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S• Quark sector → CKM flavor mixing 

• Lepton sector → Neutrino oscillations (PMNS)  
• But: No evidence of charged lepton mixing   
• In the SM with neutrino oscillations: 

• (essentially forbidden) 

• New Physics models: SUSY, GUT, Seesaw, etc. predict 
enhanced rates (can be close to the current limits) 

<latexit sha1_base64="NyytRjYY5w9/Y0v0Naxfufjy8I4="></latexit>
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Why CLFV? 

? ?

Any experimental signal would be      
a clear evidence of New Physics     
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(Al target) 

104.9 MeV/c

5.1. INTRODUCTION/THEORY OF FLAVOUR 67
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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 

→ clean 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 → 3e is a frontier  

for fundamental discovery    

μN → eN
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• Excellent momentum resolution is a key to separate   
• Other backgrounds:  

• Cosmic rays: high-energy electrons & muons 
mimicking the signal → Veto 

• Beam-related:  
→ “C-shape” & delayed time window  
→ — Long µ lifetime needed… target material  
→ selection is a key (→ Al is adopted in COMET)

4

Search for µ-e conversion

N

µ– e–

Signal

  
mono-momentum
105 MeV/c

Signal
DIO

N

µ– e–

νe

νµ

Decay-in-Orbit (DIO) : background

Continuous spectrum  
 endpoint105 MeV/c

Simulation with 200 keV/c

PoS(NuFact2021)104
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>10 countries / >50 institutes 
>200 collaborators

5

COMET Collaboration

Collaboration meeting  
@ LPCA, July 2025

Collaboration meeting  
@ J-PARC, Nov. 2024
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• Search for  conversion  
with sensitivity of  

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

• 4 types of superconducting solenoids 
for efficient capture and curved transport  
• C-shape… different from Mu2e   

• Al stopping target to form muonic atoms  

• Detector system optimized for 
 electrons 

μ− → e−

O(10−17)

105 MeV/c

6

COMET Experiment   

π, μ

μ e

Pulsed beam from J-PARC MR Pion Capture Solenoid

Muon Transport Solenoid

Electron-Transport  
Solenoid

Detector 
Solenoid

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

< 7 × 10−13

https://doi.org/10.1140/epjc/s2006-02582-x
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• Measure muon beam profile, intensity, 
extinction factor  

• Validate detector performances for Phase-II 

• First physics search with SES  with 
a dedicated detector  

→ ×100 improvement over current limit

∼ 10−15

Why Phase-I? 
• Beam characterization → reduce uncertainties 
• Simple setup allows fast physics measurement

7

COMET Phase-I 

First 90° of full-COMET  Essential beam characterization & first physics  

Pion Capture Solenoid 
(PCS)

Muon Transport Solenoid (MTS)

With a dedicated detector: CyDet

Detector Solenoid (DS)
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Phase-I Programs

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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• Physics Run  
• Search for  at SES   
→  better than current limit 

• CyDet (drift chamber + trigger hodoscope) 
•  electron spectrum  

• Beam Measurement  
• Characterize the muon beam  

• Muon flux, profile 
• StrECAL (straw-tube tracker + LYSO calorimeter) 

• Reduce systematics, optimize Phase-II design

μ− → e− ∼ 10−15

× 100

105 MeV/c
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Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC
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Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC



4 September 2025NuFact 2025 @ LiverpoolRyo Nagai (UOsaka) 9

Proton Beam from J-PARC 

  

COMET

Pacific Ocean

J-PARC

J-PARC beam specification for COMET 
• Bunched slow extraction  
• Energy:   
• 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 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 hardness is important ( ,  beam) 
• Heat deposition:  →  / 150 days 
• Neutron flux:  →  / 150 days 
• Thick stainless shielding ( ) protects coil  

• Excitation test after installation of  
return yoke, transfer tube, and DAQ

< 5 T

1.2 mm
500 V

3.2 kW 8 GeV
∼ 2 mW/kg ∼ 26 kGy

3 × 1013 n/m2/s 4 × 1020 n/m2

∼ 40 cm

10

Pion Capture Solenoid (PCS)
PCS MTS

Proton beam line

M. Yoshida, RADSUM2025

https://indico.cern.ch/event/1450988/contributions/6259780/attachments/2998048/5282510/COMET-PionCaptureSolenoid-MY20250117.pdf
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< 5 T

