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The μ-e Conversion
• A flavour violating process in a muonic 

atom 
• Strongly suppressed in the SM <10-50 
⇔New physics allow the detectable 

conversion rate up to 10-14 
• Clear signal of new physics 

• Simple kinematics 
• Eμe=Mµ-EB-Erecoil~105MeV 

• Current Upper Limit: 7×10-13 by 
SINDRUM-II (2006) 
• New physics may be almost there 

• COMET aims 100 & 10,000 times 
better sensitivity in Phase-I & Phase-II
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Key Challenges
• Statistics 

• Require >1017 of stopping muons 
➡Powerful beam 

• Background reduction 
• Decay In Orbit (DIO) 

➡Good momentum resolution 
• Beam related BG 

➡Pulsed beam 
• Cosmic-ray BG 

➡Veto detector 
• Technical issues 

• High radiation environment 
➡Rad-hard electronics/detectors 

• High rate (hit/trigger/DAQ) 
➡Trigger system, offline pileup rejection, etc
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COMET Overview

Muon Stopping Target

Proton Beam

•Aiming O(10-17) sensitivity, x10,000 better than 
the current upper limit 

•C-shape transport solenoid to suppress beam BG 
•Curved Electron spectrometer to suppress 
DIO+beam BG

Detector Solenoid ~1T

Electron Spectrometer ~1T

Production Target + Pion Capture Solenoid ~5T

Muon Transport Solenoid ~3T

π- → μ-

e-

8GeV, 54kW Proton Beam

４
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COMET Phase-I
8GeV, 3.2kW Proton Beam

•Aiming O(10-15) sensitivity, x100 better than the 
current upper limit using a set of Cylindrical Detectors 

•First 90° of transport solenoid 
•Direct profile measurement for the muon beam w/ 
StrECAL (Straw-tube tracker + ECAL)

５
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J-PARC

MR Synchrotron

*design value

*

6



Y. Fujii, EPS-HEP2019@Ghent

Experimental Facility

• COMET building, beam-line 
shields are almost completed 

• Beam-line and magnets are 
under construction

A-line

B-line

COMET
Hall

K1.8
AreaMain Ring

Switch Yard

Hadron Hall

0         20m

Beam Monitor

Figure 2: Proton beamline of J-PARC Hadron Facility.

BEAM EMITTANCE
Because the new beamline for the COMET experiment is

currently under construction, the extracted proton beam was
transported via A-line to an existing primary proton target.
To obtain the emittance of the extracted beam, existing beam
monitors installed in A-line were used. The beam monitors
were Residual Gas Ionization Profile Monitors [2]. Each
monitor can measure one-dimensional beam profile and a
set of horizontal and vertical monitors was installed at each
circle indicated in Fig. 2. Using the PSI TRANSPORT
simulation [3], the beam envelope was fitted to the measured
beam size to obtain the beam emittance at the point of the
extraction from MR to Hadron Facility.
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Figure 3: 2� beam size at the position of the beam monitors.
Horizontal axis indicates distance from the beam extraction
point.

A comparison of the beam size and the simulated beam
envelope for a typical shot (one cycle of the beam extraction)
is displayed in Fig. 3. The shot-by-shot width of the beam
extent and divergence was calculated for about 24 hours to
evaluate stability of the beam and the results are shown in
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Figure 4: Shot-by-shot beam extent and divergence as a
function of time.

Fig. 4. A shift around 11:00 was due to power recycle of a
beamline magnet. Frequent deviation with interval of 20 –
30 minutes was caused by instability of a debuncher of the
accelerator. Mean values of 2� width of horizontal extent,
its divergence, vertical extent and its divergence were 11.7
(0.09) mm, 0.067 (0.0054) mrad, 3.7 (0.07) mm and 1.25
(0.019) mrad, respectively. Numbers in parenthesis are root-
mean-square of each fluctuation. Resulting 2� horizontal
and vertical emittance were 0.78 (0.063) ⇡ mm mrad and
4.6 (0.14) ⇡ mm mrad, respectively.

