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‣ I have visited SNU twice in 2010 & 2011,  

‣ when I was a student in Kyoto University,  

‣ for workshops on J-PARC Hadron experiments,  

‣ organized by  

Prof. Kiyoshi Tanida & Prof. HyoungChan Bhang.
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‣ I have visited SNU twice in 2010 & 2011,  

‣ when I was a student in Kyoto University,  

‣ for workshops on J-PARC Hadron experiments,  

‣ organized by  

Prof. Kiyoshi Tanida & Prof. HyoungChan Bhang.

‣ … by chance, 

‣ Prof. Yoshi Kuno (former spokesperson of COMET) 
was there… 

‣ after several years, I joined COMET.



Overview of COMET
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focusing on activities in Kyushu Univ.
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• A new physics search using a muon rare process
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• A new physics search using a muon rare process 
• µ-N→ e-N :  neutrinoless conversion in a muonic atom  (N=nucleus)
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• A new physics search using a muon rare process 
• µ-N→ e-N :  neutrinoless conversion in a muonic atom  (N=nucleus) 
• Forbidden in SM:  Lepton Flavor Violation (LFV)
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• A new physics search using a muon rare process 
• µ-N→ e-N :  neutrinoless conversion in a muonic atom  (N=nucleus) 
• Forbidden in SM:  Lepton Flavor Violation (LFV) 
• contribution from neutrino oscillation is still too small → negligible
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• A new physics search using a muon rare process 
• µ-N→ e-N :  neutrinoless conversion in a muonic atom  (N=nucleus) 
• Forbidden in SM:  Lepton Flavor Violation (LFV) 
• contribution from neutrino oscillation is still too small → negligible 
• contribution from New Physics may appear !
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Y. Fujii, Windows on the Universe, QuiNhon, Vietnam, 2018

μ-e conversion in BSM

• μ-e conversion appears in many physics models beyond the standard model (BSM)
• Sensitive to the new physics (NP) independent on models

• Unless having unknown mechanism to suppress LFV, its branching ratio(BR) can be 
detectable

• BR is depending on the models of NPs
• Combination of different CLFV searches can even inspect NP’s internal structure

4
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Figure 1.6: Feynman diagrams that produce µ-e conversion through New Physics models. The
upper three diagrams ((a) to (c)) all connect to the nucleus via some massive
exchange particle, whereas the lower three diagrams ((d) to (f)) all connect
via an exchanged photon. In addition to interactions with the quarks, since
µ-e conversion interacts with the whole nucleus, there are also models where the
interaction involves external gluon lines.

1.3.2 Muon CLFV Channels

Fig. 1.6 shows a variety of Feynman diagrams for µ-e conversion involving new particles
and couplings predicted by many BSM theories. The large variety of models to which
µ-e conversion would be sensitive makes this a particularly attractive search channel for
New Physics [29].

It can also be seen how complementary the different muon CLFV channels will be.
In the case of leptoquarks for example, shown in Fig. 1.6c, one can expect µ-e conversion
to take place at tree level, whilst generating a signal in a µ+ → e+e−e+ experiment can
only occur via loop diagrams. Similarly, the relative sensitivities between µ+ → e+γ

searches and µ-e conversion searches can be used to pin down what the New Physics is
in the case of a positive observation, or heavily constrain numerous different models in
the case of a null measurement. This is apparent from the fact that New Physics can
be classed as photonic (such as the lower three diagrams in Fig. 1.6) or as a four-Fermi
contact interaction (as in the upper three diagrams in Fig. 1.6). The new physics, which
‘switches on’ at some new mass scale, is integrated away to leave an effective, low-energy
field theory.
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Figure 1.7: Searches for µ-e conversion and µ+ → e+γ have relative sensitivities that depend
on the underlying physics, making the two channels highly complementary. As
shown on the left, New Physics can produce a signal in both channels, but one
channel or the other can be comparatively suppressed due to the need to include
extra vertices and loops. The plot on the right is adapted from [30], based on [31],
and shows the relative sensitivity for the toy lagrangian of equation (1.2) as
a function of κ, how non-photonic the New Physics is, and Λ, the mass scale
assuming coupling strengths of unity.

By constructing a toy Lagrangian consisting of two new interaction terms, one being
photonic and the other a contact term, it is possible to study the relative sensitivities
of µ-e conversion and µ-e gamma searches. The interaction terms in such a Lagrangian
would look like:

L =
1

κ+ 1

mµ

Λ2
(µ̄Rσ

µνeLFµν) +
κ

κ+ 1

1

Λ2
(µ̄Lγ

µeL) (q̄LγµqL) (1.2)

where κ is a dimensionless parameter that determines to what degree the new physics
appears photonic (κ → 0) or four-Fermi-like (κ → ∞).

