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What is μ→e Conversion ?

1s state in a muonic atom
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µ− + (A, Z)→νµ + (A,Z −1)

µ− → e−νν 

nucleus

Neutrino-less muon nuclear capture

µ− + (A, Z)→ e− + (A,Z )

Event Signature : 
a single mono-energetic 
electron of 105 MeV
Backgrounds:
(1) physics backgrounds
(2) beam-related backgrounds 
(3) cosmic rays, false tracking

∝ Z5coherent process

CR(μ−N → e−N) ≡
Γ(μ−N → e−N)
Γ(μ−N → all)
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Current Limits on μ→e Conversion 

Z S CR limit
sulfur 16 0 7 x 10-11

titanium 22 0,5/2,7/2 4.3 x 10-12

copper 39 3/2 1.6 x 10-8

gold 79 0,5/2 7 x 10-13

lead 82 0 (1/2) 4.6 x 10-11
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Introduction to the COMET Experiment 
Phase-I and Phase-II



COMET Phase-I : J-PARC E21
COMET = COherent Muon to Electron Transition

aluminium target



COMET Phase-I : J-PARC E21
COMET = COherent Muon to Electron Transition

proton beam power = 3.2 kW
Single event sensitivity : 2x10-15

Running time: 0.4 years (1.2x107s)
a factor of 100 improvement

Phase-I

aluminium target
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proton beam power = 56 kW

Single event sensitivity : 2.6x10-17

Running time: 1 years (2x107sec)
a factor of 10,000 improvementPhase-II
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Running time: 1 years (2x107sec)

Single event sensitivity : O(10-18)
a factor of 100,000 improvement

Running time: 1 years (2x107sec)



White Paper:

COMET

COMET white paper to the 
2020 update of the European 
Strategy for Particle Physics, 
by COMET collaborations.

COMET

J.-C. Angélique, C. Cârloganu, W. da Silva, A. Drutskoy, M. Finger,
D. N. Grigoriev, T. Kachelho↵er, F. Kapusta, Y. Kuno1, P. Lebrun,

R. P. Litchfield, D. Lomidze, D. Shoukavy, A. M. Teixeira, I. Tevzadze,
Z. B. Tsamalaidze, Y. Uchida, V. Vrba, K. Zuber

A submission to the 2020 update of the European Strategy for Particle
Physics on behalf of the COMET collaboration.

Abstract

The search for charged lepton flavour violation (CLFV) has enormous discovery potential in
probing new physics Beyond the Standard Model (BSM). The observation of a CLFV transition
would be an undeniable sign of the presence of BSM physics which goes beyond non-zero masses
for neutrinos. Furthermore, CLFV measurements can provide a way to distinguish between
di↵erent BSM models, which may not be possible through other means. So far muonic CLFV
processes have the best experimental sensitivity because of the huge number of muons which
can be produced at several facilities world-wide, and in the near future, new muon beam-lines
will be built, leading to increases in beam intensity by several orders of magnitude. Among
the muonic CLFV processes, µ ! e conversion is one of the most important processes, having
several advantages compared to other such processes.

We describe the COMET experiment, which is searching for µ ! e conversion in a muonic
atom at the J-PARC proton accelerator laboratory in Japan. The COMET experiment has
taken a staged approach; the first stage, COMET Phase-I, is currently under construction
at J-PARC, and is aiming at a factor 100 improvement over the current limit. The second
stage, COMET Phase-II is seeking another 100 improvement (a total of 10,000), allowing a
single event sensitivity (SES) of 2.6 ⇥ 10�17 with 2 ⇥ 107 seconds of data-taking. Further
improvements by one order of magnitude, which arise from refinements to the experimental
design and operation, are being considered whilst staying within the originally-assumed beam
power and beam time. Such a sensitivity could be translated into probing many new physics
constructions up to O(104) TeV energy scales, which would go far beyond the level that can be
reached directly by collider experiments. The search for CLFV µ ! e conversion is thus highly
complementary to BSM searches at the LHC.

