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Physics Motivation

Mimimall Standard Moedel (SM):

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

riowever
Extensions to SM -( with massive v's & hence v-oscillations) -
Predict LFV rates

= too small to be observed ~ BR 0(1050)

rlefice: grocesses such s u—ey, u—» e, u—» eee, Ko —sue, Z°—>ue &
v-oscillations & Oypp-decay cire
sensitive tools to probe physics beyond the Standard Model
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Physics Moftivation (Theory & Experiment)

naSIvi= Predict EEV & BINV at at
e

(.0} see Bianieri & IHalli =iSanoer et ait)

Super Symmetry (SUSY-GUTSs) e —— Tt __leve
U ot vﬂ‘ =
SU(5) 10-13<Br(p—ey) <10-15 ..

SO(10) 10-11< Br( p—oey) < 10-13  fu s i 0609

I Just below Present Experimental Bound <1.2-10-11 11

=N o N -

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

Discovery of v-oscillations (Super-K, SNO, KAMLAND)
g-2 Results (BNL)

Hegori of Oybi-decay ?77(Heidelberg/Moscow)

Heoort Protorn Dacey 777 (Kolar Golatielc

— ~ 1 -
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SUSY Predictions

2.0 Predictiont Brj=>ey) Vs parameEter Space nfSUSNESU(S)

see J. Hisano et all. Phys. LLett. B39d (1997) 344

Similar plots for

u—> e conversion

with
R - ranging between
(1014 -1017)
over most of the
parameter ranges

MECO(BNL)-geal single

eveni sensitivity: of

al

smallftan()—ExcludediCER SUSY Search
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v- Connection

90% CIL.
— 95% CL

99% CL
— 99.73% CL

0 5 1
log(tan” 6)

SOLAR Neutrino Global Analysis

10" 10

My (GeV) SNO collaboration;, @.R.Ahamdl et al.,
J. Hisanerand Dy Nomuia: Phys: REV. DSY (19599) FRLES(2002)010502
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2"d Generation LFV Searches

EXP e EN LI MV ASEaTGH s\ Lore) rlistory -

* g OESTHACKAO AV A N CKS & B OTTECOIVO R USINGICOSIT Cay S =€)
s'Improvement:about: 2-:Orders;afiMagnitudeper Decac
* muons seem to provide the most sensitive limits (Copious source, small mass,

long life)
Most Promising Candidates in the Charged Lepton Sector: p—»> ey £ p—>e

Present Generation
MEGA(LAMPF) SINDRUM II (PSI)

M.L. Brooks et al

BR(u—ep< 1.2:10°11 BR(u—e)< 6.1-10-13

Next Generation

MEG(PSI) mEco@Ny  \PRIMEUAERD

Sensitivity ~5-10-14 Sensitivity ~2-10-17 ensitivity ~1071°
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Laboratory

Cosmic rays

Collaboration

E. P. Hincks & B. Pontecorvo

u—ey Chronology

Year

Upper Limit

Published (90%cc.l.)

1947

O +0.06 -0.0

Columbia

S. Lokanathan & J. Steinberger

1955

2.10°

Columbia

D. Berley et al.

1959

2.10°

CERN

J. Ashkin et al.

1959

(1.2+1.5)-10°

LRL Berkeley

S. Frankel et al.

1960

1.2:10°

Columbia

D. Bartlett et al.

1962

6:10°

LRL Berkeley

S. Frankel et al.

1962

1.9:107

LRL Berkeley

S. Frankel et al.

1963

4310

Chicago

S. Parker et al.

1964

2.2:10°

TRIUMFE

P. Depommier et al.

1977

3.6:10°

SIN

A. van der Schaaf et al.

1977

1.1.10°

LAMPF

J. D. Bowman et al.

1979

1.9.10%°

SIN

A. van der Schaaf et al.

1980

1.0:10°

LAMPF

W. W. Kinnison et al.

1982

1.7.10%°

TRIUMF

G. Azuelos et al.

1983

1.0:10°

LAMPF

R. D. Bolton et al.

1986

49101

LAMPF

R. D. Bolton et al.

1988

LAMPF

M. L. Brooks et al.

1999

PSI

MEGCollaboration

>2005 ?

