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Lepton Lepton FlavourFlavour ViolationViolation
•• 素粒子センターのもう一つのメインプロジェクト素粒子センターのもう一つのメインプロジェクト
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Physics MotivationPhysics Motivation

•• SUSYSUSY
FiniteFinite sleptonslepton mixing appears throughmixing appears through radiativeradiative correctionscorrections

•• SUSYSUSY--GUTGUT predicts an even larger valuepredicts an even larger value
1010--1313——1010--1111

Hisano, Moroi, Tobe, and Yamaguchi PLB391(1997)341

Experimental BoundExperimental Bound Experimental BoundExperimental Bound

This experimentThis experiment This experimentThis experiment
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Neutrino Oscillation and gNeutrino Oscillation and g--22
•• Neutrino OscillationNeutrino Oscillation

•• Anomalous muon magnetic momentAnomalous muon magnetic moment

1) J. Hisano and D. Nomura, Phys. Rev. D59 (1999) 116005

2) MEGA collaboration, hep-ex/9905013

Br(Br(μ→μ→eeγγ））



Lepton Flavour Violation, by Satoshi Mihara at LEP Symposium 200Lepton Flavour Violation, by Satoshi Mihara at LEP Symposium 200116/Nov/20016/Nov/2001 66

ChronorogyChronorogy of of μ→μ→eeγγ SearchSearch
•• 1937 1937 Discovery of the Discovery of the mesotron mesotron in cosmic raysin cosmic rays
•• 1947 Two meson hypothesis 1947 Two meson hypothesis π→μν；μ→π→μν；μ→eeνννν

•• 1957 1957 μ→μ→eeγγ predicted at 10predicted at 10--4 4 two neutrinos two neutrinos ννee＝νμ＝νμ

•• 1967 Lepton number conservation generally accepted1967 Lepton number conservation generally accepted
•• 1977 1977 μ→μ→ｅｅγγrumored at 10rumored at 10--88 level B.R. limit < 2x10level B.R. limit < 2x10--10 at LAMPF10 at LAMPF
•• 1987 Crystal Box results < 5x101987 Crystal Box results < 5x10--1111

•• 19931993--5 MEGA data taking 5 MEGA data taking 
•• 1999 MEGA result  < 1.2x101999 MEGA result  < 1.2x10--1111

•• 1999 1999 MayMayμμ→→ｅｅγγ at PSI Proposalat PSI Proposal

MEGA MEGA CollabCollab., M.L. Brooks ., M.L. Brooks et al.et al.< 1.2 < 1.2 ×× 1010--111119991999LANL, USALANL, USA

R.D. BoltonR.D. Bolton et al.et al.< 4.9 < 4.9 ×× 1010--111119861986LANL, USALANL, USA

W.W. W.W. Kinnison Kinnison et al.et al.<< 1.7 1.7 ×× 1010--101019791979LANL, USALANL, USA

P. P. Depommier Depommier et al.et al.< 3.6 < 3.6 ×× 1010--9919771977TRIUMF, CanadaTRIUMF, Canada

A. Van A. Van der Schaafder Schaaf et al.et al.< 1.0 < 1.0 ×× 1010--9919771977SIN (PSI), SIN (PSI), 
SwitzerlandSwitzerland

AuthorAuthorUpper limitUpper limitYearYearPlacePlace
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Previous experiments searching Previous experiments searching 
for LFV I(MEGA)for LFV I(MEGA)

•• Pulse beamPulse beam of of 
2.5x102.5x1088/sec with a duty /sec with a duty 
factor of factor of 6%6%..

•• 1.2x101.2x101414 muonsmuons stoppedstopped
•• Superconducting Superconducting 

solenoidalsolenoidal magnetmagnet and and 
low material MWPC.low material MWPC.

•• Photon detector withPhoton detector with PbPb
converters.converters.

•• All  the signal were All  the signal were 
treated astreated as degitialdegitial data at data at 
the detector level.the detector level.

