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Physics MotivationPhysics Motivation

Minimal Standard Model (SM)-

Baryon Number, Lepton Flavour & Lepton Number - conserved !
neutrinos massless - no oscillations !

however

Extensions to SM -( with massive ν’s & hence ν-oscillations) -

Predict LFV rates
too small to be observed ~ BR Ο(10-50)

Hence:  processes such as µ→eγ, µ→ e, µ→ eee,  K0
L→µe,  Z0→µe & 

ν-oscillations & 0νββ-decay are 
sensitive tools to probe physics beyond the Standard Model

Minimal Standard Model (SM)Minimal Standard Model (SM)--

Baryon Number, Lepton Flavour & Lepton Number Baryon Number, Lepton Flavour & Lepton Number -- conserved !conserved !
neutrinos neutrinos masslessmassless -- no oscillations !no oscillations !

howeverhowever

Extensions to SMExtensions to SM --( with massive ( with massive νν’’s & hence s & hence νν--oscillations) oscillations) --

Predict LFV ratesPredict LFV rates
too small to be observed ~ BR too small to be observed ~ BR ΟΟ(10(10--5050))

Hence:  processes such asHence:  processes such as µ→µ→eeγγ, , µ→µ→ e, e, µ→µ→ eeeeee,  K,  K00
LL→µ→µe,  Ze,  Z00→µ→µe & e & 

νν--oscillations & 0oscillations & 0νββνββ--decay decay are are 

sensitive tools to probe physics beyond the Standard Modelsensitive tools to probe physics beyond the Standard Model
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Physics Motivation (Physics Motivation (Theory & Experiment)Theory & Experiment)

Extensions beyond SMExtensions beyond SM -- Predict LFV & BNV at a measurable level Predict LFV & BNV at a measurable level 
(e.g. see (e.g. see BarbieriBarbieri & Hall, & Hall, HisanoHisano et al.)et al.)

Super Symmetry (SUSYSuper Symmetry (SUSY--GUTsGUTs))

SU(5)SU(5) 1010--1313< B< Br(r( µ→µ→eeγγ) ) << 1010--1515
SO(10)SO(10) 1010--1111< B< Br(r( µ→µ→eeγγ) ) << 1010--1313

!!! Just below Present Experimental Bound <1.2·10!!! Just below Present Experimental Bound <1.2·10--1111 !!!!!!

Discovery of Discovery of νν--oscillations oscillations (Super(Super--K, SNO, KAMLAND)K, SNO, KAMLAND)
gg--2 Results2 Results (BNL)(BNL)
Report of 0Report of 0νββνββ--decaydecay ??????(Heidelberg/Moscow)(Heidelberg/Moscow)
Report Proton Decay ???Report Proton Decay ??? ((KolarKolar Goldfield)Goldfield)

Further Stimulus for the search for LFVFurther Stimulus for the search for LFV
in the charged Lepton Sectorin the charged Lepton Sector

µµ−− NN →→ ee−− NN
1010--991010--66

1010--13131010--1111

1010--1515~10~10--1212

SUSY 
level

Current 
Limit

Process

µµ++ →→ ee++ γγ

ττ →→ µµ γγ



PeterPeter--Raymond KettleRaymond Kettle PSI May 16th 2003PSI May 16th 2003 44

SUSY PredictionsSUSY Predictions

e.g. Prediction Br(e.g. Prediction Br(µ→µ→eeγγ)) vs. vs. parameter space in SUSY SU(5)parameter space in SUSY SU(5)
see J. see J. HisanoHisano et al. Phys. et al. Phys. LettLett. B391 (1997) 341. B391 (1997) 341

Similar plots for Similar plots for 
µ→µ→ e conversione conversion

with with 
RRµµee-- ranging betweenranging between

(10(10--1414 -- 1010--1717))
over most of the over most of the 
parameter rangesparameter ranges

MECO(BNL)MECO(BNL)--goal single goal single 
event sensitivity of event sensitivity of 2.102.10--1717

Small tan(Small tan(ββ) ) ––Excluded LEP SUSY SearchExcluded LEP SUSY Search

MEGMEG
Goal 10Goal 10--1313
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The The µµ→→eeγγ νν -- ConnectionConnection
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MEGA MEGA -- BoundBound

JJ.. HisanoHisano and D. Nomura  Phys. Rev. D59 (1999)and D. Nomura  Phys. Rev. D59 (1999)

MEGMEG

SOLAR Neutrino Global AnalysisSOLAR Neutrino Global Analysis
FavoursFavours LMA solutionLMA solution