1contact person: kuno@phys.sci.osala-u.ac.jp.
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The Mu2e experiment
Muon to electron conversion at Fermilab

Andrei Gaponenko
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http://mu2e.fnal.gov

proton beam power = 8 kW

aluminium target



Competition - Mu2e at Fermilab

The Mu2e experiment
Muon to electron conversion at Fermilab

Andrei Gaponenko

Fermilab

CIPANP-2012

http://mu2e.fnal.gov

proton beam power = 8 kW

Mu2e Detector 

Lindgren – Fermilab Snowmass PAC, June 21-25, 2011 15 

Proton beam hits production target in 
Production Solenoid. 
Pions captured and accelerated towards 
Transport Solenoid by graded field. 
Pions decay to muons. 

Transport solenoid performs sign and momentum 
selection. 
Eliminates high energy negative particles, positive 
particles and line-of-site neutrals. 

Muons captured in stopping target. 
Conversion electron trajectory measured 
in tracker, validated in calorimeter. 
Cosmic Ray Veto surrounds Detector 
Solenoid. 

Single-event sensitivity : 2.5x10-17

Running time: 3 years  
         (2x107sec/year)

a factor of 10,000 improvement

aluminium target
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The Mu2e experiment
Muon to electron conversion at Fermilab

Andrei Gaponenko

Fermilab

CIPANP-2012

http://mu2e.fnal.gov

proton beam power = 8 kW

Mu2e Detector 

Lindgren – Fermilab Snowmass PAC, June 21-25, 2011 15 

Proton beam hits production target in 
Production Solenoid. 
Pions captured and accelerated towards 
Transport Solenoid by graded field. 
Pions decay to muons. 

Transport solenoid performs sign and momentum 
selection. 
Eliminates high energy negative particles, positive 
particles and line-of-site neutrals. 

Muons captured in stopping target. 
Conversion electron trajectory measured 
in tracker, validated in calorimeter. 
Cosmic Ray Veto surrounds Detector 
Solenoid. 

Single-event sensitivity : 2.5x10-17

Running time: 3 years  
         (2x107sec/year)

a factor of 10,000 improvement •800 MeV, 100 kW from PEP-II 
•aim at 2x10-18 with 3 years

Mu2e-II

a factor of 100,000 improvement

aluminium target



COMET Collaboration

S.Mihara, J-PARC PAC Meeting, 16/Mar/2012

COMET Phase-I
Proto-collaboration

• 107 collaborators
• 25 institutes
• 11 countries
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COMET Collaboration Increasing...
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Flag National emblem
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Дзяржаўны гімн Рэспублікі Беларусь (Belarusian)

Dziaržaŭny himn Respubliki Bielaruś
(English: State Anthem of the Republic of Belarus)

Location of Belarus  (green)
)  –  [Legend]

Minsk
53°55!N 27°33!E

Belarusian
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8.3% Russians
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Belarus
From Wikipedia, the free encyclopedia

This article is about the European country. For other uses, see Belarus (disambiguation).
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The COherent Muon to Electron Transition 
(COMET) experiment

Proton Beam for COMET

• Background rate needs to be low in order 
to achieve sensitivity of <10-16.

• Extinction is very important.  

– Without sufficient extinction, all 
processes in prompt background 
category could become a problem.

0.7sSpill time

5.3x105Bunches per Spill

1.2x108Protons per Bunch

100nsBunch Length

10-9Extinction

1.3 µsBunch Separation

Bunch Structure

• Muonic lifetime is dependent on 
target Z.  For Al lifetime is 880ns.

Proton Beam for COMET
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The COherent Muon to Electron Transition 
(COMET) experiment

Proton Beam for COMET

• Background rate needs to be low in order 
to achieve sensitivity of <10-16.

• Extinction is very important.  

– Without sufficient extinction, all 
processes in prompt background 
category could become a problem.

0.7sSpill time

5.3x105Bunches per Spill

1.2x108Protons per Bunch

100nsBunch Length

10-9Extinction

1.3 µsBunch Separation

Bunch Structure

• Muonic lifetime is dependent on 
target Z.  For Al lifetime is 880ns.

