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Muon-to-Electron Conversion

• One of the Charged Lepton Flavour Violation 
processes forbidden in the Standard Model 

• Clear sign of the new physics if discovered 

• Extremely simple final state 

• Current upper limit: 7×10-13 @90% C.L. by 
SINDRUM II with gold nuclei
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Lepton Flavour Violation
Neutral LFV
✦ Neutrino oscillation.

✦ The Standard Model (SM) was extended.

Charged LFV
✦ Many experiments but no discovery

★ μ → eγ (MEG II)

★ μ → 3e (Mu3e)

★ μN → eN (DeeMe, Mu2e, COMET)
★ τ’s rare decays and many in the past…

✦ A clear signal of new physics
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Physics Motivations
• New physics energy scale of >103 TeV achievable 

• Complementary to other CLFV searches 

• NP interaction models can be studied by comparing 
different nuclei when µ-e conversion is discovered
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orders of magnitude different from the other coefficients, we also plot the reach in a parametrization similar to that
introduced in [19] by defining a variable

D = cotan(✓D � ⇡/2) . (III.1)

This non-linear transformation magnifies the regions where the dipole contribution either dominates the four-fermion
interactions (✓ = 0,⇡) or is suppressed (✓ = ⇡/2). We also define a similar variable V , that magnifies the regions
where leptonic four-fermion coefficients are much larger or smaller than those with quarks. We subtract ⇡/2 in order
to have µ ! e� larger at the centre of the plot, following [19]. However, this choice means that =0 corresponds to
both to ✓ = 0 and ✓ = ⇡, and the rates can be discontinuous at 0 while they are continuous at ±1. This can be
observed in figure 3.

0 0.5 1 1.5 2 2.5 3
 Dθ

210

310

410

510

  (
Te

V)
Λ

MEG [4.2e-13]

MEG-II [4e-14]

SINDRUM-I [1e-12]

Mu3e-I [1e-15]

Mu3e-II [1e-16]

SINDRUM-II [7e-13] (Au)

AMF / PRISM [1e-18] (Au)

COMET-I [1e-15] (Al)

Mu2e / COMET-II [1e-16] (Al)

AMF / PRISM [1e-18] (Al)

/4π=φ/4  π=Vθ/2  π=Sθ                          Aµ→eA  eee→µ γ e→µ

210

310

410

510

  (
Te

V)
Λ

M
EG

 [4
.2

e-
13

]

M
EG

-II
 [4

e-
14

]

SINDRUM-I [1e-12]

Mu3e-I [1e-15]

Mu3e-II [1e-16]

SINDRUM-II [7e-13] (Au)

AMF / PRISM [1e-18] (Au)

COMET-I [1e-15] (Al)

Mu2e / COMET-II [1e-16] (Al)

AMF / PRISM [1e-18] (Al)

/4π=φ/4  π=Vθ/2  π=Sθ                          Aµ→eA  eee→µ γ e→µ

410−  210−  010−  2−10− 2−10  010  210  410 Dκ

FIG. 1. Reach as a function of (left) the angle ✓D, which parametrizes the relative magnitude of dipole and four-fermion
coefficients, and (right) the variable D = cotan(✓D �⇡/2). The scale ⇤ is defined in eqn (II.1) with the coefficients normalised
according to Table II. The solid region is currently excluded.

Figure 2 displays the reach as a function of ✓V , which is effectively the angle between the µ ! eēe and µA! eA
four-fermion operators. Results for a vanishing dipole contribution (✓D = ⇡/2) shows that µ ! eēe vanishes at
✓V = ⇡/2 and µA! eA at ✓V = 0,⇡. Adding a small negative dipole coefficient, µ ! eēe doesn’t vanish anymore
since the dipole contributes independently as well as in interference with the four-fermion contributions, and the
rate is reduced when this interference is destructive. The magnitude of the negative dipole coefficient is larger for
✓D = 3⇡/4, exhibiting that µA! eA vanishes when the dipole cancels the four-fermion contributions. Similar plots
for V = cotan(✓V � ⇡/2) are shown in Figure 3.

Figure 4 illustrates the complementarity of heavy and light targets for µA!eA, by plotting the conversion ratios
as function of ~C · ~eAlight / sin� and ~C · ~eAheavy? / cos�. Recall that ~C · ~eAheavy? parametrizes the independent
information obtained with Au. This additional contribution to µAu ! eLAu causes the rate to vanish at a different
value than that of the light targets. The dipole, which also contributes to µA ! eA, was taken to either vanish
(✓D = ⇡/2), be positive (✓D = 3⇡/4) or negative (✓D = ⇡/4). This illustrates the impact of ~C · ~eD on the rate:
cancellations can occur among the dipole and four-fermion contributions, as well as between the two independent
combinations of four-fermion coefficients.

Finally, the dependence of the sensitivity on the angle � and the variable D is exhibited in Figure 5. As expected,
the µ ! e� and µ ! eēe processes are independent of �. The shape of the conversion processes on light and heavy
targets are globally similar, although the ridges along which the rates cancel are slightly different.
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Figure 9: The µ-e conversion ratios for the typical theoretical models are plotted as func-
tions of the atomic number Z. The solid, the long dashed, and the dashed lines represent
the cases that the photonic dipole, scalar, and vector operator dominates, respectively.
Proton and neutron distribution are taken according to method 1 in subsection 3.1, and
the conversion ratios are normalized by the conversion ratio in aluminum nuclei (Z = 13).

The first case appears as a good approximation in SUSY models for many cases, especially

in SO(10) SUSY GUT models [4] and in SUSY models with right-handed neutrinos [6].

The second case is realized in some cases of SUSY models with R-parity violation [3]. The

third case corresponds to the situation where the monopole form factors give dominant

contributions in the µ-e-γ transition. The µ-e conversion branching ratio are shown for

three cases in Figs.9 (method 1), 10 (method 2), and 11 (method 3). In these figures the

branching ratios are normalized by the value for aluminum evaluated by the method 1,
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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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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.

Photonic process Four-fermion process

R. Kitano, et.al., PRD 66, 096002 (2002)

S. Davidson and B Echenard, EPJC 82, 836 (2022)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.66.096002
https://link.springer.com/article/10.1140/epjc/s10052-022-10773-4
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Backgrounds

• Physics backgrounds 

• Standard Model BG (DIO: Decay-In-Orbit) 

• µ-/π- capture originated γ/e± 

• Beam-induced backgrounds 

• In-flight µ/π-originated e± 

• Anti-proton induced π→(γ)e± 

• Cosmic-ray induced backgrounds 

• Secondary e± 

• Horizontally sneaking µ± / e±

4
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(1) External conversion: a (real) photon is produced and
interacts with surrounding material ultimately pair
producing an electron positron pair.

(2) Internal conversion: a virtual photon mediates the
production of an electron positron pair.

These two possibilities are shown schematically in Fig. 1.
Both cases are subject to nuclear model dependence.2

In the case of external conversion, nuclear model
uncertainties can be circumvented at either Mu2e or
COMET by directly measuring the real photon spectrum
from RMC on aluminium. With this information in hand,
dedicated Monte Carlo simulations (including the full
detector geometry) can be used to predict the resultant
electron and positron spectra. In this sense, the collabora-
tions (Mu2e and COMET) control their own fate and can
empirically constrain the external RMC backgrounds
relevant for their own experiment.
Internal conversion is a more formidable challenge.

Early work by Kroll and Wada [23] investigated the ratio
of eþe− production relative to single photon production for
a 1 → 2 process. The results of their investigation showed,
unsurprisingly, that the ratio is not calculable without
microscopic theoretical input. Rather, somewhat heuristi-
cally, they suggested that the infrared enhancement of the
virtual photon favors small virtualities and argued for an
approximation in terms of real photon matrix elements.
In this work we critically reexamine this problem

focusing specifically on the viability of using measure-
ments of the (real) photon spectrum to predict the internal
positron (or electron) spectrum. The main conclusion of
our work is that the real photon spectrum is sufficient
to predict the internal spectrum of positrons near the end
point as shown in Fig. 2. This observation implies that
if the real photon spectrum is measured, then the full
(internalþ external) electron and positron spectra can be
predicted. If the photon spectrum cannot be measured, then

Mu2e and COMET could use direct measurements of the
total electron or positron spectrum to infer the RMC photon
spectrum.
The rest of the paper is organized as follows. In Sec. II we

define the nonperturbative matrix element that governs the
emission of real photons and discuss how this same matrix
element also governs the emission of electron positron pairs
at leading order in α. Next, in Sec. III we provide an explicit
formula for the real photon spectrum, which naturally leads
into Sec. IV where we provide the corresponding expression
for the positron spectrum. In Sec. V we discuss the near end
point spectrum and demonstrate how the real photon spec-
trum can be used to predict internally converted positrons.
Finally, in Sec. VI we summarize our conclusions, and
suggest future improvements.
We also provide four Appendixes. In Appendix A we

discuss how one can parametrize subleading corrections to
the near end point approximation discussed above. In
Appendix B we give a formal argument for some power
counting details needed to justify the approximation of
transversely polarized virtual photon matrix elements by
their real photon counter parts. To facilitate a comparison
between our work and that of Kroll and Wada we provide a
short discussion of the correspondence in Appendix C. We
also discuss our disagreements with their conclusions there.
Finally in Appendix D we describe how to generalize the

(a) (b)

FIG. 1. Radiative muon capture on a nucleus (double lines)
resulting in (a) a real photon and (b) a virtual photon that mediates
the production of an electron positron pair. In this work we study
how the eþ (or e−) spectrum in (b) is related to the photon
spectrum in (a).