Based on the measured beam emittance, the beam optics
of the new proton beamline for the COMET experiment was
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Proton/Muon Beam

• A Bunched Slow Extraction (BSX) operation w/ 8GeV protons has been 
established for COMET @ J-PARC Main Ring 

• Preparation for the muon beam-line is going well
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μ-

e-

CyDet

• Cylindrical Drift Chamber (CDC) consists of 
~5k sense wires, all stereo, He:iC5H10=90:10 

• Already constructed and being tested using 
cosmic-rays → Details reported by M. Moritsu 

• All readout electronics were produced  
• σx ~ 170µm 

• CyDet Trigger Hodoscope  (CTH) is a set of 
48(64) staggered pairs of a scintillator bar & a 
Cherenkov radiator 

• σt <1ns 
• Almost ready for the final production

4 coincidence trigger

Performance tests
‣ CDC performance tests using cosmic rays are being carried out 

with step-by-step upgrade of readout & surrounding systems as 
well as analysis scheme. 

‣ We have obtained spacial resolution of 170 µm & efficiency of 95% 
so far. 

‣ The performance tests will be continued in this year to precisely 
investigate whole region of the CDC. 

!9

7.1.7 Results from Cosmic-ray Tests

A performance evaluation test using cosmic rays started in summer 2016 after the completion
of the CDC. Stable operation of the CDC is achieved with He:i-C4H10 (90:10) gas mixture and
with applied high voltage up to 1850 V. Figure 7.46 shows typical event displays where a clear
cosmic-ray track can be drawn. From the deviation of drift distance from the distance of closest
approach between a hit wire and a reconstructed track, a residual distribution is obtained in
Figure 7.47(a). A position resolution is derived to be 170 µm including a tracking uncertainty.
Hit e�ciency is defined as a fraction of hit events which have the residual within ±3‡ to total
reconstructed tracks. The hit e�ciency increases with the applied high voltage as shown in
Figure 7.47(b), and comes up to 95% at 1850 V.
The cosmic-ray test is ongoing as of the end of 2017 with step-by-step upgrade. The preliminary
results obtained so far demonstrate a good performance as expected. Detailed analysis results
will be reported in a separate paper.
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(a)  Event Display (b)  Zoom view
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Figure 7.46: (a) Typical event display of CDC cosmic-ray test. (b) Zoom view of the event display.
Hit wires are marked with red circles whose radii correspond to the drift lengths.
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Figure 7.47: (a) Residual distribution for the layer-10 at 1825 V. The distribution is fitted with a
Gaussian. (b) Hit e�ciency for applied high voltages.
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CDC in operation of cosmic-ray test An example of cosmic-ray event

CTH Prototype

17 topping target discs, 0.2mT Al
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StrECAL

• Phase-I beam measurement + Phase-II 
physics measurement 

• Straw-tube Tracker consists of 2.4k 
straw tubes operational in vacuum 

• 20µm thick/10mmφ straws are ready 
for assembly (more details in Michail 
Kravchenkoʼs poster) 

• σx ~ 150µm 
• ECAL is a primary trigger detector 

• Measure the energy and timing of e- 
using ~2k LYSO crystals 

• σE ~ 4.5%, σt <1ns @105MeVe- 

signal lines

HV lines

front-end boards

gas inlet

gas outlet

gas manifold

20mm

20mm
120mm

ECAL Prototype overview

May 19, 2016 19th COMET CM : ECAL Prototype Status 4

ECAL modules

Vacuum gauge

Vacuum Pump

ECAL 8x8 Prototype

LYSO Crystal

A station of straw 
tracker All Straw tubes already 

manufactured for Phase-I
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Phase-II Straw Tube

• Succeeded to manufacture 12µm thick/ 5mmφ straw tubes 
• Achieve the vacuum tightness against 4 bar pressure 
• Further studies are ongoing @JINR

12 µm 5 mm straw tubes R&D

12 mµ thickness straw tubes
6-10 mm Diameter
length 1200 mm 12 mµ and 4.8 mm diameter 

straw tubes

3 bar absolute presurization

Prepared samples for testing

12µm/4.8mmφ straw tubes
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Extinction Measurement

• Extinction factor is measured w/ 8GeV 
BSX mode @J-PARC in 2018 

• Reason for the last bunched leakage 
protons was confirmed and fixed in 2019 
(IPACʼ19, H. Nishiguchi) 

• Excellent extinction factor*, <6×10-11 is 
achievable!