1.2 mm
500 V

3.2 kW 8 GeV
∼ 2 mW/kg ∼ 26 kGy

3 × 1013 n/m2/s 4 × 1020 n/m2

∼ 40 cm

10

Pion Capture Solenoid (PCS)
PCS MTS

Proton beam line

Stainless steel shield

Cupper shield

M. Yoshida, RADSUM2025

https://indico.cern.ch/event/1450988/contributions/6259780/attachments/2998048/5282510/COMET-PionCaptureSolenoid-MY20250117.pdf


4 September 2025Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool

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

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

• On-axis solenoid field measured with 0.4% accuracy

∼ 40 MeV/c

∼ 50 mT
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Muon Transport Solenoid (MTS)

9000205 IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 34, NO. 5, AUGUST 2024

Fig. 1. Horizontal cross-sectional view of MTS and measurement system and
a side view of the winch and tensioner. MTS consists of 2 solenoid coils at both
ends and 16 solenoid coils with dipole coils on their surface.

adopted in the simulation is based on the measured data on
SS400 samples from the iron yoke for PCS. Since the calculated
magnetic field map is used to simulate the transportation of the
muon beam, the magnetic field measurement is important in
verifying the accuracy of the simulation.

III. MEASUREMENT SYSTEM

A. Overview

The inner bore of MTS is evacuated during the experiment to
transport muons and cooled down to∼60 K as a thermal shield of
superconducting magnets. It is difficult to insert a measurement
probe inside the vacuum-cold-curved bore and move it to scan
the magnetic field distributions along the beamline. Therefore
we adopted a GFRP duct as a warm-bore duct so that the probes
can be operated in an atmosphere.

The measurement cart has wheels to move in the warm-bore
duct by pulling with a tough fiber cord (φ5 mm). There were
pulleys at both ends of MTS to make a closed-loop of the cord.
A winch and a tensioner were installed between the downstream
pulley and the cart to apply tension of 10 kgf to the cord. An
overview of MTS and magnetic field measurement system is
shown in Fig. 1.

B. Hall Probes

Two probes are installed in the measurement cart. One is the
on-axis probe which consists of a 3-axis Hall probe (Lakeshore,

Fig. 2. Cross-sectional view of measurement cart (left) and the off-axis probe
(right).

Fig. 3. Cross-sectional view of the beam duct, warm-bore duct, and mea-
surement cart (left) and cross-sectional view of the 3D image of MTS and the
warm-bore duct (right).

MMZ2502UH) mounted on the central axis of the cart. The other
is the off-axis probe which is a combination of three Hall sensors
(Lakeshore, HGCA-3020 and two HGCT-3020: Unfortunately
one of the transverse sensors was broken in this experiment) at a
radial offset of 76 mm to measure the circumferential magnetic
field distribution. The 3-axis channels of each probe are called
#1 (Horizontal), #2 (Vertical), and #3 (Axial), respectively. The
on-axis probe was calibrated with the uncertainty of 6 × 10−4 T
at 1.5 T.

C. Measurement Cart

Fig. 2 shows the layout of the probes in the cart and a photo-
graph of the off-axis probe. The cart consists of an outer and inner
cylinders. The outer cylinder has eight wheels. The upper ones
have spring structure to load a tension on the wheels. The two
probes were mounted on the base of the inner cylinder and can
be rotated 360◦ by a non-magnetic ultrasonic motor (SHINSEI
Corp., USR60-E3NT), which has sufficient angle control with a
rotary encoder. Two inclinometers (Seika, NA2-10 and NA2-05)
are mounted on the outer sleeve of the cart to measure the angle
of the cart around roll and pitch axes.

D. Warm-Bore Duct

Fig. 3 is the cross-sectional view of the warm-bore duct and
measurement cart. The warm-bore duct consists of an array of
short straight GFRP pipes (Thickness: 5 mm) connected at 6◦

angles. Three pipes were joined by GFRP sleeves with epoxy
glue, and they were connected to the others by GFRP flanges
glued on both ends of the unit. We inserted these components one
by one from the downstream of MTS. The duct was supported by
the thermal shield with stainless steel wheels at the GFRP sleeve

Authorized licensed use limited to: The University of Osaka. Downloaded on September 01,2025 at 10:24:27 UTC from IEEE Xplore.  Restrictions apply. 
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TABLE I
MEASURED DATA SETS

section, and wrapped by multi-layer insulation to minimize heat
invasion to the cold beam duct. There were three bellows at the
upstream, middle and downstream sections to accommodate the
warm-bore duct to the beam duct during installation, evacuation
and cooling. To make the cart moving smoothly on the bellows,
thin stainless pipes with slits, called finger plates, were attached
to the inside of the bellows and overlapped each other.

