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Topics to Cover

Q Why Is Lepton Flavor Violation Interesting?
Q@ LFV Tau Decays at B Factories (very briefly)

& LFV Muon Decays

v Muon to Electron Conversion

v Muon Decay to Electron and Gamma
@ MEG experiment



Why LFV interesting?

@ Neutrino LFV --> LFV among charged leptons!
@ LFV in charged leptons Is NEW PHYSICS.

v Some experiments are already sensitive to
SUSY GUTs, seesaw, and possibly more.

v So just find it!
@ Quark FV is generally contaminated by SM.

v Looking for tiny deviations is not easy.
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Lepton Flavor Violating Process

e- TeV scale new physics

/ Synergy w/ LHC & ILC

GUT / Leptogenesis
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Beyond LHC & ILC



LEV Tau Decays

at B Factories



B Factory Experiments

F/B asymmetric detectors
Good vertex resolution and particle ID ability

Belle Detector BABAR Detector

Ael"ogel Cherenk()v cnt. ‘ Muon/Hadron Detector
n=1.015~1.030 —

SC solenoid
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. Electron/Photon Detector =
CSI(T]) . Cherenkov Detector
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. Tracking Chamber
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8 GevVe ""_ Céhtral Drift Chamber

7l B A \‘“»small cell +He/C.H, e : .'
Si vix. det. \ u /K, detection
3 Iyr. DSSD 14/15 lyr. RPC+Fe

Accumulated data:
>4 .5x108 t-pairs at Belle, >3.0x108 t-pairs at BaBar

Br~O(10-%) sensitivity!
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Analysis Method

Exp 11 Run 244 Farm 5 Ewent AT7381
Wad Fab 7 152442232 2001

Tag a tau decay on
one side

Look for
a LFV decay
on the other side

a candidate T MY event



Recent Updates by Belle

Recent results on Belle’ s LFV search
(Upper Limit on Br at 90% CL)
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T— UY search

Belle

o

b_Iind

-0.4E<
1.5 1.7 1.75 1.8 1.85

ﬂ,{“? (GeV/ Cz )

blind analysis

efficiency:
1 1% — 6.7%

background:
radiative Y/T-pairs

unbinned extended
maximum likelihood fit

s=-3.9,b=13.9

optimization of selection criteria for increased data



Belle + BaBar

T — e*7y Luminosity 3 Background events
(%) Expected | Observed
BABAR 2322 fb~" [ 4704029 [ 1.9+ 04 1
BELLE 535.0 fb~" | 2.99+0.13 | 5.14728 5
BABAR & BELLE | 767.2 fb™" | 3.561+0.13 | 7.0+2.3 6

B(r* — eTv) < 9.4x107% @ 90% C.L.

T > ptey Luminosity 5 Background events
(%) Expected | Observed
BABAR 2322 fb~! | 7424065 | 6.24+05 4
BELLE 535.0 fb~" | 5.07+0.20 | 13.97372 10
BABAR & BELLE | 767.2 fb™" | 5.78 £ 0.24 | 20.1 + 3.0 14

B(t* — u*v) < 1.6x107% @ 90% C.L.

S.Banerjee @Tau06




Tau decays vs. Muon decays
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LEV Muon Decays



LEV Muon Decays

& Most sensitive to SUSY GUT and SUSY Seesaw

models

&) Predicted branching ratios are within the reach of the
next experiments !

@ Two processes: p—e conversion vs. p—eY

Y a comment on prospects for p—eee



w—>ey VS u-—> e conversion

Physics sensitivity g ~390 Al target

>
u=>ey = < -240 Ti

u —> e conversion
~340 Pb

-

GUT, m,

1x10™ u > ey
108/sec DC beam

|

~3x 107 u > e conv

10"/sec pulse beam



Muon to Electron
Conversion



u —> e conversion

u to make a muonic atom

recoil

a single electron with

Eo =M, -

Background:
- Decay in orbit
~(E B Ee)5

- Beam related
- next page

Muonic atom

MaX



u —> e conversion

Prompt Beam Induced Background

SINDRUM Il @PSI

forward minus backward

in phase minus out of phase
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in coincidence with 20nsec Cyclotron RF
~ pion decay in flight



events / channel

A exit beam solenoid F inner drift chamber | L ‘1m‘ L ‘
B gold target G outer drift chamber | rerererer
C vacuum wall H superconducting coil
D scintillator hodoscope | helium bath ‘ @
D R M I I E Cerenkov hodoscope J magnet yoke @