SNO collaboration, SNO collaboration, Q.R.AhamdQ.R.Ahamd et al., et al., 
PRL89(2002)010302PRL89(2002)010302
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22ndnd Generation LFV SearchesGeneration LFV Searches

MEGA(LAMPF)

M.L. Brooks et al
BR(µ→eγ)< 1.2·10-11

MEGA(LAMPF)MEGA(LAMPF)

M.L. Brooks et alM.L. Brooks et al
BR(BR(µ→µ→eeγγ)< )< 1.21.2··1010--1111

SINDRUM II (PSI)

BR(µ→e)< 6.1·10-13

SINDRUM II (PSI)SINDRUM II (PSI)

BR(BR(µ→µ→ee)< )< 6.16.1··1010--1313

MEG(PSI)

Sensitivity ~5·10-14

MEG(PSI)MEG(PSI)

SensitivitySensitivity ~~55··1010--1414

PRIME(JAERI)

Sensitivity ~10-18

PRIME(JAERI)PRIME(JAERI)

SensitivitySensitivity ~~1010--1818
MECO(BNL)

Sensitivity ~2·10-17

MECO(BNL)MECO(BNL)

SensitivitySensitivity ~~2·2·1010--1717

Present GenerationPresent Present GenerationGeneration

Next GenerationNext GenerationNext Generation

Experimental LFV-Searches have a Long History -
• goes back to 1947 E. P. Hincks & B. Pontecorvo, using cosmic rays (µ→eγ)
• Improvement about 2-Orders of Magnitude per Decade
• muons seem to provide the most sensitive limits (copious source, small mass, 
long life)
Most Promising Candidates in the Charged Lepton Sector: µ→ eγ & µ→ e

Experimental LFVExperimental LFV--Searches have a Long History Searches have a Long History --
•• goes back to 1947 E. P. goes back to 1947 E. P. HincksHincks & B. & B. PontecorvoPontecorvo, using cosmic rays (, using cosmic rays (µ→µ→eeγγ))
•• Improvement about 2Improvement about 2--Orders of Magnitude per DecadeOrders of Magnitude per Decade
•• muons seem to provide the most sensitive limits (copious sourcemuons seem to provide the most sensitive limits (copious source, small mass, , small mass, 
long life)long life)
Most Promising Candidates in the Charged Lepton Sector: Most Promising Candidates in the Charged Lepton Sector: µ→µ→ eeγγ && µ→µ→ ee
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µ→eµ→eγγ ChronologyChronology

Laboratory Collaboration Year 
Published

Upper Limit 
(90%c.l.)  

Cosmic rays E. P. Hincks & B. Pontecorvo 1947 0 +0.06 –0.0 
Columbia S. Lokanathan & J. Steinberger 1955 2·10-5 
Columbia D. Berley et al. 1959 2·10-6 
CERN J. Ashkin et al. 1959 (1.2±1.5)·10-6

LRL Berkeley S. Frankel et al. 1960 1.2·10-6 
Columbia D. Bartlett et al. 1962 6·10-8 
LRL Berkeley S. Frankel et al. 1962 1.9·10-7 
LRL Berkeley S. Frankel et al. 1963 4.3·10-8 
Chicago S. Parker et al. 1964 2.2·10-8 
TRIUMF P. Depommier et al. 1977 3.6·10-9 
SIN A. van der Schaaf et al. 1977 1.1·10-9 
LAMPF J. D. Bowman et al. 1979 1.9·10-10 
SIN A. van der Schaaf et al. 1980 1.0·10-9 
LAMPF W. W. Kinnison et al. 1982 1.7·10-10 
TRIUMF G. Azuelos et al. 1983 1.0·10-9 
LAMPF R. D. Bolton et al. 1986 4.9·10-11 
LAMPF R. D. Bolton et al. 1988 4.9·10-11 
LAMPF M. L. Brooks et al. 1999 1.2·10-11 
PSI MEGCollaboration >2005 ? 1.0·10-13 ? 
 