E. Measurement Process

The magnetic field measurement process was as follows.
Excitation of superconducting magnets. Set the cart at the origin
position. Rotate the winch to move the cart a specified distance
(100 mm or 20 mm pitch), referring to the markings on the
cord. The magnetic fields were measured with the probes while
rotating with the ultrasonic motor (8 or 32 angles). Each mea-
surement took 7 minutes per position. Repeat this measurement
to the exit on the other side.

Table I is a summary of measured data sets. ISO, IDP are
the applied current of solenoid and dipole, respectively. The
solenoid current was operated at a half of its design value (210 A)
due to the limitation of the support structure (See [4]). Maximum
dipole current without solenoid coil excitation was limited to
±10 A because only the solenoid current activates the quench-
back heater. In Run 4, the transfer function with various coil
currents was measured at the center position of MTS.

IV. ANALYSIS

A. Probe Position

1) Coordinates Definition: We defined the coordinates
(s, d, r) along the MTS beam duct as illustrated in Fig. 1. The
s-axis is a solenoid axis of MTS. The d-axis is a dipole axis
of MTS, which is the vertical axis. The r-axis is a radial axis
with the origin at the curvature center, which is perpendicular
to the s-axis and d-axis. The origin of the s coordinate is at the
upstream point of the curvature, which is the center of the first
solenoid with dipole coil.

2) Cart Position Correction: The cart was moved by pulling
the cord with the winch at the downstream exit. The feed length
of the cord determines the moving distance of the cart. Tick
marks written on the cord determine the feed length. By assum-
ing the cord took a path along the inner wall of the warm-bore
duct, the relationship between the feed length of the cord and
the cart position is uniquely determined. Since the inner surface
of the warm-bore duct was not a perfect torus but an array of
straight pipes, the path of the cord was calculated using CAD
software to correct the position of the cart.

Fig. 4. Bs profile obtained with the on-axis probe (upper). Difference between
the measurement and the 3D calculations (lower).

3) Cart Position Offset: The cart position in the cross-
sectional plane normal to the s-axis changes if the warm bore
moves in the same direction. The two tension rods are spring-
loaded to place the warm bore in the center of the beam pipe, i.e.,
the warm bore can be displaced from the beam pipe center. Since
the warm bore is forced by atmospheric pressure, it is displaced
outward in the radial direction. As a result, the cart position gets
offset in the r-d plane. The offset at the exit is measured with a
total station (SOKKIA NET05X); however, we cannot see the
offset at an inner position in the axial direction because the duct
is curved. So, we estimated the offset at the inner axial position
from the geometrical shape. The maximum offset is limited to
10 mm by the beam pipe and warm-bore duct’s diameter and
flange.

B. Solenoid Field

1) Field Profile on Axis: The profile of the solenoid magnetic
field in the s direction is obtained by adding the zeroth- and
first-order coefficients of the Fourier expansion of the waveform
obtained by rotating the probes at each s position in Run 1. The
upper figure of Fig. 4 shows the profiles obtained with the on-axis
probe #3, and the lower figure shows the difference between the
measurement and the 3D calculations. The closed circles are
measurement data, and the solid and dashed lines are calculated
profiles obtained at∆r = 0 mm and∆r = 15 mm, respectively.
Here, ∆r is the offset in the radial direction toward the outside.
The measured and calculated profiles for ∆r = 0 mm are off
but agree with ∆r = 15 mm.

We deduce this: Warm bore deformation widens curvature
due to vacuum pressure. At a 10 mm displacement, the warm
bore’s flange contacts and pushes the (inner) thermal shield,
altering an outer thermal shield and coil position by around
5 mm. As a result, the obtained magnetic field profile showed a

Authorized licensed use limited to: The University of Osaka. Downloaded on September 01,2025 at 10:24:27 UTC from IEEE Xplore.  Restrictions apply. 
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Fig. 5. Axial profile of the field gradient.

