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Physics motivation of charged Lepton Flavor Violation 
What’s COMET (J-PARC E21) Phase-I and Phase-II
Recent progress from COMET
Strategic plan
Summary

Thanks to my COMET colleagues
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Most of my slides are stolen from their previous presentations. 



Quarks,Neutrinos,and then Charged Leptons
2008 Noble Prize

Quarks

Quark mixing

2008 Noble Prize

Quark mixing 
observed

Leptons Neutrino mixing observed
Last θ13 observed by Daya Bay

Charged lepton 

Last θ13 observed by Daya Bay

mixing not observed
Is it possible? Do μ−→e−γ，τ−→μ−γ exist？

Charged Lepton Flavor Violation (cLFV)
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Muon-to-electron flavour violation
Minimal SM: m = 0 strictly zero transitions between lepton flavoursMinimal SM: mν  0 strictly zero transitions between lepton flavours
SM extension to  mν ≠ 0 unobservable tiny cLFV rates predicted (GIM)

4

Observation of CLFV would indicate a clear signal of
physics beyond the SM with massive neutrinos

4
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μ−→e− conversion
μ−→e− conversion 

Signal:
ti  l t  monoenergetic electron 

104.96 MeV for Al, 95.56 MeV for Au
Main background：
Muon Decay in Orbit（10−16）
Radiative muon Capture

Radiative pion capture 

No limit from random background,   
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g ,
higher beam intensity!



Rating of DNA of New Physics 
Prof.Dr.A.J.BurasProf.Dr.A.J.Buras

Large effects
Small effects
Not observable

Theoretical models
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Previous measurement
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μ−→e− historical limits

4 orders of magnitude
improvement!

Phase-I (2017)
COMET

p

( )

Phase-II (2022)

From 1947, best from MEG： 5.7×10−13 @ 90% C.L.
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From 1947, best from MEG： 5.7×10 13 @ 90% C.L.
PRL 110（2013）201801



μ→e conversion: COMET(E21) at J-PARC

Pulsed proton beam 
1011 muons/stops/sec. for 56kW 
proton beam power
(∼850 protons required to produce ( p q p
1 muon) 

Curved solenoids for muon charge and 
momentum selectionmomentum selection 
C-shaped transport for better Pμ selection

C-shaped detector section eliminates 1 T spectrometer Solenoid p
low-E DIO electron and protons. 
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CLFV Sensitivity of COMET

Λ: Effective mass scales

? ?

COMET

Photonic Four fermi

103TeV now

Photonic Four fermi

MEG103TeV now

Excluded

SINDRUM-II
MEG

Excluded
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R&D milestones for mu-e conversion
Reduction of backgrounds withReduction of backgrounds with 
pulsed proton beam: 
measurement is done between 
beam pulses to reduce beam
related backgrounds. And proton
beam extinction of 
< 10−9 is required, 10 −11 achieved! 

Increase of Muon intensity:Increase of Muon intensity: 

High field superconducting 
solenoid surrounding a pion

1062)( 17−−− ×=+→+ AleAlB μ
S.E.S: 

solenoid surrounding a pion 
capture production target: 
measurement of Muon yields at

C.L. @90% 106)(
106.2)(

17−−− ×<+→+

×=+→+

AleAlB
AleAlB

μ

μ
MuSIC:  3×108 μ+/s  for 400W 

1 ×108 μ−/s for 400W
PSI:  108/s for 1MW 
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COMET is separated into two Phase:
Phase-I and Phase IIPhase I and Phase II

Got funding for Phase-I from KEK in the JFY 2012 budgetGot funding for Phase I from KEK in the JFY 2012 budget

Construction has begun! 
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Starting in 2016
Measurement in 2017
S.E.S=3 X 10-15

COMET(Phase-I）
Pion Capture SectionPion Capture Section
Has a high(5T) magnetic field to collect the 
low momentum, backwards travelling pions

Phase-I Aims
Search for μ→e conversion process with a 
S.E.S. of 3 X 10-15

Study the backgrounds for Phase-II

Phase-I Detector
A cylindrical drift chamber (CDC) for the 
μ→e conversion search
A prototype ECAL and straw tube tracker 
for the background studies
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Starting in 2020
Measurement in 2022
S.E.S=3 X 10-17

COMET(Phase-II）
Pion Capture Section
Has a high(5T) magnetic field to collect the 
low momentum, backwards travelling pions

Electron Spectrometer
Allow us to momentum and charge select 
the 105 MeV electronsthe 105 MeV electrons

Transport Sectionp
Long enough so that pions decay to muons, 
curved so can momentum and charge 
select particles Detector
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Straw tube 
tracker and 
ECAL



J-PARC layout
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B li C t tiBeamline Construction

$35M funding will be completed in spring 2015$35M funding, will be completed in spring 2015
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Facility ConstructionFacility Construction

W k l d dWork already under way
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Proton Beam
● Energy: 8 GeV● Energy: 8 GeV
● Power: 3.2 kW / 56 kW (Phase-I/Phase-II)
● Pulsed

– Allows us to measure in a timing window and reduce
beam-related backgrounds

For Al, τμ : 864ns
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Proton Beam AccelerationProton Beam Acceleration

3 GeV
Linac

400MeV

3 GeV

8GeV
SXSX

COMET
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Proton Beam Extinction
● Extinction is the residual protons between pulses

● Plan to use a novel kick injection method such thatj
residual protons don't enter MR Pulsed

Single Bunch Kick injection
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Proton Beam Extinction
● Single bunch kick injection method successfully
demonstrated in June 2012 at J-PARC

3× 10 113× 10 −11 
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Pion Production Target
● Phase-I will use a graphite target