MuEgamma Chronology

1.0E-15
1.0E-14
1.0E-13
1.0E-12
1.0E-11
1.0E-10
1.0E-09
1.0E-08
1.0E-07
1.0E-06
1.0E-05
1.0E-04

1954 1964 1974 1984 1994 2004

Year of Publication

Br
an

ch
in

g 
Ra

tio
 B

r

Columbia
LRL Berkeley
Chicago
TRIUMF
SIN (PSI)
LAMPF

• End of 70’s Meson Factories take over 
competition

• higher intensity beams

• Duty cycle

•• End of 70’s Meson Factories take over End of 70’s Meson Factories take over 
competitioncompetition

•• higher intensity beamshigher intensity beams

•• Duty cycleDuty cycle

PSIPSI
LOI LOI 19981998
ProposalProposal 19991999
Approval Approval 19991999
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PSI & LFVPSI & LFV-- SearchesSearches

PSI also has a tradition in LFV-searches:PSI also has a tradition in LFVPSI also has a tradition in LFV--searches:searches:

ReactionReaction 90% CL90% CL

Br(Br(µµ--TiTi→→ee--Ti)Ti) 6.16.1··1010--1313

PPMMMM((µµ++ee--→→ µµ--ee++)) 8.38.3··1010--1111

Br(Br(µµ--TiTi→→ee++Ca)Ca) 1.71.7··1010--1212

Br(Br(µµ--SS→→ee++SiSi)) 99··1010--1010

Br(Br(µµ--AuAu→→ee--Au)Au) New Prelim.New Prelim.

Br(Br(µµ++→→ee++ee--ee++)) 11··1010--1212

Br(Br(µµ--PbPb→→ee--PbPb)) 4.64.6··1010--1111

Br(Br(µµ--SS→→ee--S)S) 77··1010--1111

Present most Sensitive MeasurementsPresent most Sensitive MeasurementsPresent most Sensitive Measurements PSIPSIPSI
Paul Scherrer Institute

• 600 MeV Ring Cyclotron
• 1.8-2mA Proton Current
• DC Beam –100% Duty Cycle
•πE5 Surface Muon Beam >108µ+s-1

•• 600 MeV Ring Cyclotron600 MeV Ring Cyclotron
•• 1.81.8--2mA Proton Current2mA Proton Current
•• DC Beam DC Beam ––100% Duty Cycle100% Duty Cycle
••ππE5 Surface Muon Beam >10E5 Surface Muon Beam >1088µµ++ss--11

SindrumSindrum IIII--CollabCollab..
M MM M-- CollabCollab..

SINSIN--measurementsmeasurements
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MEG Experiment MEG Experiment µ→eµ→eγγ at PSIat PSI

FeaturesFeatures

Sensitivity down to ~ 5Sensitivity down to ~ 5··1010--1414

Utilize most intenseUtilize most intense
DC surface muon  beam DC surface muon  beam 
availableavailable

Liquid Liquid XeXe photon detectorphoton detector

Gradient field Gradient field 
superconducting  superconducting  
positron spectrometer positron spectrometer 
( constant bending radius)( constant bending radius)

Positron tracker &Positron tracker &
timing counterstiming counters
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MEG CollaborationMEG Collaboration

Now ~ 48 physicists Now ~ 48 physicists 
from 10 institutesfrom 10 institutes

µ→eγ Collaborationµ→µ→eeγγ CollaborationCollaboration

RussiaRussia
LXeLXe Tests andTests and
PurificationPurification
Beam TransportBeam Transport
SolenoidSolenoid

ItalyItaly
e+ counter, e+ counter, 
Trigger, Trigger, 
M.C.M.C.
LXeLXe CalorimeterCalorimeter

JapanJapan
LXeLXe Calorimeter, Calorimeter, 
Superconducting Superconducting 
Solenoid, Solenoid, 
M.C.M.C.

SwitzerlandSwitzerland
Drift Chamber,Drift Chamber,
Beam Line, DAQBeam Line, DAQ
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Experimental PrincipleExperimental Principle

• Radiative muon decay        
µ→eννγ

• Michel + accidental photon
from e.g.

• positron annihilation 
(in-flight)

• neutron induced 
background

•• RadiativeRadiative muon decay        muon decay        
µ→µ→eeννγννγ

•• Michel + accidental photonMichel + accidental photon
from e.g.from e.g.

•• positron annihilation positron annihilation 
(in(in--flight)flight)

•• neutron induced neutron induced 
backgroundbackground

Background kinematicsBackground kinematics
• simple
• monoenergetic particles 
• back-to-back
• coincident in time

•• simplesimple
•• monoenergeticmonoenergetic particles particles 
•• backback--toto--backback
•• coincident in timecoincident in time

Signal KinematicsSignal Kinematics

EEee++ = 52.8 MeV= 52.8 MeV

Decay at RestDecay at Rest
θθeeγγ= 180°= 180°

EEγγ = 52.8 MeV= 52.8 MeV

ee++ γγ
µ+

Basic Beam & Detector Requirements
• High stop-density (rate) µ+ -beam with high duty factor 