90 92 94 96 98 100

FIG. 2. Spectrum of positrons/electrons as compared to real
photons near the end point assuming that the photon spectrum is
given by dΓ=dEγ ∝ ð1 − 2xþ 2x2Þxð1 − xÞ2 with x ¼ Eγ=qmax
and qmax ¼ 100 MeV. This corresponds to the closure approxi-
mation spectrum used in the analysis of RMC data on various
nuclear isotopes in [20]. The electron/positron spectrum is
computed using Eqs. (36) and (44) below. The spectrum is
softened relative to photons because (1) the end point is shifted by
me ¼ 0.511 MeV, and (2) the probability of producing an eþe−

pair rises sharply as one moves further from the end point as
shown in Fig. 4. Errors due to virtual-photon nuclear matrix
elements (gray band) are estimated by treating CL and CT (see
Appendix A) as independent random variables drawn from a
Gaussian distribution with unit variance.

2The RMC rate and spectral shape for capture on hydrogen has
been studied in heavy baryon chiral perturbation theory [16,17].
Nuclear corrections substantially alter the spectral shape of RMC
photons [18–21], especially near the end point [22].

RYAN PLESTID and RICHARD J. HILL PHYS. REV. D 103, 033002 (2021)

033002-2

Theoretical γ/e± spectra

PRD 103, 033002 (2021)Delayed 
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experiment was conducted using physics data collected since 2010. It discovered an electron

neutrino appearance in muon-neutrino beams in 2013 [5]. After this accomplishment, the

T2K started the oscillation experiment using neutrino and anti-neutrino beams to search

for a violation of the charge-conjugation and parity-reversal (CP) symmetry in the lepton

sector. The first result on the CP violation search has been reported [6]. Since then, the MR

beam power has been increasing, and a power of 510 kW was achieved in 2020. However, a

higher beam power is required to further improve the sensitivity of the CP violation study

and to perform the precise measurement of the neutrino oscillation parameters. To realize

the MR beam power of the original design value of 750 kW and even larger value, a faster

cycling scheme needs to be adopted.

MR 
(Main Ring)

Neutrino Facility

Hadron Experimental Hall

RCS
(3‐GeV Rapid Cycling

Synchrotron)

400‐MeV 
LINAC

MLF
(Materials and Life Science 

Experimental Facility)

3‐50BT

Beam Abort 
Dump

Fig. 1 Schematic layout of the J-PARC accelerators and experimental facilities.

The present repetition period is 2.48 s and it is planned to shorten this to 1.32 s. Because

a beam power of 510 kW was achieved with a beam intensity of 2.6× 1014 protons per pulse

and a repetition period of 2.48 s, the beam power would be more than 900 kW with the

repetition cycle of 1.32 s and the same number of protons. The beam power of 1.3 MW is

promoted as a new target for the discovery of the CP violation in neutrino oscillations [7].

The plan is to achieve this with even faster cycling and more protons per pulse.

The most important and costly instrument is the magnet power supply for faster cycling.

The mass production of new power supplies is in progress. Further, there is need to reinforce

output power for the RF cavity to accelerate the beam of 3.3× 1014 protons. Moreover, beam

injection, extraction, and collimation systems need to be upgraded to manage the beam

power. Similarly, modifications of the beam monitors are required to measure the intense

beam more precisely. Based on the considerations described in the following sections, the

expected variation of the beam power is shown in Fig. 2. We are presently preparing the

accelerator technical design report (TDR) for the 1.3-MW operation at the MR to describe

the details. The TDR describes the strategy to achieve the targeted power, including the

improvement of the RCS and MR components, as well as beam dynamics. This short paper

summarizes our strategy to achieve a beam power of 1.3 MW.
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The present repetition period is 2.48 s and it is planned to shorten this to 1.32 s. Because

a beam power of 510 kW was achieved with a beam intensity of 2.6× 1014 protons per pulse

and a repetition period of 2.48 s, the beam power would be more than 900 kW with the

repetition cycle of 1.32 s and the same number of protons. The beam power of 1.3 MW is

promoted as a new target for the discovery of the CP violation in neutrino oscillations [7].

The plan is to achieve this with even faster cycling and more protons per pulse.

The most important and costly instrument is the magnet power supply for faster cycling.

The mass production of new power supplies is in progress. Further, there is need to reinforce

output power for the RF cavity to accelerate the beam of 3.3× 1014 protons. Moreover, beam

injection, extraction, and collimation systems need to be upgraded to manage the beam

power. Similarly, modifications of the beam monitors are required to measure the intense

beam more precisely. Based on the considerations described in the following sections, the

expected variation of the beam power is shown in Fig. 2. We are presently preparing the

accelerator technical design report (TDR) for the 1.3-MW operation at the MR to describe

the details. The TDR describes the strategy to achieve the targeted power, including the

improvement of the RCS and MR components, as well as beam dynamics. This short paper

summarizes our strategy to achieve a beam power of 1.3 MW.
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Fig. 10: Schematic layout of COMET (Phase-II) and COMET Phase-I (not to scale).

signals consists of a cylindrical drift chamber and a set of trigger hodoscope counters, referred to

as the CyDet detector. The experimental setup for Phase-I will be augmented with prototypes of the

Phase-II StrECAL detector. As well as providing valuable experience with the detectors, the StrECAL

and CyDet detectors will be used to characterise the beam and measure backgrounds to ensure that

the Phase-II single event sensitivity of 2.6×10−17 can be realised [47].

For Phase-I a total number of protons on target (POT) of 3.2×1019 is planned which will provide

around 1.5×1016 muons stopped in the target. This will enable the design goal of COMET Phase-I to

be achieved; a single event sensitivity which, in the absence of a signal, translates to a 90% confidence

level branching ratio limit of 7× 10−15. This is a factor of about 100 better than the current limit on

gold from SINDRUM-II [46]. The important experimental parameters of COMET Phase-I and II, and

the SINDRUM-II experiment are compared in Table 1.

3.2. COMET Requirements

In order to obtain the desired improvement in sensitivity, the experiment requires an intense muon

source, coming from a pulsed proton beam with high inter-bunch extinction factor.

13/106

Staged Approach

8
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COMET Phase-I

9

Detector solenoid 
+ cosmic ray veto

Muon transport solenoid

Pion production + capture

Muon stopping target

• 3.2 kW beam-power with a graphite proton target, 1/2 MTS 
without the curved electron spectrometer 

• Cylindrical Detector (CyDet) to avoid the direct beam particles 
and DIO peak electrons 

• Aiming ×100 better sensitivity than the SINDRUM II’s upper 
limit 

• Beam measurement at the end of MTS for better understanding 
the beam properties

µ-e-

CyDet

Physics detectors Beam measurement detectors
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Proton beam & pion production

10
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Figure 7.1: Momentum distribution of pions exiting in the (a) forward and (b) backward regions of
tungsten and graphite targets bombarded by an 8 GeV proton beam. The spectra are generated using
Geant4 using the QGSP-BERT hadronisation model.

energy, therefore with proton beam power. Also it is seen that at a very high proton energy
(> 30 GeV), the pion production yield starts to become saturated.
The choice of proton energy can be determined by considering the pion production yield and
backgrounds. In particular, backgrounds from antiproton production are important. The
current choice of proton energy is 8 GeV, which is close to the threshold energy of antiproton
production.
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Figure 7.2: Yields per proton of forward pions and muons, left, and backward pions and muons, right,
from a graphite target in a magnetic field of 5 Tesla, as a function of proton energy.
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µ/π

To MTS

Graphite (Tungsten) pion production target 
 for Phase-I (Phase-II)

Fi
el
d 
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 [
T]

Select backward pions to highly suppress 
unwanted high-momentum pions/muons

2

Pulsed 8 GeV Proton Beam, Enabled by the J-PARC MR

To avoid antiproton-related backgrounds, 8 GeV proton, instead 
of 30 GeV, is required 
Pulse beam with ~1 µsec separation is essential  (cf. next slide) 

Bunch separation of J-PARC MR = 600 nsec 

➡  Customised operation mode is proposed;

RCS
h=2

(2 bunches)

4 batch

injection

0.6 �sec

MR
h=9

(8 bunches)

RCS
h=2

(1 bunch)

4 batch

injection

1.2 �sec

MR
h=9

(4 bunches)

* Normal Operation * * Customised Operation *

Hajime NISHIGUCHI (KEK)                                              ”8-GeV Commissioning & Extinction”  　                                        COMET CM34, online

6.4 Obtained Events 75

0 1 2 3 4 5
s]µTime [

1
10

210

310

410

510

610

710

810

En
tri

es
 / 

20
 n

s

(a) 600 ns

0 1 2 3 4 5
s]µTime [

1
10

210

310

410

510

610

710

810

En
tri

es
 / 

20
 n

s

(b) 700 ns

Figure 6.9: Event distribution with forward-SBK.
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Figure 6.10: Event distribution with backward-SBK and low RF voltage.
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Figure 6.11: Event distribution with backward-SBK.

