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Charged Lepton Flavor in SM
•Precise measurement of charged 
lepton behavior contributed to 
establish the SM 

• No observation of “exotic decay 
mode” 

• Concept of Generation (Flavor) 
• Lepton flavor transition is strictly 
forbidden in the charged lepton 
sector 

• Neutrino Oscillation has been 
observed 

• νoscillation + SM

wiki
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μ→e search using pulsed muon beam

µ −
à e −ν ν 

µ − + (A, Z) à νµ + (A,Z − 1)

nuclear muon capture

 Muon Decay In Orbit

µ−
π-+(A,Z)→(A,Z-1)*, (A,Z-1)* →γ+(A,Z-1), γ→e+e- 

!
Prompt timing 

Other sources 
μ- decay-in-flight, e- scattering, neutron streaming

proton pulse

prompt background

muon decay
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Figure 3.2: Distribution of the phase of the track
time w.r.t. cyclotron r.f. signal v.s. longitudinal
momentum. The bulk of the events have a flat
phase distribution as expected for muon decay in
orbit which has a decay time of≈ 70 ns. The red
contour indicates events induced by radiative π−

capture in the moderator (see also Fig.3.1 and
the discussion in the text).

1

10

10 2

10 3

70 80 90 100
ETOT (MeV)

ev
en

ts
 / 

10
0 

ke
V

measurement
µe2ν simulation
µe simulation at B=10-11

run2000 on gold SINDRUM II

Figure 3.3: The measured energy distribution is
compared with simulated distributions for muon
decay in orbit and µe conversion. No events are
found above 100 MeV.
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Figure 3.4: L(Nµe) and
∫ Nmax

µe

0 L(Nµe)dNµe.

Indicated are some events from radiative π−

capture in the moderator followed by asymmet-
ric γ → e+e− conversion and large-angle e−

scattering in the gold target, a process that keeps
memory of the 50 MHz time structure of the
proton beam. The observed rate for this back-
ground process is in rough agreement with the
predictions from the GEANT simulation. Fig-
ure 3.3 shows e− energy distribution after re-
moval of the events in the indicated region. The
steep drop below 74 MeV reflects the require-
ment that the electron moves at least 46 cm
from the spectrometer axis.
The measured spectrum is in reasonable agree-
ment with the prediction for decay in orbit. One
event is observed around 96.4 MeV which is
marginally compatible with the energy distribu-
tion expected for µe conversion. We performed
a likelihood analysis of the energy distribution
including a flat background from cosmic rays
and radiative pion capture in addition to the dis-
tributions shown in Fig. 3.3
Figure 3.4 shows the resulting likelihood
function L(Nµe) for the expectation value
of the number of µe conversion events.
The 90% C.L. upper limit deduced from∫ 2.45
0 L(Nµe)/

∫ ∞
0 L(Nµe) =90% is

Nmax
µe (90% C.L.) = 2.45. Combined

with the single event sensitivity quoted above
this leads to:

Bgold
µe < 8 × 10−13 90% C.L.

This final SINDRUM II result lowers the best
previous limit on µe conversion on a heavy
target[4] by two orders of magnitude.
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hep-ph/0211168.
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2000-2001, Physik-Institut, Zurich Univer-
sity, p.8.

[3] SINDRUM II Collab., Annual Report
2001-2002, Physik-Institut, Zurich Univer-
sity, p.7.

[4] SINDRUM II Collab., W. Honecker et al.,
Phys.Rev.Lett.76 (1996) 200.

3. SINDRUM II

SINDRUM II BR[μ- + Au →e- + Au] < 7 × 10-13

Rext=
number of proton between pulses

number of proton in a pulse

µ− + (A,Z) e− + (A,Z)à

μ-e conversion

• Eμe(Al) ~ mμ-Bμ=105MeV 
– Bμ: binding energy of the 1s muonic atom
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COMET at J-PARC
•J-PARC pulsed proton beam to produce pulsed 
muon beam 

• 8GeV, 3.2kW-56kW 
• Beam extinction factor study in May 2014 
• 8GeV w/o extraction < 10-11 

• 32m long chain of SC solenoid magnets 
• pion collection (PS), muon transport (TS), muon 
focusing on the target (ST), electron momentum 
selection (SS), and electron spectrometer (DS)

5.3. MUON TRANSPORT 75

COMET Solenoids and Detectors

for the CDR

version 090609.001

Proton beam

Pion production target Radiation shield

Muon stopping target Beam blocker
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Figure 5.14: Present design of the solenoid channel used in the tracking studies.

5.3.2.2 Dipole fields for drift compensation

To keep the center of the helical trajectories of the muons with reference momentum p0 in
the bending plane, a compensating vertical dipole field should be applied. The magnitude
of the compensating dipole field is given by

Bcomp =
1

qR

p0

2

(
cos θ0 +

1
cos θ0

)
, (5.6)
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As many muons as possible!
Pion/muon collection using  
gradient magnetic field

Bl

Strong Magnetic field in high 
radiation environment

Aluminum stabilized SC 
Collaborative R&D between 
COMET & Mu2e

Muon transport with large momentum 
acceptance and momentum selection

Ver$cal(Field�
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pion production
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targetTracker

Calorimeter
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DS SS

ST
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PS

pion production
target
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Tracker
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COMET Phase I & II
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Phase I