If the underlying new physics is photonic in nature, then one can expect a direct
search for µ-e gamma to be more sensitive: coupling the photon to the nucleus of an atom
will pick up an extra factor of α, reducing the µ-e conversion rate by about two orders of
magnitude. On the other hand, if the new physics favours interacting directly with the
nucleus, as a four-Fermi contact term, then µ-e conversion would be more sensitive. In
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μ-e conversion in BSM

• μ-e conversion appears in many physics models beyond the standard model (BSM)
• Sensitive to the new physics (NP) independent on models

• Unless having unknown mechanism to suppress LFV, its branching ratio(BR) can be 
detectable

• BR is depending on the models of NPs
• Combination of different CLFV searches can even inspect NP’s internal structure
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Figure 1.6: Feynman diagrams that produce µ-e conversion through New Physics models. The
upper three diagrams ((a) to (c)) all connect to the nucleus via some massive
exchange particle, whereas the lower three diagrams ((d) to (f)) all connect
via an exchanged photon. In addition to interactions with the quarks, since
µ-e conversion interacts with the whole nucleus, there are also models where the
interaction involves external gluon lines.

1.3.2 Muon CLFV Channels

Fig. 1.6 shows a variety of Feynman diagrams for µ-e conversion involving new particles
and couplings predicted by many BSM theories. The large variety of models to which
µ-e conversion would be sensitive makes this a particularly attractive search channel for
New Physics [29].

It can also be seen how complementary the different muon CLFV channels will be.
In the case of leptoquarks for example, shown in Fig. 1.6c, one can expect µ-e conversion
to take place at tree level, whilst generating a signal in a µ+ → e+e−e+ experiment can
only occur via loop diagrams. Similarly, the relative sensitivities between µ+ → e+γ

searches and µ-e conversion searches can be used to pin down what the New Physics is
in the case of a positive observation, or heavily constrain numerous different models in
the case of a null measurement. This is apparent from the fact that New Physics can
be classed as photonic (such as the lower three diagrams in Fig. 1.6) or as a four-Fermi
contact interaction (as in the upper three diagrams in Fig. 1.6). The new physics, which
‘switches on’ at some new mass scale, is integrated away to leave an effective, low-energy
field theory.
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on the underlying physics, making the two channels highly complementary. As
shown on the left, New Physics can produce a signal in both channels, but one
channel or the other can be comparatively suppressed due to the need to include
extra vertices and loops. The plot on the right is adapted from [30], based on [31],
and shows the relative sensitivity for the toy lagrangian of equation (1.2) as
a function of κ, how non-photonic the New Physics is, and Λ, the mass scale
assuming coupling strengths of unity.

By constructing a toy Lagrangian consisting of two new interaction terms, one being
photonic and the other a contact term, it is possible to study the relative sensitivities
of µ-e conversion and µ-e gamma searches. The interaction terms in such a Lagrangian
would look like:

L =
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where κ is a dimensionless parameter that determines to what degree the new physics
appears photonic (κ → 0) or four-Fermi-like (κ → ∞).

If the underlying new physics is photonic in nature, then one can expect a direct
search for µ-e gamma to be more sensitive: coupling the photon to the nucleus of an atom
will pick up an extra factor of α, reducing the µ-e conversion rate by about two orders of
magnitude. On the other hand, if the new physics favours interacting directly with the
nucleus, as a four-Fermi contact term, then µ-e conversion would be more sensitive. In
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Predicted BR ~ 10-16~10-12

Cf.) Current experimental upper limit < 7 x 10-13 (90%CL)
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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 [251]: 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) [252–255]. 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.

from European Strategy for Particle Physics Update 2020

EFT with dimension-6 operators

Light color: present data 
Dark color: mid-term prospectsµ-e conversion has very high energy reach 

among many flavor measurements,  
also compared with direct searches.
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Muon source
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‣ We need low-energy muons, which stop at 
thin target disks. 

‣ Pion Capture solenoid 
• Backward generated pion → muon 

‣ Curved Transport solenoid 
• Vertical drift → Momentum & charge selection

To achieve 10-17 sensitivity, 

~1011 muons/sec   
(with 107 sec running time.)
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Figure 5.3: Momentum distribution of various beam particles at the end of the pion capture solenoid
section, moving to the muon transport section. For the hadron production, GEANT QGSP BERT was
used.
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Figure 5.4: Adiabatic transition from a high magnetic field to a low magnetic field. This adiabatic
transition is executed by reducing the magnetic field. As a result, the magnitude of transverse mo-
mentum is reduced.

5.3. Muon Beam Transport

Muons and pions are transported to the muon-stopping target through the muon beam trans-
port, which consists of curved and straight superconducting solenoid magnets. The require-
ments for the muon transport section are

69

gradient magnetic field

• the muon transport should be long enough for pions to decay to muons,

• the muon transport should have a high transport e�ciency for muons with a momentum
of ≥ 40 MeV/c, and

• the muon transport should select muons with low momentum and eliminate muons of
high momentum (pµ > 75 MeV/c) to avoid backgrounds from muon decays in flight.

