ - Bµ - Erecoil  

~105 MeV   (muonic Al) 
✤ “Background” 

✤ Beam-related 
✤ Normal muon decay 

in Orbit (DIO) 
✤ Cosmic-ray induced
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✤ “Muon-to-Electron Conversion in Muonic Atom  ( µ−N → e−N )” 
✤ Charged LFV, So-called “µ-e Conversion” 
✤ One of the most prominent process of muon LFV

e-
N

μ -

✤ “Signal” 
✤ Ee = mµ - Bµ - Erecoil  

~105 MeV   (muonic Al) 
✤ “Background” 

✤ Beam-related 
✤ Normal muon decay 

in Orbit (DIO) 
✤ Cosmic-ray induced

Pulse beam w/ 
excellent extinction

Long/Curved 
transport solenoid

Almost 4π-covered 
CR veto 
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The COMET Experiment
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✤ Enabled by “Four Features” → Aim to achieve target sensitivity of O(10−17)

— Feature(1) — 
High Intensity 
Pulsed Proton 

Beam by J-PARC

— Feature(2) — 
High Efficiency 
5T-Solenoidal 
Pion Capture 

System

— Feature(3) — 
Long/Curved 

Solenoidal pion/muon 
transport section

— Feature(4) — 
High resolution, 

vacuum 
compatible 

electron 
spectrometer 

can select 
momentum.
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Beam-related Background to Search for μ-e Conv.
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✤ Dominant Background
✤ Beam-related prompt 

Background, mainly 
caused by pion decays

✤ Muonic atom (of Al) has 
a lifetime of ~1μsec

✤ Delayed DAQ-window 
right before the next 
proton bunch allows for 
BG-free Search

✤ Extinction is ESSENTIAL !

Main Proton Pulse
(~1012 proton/pulse)

Prompt Background

Stopped Muon Decay

Timing Window

SIGNAL

Time (μs)

a.
u.

100 ns

1.2 μs

Extinction = 
# of leaked protons in between bunches

# of filled protons in main bunches
Extinction should be <10−10 at least to achieve the COMET Goal

(Single Event Sensitivity : 10−17)
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Two-Staged Approach
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✤ COMET Phase-I
✤ Construct up to first 90° 

bend and place detector.
✤ Perform direct beam 

measurement
✤ No backward σπ data 

so far
✤ No real BG data so far

✤ Perform μ-e Search with 
an intermediate sensitivity 
(O(10-15))

✤ COMET Phase-II
✤ Complete all transport
✤ Perform μ-e Search with a 

full sensitivity (O(10−17))
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✤ Construct up to first 90° 
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✤ No backward σπ data 

so far
✤ No real BG data so far

✤ Perform μ-e Search with 
an intermediate sensitivity 
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✤ COMET Phase-II
✤ Complete all transport
✤ Perform μ-e Search with a 

full sensitivity (O(10−17))
【 COMET Phase-I 】
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Detectors for COMET Phase-I
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For µ-e Conversion Search For Beam Measurement 

✦ “CyDet” = Cylindrical Detector System
✦ For Phase-I, centre part of beam is 

dominated by BG, i.e. Cylindrical Drift 
Chamber and Cylindrical Trigger 
Hodoscope is employed to search for μ-
e conversion.

✦ He-iC4H10 gas-mixture to reduce 
material budget, Hollow cylinder 
design to have a BG tolerance 

Chapter 13

Cylindrical Detector System (CyDet)

13.1. Introduction

CDC

Stopping target

Return yoke

Superconducting coils

Trigger hodoscope

CDC inner wall CDC outer wall

Vacuum window

CDC endplate

Cryostat

Figure 13.1: Schematic layout of the CyDet.

