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Fig. 5.1: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of observables is: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs flavoured couplings and purple for the top quark. The grey columns illus-
trate the reach of direct flavour-blind searches and EW precision measurements. The operator
coefficients are taken to be either ⇠ 1 (plain coloured columns) or suppressed by MFV factors
(hatch filled surfaces). Light (dark) colours correspond to present data (mid-term prospects,
including HL-LHC, Belle II, MEG II, Mu3e, Mu2e, COMET, ACME, PIK and SNS).

compared with the reach of direct high-energy searches and EW precision tests (in grey), il-
lustrated by using flavour-blind operators that have the optimal reach [257]: the gluon-Higgs
operator and the oblique parameters for EW precision tests, respectively. The shown effective
energy reach of flavour experiments do have several caveats. First of all, in many realistic the-
ories either the coupling constants are smaller than unity and/or the symmetries suppress the
sizes of the coefficients. This effect is illustrated by including in the quark sector the present
bounds in tree level NP with Minimal Flavour Violation (MFV) pattern of couplings (hatch filled
areas) [258–261]. Furthermore, there could be cancellations among several higher-dimension
operators. In addition, for theories in which the new physics contributes as an insertion inside a
one-loop diagram mediated by SM particles, all the shown scales should be further reduced by
extra GIM-mass suppressions and/or a factor a/4p ⇠ 10�3 (where a denotes the generic gauge
structure constants).

Finally and importantly, the new physics scale behind the flavour paradigm may differ
from the electroweak new physics scale. Despite these caveats, Fig. 5.1 does illustrate the
unique power of flavour physics to probe NP. The next generation of precision particle physics
experiments will probe significantly higher effective NP scales, as discussed in more detail
below.

Monochromatic momentum  
electron w/o neutrinos 

→ Peaked, low-BG signals 

New Physics scale up to  
✔~1000 times higher than direct searches

∼ 105 TeV

Physics Briefing Book : Input for the ESPPU 2020 (CERN-ESU-004)

Complementary to ,  μ → eγ μ → 3eHowever,  is not so easy… 
Sensitivity is built by beam control,  

not only by detectors   

μN → eN
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Search for µ-e conversion in an atom 

N

µ– e–

νe

νµ

• Decay-in-Orbit (DIO)  
— main background, irreducible

Continuous spectrum  
 endpoint105 MeV/c

Simulation with  resolution200 keV/c

SignalDIO

Excellent momentum resolution is a key

• Cosmic-ray Backgrounds

• Beam-Related Backgrounds

• Using pulsed beam  
• Delaying signal using the 

muonic-atom lifetime in 
Al

→ Reduce beam BG

• Due to the rare event search, cosmic ray 
contribution is not negligible  

• high-energy electrons & muons from CRs  
mimicking the signal  
→ vetoed by surrounding CRVs
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• Search for  conversion  
with sensitivity of  

• Utilizing the pulsed proton beam from 
J-PARC Main Ring  

• 4 superconducting solenoids for 
efficient capture and curved transport  
• C-shape Transfer Solenoids… diff from Mu2e   

• Al stopping target to form muonic atoms  

• Detector system optimized for 
 electrons 

μ− → e−

O(10−17)

105 MeV/c

4

COMET Experiment Concept    

π, μ

μ e

Pulsed beam from J-PARC MR

Pion Capture Solenoid (PCS)

Muon Transport Solenoid 
(MTS)

Electron Transport  
Solenoid 

Detector 
Solenoid 

(DS)

“Double C-shape structure”Current limit:  (Au target) 
SINDRUM II, Eur. Phys. J. C 47, 337–346 (2006)

< 7 × 10−13

Al Target

https://doi.org/10.1140/epjc/s2006-02582-x
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• Physics search with SES  with a 
dedicated detector 

• Furthermore,  
• Measure muon beam characteristics to 

reduce beam-related syst. uncertainties  
• Validate detector performances for 

Phase-II  
• B-fields from the solenoids are partially 

overlapped 
→ integrated field control is one of the 
keys  

∼ 10−15

5

COMET Phase-I 

First 90° of full-COMET  

Pion Capture Solenoid 
(PCS)