The justification for the first of these criteria should be obvious. For muons to stop and be
captured in the stopping target their momentum must not be too high, but it must be high
enough that they make it to the target. This defines an optimal momentum to be around
40 MeV/c. Muons with higher momentum are less likely to be stopped, as well as giving rise
to another background. Decays in flight of these muons produce electrons that are boosted in
the lab frame, resulting in an electron background in the signal region near 105 MeV. Positive
muons (which cannot be captured) are another potential source of background. In conjunction
with momentum selection, a curved solenoid transport helps eliminate all these as described
below.
The selection of an electric charge and momenta of beam particles can be performed by using
curved (toroidal) solenoids, which makes the beam dispersive. A charged particle in a solenoidal
field will follow a helical trajectory. In a curved solenoid, the central axis of this trajectory drifts
in the direction perpendicular to the plane of curvature. The magnitude of this drift, D, is
given by

D = 1
qB
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where q is the electric charge of the particle (with its sign), B is the magnetic field at the axis,
and s and R are the path length and the radius of curvature of the curved solenoid, respectively.
Here, s/R (= ◊bend) is the total bending angle of the solenoid, hence D is proportional to ◊bend.
pL and pT are longitudinal and transverse momenta so ◊ is the pitch angle of the helical
trajectory. Because of the dependence on q, charged particles with opposite signs move in
opposite directions. This can be used for charge and momentum selection if a suitable collimator
is placed after the curved solenoid.
To keep the centre of the helical trajectories of muons with a reference momentum p0 in the
bending plane, a compensating dipole field parallel to the drift direction can be applied. If a
compensating dipole field given by

Bcomp = 1
qR

p0

2

3
cos ◊0 + 1

cos ◊0

4
, (5.6)

is applied, the trajectories of negatively charged particles with momentum p0 and pitch angle
◊0 will be corrected to be on-axis.
The COMET Phase-I beamline uses one curved solenoid with a bending angle of 90¶. To keep
the centre of trajectory of the low energy muons, a compensating dipole field of about 0.05 T
will be used.

5.4. Muon Beam Collimator System

In order to remove positive charged particles and high momentum particles that might con-
tribute to backgrounds, particularly pions, while retaining as many muons as possible, a muon
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• the muon transport should have a high transport e�ciency for muons with a momentum
of ≥ 40 MeV/c, and

• the muon transport should select muons with low momentum and eliminate muons of
high momentum (pµ > 75 MeV/c) to avoid backgrounds from muon decays in flight.
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captured in the stopping target their momentum must not be too high, but it must be high
enough that they make it to the target. This defines an optimal momentum to be around
40 MeV/c. Muons with higher momentum are less likely to be stopped, as well as giving rise
to another background. Decays in flight of these muons produce electrons that are boosted in
the lab frame, resulting in an electron background in the signal region near 105 MeV. Positive
muons (which cannot be captured) are another potential source of background. In conjunction
with momentum selection, a curved solenoid transport helps eliminate all these as described
below.
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is applied, the trajectories of negatively charged particles with momentum p0 and pitch angle
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Fate of muonic atom
µ-e conversion signal

 µ- + N → e- + N  

single mono-energetic electron
Eμe = mμ − Bμ − Erec = 105 MeV for Aluminum

A. Sato et al.

Fig. 4. Typical track in the CyDet detector for a simulated signal electron with
105 MeV/𝜔.

Fig. 5. Expected reconstructed momentum distribution for signal electrons (solid line)
and decay-in-orbit (DIO) events (dashed line), under the assumption of the signal
branching ratio of 3 ω 10ε15 and the momentum resolution of 200 keV/𝜔.

BR(𝜀ε
+𝜗𝜛  𝜚ε+𝜗𝜛) = 3.1ω10

ε15. Since the intrinsic momentum reso-
lution in such a low-energy region is dominated by multiple scattering
effects, the CDC must be a low-mass detector. These requirements lead
to choices in cell configuration, wires, and gas mixture.

2.1. Layer configuration

The CDC is arranged in 20 concentric sense wire layers including 2
guard layers with alternating positive and negative stereo angles. The
positions of the wires on the readout side end-plate are shown in Fig. 6.
The 1st and 20th sense wire layers operate at a lower high voltage (HV)
and act as guard layers. Their function is to remove the space charge
that accumulates due to ionization created in the regions between the
inner (or outer) walls and the guard layer. Without these layers, space
charge would accumulate in the absence of an electric field.