• Bunched proton beam slowly extracted from the 
J-PARC MR accelerator 

• 1.17 (1.76) µsec bunch intervals ↔ τµ,Al = 864 ns 

• Extremely clean pulsed beam with an inter-bunch 
protons probability <10-10 

K. Noguchi, et al., Proc. of Sci., 402 (2022)

http://www.apple.com/jp
https://doi.org/10.22323/1.402.0104
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Muon beam

• Most pions decay before reaching the detector region 

• Positive / high-p  particles are filtered due to the vertical 
drifting while travelling inside the curved solenoid 

• Additional dipole field for centring low-p muons <50 MeV/c 

• MTS was demonstrated successfully in COMET Phase-α → K. 
Oishi’s talk in this NuFact

11

3 T solenoid 
+ 0.04 T dipole
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µ-e-

Cylindrical Drift Chamber (CDC)

Cylindrical Trigger Hodoscope (CTH)

Muon
 Stop

ping 
Targe

t

CyDet (1)
• Surrounding the muon stopping target discs to avoid 
high intensity beam and the majority of DIO electrons 

• Yet to be high hit rate + high radiation environment 
(1 kGy, 1012 n/cm2) 

• Requirements 

• Momentum resolution: <200 keV/c in σ 

• High hit rate tolerance: O(1) MHz / channel 

• Cylindrical Drift Chamber (CDC) 

• Momentum reconstruction 

• Cylindrical Trigger Hodoscope (CTH) 

• Timing reconstruction, primary trigger generation
12

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. XX, NO. XX, XXXX 2021 3

Fig. 4. Simulated CDC-hit map including hits from a 105-MeV conversion
electron. Each dot represents the hit position of charged particles. The “others”
includes heavy particles, such as alpha, triton, and heavy ions. The red and
black tilted boxes inside the inner wall of the CDC are Cherenkov counters
and scintillators of the CTH, respectively. The filled boxes represent CTH
counter hits.

between the conversion electron and background particles.
Fig. 4 shows a simulated conversion-electron trajectory over-
laying with background particles recorded within an event win-
dow of 1.1µs. The main background particles are protons from
the muon-nuclear-capture processes and low-energy electrons
from the gamma-ray interactions at the CDC walls. Notable
differences between background and signal hits appear in the
hit patterns and energy deposition. The conversion electron
makes a helical trajectory that is fully contained in the CDC
due to the magnetic field, as shown in Fig. 4. The track
will produce a series of neighboring hits in the azimuthal
direction at a radius given by the transverse momentum of the
conversion electron, and no or very few hits beyond this radius.
The low-energy electrons pass along the CDC wires, and their
trajectories are helical orbits with small radii, resulting in long-
lived hits on the same wire. The protons mostly have high
momenta and pass through the CDC from inside to outside
with a larger energy loss than the conversion electrons.

B. Classification Algorithm

In the hit classification stage, GBDTs are used to evaluate
whether the hits in the set of neighboring wires are consistent
with the expectations for a conversion electron. The signal-
like hits have larger GBDT-output values and are selected for
the event classification. Fig. 5 shows the CDC-hit maps before
(Fig. 5a) and after (Fig. 5b) applying the GBDTs. Red and blue
dots represent signal and background hits based on simulation
information. The dot size of Fig. 5b reflects the GBDT-output
value. While some background hits with large GBDT-output
still remain after applying GBDT, it is clear that GBDT can
classify the signal hits out of background hits. Therefore,
the deposited energy on the wire of interest and its radial
position are selected as the GBDT-input features. In order to
eliminate hits of the low-energy electrons, hit classifiers begin
with filtering the wires having long-lived hits. The energy
deposition of neighboring wires in the same layer is also
used to suppress low-energy electron hits. For the hardware
implementation, the input feature must be quantized so that
the total size of trigger data fits to the reasonable data transfer
rate between different FPGAs with the available FPGA logic

(a)

(b)
Fig. 5. Hit maps of the CDC (a) before and (b) after applying the GBDTs.
See the text for details.

Fig. 6. Procedures for the final trigger decision. CTH ID means an identifica-
tion number for each CTH counter. “T” (true) and “F” (false) mean triggered
and non-triggered sections, respectively. Hit counters of the CTH are filled
with red for the Cherenkov counters and black for the scintillation counters.

resources, such as the number of LUTs. The energy deposition
of each wire is compressed into 2 bits, as written in Section II.
Therefore, 6-input LUTs are used for the hit classification
using energy deposition from the wire of interest and two
neighboring wires. We implement a set of 6-input LUTs inside
the FPGA, and each set of 6-bit wire hit patterns is fed into
each different LUT depending on their radial position. Thus all
the input features (deposited energy, neighboring hit pattern,
and radial position) can be considered.

Fig. 6 describes the procedure of the final trigger decision
by the event classifier, which combines CDC and CTH trigger
information. The conversion electron leaves hits only in a part
of the CDC readout area, which is correlated with the CTH-
hit positions, as shown in Fig. 4. An active part of the CDC
is defined for each CTH counter to reject background hits
efficiently while keeping the conversion-electron hits. When
the number of signal-like hits in each active part exceeds a
threshold, the CDC trigger is generated for each CTH counter.
The CTH trigger provides the counter information passing the
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CyDet (2)
• Cylindrical Drift Chamber (CDC) 

• Full stereo wire drift chamber, 20 layers, ~5k sense wires 

• 0.5 mmt CFRP inner wall + helium based gas mixture (He:iso-C4H10 
= 9:1) to minimise the multiple scattering 

• Average spatial resolution of <200 µm achieved → σp ~200 keV/c 

• Full readout tests, gas system and DAQ tests are ongoing at J-PARC 

• Cylindrical Trigger Hodoscope (CTH) 

• Timing measurement <1 ns & Four-fold coincidence to suppress 
accidental trigger rate <100 kHz 

• Silicon photomultipliers will be installed outside of the detector 
solenoid to avoid the high radiation environment 

• W/ the realistic prototype, <1 ns time resolution was obtained and 
the particle identification capability was tested

13

The realistic CTH prototype

Y. Fujii, CM43, 9 July 2024

Overview

2

CTH

CDC

Al µ Stop Target
µ-

1T
e-

×64
Y. Fujii, et al., Nucl. Instrum. Methods Phys. Res. A, 1067 (2024), 169665

A. Sato, et al., Nucl. Instrum. Methods Phys. Res. A, 1069 (2024), 169926

http://www.apple.com/jp
https://doi.org/10.1016/j.nima.2024.169665
http://www.apple.com/jp
https://doi.org/10.1016/j.nima.2024.169926
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Cosmic-Ray Veto detectors

• Critical role to reduce the cosmic-ray induced 
background 

• >99.99% veto efficiency is required 

• High radiation / high hit rate tolerance is key 
to ensure sufficient veto-power in COMET 

• Combination of different detector technologies 

• Top CRV: Plastic Scintillators from GTU/JINR 

• Side CRV: Same PS CRV or ARGO-RPC from 
ARGO-YBJ 

• Front / back CRV: iRPC from CMS

14

18

Cosmic Ray Veto (CRV)
Suppress cosmic rays by a factor of 10−4

Full coverage except the beam holes,  
                               using different technologies 

・Top CRV : Plastic scintillators

・Side CRV : ARGO-RPC modules (recycled RPC)  
                         / Plastic Scintillators
・Upstream/Downstream CRV : iRPC modules (RPC with CMS technology)

Scintillator CRV 
   Preparation in J-PARC ongoing

iRPC 
   borrowed from CMS 
   Discussion on integration ongoing 

Muon beam CyDet Scintillator CRV test

ARGO-RPC 
   Irradiation test @ CERN performed

Scintillator module

Test in CERN
• Then, we sent the RPC to gif++ and set up a beam tes=ng system.

ARGO-RPC

PS CRV
iRPC

M. Dubouchet, PhD thesis

https://doi.org/10.25560/105498
https://doi.org/10.25560/105498
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Trigger & DAQ
• Trigger: 

• Hardware R&Ds completed 

• Firmware almost ready 

• CDC+CTH combined trigger + FC7 showed 100% trigger 
efficiency with the test pulse 

• DAQ: 

• Switching from MIDAS to NestDAQ

15

5

Results : Coincidence delay scan

cdc_trigger_width = 2 cdc_trigger_width = 3 cdc_trigger_width = 4

Efficiency is increased depends on cdc_trigger_data_width

→ ideal coincidence width should be shorter (100 ns & 25 ns)

• cth_trigger_width = default (25 ns)

CyDet Trigger System

9
muonic X-ray monitor system

cosmic ray veto system

trigger
busy

Y. Igarashi, IEEE TNS vol72, 3, 421-428 2024

COmeT TRIgger (COTTRI)

100.0 % efficiency

FC7 in µTCA

COTTRI/RECBE boards

Prel
imin
ary

https://ieeexplore.ieee.org/document/10767766
https://ieeexplore.ieee.org/document/10767766
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Phase-I expected sensitivity & BGs

16

ℬ(μ−N → e−N) |Al =
1

Nμ ⋅ fcap ⋅ fgnd ⋅ Aμ
≈ 3 × 10−15

Nµ : #of stopped µ-, 1.5×1016, exp. @ 150 days, 

fcap : fraction of stopped µ- captured, 0.61, theory, 

fgnd : fraction of µ- bound to ground state, 0.9 theory, 

Aµ : acceptance of µ-e signal, 0.041, exp..