The cylindrical detector system (CyDet) is the main detector system for the µ≠e conversion
search in COMET Phase-I. The CyDet will not be used for COMET Phase-II. It consists
of a cylindrical drift chamber (CDC) and a cylindrical trigger hodoscope (CTH). It provides
the primary momentum measurement for electrons from µ≠e conversion. Figure 13.1 shows a
schematic layout of the CyDet. It is located after the bridge solenoid (BS) in the muon transport
section, and installed inside the warm bore of a large 1 T superconducting Detector Solenoid
(DS). The CyDet must accurately and e�ciently identify and measure 105 MeV electrons whilst
rejecting backgrounds.
There are remarkable di�erences in detectors and spectrometer magnets between COMET
Phase-I and Phase-II. In COMET Phase-II, with a proton power of 56 kW, there will be

127

✦ “StrECAL” = Straw tracker and ECAL
✦ To measure all delivered beam 

including BG, vacuum-compatible 
tracker and calorimeter is employed

✦ Straw = Planer/Low-mass, LYSO crystal 
ECAL = High resolution / High density

✦ Same concept as Phase-II detector       
👉  Prototype of Phase-II Final Detector
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Current Status (1) — Facility Construction —
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MR (30GeV proton synchrotron)

A-Line

B-Line
C-Line

✤ Dedicated proton beam line, Completed
✤ Three proton beam lines in Hadron Experimental Facility. A-Line and B-Line are 

in operation. C-Line, dedicated for COMET, was just completed in spring 2022, 
and 1st commissioning w/ low intensity beam was conducted in spring 2023.

✤ Inside COMET hall, pion/muon transport system is under construction. 
✤ Transport solenoid is already completed. Other components, pion capture 

solenoid, detector solenoid etc., are under construction.

Hadron 
Experimental 
Facility (HD)

COMET 
Hall
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Hadron 
Experimental 
Facility (HD)

COMET 
Hall
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Pion Capture Solenoid

Construction Completed !!

Final check is ongoing, Will be 

delivered to J-PARC next month.

Detector Solenoid

Fabrication Completed !!
Cooling, Excitation tests completed, 
Confirmed at 10, 95, 134 and 189 A, 
Will be delivered to J-PARC next spring.
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✤ Dedicated primary proton beam-line, “C-Line”, completed in 2022
✤ Low intensity proton (Phase-I x0.1) was delivered and commissioned in 2023

Current Status (2) — COMET Phase-α —
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✤ w/ Muon Transport Solenoid but w/o Pion Capture Solenoid

Backward π/μ yield measured

Beam momenta was measured

Compared/Validated MC

Real operation of Muon Transport 

Solenoid (Curved Solenoid)

The First Proton-beam Commissioning 

dedicated for COMET
Phase-I
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✤ Dedicated primary proton beam-line, “C-Line”, completed in 2022
✤ Low intensity proton (Phase-I x0.1) was delivered and commissioned in 2023
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✤ w/ Muon Transport Solenoid but w/o Pion Capture Solenoid

Backward π/μ yield measured

Beam momenta was measured

Compared/Validated MC

Real operation of Muon Transport 

Solenoid (Curved Solenoid)

The First Proton-beam Commissioning 

dedicated for COMET
Phase-I

Thin Graphite
Target

SciFi Detector
(Profile)

Straw Tracker
(Tracking)

Range Counter
(Momentum)

Low Intensity
Proton Beam

Backward
π±/μ±

Phase-α
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Current Status (3) — Detector Construction —
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CyDet  (for µ-e conv. search)CDC under Cosmic-ray Tests

Cylindrical drift chamber (CDC) 
takes more data 

at the Fuji experimental hall

2a.		Cabling		(HV	side)

7

HV: 1850 V 
Gas mixture: He/i-C4H10=90/10 
flow rate: 100 ccm

Akira SATO                                                                                                                                                     COMET Phase-I CDC

CDC Cosmic-ray test: Analysis
New analysis framework for the CDC based on ICEDUST was developed by 
Yohei. 
The 1st analysis of the Stage-3 data (20-27 Dec. `19) has been done by Saki 
Ohta-san. 2M events. 
→ Saki’s Master thesis 

The spacial resolution was worse than the Stage-2. 
Noise effects?  

Manabu is also working for detailed analysis. + a new M1, Higuchi-kun. 
Gain saturation study with the CR test data by Sun-kun.