\

PSI
LOI 1998
Proposal 1999
Approval 1999

Peter-Raymond Kettle

49101

1.0.10% 2

Branching Ratio Br

» End ofi70's Meson Faciofies take oyver
competition

 higher intensity beams

» Duty cycle

MuEgamma Chronology
1954 1964 1974 1984
1.0E-04
1.0E-05
1.0E-06
1.OE-07
1.0E-08
1.0E-09
1.OE-10

1994 2004

—&— Columbia
LRL Berkeley
—&— Chicago
TRIUMF
——SIN (PSI)
—¥— LAMPF

1.0E-11
1.0E-12

1.0E-13

1.0E-14
1.0E-15

Year of Publication

PSI May 16th 2003




PSI & LFV- Searches

Present most Sensitve VIeasurements

Reaction 90% CL

BrirAu-eAu | Now Prlim.
BripTiveT)  |6410%
Brureree) 10w
BruPboePb) | 46107
Puu(e— pe) | 83107 | -
m IN-measurements

» 600 MeV Ring Cyclotron+***"""

* 1.8-2mA Proton Current

* DC Beam —-100% Duty Cycle

*7E5 Surface Muon Beam >108y*s!
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MEG Experiment u—ey at PSI

Compensation coil

COBRA magnet \

LXe photon
detector

Drift chamber

Timing counter

Peter-Raymond Kettle

PSI May 16th 2003

Utilize most intense
DC surface muon beam
available

Liquid Xe photon detector

Gradient field
superconducting

positron spectrometer

( constant bending radius)

Positron tracker &




MEG Collaboration

IEG E i — Status Dece r 2002 i
The MEG Experiment — Status December 200 p—)e}'COHabOrauon

A. Baldini®*. A. de Bari®, L. M. Barkov', C. Bemporad®, P. Cattaneo®, i [ I] H

G. Cecchet®, F. Cei®, T. Doke?. J. Egeer™, F. Gatti® M. Grassi®, A. A.
Grebenmk?®, D. N. Grigoriev!, T. Haruyama®, M. Hildebrandt™, P-R. Kettle",
B. Khazin'. J. Kikuchi”, Y. Kuno*., A. Maki®, Y. Makida®, T. Mashimo®,
8. Mihara®. T. Mitsuhashi®, T. Mori® . D. Nicolt®, H. Nishiguchi®. H

H. Okada?, W. Ootani®, K. Ozone®. R. Pazzi®, S. Ritt7. T. Sacki®, RUSS|a
R. Sawada®, F. Sergiampietri®, G. Signorelli®, V. P. Smakhtint, 8. Suzuki®, L Xe Tests and
K. Terasawa®, A. Yamamoto®, M. Yamashita®. S, Yamashita®, J. Yashima®. Purification

K. Yoshimmura®. T. Yoshimura® Beam Transp rt

{Collaboration for the p — ey Experiment at PSI) Solenoid Japan
LXe Calorimeter,

1 T P BT — .

L . IEI_.\_I:'. .\u\u:-.lhllhllt.“H_u:-.»tm Superconductlng
“Univerzity of Genova and INFN, Genova, [taly Sol id

*KEK. Tsukuba, Japan olenold,

40saka University, Osaka. Japan M.C.

SUniversity of Pisa and INFN, Pisa, Italy

§Univeristy of Pavia and INFN, Pavia, Italy Italy

; P8I Villigen, Switzerland e+ counter,

University of Tokyo, Tokyo, Japan :
Waseda University, Tokyo, Japan T”gger’
M.C.

December 2002 LXe Calorimeter
Switzerland

Drift Chamber,
Beam Line, DAQ
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Experimental Principle

Signal Kinematics Background kinematics
+3linpla
2 onesnarygstic varticlas
SN KA DM LR

» Radiative muon decay
p—>evvy

+ suinsidant in time » Michel + accidental photon
Decay at Rest from e.g.

6.,= 180° * positron )annihilation

e+ / E! v (in-flight

It > neutron induced
E..=528MeV E =52.8MeV background

Basic Beam & Detector Requirements

High stop-density (rate) 4*-beam with high duty factor
(accidentals)

High resolution y—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)
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Detector Performance

* thin stopping target 150um CH,

* LXe Photon Calorimeter,
(vol~800 litres, 3t)
viewed by 800 PMs

« ultra thin 3 g/cm2 (Ty=95%)
super conducting
solenoid (gradient field) 1.26T

* 17 azimuthally segmented,
staggered mini-cell layers,
of drift chambers

* double layer of scintillator

hodoscope arrays, as e+-trigger
+ timing counters

Peter-Raymond Kettle

Lig. Xe Scintillation
Detector

Lig. Xe Scintillation

Detector / %
| # *, “-\

Thin Superconducting Coil

Muon Beam . Stopping Target
> ¥ .