The COMET Collaboration, et al., Prog. Theor. Exp. Phys. 2020 (3) (2020), 033C01.

20.1.5 Net Signal Acceptance

Thus the net acceptance for the µ≠e conversion signal of Aµ-e = 0.041 is obtained for T1 = 700
ns and T2=1170 ns, where appropriate numbers of the online event selection (see Section 16.1.3),
the o�ine track finding e�ciency (See Section 13.5.1) and DAQ e�ciency (assumed) are con-
sidered. The breakdown of the acceptance is shown in Table 20.2.

Event selection Value Comments
Online event selection e�ciency 0.9 Section 16.1.3
DAQ e�ciency 0.9
Track finding e�ciency 0.99 Section 13.5.1
Geometrical acceptance + Track quality cuts 0.18
Momentum window (Ámom) 0.93 103.6 MeV/c < Pe <106.0 MeV/c
Timing window (Átime) 0.3 700 ns < t < 1170 ns
Total 0.041

Table 20.2: Breakdown of the µ≠e conversion signal acceptances.

20.1.6 Single Event Sensitivity

The single event sensitivity (SES) aimed by COMET Phase-I and the required running time
are described. The current upper limit on gold from SINDRUM-II is 7 ◊ 10≠13 [1]. The goal
of COMET Phase-I is an improvement of a factor of 100 on aluminium over the current limit,
namely,

B(µ≠ + Al æ e≠ + Al) = 3 ◊ 10≠15 (as SES) or (20.3)
< 7 ◊ 10≠15 (as 90 % C.L. upper limit). (20.4)

The SES is given by

B(µ≠ + Al æ e≠ + Al) = 1
Nµ · fcap · fgnd · Aµ-e

, (20.5)

where Nµ is the number of muons stopped in the target. The fraction of captured muons to
total muons on target fcap = 0.61 is taken, while the fraction of µ≠e conversion to the ground
state in the final state of fgnd = 0.9 is taken [22]. Aµ-e = 0.041 is the net signal acceptance.
To achieve SES=3 ◊ 10≠15, Nµ = 1.5 ◊ 1016 is needed. By using the muon yield per proton
of 4.7 ◊ 10≠4 in Section 8.5., a total number of protons on target (POT) of 3.2 ◊ 1019 is
needed. With the proton beam current of 0.4 µA, the measurement requires about 1.26 ◊ 107

seconds, corresponding to about 146 days. Note that that the pion production yield may have
an uncertainty of a factor of two or three, as shown in Section 8.1.2. The estimated running
time might be uncertain accordingly.

20.2. Background Estimation with CyDet

The potential background sources in the search for the µ≠N æ e≠N conversion are grouped
into four categories. These categories are intrinsic physics backgrounds, beam-related prompt

276

Table 20.8: Summary of the estimated background events for a single-event sensitivity of 3 ◊ 10≠15 in
COMET Phase-I with a proton extinction factor of 3 ◊ 10≠11.

Type Background Estimated events
Physics Muon decay in orbit 0.01

Radiative muon capture 0.0019
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001

Prompt Beam * Beam electrons
* Muon decay in flight
* Pion decay in flight
* Other beam particles

All (*) Combined Æ 0.0038
Radiative pion capture 0.0028
Neutrons ≥ 10≠9

Delayed Beam Beam electrons ≥ 0
Muon decay in flight ≥ 0
Pion decay in flight ≥ 0
Radiative pion capture ≥ 0
Anti-proton induced backgrounds 0.0012

Others Cosmic rays† < 0.01
Total 0.032

† This estimate is currently limited by computing resources.

294

~0.5

~0.01

http://www.apple.com/jp
https://doi.org/10.1093/ptep/ptz125
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Beam Measurement Detectors
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Station #1

Performance studies, Ongoing → See Masaaki’s talk
Some modifications, Ongoing ( feedbacks from the performance studies )

3

@ Detector R&D Bldg.

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM49

Station #2

Initial checks and calibrations on all 30 RÖSTI boards, Completed
HV conditioning, Done → First signal successfully confirmed !! → See Masaaki’s

4

@ Detector R&D Bldg.

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM49

Station #3

Completed
Tension measurement, Ongoing

 Next week, CDC group will join this tension-measurement campaign

5

@ COMET Hall

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM49

Station #4

6

@ COMET Hall

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM49

Wiring for Module 4 is also in progress, GTU group

Total 416 channels 
Length of straws from 706 to 1252 mm 

Wire – Lumia Ø20 µm golden plated tungsten Straw installation, Gas tightness, Completed !!
 Wire stringing, Ongoing by GTU group ( Staying at J-PARC for 3 months )

Station #5

7

New !!

Hajime NISHIGUCHI (KEK)                                                                ”Straw Status”  　                                                                              COMET CM49

 New straws, produced in JINR and arrived at J-PARC this month
 Straw process, Ongoing by GTU group, Pressure vessel, Ongoing at manufacture

5

CM49 @ J-PARC30, July. 2026 Masaaki Higashide ( SOKENDAI )

1st Station : Experimental Measurement 

This “measured spatial resolution” mainly 
includes two sources of resolution degradation:
 

■ Multiple Coulomb scattering
 

■ Tracking resolution arising from the 
      finite collimator aperture
 

⇒ Evaluated the contributions of these effect
     with ICEDUST. σmeas. ~ 460 μm

XT-plot Residual
■ Results after the Analysis Code Revision

Projection Y [ X=2.40, 2.50 ]
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5ECAL cylinder & feedthrough flange 
in the new building

Photo taken by Hajime on 20th June

ECAL construction area

Cylinder structure

Feedthrough flange

Module Support Frame
• All the modules are installed in the module support frame.  

• The uncovered regions will be filled with dummy materials.  
• The fabrication competed. Ready to install into ECAL structure. 

• ECAL structure was recently moved to new space.

ECAL (2/2)
27

Hajime NISHIGUCHI (KEK)                                             ”The COMET Experiment”                         ICHEP2020, 28Jul-06Aug/2020,Virtual Prague
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A Study of the Performance of the Tracker 
and Calorimeter for the COMET Experiment

���

5タイプのシンボルロゴ

�タイプのシンボルロゴは、それぞれ十分検討したうえでシンボルとロゴを組み合せて

あります。原則として、これ以外のやり方で、シンボルとロゴタイプを組み合わせるこ

とはできません。

シンボルと和文ロゴタイプ、
および英文ロゴタイプを天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
左右方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
左右方向に組み合わせたタイプ

天地方向の組み合せ 左右方向の組み合せ

和
文
＋
英
文

和
文

英
文

なし

基本要素

Kou Oishi, Kyushu University, Japan, on behalf of the COMET collaboration
CLFV2019 : The 3rd International Conference on Charged Lepton Flavor Violation @ Fukuoka, Japan. 17th-19th June 2019

COMET Experiment

1. Crystal-segmented calorimeter
✦ ~2000 crystals (~1m diameter)

2. LYSO inorganic crystal scintillator
✦ High density (7.1 g/cm3), high light yield (70% NaI), and 

fast decay constant (40 nsec)

3. 10×10 mm2 APD photo sensor
4. Temperature monitor
5. LED calibration source

Performance of ECAL

   April, 2016

COMET&Phase,I

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

  All the requirements satisfied.

Ibaraki, Japan

Main Ring
LINAC

e-

Straw Tube Tracker
Measures momentum w/ σP < 200 keV/c.

ECAL
 (Electron Calorimeter)

Measures energy and time-of-flight.
Triggers readout.

High intensity proton beam @ J-PARC
Phase-I (2022)

Sensitivity of ~ 10−15

Beam measurement programme to 
 investigate profiles of time,  
 momentum, and particle kinds.

Phase-II (202x)
Sensitivity of ~ 10−18

Very low branching ratio in the SM.

In physics beyond the SM,

 A clear signal of new physics
 Decay In Orbit is the most severe BG.
  → Good momentum resolution required

μ-e Conversion
Al

Muon Capture

νμ
νe

νμ
μ-e Conversion

105 MeV

104.5103.5
Momentum Spectrum of e−

(MeV/c)

the DIO electrons is presented in Section 17.2. In this study, the momentum cut of 103.6 MeV/c <
Pe < 106.0 MeV/c, where Pe is the momentum of electron, is determined as shown in Fig. 107 [61].
According to this study, the contamination from DIO electrons of 0.01 events is expected for a single
event sensitivity of the µ−N → e−N conversion of 3.1× 10−15.
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Figure 106: Left: Distributions of the reconstructed µ−N → e−N conversion signals and reconstructed DIO
events. The vertical scale is normalized so that the integrated area of the signal is equal to one event with its
branching ratio of B(µN → eN) = 3.1× 10−15. Right: The integrated fractions of the µ−N → e−N conversion
signals and DIO events as a function of the low side of the integration range and the high side of the integration
range is 106 MeV/c. The momentum window for signals is selected to be fro 103.6 MeV/c to 106 MeV/c so
that the DIO contamination would be 0.01 events.