(accidentals)
• High resolution γ−detection (angle + energy, accidentals)
• Solenoidal magnetic spectrometer (p-determination)
• Fast, high resolution tracking chambers for e+ momentum 

determination (p- + angle)
• Timing counter for e+ (angle + time)

Basic Beam & Detector RequirementsBasic Beam & Detector Requirements
• High stop-density (rate) µ+ -beam with high duty factor 

(accidentals)
• High resolution γ−detection (angle + energy, accidentals)
• Solenoidal magnetic spectrometer (p-determination)
• Fast, high resolution tracking chambers for e+ momentum 

determination (p- + angle)
• Timing counter for e+ (angle + time)

ee++ γγ

νν

νν
µµ++

ee++

γγ

γγ

ee++
νν

µµ++ νν
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Detector PerformanceDetector Performance
•• surface muon beam 28 MeV/csurface muon beam 28 MeV/c

~10~1088 muonsmuons/sec/sec

•• thin stopping target thin stopping target 150150µµmm CHCH22

•• LXeLXe Photon Calorimeter, Photon Calorimeter, 
(vol~800 litres, 3t)(vol~800 litres, 3t)
viewed by viewed by 800 800 PMsPMs

•• ultra thin 3 g/cm2 ultra thin 3 g/cm2 (T(Tγγ==95%)95%)
super conducting  super conducting  
solenoid (gradient field) solenoid (gradient field) 1.26T1.26T

•• 1177 azimuthally segmented, azimuthally segmented, 
staggered ministaggered mini--cell layers, cell layers, 
of drift chambersof drift chambers

•• double layer of scintillatordouble layer of scintillator
hodoscopehodoscope arrays, arrays, as as e+e+--triggertrigger
+ timing + timing counterscounters

Present / expected Performance 
FWHM

• ∆Εe ~ 0.8%
• ∆Εγ ~ 4%
• ∆θeγ ~ 19 mrad
• ∆teγ ~ 150 ps

Present / expected Performance Present / expected Performance 
FWHMFWHM

• ∆Εe ~ 0.8%
• ∆Εγ ~ 4%
• ∆θeγ ~ 19 mrad
• ∆teγ ~ 150 ps

RRµµ ~ 2.5 ~ 2.5 ··101077 ss--11

T ~ 2.6 T ~ 2.6 ·· 101077 s ( 65 weeks)s ( 65 weeks)
Ω/4πΩ/4π ~ 0.09~ 0.09
εεe e ~ 0.9~ 0.9
εεγγ ~ 0.6~ 0.6
εεselsel ~ 0.7~ 0.7
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Detector SensitivityDetector Sensitivity

Prompt Physics Background Prompt Physics Background ((RadiativeRadiative)) BRBRprpr ≅≅ < < 33··1010--1515

AccidentalAccidental BRBRaccacc ∝ ∝ RRµµ •• ∆∆EEee • • ∆∆tteeγγ • (• (∆∆EEγγ ))22 • (• (∆θ∆θeeγγ ))22 →→ 33·· 1010--14 14 

BackgroundBackground

Upper Limit at 90% C.L. for BR(Upper Limit at 90% C.L. for BR(µµ→→eeγγ) ) ≈≈ 11·· 1010--1313

BR(BR(µ→µ→eeγγ) = () = (RRµµ • T • • T • ΩΩ/4/4ππ • • εεee • • εεγγ • • εεselsel ))--11 ≈≈ 4 4 ×× 1010--1414

Single Events SensitivitySingle Events Sensitivity

Limited by the Accidental Background Limited by the Accidental Background 
& hence  Detector Performance& hence  Detector Performance

Presently:Presently:
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Beam Transport SystemBeam Transport System

πΕ5πΕ5 LayoutLayout

•• 28 MeV/c Surface Muon Beam ~ 1028 MeV/c Surface Muon Beam ~ 1088 ss--11

•• 22--Stage Separation & Momentum DegradingStage Separation & Momentum Degrading
•• WIEN Filter (WIEN Filter (ExBExB))--SeparatorSeparator
•• Superconducting Transport Solenoid Superconducting Transport Solenoid 

with Degrader Systemwith Degrader System
•• Thin 37mg/cmThin 37mg/cm2 2 CHCH22 TargetTarget
•• BeamBeam--spot spot σσXX ~ ~ σσY Y ~ 5mm~ 5mm
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Photon DetectionPhoton Detection

Liq. Xe

H.V.