) Timing Counter
Drift Chamber

Drift Chamber

Present / expected Performance R,~2.5-10" s

FWHM T~2.6-107 s ( 65 weeks)
« AE, ~ 0.8% Q/4mw ~ 0.09

«AE, ~ 4% g,~ 0.9

« AB, ~ 19 mrad e, ~0.6

. Atey ~ 150 ps €sel ~ 0.7

PSI May 16th 2003




Detector Sensitivity

Limited by the Accidental Backgreund
& hence Detector Performance

Presently:

BR(n—ey)=(R,*T*Qldng *¢ *e5 )" ~4 x 10

~ < 3.10-15

Prompt Physics Background (Radiative) BR, =

Accidental BR,_ .. Ru *AE_° Atey . (AEy )2 e (Aeey )2 > 3- 10-14
Background

Upper Limit at 90% C.L. for BR(p—ey) = 1- 10°
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Beam Transport System

» 28 MeV/c Surface’Muon'Beam ~ 10r'sH

s 2-Stage Separation & NMomentum Degrading
* WIEN Filter (ExB)-Separator
» Superconducting Transport Solenoid
with Degrader System
 Thin 37mg/cm? CH, Target
 Beam-spot o, ~ oy~ 5Smm

PiES 'Z'-Branch - MEG Test Beam Setup 2003

[ra—

Schematic View:

MWPC 2

Separator I1 MWPC 1

Pill I
Profile
MWPC

Phase A

Phase B

Phase C
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Photon Detection

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

Vacuum . .
for thermal insulation

2 aang,
Mass number | 131.29 Liguid Xenon

A toneveos | Density 3.0 glom? Scintillation Detector
Win?j/ow \

Boiling/ 165 K Full Design characteristics:
\ melting points 161 K

Energy per 24 eV . . .
photon active Volume 800 litres

Radiation 2.77 cm » viewed by 800 PMTs immersed

length in LXe
Decay time (fa) | 4.2 nsec

(slow) | 22 nsec * high light yield ~ 75% Nal(TI)
(recombi.) | 45 nsec (energy, timing, position resolution)

Scintillation 175 nm » fast signal, short decay time

light A (minimize pile-up)

Refractive 157 =175 » spatially uniform response
(no segmentation needed)

— Liqluid X& Nal — too slow
NaI(Th) - A Csl +BGO - poor VERY AMBITIOUS !!! - needs
: Staged PROTOTYPE STUDIES

]
e
2

(-]
T

Pulse Height [V

& o5 5
o ko

o
[

T ERERE P
0.5 0.6 0.7
Time [|isec]

=
=
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Photon Calorimeter — Small Prototypes

-—

Liquid Nitrogen out
Liquid Nitrogen in

vacuum for
thermal isolation

| s

filled wigh liquid Xe

Peter-Raymond Kettle

—-
o

SMALL PROTOTYPE

—_
a*

—
'S

Total 32 x PMTs

* measurement
‘ —— M.C. simulation

Juy
b2

Active Xe volume

—
-

Energy Resolution (%)

116 x 116 x 174 mm? (2.3liter)

]

Energy-, Position-, and

Timing resolution measured
for gammas up to 2MeV

4
ol
‘i}

Rt

0

10

Simple extrapolation to 52.8 MeV
gammas implies:

Oenergy ~ 1%,

Cposition ~ @ few mm,

Otime - 50p390
Scale-up to Large Prototype

PSI May 16th 2003

1
Energy (MeV)




Photon Calorimeter — Large Prototype

PURPOSE:

s testiiong-term cryogenic
operation

* measure LXe properties

» check reconstruction methods + 228 PMTs

» Measure AE, Al, At

How
» Cosmics, a- Sources
* 60 MeV e- KSR Storage Ring
* 40 MeV y‘'s TERAS SR
(Compton backscatter)
* 55 MeV y‘s ' p— n°n PSI

Peter-Raymond Kettle

Currently :

World’s LARGEST
LXe-Detector 7K it
(40x40x50) cm3 v |

* 69 litres LXe
necessary to test
Response > 20MeV

PROPOSAL
Performance Parameters

to be achieved
lateral 6,~4mm,
depth 6,~16 mm
AE~1.4-2 %,
At~ 100 ps

(all FWHM)

PSI May 16th 2003 17



Photon Detector Performance

P

galorimeter Performance

to reach AE/E ~ few % (A s = @ gives AE/E ~ 2.5% FWHM)
=>Initial results with Large Prototype: Dramatic loss of light !!! (90%)
= Aabs ~ 10cm !!!

Problems with Contaminants mainly H,O

Improvement with purification (Oxysorb/getter/re-circulation)
Alpha event .+ Cosmic.ray event
Light yield LT i

=1L6.cm I ?i Fpod il vs
; I ] L ] ] -
fi Purification time

1200

1000

total photoslecirons

oo
=
(=]

=3
=
S

T

i

&
=
(=3

i it
it

: | |
400 500 600 700
alapsed time [hrs]

B0 600700
elapsed time [hrs]
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Positron Detection

Lig. Xe Scintillation
Detector

Liqg. Xe Scintillation
Detector

.