16.1.4 Time window for signals

The muons stopped in the muon-stopping target have the lifetime of a muonic atom. The lifetime
of muons in aluminium is about 864 nanoseconds. The µ−N → e−N conversion electrons can be
measured between the proton pulses to avoid beam-related background events. However, some beam-
related backgrounds would come late after the prompt timing, such as pions in a muon beam. There-
fore, the time window for search is chosen to start at some time after the prompt timing. As discussed
in Section 16.2, the starting time of time window of measurement of 700 nanoseconds is assumed,
although it would be optimized in the future offline analysis.

The acceptance due to the time window cut, εtime, can be given by,

εtime =
Ntime

Nall
, (9)

Ntime =
n∑

i=1

∫ t2+Tsep(i−1)

t1+Tsep(i−1)
N(t)dt, (10)

where Nall and Ntime are the number of muons stopped in the target and the number of muons which
can decay in the window, respectively, Tsep is the time separation between the proton pulses, t1 and t2
are the start time and the close time of the measurement time window, respectively, and n indicates
the window for the nth pulse. The time distribution of the muon decay timing N(t) is obtained by
Monte Carlo simulations. In our case, t1 and t2 are 700 nsec and 1100 nsec, respectively and Tsep is
1.17 µsec, and εtime of 0.3 is obtained.

16.1.5 Net Acceptance of signals

it is assumed that the efficiencies of trigger, DAQ, and reconstruction efficacy are about 0.8 for each.
From these, the net acceptance for the µ−N → e−N conversion signal, Aµ-e = 0.043 is obtained. The
breakdown of the acceptance is shown in Table 24.
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B(µ�Al⇥ e�Al) � O(10�15)

B(µ�Al� e�Al) < O(10�54)

e−

μ−
μ−

μ−
e−

Decay 
in Orbit

StrECAL Detector

C-Shape Muon 
Transport Solenoid

Pion Production Target

Muon Stopping Target

Electron Spectrometer

Phase-II 
Geometry

Beam Measurement 
in Phase-I
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ਤ 4.2: Saint-Gobainࣾ੡ LYSO݁থɻ ਤ 4.3: APD S8664-1010ɻ

LYSO ݁থɺ൓ࣹࡐɺAPDɺLEDɺAPD ൘ɺεϖʔαʔج 1 ͔ͭͣͭΒͳΔɻ·ͨɺॎԣ

2 × 2ͷηάϝϯτݕग़ثͷ૊Λݕग़ثϞδϡʔϧͱݺশ͢Δɻ͜Ε͸ɺηάϝϯτݕग़ث 4

ͭɺԹ౓ܭ 1ͭɺηάϝϯτݕग़ثΛ·ͱΊΔ൓ࣹ͔ࡐΒͳΔɻޙ࠷ʹɺॎԣ 4× 4ͷݕग़ث

Ϟδϡʔϧͷ૊ΛεʔύʔϞδϡʔϧͱݺশ͢Δɻ

ΔͨΊɺਅۭνΣϯόʔ಺ʹઃ͢ڀݚΛ࡞ΕΔਅۭதͰͷಈ͞ٻཁ͍͓ͯʹػ͸ɺ࣮ػ࡞ࢼ

ஔ͢Δɻ͜ͷਅۭνΣϯόʔ಺෦ʹεʔύʔϞδϡʔϧΛઃஔ͢ΔɻϙϦςτϥϑϧΦϩΤν

Ϩϯ (PTFE: Polytetrafluoroethylene)੡ͷ࣏۩ʹΑΓɺεʔύʔϞδϡʔϧΛࠨӈͱ্ํ͔

Βԡ͚͑ͭͯ͞ݻఆ͢Δɻ֤ݕग़ثͷ৴߸͸ϑΟʔυεϧʔج൘Λ௨ͯ͠ɺਅۭνΣϯόʔ

֎ͷલஈ૿෯ثʹೖྗ͢Δɻલஈ૿෯͔ثΒग़ྗ͞ΕΔ৴߸͸ɺ೾هܗ࿥૷ஔΛ༻͍ͯه࿥

͢Δɻ

ҎԼͰ͸֤ύʔπʹ͍ͭͯड़΂Δɻ

LYSO݁থ

ECALʹ༻͍Δ LYSO݁থͱͯ͠ɺSaint-Gobainࣾͱ OXIDEࣾͷ੡඼͕ީิͱͳ͍ͬͯ

Δɻਤ 4.2ʹ Saint-Gobainࣾ੡ͷ LYSO݁থͷࣸਅΛࣔ͢ɻ྆ LYSO݁থͷαΠζ͸ɺ࣮

ͱಉ͡ػ 20 × 20 × 120 mm3 Ͱ͋ΔɻຊڀݚͰ͸྆݁থͷੑೳࠩʹ͍ͭͯධՁͨ͠ɻ͜Ε͸

ୈ 4.2ষʹ͓͍ͯड़΂Δɻ

ثग़ݕޫ

ͱͯ͠ɺ඿দϗτχΫεࣾ੡ثग़ݕޫ APD S8664-1010 [40]Λ࠾༻ͨ͠ɻ͜Ε͸डޫ໘ͷ

αΠζ͕ 10 × 10 mm2 Ͱ͋ΓɺLYSO ݁থͷγϯνϨʔγϣϯޫͷ೾௕ 420 nm ʹରͯ͠

70%Ҏ্ͷޮࢠྔ͍ߴ཰Λ࣋ͭɻ࢖༻ͨ͠ APDͷࣸਅΛਤ 4.3ʹࣔ͢ɻAPDͱ LYSO݁থ

͸ɺ1 mmްͷ Eljen Technologyࣾ੡γϦίϯΫοΩʔ EJ-560 [41]Ͱޫֶతʹ઀ଓ͢Δɻ

APD͸ɺԹ౓ܭͱ LEDͱಉҰͷج൘ (APDج൘)্ʹઃஔ͢ΔɻAPDͷ৴߸͸ɺπΠε

τέʔϒϧʹΑͬͯಡΈग़͢ɻECAL جड़ͷதؒޙͰ͸ɺ͜ͷέʔϒϧΛܭઃظͷॳػ࡞ࢼ

LYSO crystal

ECAL Prototype

Performance @ 105 MeV
Energy Resolution 3.9%
Position Resolution 7.7 mm

Time Resolution 0.53 nsec

Particle Identification (PID)
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Negative Muon
Negative Pion
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   Different responses of ECAL to e/μ/π were measured @ PSI, 
Switzerland in 2015.
   PID efficiency > 90% is achievable by combining with time-
of-flight (TOF) variable, which is measured by the tracker + ECAL.

ECAL response to e/μ/π PID efficiency evaluated w/ energy(data) + TOF(MC)

Bunched Proton Beam

ECAL Prototype 
& Vacuum Chamber

2×2 Crystals module
wrapped by Al mylar bag
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ECAL Energy Resolution BeamFluc.No0 in Mix Region
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symσObserved 

 w/ Term (d)symσFitted 
 w/o Term (d)symσFitted 

Fitted Stochastic Term (a)
asymσ

 w/o Term (d)totσExtracted 

★ The tracker & ECAL prototypes were tested 
together. (Tohoku Univ. 2017 March)

★ All the detector and electronics worked 
properly.

★ Achieved a vacuum pressure < 1 Pa.
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਺ͷ૿ՃΛট͕͘ɺLEDͷۦಈʹ໰୊͕ੜͨ͡৔߹Ͱ΋ɺӨڹΛड͚Δνϟϯωϧ͕ 4νϟ