4

Spacial resolution by Saki Hit distribution by ManabuCR event track

Yohei’s talk

Sun’s talk

✤ CDC, completed 
and under 
commissioning 
with cosmic-ray.

✤ Trigger 
hodoscope is 
under 
construction.

Completed CDC

Event Display
(CR track)

StrECAL  (for beam measurement)

StrECAL Beam Test at ELPH 

Tohoku University in March 2017

beam defining counters (BDC) of SciFi in vacuum at upstream 
and downstream the straw chamber

StrECAL test-beam experiment

H.Nishiguchi(KEK)                                                       StrECAL Overview                                               COMET CM21,J-PARC

 Modification on each subdetector is ongoing
 Straw : Just need to repair the broken parts 
 ECAL : Many modification is ongoing (See Hiroshi’s presentation) 
 FE/amp./Trig : Many updates are ongoing (See Kazuki, Dima, Leonid, MyeongJae, 

and Yuki’s presentation) 
 Vacuum compatible Beam Defining Counter : Starting the construction

upstream downstream

 Vacuum chamber for BDC is 
ready for assembly 
 See Takashi Saito’s presentation

straw chamber

BDCStructure
• Prototype 
• Developed for the beam test in March 2016. 
• Housing 16 modules (= 64 crystals) in vacuum 
• Partially successful and a lot to learn. 

• Vacuum leakage 
• Detailed design for the construction (mechanical robustness) 
• Improved design has been made by Hiroshi 
• Minor, but important modifications. 

• To be beam-tested in the coming beam test (March 2017) 
• Hope to finalize the critical R&D items. 

• The structure for the COMET ECAL 
• Started the engineering design together with REPIC 
• Based on the prototype experience 
• Will be able to show the draft/ver.1 design in the Integration 
Workshop.

8

full string test of trigger 
and FE to DAQ (FCT 

and FC7)

✤ Straw Stations, 5 Stations in total, are 
under construction.

✤ Will be completed in 2025.

✤ ECAL prototype 
successfully 
completed.

✤ Detector assembly 
is ongoing.ECAL

prototype

Straw Tracker
Station #1
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Towards the Start of COMET Phase-I
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✤ Construction on all items are ongoing at a fast pace. 
✤ Facility; 

✤ The unfinished magnets, the Pion Capture Solenoid and the 
Detector Solenoid, are already completed. PCS will come soon, 
and DS will be delivered next spring. 

✤ Beamline commissioning will follow immediately. 
✤ Detector; 

✤ CyDet. CDC commissioning with all FE/Trig-chain will continue. 
Trigger hodoscope will be completed in JFY2024. 

✤ StrECAL. Straw tracker and ECAL, assembly is ongoing and expect 
to be completed in JFY2025. 

✤ Accelerator; 
✤ Proton Extinction and Bunched-Slow Extraction efficiency has 

been confirmed to be OK. i.e. Ready for COMET Phase-I 
✤ All component for COMET Phase-I will be completed by the end 

of JFY2025, and the engineering run will start in 2026.
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— Conclusions —
✤ Charged Lepton Flavour Violation = Clear evidence of New Physics BSM 

✤ Muon is one of the best probe to explore New Physics  
✤ eg. µ-N → e-N, µ+ → e+γ, µ+ → e+e-e+, et al. 

✤ COMET is searching for µ-N → e-N at J-PARC with O(10-17) sensitivity 
✤ Two-staged apploach 

✤ Phase-I: Construct 1/4 of transport solenoid and perform “Direct 
beam measurement” & “µ-N → e-N Search w/ an intermediate 
sensitivity of O(10-15)” 

✤ Phase-II: Construct remaining 3/4 of solenoid and carry out to 
search for µ-N → e-N w/ a full sensitivity of O(10-17)  

✤ Towards the Start of Phase-I 
✤ Dedicated proton beam line, Completed 
✤ Curved Transport Solenoid, Completed 
✤ Pion Capture and Detector Solenoids will come soon 
✤ Detector Installation, Will be completed in JFY2025 
✤ Engineering Run will be performed in JFY2026, and then the 

Physics data-taking will follow.



backups



“μ−N→e−N” vs. “μ+→e+γ”
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✤ Very similar, twin processes  
✤ But, big differences from points-of-view of Physics and Experiment 
✤ Searching for both processes is important

Differences in Physics Differences in Experiment

✦ sensitivity for photonic process and 
non-photonic process is different

✦ μ→eγ : photonic👍 non-photonic👎
✦ μ-e conv : photonic👍 non-photonic👍

→ Very powerful tool to probe 
properties of new physics when the 
signal is discovered.

