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Fermion mixings in the SM 

 cLFV observed ⇒ New Physics in the lepton sector  beyond minimally extended SM

 muon observables among the most sensitive to high scale new physics

light : present, dark: future prospect

European Particle Physics Strategy Update (1910.11775)



             C. Cârloganu, KAON2025,  Mainz      3

μ+ → e+ γ

Collaboration year BR  90% C.L. 

μ → e γ PSI/MEG+MEG2 2025 1.5 × 10−13

μ → eee PSI/SINDRUM 1988 1 × 10−12

μN → eN(A,Z) PSI/SINDRUM 2006 7 × 10−13

Rate ∼
[]2

Λ4
Need to improve the SES by 10000 to 
reach 10 times higher in energy scale!

μ → e γ / μ → eee  /  μN → eN   Complementarity  

S. Davidson,  B.Echenard, Eur. Phys. J. C 82 (2022) no.9, 836

μ-+ (A,Z) → e-+ (A,Z)

mμ

μ+ → e+e-e+

NP
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Decay In Orbit

COMET Measurement Strategy 

Delayed DAQ gate (700ns-1,17μs) 
Narrow proton pulses

 Pulsed beam

dipole interaction

scalar interaction

vector interaction with Z0 bosons or photons 
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V Cirigliano, R Kitano, Y Okada, P Tuzon, 

Phys.Rev., D80, 013002 (2009)
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High Intensity Muon Beams 

(9 ± 1) × 104μ−/s/W at ∼ 400W
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High Intensity Muon Beams 

(9 ± 1) × 104μ−/s/W at ∼ 400W

© S.Giovannella 
solenoidal B field with strong gradient

w/o B field

© Lobashev and Djilkibaev   MELC experiment  [Sov.J.Nucl.Phys. 49, 384 (1989)] 
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COMET design

8 GeV proton beam (56 kW)

Muon transport

solenoid (3T):

π− → μ−

Stopping target (2T)

Pion Capture solenoid (5T)

Detector solenoid (1T)

Calorimeter

Electron Spectrometer (1T)

muon target and beam blocker

105 MeV e-

 C-shaped transport for the muon beam 
and  the signal 
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Beam  
detectors
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COMET Phase I

• Demonstrate the basic concept

• Characterise the muon beam 

• Measure the backgrounds

• Make a first physics measurement in a 

cheaper configuration

✓ only half of the Muon Transport Solenoid

✓ no signal transport

✓ lower intensity proton beam (1/10)

✓ graphite target instead of tungsten

✓ a dedicated Physics Detector
Physics detector

LYSO calorimeter
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Phase-α : first proton beam in COMET Hall (Feb-March 2022)

• Slowly-extracted pulsed 8 GeV proton beam at 260 W (~1/10 of Phase-I ) 
• Thin graphite pion-production target
• Proton beam diagnostic detectors  (time, intensity & xy distribution)
• Secondary particle detectors → muon range distribution Beam-masking system

1 mm graphite p target

Proton beam monitors

✦ Polycrystalline
 TiO2 



             C. Cârloganu, KAON2025,  Mainz      11

Phase-α : first proton beam in COMET Hall (Feb-March 2022)

• Slowly-extracted pulsed 8 GeV proton beam at 260 W (~1/10 of Phase-I ) 
• Thin graphite pion-production target
• Proton beam diagnostic detectors  (time, intensity & xy distribution)
• Secondary particle detectors → muon range distribution
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Facility Status :: Pion Capture Solenoid 

Pion Capture Solenoid

Muon Transport 
Solenoid

Current
 Lead
 Box

He Refrigerator
(behind CLB)

proton beam lineInstalled and connected with MTS in Dec. 2024
• Coil resistance & voltage withstand up to 500 V
• Leak tests of LHe- & water-cooling pipes successful

Copper shield

Stainless steel shield

Needs to stand hard conditions in Phase I:
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DS delivered at KEK NCH on Sep. 26

BS magnet Mar. 2022 •DS magnet tested successfully in 2024 in  North Counter Hall in 
Tsukuba 

•Currently is being installed in the COMET Hall  
•The field measurement will follow shortlyBS magnet is at NU1 in J-PARC, stand-alone commissioning 

has been completed

Facility Status :: Bridge and Detector  Solenoids
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Aluminium Muon Target 

• 17 aluminium discs

• 10 cm radius, 200 μm thickness, and 50 mm spacing.

• Stability and performance tests of various aluminium alloys concluded.
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Cylindrical Drift Chamber

• 20 concentric sense layers ( ~5000 gold plated sense 

wires) 

• mechanical design based on Belle II CDC 

• all stereo layers ± 70 mrad (alternate)

• Helium based gas (He:iC4H10=90:10) to minimise 

multiple scattering

• large inner bore (~500 mm) to avoid beam flash and DIO
Momentum resolution: better than 200 keV/c @ 105 MeV/c

A. Sato et al., NIM A, 1069 (2024), 169926

da Silva et al,  
https://arxiv.org/abs/2401.04576

Basic performance test using CRs has been completed
Studies of the track 

reconstruction with 

a high hit 

occupancy are 

ongoing
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test realistic prototype
Trigger : 4-fold coincidences
T0 measurement for tracking
Muon / electron discrimination

2 wheels of 2×64 plastic scintillators
> 40 p.e. for a detection efficiency > 99%

MPPCs operated < −36°C (radiation damage).

Front-end electronics is being produced
Mass production will start soon

COMET Phase-I :: Cylindrical Drift Chamber and CTH

Y. Fujii, et al., NIMA, 1067 (2024), 169665
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Top [ day-1cm-2] Side [ day-1cm-2] Downstream [ day-1cm-2] Upstream [ day-1cm-2]

Mitigating the Atmospheric Background 

99.90% → ~1 background event

99.99% → < 0.3 background events (mostly sneaking)

Scintillators

RPCs

Non  analog simulation  using 
Importance Sampling  and 
Backward  Monte Carlo
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Schedule
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Conclusion

• COMET Phase-I  will  search for neutrinoless muon to electron conversion with a target sensitivity  a 

factor of 100 better than the current limit.

• The experiment is expected to start  with low intensity (~10% power)  runs in 2027 for commissioning 

the detector and the muon beam line before reaching the nominal beam intensity.

• In addition to the physics measurement, COMET Phase-I will fully characterise the muon beam and 

the backgrounds with  prototypes of COMET Phase-II detectors.

• A sensitivity of  O(10-17)  is expected to be reachable by COMET Phase-II thanks to  improved muon 

beam intensity  and  backgrounds and systematics  under control.