ϯωϧͷΈͰࡁΉͱ͍͏ར఺͕͋Δɻ

LEDΛۦಈͤ͞Δࠩಈ৴߸Λ࣮͢ݱΔͨΊʹɺύϫʔτϥϯδελΛ࢖༻͍͕ͯͨ͠ɺ֤

ૉࢠͷݸମ͔ࠩΒ̎ۃͷλΠϛϯάΛଗ͑Δࣄ͸೉͔ͬͨ͠ɻͦ͜ͰɺࠩಈΞϯϓΛ༻͍ΔΑ

͏มͨ͠ߋɻҎલʹࠩಈΞϯϓΛ࢖༻͢ΔҊ΋͕͋ͬͨɺ64νϟϯωϧ෼ͷిྲྀ͸څڙͰ͖

ͳ͍ͱͯ͠ഇҊͱͳ͍ͬͯͨɻલड़ͷ௨Γɺѻ͏ LED਺Λ 4ͭʹมࣄͨ͠ߋͰɺLEDυϥ

Πόʹର͢Δిྲྀڅڙೳྗͷཁ͕ٻ؇࿨͞ΕɺࠩಈΞϯϓΛ࢖༻͢Δӡͼͱͳͬͨɻ

8.2 ϏʔϜݧࢼ

2017೥ 3݄ʹɺࠓճͷϏʔϜݧࢼͱಉ͡౦๺େֶిޫࢠཧֶڀݚηϯλʔʹͯɺϏʔϜࢼ

Λ༧ఆ͍ͯ͠Δɻ͜͜Ͱલड़ͷվྑΛՃ͑ͨݧ ECALػ࡞ࢼͷੑೳධՁΛ͏ߦɻ·ͨɺετ

ϩʔνϡʔϒඈ੻ݕग़ثͱ૊Έ߹Θͤͨݧࢼ΋͏ߦɻܭࡏݱը͍ͯ͠ΔϏʔϜݧࢼͷηοτ

Ξοϓͷ໛ࣜਤΛਤ 8.3ʹࣔ͢ɻ̎୆ͷ BDCɺετϩʔνϡʔϒඈ੻ݕग़ثɺECALΛɺશ

ͯಉҰͷਅۭϘϦϡʔϜ಺ʹઃஔ͠ϏʔϜݧࢼΛ͏ߦɻ͜ͷ BDC͸ɺਅۭதͰͷಈ࡞ʹରԠ

ͨ͠όʔδϣϯͰ͋Γɺࡏݱ։ൃதͰ͋Δɻ

ਤ 8.3: 2017೥ ෺࣭Ͱ͋ΔײͷηοτΞοϓͷ໛ࣜਤɻ༗ݧࢼըதͷϏʔϜܭʹ3݄ BDCͷ

ϓϥενοΫγϯνϨʔγϣϯϑΝΠόʔɺετϩʔνϡʔϒඈ੻ݕग़ثͷετϩʔνϡʔ

ϒɺECALͷ LYSO݁থΛਫ৭Ͱදͨ͠هɻ
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The position resolution of the straw tube was 
evaluated and achieved the requirement of < 200 μm. 
The gas mixture of Ar:C2H6 showed a better 
performance.
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Figure 11.33: Full-scale prototype; (Left) Partially completed without vacuum wall, (Right) Whole
view of the completed full-scale prototype

2016, with the various momentum electron beam. The setup for the beam test is schemati-
cally shown in Figure 11.34 (Left), and its photo is also shown in Figure 11.34 (Right). Here

Figure 11.34: Test-beam setup; (Left) Schematic view of the setup, (Right) Photo of set up viewing
from the upstream.

“BDC” means the “beam-difining counter” which consists of bidirectional 1-mm-thick scinti-
fibre counters, and “FC” means the “finger counter” which consists of finger-size 1-mm-thick
thin plastic schintillator counters. Trigger signal is made by the coincidence between two FCs
and “TC” (Timing Counter) which consists of high light yield plastic scintillator with the fast
fine-mesh PMT to provide the precise timing measurement. The electron beam momenta is
varied between 50-300 MeV/c.
Figure 11.35 shows the measured detection e�ciency for the gas mixture of Ar/C2H6(50/50) as
a function of applied HV. Straw single e�ciency is measured by counting the number of proper
hits in layer-2 and counting the number of tracks in layer-2 which is reconstructed by the hits
in layer-1 and layer-3. As shown in Figure 11.35 (Left), high enough HV, higher than 1800
V, guarantees the full e�ciency. However, due to the small but finite gap between each straw
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Y. Fujii @ CLFV2016

StrawTracker

• Straw Tube Tracker consists of ~2500 straw tubes
• Main tracker for Phase-I beam measurement / Phase-II 

physics measurement
• Operation in vacuum
• 20/12um thick, 9.8/5mmΦ straw tube for Phase-I/Phase-II
• Gas mixture candidates: Ar:C2H6=50:50, Ar:CO2=70:30
• Complete the mass production of Phase-I straw tube

22

1st straw plane (x1)
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4th straw plane (y2)
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Phase-I straw tubes Full-scale straw tracker prototype

StrECAL Combined Test

Straw Tracker Prototype
1. Full-scale Phase-I straw tube chamber w/ 20 μm thickness

✦ In Phase-II, more thinner tubes (12 μm) will be used.

2. 16 straw tubes (3 layers) / axis
3. Operated in a vacuum chamber.
4. Two candidate gas mixtures

✦ Ar:C2H6 (50:50) and Ar:CO2 (70:30)

Performance of Straw Tracker
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References • H.Nishiguchi, et al., Development of an extremely thin-wall straw tracker operational in vacuum The COMET straw tracker system, Nucl. Instrum. Methods A, 845 (2017), pp. 269-272
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A Study of the Performance of the Tracker 
and Calorimeter for the COMET Experiment
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5タイプのシンボルロゴ

�タイプのシンボルロゴは、それぞれ十分検討したうえでシンボルとロゴを組み合せて

あります。原則として、これ以外のやり方で、シンボルとロゴタイプを組み合わせるこ

とはできません。

シンボルと和文ロゴタイプ、
および英文ロゴタイプを天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
左右方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
左右方向に組み合わせたタイプ

天地方向の組み合せ 左右方向の組み合せ

和
文
＋
英
文

和
文

英
文

なし

基本要素

Kou Oishi, Kyushu University, Japan, on behalf of the COMET collaboration
CLFV2019 : The 3rd International Conference on Charged Lepton Flavor Violation @ Fukuoka, Japan. 17th-19th June 2019

COMET Experiment

1. Crystal-segmented calorimeter
✦ ~2000 crystals (~1m diameter)

2. LYSO inorganic crystal scintillator
✦ High density (7.1 g/cm3), high light yield (70% NaI), and 

fast decay constant (40 nsec)

3. 10×10 mm2 APD photo sensor
4. Temperature monitor
5. LED calibration source

Performance of ECAL

   April, 2016

COMET&Phase,I

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

  All the requirements satisfied.

Ibaraki, Japan

Main Ring
LINAC

e-

Straw Tube Tracker
Measures momentum w/ σP < 200 keV/c.

ECAL
 (Electron Calorimeter)

Measures energy and time-of-flight.
Triggers readout.

High intensity proton beam @ J-PARC
Phase-I (2022)

Sensitivity of ~ 10−15

Beam measurement programme to 
 investigate profiles of time,  
 momentum, and particle kinds.

Phase-II (202x)
Sensitivity of ~ 10−18

Very low branching ratio in the SM.

In physics beyond the SM,

 A clear signal of new physics
 Decay In Orbit is the most severe BG.
  → Good momentum resolution required

μ-e Conversion
Al

Muon Capture

νμ
νe

νμ
μ-e Conversion

105 MeV

104.5103.5
Momentum Spectrum of e−

(MeV/c)

the DIO electrons is presented in Section 17.2. In this study, the momentum cut of 103.6 MeV/c <
Pe < 106.0 MeV/c, where Pe is the momentum of electron, is determined as shown in Fig. 107 [61].
According to this study, the contamination from DIO electrons of 0.01 events is expected for a single
event sensitivity of the µ−N → e−N conversion of 3.1× 10−15.
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Figure 106: Left: Distributions of the reconstructed µ−N → e−N conversion signals and reconstructed DIO
events. The vertical scale is normalized so that the integrated area of the signal is equal to one event with its
branching ratio of B(µN → eN) = 3.1× 10−15. Right: The integrated fractions of the µ−N → e−N conversion
signals and DIO events as a function of the low side of the integration range and the high side of the integration
range is 106 MeV/c. The momentum window for signals is selected to be fro 103.6 MeV/c to 106 MeV/c so
that the DIO contamination would be 0.01 events.

16.1.4 Time window for signals

The muons stopped in the muon-stopping target have the lifetime of a muonic atom. The lifetime
of muons in aluminium is about 864 nanoseconds. The µ−N → e−N conversion electrons can be
measured between the proton pulses to avoid beam-related background events. However, some beam-
related backgrounds would come late after the prompt timing, such as pions in a muon beam. There-
fore, the time window for search is chosen to start at some time after the prompt timing. As discussed
in Section 16.2, the starting time of time window of measurement of 700 nanoseconds is assumed,
although it would be optimized in the future offline analysis.

The acceptance due to the time window cut, εtime, can be given by,

εtime =
Ntime

Nall
, (9)

Ntime =
n∑

i=1

∫ t2+Tsep(i−1)

t1+Tsep(i−1)
N(t)dt, (10)

where Nall and Ntime are the number of muons stopped in the target and the number of muons which
can decay in the window, respectively, Tsep is the time separation between the proton pulses, t1 and t2
are the start time and the close time of the measurement time window, respectively, and n indicates
the window for the nth pulse. The time distribution of the muon decay timing N(t) is obtained by
Monte Carlo simulations. In our case, t1 and t2 are 700 nsec and 1100 nsec, respectively and Tsep is
1.17 µsec, and εtime of 0.3 is obtained.