Muon Transport Solenoid (MTS)

With a dedicated detector: CyDet

Detector Solenoid (DS)

Bridge Solenoid (BS)
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• Physics Run  
• CyDet (drift chamber + trigger hodoscope) 

•  electron spectrum  
• CRV (cosmic ray veto)  

• Surrounding whole detector + solenoid to 
cover  direction 

105 MeV/c

2π

6

Phase-I Detectors

CyDet

Stopping 
Target (Al)

Solenoid

Iron yoke  

S6 GRIGORIEV et al.

CDC
!"

CTH

1T

(a) CyDet (b) StrECAL

Charged particle

Straw tube tracker

ECAL

Muon stopping target

Direct beam measurement with Phase-II prototype detectors
LYSO crystals

5 or more Straw stations
-   Each station consists of

2 horizontal and 2

-   Vacuum tight ultra thin
straw tubes

vertical layers

APD readout (space &
radiation tolerance)

-   Full energy absorption
-   Fast time response

Fig. 5. Two detector systems used in COMET Phase-I.

COMET experimental area was studied with a set of
dedicated detectors, which is called COMET Phase-
alpha. Negative muons were successfully transported
via the 90◦-curved TS and the signal muon decay
component was observed. The apparatus description
and preliminary results can be found in [11].

The magnets are on fast track: PCS is almost
ready, commissioning of the MTS is successful, DS
will be made by 2024 spring. The CDC has already
been constructed and equipped with electronics. Its
tests with cosmic rays reveal a spatial resolution of
170 µm. The design of CTH has been fixed. The
detector construction is underway. A trigger system
for COMET Phase-I is being prepared and tested.
The design of DAQ is on finish line. The CRV de-
sign is almost finalized and the first module has been
produced.

The first station of the straw tube tracker has been
completed and commissioned during Phase-alpha.
Planes 2&3 are in production. Almost all LYSO
crystals are in hand. Mechanical parts and electronics
of the ECAL are ready for mass production.

6. SUMMARY

The COMET experiment aims to search for the
µ − e conversion with 100 and 10 000 better sensitiv-
ities than the present upper limit. The COMET beam
line has been completed in 2022. At 2023, the proton
beam has successfully delivered to COMET and the
first excited data were collected. The Phase-alpha
data analysis and simulation is in progress. Phase-I
preparation is in a good shape but still many issues
must be solved. The goal is to be ready for data taking
at 2026.
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B. Carniol, T. T. Chau, J. K. Chen, S. J. Chen,
Y. E. Cheung, W. da Silva, et al. (COMET Collab.),
Prog. Theor. Exp. Phys. 2020, 033C01 (2020).
https://doi.org/10.1093/ptep/ptz125

2. W. Bertl, R. Engfer, E. A. Hermes, G. Kurz,
T. Kozlowski, J. Kuth, G. Otter, F. Rosenbaum,
N. M. Ryskulov, A. Van Der Schaaf, P. Wintz, and
I. Zychor, Eur. Phys. J. C 47, 337 (2006).
https://doi.org/10.1140/epjc/s2006-02582-x

3. K. Oishi, “Study of sensitivity to search for a charged
lepton flavor violating process,” PhD Dissertation
(Kyushu University, 2021). http://epp.phys.kyushu-
u.ac.jp/thesis/2021DoctorOishi.pdf.

4. M. Tomizawa, Y. Arakaki, T. Kimura, R. Muto,
S. Murasugi, K. Okamura, H. Sato, Y. Shirakabe,
and E. Yanaoka, Nucl. Instrum. Methods Phys. Res.,
Sect. A 902, 51 (2018).
https://doi.org/10.1016/j.nima.2018.06.004

5. K. Oishi, Proc. Sci. 314, 800 (2017).
https://doi.org/10.22323/1.314.0800

6. L. B. Epshteyn, R. R. Akhmetshin, D. N. Grigogiev,
V. F. Kazanin, A. S. Melnik, Dz. V. Shoukovy, and
Yu. V. Yudin, J. Instrum. 12, C01064 (2017).
https://doi.org/10.1088/1748-0221/12/01/c01064