γ

μ
e

N
μ e

µ→eγ Search 
Signal = Coincidence 

⬇  
Dominant B.G. is  

Accidental Overlap 

Challenge = Detector

µN→eN Search 
Signal = Mono-E e-  

⬇  
Dominant B.G. is  

Beam related 

Challenge = Beam

DC beam !
(PSI et.al.)

Pulse beam !
(J-PARC et.al.)
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✤ Dedicated 8-GeV Operation Tests have been carried out repeatedly so far.

Extinction at MR Abort w/ FX (8GeV, 2018)

80 100 120 140 160 180 200 220 240 260 280
RF voltage (kV)
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Ex
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ct
io

n

Extinction at MR Abort w/ FX (8GeV, 2018)

✤ Operation chain; injection/acceleration/extraction, successfully established.
✤ Good bunched slow-extraction efficiency of >97% , achieved

Accelerator Development for COMET

✤ Extinction development was also 
successfully conducted at Main Ring Proton 
Synchrotron and Secondary Beam Line in 
Hadron Experimental Facility.

✤ Excellent extinction (O(10−12)-O(10−11)) in 
MR, confirmed. Observed Small leaks in 
secondary beam was also successfully 
solved. Proton-beam extinction is now 
ready for COMET !!
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Figure 9: Timing distribution of secondary pion
(Converted to be synchronised wrt. MR timing)

The total number of pions seen in this
measurement was 1.7 × 1010 (corresponding
to 23 hours of DAQ live-time), and the num-
ber in the inter-peak region was 202, i.e. the
extinction factor is 1.2 × 10−8 which does not
satisfy the requirement for COMET. By ex-
cluding events belonging to the K4 injection
batch, i.e. using the data from K1, K2 and
K3 only, the extinction factor is < 1.0 × 10−10

which satisfies the requirements. In this case,
a quarter of the proton beam would be dis-
carded. If the leakage at K4-rear can be
solved, an extinction factor of < 6.0 × 10−11

is feasible.

3 Proposal for the Next 8 GeV Campaign

In the previous 8 GeV campaign in 2018, three studies were performed. Thanks to the accel-
erator study, the full 8 GeV operation chain, “injection”, “acceleration” and “bunched slow
extraction”, was established. Customised MR operation for COMET was successfully demon-
strated at the MR Abort Line with FX beam. In particular, SBK-mode runnning was investi-
gated with the RF voltages being varied, and excellent extinction levels of O(10−12 – 10−11)
was confirmed. Bunched-SX beam was transported to HD, and secondary pions at the K1.8
beam line were carefully measured, and an sufficient extinction of <1.0 ×10−10 was confirmed.
However, the residual protons at the K4 rear bucket were also observed.

Here, we propose the next 8 GeV campaign to complete the agenda revealed in the previous
campaign; i) achieve perfect extraction, and ii) perfect extinction. In the previous campaign,
the extraction efficiency ultimately reached 97%, while it is usually 99.5 % for normal SX. And
the mystery at K4 rear should be solved to ensure the success of COMET.

3.1 Investigation to pursue a perfect extinction
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Figure 10: Waveform of injection
kicker and position of RF buckets

After the previous campaign, an intensive study was per-
formed to understand the mechanism of K4 leakage and
to pursue the origin of this leakage. In addition, by this
study, an approach to improve the extinction factor was
also drawn up.

The true identity of K4-Mystery is becoming clearer.
Figure 10 shows the injection kicker-excitation waveform
and the timing of the front and rear RF buckets. As
shown clearly, kicker field has a certain trailing compo-
nent. Thus, even if SBK is applied (Figure 10 (b)), some
residual protons in the empty bucket is affected by the
tail of the kicker field, and can be injected into the MR.