2.2. Cell configuration

Each cell in the CDC has one sense wire surrounded by an almost-
square grid of field wires. The ratio of the total numbers of field to
sense wires is 3:1, and the cell size is nearly constant over the entire
CDC region, such as 16.8 mm wide and 16.0 mm high. In a strict
sense, the cell width does indeed vary slightly from layer to layer.
Additionally, the cell height changes along the longitudinal direction
due to stereo drops and gravitational effects. Moreover, the cell shape
deviates from a perfect rectangle because of the alternating stereo wire

Table 1
Design parameters of the CDC.
Inner wall Material CFRP, Al

Length 1495.5 mm
Radius 495.95–496.5 mm
Thickness CFRP: 0.5 mm, Al: 0.05 mm

Outer wall Material CFRP, Al
Length 1577.3 mm
Radius 829.9–835.0 mm
Thickness CFRP: 5.0 mm, Al: 0.1 mm

Number of sense layers 20 (including 2 guard layers)

Sense wire Material Au-plated W
Diameter 25 ϑm

Number of wires 4986
Tension 50 g
Stereo angle ±(64–75) mrad

Field wire Material Al alloy (A5056)
Diameter 126 ϑm

Number of wires 14 562
Tension 80 g
Stereo angle ±(64–75) mrad

Gas Mixture He:i-C4H10 (90:10)
Volume 2084 L

Fig. 6. Layout of wires in the CDC. Wire positions on the readout side end-plate are
shown for one-eighth of the total area.

Fig. 7. Illustration of the shape of a cell consisting of one sense wire surrounded by
eight field wires. As the position of the cell shifts relative to the CDC axis direction, the
upper corner angle 𝜍 changes periodically. The relationship between time and space
within the cell is determined by considering the periodicity of this 𝜍 angle and the
angle of incidence 𝜑 of the charged particle on the cell.

structure, as illustrated in Fig. 6. Square cells are well-suited to low
momentum tracks (such as those from the 𝜀  𝜚 conversion signal),
which might enter the drift cells with large angles with respect to the
radial direction. The stereo angle is set to 64–75 mrad, which is selected
to achieve a longitudinal spatial resolution of about 3 mm. With this
design, where all wires are set at stereo angles, the shape of each layer’s

Nuclear�Inst.�and�Methods�in�Physics��


�)	(��A�1069��������169926�

3�



M. Moritsu  (Kyushu U.)  ̶̶  21/02/2025

Signal and background
16

Fate of muonic atom
µ-e conversion signal

 µ- + N → e- + N  

single mono-energetic electron
Eμe = mμ − Bμ − Erec = 105 MeV for Aluminum

Required momentum resolution

∆p < 200 keV/c for 105 MeV/c electrons

A. Sato et al.

Fig. 4. Typical track in the CyDet detector for a simulated signal electron with
105 MeV/𝜔.

Fig. 5. Expected reconstructed momentum distribution for signal electrons (solid line)
and decay-in-orbit (DIO) events (dashed line), under the assumption of the signal
branching ratio of 3 ω 10ε15 and the momentum resolution of 200 keV/𝜔.
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+𝜗𝜛  𝜚ε+𝜗𝜛) = 3.1ω10

ε15. Since the intrinsic momentum reso-
lution in such a low-energy region is dominated by multiple scattering
effects, the CDC must be a low-mass detector. These requirements lead
to choices in cell configuration, wires, and gas mixture.

2.1. Layer configuration

The CDC is arranged in 20 concentric sense wire layers including 2
guard layers with alternating positive and negative stereo angles. The
positions of the wires on the readout side end-plate are shown in Fig. 6.
The 1st and 20th sense wire layers operate at a lower high voltage (HV)
and act as guard layers. Their function is to remove the space charge
that accumulates due to ionization created in the regions between the
inner (or outer) walls and the guard layer. Without these layers, space
charge would accumulate in the absence of an electric field.

2.2. Cell configuration

Each cell in the CDC has one sense wire surrounded by an almost-
square grid of field wires. The ratio of the total numbers of field to
sense wires is 3:1, and the cell size is nearly constant over the entire
CDC region, such as 16.8 mm wide and 16.0 mm high. In a strict
sense, the cell width does indeed vary slightly from layer to layer.
Additionally, the cell height changes along the longitudinal direction
due to stereo drops and gravitational effects. Moreover, the cell shape
deviates from a perfect rectangle because of the alternating stereo wire

Table 1
Design parameters of the CDC.
Inner wall Material CFRP, Al

Length 1495.5 mm
Radius 495.95–496.5 mm
Thickness CFRP: 0.5 mm, Al: 0.05 mm

Outer wall Material CFRP, Al
Length 1577.3 mm
Radius 829.9–835.0 mm
Thickness CFRP: 5.0 mm, Al: 0.1 mm

Number of sense layers 20 (including 2 guard layers)

Sense wire Material Au-plated W
Diameter 25 ϑm

Number of wires 4986
Tension 50 g
Stereo angle ±(64–75) mrad

Field wire Material Al alloy (A5056)
Diameter 126 ϑm

Number of wires 14 562
Tension 80 g
Stereo angle ±(64–75) mrad

Gas Mixture He:i-C4H10 (90:10)
Volume 2084 L

Fig. 6. Layout of wires in the CDC. Wire positions on the readout side end-plate are
shown for one-eighth of the total area.