Fig. 6. Profiles of the dipole magnet along the s-axis. IDP = 0 A(triangles),
IDP = ±10 A (closed and open circles). The IDP = ±10 A data are subtracted
by IDP = 0 A data of residual iron magnetization effect. The IDP = +10 A data
are inverted.

15 mm displacement. This situation does not occur in the physics
experiment, which lacks the warm bore.

2) Field Gradient: The field gradient is obtained with the
off-axis probes. Fig. 5 shows the calculated and measured field
gradient as a function of s-position. These field gradients are
obtained as follows.

(
∂Bs

∂r

)

calc
=

Bs+ −Bs−

2R
(2)

(
∂Bs

∂r

)

meas
=

cz(1)

R
(3)

Here, R = 76 mm and cz(1) is the first order coefficient of
Fourier expansion obtained by rotating the off-axis probe.
Bs+ and Bs− are 3D-calculated Bs value at r = ±76 mm,
respectively.

In Fig. 5, the closed circles are measurements, and, solid and
dashed lines are 3D calculations at ∆r = 0, and ∆r = 15 mm,
respectively. The gradient shows good agreement with the 3D
calculations.

C. Dipole Field

1) Dipole Field Profile: Fig. 6 shows obtained profiles of
the dipole magnet at IDP = ±10 A and 0 A. The dipole field
(Bd) is evaluated from the 2nd-order coefficients of the Fourier
expansion using the on-axis probe #2 data in Run 3 and 5. The
IDP = ±10 A data are subtracted by IDP = 0 A data in Run
6 to remove residual iron magnetization effect. The data of
IDP = +10 A are inverted to compare with the other profiles.
The difference of the two profiles is about 5%. The solid line is
the profile obtained by 3D calculation. The difference between

TABLE II
ERROR BUDGETS

the 3D calculation and the measurement at IDP = −10 A is about
3%.

D. Error Summary

Table II shows the error budgets of Bs-field. The δB is
equivalent uncertainty for Bs = 1.5 T of the on-axis probe. The
upper part of the table is related to the measurement system and
the lower part is related to the uncertainty of 3D calculation and
magnet itself. The total measurement uncertainty is 6 × 10−3 T.
It is mostly from the uncertainty of cart position due to the
deformation of the warm-bore duct.

V. SUMMARY

We performed a magnetic field measurement of the Muon
Transport Solenoid of COMET experiment.

In order to measure the magnetic field of the curved solenoid
and dipole, we developed a unique measurement device. The
GFRP duct was installed inside the curved beam pipe to guide
the cart and shield it thermally from the cold beam pipe. The cart
with the Hall probes moves inside the duct. The probes rotate
with a non-magnetic ultrasonic motor.

The accuracy of theBs component achieved was within 0.4%.
Beyond this accuracy, the calculated and measured Bs axial
profile deviated, which we attribute to the displacement of the
warm bore and the positions of the coils due to vacuum forces.
However, the expected difference in the field measurement data
is within the required accuracy. This measurement validates our
magnetic field calculation along the beam duct.

The current fed to the dipole coils was limited up to 10 A in
this measurement. Therefore, the residual field and hysteresis
affect the dipole field. The difference of about 5% when the
excitation current is reversed is due to these effects. This un-
certainty affects the momentum selection of the muon beam,
which is eventually adjusted to the optimum current value for
the dipole magnet by observing the muon beam in the detector
section located downstream of MTS.
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• Performed in 2023 
• Measure the proton beam profile & muon 

beam profile after passing through the 
transport solenoid
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Phase-α: 1st commissioning

COMET CM46 / 30th Jun. 2025 Kou Oishi / KEK
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Change of the Results (Preliminary)

Still preliminary, further updates to be included. 
✦ (Fortunately?) no significant difference in the end. 
✦ The simulation results have not yet changed. (being updated now) 
✦ Further small changes would happen.
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Graphite target

“COMET Experiment” Kou Oishi,  KEK IPNS,  Japan / J-PARC Symposium 2024 @ Ibaraki, Japan

   April, 2016

COMET&Phase,I

Technical&Design&Report&&
January,&2014July, 2016    

Phase-α (1)
The 1st Commissioning of the COMET facility
✦ Proton Beam

★ SX pulsed 8 GeV proton beam at 260 W

★ Beam tuning was well performed.