8
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small leakage was 
found and already 
verified by beam.



Other detector systems
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Fig. 71: One of the baseline designs for the coupling mechanism of SiPM to WLS fibre.

carefully designed receptacles at the ends of the strips (See Fig. 71) couple the SiPM to the WLS

fibre.

From the beginning, two strip designs have been considered: the current one described above and

a wider strip which is read out by several parallel WLS fibres. The narrow strip design with a single

fibre was chosen since it has the following advantages:

◦ Light from a MIP is not shared between different SiPMs resulting in a very high efficiency even

with a high signal threshold.

◦ The efficiency of each strip can be measured using coincident signals recorded in other strips.

◦ In case of problems with one channel only a small part of the detector is affected.

◦ A time resolution of about 1 ns can be achieved.

Fig. 72: CRV strip layout.

SCRV modules and layers. Fifteen strips form an SCV module of dimension 0.7 × 60 ×
300(360) cm3. The relatively low weight of the SCV module of about 10 kg give it good handling

properties. Strips are accurately placed on a 0.6 mm thick aluminium sheet, which is covered with

segmentation by the width of the scintillator strip sufficient? - answer : the statement in this part is a bit wrong,
and updated.
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【１　研究目的、研究方法など（つづき） 】
基盤研究（Ｂ）（一般） ３

ンバー (CDC)を主とする主測定器で測定する。µ-e転換事象では、ミュー粒子の質量がそのまま電
子のエネルギーとなるため、100 MeV強の高いエネルギーを持つ電子を CDCで検出できれば新物
理の証拠となる。BG測定器はストローチューブ軌跡検出器 (StrT)と電磁カロリメータ (ECal)の組
み合わせである。静止標的を取り除き、ビームを直接検出することで、ビーム中に含まれるミュー
粒子以外の、背景事象の要因となる粒子を測定する。この時、ビーム粒子を 1個 1個検出するため
に、ビーム強度を物理測定時の 1000分の 1程度に落として測定を行う。本研究の目的は、現状の
COMET実験装置に新しくミュー粒子ビームモニタを追加することで、目標とする測定感度の実現
を確実なものとし、新物理の探索を行うことである。

1.2.2 ビームモニタ検出器

図 3: ミュー粒子ビームモニタ検出器

図 3にミュー粒子ビームモニタの概要を示す。
センサー部分には太さ 1mm程度のシンチレー
ションファイバーを使用し、縦横に敷き詰めて、
ビーム粒子を検出する。シンチレーションファイ
バーはクリアファイバーに接続し、光信号を転
送する。その後、光信号をMPPC (Multi-Pixel

Photon Counter、浜松ホトニクス)で電気信号
に変換する。ファイバーで光信号を転送するこ
とで、MPPC及び読出し回路を放射線量が十分に低い場所に設置することができる。最終的に信号
を波形デジタイザで記録する。物理測定時には高強度のバンチ状ビームにより、瞬間的に 100個程
度のビーム粒子が 1本のファイバーに入射することになる。信号の波高からそれぞれのファイバー
位置におけるビームの強度を測定し、ビームの形状を抽出する。背景事象測定時には、ビーム強度
を落としてビーム粒子を 1個単位で検出し、その粒子がヒットした位置と時間を測定する。
センサー部分は最も放射線量が高い場所にあるため、必要な性能を満たすものを選定しなければ

ならない。以下に候補を記す。

プラスチック　　
ファイバー

発光量は多いが、放射線耐性は低く、1kグレイ程度で劣化が始まる。た
だし、減衰長の劣化は顕著であるものの、発光量の劣化は小さい。セン
サー部の定期的な交換を前提とした運用での実用化を検討する。

