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Charged Lepton Flavour Violation (CLFV)
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ℬ(μ → eγ) = 0

In the Standard Model,
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Charged Lepton Flavour Violation (CLFV)
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∼ 10−54

ℬ(μ → eγ) = 0

In the Standard Model,

We know neutrinos oscillate, then
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Many models to one observable?

Interpreting data - how??

! Pheno approaches:
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Effective approach

(model-independent)

Model dependent

(specific NP scenario)

! Different from quark FV!

No SM “TH background”...

7A.M. Teixeira, LPC Clermont

In "theory", what are the methods to interpret the data - measurements or new bounds?  
   (What can we learn from all these muons?) 

Muon cLFV: learning about New Physics

A azing prospects - so many experimental avenues, so many channels to study!  

Near future: first hints of New Physics from -cLFV, or tighter constraints ... but on which NP?

μ
μ

̣Experimental data: 
... muon cLFV ...

Constraining classes of 
SM extensions: EFT 
(model-independent) 

Minimal NP models: 
simple BSM

Towards the full UV complete NP model: 

, BAU, DM, flavour & CP,  
gauge unification, hierarchy, ... 

mν

 Two phenomenological approaches or  

  flavoured paths to New Physics:     

Effective approach (model independent)               

Model-specific (implications for a given BSM)

⇒

(remarkably little SM background)

Charged Lepton Flavour Violation (CLFV)
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And more possibilities in new physics…
A.M. Teixeira, Muon4Future (2023) Different CLFV processes are sensitive to 

the different interactions 
→ complementary to pin down NP models
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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.
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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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µ-e conversion : Signal

6

nucleus

μ-

e-

Signal

Ee = Mμ − Bμ,Al − Erecoil,Al ∼ 105 MeV
τμ,Al = 864 ns

Mono-energetic electron 
Current upper limit: 7.0×10-13 @90% C.L. by 
SINDRUM II with Au target (2007)  
Clear sign of the New Physics if discovered

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

   April, 2016

COMET&Phase,I

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

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

3
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µ-e conversion : Backgrounds
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Intrinsic 
Muon Decay-in-obit (DIO)

Beam-induced 
Prompt 
(Mostly) pion-induced particles 

Delayed 
Decay products of muons 
Magnetically trapped particles 
Antiprotons

Cosmic-ray induced 
Rarely, it could induce ~100 MeV/c charged particles inside the 
detector

nucleus

μ-

e-

ν

ν

DIO
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Measurement Concept in modern µ-e searches

8

Main beam pulse 
Prompt beam induced particles 
Muon decay products

Time

~0.5 µs signal window
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Good momentum measurement × Delayed time window w/ pulsed beam
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J-PARC (Japan Proton Accelerator Research 
Complex) @ Tokai village, JAPAN

Rapid Cycle Synchrotron 
(RCS) 0.4 → 3 GeV

Proton Linear 
Accelerator 0 → 0.4 GeV

Main Ring  
Synchrotron 3 → 30 

(8) GeV

COMET Experiment

9 Hadron Experimental Facility (HEF)

Pion C
apture

 Solen
oid final

ly 

arrive
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Proton beam

• A 8 GeV proton beam is extracted from the 
J-PARC Main Ring 

• Normally 30 GeV 

• Keep bunch structure unlike other 
hadron/nuclear experiments 

• “8GeV” is explicitly chosen to suppress 
antiprotons (details will be discussed later) 

• A highly pulsed beam is essential to avoid 
any beam induced prompt particles pop 
into the delayed time window 

• This is realised by filling 1/2 of proton 
beam buckets at RCS

10

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

Time ( )μs
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Muon beam

• What we need: 

• low momentum (<60 MeV/c) muons to stop them easily 

• Less of other particles to suppress backgrounds, especially, high 
momentum ones 

• Muon beam is created by “full-stopping” protons at the target 

• Unlike other muon experiments; PSI, J-PARC MLF using a disk type target 

• Backward muons/pions to be collected for selecting them w/ relatively 
low-momentum 

• Transporting them by using a “curved” solenoid with a correction dipole 
field

11
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Pion Capture Solenoid

• Collect “backward-going” pions/muons which tend 
to have lower momentum than forward ones

12

Proton beam
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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.