Fig. 7. Illustration of the shape of a cell consisting of one sense wire surrounded by
eight field wires. As the position of the cell shifts relative to the CDC axis direction, the
upper corner angle 𝜍 changes periodically. The relationship between time and space
within the cell is determined by considering the periodicity of this 𝜍 angle and the
angle of incidence 𝜑 of the charged particle on the cell.

structure, as illustrated in Fig. 6. Square cells are well-suited to low
momentum tracks (such as those from the 𝜀  𝜚 conversion signal),
which might enter the drift cells with large angles with respect to the
radial direction. The stereo angle is set to 64–75 mrad, which is selected
to achieve a longitudinal spatial resolution of about 3 mm. With this
design, where all wires are set at stereo angles, the shape of each layer’s

Nuclear�Inst.�and�Methods�in�Physics��
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I skipped other BGs in this talk: 
• Beam-related BG 
• Cosmic-ray BG, etc.
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Physics measurement  
• µ-e conversion search, SES: 3×10-15 

(×100 improve), 150 days running 
Beam measurement   
• to understand beam quality and 

background  (PID, momentum, timing)
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Physics measurement  
• µ-e conversion search, SES: 3×10-15 

(×100 improve), 150 days running 
Beam measurement   
• to understand beam quality and 

background  (PID, momentum, timing)

CDC
Cylindrical Drift Chamber 
He:iC4H10 (90:10) 
All-stereo 20 layers

CTH
Cylindrical Trigger Hodoscopes 
Plastic scintillator 
64 segments × 2 layers × 2 ends 
readout by MPPC

µ-
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Physics measurement  
• µ-e conversion search, SES: 3×10-15 

(×100 improve), 150 days running 
Beam measurement   
• to understand beam quality and 

background  (PID, momentum, timing)

CDC
Cylindrical Drift Chamber 
He:iC4H10 (90:10) 
All-stereo 20 layers

CTH
Cylindrical Trigger Hodoscopes 
Plastic scintillator 
64 segments × 2 layer × 2 ends 
readout by MPPC

µ-

Activity in KU ①
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Activity in KU ①

Y. Fujii, CM43, 9 July 2024

Conceptual design

4

Detector Solenoid

Shielding box

Cooling box

5/7.5 m fibre bundles

MPPC

Readout

Signal e-

BG particles

CDC

Target

MPPC does not work in 1012 neutrons1MeV/cm2 radiation level

CTH
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Activity in KU ①

Y. Fujii, CM43, 9 July 2024

Conceptual design

4

Detector Solenoid

Shielding box

Cooling box

5/7.5 m fibre bundles

MPPC

Readout

Signal e-

BG particles

CDC

Target

• connected through optical fibers 
outside the solenoid 

• readout by MPPC inside a shield box 
• however, neutron radiation is still 

high: 1010 n1MeV/cm2  
•→  operated with cooling at -40○C 

to keep dark current low enough

CTH

MPPC does not work in 1012 neutrons1MeV/cm2 radiation level

Hamamatsu S14161-3050-HS-04)
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Y. Fujii, CM43, 9 July 2024

Cooling system
• Design is almost fixed, prototype was made and tested


• final parts selection is ongoing


• More details will be reported by Takahiro

9

5

-36.6℃ (MPPC side)

-34.2℃

-34.3℃

-34.7℃

-39.5℃ (Copper pipe surface)

-40.1℃

Cooling test
We flowed -40℃ ethanol and measured 
temperature for 6 points.

Upstream

Downstream

Contact between copper block and circuit 
board should be very tight.

We could cool the board to 
around -34℃.

In the case of 
saddle band 
to fix the pipe

14

Thermal cycle test for silicone tube
Tolerance under the thermal cycle 
+20℃ ⇄ -40℃ 
75 cycles 
5 × 3 (years) × 5 (safety factor)
Performed by  
R. Sasaki, A. Sumimura

Silicone tube : ZY-hosetube  
Length : ~ 290 mm  
Bended tube ×2, straight tube ×2  
Thermometer was put on the 
surface of tube 
After 75 cycle, 
No crack, no leakage, no hardening 
→ Possible to use silicone tube. R. Sasaki, A. Sumimura

11

★Surface: Al plate + Aeroflex/Styrofoam

Design of the outer box

★Structure to implement fibers and cables: being discussed 

300

Cables

Fibers

★Front plate: detachable

<Front view inside the box>

<Bird’s-eye view>

by T. Mizuno (PD)Activity in KU ①
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2

Objectives of the scintillator QC

Quality control of the 256 Scintillator Counters (SC) of the 
CTH is ongoing at Kyushu University. 