Proton Beam for COMET

A lifetime of a 
muonic atom in 

aluminium 
~ 880 ns
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Muon Source

pion capture in superconducting solenoids



Muon Source

pion capture in superconducting solenoids

O(>1011) stopped 
µ-/sec   

for 56 kW protons  

proton target in a 
solenoidal field (~5 T)

a long proton target 
(1.5~2 interaction 
length) of heavy 
material)

Muon source

• Collect backward-going 
pions with capture 
solenoid

• Maximise field at target to 
give larger aperture angle

• Pions decay to muons en-route to stopping target. 
• Many neutrons produced, requires careful shielding. The curved 

transport line helps to eliminate direct line-of sight.

5
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𝐵 𝑧
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Decreasing B field





Highlights in COMET Phase-I Preparation



Curved Solenoids for Muon Transport



Curved Solenoids for Muon Transport
6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.

The COMET Phase-I muon beam line consists of a section for pion production and capture, a muon
transport section and a muon collimation section;. These three elements are descibed in the following
sections. At the ‘downstream’ end of the muon beam line is the detector solenoid. The schematic
layout of the COMET Phase-I muon beam line is shown in Fig. 26.

6.1 Pion Production

The COMET experiment uses negatively-charged low-energy muons, which can be easily stopped in
a suitable thin target. The low-energy muons are mostly produced by in-flight decay of low energy
pions. Therefore, the production of low energy pions is of major interest. Conversely, we wish to
eliminate high-energy pions, which could potentially cause background events.

6.1.1 Comparison of different hadron production codes

In order to study the pion and muon production yields, different hadron production simulations were
compared. The comparison of the backward yields of π− and µ− three metres away from the proton
target for different hadron production codes is given in Table 3. It is found that there are a factor of 2.5
difference between different hadron production programs. Among them, the QGSP BERT and FTFP BERT

hadron production models have the lowest yield. Therefore, to make a conservative estimation, the
QGSP BERT hadron production model is used to estimate and optimize the muon beam.

Figure 27 shows the momentum distributions for various particles produced by 8 GeV proton bom-
bardment at the location of the end of the pion capture solenoid sections.

6.1.2 Adiabatic transition from high to low magnetic fields

The pions captured at the pion capture system have a broad directional distribution. In order to
increase the acceptance of the muon beamline it is desiarable to make them more parallel to the beam
axis by changing the magnetic field adiabatically. From the Liouville theorem, the volume in the phase
space occupied by the beam particles does not change. Under a solenoidal magnetic field, the product

24



Curved Solenoids for Muon Transport
6. Muon Beam

Figure 26: Overview of the COMET Phase-I Muon Beam line.

The COMET Phase-I muon beam line consists of a section for pion production and capture, a muon
transport section and a muon collimation section;. These three elements are descibed in the following
sections. At the ‘downstream’ end of the muon beam line is the detector solenoid. The schematic
layout of the COMET Phase-I muon beam line is shown in Fig. 26.

6.1 Pion Production

The COMET experiment uses negatively-charged low-energy muons, which can be easily stopped in
a suitable thin target. The low-energy muons are mostly produced by in-flight decay of low energy
pions. Therefore, the production of low energy pions is of major interest. Conversely, we wish to
eliminate high-energy pions, which could potentially cause background events.

6.1.1 Comparison of different hadron production codes

In order to study the pion and muon production yields, different hadron production simulations were
compared. The comparison of the backward yields of π− and µ− three metres away from the proton
target for different hadron production codes is given in Table 3. It is found that there are a factor of 2.5
difference between different hadron production programs. Among them, the QGSP BERT and FTFP BERT

hadron production models have the lowest yield. Therefore, to make a conservative estimation, the
QGSP BERT hadron production model is used to estimate and optimize the muon beam.

Figure 27 shows the momentum distributions for various particles produced by 8 GeV proton bom-
bardment at the location of the end of the pion capture solenoid sections.