MOSCOW UNIVERSITY PHYSICS BULLETIN Vol. 79 Suppl. 1 2024

• Beam Measurement  
• StrECAL (straw-tube 

tracker + LYSO calorimeter) 
• Reduce systematics, 

optimize Phase-II design

CRV (top)

CRV (side)
CRV (up/down)

CyDet
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Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC



17 June 2026CLFV 2026 @ RomeRyo Nagai (UOsaka) 7

Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC
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Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC

J-PARC beam specification for COMET 
• Bunched slow extraction  
• Energy:  (maximize backward emission) 
• Extinction  (90% C.L.)   

• Measured at K1.8BR of the Hadron Facility (T78) 

8 GeV
≤ 1.02 × 10−10
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• Capture pions backward-emitted from Graphite  
target with  field, guide muons/pions into MTS  

• Installed and connected with MTS in Dec. 2024 
• Vacuum vessel deformation during evacuation:  

 at proton duct flange 
• Coil resistance & voltage withstand up to  
• Leak tests of LHe- & water-cooling pipes successful  

• Radiation tolerance is needed ( ,  
beam) 
• Thick stainless shielding ( ) protects coil  

• Excitation test after installation of return yokes 
and transfer tubes

< 5 T

1.2 mm
500 V

3.2 kW 8 GeV

∼ 40 cm

8

Pion Capture Solenoid (PCS)
PCS MTS

Proton beam line
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• Select low-momentum muons ( ) 
• Suppress background by curved transport 
• Drift compensation with dipole field ( )  

— a difference from Mu2e  
• Performance is verified by measurement and 

simulation 
• On-axis solenoid field measured with 0.4% accuracy

∼ 40 MeV/c

∼ 50 mT

9

Muon Transport Solenoid (MTS)

IEEE Trans.Appl.Supercond. 34 (2024) 5, 9000205

On-axis solenoid field

Dipole field



17 June 2026Ryo Nagai (UOsaka) CLFV 2026 @ Rome

Phase- : 1st beam commissioningα
• Performed in 2023 
• Measure the proton beam profile & muon beam profile after 

passing through the transport solenoid  
• Publication in prep.  

10

Graphite target
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• Connects magnetic fields between MTS & DS  
• Construction & excitation tests were 

completed without any problems  
• Already connected with DS 

11

Bridge Solenoid (BS)

BS  

DS  

@ COMET Hall  

MTS
PCS MTS

DS

BS
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• Provide  magnetic field to the detector  
• Basic performance was successfully tested in 2024  

— published: IEEE TASC 36(3), 4500404 (2026). 
• Cooled to  within 14 days (with N2 cooling)  
• Ramped up to the rated current without any training quenches   

• B-field mapping (  acc.) will be measured in 2026  
(now scheduling — detail in a following slide)

1 T

4.2 K

10−4

12

Detector Solenoid (DS)

 Delivered in KEK-Tsukuba in Sept. 2024

Successfully Excited !
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

B 
[T

]

Current: 189 A 
(Designed value)

Preliminary

4 K

Magnetic Field Measurement System

https://doi.org/10.1109/TASC.2025.3641904
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• Installation in the COMET Hall was completed 
in Nov. 2025  

• Ready for the (integrated) B-field measurement 
and the detector installation! 

13

Installation of DS

https://youtu.be/y7w5exfLMx4?si=9qHu7cPR23ywz6BK

https://youtu.be/y7w5exfLMx4?si=9qHu7cPR23ywz6BK
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B-Field Measurement 
• Although a standalone field measurement was 

performed in 2024, a precise and integrated 
measurement in the final experimental 
configuration is required.  