石英ガラス　　　
ファイバー

放射線耐性は高い。発光量はプラスチックシンチレータの 1/5程度であ
る。クリアファイバー部分ではガラスファイバーを利用する。

無機シンチレータ 放射線耐性が高く、発光量も非常に大きい。ロッド状に成形して使用す
る。表面にアルミニウムなどを蒸着して反射材とし、減衰長を改善する。

センサー部分の選定にあたっては、それぞれの候補の発光量、放射線による発光量・減衰長の劣
化などの測定をする。発光量、減衰長の測定には UV光、放射線源を使用し、中性子照射施設を利
用して放射線による影響を調査する。また、超電導電磁石の内部に設置されるため、低温環境 (最低
で 80K)における素材の評価を行う。
検出器は図 3のようにビームダクトに取り付けて固定する。クリアファイバー部分は円筒形のダク

トにファイバーを巻きつかせることによって無理に曲げることなく設置する。このダクト部分はビー
ムモニタのサポートであるとともに上流部分と下流部分とを分ける真空窓の役割も果たす。MPPC

からの信号の処理には、COMET実験において汎用的に開発された電子回路 (ROESTIボード)を
ベースとして使用する。ROESTIボードは信号増幅回路、波形デジタイザ、イーサネット転送など
の機能が搭載されており、COMET実験全体のデータ収集システムへの接続も容易である。ただし
MPPCでの接続に対応するように電源部分の追加、信号増幅部分の調整が必要である。

,5;@F;>>3F;@9�P4D7
!>3EE�P4D7

�73?�B;B7

TiO2

(*)

(**)

(*) DOI: 10.18429/JACoW-IPAC2019-FRXXPLS2 (**) DOI: 10.1109/SENSORS56945.2023.10324967
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8GeV, 3.2kW proton beam is assumed 

 2.5×1012 protons/sec 

 10–10 of extinction is supposed  

 150 days (1.2×107 sec) running time 

 Expected single event sensitivity 

 B(µ+Al→e+Al) = 3.1×10–15  

 Upper limit at 90% C.L. 

 B(µ+Al→e+Al) < 7.0×10–15  

 cf. present limit < 7×10–13 (SINDRUM-II)

B(µ� + Al� e� + Al) =
1

Nstop
µ · fcap · Aµ�e
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Sensitivity and BG
• 8GeV, 3.2kW proton beam 

• 2.5x1012 proton/sec

• 12 days (106 sec) running time

• Single event sensitivity

• B(μ-+Al→e-+Al) = 3.1x10-15

• Upper limit at 90% C.L.

• B(μ-+Al→e-+Al) < 7.2x10-15
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Figure 6.2: Distributions of reconstructed µ−−e− conversion signals and reconstructed
DIO events for the case of trigger counter of 5 mm thickness. The vertical scale is
normalized so that the integrated area of the signal is equal to one event with its branching
ratio of B(µN → eN) = 3 × 10−15. The momentum cut of 101.9 MeV/c is used in this
report.

Table 6.1: Momentum cut values and their efficiencies for different thickness of trigger
counters. The net efficiency below is the product of the geometrical acceptance and the
efficiency of the momentum cut.

trigger geometrical momentum momentum net
counter & tracking threshold cut efficiency

no 41 % Pe > 103.5 MeV/c 70 % 29 %
5 mm 40 % Pe >101.9 MeV/c 66 % 26 %
7.5 mm 38 % Pe > 100.4 MeV/c 55 % 21 %

6.2.2 Signal sensitivity for cylindrical detector

The single event sensitivity is given by

B(µ− +Al → e− +Al) =
1

N stop
µ · fcap · Aµ-e

, (6.1)

where N stop
µ is the number of muons stopping in the muon target, fcap is the fraction of

muon capture and Aµ-e = 0.09 is the signal acceptance. The fraction of muon capture for
aluminum is fcap = 0.61.

By assuming a proton beam of 8 GeV with 0.4 µA, a total beam power is about
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Table 6.4: Summary of estimated background events for a single-event sensitivity of
3× 10−15 with a proton extinction factor of 10−9

Background estimated events
Muon decay in orbit 0.05
Radiative muon capture < 0.001
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001
Radiative pion capture 0.024
Beam electrons < 01
Muon decay in flight 0.0004
Pion decay in flight < 0.0001
Neutron induced background 0.024
Delayed radiative pion capture 0.002
Anti-proton induced backgrounds 0.007
Cosmic ray muons 0.0001
Electrons from cosmic ray muons 0.0001
Total 0.11

COMET of 2 × 107 sec. Therefore, the estimated background events are about a factor
of 20 less than that of the full COMET experiment.