6.1.2 Adiabatic transition from high to low magnetic fields

The pions captured at the pion capture system have a broad directional distribution. In order to
increase the acceptance of the muon beamline it is desiarable to make them more parallel to the beam
axis by changing the magnetic field adiabatically. From the Liouville theorem, the volume in the phase
space occupied by the beam particles does not change. Under a solenoidal magnetic field, the product

24



StrECL Detector in COMET Phase-I

straw chambers

electron 
calorimeter



StrECL Detector in COMET Phase-I

an apparatus to measure a muon beam at Phase-I  
and a prototype for Phase-II

straw chambers

electron 
calorimeter



Progress of Straw Chambers and 

ECAL

𝜎𝐸
𝐸
~ 4.2% in 

105 MeV (i.e. 
signal) region𝜎𝑥 ~ 150μm achieved

⇒ 𝜎𝑝~180keV/c

ECal & Straw testing

ECal Crystals 
(2x2 bundle in
Al-mylar.)

LYSO crystal



ECAL 

• LYSO Crystals 
• Saint-Gobain (SG) & OXIDE & JTC 
• about 500 for Phase-I need 

• APD 
• HPK S8664-1010 10x10mm2 

• PCB design fixed, production 
• Crystal Module 

• design fixed 
• Intermediate Board 

• 4x4 packing, slow control monitors 
• Feedthrough Board 
• Readout Electronics  

• preamp/pretrigger 
• designed by BINP

APD



CyDet (cylindrical detector)

in COMET Phase-I

cylindrical drift chamber



CyDet (cylindrical detector)

in COMET Phase-I

an apparatus to search for µ-e conversion at Phase-I

cylindrical drift chamber



CDC under Cosmic-ray Tests1. Introduction
!3

CDC Cosmic-Ray Test

MIDAS

DAQ Trigger

Slow Control Analysis

CDC

HV, Gas flow rate, Valve, 
Pressure, Temperature, Humidity

Performance evaluation,
Detector response, 
Calibration framework

Good collaborative field 
among sub-groups !!

FC7, FCT, I/F

HV: 1850 V 
Gas mixture: He/i-C4H10=90/10 
flow rate: 100 ccm

Cylindrical drift chamber (CDC) 
takes more data 

at the Fuji experimental hall

2a.		Cabling		(HV	side)

7



CDC Study : XT curve
Improvement	of	the	XT	– Comparison

2018/10/02 8Collaboration	Meeting	26th		Yugo	Matsuda

• Thanks	to	improvement	of	fitting,	XT Curve	and	residual	also	improved.(Layer	10,	Iteration	=	1)	
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Not	pulled	inside

Before After

The	center	of	residual
became	close	to	0

Residual	=	|Xfit|	- Drift	length



Active Cosmic Ray Veto System

• Scintillator slabs with Sci-fibers embedded  
• SiPM readout, need radiation tolerance 
• 5 walls, each wall composed of panels 
• readout ASIC from LHCb from LPC 

• Resistive Plate Chamber (RPC) 
• used in high neutron yield area.  
• LPC design, radiation tolerance designed by  

Georgia (GTU) 
and BINP



Trigger and DAQ Development

for Phase-I in Korea

• High trigger rate (20-30 kHz) for 
DAQ 
• Mostly background hits 
• Beam electron, secondary from 

capture neutron/gamma 
• Online trigger suppress BG hits 
• A configurable and flexible 

• Trigger system 
• Central system based on 

commercial CERN product and a 
custom interface board 

• Ensuring commonality in 
interfacing with different systems.

Trigger / DAQ developments

From CAPP/IBS

Trigger	/	DAQ

• High	trigger	rate	(20-30	kHz)	for	
DAQ
– Mostly	background	hits	
– Beam	electron,	secondary	from	
capture	neutron/gamma

– Online	trigger	suppress	BG	hits

• A	configurable	and	flexible	
Trigger	system	
– Central	system	based	on	
commercial		CERN	product	
and	a	custom	interface	board

– Ensuring	commonality	in	
interfacing	with	different	systems.