• Constructed a new field mapper system controlling 
rotation and keeping position tracking to achieve 

 accuracy,  
and performance tests are ongoing  

• Installation to the DS will start soon

O(10−4) T

From Shohta Takami’s slide
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• Consists of Cylindrical Drift Chamber (CDC) and 
Cylindrical Trigger Hodoscope (CTH)  

• CDC: Momentum resolution  (curvature)  
• B-field measurement of DS is essential  

• CTH: 4-fold coincidences (as the first hardware trigger)

200 keV/c

15

CyDet — Physics Detector

CDC  

CTH  

Stopping 
Target (Al)

DS  

Iron yoke  

CDC @ J-PARC 
Commissioning Test Setup

 electron track 
(Simulation)

105 MeV/c
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• 20 concentric layers with 4,986 sense & 14,562 field wires 
•  volume filled with He/iC4H10 (90:10) 
• Basic performance test using CRs has been completed  

• (Overall) position resolution  — expected level  
• Further analysis is ongoing (gas flow dependence, …) 

• Track Reco. studies with a high hit occupancy are ongoing

2084 L

∼ 200 μm

16

Cylindrical Drift Chamber (CDC)

  1500 mm

  830 mm

  496 mm

Overall position resolution

Clear Cosmic Ray signal ! 

Plastic scintillator (trigger)

Plastic scintillator (trigger)

Readout board: RECBE (104 pieces)

U-net deep-learning reconstruction scheme  
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• To reduce contribution from low-  particles, CDC inner wall is made of 
thin CFRP with a large radius → easy to buckle  

• To keep proper performance + safety, careful design is needed  
— transient pressure-response analysis for each component is ongoing   

p

17

Gas Circulation System for CDC 

He
47 L

14.7 MPa

𝐿-C4H10
24 L, 10 kg

MFC

MFC

CDC
2084 L

ωP

O2 Monitor

Bu!er
tank

ωP

Dewpoint
meter

Bubbler

Exhaust

MFC

Bubbler

Pump

Pump

MFC

2–4L/min

0.2L/min

0.2L/min

BT

BT

  496 mm

CFRP  0.5 mmt

Response curve

 Buckling risk > 350 Pa

Stable/safe CDC operation → precise gas/pressure control 
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2

256 plastic scintillators 
Trigger signal generated by coincidence hits of four scintillators  
Fake trigger rate <100 kHz 
Timing resolution <1 ns 
e/µ separation 
Main detectors operational under 1012 n/cm2 & 1 kGy & 1 T B-field

CTH Overview

•  plastic scintillators (in total 256) located at the both 
ends of the CDC with a MPPC readout system 
• Trigger signals generated by 4 scintillators’ coincidence 
• Tilt is tuned for the signal (  electrons) 

•  separation was measured in beam test with the prototype 
• MPPC and Scintillator QC are ongoing  

• Completed: 300 for MPPCs ; 128(all of )/256 for Scintillators 

10 mmt/5 mmt

105 MeV/c
μ/e

10 mmt

18

Cylindrical Trigger Hodoscope (CTH)
CyDet System  

CDC  

CDC  

03/07/2025  10

Scintillator QC in CM45 

CM45:

● All 128 10mm 
counters had all been 
wrapped and 
measured

● For 5mm counters 68 
wrapped and 29 
measured

10 mm Scintillators’ QC summary 

Y. Fujii et al.

Fig. 1. Half cut views of the COMET Phase-I (a) and the CyDet (b). The CTH modules
are positioned inside the both ends of CDC.

Fig. 2. Conceptual view of the CTH (a) and a photo of the prototype (b).

2. The CTH detector

Fig. 2(a) shows the conceptual design of the CTH. Each counter is
tilted and its neighbour’s positions are staggered so that most charged
particles with high momentum can penetrate four counters, suppressing
the accidental coincidence from low-momentum particles produced
from background particles. Standard photosensors cannot withstand
the high-radiation environment inside the DS. Instead, installing multi-
pixel photon counters (MPPCs, S14161-3050HS04) outside of the DS
reduces the total neutron fluence to around 1010 n/cm2, 100 times
lower than inside, and additionally encases them in a cooling system
and radiation shielding. To transfer photons from a scintillators to an
MPPC, a 7.5/5 m long fibre bundle composed of 124 clear fibres (SK-40,
1 mm𝜔 each), will be used for upstream/downstream, respectively.