16.1.5 Net Acceptance of signals

it is assumed that the efficiencies of trigger, DAQ, and reconstruction efficacy are about 0.8 for each.
From these, the net acceptance for the µ−N → e−N conversion signal, Aµ-e = 0.043 is obtained. The
breakdown of the acceptance is shown in Table 24.
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B(µ�Al⇥ e�Al) � O(10�15)

B(µ�Al� e�Al) < O(10�54)

e−

μ−
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Phase-II 
Geometry
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in Phase-I
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ਤ 4.2: Saint-Gobainࣾ੡ LYSO݁থɻ ਤ 4.3: APD S8664-1010ɻ

LYSO ݁থɺ൓ࣹࡐɺAPDɺLEDɺAPD ൘ɺεϖʔαʔج 1 ͔ͭͣͭΒͳΔɻ·ͨɺॎԣ

2 × 2ͷηάϝϯτݕग़ثͷ૊Λݕग़ثϞδϡʔϧͱݺশ͢Δɻ͜Ε͸ɺηάϝϯτݕग़ث 4

ͭɺԹ౓ܭ 1ͭɺηάϝϯτݕग़ثΛ·ͱΊΔ൓ࣹ͔ࡐΒͳΔɻޙ࠷ʹɺॎԣ 4× 4ͷݕग़ث

Ϟδϡʔϧͷ૊ΛεʔύʔϞδϡʔϧͱݺশ͢Δɻ

ΔͨΊɺਅۭνΣϯόʔ಺ʹઃ͢ڀݚΛ࡞ΕΔਅۭதͰͷಈ͞ٻཁ͍͓ͯʹػ͸ɺ࣮ػ࡞ࢼ

ஔ͢Δɻ͜ͷਅۭνΣϯόʔ಺෦ʹεʔύʔϞδϡʔϧΛઃஔ͢ΔɻϙϦςτϥϑϧΦϩΤν

Ϩϯ (PTFE: Polytetrafluoroethylene)੡ͷ࣏۩ʹΑΓɺεʔύʔϞδϡʔϧΛࠨӈͱ্ํ͔

Βԡ͚͑ͭͯ͞ݻఆ͢Δɻ֤ݕग़ثͷ৴߸͸ϑΟʔυεϧʔج൘Λ௨ͯ͠ɺਅۭνΣϯόʔ

֎ͷલஈ૿෯ثʹೖྗ͢Δɻલஈ૿෯͔ثΒग़ྗ͞ΕΔ৴߸͸ɺ೾هܗ࿥૷ஔΛ༻͍ͯه࿥

͢Δɻ

ҎԼͰ͸֤ύʔπʹ͍ͭͯड़΂Δɻ

LYSO݁থ

ECALʹ༻͍Δ LYSO݁থͱͯ͠ɺSaint-Gobainࣾͱ OXIDEࣾͷ੡඼͕ީิͱͳ͍ͬͯ

Δɻਤ 4.2ʹ Saint-Gobainࣾ੡ͷ LYSO݁থͷࣸਅΛࣔ͢ɻ྆ LYSO݁থͷαΠζ͸ɺ࣮

ͱಉ͡ػ 20 × 20 × 120 mm3 Ͱ͋ΔɻຊڀݚͰ͸྆݁থͷੑೳࠩʹ͍ͭͯධՁͨ͠ɻ͜Ε͸

ୈ 4.2ষʹ͓͍ͯड़΂Δɻ

ثग़ݕޫ

ͱͯ͠ɺ඿দϗτχΫεࣾ੡ثग़ݕޫ APD S8664-1010 [40]Λ࠾༻ͨ͠ɻ͜Ε͸डޫ໘ͷ

αΠζ͕ 10 × 10 mm2 Ͱ͋ΓɺLYSO ݁থͷγϯνϨʔγϣϯޫͷ೾௕ 420 nm ʹରͯ͠

70%Ҏ্ͷޮࢠྔ͍ߴ཰Λ࣋ͭɻ࢖༻ͨ͠ APDͷࣸਅΛਤ 4.3ʹࣔ͢ɻAPDͱ LYSO݁থ

͸ɺ1 mmްͷ Eljen Technologyࣾ੡γϦίϯΫοΩʔ EJ-560 [41]Ͱޫֶతʹ઀ଓ͢Δɻ

APD͸ɺԹ౓ܭͱ LEDͱಉҰͷج൘ (APDج൘)্ʹઃஔ͢ΔɻAPDͷ৴߸͸ɺπΠε

τέʔϒϧʹΑͬͯಡΈग़͢ɻECAL جड़ͷதؒޙͰ͸ɺ͜ͷέʔϒϧΛܭઃظͷॳػ࡞ࢼ

LYSO crystal

ECAL Prototype

Performance @ 105 MeV
Energy Resolution 3.9%
Position Resolution 7.7 mm

Time Resolution 0.53 nsec

Particle Identification (PID)
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   Different responses of ECAL to e/μ/π were measured @ PSI, 
Switzerland in 2015.
   PID efficiency > 90% is achievable by combining with time-
of-flight (TOF) variable, which is measured by the tracker + ECAL.

ECAL response to e/μ/π PID efficiency evaluated w/ energy(data) + TOF(MC)

Bunched Proton Beam

ECAL Prototype 
& Vacuum Chamber

2×2 Crystals module
wrapped by Al mylar bag
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ECAL Energy Resolution BeamFluc.No0 in Mix Region

totσObserved 
symσObserved 

 w/ Term (d)symσFitted 
 w/o Term (d)symσFitted 

Fitted Stochastic Term (a)
asymσ

 w/o Term (d)totσExtracted 

★ The tracker & ECAL prototypes were tested 
together. (Tohoku Univ. 2017 March)

★ All the detector and electronics worked 
properly.

★ Achieved a vacuum pressure < 1 Pa.
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਺ͷ૿ՃΛট͕͘ɺLEDͷۦಈʹ໰୊͕ੜͨ͡৔߹Ͱ΋ɺӨڹΛड͚Δνϟϯωϧ͕ 4νϟ

ϯωϧͷΈͰࡁΉͱ͍͏ར఺͕͋Δɻ

LEDΛۦಈͤ͞Δࠩಈ৴߸Λ࣮͢ݱΔͨΊʹɺύϫʔτϥϯδελΛ࢖༻͍͕ͯͨ͠ɺ֤

ૉࢠͷݸମ͔ࠩΒ̎ۃͷλΠϛϯάΛଗ͑Δࣄ͸೉͔ͬͨ͠ɻͦ͜ͰɺࠩಈΞϯϓΛ༻͍ΔΑ

͏มͨ͠ߋɻҎલʹࠩಈΞϯϓΛ࢖༻͢ΔҊ΋͕͋ͬͨɺ64νϟϯωϧ෼ͷిྲྀ͸څڙͰ͖

ͳ͍ͱͯ͠ഇҊͱͳ͍ͬͯͨɻલड़ͷ௨Γɺѻ͏ LED਺Λ 4ͭʹมࣄͨ͠ߋͰɺLEDυϥ

Πόʹର͢Δిྲྀڅڙೳྗͷཁ͕ٻ؇࿨͞ΕɺࠩಈΞϯϓΛ࢖༻͢Δӡͼͱͳͬͨɻ

8.2 ϏʔϜݧࢼ

2017೥ 3݄ʹɺࠓճͷϏʔϜݧࢼͱಉ͡౦๺େֶిޫࢠཧֶڀݚηϯλʔʹͯɺϏʔϜࢼ

Λ༧ఆ͍ͯ͠Δɻ͜͜Ͱલड़ͷվྑΛՃ͑ͨݧ ECALػ࡞ࢼͷੑೳධՁΛ͏ߦɻ·ͨɺετ

ϩʔνϡʔϒඈ੻ݕग़ثͱ૊Έ߹Θͤͨݧࢼ΋͏ߦɻܭࡏݱը͍ͯ͠ΔϏʔϜݧࢼͷηοτ

Ξοϓͷ໛ࣜਤΛਤ 8.3ʹࣔ͢ɻ̎୆ͷ BDCɺετϩʔνϡʔϒඈ੻ݕग़ثɺECALΛɺશ

ͯಉҰͷਅۭϘϦϡʔϜ಺ʹઃஔ͠ϏʔϜݧࢼΛ͏ߦɻ͜ͷ BDC͸ɺਅۭதͰͷಈ࡞ʹରԠ

ͨ͠όʔδϣϯͰ͋Γɺࡏݱ։ൃதͰ͋Δɻ

ਤ 8.3: 2017೥ ෺࣭Ͱ͋ΔײͷηοτΞοϓͷ໛ࣜਤɻ༗ݧࢼըதͷϏʔϜܭʹ3݄ BDCͷ

ϓϥενοΫγϯνϨʔγϣϯϑΝΠόʔɺετϩʔνϡʔϒඈ੻ݕग़ثͷετϩʔνϡʔ

ϒɺECALͷ LYSO݁থΛਫ৭Ͱදͨ͠هɻ

ECAL

Fiber counter

Straw
Tracker

 (MeV/c)beamP
60 80 100 120 140 160 180

Re
so

lu
tio

n 
(m

m
)

0

2

4

6

8

10

Position Resolution in Mix Region

Observed Resolution
Xσ Yσ Yσ ⊕ Xσ = Rσ

Offset-subtracted Resolution
Xσ Yσ Yσ ⊕ Xσ = Rσ

Points are shifted slightly for easy to see.
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The position resolution of the straw tube was 
evaluated and achieved the requirement of < 200 μm. 
The gas mixture of Ar:C2H6 showed a better 
performance.
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Figure 11.33: Full-scale prototype; (Left) Partially completed without vacuum wall, (Right) Whole
view of the completed full-scale prototype

2016, with the various momentum electron beam. The setup for the beam test is schemati-
cally shown in Figure 11.34 (Left), and its photo is also shown in Figure 11.34 (Right). Here

Figure 11.34: Test-beam setup; (Left) Schematic view of the setup, (Right) Photo of set up viewing
from the upstream.