TDC. The third is P3 which is a timing of the beam extraction
as displayed in Fig. 1.

Performance of the counters was evaluated during the
commissioning period as well as beam time with normal
slow extraction. Overall e�ciency of the detectors was 92%
for single pion injection. The ine�ciency mainly came from
acceptance of BH1 and BH2 because pion beam size was
larger than usual experiment at K1.8 area. Count loss of
SH due to signal pileup was evaluated by hit multiplicity of
SH as well as comparison between SH and ion chambers
and was estimated to be 10%. A fake signal due to acci-
dental coincidence of the detectors was evaluated based on
single count rate of each detector and was obtained to be
4×10−13 Hz. It corresponds to 10−8 hits or less during the
measurement time.
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Figure 7: Hit time distribution. Time zero was determined by
MR_sync with arbitrary o�set. Four large peaks correspond
to the filled bunches.
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Figure 8: Time evolution of the hit time distribution.

The obtained hit time distribution is displayed in Fig. 7.
Four large peaks correspond to filled bunches. The number
of the accumulated pions was 1.7×1010. No particles be-
tween bunches were observed before the 4th bunch while
202 counts of residual beam pions were detected after the
4th bunch. The resulting extinction factor was the order
of 10−8 and is unacceptable for the COMET experiment.
By masking the 4th bunch, we achieve acceptable level of
6×10−11 but signal yield decreases to 75%. Correlation with
P3 timing is displayed in Fig. 8. The undesirable hits con-
centrate near the beginning of the beam extraction. Note
that the extinction factor was also measured at MR abort line
directly using proton beam to be better than 10−11. How-
ever the region after the 4th bunch was invisible due to its
measurement method.

SUMMARY AND PROSPECTS

Commissioning of the bunched slow extraction of 8 GeV
proton beam was performed at J-PARC for the first time. The
emittance of the extracted beam and the extinction factor
were measured during the commissioning. Based on the
measurements, it becomes possible to evaluate a design of
the new beamline for the COMET experiment. More real-
istic simulation of the COMET experiment is also ongoing
to evaluate signal yield and sensitivity. We achieved the
extinction factor of 6×10−11 or less while the significant
beam leakage was observed after the 4th bunch. The leakage
shows characteristic time structure and it would help to solve
the source of the leakage.
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TDC. The third is P3 which is a timing of the beam extraction
as displayed in Fig. 1.

Performance of the counters was evaluated during the
commissioning period as well as beam time with normal
slow extraction. Overall e�ciency of the detectors was 92%
for single pion injection. The ine�ciency mainly came from
acceptance of BH1 and BH2 because pion beam size was
larger than usual experiment at K1.8 area. Count loss of
SH due to signal pileup was evaluated by hit multiplicity of
SH as well as comparison between SH and ion chambers
and was estimated to be 10%. A fake signal due to acci-
dental coincidence of the detectors was evaluated based on
single count rate of each detector and was obtained to be
4×10−13 Hz. It corresponds to 10−8 hits or less during the
measurement time.
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MR_sync with arbitrary o�set. Four large peaks correspond
to the filled bunches.
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The obtained hit time distribution is displayed in Fig. 7.
Four large peaks correspond to filled bunches. The number
of the accumulated pions was 1.7×1010. No particles be-
tween bunches were observed before the 4th bunch while
202 counts of residual beam pions were detected after the
4th bunch. The resulting extinction factor was the order
of 10−8 and is unacceptable for the COMET experiment.
By masking the 4th bunch, we achieve acceptable level of
6×10−11 but signal yield decreases to 75%. Correlation with
P3 timing is displayed in Fig. 8. The undesirable hits con-
centrate near the beginning of the beam extraction. Note
that the extinction factor was also measured at MR abort line
directly using proton beam to be better than 10−11. How-
ever the region after the 4th bunch was invisible due to its
measurement method.