To study CTH performance and improve the design, the full scale
CTH prototype was constructed (See Fig. 2(b)). The prototype detector
consists of two counters in each layer with the same dimensions and
alignment as the final detector. Each counter is wrapped with a single
layer of 9 ωm thick aluminised Mylar film. Four 2.5 m fibre bundles
with 124 clear fibres were prepared to read out photons.

3. Performance test

The performance test was carried out by using the CTH prototype
at the 𝜀M1 beamline at Paul Scherrer Institut (PSI), where 𝜗ε𝜛ε𝜀
mixed beam is available with adjustable momentum. During the beam
test, the CTH prototype was positioned at the end of the beamline,
between a trigger and a back counter; both 10 ϑ 10 mm2, 0.5 mm thick
plastic scintillators read by photo-multiplier tubes (PMTs) as shown in
Fig. 3(a). The momentum was set to 105 MeV/𝜚. Each MPPC has 16
channels grouped into four channels on the PCB. Then four outputs are
connected to a biasing circuit to separate a DC line and a fast signal
line. After that, these four outputs were merged into one channel and
connected to a commercial RF amplifier (ZFL-500LN+). All amplifier
outputs, PMT outputs and a 50 MHz accelerator signal were read by
three 300 MHz, 8-bits waveform digitisers (Picoscope 6403E) to record
all waveforms with 1.25 GSPS.

Fig. 3. Diagram of the beam test setup (a) and histograms of summed peaks for 𝜗/𝜛
(red/green) (b).

4. Analysis and results

The datasets were split into electron and muon samples by applying
a timing cut based on the relative time-of-flight measured by the front
trigger counter with respect to the accelerator timing. The peak ampli-
tudes from all four main counters were extracted from the waveform
data and then linearly summed. Fig. 3(b) shows the results for both
electrons and muons. When the cut value is set to maximise the figure
of merit, F.o.M. = 𝜍𝜗ε

⌋
𝜍𝜗 +𝜍𝜛 , the electron detection efficiency

and the muon rejection efficiency were calculated as (93 ± 3)% and
(95 ± 3)%, respectively.

5. Summary and discussion

COMET Phase-I searches for 𝜛 ϖ 𝜗 conversion with a single event
sensitivity of ∱(10ϖ15). At this level, cosmic-ray muons could become a
severe background when they infiltrate the detector volume. During the
beam test, the CTH prototype performed PID and demonstrated over
a tenfold muon suppression while maintaining a 90% electron signal
efficiency. Further improvement in separation is expected by increasing
the photon transfer efficiency between plastic scintillators and MPPCs.
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• CTH frame was already manufactured 
• CDC+CTH will be installed in a stainless-steel support structure  
• This structure was constructed and now testing a scheme of the 

integration of CDC+CTH  
• The system is getting ready for installation! 

19

Integration 
@ J-PARC

Preliminary

CTH frame

Cydet mount draft
Support structure
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• Nearly full coverage except the beam holes, using different technologies  
• Top/Side CRV: plastic scintillator layers (considering ARGO-RPC also)  
• Up/Downstream CRV: improved RPCs  

• Scintillator CRV is under construction, and  
RPC-based CRVs are under development.

20

Cosmic Ray Veto Detectors 

Beam direction CyDet

Large contribution from Cosmic Rays

CRV ensures >99.99% cosmic rejection  
— indispensable for COMET sensitivity.

Y. Fujii, July 2025, 40th J-PARC PAC

Cosmic-ray veto detectors
• Agreed on the partial installation with different 
technologies in the Phase-I low-intensity 

• Top CRV (full coverage): plastic scintillator (JINR/GTU) 

• Side CRV: ARGO-RPC (IHEP) 

• Upstream/downstream CRV: iRPC (IP2I/LPCA) 

• Both RPCs will be tested at GIF++ @ CERN this year

19

M2 student from 

Hanyang University: 

iRPC certification

IRPC stationIRPC station

Installation

CMS iRPC extension
More detailsSpace available

16
17/03/2025

Reality : Patchwork in busy environment.

