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COMET (COherent Muon to Electron Transition)
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44 Institutes, 17 countries, ~300 collaborators



Muon LFV
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Other searches

<4.2x10-13 @90% CL
MEG, 2016
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SINDRUM, 1988
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} DeeMe (J-PARC)
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Very small possibility of CLFV in SM

In SM, we need 30x more muon than the Earth.
CLFV observation= Signature of New physics in BSM
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How much sensitive to BSM

W. Altmannshofer et al., Nuclear Physics B 830, (2010)
★★★ Large effects

★★ Visible but small

★ No sizeable effect
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Reach of New physics scale (1910.11775)

(Muon) LFV experiments are generally most sensitive 
to many BSM models, very high NP scale. 

Note:  All experiments are equally important  to discriminate models



Higgs CLFV
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} CLFV via Higgs can be measured best in LHC, but, this is not the only BSM that CLFV 
experiments are sensitive to. 

} Muon LFV experiments can cover various BSM in much higher energy scale

(R.Harnik, et al., JHEP 03 (2013) 026,
ATLAS collab. JHEP 2307 (2023) 166, 
CMS collab. CMS PAS HIG-22-002 (2023))

Br(H→eμ) <4.4x10-5
(95% CL, CMS, 13TeV, 138fb-1,2023)

Br(H→μ𝛕) <1.8x10-3
(95% CL, CMS, 13TeV, 138fb-1,2023)

Br(H→e𝛕) <2.0x10-3
(95% CL, ATLAS, 13TeV, 138fb-1,2023)



Dipole 
Interaction

Contact 
interaction
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Dipole or Contact interactions
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Muon conversion
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µ- in matter

}

} Muon capture by 
nucleus 

} BG hit source / 
Radiative Muon 
Capture (RMC) BG
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COMET (Phase-II) Experiment: for O(10-18) SES 
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COMET Phase-I Experiment: for O(10-15) SES 
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Muon Transport 
solenoid (3T)

Production target + solenoid (5T)
COMET 
Phase-I

COMET 
Phase-II

E(Proton) 8 GeV
P(Proton) 3.2 kW 56 kW
N (proton) 3.2x1019 6.8x1020

Proton Target Graphite Tungsten

Muon Target Aluminum Aluminum ?

Detector 
Cylindrical

Drift 
chamber

Straw + 
calorimeter

Sensitivity (90% CL) 7x10-15 1.7x10-17
~10-18

DAQ start FY2025 After Phase-I
completion

DAQ Time (days) ~150 180 ~ 300

Proton
Beam 

e-

Detector 
solenoid (1T)π-→μ-

Cylindrical Drift 
Chamber

Muon Stopping target



COMET Phase-α
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} A low beam-intensity run to study the 
beamline, in Feb-Mar 2023

} Measurement of the proton beam and 𝜋/𝜇
backward production yield

} Details in Friday WG4 talk by Dr.  Wu Chen

Beam counting detectors



J-PARC facility / Beamline
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} J-PARC returned online after power
supply upgrade

} Proton C1 Beamline is ready

COMET



(1)Main proton pulse

(2)Muon beam @ stopping target
(3)Muon lifetime

(4)Signal Event timing

Pulsed proton beam
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COMET Phase-I Muon Beam Line6. 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 different hadron production codes

In order to study the pion and muon production yields, different hadron production simulations were
compared. The comparison of the backward yields of π− and µ− three metres away from the proton
target for different hadron production codes is given in Table 3. It is found that there are a factor of 2.5
difference between different 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  
system

muon transport system

detector system

COMET muon beam-line： 

6x109 muon/sec with 3kW beam 
produced. The world highest 

intensity.

COMET Phase-I detector： 

About 1016 muons are stopped in 
the  target. Electron from µ-e 
conversion will be measured

(1)proton

(2)pion
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1. Pulsed protons arrive at 
production target, producing pions.

2. Muons(+pion) arrive at stopping target
: Prompt RPC BG events

3. Captured muon processes with 
finite lifetime.

4. Some time after muon beam arrival, 
signal electron is measured, avoiding 
prompt events. 

Pulsed proton beam + delayed signal timing window
suppresses Radiative Pion Capture (RPC, 𝜋±𝑁 → 𝑁"𝛾) BG.