49

µ/π

To MTS

Pion production target
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Muon Transport Solenoid

The curved solenoid + correction 
dipole fields effectively filter high 
momentum and/or positive particles

13

2.5 T solenoid 
+ 0.04 T dipole
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Phase-α: First muons @ COMET Hall

• Before the PCS arrival, proton 
beam delivery and muon 
transportation had been tested as 
“COMET Phase-α” in 2023-2024 

• Both were done in success despite 
the significant beam-time cut

14

Kou Oishi / Imperial College LondonCOMET CM39 / 27th  Mar. 2023

Phase-α Beamline
The beamline without the Pion Capture Solenoid & Field 
✦ The this Pion Production Target contained in a vacuum pipe. 
✦ Muon Transport Solenoid to be used in Phase-I&-II, too. 
✦ Beam-masking system with two moving collimator slits before the Transport Solenoid. 

★ Special thanks to Shunsuke for the installation, and Oliver and Kevin for the production!

4

Pion Production Target

To beam dump

Transfer solenoid magnet

Turn chamber

Pion Production Target

Kou Oishi / Imperial College LondonCOMET CM39 / 27th  Mar. 2023 11

Assembled Detectors

Transport Solenoid Exit

Muon Beam Monitor

Straw Tube Tracker

Range Counter

Me (K. Oishi)

Kou Oishi / Imperial College LondonCOMET CM39 / 27th  Mar. 2023

Range Counter (Osaka Univ. & Imperial)
Multi-layered plastic scintillating counters with  
  a graphite momentum degrader and a copper muon absorber. 
✦ Change the momentum range to measure with different thicknesses of the degrader. 
✦ Reconstruct the number of muons stopped in the copper absorber. 

★ Negative muon's life time in copper becomes to ~160 nsec, 
★ which can be distinguished from other muon decay in lighter materials ~2.2 µsec. 

✦ Also works as the trigger detector.

10

preT0

T0, T1, T2,  
absorber

Degraders

e−

T0 T1 & T2

AbsorberDegraders

µ−

preT0

Kou Oishi / Imperial College LondonCOMET CM39 / 27th  Mar. 2023

Muon Beam Monitor (SYSU, China)
Scintillating fibre hodoscope (SYSU of China) 
✦ Hodoscope detector with 1 mm2 plastic scintillating fibres, readout by SiPMs. 
✦ 30×30 cm2 area holds 2D-aligned 128+128 fibres. 
✦ A multi-channel input electronics was developed. 

★ ~3 nsec time resolution. 
★ Good hit rate tolerance and capability for the experiment.

8Muon position/timing detector Range counter
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Data Simulation
  Stat. Error   Target
  Syst. Error   Non-Target

Phase-α: (Preliminary) result

• Muon events were selected by 
using the timing of Range 
counters for different 
degrader thickness 
(=momentum) 

• Global trends agree between 
data/MC 

• Further checks are ongoing 
to publish the official result

15
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COMET Phase-I
• To demonstrate the basic concept, 

while conducting the physics 
measurement quickly compared to 
the full-set of COMET (Phase-II) 

• Proton beam ×1/10, a graphite target 
instead of tungsten 

• A first 90° curved solenoid + 
detector solenoid at the end 

• Physics measurement w/ cylindrical 
detectors 

• Direct muon beam and background 
measurements w/ planar detectors

16

Pion Capture Solenoid (PCS)

Muon Transport Solenoid (MTS)

Detector Solenoid (DS)
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Physics Measurement in Phase-I

17

µ-
e-

Cylindrical Drift Chamber (CDC)

Cylindrical Trigger Hodoscope (CTH)