•• Best limit on Br(Best limit on Br(μ→μ→eeγγ) ) 
of of 1.2x101.2x10--11 11 ..
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Previous experiments searching Previous experiments searching 
for LFV II (SINDRUM II)for LFV II (SINDRUM II)

Bue=4 •10-12Bue=4 •10-12

Br(Br(μμNN→→eNeN) = 1/(200) = 1/(200--400)x Br(400)x Br(μ→μ→eeγγ))
depends on the target materialdepends on the target material
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What we learned from the What we learned from the 
MEGA experimentMEGA experiment

•• Use DC beamUse DC beam

•• Achieve better Achieve better γγ measurementmeasurement
–– Energy, Position and TimeEnergy, Position and Time

•• Prepare better tracking environmentPrepare better tracking environment
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Where we should search for Where we should search for 
μ→μ→eeγγ??
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Paul Paul Scherrer InstitutScherrer Institut

Experimental
Hall
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Accelerator facilities at PSIAccelerator facilities at PSI
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The ring cyclotronThe ring cyclotron
•• Nominal operation current    Nominal operation current    ---- 1.8mA1.8mA
•• Max > 2.0mAMax > 2.0mA
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ππ and and μμ fluxes at fluxes at ππE5E5
•• Surface muon Surface muon bembem

tt

pp ππ μμ

μμππ

targettarget

NN



Lepton Flavour Violation, by Satoshi Mihara at LEP Symposium 200Lepton Flavour Violation, by Satoshi Mihara at LEP Symposium 200116/Nov/20016/Nov/2001 1515

MEG collaborationMEG collaboration

CryogenicsCryogenics

LXe Tests and LXe Tests and 
PurificationPurification

Drift Chamber, Drift Chamber, 
BeamlineBeamline, DAQ, DAQ

SupercoductinSupercoductin
g g SolenoidSolenoid

ee++ ccounterounter, , 
trigger, M.C.trigger, M.C.

CryogenicsCryogenics

LXe LXe 
CalCalorimeterorimeter

Main Main RespResp..

JapanJapan

RussiaRussia

SwitzerlandSwitzerland

JapanJapan

ItalyItaly

JapanJapan

JapanJapan

CountryCountry

3344C. C. BemporadBemporadINFN, PisaINFN, Pisa

--55A. MakiA. MakiIPNS, KEK, IPNS, KEK, 
TsukubaTsukuba

3355T. T. DokeDokeWaseda Waseda UniversityUniversity

--11K. MasudaK. MasudaNagoya UniversityNagoya University

--44B. B. KhazinKhazinBINP, BINP, NovosibirskNovosibirsk

--44S. RittS. RittPSIPSI

331212T. MoriT. Mori
ICEPP, ICEPP, 
Univ. of TokyoUniv. of Tokyo

StudentsStudentsScientistsScientistsHeadHeadInstituteInstitute
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MEG experiment overviewMEG experiment overview
•• PSI PSI ππE5 E5 μμ

beam linebeam line
•• Liquid Liquid Xe Xe 

Photon detectorPhoton detector
•• COBRA COBRA 

(Constant Bending (Constant Bending 
Radius)Radius)
spectrometerspectrometer

•• Plan to start Plan to start 
DAQ in summer DAQ in summer 
20032003

Ee = 52.8 MeV

Kinematics
θeγ= 180°

Eg = 52.8 MeV

e γµ
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ππE5 beam lineE5 beam line
•• ““CleaningCleaning--StageStage”” to reduce positron contamination in to reduce positron contamination in 

the beamthe beam

Primary BeamPrimary Beam--BlackerBlacker

Secondary BeamSecondary Beam--
BlockerBlocker

Cleaning StageCleaning Stage

Transport solenoidTransport solenoid
oror

SeparatorSeparator

••Beam line study started Beam line study started 
in summer 2001in summer 2001

••Measure Phase space Measure Phase space 
of surface of surface muonmuon beam beam 

••--spotspot--sizesize
•• divergencesdivergences
•• stoppingstopping--raterate
•• momentummomentum

••Measure & Measure & optimizeoptimize
positron contaminationpositron contamination in in 
the beamthe beam
••optimal initial beam optimal initial beam 
momentum momentum vsvs µµ++//ee++--ratioratio
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The photon detectorThe photon detector