Vacuum
for thermal insulation

Al Honeycomb
window

PMT

Refrigerator

Cooling pipe

Signals

fillerPlastic
1.5m

Detector requirements:
Excellent energy-, timing-, and position resolutions

Detector requirements:Detector requirements:
Excellent energyExcellent energy--, timing, timing--, and position resolutions, and position resolutions

Mass number 131.29

Decay time (fa)
(slow)       

(recombi.)

4.2 nsec
22 nsec
45 nsec

Scintillation 
light λ

175 nm

Density 3.0 g/cm3

Boiling/ 
melting points

165 K
161 K

Energy per 
photon

24 eV

Radiation 
length

2.77 cm

Refractive 
index

1.57 – 1.75

Liquid Xenon Liquid Xenon 
Scintillation DetectorScintillation Detector

Full Design characteristics:Full Design characteristics:

•• active Volume 800 active Volume 800 litreslitres

•• viewed by 800 viewed by 800 PMTsPMTs immersed immersed 
in in LXeLXe

•• high light yield ~ 75% high light yield ~ 75% NaI(TlNaI(Tl))
(energy, timing, position resolution)(energy, timing, position resolution)

•• fast signal, short decay timefast signal, short decay time
(minimize pile(minimize pile--up)up)

•• spatially uniform responsespatially uniform response
(no segmentation needed)(no segmentation needed)

VERY AMBITIOUS !!! VERY AMBITIOUS !!! –– needs needs 
Staged PROTOTYPE STUDIESStaged PROTOTYPE STUDIES

Liquid Xenon Liquid Xenon 
Scintillation DetectorScintillation Detector

!
NaI – too slow
CsI +BGO – poor 
∆E/E at 52.8 MeV
In homo. coverage
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Photon Calorimeter Photon Calorimeter –– Small  PrototypesSmall  Prototypes

SMALL PROTOTYPE

• Total 32 x PMTs
• Active Xe volume 

116 x 116 x 174 mm3 (2.3liter)
• Energy-, Position-, and 

Timing resolution measured 
for  gammas up to 2MeV

SMALL PROTOTYPESMALL PROTOTYPE

•• Total 32 x Total 32 x PMTsPMTs
•• Active Active XeXe volume volume 

116 x 116 x 174 mm116 x 116 x 174 mm33 (2.3liter)(2.3liter)
•• EnergyEnergy--, Position, Position--, and , and 

Timing resolution measured Timing resolution measured 
for  gammas up to 2MeVfor  gammas up to 2MeV

Simple extrapolation to 52.8 MeV 
gammas implies:

σenergy ~ 1%, 
σposition ~ a few mm, 

 σtime ~ 50psec

 Scale-up to Large Prototype

Simple extrapolation to 52.8 MeV Simple extrapolation to 52.8 MeV 
gammas implies:gammas implies:

σσenergyenergy ~ 1%, ~ 1%, 
σσpositionposition ~ a few mm, ~ a few mm, 

  σσtimetime ~ 50psec~ 50psec

  ScaleScale--up to Large Prototypeup to Large Prototype
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Photon Calorimeter Photon Calorimeter –– Large PrototypeLarge Prototype

PROPOSAL 
Performance  Parameters 

to be  achieved

lateral δx~4mm, 

depth δz~16 mm

∆E~ 1.4 – 2 %, 

∆t~ 100 ps

(all FWHM)

PROPOSAL PROPOSAL 
Performance  Parameters Performance  Parameters 

to be  achievedto be  achieved

lateral lateral δδxx~4mm, ~4mm, 

depth depth δδzz~16 mm~16 mm

∆∆E~ 1.4 E~ 1.4 –– 2 %, 2 %, 

∆∆t~ 100 t~ 100 psps

(all FWHM)(all FWHM)

Currently :
World’s LARGEST 
LXe-Detector
(40x40x50) cm3

• 228 PMTs
• 69 litres LXe
necessary to test
Response > 20MeV

Currently :Currently :
World’s LARGEST World’s LARGEST 
LXeLXe--DetectorDetector
(40x40x50) cm(40x40x50) cm33

•• 228 228 PMTsPMTs
•• 69 69 litreslitres LXeLXe
necessary to testnecessary to test
Response > 20MeVResponse > 20MeV

PURPOSE:PURPOSE:
•• test longtest long--term cryogenic term cryogenic 

operationoperation
•• measure measure LXeLXe propertiesproperties
•• check reconstruction methodscheck reconstruction methods
•• Measure Measure ∆∆ΕΕ, , ∆∆l, l, ∆∆tt