Muon Stopping Target

• Target single event sensitivity: 
3×10-15 with 150 days-long DAQ 
time 

• Cylindrical detectors to avoid 
beam concentration around the 
centre 

• Good momentum resolution with 
a helium-based wire drift chamber 

• 200 keV/c @105 MeV/c in σ 

• Hit rate is so high that a fast 
timing measurement and clever 
triggering are important keys
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Physics Measurement in Phase-I

18

/1615

CDC

DP ケーブル (5m)

MB

FE 
        x10

DP ケーブル  
(4m)

全数通信試験セットアップ @J-PARCハドロン実験準備棟

RECBE 
       x86

クロック& 

トリガー分配中央トリガー 
システム

Oct. 8, 2024

← FEの様子

2024年2月12日 佐々木涼花修士論文発表会

試作機を段階的に設計・製作→冷却試験
冷却システムの設計・開発 13

冷却システム全体図

4列分の銅管、垂直保持板、銅管固定パーツ
 + 1列分の銅ブロック、ファイバーガイド、ダミー基板で冷却試験

650mm

930mm

SiPM基板1枚分の冷却システム構造

垂直支持板

組み立てた実際の冷却システム

• 銅製の冷却部に基板を接触させ熱伝導で冷却 
• 1システムに64枚の基板を設置・システム内で冷媒を分岐（16枚 x 4列） 
• SiPM受光面に光学ファイバーを接続 
• SiPM故障時に簡単に交換可能

All CDC electronics have been installed!

CTH prototype was 
tested and 
requirements were 
met

MPPC cooling 
system was built 
and tested in the 
last month
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Beam Measurement in Phase-I

19

• Everything put in 
vacuum to minimise the 
multiple scattering 

• Straw-tube trackers with 
an extremely thin wall 

• LYSO crystals to bring a 
fast timing response 
with an excellent energy 
resolution 

• More importantly, they 
are “prototypes” of 
Phase-II detectors
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Beam Measurement in Phase-I

20

38 ୈ 4ষ ECALػ࡞ࢼͷ։ൃ

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

• The 1st station of straw-tube tracker was built 

• 2nd and 3rd are being assembled 

• The ECAL prototype was tested and performance 
was verified 

• ECAL construction is ongoing



Y. Fujii, Feb 2025, Okayama University

Phase-I magnets status
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Pion Capture Solenoid

Muon
 Transport
 Solenoid

Current
 Lead
 Box

He Refrigerator
(behind CLB)

proton beam line

COMET
Superconducting
Magnet System
as of Dec.2024

14

Shohta Takami CM44 @JPARC

Basic spec (with iron yoke) 
• B at central axis : 1.0 T 
• Current : 189.0 A 
• Stored Energy : 4.19 MJ 
• Inductance : 236 H 
• Cooling system : conduction cooling 
with 3 GM cryocoolers

COMET Detector Solenoid 3

3220 mm 1800 mm

Flange to Flange … 3220 mm 
Inner Diameter … 1800 mm

DS

• All magnets have been 
manufactured and 
delivered in J-PARC/KEK 

• PCS was connected to the 
MTS in 2024

Detector Solenoid
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COMET Phase-II
• Aiming to start in few years after the completion of Phase-I 

• Beam power ×10 (3.2 kW → 56 kW) 

• Production section 

• Graphite → Tungsten (high-Z to increase pion production) 

• Radiation cooling → Water (or equivalent) + contact cooling 

• Full muon transportation 

• Additional 90° bending to complete C-shaped solenoid 

• Much less pion decay products at the muon stopping target 

• Curved electron spectrometer 

• Highly suppress DIO and low momentum secondaries 

• Roughly ×100 sensitivity improvement in total

22
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COMET Phase-II

23

Muon Stopping Target 
+ beam blocker

8GeV Proton Beam (56 kW)

Detector Solenoid (~ 1T) + StrawECAL

Electron Spectrometer ~1T 
to select ~100MeV/c charged particles

Production Target + High Efficiency Pion Capture Solenoid ~5T 
Large aperture to effectively collect low-p π/μ

Muon Transport Solenoid ~3T 
to select low momentum μ- 

and suppress π-

μ-

e-
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Possible issues in Phase-II
• Radiation level will be much higher in Phase-II 

• Once we start the full-intensity run, PCS area will not be accessible for a 
long-term 

• The target design and choice of material should be decided with an EXTRA 
CARE!  