Objectives of the QC: 
Ø Wrap the 256 scintillator counters in aluminized mylar
Ø Measure their light yield and timing resolution

Ø To detect defective scintillators
Ø To ensure the performance requirements of the 

CTH can be met

1. Objectives

by T. Bouillaud (PD)Activity in KU ①

Plastic scintillator BC-408
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Muon Beam

proton beam

Capture Solenoid

Transport Solenoid

Muon 

Stopping 

Target

Electron Spectrometer Solenoid

StrECAL 

Detector

8 GeV, 56 kW

Production Target

(Tungsten)

• SES:  2×10-17 (×10,000 improve) 
• 1 year running

Full 180◦ Transport Solenoid

Electron Spectrometer Solenoid

56 kW Beam Power

Tungsten Production Target

Straw + ECal Detector ✓Charge & momentum selection
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proton beam

Capture Solenoid

Transport Solenoid

Muon 

Stopping 

Target

Electron Spectrometer Solenoid

StrECAL 

Detector

8 GeV, 56 kW

Production Target

(Tungsten)
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Tungsten Production Target
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PoS(EPS-HEP2017)800

Development of Electromagnetic Calorimeter for the COMET Experiment Kou Oishi

1. Introduction

The COMET experiment will search for muon-to-electron conversion process in aluminum
nuclei (µ�Al ! e�Al) at J-PARC, Japan. Its branching ratio (BR) to muon capture is strongly
suppressed to < 10�54 in the standard model (SM) including neutrino oscillation. Some physics
beyond the SM (BSM), such as supersymmetric grand unified theory[1], enhance the BR up to
10�15, its observation is a clear signal of BSM. The experiment will be performed in two-stages,
Phase-I and II (Figure 1), which aim at single event sensitivities of 10�15 and 10�17, respectively.
To understand systematics from the beam line a beam profile measurement will be performed in the
Phase-I1. The detector for the beam measurement and the Phase-II consists of a straw tube tracker
and electromagnetic calorimeter, called StrECAL (Figure 2).

e-

Straw Tube 
Tracker

ECAL

StrECAL 
Detector

C-Shape Muon 
Transport Solenoid

Pion Production Target

Muon Stopping Target

Electron 
Spectrometer

The StrECAL installed here in 
the Phase-I beam Measurement 

Bunched Proton Beam

Figure 1: Phase-II beam line

e-

Straw Tube 
Tracker

ECAL

StrECAL 
Detector

C-Shape Muon 
Transport Solenoid

Pion Production Target

Muon Stopping Target

Electron 
Spectrometer

The StrECAL installed here in 
the Phase-I beam Measurement 

Bunched Proton Beam

Figure 2: StrECAL detector system

2. Electromagnetic Calorimeter

The electromagnetic calorimeter (ECAL) supplies triggers. The trigger rate is dominated by
muon decay in orbit (µN ! enn̄N), electron energy of which reaches close to the signal, 105 MeV.
Due to the intense beam many event pileups are expected, therefore signal separation and track
matching with the tracker are important. The requirement to the ECAL is energy resolution is <
5%, time resolution < 1 nsec, and position resolution < 10 mm at 105 MeV. In addition, for the
beam measurement the ECAL must distinguish particle kinds.

The COMET ECAL is a segmented array with a diameter of approximately 1 m consisting
of LYSO (Lu2�xYxSiO5) inorganic scintillating crystals with dimensions of 2 ⇥2⇥12 cm3. They
have a high light yield and short decay constant compared to conventional inorganic scintillators.
Since the StrECAL is operated in a vacuum of < 100 Pa and magnetic field of 1 T, Avalanche
Photo Diode (APD) of Hamamatsu Photonics with a sensitive area of 10 ⇥ 10 mm2 is adopted as
the photodetector. The array is divided into 2 ⇥ 2 crystals modules, Figure 3 illustrates the design
of them. A crystal is wrapped by two layers of PTFE and an ESR sheet of 3M. A PCB is attached
on the back, on which an APD and slow control modules, LED and temperature sensor for gain
monitoring, are mounted. 2⇥2 crystals are grouped by an aluminized Mylar bag that tightly shrinks

1In the Phase-I the beam line will be built until a half of the transport solenoid. A cylindrical drift chamber is used
for the physics measurement.

1
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Development of Electromagnetic Calorimeter for the COMET Experiment Kou Oishi

1. Introduction

The COMET experiment will search for muon-to-electron conversion process in aluminum
nuclei (µ�Al ! e�Al) at J-PARC, Japan. Its branching ratio (BR) to muon capture is strongly
suppressed to < 10�54 in the standard model (SM) including neutrino oscillation. Some physics
beyond the SM (BSM), such as supersymmetric grand unified theory[1], enhance the BR up to
10�15, its observation is a clear signal of BSM. The experiment will be performed in two-stages,
Phase-I and II (Figure 1), which aim at single event sensitivities of 10�15 and 10�17, respectively.
To understand systematics from the beam line a beam profile measurement will be performed in the
Phase-I1. The detector for the beam measurement and the Phase-II consists of a straw tube tracker
and electromagnetic calorimeter, called StrECAL (Figure 2).
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Figure 1: Phase-II beam line
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Figure 2: StrECAL detector system

2. Electromagnetic Calorimeter

The electromagnetic calorimeter (ECAL) supplies triggers. The trigger rate is dominated by
muon decay in orbit (µN ! enn̄N), electron energy of which reaches close to the signal, 105 MeV.
Due to the intense beam many event pileups are expected, therefore signal separation and track
matching with the tracker are important. The requirement to the ECAL is energy resolution is <
5%, time resolution < 1 nsec, and position resolution < 10 mm at 105 MeV. In addition, for the
beam measurement the ECAL must distinguish particle kinds.