Sep	25,	2017 M.J.Lee,	COMET	Phase-I,	NUFACT2017 16
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Table 30: List of GBT links for FC7 and FCT.

Direction Name Number of GBT lines
Outbound Fast control: Trigger 1

Fast control: BeamTime 1
Fast control: SignalWindow 1
Fast control: PreBeamTime 1
Fast control: SpillWindow 1
Fast control: Busy 1
Fast control: HardReset 1
Fast control: Spare 1
Fast control: TimingPulse0 4
Fast control: TimingPulse1 4
Generic write interface 96

Inbound Status flag: FPGA fault 1
Status flag: Wrong board ID 1
Status flag: Busy 1
Status flag: Data line active 1
Status flag: Spares 4
Spare 8
Generic read interface 32
Trigger data 64
Total (Inbound/Outbound) 112

Figure 177: Photograph of the prototype FCT board. The SFP+ housing for the GBT fibre is at the upper
left and FPGA is to the right of this. The empty space along the right edge is for the 400-pin FMC connector,
which is mounted on the opposite side of the board.

detector and gathering any BUSY signals when necessary to prevent further triggers. Some interface
boards also gather the trigger information for transmission to the FC7 (see below). In most cases,
these boards are reasonably straightforward and do not require FPGAs. These boards will have an
identifying number hard-wired into their connectors, allowing the FCT board to know which detector
it is handling.
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COTTRI Prototype
• Two COTTRI prototype boards arrived at KEK in the end of the last month!

• Small delay w.r.t. the original schedule
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Trigger / DAQ developments

From CAPP/IBS

Trigger	/	DAQ

• High	trigger	rate	(20-30	kHz)	for	
DAQ
– Mostly	background	hits	
– Beam	electron,	secondary	from	
capture	neutron/gamma

– Online	trigger	suppress	BG	hits

• A	configurable	and	flexible	
Trigger	system	
– Central	system	based	on	
commercial		CERN	product	
and	a	custom	interface	board

– Ensuring	commonality	in	
interfacing	with	different	systems.
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Status flag: Wrong board ID 1
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Figure 177: Photograph of the prototype FCT board. The SFP+ housing for the GBT fibre is at the upper
left and FPGA is to the right of this. The empty space along the right edge is for the 400-pin FMC connector,
which is mounted on the opposite side of the board.

detector and gathering any BUSY signals when necessary to prevent further triggers. Some interface
boards also gather the trigger information for transmission to the FC7 (see below). In most cases,
these boards are reasonably straightforward and do not require FPGAs. These boards will have an
identifying number hard-wired into their connectors, allowing the FCT board to know which detector
it is handling.
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COMET Phase-I 

Physics Sensitivity (a la TDR)

Y. Fujii @ CLFV2016

Single Event Sensitivity

• 3×10
-15

 S.E.S. achievable in ~150 days of DAQ time corresponds to Nμ=1.5×10
16

39

Number of muons stopped inside targets

Fraction of muons to be captured by Al target = 0.61

Fraction of μ-e conversion to the ground state = 0.9

103.6 < pe < 106.0 MeV/c
700 < te < 1170 ns



COMET Phase-I 

Backgrounds (a la TDR)

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.
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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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Reports 2018 - 2019 (France)



COMET France Collaboration

• In 2018-2019, a new rise of the French common activities for 
COMET Phase-I has occurred.


• On July 11-13, the COMET workshop (which YK visited by using 
the FJPPL budget) was held, being very successful to expand the 
COMET French group and start a written version of its coherent 
aim. 


• In the end of 2018, the approval of the COMET-France 
Collaboration has been made. Currently the COMET-France 
Collaboration includes LPNHE, LPC-Caen, LPC-Clermont, IPNL-
Lyon and CC-IN2P3. 