•• Detect scintillation light Detect scintillation light 
fromfrom LiqLiq.. XeXe

•• Fast response, Good Fast response, Good 
Energy, and Position Energy, and Position 
resolutionsresolutions
–– MiniMini--KamiokandeKamiokande typetype

NaINaI: too slow: too slow
CsICsI, BGO: poor resolution, BGO: poor resolution

at 52.8MeVat 52.8MeV
InhomoginityInhomoginity to cover large areato cover large area
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Liquid xenon propertiesLiquid xenon properties

•• Atomic Number Atomic Number 5454
•• Atomic Weight Atomic Weight 131.3131.3
•• Boiling point Boiling point 165K165K
•• Liquid density Liquid density 3.0kg/cm3.0kg/cm33

•• WWphph value (for 1MeV electrons) value (for 1MeV electrons) 24 24 eV eV 
•• Decay time constantsDecay time constants

–– ττff(fast component) (fast component) 4.2nsec4.2nsec
–– ττss(slow component) (slow component) 22nsec22nsec
–– ττrr(recombination) (recombination) 45nsec45nsec

•• Peak wavelength of scintillation light Peak wavelength of scintillation light 174nm174nm
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Small prototype of the liquid Small prototype of the liquid 
xenon detectorxenon detector

•• 32 32 PMTs, 2.3 l LXePMTs, 2.3 l LXe
•• Tested with radioactive sources Tested with radioactive sources 

5151Cr, Cr, 137137Cs, Cs, 5454Mn, Mn, 8888YY
•• Extrapolated resolutions at 52.8 MeV in Extrapolated resolutions at 52.8 MeV in 

agreement with quoted numbersagreement with quoted numbers

“Small”
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Large PrototypeLarge Prototype
“Large”

•• 264 264 PMTs,PMTs,
110 l LXe110 l LXe

•• Assembly finishedAssembly finished
•• Measure Measure 

resolutions with 40 resolutions with 40 
MeV photon beam MeV photon beam 
at ETL, Tsukuba, at ETL, Tsukuba, 
JapanJapan
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COBRA spectrometer COBRA spectrometer 
•• Sweep out curling positrons rapidly.Sweep out curling positrons rapidly.
•• Constant bending radius independent of the emission Constant bending radius independent of the emission 

anglesangles..
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•• BcBc = 1.26T = 1.26T 
•• BBzz=1.25m=1.25m = 0.49T= 0.49T

•• Peak field  in the coil  1.72TPeak field  in the coil  1.72T

•• Operating currentOperating current 359A359A

•• Load line ratio ~ 0.7 @ 5.2KLoad line ratio ~ 0.7 @ 5.2K

•• Construction has been startedConstruction has been started

SuperconductingSuperconducting solenoidsolenoid
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Positron trackerPositron tracker
•• 16 16 radial chambers with 20 wires eachradial chambers with 20 wires each
•• Staggered cells measure both position and timeStaggered cells measure both position and time
•• He He –– CC22HH66 gas to reduce multiple scatteringgas to reduce multiple scattering
•• VernierVernier pattern to determine z coordinatepattern to determine z coordinate
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Positron tracker mini prototypePositron tracker mini prototype

• 0, 0.6, 0.8, 1T field

• 3 tilting angles

•• 0, 0.6, 0.8, 10, 0.6, 0.8, 1T fieldT field

•• 3 tilting angles3 tilting angles
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Positron timing counterPositron timing counter
δ = 0

δ = 48.5º

σ = 65 
ps

σ = 55 
ps

z

ϕ

(t  )z L

ϕ(t  )R

L(t  )ϕ

Rz(t  )

e+

e+

e+

Impact Point

1m

• Aimed resolution 
~100ps FWHM

• Beam tests at KEK in 
July 1999

• Cosmic ray test at 
CORTES facility

•• Aimed resolution Aimed resolution 
~100ps FWHM~100ps FWHM

•• Beam tests at KEK in Beam tests at KEK in 
July 1999July 1999

•• Cosmic ray test at Cosmic ray test at 
CORTES facilityCORTES facility
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•• TriggerTrigger
–– Back to Back positron & gamma and timing coincidenceBack to Back positron & gamma and timing coincidence