HowHow
•• CosmicsCosmics, , αα-- SourcesSources
•• 60 MeV e60 MeV e-- KSR KSR StorageStorage RingRing
•• 40 MeV 40 MeV γγ‘‘s TERAS SRs TERAS SR
((ComptonCompton backscatterbackscatter))
•• 55 MeV 55 MeV γγ‘‘s s ππ--pp→→ ππ00n PSIn PSI
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Photon Detector PerformancePhoton Detector Performance
Calorimeter Performance Calorimeter Performance Strongly dependent Strongly dependent on on 
Optical Properties of Optical Properties of LXeLXe e.g.  Absorption Length  e.g.  Absorption Length  λλabsabs> 1m > 1m 

to reach to reach ∆∆ΕΕ//ΕΕ ~ few %                        (~ few %                        (λλabsabs = = ∞∞ gives gives ∆∆ΕΕ//ΕΕ ~~ 2.5% FWHM)2.5% FWHM)
Initial results with Large Prototype: Initial results with Large Prototype: Dramatic loss of light !!! (90%)Dramatic loss of light !!! (90%)
λλabs ~ 10cm !!!abs ~ 10cm !!!

Problems with Contaminants Problems with Contaminants mainly Hmainly H22OO

Improvement with purification (Improvement with purification (OxysorbOxysorb/getter/re/getter/re--circulation)circulation)
Alpha event Alpha event Cosmic ray eventCosmic ray event

Light yieldLight yield
vsvs

Purification time Purification time 

New continuous purification system being implementedNew continuous purification system being implemented
Presently Presently λλabsabs > 1m 90% CL> 1m 90% CL
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Positron DetectionPositron Detection

COBRA – Spectrometer (Constant Bending Radius)

• Thin superconducting magnet with gradient field
• Drift chambers for positron tracking
• Scintillation counter arrays for positron timing & triggering

COBRA COBRA –– Spectrometer Spectrometer ((CoConstantnstant BBending ending RaRadius)dius)

•• Thin superconducting magnet with gradient fieldThin superconducting magnet with gradient field
•• Drift chambers for positron trackingDrift chambers for positron tracking
•• Scintillation counter arrays for positron timing & triggeringScintillation counter arrays for positron timing & triggering
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Positron Spectrometer COBRAPositron Spectrometer COBRA

Gradient fieldGradient field

Gradient fieldGradient field

Constant Bending RadiusConstant Bending Radius
∝∝ PPTOT TOT independent of independent of θθ

High High θθ--tracks swept awaytracks swept away
more efficientlymore efficiently

Uniform fieldUniform field

Uniform fieldUniform field

Bending Radius Bending Radius ∝∝ PPTT
hence high hence high θθ--trackstracks
curlcurl--up, many hitsup, many hits

e+ from µ+→e+γee++ from from µµ++→→ee++γγ

therefore easy totherefore easy to llookook
forfor

LargeLarge Radius TracksRadius Tracks

i.e. i.e. fixed Pfixed PTOTTOT
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COBRA MagnetCOBRA Magnet

• HighHigh--strength aluminum stabilized strength aluminum stabilized 
thin superconducting coil ~ thin superconducting coil ~ 0.2 X0.2 X00

•• Five coils with three different diametersFive coils with three different diameters
to realize gradient fieldto realize gradient field

•• BBcc = 1.26T, = 1.26T, BBzz=1.25m=1.25m=0.49T=0.49T,,
•• operating current  operating current  IIoptopt= 359A= 359A
•• Compensation coils to suppress Compensation coils to suppress 

the residual field around the the residual field around the LXeLXe detector  to detector  to 
< 50 Gauss (< 50 Gauss (PMTsPMTs))

Central coilCentral coil
GradientGradient coilcoil

Compensation coilCompensation coil

Winding of the central coilWinding of the central coil



PeterPeter--Raymond KettleRaymond Kettle PSI May 16th 2003PSI May 16th 2003 2222

Positron Tracking Positron Tracking –– Drift ChambersDrift Chambers

• 17 planar chambers
• aligned radially at ~ 10° intervals
• Staggered cells measure both position r ∝ (t1-t2)

σr~200 µm and time t ∝ (t1+t2)/2 σt~5 ns
• He – C2H6 gas to reduce multiple scattering
• Vernier pattern to determine z-coordinate 

via Charge Division       σz~ 300 µm

•• 17 planar chambers17 planar chambers
•• aligned aligned radiallyradially at ~ 10at ~ 10°° intervalsintervals
•• Staggered cells measure both position Staggered cells measure both position rr ∝∝ (t(t11--tt22))