10-10 extinction factor required.
13

Al:864ns Ti:338ns

Muon lifetime



Extinction test results 
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Kicker field 
shift 600ns

LINAC
Extinction 

10-6

Main Ring
RCS

C
O

M
ET

Extinction 
at MR proton beam dump
(8GeV)

Extinction measurement 
at hadron hall (2021)

} Extinction measurement at 
hadron hall
} 7 inter-bunch events at raw data : 

mostly accidental coincidence 
} Cut-based event selection 

retains 2 events : 9.3x10-11
} BDT / MLP event selection 

retains 0 events : 3.2x10-11



Pion Capture Solenoid (PCS)
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} Construction on going from 2020
} Inspection on CS coil performance and repair  is underway 

} Finalize by early 2024

(Current PCS Area for Phase-α) 

COMET Phase-I Muon Beam Line6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.
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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.
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Muon Transport Solenoid
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} MTS stable operation confirmed at 
1.5T (solenoidal) + 70mT (dipole) field
} No quench during 319 hr
} Operated for phase-α DAQ
} Cryogenic system operation also confirmed. 

} Careful conditioning for 3T operation (210A) 
achieved
} Improved support structure 
} More tests postponed later of 2023

MTS installed 2015 MTS fully commissioned, 2023

COMET Phase-I Muon Beam Line6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.
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Bridge / Detector Solenoids
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} DS coil and peripherals 
delivered June 2023.

} Excitation test within this year } BS magnet delivered March 2022

COMET Phase-I Muon Beam Line6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.
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the detector to be read out.

A key feature of COMET is to use a pulsed beam that allows for elimination of prompt beam back-
grounds by looking only at tracks that arrive after the beam pulse. Therefore, a momentum tracking
device should be able to withstand a large flux of particles during the burst of “beam flash” particles.
The time window for the measurement of electrons from µ−N → e−N conversion in COMET will
start after several hundred nanosecond after the prompt.

The dimensions of the CyDet are shown in Fig. 91. The length of the CDC at the inner wall is
1490.3 mm. The inner wall of the CDC is made of a 500 µm thick carbon fibre reinforced plastic
(CFRP). The endplates will be conical in shape. The thickness of the endplate is about 10 mm to
rigidly support the feedthroughs. The outer wall of the CDC is made of CFRP which is 5 mm thick.
Trigger hodoscopes are placed at both the upstream and downstream ends of the CDC. In addition,
to reduce protons emitted from nuclear muon capture, a cylindrical absorber that is also made CFRP
will be placed concentrically with respect to the CDC axis. A preliminary thickness of the proton
absorber is 0.5 mm. 13 14

CDC

Beam duct

3210

Stopping target

Return yoke

Superconducting coils

Shielding

Proton absorber

Trigger hodoscope

CDC inner wall CDC outer wall

Vacuum window

CDC endplate

300

unit : mm
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1577.3
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6

83
5

90
0
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36
0

25
0

16
10
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4

Collimator

Cryostat

10
7.5

12
7.5

Figure 91: The CyDet geometry used in the CyDet simulation studies in this TDR.

13All calculations presented in this report are based on this design except design of the inner wall and the absorber;
the inner wall and the absorber are modeled as a 100 µm thick aluminised Mylar and a 1 mm thick CFRP, respectively.
Total amount of mass is almost same. The thickness of absorber might change in further optimization in future.

14The geometry in Fig. 91 has no support structure of the trigger hodoscope, which is illustrated in Fig. 101. Opti-
mization of the geometry of the CDC including design of the collimator and the detector solenoid is underway. The final
geometry will be determined in near future considering engineering aspects.

71

Stopping
target

Trigger
Hodoscope
(CTH)

Cylindrical 
Drift Chamber 
(CDC)

e-

Cylindrical Drift Chamber (2016, KEK)

Main detector for Phase-I: CyDET(CDC+CTH)
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Relocated to J-PARC, 2022

} CDC: All stereo-wire drift chamber, 20 layers, 
~5000 sense wires, He:iC4H10 = 9:1, HV=1850V

} Momentum resolution <200keV/c @ 105 MeV/c, spatial 
resolution 170um

} Rebuilding cosmic test setup underway in J-PARC
} CTH : 64-segmented two layered scintillators for trigger
} ~0.8 ns timing resolution. All scintillator delivered, module 

design upderway



Straw Detector (Beam measurement and Phase-II)
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} Detector for Phase-II experiment / Beam measurement in Phase-I 
(1/1000 beam power) 

} Beam test with prototype achieved 150um spatial resolution, 
<200keV/c momentum resolution feasible. 