★ Proton beam profile was measured.

15

Measured beam dimensionsPhosphor plate response
before and after beam tuning

Before Tuning

After Tuning

  

Horizontal
σ(tgt)=2.14mm

Vertical
σ(tgt)=3.88mm

  

Target Monitor
(CTM)

  How to measure these at Phase-I?

Vertical
σ(tgt)=3.88mm

Preliminary
Detectors

Pion Production Section

Proton beam
Target

Experimental area

Beam area

C/C-composite target

Beam-loss measuring 
stainless target

Proton beam

Secondary particles to be
 counted by a detector

Muon Transport SolenoidProton beam profile

Muon beam spectrum

Consistent! (Still under review)
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• Provide  magnetic field to the detector  
• Basic performance was tested in 2024 and successfully  

• Cooled to  within 14 days (with N2 cooling) 
• Ramped up to the rated current without any training quenches   

• Installation to the COMET hall is ongoing 
• Mag. field mapping (  acc.) will be measured in Mar. 2026

1 T

4.2 K

10−4
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Detector Solenoid (DS)

 Delivered in KEK-Tsukuba in Sept. 2024

Magnetic Field Measurement & Analysis of  the Dector Solenoid for COMET experiment
 Shohta Takami1, Masaharu Aoki1, Ryo Nagai1

Ken − ichi Sasaki2, Naoyuki Sumi2, Makoto Yoshida2, Masami Iio2, Ohhata Hirokatsu2
The University of Osaka1, High Energy Accelerator Research Organization2 ✉：s-takami@epp.phys.sci.osaka-u.ac.jp

Wed-Af-Po.02-02

1.COMET Experiment 

New physics need to be observed for advancing Standard Model of particle physiscs. 

COMET aims to search new physiscs called µ-e conversion. N μ−

ν̄e

νμ

e−

e−

µ-e conv

DIO

Proton Beam
Pion

Muon

COMET Facility in J-PARC

Al

Detector Solenoid
e−

Detector

B

DIO Signal

In Standard Model, 
Branching ratio < O(10−54)Concept 

Separate signal from prompt background from proton beam by pulsed beam

Separate by  
Electron momentum

Separate signal from DIO

Carry Muon by curved solenoid to detector solenoid 
Muon is stopped on Al target and make Aluminium muonic atom 
Detect electron with cylindrical detector 
→ momentum can be caluculated from helical track !! 

µ-e conversion is neutrinoless conversion to electron → electron momentum  
In this concept, COMET’s sensitivity is  → gonna be 1st in the world !!

105 MeV/c
3.0 × 10−15

Aluminium muonic atom

2. Detector Solenoid (DS) 

Our Detector Solenoid(DS) is fabricated & delivered in 2024. 
DS is superconducting magnet, whose cooling system is Gifford-McMahon Cryocooler (GM)

Y

XZ

DS with the Boa

3220 mm1800 mm

Tab 1 : DS Info 

Once Quench happens on a coil,  
     the power supply is shutted down automatically. 
To prevent localized energy loss on a coil,  
                                     diode switch current to heaters. 
Heaters warm up all coils and 
                           allows stored energy dissipate safely. 
Coils are kept  and away form burnig out !≦ 150 K

Coils (NbTi/Cu)

Heaters (Cu)

・Protection circuit 
 ⚠Quench

Current

" " " " " " "

Diode

Transition Function

3.Health Check of DS 
We did tests at TOSHIBA factory to check 
・sufficient cooling for superconductivity 
・excitation to rated current 
・nominal magnetic field distribution

✅ Test1 Cooling Test 
For superconductivity, DS should be cooled to 4 K.  
Cooling scheme 

1st week : Liquid N  & GM coolers → 80 K 
2nd week : Only GM coolers → 4 K 
W/O Liquid N  tooked 5 weeks

2

2
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100

300

3.11 3.19 3.24 3.29

1st 2nd

✅ Test2 Excitation 
The rated current to produce 1 T field at center og magnet is 189 A. 
We fixed 3-axis hall sensor at the center of DS and  
                                                                    monitor magnetic field  during excitation. 
During the test, no quench happened.