Class 1 events: prompt forward removed —  \

—
®

€ measurement

SINDRUM Il

configuration 2000

e" measurement

MIO simulation

ue simulation

Final result on mu - e
conversion on Gold
3 | target is being prepared

100

Class 2 events: prompt forward fo r P u bl I Catl O n

10 -

T T T <7x10'390%CL

100 ~2x 100 for p—rey

momentum (MeV/c)



MECO Experiment @BNL (cancelled)

Beam-related background

Proton beam e.g. radiative pion capture

0.03 ps 0.7 us
- Use pulsed beam
- Measure only in between
quiet detection time “beam extinction”
="
Note:

0.5 second beam spill ‘ muon Capture ~ Z4
1.0 second accelerator cycle | Effective M l'ifet'ime
MECO @AGS I 0.9 us> for Al

Uses Al target 0.3 us Ti
0.06 us Pb

Good beam is essential



Proposed Muon Facility at J-PARC

mode Present Goal
Muon g-2 0.5 ppm 0.05 ppm
High-intensity Proton Acoataralor Complex Muon EDM 10%cm | 102%ecm
— | PueltsOomn —1 Muon LFV (m-e conv.) < 2x10% | <108
Near Site

Letter of Intent submitted
April 2006

LF‘J. EDM

“PRISM:

am—




PRISM/PRIME for u- N — e N

A high-quality beam is essential to carry out u~ N — e- N at high sensitivity.

Year 2003-2007
- PRISM-FFAG (phase rotator) is under
construction
Phase-| : construction and test of PRISM

Phase-1| : installation of PRISM to high
intensity proton machine for mu-e. search.

GOAL: B(u N — e N) < 10-1¢

Not Funded



Accelerator Studies in Progress






u-—=> ey

Clear 2-body kinematics

0 Use u* to avoid capture

/ e’ inside stopping target

Good detector system

Is essential

Background dominated by
Accidental coincidence

- lower u rate is better

- DC u beam is best

“surface muon beam”:
100% polarized

MEG Experiment



a simple arithmetic to achieve
a 10-13-10-1 sensitivity

10!° muons / a year ~ 107 sec / efficiency ~ 0.1

= ~ 107 muons / sec

= High rate experiment



Two Types of Backgrounds

Y
K %@/ radiative decays
/ Q ~ manageable
e

A%

{
O

-/
/ accidental overlaps

dominant

N

radiative decays .
e* annihilation in flight lower M rate is better

= DC beam



Accidental coincidence of y and e* is the main background

e+
y ray measurement ~~
: . must manage to track
Is most important! ‘N\l\’ u high rate e+
! signal
Background y spectrum Background e spectruné
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So we need:

@ High rate (~107/sec) DC muon beam

e Spectrometer that can manage high rate e’

@ High resolution Y-ray detector






3 Techniques that enabled the experiment

COBRA magnet
LXe scintillation y-ray detector w/ graded B fleld

Most intensive DC mun beam (108/sec)



The MEG experiment

Approved at Paul Scherrer Institut, Switzerland in 1999

Aiming at a sensitivity of 103, a possible future upgrade to 10-'*

Detectors currently being built and installed
\
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The Muon Beam



The 1 MW Cyclotron
Paul Scherrer Institut
Switzerland

Proton energy: 590MeV
Nominal operation current: 1.8mA.
Max > 2.0mA possible.

rotating target
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nED area @PSI

Muon beam being tuned
down to the target position

1 0% muon stops /sec
~|0mm spot size

D

target

4

Quadruple |
agnets Beam Transport

Solenoid )

b:=i ’/, =
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T af defector
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590Me\/’ > I .8mA | separator




The Positron Spectrometer



o The COBRA Spectrometer

E s Upstream
06— — Calculation

0.55 "
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0.3

0.25"
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0'20 0.2 04 0.6 0.8 1 1.2 14
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specially graded B field

compensation coils
S — L Xe detector prototype COBRA
low B field at LXe detector magnet




uniform

| B-field
solenoid
_— —
H* beam emitted e*

.

‘ gradient ‘
B-field

v v

e e

Low energy positrons Constant bending radius
quickly swept out independent of emission angles

DC




Drift Chambers

very low material to avoid multiple scattering and positron annihilation in flight

muon stopping target

N
radial segmented o
DC modules \

reduced
readout ahctromt:s

mom resolution angle vertex
0.7-0.9% 9-12mrad 2.1-2.5mm




Drift Chamber Design

Z-direction measurement
Vernier pattern is printed on cathode plane.
Using the ratio of induced positive charge on
each vernier pad, we can get the z-position
measurement with high accuracy !!