The COMET ECAL is a segmented array with a diameter of approximately 1 m consisting
of LYSO (Lu2�xYxSiO5) inorganic scintillating crystals with dimensions of 2 ⇥2⇥12 cm3. They
have a high light yield and short decay constant compared to conventional inorganic scintillators.
Since the StrECAL is operated in a vacuum of < 100 Pa and magnetic field of 1 T, Avalanche
Photo Diode (APD) of Hamamatsu Photonics with a sensitive area of 10 ⇥ 10 mm2 is adopted as
the photodetector. The array is divided into 2 ⇥ 2 crystals modules, Figure 3 illustrates the design
of them. A crystal is wrapped by two layers of PTFE and an ESR sheet of 3M. A PCB is attached
on the back, on which an APD and slow control modules, LED and temperature sensor for gain
monitoring, are mounted. 2⇥2 crystals are grouped by an aluminized Mylar bag that tightly shrinks

1In the Phase-I the beam line will be built until a half of the transport solenoid. A cylindrical drift chamber is used
for the physics measurement.

1

Activity in KU ②
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Modules

ECAL prototype

. LEDAPD
[ Four APD boards ]

�16

20mm

20mm

120mm

@LFB��AeBCMX

• Measure energy, timing & position 
- 𝛥E/E < 5% for 105 MeV 

- 𝛥t < 1 ns 

- 𝛥x = 𝛥y < 10 mm  

• Provide trigger signal 
• LYSO (Lu2(1-x)Y2xSiO5) 
- ~500(2000) crystals in Phase-I(II) 
- 2×2×12 cm (10.5 radiation length)  

• APD: HPK S8664-1010

Activity in KU ②

Module structure
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Good performance has been 
achieved in a prototype test.
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Activity in KU ② by D. Yoshikawa (M2)

10

APD光検出器の性能評価
研究動機
ECALの分解能を向上させるには各モジュールからの応答の均一性が重要である。そのため、各要素の特性
を予め理解しておくことが重要である。モジュールの重要な要素であるAPD光検出器の特性を理解するた
めに性能評価を行なった。

[ 評価項目 ]
ゲインカーブ ：印加電圧とゲインの関係を取得。APDのゲインを揃える際の参考にする。
立ち上がり時間：立ち上がり時間のばらつきを評価。ECALの時間分解能に影響する。
暗電流 ：印加電圧と暗電流の関係を取得。APDの状態のモニタリングに使用する。
[ 評価方法 ]
LEDが取り付けられた基板(APDホルダー基板)を使用して評価を行なった。
この際、LED光はLYSO結晶からのシンチレーション光と波形が似るように調整した。
二つのAPDホルダー基板を向かい合わせにおき、LED光がAPDに入射するようにし
た。

[ 波形の例 ]

LED APD

[ APDホルダー基板 ]

APD LED

[ 評価方法のイメージ ]

LED
LYSO

13

ゲインカーブ
波形の重ねがけからChargeを計算し、ヒストグラムを描いた。
ヒストグラムに関数をフィッティングし、光量を得た。
ゲイン35~ゲイン200の範囲でゲインカーブを取得した。
ゲインカーブは 𝑦 = A𝑒𝑥𝑝 𝑥

B
+ Cをフィッティングすることで取得した。

[ 波形の重ねがけ ] [ Chargeのヒストグラム ] [ ゲインカーブ ]

この範囲で積分

得られた関数モデルの誤差𝜎𝑦を求めた。

と評価でき、現在調査を終えている全てのAPDにおいて、0.01 % 以下であった。

𝜎𝑦2 =
𝜕y
𝜕A

σA
2

+
𝜕y
𝜕B

σB
2

+
𝜕y
𝜕C

σC
2

+ 2
𝜕y
𝜕A

𝜕y
𝜕B

cov a, b +
𝜕y
𝜕A

𝜕y
𝜕C

cov a, c +
𝜕y
𝜕B

𝜕y
𝜕C

cov 𝑏, 𝑐

15

暗電流
測定はゲインカーブと同様の電圧範囲で行なった。
測定結果を𝑦 = A exp 𝑥

𝐵
+ 𝐶𝑥𝐷 + 𝐸でフィッティングし、それぞれのパラメーターの値を記録した。

[暗電流と印加電圧の関係例]

