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Branching ratio(BR) ～O(10-54) Impossible to observe…

Discovery of CLFV -> Beyond Standard Model(BSM)

→e、-N→e-N、→eee → Forbidden in the SM

SM +  oscillation

Charged lepton flavor violation (CLFV)



How much sensitive to BSM

W.Altmannshofer et al. Nucl.Phys.B 830(2010)17
arXiv:1910.11775

Muon LFV experiments are sensitive to many BSM models and very high NP scale.
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→e、-N→e-N
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G.Pezzullo NuFact2021

Examples of BSM
（-N→e-N）
SUSY-GUT
SUSY-SEASAW
Little Higgs
Leptquarks
etc…

BR～O(10-15)
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𝑞 𝑞
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F.Renga,Rev.Phys.4,100029(2019) (partially added)
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N
-

e-

• mono-energetic electron 
Ee = m-B～105 MeV (N=Al)

• Coherent process

N
-

e-

•Decay in Orbit (DIO)
•Radiative /-capture
•Decay in Flight (DIF)
•Cosmic-rays

eBGs

Signal

Current limit BR < 7×10-13(90% C.L. by
SINDRUM-II@PSI, N=Au)

Issues
① high intensity (HI)  beam
② BG reduction
③ high res. detector

Measurement of -e conversion
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① J-PARC high intensity beam
② Pulsed beam, Transport solenoid
③ New detector

Solutions

Beam structure

HI pulsed proton beam

Curved /
solenoid
-> low 
momentum 

High res. detector

Pion capture solenoid

Curved electron
transport solenoid
-> high momentum 
electron

COMET

Goal sensitivity (SES)：3 x 10-17（x10000 better)

Search for -e conversion＠J-PARC
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Phase-I（2027）

Staging approach

Phase-II (2030’s)

COMET experiment

Single Event 
Sensitivity

<10-14
(x100 improvements of current limit）

<10-16
(x10000 improvements of current limit）

Beam power 3.2 kW 56 kW

+ Beam measurement w/ Phase-II detector



COMET Phase-I
Proton beam
from MR
via C-line

Pion capture
solenoid(PCS)

Transport solenoid(TS)

Detector
solenoid(DS)

Detector
CyDet, CR veto
(StrECal)

Bridge
solenoid(BS)
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• Physics run
• Sensitivity O(10-15)
• Detector : CyDet

• Beam measurement
• Including R&D for Phase-II
• Detector : StrECal

Preparations for Phase-I 
are progressing.



Current status of COMET Phase-I



COMET collaboration

>200 collaborators
17 countries

44th Collaboration meeting
at J-PARC (Nov. 2024)

46th Collaboration meeting
at LPCA (Jun. 2025)



J-PARC
COMET



COMET beam line at J-PARC HD

C-line

C-line
B-line



Proton beam

• J-PARC proton beam
• Accelerated up to 8 GeV

• To minimize antiproton

• Bunched slow extraction
• 4 out of 9 buckets

• Extinction < 10-10
fraction of residual protons

• Measured extinction
• @K1.8BR of HD(T78 in 2021)

• < 1.0x10-10

High purity beam enabled by J-PARC! 16



COMET Phase-
first proton beam in COMET hall

• The 1st commissioning of the 
COMET beam line (HD C-line) 
was already done in 2023.

• The muon beam was successfully 
transported to detector area. 
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Proton target

proton beam

Target : Graphite  (Tungsten for Phase-II)
in Pion Capture Solenoid(PCS) with 4-5 T B-field.

Design work was almost done.  



Pion Capture Solenoid (PCS)

Delivered Oct. 2024

Transfer Tube preparation

Successfully installed

PCS

TS

PCS was installed last November.



Muon Transport 

• 90 deg. curved transport 
solenoid (TS).

• Low-p particles are selected and 
high-p particles are rejected 
using the TS with additional 
dipole field. 

• TS operation was successfully
confirmed in Phase-

• Beam collimator design was done.

TS

3 T + ～0.04 T dipole



Detector Solenoid (DS)& Bridge Solenoid (BS)

DS BS

• DS was delivered to KEK in 2024.
• BS was delivered to J-PARC in 2022.
• Installation in COMET hall is 

ongoing.
• Field measurement will follow.Field measurement system



Muon stopping target

Al target
• 17 discs
• 10 cm radius, 200 m thickness, 50 mm spacing.

• Prototype was constructed. 

• 4.7x10-4 /proton for Phase-I

• Optimization is underway.



Physics Detector: CyDet (Cylindrical 
Detector System)

-

e-

Cylindrical Trigger Hodoscope (CTH)

• Cylindrical Drift Chamber (CDC)
• Electron tracking -> momentum 

• Cylindrical Trigger Hodoscope (CTH)
• Triggering

• Timing measurement 

Detector surrounds muon stopping target.
• High hit rate
• High radiation level



CDC
• Drift chamber

• He:iso-C4H10=90:10

• ~5000 sense wire
• full stereo angle

• ~250 cells +20 layers

• Momentum res.
• < 200keV/c

Basic performance test with 
cosmic rays has been done.

Full readout test, construction
of gas system are ongoing.



CTH
• Scintillator + fibre + MPPC

• 4-fold coincidences 
• Trigger rate < 100 kHz

• Timing res. < 1 ns

• MPPCs placed outside of DS 
to avoid radiation damage.

QC/QA, construction are ongoing.
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Straw tube tracker
Very thin-wall tube gas detector
Measurement of electron momentum 
Resolution < 200 keV/c @ 105 MeV/c

Ecal (Electron Calorimeter)
LYSO + APD
Measurement of energy, timing, position
Trigger generation, PID

Straw tube tracker ECal

low-material budget

Beam Detector: StrECal (Straw tube tracker + 
Electron Calorimeter)
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Central trigger system
trigger gen., CLk
beam info., etc.

Fast Control & Timing
I/F for FC7 and readout/trigger board

Frontend readout

COTTRI system
readout of trigger signal

Trigger system (CyDet)
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Frontend readout

COTTRI (Backup)

Fast Control & Timing
I/F for FC7 and readout/trigger board

Central trigger system
trigger gen., CLk
beam info., etc.

Trigger system (StrECal)



• Hybrid CRV
• Scintillator

• 4 layers

• Readout by MPPCs through 
wavelength-shifting 
fibres.

• RPC
• Existing RPCs (CMS, ARGO)

• Evaluation is ongoing.

Cosmic Ray Veto (CRV) Detector

1st scintillator module was 
constructed and being commissioned.



Various new technologies

• Proton beam monitor
• TiO2,diamond,SiC

• ML based online trigger system

• New DAQ system based on streaming 
scheme

and so on.

30



Phase-I sensitivity & BG estimation

Signal acceptance

BG estimation

More improvements with more realistic simulation are ongoing.
Real data is important.



Schedule
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2024 2025 2026 2027 2028 2029 2030 2031 2032

Magnet system

Detector

CRV

Beamline

Beam operation

Phase-I Beam Phase-II Beam

upgrade



Summary
• Muon to electron conversion is one of the important CLFV 
processes.

• COMET experiment at J-PARC is a search experiment for -e 
conversion with a sensitivity of O(10-17).

• In COMET Phase-I,“beam measurement”and“-e conversion 
search with an intermediate sensitivity”are planed.

• Phase-I preparations are ongoing to start the experiment in 
2027.
• Good extinction is achieved.
• Muon transportation is established.
• Full solenoids are prepared and being integrated.
• Detectors are in preparations.
• Realistic simulation studies are ongoing.
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