SUMMARY AND PROSPECTS

Commissioning of the bunched slow extraction of 8 GeV
proton beam was performed at J-PARC for the first time. The
emittance of the extracted beam and the extinction factor
were measured during the commissioning. Based on the
measurements, it becomes possible to evaluate a design of
the new beamline for the COMET experiment. More real-
istic simulation of the COMET experiment is also ongoing
to evaluate signal yield and sensitivity. We achieved the
extinction factor of 6×10−11 or less while the significant
beam leakage was observed after the 4th bunch. The leakage
shows characteristic time structure and it would help to solve
the source of the leakage.
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Figure 5: Schematic view of the detector system at K1.8 area.

calculated using the PSI TRANSPORT and TURTLE [3]
simulation. The optics was optimized to minimize the beam
size at the target of the COMET experiment. The resulting
horizontal and vertical beam size at the target was 1.4 mm
and 1.0 mm, respectively, in 1σ of Gaussian fit.

EXTINCTION FACTOR MEASUREMENT
AT K1.8 AREA IN HADRON HALL

Several measurements of the extinction factor were per-
formed at J-PARC in the past years. However those early
tests were done with the beam energy of 30 GeV and/or at
the MR abort line without extraction. The measurement
with 8 GeV and bunched slow extraction was performed for
the first time in 2018. The measurement was carried out at
the K1.8 experimental area in Hadron Hall (Fig. 2). The
extracted proton beam was injected to the primary target and
produced secondary particles were transported to the K1.8
area. The secondary beamline was adjusted to transport
1.32 GeV/c negative pions with typical beam intensity of
1.5×106 per shot. The pion beam was used for the extinction
factor measurement. The bunch structure of the secondary
pions is inherited from the primary proton beam and its
intensity is proportional to the proton intensity.

The schematic view of the detectors for the measurement
is displayed in Fig. 5. Coincidence of five layers of the scin-
tillation counters or hodoscopes was employed to identify
the beam pions. The most upstream beam hodoscope (BH1)
was installed in the middle of the secondary beamline. The
second hodoscope (BH2) was located near the focal point.
Signal OR of slabs of each hodoscope of BH1 and BH2 was
used in the measurement. Another hodoscope (SH) and two
counters (SC1 and SC2) were installed at the most down-
stream region. Their photo was shown in Fig. 6. SH was the
main detector to count beam pions. SH consists of 16 scintil-
lation counters read out by photomultiplier tubes. The size of
each scintillator was 40 mm wide, 250 mm high and 20 mm
thick. The signal of each slab was recorded separately to
avoid signal pileup because about four pions per bunch were
injected on average in the measurement. Two ion chambers

���
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���
���

�
�
	����

Figure 6: Photo of the downstream part of the detectors.

(IC1 and IC2) were used to supplement shot-by-shot beam
intensity.

The signals from counters were recorded by three di�erent
TDCs (Time-to-Digital Converter) for redundancy. One is a
commercial TDC (Acqiris TC890) with high time resolution
of 50 ps but the number of input channels is limited to six.
Signals from SH were additionally merged only for this TDC.
Another is TDC based on Xilinx Kintex-7 FPGA evaluation
board with 16 input channels. The third is FPGA-based
TDC with 64 input channels and was developed for general
purpose used at Hadron Facility. Signals from SH were
recorded without coincidence with BH1, BH2, SC1 and SC2
for this TDC and the coincidence was performed in o�ine
analysis. We finally obtained consistent results between
these TDCs.

In addition to the signals from the detectors, three timing
signals from the accelerator were used in the measurement.
One is a synchrotron RF which is synchronized with beam
bunches. Another is MR_sync which is a timing of the first
bucket out of nine in MR. MR_sync is used as a time zero of
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* (#of residual protons)/(#of protons in a pulse)

Solved!
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~1.2 µs

COTTRI
FCT RECBE 

I/F out

Func. Gen.