暗電流をモニターすることによってAPDの状態をモニ
ターする。

暗電流の増加量によって、
• APDに照射された放射線量の見積り
• ノイズレベルの評価
• アニーリング（回復）過程の監視
を行うことができる。

これらを行うために、暗電流の初期値を測定した。

14

立ち上がり時間
1つのAPDに対して約10000個の波形を取得し、最大波高の10%~90%に移り変わるのにかかる時間の分布を求めた。
分布を表すヒストグラムを描き、ガウス関数をフィッティングした。
フィッティングした関数の平均値を取得し、これを立ち上がり時間とした。
APDごとの立ち上がり時間の分布を求め、ばらつきを評価した。

90%

10%

この時間を求める。 立ち上がり時間

APDの立ち上がり時間のばらつきを標準偏差平均 ×100とした。ばらつきは2.29 ± 0.10％であった。

[ 立ち上がり時間の個体差 ]

APDの立ち上がり時間のばらつきはECALの時間分解能を悪化させる。

How to wrap
[ PTEF ]

[ ESR and Aluminized mylar ]

3

How to wrap
[ PTEF ]

[ ESR and Aluminized mylar ]

3

A crystal is wrapped with double layers of PTEF

Combination of wrapping materials is studied

APD QC method has been established

APD: HPK S8664-1010

Almost ready for construction
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QC Setup

8

● Setup:

– Pulse conBguration: 

frequency=500Hz, 

width=20ns, edge=5ns

– Read the input voltage 

by oscilloscope.

– 16 channels are 

measured one by one.

Data were used for Linearity, S/N, and crosstalk.

FUNCTION

GENERATOR

Bread

Board
EROS

Osc.

Linearity

For now all boards have good linearity between 0~2000mV input voltage.

Small inconsistency: some board saturated at 800mV (2200mV input), others 

saturated at 850mV (2400mV input) .
✔ Same gradient, won’t aJect the performance 9

Signal-to-noise Ratio

 Nothing weird for all boards 

except the saturation point.

DeBnition: S/N = Pulse height [mV] / baseline RMS [mV]

10

Crystals & APDs
• Crystals QA/QC setup in Kyushu 
• Three crystals in parallel 
• The stability has been studied by Zen S. 
• David Z. continues the studies. 
• Updates in this CM. 

• APD 
• The plan is to produce 500 APDs in addition 
to already available ones, including spares. 

• The last production is running. 
• 295 + 125 APDs were delivered. 
• The last 80 APDs will be delivered in the 
next month 

• QA/QC evaluation and its preparation are 
ongoing by Daichi Y. 
• Details follows.

5

QA/QC setup 
in temp. controlled box

HPK S8664-1010 

Crystals QC Setup

2

PMT1 PMT2LYSO

Co60

HV

Divider Coin.

AdapterDRS4
TTL

Sig.

EXT.

20 40 60 10080 Evaluation Items:

1. Light Yield (1173keV peak of 60Co)

2. Decay Time (Fitting of the average waveform)

3. Energy Resolution (σ/x of the 1173keV peak)

4. Position Dependency ((Max-Min)/Mean of the light 

yield in 5 measurements)

Source: Cobalt 60 (distinct from LYSO 

crystal intrinsic spectrum)

5 points (20, 40, 60, 80, 100mm) are 

measured for each crystals.

Activity in KU ② by David Zhou (D1)

QC of 48 boards has been completed

LYSO Calorimeter Construction

• LYSO Quality test
• APD test
• Other components

• Feedthru, RO electronics etc.

• 16 Feedthru boards ready
• 48 RO electronics in production
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Detectors
Detectors
✦Position measurement by the Muon 

Beam Monitor and Straw Tube Tracker
✦Direction by the Straw Tube Tracker.
✦Decay time measured by the Range 

Counter.
★ For momentum reconstruction and muon 

identification
★ Also generates trigger signals
DAQ
✦Based on the MIDAS DAQ framework, 

officially adopted by COMET.

Transport Solenoid Exit

Muon Beam Monitor

Straw Tube Tracker

Range Counter

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

   April, 2016

COMET&Phase,I

Technical&Design&Report&&
January,&2014July, 2016    The 1st Commissioning of the COMET facility
✦ The muon beam was  

successfully transported by  
the Muon Transport Solenoid.

★ The observed momentum spectrum 
is consistent with simulation.

Phase-α (2)
16

Muon Transport Solenoid

Detectors

Pion Production Section

Proton beam
Target
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Data Simulation
  Stat. Error   Target
  Syst. Error   Non-Target

Phase-α Detectors

Preliminary

The 1st commissioning in 2023 for 
• COMET proton beam line 
• Muon Transport Solenoid 
• (w/o Pion Capture Solenoid)

Observed muon yields are consistent 
with simulation (preliminary). 

K. Oishi, J-PARC Symposium 2024
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Summary

‣ COMET searches for muon-to-electron conversion with 
sensitivity of 100× (10,000×) better than the current 
limit in Phase-I (II). 

• Pion Capture Solenoid has been completed recently! 

‣ KU has been playing a key role in the development of 
CTH & ECAL. → move on to construction stage 

‣ Phase-I will start in JFY2026. Stay tuned!
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