Activities in LPC-Clermont

• LPC-Clermont works on the Cosmic Ray 
Background affecting COMET.  A  dedicated 
simulation that  includes atmospheric muons 
of low momenta, heavily scattered, should 
reduce significantly the uncertainty on the 
current estimation of this background. At the 
same time, they investigate a possible 
extension of the CRV in the region between 
the muon transport section and the detector 
section (Bridge CRV) using Glass Resistive 
Plate Chambers (GRPC). 

• The advantage of GRPCs is that it is not 
sensitive to neutrons, contrary to the original 
CRV system based on plastic scintillators. 
Prototype chambers are currently being built 
and will be tested in the near future.

Bridge-CRV based on Glass 
Resistive Plate Chambers
1900 mm x 600 mm x 3 (top, 
right, and left).
Rejection factor : 10000



Activities in LPC-Clermont :

GRPC for Bridge CRV

• GRPCs run in avalanche mode 
• gas mixture: 98% TFE, 2% SF6 
• readout: 2 layered PCB with x,y  strip 

readout on top and bottom 
• ~60/95 long strips, ~5 mm wide 
• module thickness: <25 mm  
• module efficiency:  ~98% 
• time resolution:   ~ns

A detector module: two single gap GRPCs with common readout 

float glass
PCB

1.2 mm gap

Al Honeycomb cassette

 Readout electronics takes advantage of developments for ALICE  upgrade:

FEERIC ASIC

1900 mm



Activities in LPC Clermont :

CR induced background study

To make the CR background simulation more 
efficient, atmospheric muons are generated 
underground, close to the detector according 
to a prior distribution. 
•  each muon is backward-transported up to 

the sea-level using a transport engine 
(PUMAS) that  simulates in a very detailed 
way the local environment (transport 
magnets, experimental hall, etc)   

•  each muon is reweighed such  as their flux 
at the surface  reproduces the measured 
atmospheric muon flux at sea level. 

• the muons are injected into the COMET 
simulation stream as usual, but each of them 
carries a weight that allows to efficiently take 
into account rare events

“Backward Monte-Carlo applied to 
muon transport”, 

Comput.Phys.Commun. 229 (2018) 
54-67 (2018-08), arXiv:1705.05636 



Activities in LPC Clermont :

CR induced background study

A full  library of software tools  was developed for sampling atmospheric muons by 
backward Monte Carlo (BMC), using a Modular approach (C libraries) & open source 
(LGPLv3). In particular,  a Geant4 binding developed for COMET (G4Goupil) allows 
using directly the Geant4 geometry and hides the details of the BMC to the end-user, 
who manipulates a G4SingleParticleSource-like object.



Activities in LPC-Caen

• LPC-Caen has started then simulations at the particle productions (in 
particular neutrons) at the proton target using MCNPX. It is important 
and should be cross-checked since neutron fluence is one of the 
issues of the COMET experiment since they are a source of 
background hits and cause radiation damages caused to detectors 
and readout systems. 

MCNPX neutron

Probability per particule (proton)



Activities in CC-IN2P3 (Lyon, France)

• The software development and the management of Monte-Carlo 
simulation production and data storage at CC-IN2P3. Furthermore, a 
specific production of simulation data for the study of Phase II 
sensitivity was launched. oration, a number of naming and coding conventions have been defined (see Appendix ?? for

details).

SimDetectorResponse

ICEDUST Offline 
Software Suite and 
Event Display

MARS

Fluka

oaUnpackoaRawEvent

SimG4

SimHitMerger

oaOfflineDatabase oaChanInfo

AnalysisTools

ReconGlobal

EventDisplay

Code usage

Executable

Library

Key: Data type

Data Flow

Input

Output

oaAnalysis
Simple event 

data

Calibration 
Data

MIDAS data
from detectors

oaEvent
ROOT geometry

Data / MC output

CalibGlobal

Figure 11.1: An outline of the ICEDUST framework. The structure is largely based on the ND280
framework.

11.2. Data Formats

The ICEDUST framework has inherited the o�ine and online data formats from the ND280
framework. The key strength of the approach used is the ability to treat experimental data on
such an equal footing as the simulated data. This is achieved in two ways:

• An unpacking mechanism which converts the raw MIDAS data into o�ine root files.