Current and Magnetic field during excitation

189 A

Successfully cooled !

Successfully Excited !

Just in case… 
we shut down power manually at 189 A and see temperature of coil 
→coil’s temperature  was up to 60 K

✅ Test3 Magnetic Filed Measurement
Instrument 

3axis hall sensor

Y
X

Z
Bx Bz By

Probe

Inside this probe

Each feels nominal magnetic flux 

Method 
A cart carries probe along Z axis

Put the probe on this slot

●…OY
X

Z

Align the frame at axis to scan 

Measure 35 mm interval &  
5 times at each point to calculate σB

Motor

Belt
Probe

Tab 2 : Scan Axes (mm)

Laser Source 
Reflector 

Coordinate Taking by Laser Tracker
Cylindrical (Z) VS Vertical (Y) coordinate 

Deflection of frame itself

Result 
measured data & simulation by OPERA @(X, Y) = (0,0)

4000− 3000− 2000− 1000− 0 1000 2000 3000
z (mm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

B 
(T

)  (measured) = 4.0913883519e+002χ

p1 (measured) = -0.07665 

p2 (measured) = 0.86725 

 (OPERA) = 6.4714314995e-092χ

 0.44420±p1 (OPERA) = 0.00001 

 0.00002±p2 (OPERA) = 0.87417 

●simlation 
●measured

Matched Well !!

4.Detailed Analysis 
Calculate peaks of distributions and compare them on the Y = 0 Plane

Angle Correction  
3-axis hallsensor has mounting angles( ) 
on top of the angle from deflection of frame ( ) 
You can calculate magnetic vector in a inclined system

∼ 0.01 rad
∼ 0.001 rad

Binclined =
⃗nx

⃗ny

⃗nz

BTrue
x

BTrue
y

BTrue
z

⃗ni : inclined normal vectors

Measured magnetic vectors  are in the inclined system,  
so correct them in orthogonal system 

⃗B meas

⃗B orthogonal

Borthogonal =
⃗nx

⃗ny

⃗nz

−1
Bmeas

x
Bmeas

y

Bmeas
z

Definition of Peak 
Using Bz distribution along z-axis 
Fit Function :   →  is peak  
Range :  from lowest Bz point       

p0(z − p1)2 + p2 p1
±50 mm

@ X =-760

Fit Func

Error bar is Fitting Error

Peak Positions in Y=0 Plane

X (mm)

●simulation 

●measured 
●corrected

Measured：X dependecy → coil inclines in the boa ? 
Angle Corrected：became flat ! 

Pe
ak
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 (m
m
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5.Summary 
•DS has beem fabricated by TOSHIBA and deliverd to KEK. 

•DS could be cooled down to 4 K within 2 weeks.   

•DS could be excited to the rated current w/o any quenches. 

•About 1 mm deflection of frame was observed. 

•Roughly, measured distributions matched with simulations by OPERA. 

•Solenaidal axis seems to have no problem after angle correction. 

Strange Y = − 780 mm

To be considerd … 
Now used error bars are from standard deviation of 5 times measurement  
Error of angles 
Reproducibility of alignment 
Strange scan in X=0 Plane 
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Current: 189 A 
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JOURNAL OF LATEX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021 2

TABLE I
Parameters for superconducting wire

Material NbTi
Ratio (NbTi:Cu) 1 : 4.2± 0.5
Diameter (mm) 1.2
Tc @ 189 A (K) 8.1
Ic@4.2K,4T (A) 600

RRR 184

TABLE II
Parameters for the DS

Coil No. of layers 7
No. of turns/layer 135

Width (mm) 170
Wire Length (km) 7

Radius (m) 1.07
DS overall No. Coils 14

Total Wire Length (km) 98
Rated Current (A) 189

Mag Field w/ Iron Yoke (T) 1.0
Inductance (H) 236
Energy (MJ) 4.2

Vacuum Vessel Inner Radius (mm) 900
Outer Radius (mm) 1360

Length (mm) 3320

II. Design of the DS
The DS consists of 14 superconducting coils made

of NbTi/Cu wrapped around an integrated bobbin.
When the bobbin was installed inside the vacuum vessel,
measurements using a laser tracker confirmed that the
alignment of the bobbin is within ±1.0mm. The coils
are conduction-cooled via high-purity aluminum thermal
links, with three Gifford-McMahon (GM) cryocoolers pro-
viding a total cooling power of 1.5W at 4K. A liquid N2

precooling pipe is also installed to enhance initial cooldown
efficiency.