M. Gouzevitch: iRPC project, seminar Kyoto University

4 layers of Plastic scintillators for 
Top CRV to ensure 99.99% efficiencyCMS iRPC for the highest radiation area near the end of MTS

Repurpose ARG-YBJ experiment’s RPC modules for the side RPC in Phase-I low-intensity

Top CRV (~70% CR BG coverage)

Upstream CRV

Downstream CRV

Side CRV
µ-

First module of the top CRV

Related to the RC’s comments; Item 10 and 11

iRPC  

First module of the top CRV

Scintillators
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StrECAL — Beam Measurement & Phase-II Prototype

Y. Fujii, July 2025, 40th J-PARC PAC

Other activities
• Beam detectors 
• ECAL crystals and electronics QC/QA are ongoing and detector is being 
constructed soon. 

• First three straw stations have been built and performance checked, wire 
tension measurements are ongoing. 

• Phase-α 
• Dedicated analysis review committee was formed and the review process 
is ongoing. 

• A range counter (Phase-α main detector) paper was submitted to NIMA.

22

Construction Status

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM46

8Construction

Masaaki Higashide, SOKENDAI, JapanEPS-HEP 202507-11 July, 2025 

◆ All of the anode wires were installed by our hand.

1st station 2nd station
◆ Construction of the 1st , 2nd and 3rd stations are completed !

… 4th and 5th stations are going to be constructed within FY2025.

3rd station

① Insert the wire.

Masa-aki, Making 
a set-up for study 
on Station #1

Takuho & Kenya, 
Measuring wire 
tensions on Station #2AfterBefore

⇒ As a result of these modifications, we successfully eliminated the 
     baseline coherent noise that had been observed in the first station.

(nsec)

(m
V)

(nsec)

(m
V)

Noiselevel : 13.6 mV Noiselevel : 1.2 mV

15

2 July, 2025 Masaaki HIGASHIDE ( SOKENDAI )CM46

Implementation in the 1st Station

5ECAL cylinder & feedthrough flange 
in the new building

Photo taken by Hajime on 20th June

ECAL construction area

Cylinder structure

Feedthrough flange

Electronics
• Other boards : ready 
• Mid-board : 40 
• Combine 4 modules 

• HV board : 24 
• HV distribution and slow control via 
feedthrough 

• Feedthrough : 16 
• 4 x Preamplifiers boards + 2 x HV boards on it 

• Slow control board : LED & temperature 
• A prototype for beam tests exists. 
• Re-study by Hiroki O. 
• Some defects were observed… 

• Rebuilding of the existing board is under way. 
• Affects to many system tests including LED 
signal injection. 

• Move to the next version

10

Crystals & APDs
• Crystals QA/QC setup in Kyushu 
• Three crystals in parallel 
• The stability has been studied by David Z. 
• Ready to run all the crystals whenever 
available 

• APD 
• All the APDs were delivered in the last JFY. 
• QA/QC evaluation and its preparation is close 
to be ready. 
• Dark current, gain curve 
• Some inconsistency w/ HPK  

• Waveform in LED signal 
• To be checked together with the slow 
control board… 

• Mainly done by Daichi Y. and taken over by 
Masato S. 
• Report in this CM

7

QA/QC setup 
in temp. controlled box

HPK S8664-1010 

Noise investigation and reduction for the 1st Straw station 
reported by M. Higashide @EPS-HEP 2025
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Abstract

The COMET Phase-↵ experiment aims to evaluate the novel muon transport beam-

line for the muon-to-electron conversion search at J-PARC, Japan. A dedicated Range