6.3.5 Summary of background estimations

Table 6.4 shows a summary of the estimated backgrounds. The total estimated back-
ground is about 0.11 events for a single event sensitivity of 3.1 × 10−15 with a proton
extinction factor of 10−9. If the proton extinction factor is increased, the expected back-
ground events are further reduced.

supposing  beam extinction factor of 10-9 

Selection Value Comments
Geometrical Acc 0.53 tracking eff. included
momentum 0.50 pe>101.9MeV/c
Timing 0.39 same as COMET

Trigger and DAQ 0.9 same as COMET
Total 0.09
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Table 14. Summary of the estimated background events for a single-event sensitivity of
3 × 10−15 in COMET Phase-I with a proton extinction factor of 3 × 10−11.

Type Background Estimated events

Physics Muon decay in orbit 0.01
Radiative muon capture 0.0019
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001

Prompt beam * Beam electrons
* Muon decay in flight
* Pion decay in flight
* Other beam particles

All (*) combined ≤ 0.0038
Radiative pion capture 0.0028
Neutrons ∼ 10−9

Delayed beam Beam electrons ∼ 0
Muon decay in flight ∼ 0
Pion decay in flight ∼ 0
Radiative pion capture ∼ 0
Antiproton-induced backgrounds 0.0012

Others Cosmic rays† < 0.01

Total 0.032

† This estimate is currently limited by computing resources.

11.1. Beam measurement programs
There is no measurement on the backward pion production rate with 8 GeV protons. Simulation
studies of various hadron production codes such as MARS and Geant4QGSP(BERT/BIC) estimate
a rate that is more than two times different, as described in Sect. 4.3. In order to understand the pion
production rate, in the COMET Phase-I experiment, it is planned to measure the muons, pions,
antiprotons, and electrons in the beam, with the StrECAL placed downstream of the muon transport.

During the beam measurement, (1) the momentum and profile of the beam, and (2) the beam timing
should be measured. For the momentum and profile measurement, track reconstruction and particle
identification (PID) are necessary. This also requires a lower hit rate and thus lower beam power.
For the beam timing measurement, the goal is to reproduce the timing distribution of particles after
the initial beam pulse, which does not require track reconstruction and momentum information. This
measurement can be made without the detector solenoid and straw detector; therefore the beam can
be operated at full power.

11.1.1. Particle identification by StrECAL
While there is no detector dedicated to PID in COMET, a special StrECAL configuration may be
designed to optimize the PID capability, by placing a scintillating fiber (Sci-Fi) detector at the end
of the muon beam line. In this configuration, dE

dx and E/p can be provided by the ECAL, and the
time of particle flight (TOF) between ECAL and the scintillating fiber (Sci-Fi) detector can be used
for PID. The pulse shape analysis of the ECAL signal will also be investigated.

A prototype Sci-Fi detector with 1 mm-square scintillating fibers and MPPC readouts was success-
fully tested to obtain the beam profile during the StrECAL test in KEK. However, a smaller fiber such
as 250-µm would be preferred to minimize secondary particle production. Recent measurements
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COMET-Phase-I COMET-Phase-II

experiment starts (*) in ~2026 Ready in 3 years 
after Phase-I completion

beam power 3.2kW (8GeV, 400nA) 56kW (8GeV, 7μA)

running time 150 days 2.0 x 10^7 (sec)

# of protons 3.0 x 10^(19) 8.5 x 10^(20)

# of muon stops 1.5 x 10^(16) 2.0 x 10^(18)

muon rate 5.8 x 10^9 1.0 x 10^(11)

# of muon stops / proton 0.00052 0.00052

# of BG 0.02 0.3

S.E.S. 3.1 x 10^(-15) 2.6 x 10^(-17)

U.L. (90%CL.) 7.0 x 10^(-15) 6.0 x 10^(-17)
* including the engineering run