Test pulse  
to RECBE TestIn

Trigger signal 
from COTTRI

Trigger data 
from FC7

Online Tracking Trigger
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RI FECOTT

RI FE
COTTRI 

FE

Local & Neighbouring classification

COTTRI
MB

FC7

Global classification

Trigger/timing info from CTH

Final Trigger Distribution 
to Detectors

• Online trigger based on CDC information is being developed to 
achieve <10kHz trigger rate in COMET Phase-I 

• Succeeded to take cosmic-rays w/ almost final ver. trigger/DAQ 
electronics 

• See more details in Y. Nakazawaʼs talk

Cosmic-ray data taking by 
CDC and COTTRI SystemMeasured trigger latency
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COMET Phase-II Study
• Revisited Phase-II configuration to 

maximise the physics sensitivity 
• Original sensitivity: ~3×10-17 
• Being optimise; 

1. Production target 
2. Magnetic fields 
3. Stopping target 
4. Electron Spectrometer 
5. Detectors

9CM28, 14th June 2019 Andreas Jansen

2) StopTarget
ªCurrent configuration: 17 disks

10CM28, 14th June 2019 Andreas Jansen

2) StopTarget
ª17 disks, optimized field (0.7 – 0.7)

} Muon stops / PoT
� Bens thesis
ª 𝟏. 𝟕 × 𝟏𝟎−𝟑

� 17 disks, opt. field
ª 𝟐. 𝟗 × 𝟏𝟎−𝟑
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COMET Phase-II Study
• Revisited Phase-II configuration to 

maximise the physics sensitivity 
• Original sensitivity: ~3×10-17 
• Being optimise; 

1. Production target 
2. Magnetic fields 
3. Stopping target 
4. Electron Spectrometer 
5. Detectors

9CM28, 14th June 2019 Andreas Jansen

2) StopTarget
ªCurrent configuration: 17 disks

19CM28, 14th June 2019 Andreas Jansen

2) StopTarget
ª34 stretched disks

20CM28, 14th June 2019 Andreas Jansen

[              ]

2) StopTarget
ª34 stretched disks

} Muon stops / PoT
� Bens thesis
ª 1.7 × 𝟏𝟎−𝟑

� 17 disks, opt. field
ª 2.9 × 𝟏𝟎−𝟑

� 34 disks
ª 4.8 × 𝟏𝟎−𝟑

� 34 disks, opt. field
ª 5.4 × 𝟏𝟎−𝟑

� 34 disk, pos. adjusted
ª 5.3 × 𝟏𝟎−𝟑

� 34 disk, stretched
ª 6.4 × 𝟏𝟎−𝟑

<

34 disk (maximum)
ª 8.1 × 𝟏𝟎−𝟑

10CM28, 14th June 2019 Andreas Jansen

2) StopTarget
ª17 disks, optimized field (0.7 – 0.7)

} Muon stops / PoT
� Bens thesis
ª 𝟏. 𝟕 × 𝟏𝟎−𝟑

� 17 disks, opt. field
ª 𝟐. 𝟗 × 𝟏𝟎−𝟑

• Change geometry/location of 
production target, B-fields 

• 1.7×10-3 → 2.2×10-3 µ-/POT 
• Increase #of discs, Modify 

geometry of stopping target 
• 2.2×10-3 → 6.4×10-3 µ-/

POT 
• More room to improve
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Summary & Prospects
• Summary 

• COMET searches for the µ-e conversion to tackle the yet-unknown BSM physics 
• Phase-I preparation is ongoing to achieve 3×10-15 of single event sensitivity 
• Phase-II will follow with a ×100 better sensitivity (& ×10 further 

improvement) 
• Prospects 

• COMET Phase-I will start in the early 2020s 
• Phase-II will follow soon after 
• New generation CLFV searches will come in 2020s, Stay tuned!
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