Counter (RC) was developed to measure the momentum spectrum of transported nega-

tive muons with momenta of 30–100 MeV/c. The RC consists of graphite momentum

degraders, a muon absorber, and plastic scintillation counters (T0, T1, and T2) to detect

decay-in-orbit (DIO) electrons from stopped muons. The number of muons stopped in

the absorber is reconstructed from the decay time distribution. A copper absorber was

selected due to the short lifetime of muonic atoms in copper, which enhances signal

separation. The counters’ performance was evaluated experimentally. The T0 Counter,

made of a 200 ⇥ 200 ⇥ 0.5 mm3 scintillator plate, achieved a muon-trigger e�ciency

exceeding 99.9%. The T1 and T2 Counters also demonstrated high electron-detection

e�ciencies of > 99%. Based on these results, simulation studies estimate the accep-

tance for reconstructing the number of DIO electrons from the absorber to be approxi-

mately 47% with a corresponding signal purity of 60% against muon capture-induced

backgrounds.
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(a) CyDet (b) StrECAL

Charged particle

Straw tube tracker

ECAL

Muon stopping target

Direct beam measurement with Phase-II prototype detectors
LYSO crystals

5 or more Straw stations
-   Each station consists of

2 horizontal and 2

-   Vacuum tight ultra thin
straw tubes

vertical layers

APD readout (space &
radiation tolerance)

-   Full energy absorption
-   Fast time response

Fig. 5. Two detector systems used in COMET Phase-I.

COMET experimental area was studied with a set of
dedicated detectors, which is called COMET Phase-
alpha. Negative muons were successfully transported
via the 90◦-curved TS and the signal muon decay
component was observed. The apparatus description
and preliminary results can be found in [11].

The magnets are on fast track: PCS is almost
ready, commissioning of the MTS is successful, DS
will be made by 2024 spring. The CDC has already
been constructed and equipped with electronics. Its
tests with cosmic rays reveal a spatial resolution of
170 µm. The design of CTH has been fixed. The
detector construction is underway. A trigger system
for COMET Phase-I is being prepared and tested.
The design of DAQ is on finish line. The CRV de-
sign is almost finalized and the first module has been
produced.

The first station of the straw tube tracker has been
completed and commissioned during Phase-alpha.
Planes 2&3 are in production. Almost all LYSO
crystals are in hand. Mechanical parts and electronics
of the ECAL are ready for mass production.

6. SUMMARY

The COMET experiment aims to search for the
µ − e conversion with 100 and 10 000 better sensitiv-
ities than the present upper limit. The COMET beam
line has been completed in 2022. At 2023, the proton
beam has successfully delivered to COMET and the
first excited data were collected. The Phase-alpha
data analysis and simulation is in progress. Phase-I
preparation is in a good shape but still many issues
must be solved. The goal is to be ready for data taking
at 2026.
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Other activities
• Beam detectors 
• ECAL crystals and electronics QC/QA are ongoing and detector is being 
constructed soon. 

• First three straw stations have been built and performance checked, wire 
tension measurements are ongoing. 

• Phase-α 
• Dedicated analysis review committee was formed and the review process 
is ongoing. 

• A range counter (Phase-α main detector) paper was submitted to NIMA.
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8Construction

Masaaki Higashide, SOKENDAI, JapanEPS-HEP 202507-11 July, 2025 

◆ All of the anode wires were installed by our hand.

1st station 2nd station
◆ Construction of the 1st , 2nd and 3rd stations are completed !

… 4th and 5th stations are going to be constructed within FY2025.

3rd station

① Insert the wire.

Masa-aki, Making 
a set-up for study 
on Station #1

Takuho & Kenya, 
Measuring wire 
tensions on Station #2AfterBefore

⇒ As a result of these modifications, we successfully eliminated the 
     baseline coherent noise that had been observed in the first station.

(nsec)

(m
V)

(nsec)

(m
V)

Noiselevel : 13.6 mV Noiselevel : 1.2 mV
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ECAL construction area

Cylinder structure

Feedthrough flange

Electronics
• Other boards : ready 
• Mid-board : 40 
• Combine 4 modules 

• HV board : 24 
• HV distribution and slow control via 
feedthrough 

• Feedthrough : 16 
• 4 x Preamplifiers boards + 2 x HV boards on it 

• Slow control board : LED & temperature 
• A prototype for beam tests exists. 
• Re-study by Hiroki O. 
• Some defects were observed… 

• Rebuilding of the existing board is under way. 
• Affects to many system tests including LED 
signal injection. 