} First station fully assembled and tested with Phase-α DAQ : issues 
on electronics were identified.  Assembly of next stations underway

} Collaboration with CERN for new straw (t12μm / φ5mm) R&D for 
Phase-II 
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} ~1000 x LYSO crystal (20x20x120 mm) for measuring electron 
energy in Phase-II

} 512 crystals for Phase-I : >90% crystals acquired. 
} Light readout – Hamamatsu APD S8864-1010 with 10x10 mm 

sensitive area
} Measured energy resolution – better 5% for the 105 MeV 

electrons
} “EROS” RO board with DRS-4 chip @ 1 GS/s – board under 

production /  first real signal observed during Phase-α

32 32

32

32

32

32

32 32

64 64

64 64

512 crystals

EROS board QA setup

Calorimeter (Beam measurement and Phase-II)



Trigger / DAQ
} High trigger rate (20-30 kHz) for DAQ

} Mostly background hits 
} Beam electron, secondary from capture neutron/gamma
} Online trigger suppress BG hits

} A configurable and flexible Trigger system 
} Central system based on commercial  CERN product 

and a custom interface board
} Ensuring commonality in interfacing with different 

systems.

} Online BG hit/event classification using charge and 
layer features 
} Trigger board implementation to the LUT of FPGA
} Trigger rate reduced from 91 kHz to 13 kHz, 96% 

efficiency and 3.2µs latency.
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Table 30: List of GBT links for FC7 and FCT.

Direction Name Number of GBT lines
Outbound Fast control: Trigger 1

Fast control: BeamTime 1
Fast control: SignalWindow 1
Fast control: PreBeamTime 1
Fast control: SpillWindow 1
Fast control: Busy 1
Fast control: HardReset 1
Fast control: Spare 1
Fast control: TimingPulse0 4
Fast control: TimingPulse1 4
Generic write interface 96

Inbound Status flag: FPGA fault 1
Status flag: Wrong board ID 1
Status flag: Busy 1
Status flag: Data line active 1
Status flag: Spares 4
Spare 8
Generic read interface 32
Trigger data 64
Total (Inbound/Outbound) 112

Figure 177: Photograph of the prototype FCT board. The SFP+ housing for the GBT fibre is at the upper
left and FPGA is to the right of this. The empty space along the right edge is for the 400-pin FMC connector,
which is mounted on the opposite side of the board.

detector and gathering any BUSY signals when necessary to prevent further triggers. Some interface
boards also gather the trigger information for transmission to the FC7 (see below). In most cases,
these boards are reasonably straightforward and do not require FPGAs. These boards will have an
identifying number hard-wired into their connectors, allowing the FCT board to know which detector
it is handling.
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Cosmic Ray Veto
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} To suppress Cosmic Ray muon to factor of 10-4

} A bit delayed schedule. First scintillator module 
constructed in JINR and on the way to J-PARC

Four-layer scintillator CRV for 
CyDET coverage with SiPM readout
3/4 coincidence veto ~99.86%

Double gap Glass RPC for BS coverage
To cope with higher neutron radiation
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} COMET Phase-I Target single event sensitivity : 3x10-15

} 100 times improvement from SINDRUM-II
} Phase-II : 1.7x10-17 ~ 10-18

} Net acceptance = 4.1%
} Online efficiency ~0.99
} Geometric acceptance + track quality ~0.18
} 103.6 MeV < p < 106MeV : 0.93
} 700ns < t < 1170 ns : 0.3

} Background = 0.032
} DIO ~ 0.01 (dominant)
} RPC ~ 0.003, Cosmic <0.01

Phase-I Sensitivity and Backgrounds



Schedule / Summary
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} COMET Phase-I Target single 
event sensitivity : 3x10-15

} DAQ start at FY2025  
} Beamline ready, Solenoid 

construction / installation on 
going

} Critical detectors are mostly 
ready