• A wrapping package which can provide a semi-transparent method to process raw data.

The o�ine format consists of a structured ROOT file, known as the “oaEvent” format. This
format provides room for header information such as a description of the geometry in the exper-
iment, experimental conditions such as temperatures and times, and magnetic field information.
Alongside this the actual event data is stored in a container specific to the current stage of data
processing (calibration, reconstruction or simulation).
The description of the geometry is stored alongside the data, either in the form of a hash
tag pointing of a particular archived geometry which is automatically retrieved as needed, or
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Activities in LPNHE : 

Track finding by Apollonius circles

Paris : Track Finding Study using Apollonius’s circle (very preliminary)

Test the Apollonius method on
signal + background event seems
promissing but consuming computing time
analysis ongoing in the framework
of FCPPL agreement.

Build all Apollonius circles using all
COMET Drift Chamber (CDC) drift
distance hit triplets and vote &

Wilfrid da Silva IHEP 17 december 40 / 46

W. Da 
Silva (SU)


and D, 
Pieters 
(Osaka)



Activities in LPNHE : 

Track finding by persistent homology

W. Da 
Silva (SU)


and D, 
Pieters 
(Osaka)

Paris : Track Finding Study using Persistent Homology (preliminary)
Vertices : replace data points by vertices
Edeges : link two vertices if their distance
is lower than the ball diameter
Increase the ball diameter · · ·
To fill the loops :
Vietoris-Rips rules : fill the triangle
notion of peristence (see main loop ) )

Build the Persistence Diagram and have
a look on loops having the larger lifetime
Analysis ongoing in the framework
of FCPPL agreement. &

Wilfrid da Silva IHEP 17 december 41 / 46



Tracking study of silicon pixel 

vane detectors for the future (1)

After COMET-PHASE I and COMET-PHASE II : PRISM Muon Beam

Wilfrid da Silva IHEP 17 december 42 / 46

Explore the possibility of :
Silicon radial vanes for Stopping Target (yellow)
Silicon vane detector for the tracking of electrons (gray)



Tracking study of silicon-pixel 

vane detectors for the future (2)

MCC : fitting e� from µ� conversion with GENFIT (study ongoing)

Wilfrid da Silva IHEP 17 december 45 / 46





Plan in 2019-2020



Plan 2019-2020

• Simulation works 
• development of software, simulation and data management 
• planning of the mass production of larger simulated data 

• Tracking developments 
• track finding and tracking with GENFIT2 

• Design work on a new tracking device with silicon detectors (Paris) 
• Workshop 

• COMET workshop in Paris is planned 

• Joint supervised students: 
• Dorian Pieters, a French PhD student at Osaka University



Budget Request Summary

• French side

• Two Travels to Japan, 1000 euro x 2 = 2000 euro

• Local expense, 150 Euro/day x 16 days = 2400 euro

• requested to IN2P3 with total 4400 euro


• Japanese side

• one travel to France, 200 k yen x 1 = 200 k yen (PhD student)

• Local expenses, 20 euro/day x 5 days = 100 k yen

• requested to KEK with total 300 k yen


• Additional request to Osaka University or Kakenhi for 200 k yen 
for one more travel (PhD student).





Future Prospects



White Paper:

muonCLFV

Charged Lepton Flavour Violation using

Intense Muon Beams at Future Facilities

A. Baldini, D. Glenzinski, F. Kapusta, Y. Kuno, M. Lancaster,
J. Miller, S. Miscetti, T. Mori, A. Papa, A. Schöning, Y. Uchida

A submission to the 2020 update of the European Strategy for Particle
Physics on behalf of the COMET, MEG, Mu2e and Mu3e collaborations.