Cathode foil
Aluminized Polyimide

(*250nm Al deposition on
t12.5um film)

opened-frame
(Carbon fiber)

R-direction measurement

c| x o X -\----x ° X staggered 2-layer wires

c sense ( Ni/Cr, 25um, 0.5N)

A - X o X"\ a X . potential ( Be/Cu, 50um, 1.1N)
< >\
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FWHM (ps)
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Timing Counters

Two layers of scintillators:

* outer thick bars - timing

¢ inner thin fibers - redundant Z meas

90 cm

Expe. application

size(cm)

Scinti.

PMT

L(att) cm

Omeas)

Olexp)

G.D.Agostini

3x15x100

NE114

XP2020

200

120

60

T.Tanimori

3x20x150

SCSN38

R1332

180

140

110

T.Sugitate

4x3.5x100

SCSN23

R1828

200

50

53

R.T.Gile

5x10x280

BC408

XP2020

270

110

137

TOPAZ

4.2x13x400

BC412

R1828

300

210

240

R.Stroynowski

2x3x300

SCSN38

XP2020

180

180

420

Belle

4x6x255

BC408

R6680

250

90

143

MEG

4x4x90

BC404

R5924

270

38

43




Currently being installed

inside the magnet

Ns bag to protect
PMTs from He




The LXe Gamma-ray Detector



LXe Gamma Ray Detector

* Scintillation only: High Light Yield, Fast Signal -- Good Resolutions
* Measures Energy, Time and Position of Gamma Rays

* 3 ton (1000 liters) LXe with ~850 PMTs

* waveform digitizing to reject pile-up

* R&D issues: low temperature (165K), VUV light, H,O purification
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data/MC
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Scintillation Light Attenuation by Water

Gas & liquid phase purification successfully tested:
gas - metal getter (zirconium) ~0.5 I/h
liquid - molecular sieves ~100 I/h

light attenuation > ~3m
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Detector Performance Verified

Position Resolution (O in mm)  gamma
incident point

Energy Resolution [%)]

1.3%
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3.0mm

2.5mm

2.286 2.128 2.021 1.918
®

2.0mm

____::__gy Res I

................

i[..l i i R S S T A |

L 'f-ra}g;ergy [MeV]

IOO Ilter Prototype Detector

P ZOO [ 7 T T

()]

a
~

o

140
120
100
80
60
40 |
20

o &

180 |

160 |

Timing Resolution PMT with
FWHM) higher QE
100 Ps _

L L ‘ L L L ‘ L L
2000 4000

L ‘ L L L ‘ L L L i
6000 8000 10000
NI x 10



System

A\

GXe pump

(10-50L/min)
—/ —
—— —\
—/J —/J

Heat exchanger

I

GXe storage tank

N 2 % Getter+Oxysorb

LN2 Cryocooler
_ 100W
| < T T ( )—> LN2
Cryocooler DY D] |
(150wW) ~
TN n - M L L
[T =
A Liquid pump
(100L/h)
OO0 00O -\ —
00O 00O \
OO0 000
Purifier
LXe Calorimeter 1000L storage dewar

Liquid circulating
purifier







Calibration & Monitoring of LXe Detector

mp—1n, one Y tagged by Nal

monochromatic Y 55MeV

N - AN
T N -

X sources on thin wires

CW proton accelerator for ’Li(p,Y)®Be
monochromatic y 17.6MeV



Simulation Studies




A Simulated Event




30

Study of sources of gamma rays
by e* annihilation in flight

20
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Detailed background studies are underway

Carbon fiber ,
Aluminum s
Cu cable

background gamma rays from the drift chamber cable ducts




MEG Prospects

® Physics run to start next year (spring - summer).
® Beam line commissioning to be completed this autumn.

® Engineering run with positron spectrometer toward
end of this year.

® | Xe detector installation & commissioning this winter.
® Should exceed the MEGA limit after a few months running.

® Data taking takes ~2 years with a muon beam of
(1-3) x 107 /sec to reach ~1 x 10-'3 sensitivity (90% CL).

® Aim for a significant result before LHC.
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Personal Prospects for Muon LFV

}1—VeY MEG upgrade for 10-14 @PSI

to measure angular distribution of p—ey
or to further constrain it

p—PSe A new experiment for 10-14 @PSI

p—e conversion

A new experiment for 10-14~10-1°
@PSI/J-PARC/FNAL?

a step toward PRISM/PRIME ~10-18



Conclusion

&) LFVis a clear & sensitive signal of new physics
-- SUSY GUT, SUSY seesaw, extra-d

& The B Factories have greatly improved the t LFV

limits but start to suffer background events.

& The MEG experiment will soon start an engineering run;
Physics run expected to start next year. Stay tuned.

* Expect more LFV experiments to follow.