The critical temperature of the NbTi/Cu conductor is
8.1K at the rated current of 189A. This current produces
a uniform magnetic field of 1.0T with an iron yoke.
Parameters of the superconducting wire and the overall
DS are summarized in Table I and Table II, respectively.
A quench protection system is implemented to safely

dissipate the energy stored in the superconducting magnet.
Upon quench detection, the power supply is immediately
shut down to halt further energy input. To prevent local-
ized overheating, diodes redirect the circulating current to
external resistors connected to each coil. These resistors
are triggered simultaneously with the quench to drive
all coils into a resistive state, enabling uniform energy
dissipation. This strategy minimizes thermal stress and
protects the superconducting wires from damage.

III. Commissioning Tests
After fabrication of the DS, commissioning tests were

performed at the TOSHIBA’s factory. All tests were
performed by DS itself without an iron yoke.

A. Cooling Test
Two types of temperature sensors were installed accord-

ing to the temperature range. Cernox sensors were used

Fig. 3. Temperatures of the inner radiation shield (Light Blue) and
the thermal link of GM coolers (Green) monitored by thermocouples.
Temperatures of superconducting wires (Dark Blue) monitored by
Cernox.

below 10K, mounted along the superconducting wires,
while thermocouples were placed in the (50 to 100)K
region on the radiation shields and cryocoolers.

Fig. 3 shows the temperature changes during the cooling
test with liquid N2 precooling. All coils were successfully
cooled from room temperature to 4.2K within 14 days.
The initial cooldown to 100K was achieved in 7 days
using three GM cryocoolers and 16,500L of liquid N2,
as expected. Subsequent cooling from 100K to 4.2K was
completed in another 7 days using only three GM cry-
ocoolers. If without liquid N2 precooling, it took 35 days
to cool down. The measured RRR was 185, indicating that
the quality of the superconducting wire was well preserved
throughout the fabrication process.

B. Excitation and Shut-Down Test
The rated current of 189A is determined to generate

1.0T magnetic field with the iron yoke. In the case of
the setup without the iron yoke, as in our tests, the
DS generates 0.86T magnetic field according to OPERA-
3D [8] simulation. Intentional shut-down tests at several
currents were performed from lower to higher to evaluate
the performance of the protection circuit. In all shutdown
tests, the temperature rise remained within a safe range
that would not cause damage to the coil. In the test
at the rated current of 189A, the peak temperature
reached 59.1K, which was lower than the value predicted
by the adiabatic quench simulation. Finally, the DS has
successfully been excited to the rated current of 189A
without any training quenches.

To assess thermal stability, the rated current of 189A
was continuously applied for 24 hours. The coil tempera-
ture has been stable at 5.0K, well below the critical tem-
perature. The current leads, which are most susceptible to
heating, also remained at a safe and stable temperature
near room temperature.

IV. Magnetic Field Measurement
A. Setup of the Measurement

The magnetic field distribution of the DS was mea-
sured to verify its integrity. A 3-axis Hall probe (TQ-
10, ADS/MAGNIX) was mounted on a motorized cart,

Preliminary

4 K

Magnetic Field Measurement System
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• Consists of Cylindrical Drift Chamber (CDC) and Cylindrical 
Trigger Hodoscope (CTH)  

• CDC: Momentum resolution  (curvature)  
• Magnetic field measurement of DS is essential  
• Constructed at J-PARC, performance tests ongoing  

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

200 keV/c

14

CyDet — Physics Detector

CDC  

CTH  

Stopping 
Target (Al)

DS  

Iron yoke  

CDC @ J-PARC 
Waiting for installation

 electron track 
(Simulation)

105 MeV/c



4 September 2025Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool

• Consists of 20 concentric layers with 4,986 sense wires & 
14,562 field wires 

• Chamber volume: 2084L filled with inner gas of He/iC4H10 (9:1) 
• Basic performance test using CRs has been completed  

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

• Studies of the track reco. with a high hit occupancy are ongoing 

∼ 200 μm

15

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

10 mmt/5 mmt

105 MeV/c

μ/e

10 mmt

16

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

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

(digitizer: completed)

ϕ10 mm 20 μm

∼ 110 μm < 200 μm
< 200 keV/c

17

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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Pascal, Clermont-Ferrand, 63178, France
eSOKENDAI, 1-1 Oho, Tsukuba, Ibaraki, 305-0801, Japan

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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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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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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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

ar
X

iv
:2

50
5.