Abstract

Charged-lepton flavour-violating (cLFV) processes o↵er deep probes for new physics with dis-
covery sensitivity to a broad array of new physics models — SUSY, Higgs Doublets, Extra
Dimensions, and, particularly, models explaining the neutrino mass hierarchy and the matter-
antimatter asymmetry of the universe via leptogenesis. The most sensitive probes of cLFV
utilize high-intensity muon beams to search for µ ! e transitions.

We summarize the status of muon-cLFV experiments currently under construction at PSI, Fer-
milab, and J-PARC. These experiments o↵er sensitivity to e↵ective new physics mass scales
approaching O(104) TeV/c2. Further improvements are possible and next-generation experi-
ments, using upgraded accelerator facilities at PSI, Fermilab, and J-PARC, could begin data
taking within the next decade. In the case of discoveries at the LHC, they could distinguish
among alternative models; even in the absence of direct discoveries, they could establish new
physics. These experiments both complement and extend the searches at the LHC.

Contact: André Schöning [schoning@physi.uni-heidelberg.de]
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CLFV Schedule in 2025 and beyond

from 36 institutions in six countries, including Italy, Germany, and the UK. Using 100 kW of
protons from PIP-II, the Mu2e-II projected sensitivity is a factor ten or more better than the
Mu2e sensitivity. Data taking could begin in the late 2020s.

The COMET collaboration is also heavily involved in R&D towards the PRISM project, which
combines COMET Phase-II with an FFAG muon storage ring to potentially provide muon beam
intensities of > 1012 stop-µ/s with a narrow momentum bite allowing the use of very thin
stopping targets, and significantly reduced pion contamination owing to the increased transport
path length. In conjunction with an upgrade to the J-PARC proton source to achieve 1.3 MW
and to the detector systems to accomodate the higher rates, PRISM o↵ers the potential to
achieve sensitivies to µ

�
N ! e

�
N of the order of 10�19. The monochromatic, pion-suppressed,

high-intensity muon beam provided by PRISM will allow the use of stopping targets comprised
of heavy elements, such as gold or lead, that can be important in understanding the underlying
new physics operators in the event of a discovery [33].

Summary

The MEG, Mu3e, Mu2e, and COMET experiments use intense muon beams to provide the broadest,
deepest, most sensitive probes of charged-lepton flavour violating interactions and to explore
the BSM parameter space with sensitivity to new physics mass scales of 103 � 104 TeV/c2,
well beyond what can be directly probed at colliders. Over the next five years, currently
planned experiments in Europe, the US, and Asia will begin taking data and will extend the
sensitivity to µ ! e charged-lepton flavour violating transitions by orders of magnitude. Further
improvements are possible and new or upgraded experiments are being considered that would
utilize upgraded accelerator facilities at PSI, Fermilab, and J-PARC. The schedule of planned
and proposed experiments is summarized in the figure below. Strong European participation
in the design, construction, data taking, and analysis will be important for the success of these
future endeavors and represents a prudent investment complementary to searches at colliders.

We urge the committee to strongly support the continued participation of European institu-
tions in experiments searching for charged-lepton flavour violating µ ! e transitions using
high-intensity beams at facilities in Europe, the US, and Asia, including possible upgraded
experiments at next-generation facilities available the latter half of the next decade at PSI,
Fermilab, and J-PARC.

Figure 1: Planned data taking schedules for current experiments that search for charged-lepton flavor
violating µ ! e transitions. Also shown are possible schedules for future proposed upgrades to these
experiments. The current best limits for each process are shown on the left in parentheses, while
expected future sensitivities are indicated by order of magnitude along the bottom of each row.
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Summary

• CLFV, would give good opportunity to 
search for BSM. 


• Muon to electron conversion could be 
one of the important CLFV processes.


• COMET is seeking for muon to 
electron conversion at J-PARC.


• COMET Phase-I is aiming at a factor 
of 100 improvement over the current 
(S.E. sensitivity of 3x10-15), whereas 
COMET Phase-II aims at a factor 
10,000 (100,000) improvement.


• There are several progress in the 
Japanese side as well as the French 
side (and Korean side).
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my dog, IKU

Thank you  for 
your attention.