Radiation cooling-- Radiation cooling

● Phase-II will move to a tungsten
Target 

G t i i ld-- Greater pion yield
-- Requires helium cooling      
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Pion Capture Solenoid

Target goes hereShielding
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Neutron Backgrounds of Phase-I

● Regulationsg
-- <25 μSv/h at 1F
-- <11 mSv/h in 

underground soil

● Performed calculation● Performed calculation 
with Moyer modle

● Will calculate with 
PHITS and MARS
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Muon Transport for Phase-I
● Bending to 90 degree
● Collimator to reduce high momentum muons and all pions● Co a o o educe g o e u uo s a d a p o s
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Muon Transport for Phase-I

μ(before) π(before)μ( ) π(before)

Shape of CollimatorShape of Collimator

μ(after) π(after)
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Stopping Target

C tl 17 Al di k b t l l k d t d bl● Currently 17 Al disks but also looked at double cone
● Radius:10cm, Thickness:200 μm, Length:80cm
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Phase-I detector: Cylindrical Drift Chamber
● Requirements

-- Gas gain >105g
-- Position resolution(x,y) < 150 μm
-- Position resolution(z) <2 mm
-- Reduce multiple scattering for good momentum resolution

● Small prototype at Osaka shows that this is achievable
● Current simulation suggests the resolution will be ~410 keV/c● Current simulation suggests the resolution will be ~410 keV/c
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Cylindrical Drift Chamber

Detector Solenoid
Magnetic Field:1T

Drift Chamber
Radius: 50-80cm
Length:150cm Magnetic Field:1TLength:150cm
Drift Gas: He:C4H10 (90:10)

Trigger Counters
Material: Scintillator & Cherenkov Counter
Length:20cm
Thickness:5mm
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Background estimation for COMET Phase I
S f b k d b l t d t b k dSource of backgrounds: beam-related prompt backgrounds 

beam-related delayed backgrounds
intrinsic physics backgrounds 
cosmic ray and other backgrounds

Assuming B(μ−+Al→e−+Al) 
=3×10−15

cosmic-ray and other backgrounds

Preliminary

* Proportional to proton extinction factor.

With proton extinction factor of 3×10−11
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Phase-II
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Muon transport system for Phase-II
The muon transport systemThe muon transport system 

consistent of curved solenoids: 
bore radius: 175 mm 
magnetic field: 3 T 
bending angle: 180 degrees 
radius of curvature: 3 m 
Dispersion is proportional to 
bending angle 
Muon collimator after 180Muon collimator after 180 
degree bending 
Elimination of muon momentum
>70 MeV/c

Good charge and momentumGood charge and momentum 
selection and no high energy 
muons
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Electron transport section for Phase-II
The electron transport:The electron transport: 
bore: 700 mm 
magnetic field: 1 T 
b di l 180 dbending angle: 180 degrees 

Electron momentum: 105 MeV/c

Elimination of negati e chargedElimination of negative-charged
particles less than 80 MeV/c 
Elimination of positive-chargedElimination of positive charged
particles: proton from muon 
capture

Reduction of detector rates
No protons in the detectorsNo protons in the detectors

Detectors are placed in 
a straight solenoid after the 
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curved spectrometer. 



Electron spectrometer 

1T solenoid with additional 0.17 T dipole field 
Vertical dispersion of toroidal field is able to remove electrons 
with P<80 MeV/c so that reduces rate in tracker to 1kHzwith P<80 MeV/c, so that reduces rate in tracker to 1kHz.
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Final Phase-II Detector
Consist  of a straw tube tracker and an electromagnetic 
calorimeter
Phase-I will develop prototypes of these for background 
measurementsmeasurements

ECALB k d ECALBackground
Blockers

Straw Tube Tracker

2013-8-21 Ye Yuan (IHEP) 35



Straw Tube Tracker
P i h● Proposing to use the same straws 
developed at JINR for NA62
COMET t ill b bl bCOMET straws will probably be 
thinner to improve resolution
KEK JINR ll b ti t tKEK-JINR collaboration setup to 
develop the COMET straw tube 
t ktracker

Prototype will be built with NA62
t f d t t R&Dstraws for detector R&D

Current design is to have 5 
l h ith 4 lsuper-layers each with 4 layers

of straws 
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Electromagnetic Calorimeter
● Requirements

-- Resolution: <5% at 105MeV/c%
-- Trigger Rate: <5 KHz
-- Spatial resolution(z): <1.5 cm
-- Response: <100ns

● Two candidate crystals
GSO and LYSO-- GSO and LYSO

● Beam test at KEK(28th Apr -2nd May)
-- Both crystals usedy
-- 7x7 crystal array

● Planning future beam 
test(KEK and BINP)
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COMET Collaboration
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Timeline

NowNow
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Summary
We all are passionately following LHC in their direct searches for EW symmetry 
breaking remnants and new physics at the TeV-scale energy frontier

Probing new physics orders of magnitude beyond that scale and helping to 
figure out possible TeV-scale new physics requires to work hard on the 
intensity and precision frontiers

Charged leptons offer an important spectrum of possibilities:

CLFV has SM-free signal for New Physics 
at low energy and complementary to LHC physics. 

COMET at J PARC is aiming at S E sensitivity of 3×10−17COMET at J-PARC is aiming at S.E. sensitivity of 3×10 17.

The COMET Phase-I is aiming at S.E. sensitivity of 3 ×10−15 (in 2016).

Design and R&D is well underwayDesign and R&D is well underway

Funding  secured and construction started for COMET Phase-I
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Thanks!Thanks!
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Back up slidesac up s des
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Comparison: COMET vs. Mu2e
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Schedules for COMET and Mu2e
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