σσrr~200 ~200 µµmm and time and time tt ∝∝ (t(t11+t+t22)/2 )/2 σσtt~5 ns~5 ns
•• He He –– CC22HH66 gas to reduce multiple scatteringgas to reduce multiple scattering
•• VernierVernier pattern to determine zpattern to determine z--coordinate coordinate 

via Charge Division       via Charge Division       σσzz~ 300 ~ 300 µµmm

wirewire

cathodescathodes

FADCsFADCs

FADCsFADCs

zz

rr

~ 1200 mm~ 1200 mm

~ 114 mm~ 114 mm DriftDrift--cell Structurecell Structure

zz--determinationdetermination
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Prototype Prototype DCsDCs
•• Two prototypes are under test at PSI.Two prototypes are under test at PSI.

•• ““Double cathodeDouble cathode”” chamberchamber
•• Two separated doubleTwo separated double--strip cathodes for strip cathodes for 

each chamber layereach chamber layer
homogeneous position sensitivityhomogeneous position sensitivity

•• Test in 1 Tesla magnetic fieldTest in 1 Tesla magnetic field
•• ““Charge divisionCharge division”” chamberchamber

•• Charge division testCharge division test
•• 1m1m--long W(330W/m) or Steel(1200W/m) long W(330W/m) or Steel(1200W/m) 

•• Supporting system is also under development.Supporting system is also under development.

TOKYO Test DC TOKYO Test DC Resolution(Resolution(σσ))

Drift time measurementDrift time measurement 100100--150150µµmm

VernierVernier cathode measurementcathode measurement 425425µµmm

Charge division measurementCharge division measurement 2cm2cm

Drift velocity and drift timeDrift velocity and drift time 44--12ns12ns

Want: FWHMWant: FWHM
δΡδΡee /Ρ/Ρee ≅≅ 0.8%0.8%
δθδθe e ~ 9 ~ 9 →→12 12 mradmrad
δδxxTgTg ~ 2.1~ 2.1→→ 2.5 mm2.5 mm
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Positron Timing CountersPositron Timing Counters

•• Double layer of scintillator bars Double layer of scintillator bars 
placed at right angles to each other,placed at right angles to each other,

both upboth up-- & down& down--stream of  the stream of  the DCsDCs
Outer: Outer: timing measurementtiming measurement
Inner:  Inner:  additional trigger informationadditional trigger information

•• GoalGoal σσtimetime~ 40psec (100 ~ 40psec (100 psps FWHM)FWHM)

HodoscopeHodoscope LayoutLayout
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Timing Counter R&DTiming Counter R&D
CORTES  Facility       INFN PisaCORTES  Facility       INFN Pisa Cosmic RayCosmic Ray TestTest

••Scintillator bar Scintillator bar 
(5cm x (5cm x tt1cm x 100cm long)1cm x 100cm long)

•• Telescope of 8 x MSGCTelescope of 8 x MSGC

• Measured resolutions
σtime~60psec independent of incident position

• σtime improves as ~1/√Npe
2 cm thick ?

• Measured resolutionsMeasured resolutions
σσtimetime~60psec~60psec independent of incident positionindependent of incident position

•• σσtimetime improves asimproves as ~~1/1/√√NpeNpe
2 cm thick ?2 cm thick ?

Cosmic Ray TestCosmic Ray Test
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TriggerTrigger
µ+-stopping rate 108 s-1

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

time correlation γ – e+ 200 s-1

γ interaction point (PM with Qmax on front face only)
extrapolate to target centre & correlate with
e+ impact point on timing counter
angular corrlation γ – e+ 20 s-1

cut on Rmax of drift chambers ?                            10 s-1

µµ++--stoppingstopping raterate 10108 8 ss--11

Fast Fast LXeLXe energy sum energy sum ΣΕΣΕγγ > 45MeV> 45MeV 22××10103 3 ss--11

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

γγ interaction point (PM with interaction point (PM with QQmaxmax on front face only)on front face only)
extrapolate to target centre & correlate withextrapolate to target centre & correlate with
ee++ impact point on timing counterimpact point on timing counter
angular angular corrlationcorrlation γγ –– ee++ 220 s0 s--11

cut on cut on RRmaxmax of drift chambers ?                            10 sof drift chambers ?                            10 s--11

Photon direction selection
7.5° in ϕ for a µ+→e+γ event
In LXe Calorimeter to Target
( PMT with QMAX front face LXe)

gives a
spread over (5 timing counters)
on the e+- timing counters side
(one coloured band)