• COMET standard MC production (based mostly on Geant4) will be very 
inefficient 

• More efforts to be put in MC generator R&Ds 

• Rare backgrounds are almost impossible to be reproduced by the G4-based 
full-simulation and unreliable at 10-17 level of sensitivity 

• Cosmic-ray: can be vetoed, but coming from everywhere 

• Antiprotons: produced by the proton beam, slow and long-lived
24
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Simulation problems

25

4. Compare with Geant4 o�cial process

Despite the discrepancy mentioned above, our generator significantly improves the accuracy of simulation com-

paring with the Geant4 o�cial process. We shoot 1 ⇥ 107 protons with 8 GeV, 10 GeV, ..., 100 GeV kinetic energy

to a graphite target (70 cm in length and 13 mm in radius) and simulate the p-nucleon collisions using Geant4 o�cial

physics list and our generator, respectively. Then the p̄ produced by p+p! p+p+p+ p̄ process are collected. Table 5

shows the simulation results. The yields of p̄ of Geant4 o�cial process are much lower than our generator when the
p

s energy is close to the threshold and will gradually get close to our generator when energy gets higher, especially

when
p

s > 10 GeV, which also varifies that the radial-scaling limit is already reached when
p

s > 10 GeV [1].

However, in the energy region of COMET [13, 14], mu2e [15] and other future experiments searching for CLFV, the

yield of p̄ simulated by Geant4 will be smaller than the yield of our generator by at least two magnitudes. To be clear,

we draw the yields in each energy points into Figure 5.

Considering that the yields of our generator when p̄ escape at a small angle is accurate according to the comparison

with CERN experiment and almost all the p̄ will escape at a small angle due to the strong boost, the total yield of

our generator will be much closer to the reality, which implies that the results by Geant4 o�cial process is far from

correct at the near-threshold energy. Therefore, our generator has significantly improved the accuracy of simulation

of this process.

4 6 8 10 12 14
 / GeV s 
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310

410

510

p
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 generatorp

Figure 5. The number of events using Geant4 o�cial physics list and the generator in this work when 1 ⇥ 107 incident protons hit the graphite

target.
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W. Chen, et.al. , arXiv:2209.12808

• Antiproton production: 

• Near the kinematical threshold, there 
is huge uncertainty in the production 
cross-section of anti-protons 

• Nor sufficient experimental data to be 
compared with… 

• Some studies indicate large 
uncertainty in the production rate 
between G4 and other models 

• Pion/muon productions: 

• Large discrepancies in µ/π yields 
observed in different MC models

Models Simulator N(π−+µ−)/p at 3 m

CEM MARS 0.061 ±0.001

CEM/LAQGSM MARS 0.138 ±0.001

LAQGSM MARS 0.144 ±0.001

LAQGSM GEANT 0.1322±0.0007

QGSP BERT GEANT 0.0511±0.0002

QGSP BIC GEANT 0.1278±0.0005

FTFP BERT GEANT 0.0440±0.0002

Table 2: Comparison of the π− and µ− yields three meters backwards from the proton target for different hadron production
codes.

the transverse momentum, pT , is an invariant:

pT ×R ∝
p2

T

B
= constant, (17)

where B is the magnitude of the magnetic field. Therefore, if the magnetic field decreases gradually,

pT also decreases, yielding a more parallel beam. This is the principle of the adiabatic transition.

Quantitatively, when the magnetic field is reduced by a factor of two, pT decreases by a factor of
√

2.