\_1

—— Thin Superconducting Coil

Muon Beam i .~ Stopping Target
— ¥ ~

Timing Counter

nitracking
nt]JJa ]JIJ counteranrays ior positron timing) s triggering
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Positron Spectrometer COBRA

Uniform field

NV ‘ Bending Radius « P,
Constant Bending Radius e T G

o« P;or independent of 6 N SRR\ } curl-up, many hits

High 6-tracks swept away
more efficiently

Uniform field

_MMMMMMJU'JU'UUUWM
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COBRA Magnet

Outesrmost “ﬁm'\ 114 1:12—- T 10
:
j, p
N
L

ug

e

End cail—] 2
Gradiant coil—

* High-strength aluminum stabilized
thin superconducting coil ~ 0.2 X,
 Five coils with three different diameters
to realize gradient field
- B, =1.26T, B,_, ,5,=0.49T,

- operating current | = 359A
« Compensation coils to suppress
the residual field around the LXe detector to
< 50 Gauss (PMTs)
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Positron Tracking — Drift Chambers

=H200/mm|

Drift-cell Structure

Particle trajectory

- ! S
FADCs

4%
cathodes D Lﬂ
4%

-

1mm

17 planar chambers
aligned radially at ~ 10° intervals

Staggered cells measure both position r o« (t;-t,)
6,~200 pm and time t « (t,+t,)/2 6,~5 ns

He — C,H; gas to reduce multiple scattering
Vernier pattern to determine z-coordinate

via Charge Division c,~ 300 pm
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Prototype DCs

SN E PICIOLYPES are UneERtestar PS]:

> “Double cathode” chamber
* W0 separaied douhble-striprcathodes for
each chamber layer
- homogeneous position sensitivity
» Test in 1 Tesla magnetic field

 “Charge division” chamber
» Charge division test
* 1m-long W(330W/m) or Steel(1200W/m)

e Supporting system is also under development.

—

TOKYO Test DC Resolution(o)

Drift time measurement

Want: FWHM

100-150um

425um

' : Vernier cathode measurement
- o
8Pe /Pe — 0I8 /0 -

50.~9 —»12 mrad Charge division measurement
e

2cm

Sng ~21- 2.5 mm Drift velogcity and drift time

4-12ns
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Positron Timing Counters

- Double layer of scintillator bars
placed at right angles to each other,
both up- & down-stream of the DCs

Outer: timing measurement

Inner: additional trigger information
» Goal oy~ 40psec (100 ps FWHM)
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Timing Counter R&D

CORTES Facility INFN Pisa smic Ray Test

J“c]n JJJ«JUr par

.

» Telescope of 8 x MSGC

Cosmic Ray Test

Resolution vs position

Scintllator

* Measured resolutions .“01
Gume~00psec independent of incident position [

* Gtime IMProves as ~1//Npe ; ; e ;
HzcmthiCk? g Loviliiiilii, T T ¢ .“._.t.z?f.z...l....l....'

—30 =20 -1 D
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Trigger

p*-stopping rate 108 s

Fast LXe energy sum XE > 45MeV 2x103 s

time correlation y— e* 200 s’

y interaction point (PM with Q, .., on front face only)

extrapolate to target centre & correlate with PhOtf)n direction+seleftion
7.5°in @ for a p™—>e™y event

e’ impact point on timing counter In LXe Calorimeter to Target

angular corrlation y— e* 20 s (PMT Wi;?vgg“; front face LXe)

cut on Ry, of drift chambers 2 10 s™ © gpread over (5 timing counters)
on the e*- timing counters side
(one coloured band)

Timing counter sgnoll“ﬂap

Digital Trigger:

» Waveform digitizing for ALL channels
» 2GHz Waveform digitization

* 100 MHz FADCs + FPGAs

* baseline subtraction

» QT-Alogorithm (Q,,, + t)

* latency 350 ns ’2 -
v

PO
¢ (rad)
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Conclusions

Recent.Experiments haveiimproyved| LEViimitsiinithe,charged sector, u—ey at

Sl NO ignal Found | ~ 103 level

> L L S I B

10" n Decays in Acceptance

Br(u* —>e'y)<12.107"

_T'(4N—>e'N)
“ T(uN->v,N)

<6.0-107" FSindrammi® oo

New Experiments plan to improve
Single Event Sensitivities > 103

Br(u® —>e'y)<5-107"

» _ F(IU_N —> € N) < 2.0.10—17 %09 os2  osa o9
I'(u4N—>v,N) EJE,

. Simulation=
WIthIEEV e s ultSiirommneutrino)secior: HOPEFULLY
ProspectsiforssignaturerofiNew/Physics e.g: SUSY~GUlrgood!! REALITY !
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Experiment Time Scale
fle)/

Flanning R&D Assembly Data Taking

1997 1998 1999 2000 2001 2002 2003 2004 2005 20061 2007

* All Detector Systems under development

* R&D phase still in progress
* Next significant Milestone Large Prototype test NOW

» Beam studies PSI nES5 Finishing now

Further interest

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