“BDC” means the “beam-difining counter” which consists of bidirectional 1-mm-thick scinti-
fibre counters, and “FC” means the “finger counter” which consists of finger-size 1-mm-thick
thin plastic schintillator counters. Trigger signal is made by the coincidence between two FCs
and “TC” (Timing Counter) which consists of high light yield plastic scintillator with the fast
fine-mesh PMT to provide the precise timing measurement. The electron beam momenta is
varied between 50-300 MeV/c.
Figure 11.35 shows the measured detection e�ciency for the gas mixture of Ar/C2H6(50/50) as
a function of applied HV. Straw single e�ciency is measured by counting the number of proper
hits in layer-2 and counting the number of tracks in layer-2 which is reconstructed by the hits
in layer-1 and layer-3. As shown in Figure 11.35 (Left), high enough HV, higher than 1800
V, guarantees the full e�ciency. However, due to the small but finite gap between each straw
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Y. Fujii @ CLFV2016

StrawTracker

• Straw Tube Tracker consists of ~2500 straw tubes
• Main tracker for Phase-I beam measurement / Phase-II 

physics measurement
• Operation in vacuum
• 20/12um thick, 9.8/5mmΦ straw tube for Phase-I/Phase-II
• Gas mixture candidates: Ar:C2H6=50:50, Ar:CO2=70:30
• Complete the mass production of Phase-I straw tube

22

1st straw plane (x1)

2nd straw plane (x2)
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gas manifold

gas manifold
front-end boards

front-end boards

optical fibre-link
feedthrough

optical fibre-link
feedthrough

anode 
feedthrough

anode 
feedthrough

gas outlet

gas inlet

signal lines

signal lines

Beam

390
1950

15
60

signal lines

HV lines

front-end boards

gas inlet

gas outlet

gas manifold

Phase-I straw tubes Full-scale straw tracker prototype

StrECAL Combined Test

Straw Tracker Prototype
1. Full-scale Phase-I straw tube chamber w/ 20 μm thickness

✦ In Phase-II, more thinner tubes (12 μm) will be used.

2. 16 straw tubes (3 layers) / axis
3. Operated in a vacuum chamber.
4. Two candidate gas mixtures

✦ Ar:C2H6 (50:50) and Ar:CO2 (70:30)

Performance of Straw Tracker
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References • H.Nishiguchi, et al., Development of an extremely thin-wall straw tracker operational in vacuum The COMET straw tracker system, Nucl. Instrum. Methods A, 845 (2017), pp. 269-272

• K.Oishi, Development of Electromagnetic Calorimeter Using LYSO Crystals for the COMET Experiment at J-PARC, Proceeding of Science, 314 (2018), doi.org/10.22323/1.314.0800
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Phase-I Commissioning
• Minimum beamline / detector configurations to accept the muon beam at the 
earliest 

• Less shield materials w/ 1% beam power w.r.t. the Phase-I nominal 

• Simple proton target support structure 

• 1/3 CTH readout, partial CRV 

• 1/2 strength BS/DS operation for the calibration study 

• Momentum calibrations with Michels e+ edge / DIO peak e- using 
positive / negative muon beam 

• Carbon target support bars as the “mini-target” to further suppress the 
rate 

• Only a day is required including the magnetic field switching 

• Single shot operation with a Phase-I full intensity equivalent will be studied
18

Remote handling system

Radiation sheilding

Mini-target area
1 mmt

7 mmt



Y. Fujii, Sep 2026, NuFact 2026

Schedule

19

• We aim to start our first beam operation with detectors in 2028 

• Gradually increasing the beam power while upgrading facility and detectors

2026 2027 2028 2029 2030~

Commissioning
Phase-I 

low-intensity
Phase-I 

full-intensity

Towards 
Phase-II

Beam-line and 
detector upgrades

Beam-line and 
detector upgrades

    Beamline construction and magnet commissioning

    Detector preparations, dry-runs and installation

×10 Beam-power ×10 Beam-power

×10 Beam-power

Now
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Magnet status

• All magnets have arrived at J-PARC in 2025 

• PCS: 

• Iron yoke will be installed soon 

• Cooling system will be connected in this year / 
early next year 

• MTS 

• Ready and tested in Phase-α 

• BS/DS 

• All hardware is ready and excitation test was done 

• Field measurement will be performed in this month

20

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

• Capture pions backward-emitted from Graphite  
target with  field, guide muons/pions into MTS  

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

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

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

• Excitation test after installation of return yokes 
and transfer tubes

< 5 T

1.2 mm
500 V

3.2 kW 8 GeV

∼ 40 cm

8

Pion Capture Solenoid (PCS)
PCS MTS

Proton beam line

Detector solenoidMTS in Phase-α

PCS in the COMET beam room



Y. Fujii, Sep 2026, NuFact 2026

Magnetic Field Measurement

• DS magnetic field will be measured with the dedicated field mapping machine 

• Measured probe positions were well reproduced
21

SHOHTA TAKAMI
Tracking MTG 23rd Apr 2025

CM49 J-PARC

FMS: Field Mapper System 2
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Physics Detectors’ Dry-run

• CDC, CTH and CRV are all gathered in the J-
PARC R&D building 

• Mechanical integration test will start soon 
followed by the cosmic-ray dry-run measurement

22

CDC and 3.2-m-long CRV module
 Both the CDC fixed on the stand and the 3.2 m-long CRV module are 

currently located in the R&D building, making it feasible to merge 
them together in a common setup.

 Cosmic Run combining these two detectors is a practical opportunity 
 The CRV module together with CDC could recover the cosmic muon 

path enabling studies of tracking performance using cosmic-ray 
muons for both system.

 Coincident measurements between the two detectors can be used 
to validate trigger logic, timing synchronization, and data acquisition 
(DAQ) integration.

 Such a setup will allow studies of track reconstruction efficiency, 
timing resolution, detector alignment, hit correlations, and overall 
detector performance.

 This test will provide first experience in integrating COMET different 
detector subsystems into a common DAQ framework and 
coordinating their operation.

 Such a run could also reveal potential technical challenges at an 
early stage, including issues related to cabling, synchronization, 
readout compatibility, DAQ software, and detector operation.

 The experience gained will be applicable to future Beam Run and 
detector commissioning, reducing technical issues before larger-
scale operation.

 The experience could be useful to evaluate it to the other systems 
which should be integrated with CDC and CRV later in whole COMET 
Phase 1.

2

CDC and 3.2-m-long CRV 
module at R&D building

CDC installation cradle and CDC 
CTH support structure for 
upstream/downstream

Top CRV modules
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Other activities
• Momentum calibration studies 

• ML-based studies 

• Hardware and software triggers 

• MC production enhancement 

• Enhance MC production from ~1010 POTs to 1013 
POTs by utilising ML methods, e.g. W-GAN, 
Copulas, etc 

• Track reconstruction 

• Using machine learning (U-net) not only for noise 
filtering, but also for extracting the track 
parameters

23

truth energy shift : 0.48 MeV

fit energy shift : 0.4621 ± 0.0378 MeV

→ bias = 20 keV

     precision = 37 keV

Target precision = 50 keV is satisfied

Accurate modeling of the acceptance curve is 

essential

Two step fitMomentum scale calibration tested with MC

The full six-species mix is now indistinguishable — after a ratio-bug fix

A bug, found and fixed

First mix scored poorly (joint C2ST 0.542, 
MMD 0.055) — looked like an inter-particle 
“seam”.

Root cause: ratios used whole-dataset 
counts, but generators train on plane-filtered 
data. Neutrons pass the plane at only 37% vs 
96–100% for leptons/photons → 2.4× 
over-represented.

Fix: recompute ratios from plane-filtered 
truth; then confix_long training closed the 
rest.

joint C2ST  0.542 → 0.505
joint MMD  0.0555 → ≈ 0

Real MC vs synthetic 1D marginals, six-species mix at the true plane ratio (n ≈ 250k).  Metric-by-metric breakdown in Appendix C.5.

Fast generative surrogates for COMET Phase-I Jon Cassens  ·  Imperial College London  ·  12

MLP Optimization Result 9
BDT threshold = 0.4, Cluster (H,W) = (1,8), input 768 bit

MLP prediction threshold vs TPR/FPR MLP trigger efficiency

Initial value estimation result
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Summary

• COMET aims to search for µ-e conversion with a single sensitivity below 10-16 

• Phase-I will start in a few years with a step-by-step approach 

• Many scientific outcomes are expected such as momentum calibrations, DIO 
measurement, positive-beam studies, direct beam measurement, etc 

• Final target sensitivity <10-14 

• Almost all hardware components including all magnets have been delivered at J-
PARC for the coming integration and dry-runs
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