• Move to the next version

10

Crystals & APDs
• Crystals QA/QC setup in Kyushu 
• Three crystals in parallel 
• The stability has been studied by David Z. 
• Ready to run all the crystals whenever 
available 

• APD 
• All the APDs were delivered in the last JFY. 
• QA/QC evaluation and its preparation is close 
to be ready. 
• Dark current, gain curve 
• Some inconsistency w/ HPK  

• Waveform in LED signal 
• To be checked together with the slow 
control board… 

• Mainly done by Daichi Y. and taken over by 
Masato S. 
• Report in this CM
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QA/QC setup 
in temp. controlled box

HPK S8664-1010 

Noise investigation and reduction for the 1st Straw station 
reported by M. Higashide @EPS-HEP 2025
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Abstract

The COMET Phase-↵ experiment aims to evaluate the novel muon transport beam-

line for the muon-to-electron conversion search at J-PARC, Japan. A dedicated Range

Counter (RC) was developed to measure the momentum spectrum of transported nega-

tive muons with momenta of 30–100 MeV/c. The RC consists of graphite momentum

degraders, a muon absorber, and plastic scintillation counters (T0, T1, and T2) to detect

decay-in-orbit (DIO) electrons from stopped muons. The number of muons stopped in

the absorber is reconstructed from the decay time distribution. A copper absorber was

selected due to the short lifetime of muonic atoms in copper, which enhances signal

separation. The counters’ performance was evaluated experimentally. The T0 Counter,

made of a 200 ⇥ 200 ⇥ 0.5 mm3 scintillator plate, achieved a muon-trigger e�ciency

exceeding 99.9%. The T1 and T2 Counters also demonstrated high electron-detection

e�ciencies of > 99%. Based on these results, simulation studies estimate the accep-

tance for reconstructing the number of DIO electrons from the absorber to be approxi-

mately 47% with a corresponding signal purity of 60% against muon capture-induced

backgrounds.
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LYSO crystal

• Straw tracker:  
• 2,400 straws ( ,  aluminized Mylar), gas: Ar/C2H6 (50:50) 
• (3/5) station completed, 4th/5th under construction 
• Spatial resolution achieved  (prototype; req: ) 

• Calorimeter:  
• Structure has been built: ready 
• LYSO crystal (485/512) QC/QA ongoing (light yield, irradiation)  
• APDs: all delivered; QA in progress  
• Electronics: final version under refinement and validation

ϕ10 mm 20 μm

∼ 110 μm < 200 μm



17 June 2026Ryo Nagai (UOsaka) CLFV 2026 @ Rome

• Precise B-field meas will be performed soon  

• Detector install planned this year 
• Components ready for install 

22

Phase-I Timeline 

Physics Run / Beam meas

Phase-II

Phase-I

Now

Det install

Beam room construction

DS+BS commissioning

Det commissioning

Proton target Manufacture & install

2026 2027 2028 2029–
1–3 4–6 7–9 10–12 1–3 4–6 7–9 10–12 1–3 4–6 7–9 10–12



17 June 2026Ryo Nagai (UOsaka) CLFV 2026 @ Rome

• Target SES  (×10,000 beyond previous limits) 

• Key Upgrades: 
• Introduce the Electron Transport Solenoid  

— complete “double c-shape” curved geometry  
• Improve background suppression (cosmic ray veto, shielding) 
• Improve the detector and DAQ performance based on the Phase-I results

∼ 10−17

23

Phase-II Outlook 



17 June 2026Ryo Nagai (UOsaka) CLFV 2026 @ Rome

• COMET searches for  conversion using muonic atoms 

• Phase-I: construction will be completed in ~1.5 years  
→ Physics run is planned to start in 2028 (target SES ) 

• Phase-II: target SES  with full transport solenoid system 
and better background suppression based on Phase-I results 

• COMET can provide a leading probe of CLFV and New Physics 
scale up to  

μ− → e−

∼ 10−15

∼ 10−17

∼ 105 TeV

24

Summary 