However this causes the radius of curvature to increase by a factor of
√

2 and hence the inner radius

of the magnet in the pion decay section has to be
√

2 times that of the pion-capture solenoid. Thus

the pion beam can be made more parallel at the cost of an increased beam size. In COMET Phase-I

solenoid system, a magnetic field of 5 T in the pion capture solenoid (CS) gradually decreases to 3 T

at the matching solenoid (MS).

4.4. Muon Beam Transport

The muon beam transport consists of curved and straight superconducting solenoid magnets of 3 T

and ∼7.6 m length. The requirements are:

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

◦ the muon transport should have a high transport efficiency for muons with a momentum of ∼ 40

MeV/c, and

◦ the muon transport should select muons with low momentum and eliminate muons of high

momentum (pµ > 75 MeV/c) to avoid backgrounds from muon decays in flight.

The optimal muon momentum is ∼ 40 MeV/c. Muons with higher momentum are less likely to be

stopped and give rise to backgrounds in the signal region from decays in flight. Positive muons are

another potential source of background. Curved solenoid transport is used to minimise these.

A charged particle in a solenoidal field follows a helical trajectory and in a curved solenoid, the cen-

tral axis of this trajectory drifts in the direction perpendicular to the plane of curvature. The magnitude

of this drift, D, is given by

D =
1

qB

( s

R

) p2
L +

1
2 p2

T

pL
, (18)

=
1

qB

( s

R

) p

2

(

cosθ +
1

cosθ

)

, (19)

where q is the electric charge of the particle (with its sign), B is the magnetic field at the axis, and s

and R are the path length and the radius of curvature of the curved solenoid, respectively. Here, s/R

24/106

µ/π yields at the 3 m backward from the proton target 
From COMET Phase-I TDR

* Those are from VERY OLD Geant4!!
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So what?

• We always state that Phase-I results can be used to improve the 
Phase-II design to further improve the sensitivity 

• This is not 100% true, because the proton target will be different 
in Phase-II! 

• It may be too late if we wait for full Phase-I result to optimise 
the Phase-II design 

• It is more ideal/efficient if target design can be optimised 
independently based on experimental data 

• However, no data is available for now 

• It is always best to measure if possible

26
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Possible collaborative works (1)
• There should be great opportunities for us in NA61 low-energy 

mode to collaborate with 

• Actual measurements: 

• Case 1: Sweep the energy around 8 GeV to measure antiproton 
production rate as a function of the angle, especially for the 
backward direction 

• Case 2: Measure the pions/muons production rate with different 
target materials to investigate alternative options 

• Above two can probably done with a single configuration 

• We may be able to co-exist with other projects as COMET only 
focuses on backward-going particles
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Very rough idea

28

C, W, or ??
Proton beam

TPC spectrometer

Requirements: 
• Beam energy around 8 GeV 
• PID to separate anti-p/π/µ in <200 MeV/c 
• Moderate acceptance in backward region 
• Statistics to measure the anti-p production 

cross-section around its critical energy 
point

~50 cm

~1 cm
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Possible collaborative works (2)

• Technical collaborations: 

• Software development, detector R&Ds as well as exchanging 
researchers… 

• More clever suggestions are very welcomed!

29
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Summary
• COMET searches for the µ-e conversion with 100/10,000 times better sensitivities in its Phase-

I/Phase-II than the current limit (7.0×10-13) 

• Phase-α well performed to confirm the muon transportation working as designed 

• Intensive Phase-I preparations are ongoing to start our physics measurement in few years 

• Phase-II will follow with further 100 better sensitivity (or even better…) 

• Better understanding on the hadronic model around Ep=8 GeV is essential 

• There are huge benefits to work together with the NA61/SHINE collaboration 

• Antiproton production is yet to known around Ep = 8 GeV 

• Better understanding on the pion/muon productions is also valuable 

• Software R&Ds, e.g. MC generator 

• Let’s keep in touch

30
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Far Future

• PRISM / PRIME 

• There already is a plan to go further down to 10-20 single event 
sensitivity 

• Muon collider 

• PRISM / PRIME muon storage ring could be a source of the 
muon collider (why not?)
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