Phase II

• Phase I 

• Beam background study and achieving 
an intermediate sensitivity of <10

-14
 

• Graphite as a pion production 
target 

• 8GeV, ~3.2kW, ~90 days of DAQ 

• Phase II 

• Achieve the COMET final goal of < 10
-16
 

sensitivity 

• Tungsten as a pion production 
target 

• 8GeV, ~56 kW, 1 year DAQ

Phase I

0.01 BG expected 
in 8.0x106 sec running 
time

Phase I 
2013-2015  
Facility construction 
2013-2016 
Magnet construction & 
installation 
2016-2017 
Eng. run & Physics run 
Phase II 
Eng. run in 2019 (funding 
not secured yet)



COMET Phase I & II
5.3. MUON TRANSPORT 75

COMET Solenoids and Detectors

for the CDR

version 090609.001

Proton beam

Pion production target Radiation shield

Muon stopping target Beam blocker

DIO blocker

Beam collimator

Calorimeter Tracker

Late-arriving particle tagger

Capture solenoid

Muon beam transport solenoid

Detector solenoid

Muon target solenoid

Curved sepctrometer solenoid

Matching solenoid

Figure 5.14: Present design of the solenoid channel used in the tracking studies.

5.3.2.2 Dipole fields for drift compensation

To keep the center of the helical trajectories of the muons with reference momentum p0 in
the bending plane, a compensating vertical dipole field should be applied. The magnitude
of the compensating dipole field is given by

Bcomp =
1

qR

p0

2

(
cos θ0 +

1
cos θ0

)
, (5.6)

Phase I

Phase II

• Phase I 

• Beam background study and achieving 
an intermediate sensitivity of <10

-14
 

• Graphite as a pion production 
target 

• 8GeV, ~3.2kW, ~90 days of DAQ 

• Phase II 

• Achieve the COMET final goal of < 10
-16
 

sensitivity 

• Tungsten as a pion production 
target 

• 8GeV, ~56 kW, 1 year DAQ

Phase I

0.01 BG expected 
in 8.0x106 sec running 
time

Phase I 
2013-2015  
Facility construction 
2013-2016 
Magnet construction & 
installation 
2016-2017 
Eng. run & Physics run 
Phase II 
Eng. run in 2019 (funding 
not secured yet)

10-14

10-16



COMET Phase I Setup

Proton beam

Pion production target

Radiation shield

Capture solenoid ~5T

Transport solenoid
Beam collimator

COMET Phase-I Detector

Detector solenoid

muons



R&D toward Phase II
• In Phase II another curved solenoid will 
be implemented for electron 
momentum selection 

• electron momentum/energy 
measurements after selection 

• Straw tube tracker & crystal 
calorimeter 

• operation in vacuum to suppress 
multiple-scattering effect 

•Part of these detectors are 
constructed and tested in phase I 

•Muon beam & background study 
•Performance evaluation of the 
spectrometer

 GSO/LYSO



Sensitivity & background 
in Phase I

• Sensitivity 
• Acceptance=0.046 
•   0.29 (geometrical) x 0.97(mom. sel.) x 0.30 (timing 

sel.) x 0.80 (trigger) x 0.80 (DAQ) x 0.8 (reconst.) 

• Atomic capture rate 
fcap=0.61 

• Nμ=1.3x1016 muons 
(~90days@0.4µA) 

•  S.E.S.=3.1x10-15, 90% U.L. = 
7.2x10-15 

!

• Background 
!

!

!

!

• Intrinsic & beam related  
• Measurement in Phase I 
• Straw & Ecal for Beam 
related BG study



Status of COMET

Facility construction 

Superconducting magnet construction 

Detector construction







µ−

8GeV primary 
proton beamπ→μ
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COMET Phase I 
Facility Schedule

• 2013 
• Design of the building & beam line 

• Bid tendering and start construction 

• Design of superconducting solenoid magnets and 
start of construction 
• Production of SC wires as well 

• Design of the pion production target 

• 2014 
• Completion of the building 
• Construction of superconducting solenoid magnets 
• Start magnet and radiation shielding (and beam 

dump) installation 
• Transport solenoid 

• Start preparation of cryogenic system 
• Tests of the target production target 

• 2015 
• Construction of superconducting solenoid magnets 
• Preparation of cryogenic system 
• Construction of the pion production target 

• 2016 
• Installation of the capture solenoid 
• Completion of the cryogenic system 

• Tests of the magnet system 

• Installation of the target 
• Ready to accept the 8GeV beam

JFY 2013 2014 2015 2016
COMET 
building
design

construction

Solenoid 
magnet
SC wire

Capture 
magnet
Transport 
magnet
Cryogenic 
system
Magnet 
system test
Radiation 
shield
Beam dump

Pion target

Design & 
test
construction
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• 10-16 sensitivity 2019-2020

• R&D for more intense & 
suitable muon beam for mu-e 
conversion experiments 

• Once the signal is found…
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• Once the signal is found…

NuFACT13 
J. Pasternak



Summary
cLFV as a clue to the new physics 

MEG & MEG II at PSI (R. Sawada’s talk) 

New experiment at J-PARC in Japan 

COMET collaboration searching for µ-e conversion 

10-14 sensitivity in Phase I and 10-16 in Phase II 

Phase I facility construction is in progress to start the physics DAQ 
in 2016-2017 

The facility is sufficient to accept Phase II beam power with 
additional radiation shielding