•• DAQDAQ
–– All signals are digitized by 2.5GHz wave form digitizersAll signals are digitized by 2.5GHz wave form digitizers

Trigger and DAQTrigger and DAQ

v Beam rate 108 s-1

v Fast LXe energy sum > 45MeV 2×103 s-1

v γ interaction point
v e+ hit point in timing counter
v time correlation γ – e+ 200 s-1

v angular corrlation γ – e+ 20 s-1

vv Beam rateBeam rate 10108 8 ss--11

vv Fast LXe energy sum > 45MeVFast LXe energy sum > 45MeV 22××10103 3 ss--11

vv γγ interaction pointinteraction point
vv ee++ hit point in timing counterhit point in timing counter

vv time correlation time correlation γγ –– ee++ 2200 s00 s--11

vv angularangular corrlationcorrlation γγ –– ee++ 220 s0 s--11

e +

γ
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Slow control systemSlow control system
•• MSCB (http://MSCB (http://midasmidas..psipsi..chch))

–– The usage of field buses are usually not suitable for small The usage of field buses are usually not suitable for small 
experimentsexperiments

–– "poor man's" version with less flexibility"poor man's" version with less flexibility
–– but optimized for experiment environments and much cheaper but optimized for experiment environments and much cheaper 

(typical 20US$ per node). (typical 20US$ per node). 
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SensitivitySensitivity

•• SensitivitySensitivity
–– NNµµ=1x10=1x1088/sec, /sec, 

2.2x102.2x1077 sec sec 
running running 
W/4W/4ππ=0.09,=0.09,εεee=0.95,=0.95,
εεγγ=0.7, and=0.7, and εεselsel=0.8=0.8

–– Single Event Single Event 
sensitivity sensitivity 

::0.94x100.94x10--1414 0.9

0.92

0.94

0.96

0.98

1

1.02

0.9 0.92 0.94 0.96 0.98 1 1.02
X

Y

10 1 4 µ Decays  in  Acceptance

X = Ee/52.8MeV

Y
 =

 E
γ/5

2.
8M

eV
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BackgroundBackground

•• Main background sourcesMain background sources
–– RadiativeRadiative μμ++ decaydecay
–– Accidental overlapAccidental overlap
NOT back to back, NOT in timeNOT back to back, NOT in time

Can be reducedCan be reduced
down todown to 1010--1515 levellevel

e

μ→eνν+”γ”

νν

?

γ

μ→eννγ

e

γ

ν

ν
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Current StatusCurrent Status
•• Beam lineBeam line

–– Beam line study has been started this summerBeam line study has been started this summer

•• Photon detectorPhoton detector
–– Large Prototype test in progressLarge Prototype test in progress
–– design work of the xenon vessel is startingdesign work of the xenon vessel is starting

•• Superconducting Superconducting solenoidsolenoid
–– Coil winding is startingCoil winding is starting
–– Cryostat construction next yearCryostat construction next year
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Current Status contCurrent Status cont’’dd
•• Positron trackerPositron tracker

–– R&D using the prototypeR&D using the prototype
–– Mechanical design of the support system in Mechanical design of the support system in 

progressprogress

•• Positron timing counterPositron timing counter
–– Prototype study almost completedPrototype study almost completed
–– Test in magnetic field will start soonTest in magnetic field will start soon

•• ElectronicsElectronics
–– be ready in 2002be ready in 2002

1997 1998 1999 2000 2001 2002 2003         2004        2005

Planning R & D Assembly Data Taking

now
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SummarySummary

•• 東京大学を中心とするグループで１９９９東京大学を中心とするグループで１９９９
年プロポーザルを提出し、採択年プロポーザルを提出し、採択

•• 国際コラボレーションとして各国で測定器国際コラボレーションとして各国で測定器
R&DR&Dがが進行中進行中

•• 日本グループは日本グループはsimulationsimulation、、液体キセノン液体キセノン
γγ線検出器、マグネット建設で中心的役割線検出器、マグネット建設で中心的役割

•• ２００３年夏エンジニアリングラン開始予定２００３年夏エンジニアリングラン開始予定