Photon direction selectionPhoton direction selection
7.57.5°° inin ϕϕ for afor a µµ++→→ee++γγ eventevent
In In LXeLXe Calorimeter to TargetCalorimeter to Target
( PMT with Q( PMT with QMAXMAX front face front face LXeLXe))

gives agives a
spreadspread over over (5 timing counters)(5 timing counters)
on the eon the e++-- timing counters sidetiming counters side
(one(one coloured band)coloured band)

z

ϕ

(t  )z L

ϕ(t  )R

L(t  )ϕ

Rz(t  )

e+

e+

e+

Impact Point

1m
ϕ

Digital Trigger:

• Waveform digitizing for ALL channels
• 2GHz Waveform digitization
• 100 MHz FADCs + FPGAs
• baseline subtraction
• QT-Alogorithm (Qmax + t)
• latency 350 ns

Digital Trigger:Digital Trigger:

•• Waveform digitizing for ALL channelsWaveform digitizing for ALL channels
•• 2GHz Waveform digitization2GHz Waveform digitization
•• 100 MHz 100 MHz FADCsFADCs + + FPGAsFPGAs
•• baseline subtractionbaseline subtraction
•• QTQT--AlogorithmAlogorithm ((QQmaxmax + t)+ t)
•• latency 350 nslatency 350 ns
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ConclusionsConclusions

Recent Experiments have improved  LFV limits in the charged sector
Still NO Signal Found ! 
Recent Experiments have improved  LFV limits in the charged sectRecent Experiments have improved  LFV limits in the charged sectoror
Still NO Signal Found ! Still NO Signal Found ! 
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New Experiments plan to improve
Single Event Sensitivities > 103
New Experiments plan to improveNew Experiments plan to improve
Single Event Sensitivities > 10Single Event Sensitivities > 1033
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MEGAMEGA

SindrumSindrum IIII

MEGMEG

MECOMECO

With LFV results from neutrino sector
Prospects for signature of New Physics e.g. SUSY-GUT good !
With LFV results from neutrino sectorWith LFV results from neutrino sector
Prospects for signature of New Physics e.g. SUSYProspects for signature of New Physics e.g. SUSY--GUT good !GUT good !

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 14 µ Decays  in  Acceptance

EEee/E/EMaxMax
EE gg/E/

E M
ax

M
ax

µ→µ→eeγγ at at 
1010--13 13 levellevel

Simulation Simulation ––
HOPEFULLYHOPEFULLY

REALITY !REALITY !
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Experiment Time ScaleExperiment Time Scale

• All Detector Systems under development
• R&D phase still in progress
• Next significant Milestone Large Prototype test NOW
• Beam studies PSI πΕ5 Finishing now

• All Detector Systems All Detector Systems under developmentunder development
•• R&D phase still in progressR&D phase still in progress
•• Next significant Milestone Large Prototype test Next significant Milestone Large Prototype test NOWNOW
•• Beam studies PSI Beam studies PSI πΕ5πΕ5 Finishing nowFinishing now

http://meg.icepp.s.u-tokyo.ac.jp
http://meg.pi.infn.it
http://meg.psi.ch

http://meg.icepp.s.uhttp://meg.icepp.s.u--tokyo.ac.jptokyo.ac.jp
http://http://meg.pi.infn.itmeg.pi.infn.it
http://http://meg.psi.chmeg.psi.ch

Further interestFurther interest

1997      1998      1999      2000       2001       2002       21997      1998      1999      2000       2001       2002       2003       2004       2005       2006     2007003       2004       2005       2006     2007

PlanningPlanning R & DR & D AssemblyAssembly Data TakingData Taking
nownow


	
	Physics Motivation
	Physics Motivation (Theory & Experiment)
	SUSY Predictions
	The µe    - Connection
	2nd Generation LFV Searches
	µ→e  Chronology
	PSI & LFV- Searches
	MEG Experiment µ→e  at PSI
	MEG Collaboration
	Experimental Principle
	Detector Performance
	Detector Sensitivity
	Beam Transport System
	Photon Detection
	Photon Calorimeter –  Small  Prototypes
	Photon Calorimeter – Large Prototype
	Photon Detector Performance
	Positron Detection
	Positron Spectrometer COBRA
	COBRA Magnet
	Positron Tracking – Drift Chambers
	Prototype DCs
	Positron Timing Counters
	Timing Counter R&D
	Trigger
	Conclusions
	Experiment Time Scale