07
46

4v
1 

 [p
hy

sic
s.i

ns
-d

et
]  

12
 M

ay
 2

02
5

Development of the Range Counter for the COMET
Phase-↵ Experiment

Kou Oishia,b,⇤, Masaharu Aokic, Shion Kuribayashic, Shunya Uedac, Kazuki Uenoc,
Nicolas Chadeaud, Thomas Clouveld, Yuki Fujiib, Yoshinori Fukaoa,

Masaaki Higashidee, Youichi Igarashia, Satoshi Miharaa, Hajime Nishiguchia,
Kenya Okabee, Yoshi Uchidab

aHigh Energy Accelerator Research Organization, 1-1 Oho, Tsukuba, Ibaraki, 305-0801, Japan
bImperial College London, Exhibition Road, London, SW7 2BX, United Kingdom

cThe University of Osaka, 1-1 Machikaneyama, Toyonaka, Osaka, 560-0043, Japan
dLaboratoire de Physique de Clermont (LPC), Université Clermont Auvergne, 4 Avenue Blaise
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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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• Full covering except the beam holes, using different technologies  
• Top CRV: plastic scintillator layers 
• Side CRV: ARGO-RPC modules  
• Upstream/Downstream CRV: improved RPCs  

• Scintillator CRV is under construction, and  
RPC CRV are under developments.

18

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  

ARGO-RPC  

First module of the top CRV
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Figure 3: Number of unique tracks contributing to the 4-fold coincidences. Approximately
35% are produced by a single track, while most originate from pile-up particles.

(a) (b)

Figure 4: Parent particle species of CTH hits: (a) parent particles of electron hits; (b) parent
particles of proton hits.

4

• Confirmed that the default collimator  
already achieves 70–80% background 
reduction (from simulation studies) 

• High CTH trigger rate observed in new 
MC samples → need further reduction  

• Main background sources: 
• Electrons from gammas 
• Protons from neutrons  

→ Now re-adjusted to fit into the real MTS 
geometry

19

Re-adjustment of muon beam collimator

Figure 17: Cutaway view of the muon collimator with additional end plate in ICEDUST
(thickness 300 mm, inner radius 120 mm, outer radius 250 mm).

Figure 18: Cutaway view of the muon collimator of the base design (steel fin thickness 30
mm, G10 end plate thickness 300 mm, inner radius 120 mm, outer radius 250 mm).

17

Electron sources Proton sources

Add steel “fin” Add G10 shield

MTS

DS
Default collimatorFinal hardware optimization guided  

by simulation studies Add steel pipe 
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• Now → 2026: Solenoid installation & magnetic field measurements 

• 2026–27: Detector installation, beamline construction  
→ Phase-I physics run starts in 2027  

• 2028–: Toward full SES   
… and preparation for Phase-II (full double c-shape structure)

∼ 10−15

20

Phase-I Timeline 

Low intensity run

Physics Run / Beam meas Phase-II

Phase-I

Now

DS installation 

Detector installation
Beam line constructionMagnetic field meas

2025 2026 2027 2028 2029–
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• COMET searches for  conversion  

• Phase-I: construction will be completed in 2 years  
→ Physics run starts in 2027 (target SES ) 

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

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

μ− → e−

∼ 10−15

∼ 10−17

∼ 105 TeV

21

Summary 
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Backup

22



4 September 2025Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool

• Limited DS entrance space requires 
a dedicated rail system for safe 
CyDet installation and removal 

• 2 components:  
• CyDet Cradle — manufactured  
• Cradle mount with rail — under design

23

CyDet Installation Mechanism 
DS + iron yoke  

“Cradle mount”

“CyDet Cradle”

CyDet should be inside the cradle

Insertion rail

Rail shaft

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

• Key Upgrades: 
• Introduce the Electron Transport Solenoid  

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

• Comparable sensitivity to Mu2e at Fermilab 

∼ 10−17

24

Phase-II Outlook 


