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Lepton Flavor Violation

Obviously LF is Violated for neutrinos.
LFV referes to LFV for charged leptons.

O|AL,; | =1
Ou—-ey,pu—3e,upA—-e A
OT2uyYy, A TA
OK —ep, K »mlepy, K'2mtep
Oee—-epX?x?

OI|AL; | =2
Oure - pet |AL|=0
OA—-eeA,pA-2e"A,plA-> " A |AL|=2



Reaction
u ey
Wt b etles o
U Ti = e Ti
U Pb—e Pb
M"Au = e Au
U Ti = e Ca
pwet - pte
Toey
THY
T—Heee
T HHH
KA~ ue
K= mlue

KFf=>mtpe

DY > pe,@ue

B-ope, Kpue

Z—ue, Te, TU

JI 2T, eT

Recent Limits

90% CL Upper Limit
1.2x 101
1.0 x 10712
4.3 x 10712
4.6 x 107"

4.4~6.8 x 10713
3.6 x 10"
8.3x 101
2.7 x 10°
1.1 x 10
2.9x10°
1.9 x 10°°
4.7 x 10712
6.2 x 10~
2.8x 10"

8.1x10°% 3.4x10°

1.5x 100, 8 x 10”7

1.7x10°,98x10° 1.2x10°
2.0x10% 8.3x10°

OMuon provides most
tive limits

sensi
OLlarg

Fact

O Relatively longer muon life

time

e number of muons
available at Meson

ories

'tu==2L2 TS
Tk=12ns



Muon

Lepton Flavor Violation
- Experimental -



AL =1



v Oscillation & Muon LFV

Lepton Flavor is already VIOLATED at v sector.

O v contribution to muon LFV process

ive neutrinos O GIM supprSSion
By — ey) =

Very small
Muon LFV indicates a physics
beyond the simple v oscillation



SUSY with RH Majorana
neutrino

u—eyin the MSSMEN with the MSW large angle solution

O S U SY + S e e -S aw o M=130GeV, me=170GeV, m, =0.07aV, m,__"=|].|I|4ra‘u'

(O Solar neutrino
MSW large angle

u-LFV provides a clue
to the v oscillation

MECO Goal

PRISM Goal




SUSY-GUT Prediction

large top Yukawa coupling
__a-"'l_]-.]
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Current | SUSY-GUT | Future

Process ~ | ) imit level Exp.
UHN—->eN 10-13 10-16 10-18(1)
TR -0Y 10-1 10-14 10-132)
TUY 10 109 1078 (3)
ee— T2 - 1 ab 1 ab1(4)

fe (M) = 2.4

PRISM Goal

(1) PRISM
(2) MEG

(3) Super-B
(4) LC

w=> 0

M = 50GeV




New Generation of u-LFV
Experiments

OMEG

OBR(u*" = et y) <1013
OMECO

OBR(p™ N = e~ N) <1076
OPRISM

OBR(u" N - e” N)<1018




MEG @ PSI

Compensation coils

O ut ety
LXe photon detector
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Signal and Background

signal background
ut > ety correlated accidental
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Required Performances

Accidental Background Limited
BRace x R, x AE, x AE? x A07, x At,,

FWHM

1977 5x 10° 3.6 x 10

TRIUMF 1977 10 8.7 6.7 - 2 x 105 100 1x 10
LANL 1979 8.8 8 1.9 37 2.4 x 10° 6.4 1.7 x 10710
Crystal Box | 1986 8 8 1.3 87 4 x 105 (6..9) 4.9 x 10°1
MEGA 1999 2.5x 108 (6..7) 12 x 101

- qumd Xenon calorimeter (scmtlllatlon)
- DC beam @PSI




£ MECO @ BNL-AGS

Muon Beam

Crystal Stop

Calorimeter

Straw
Superconducting Tracker
Detector Solenoid
(20T-1.0T)

Muon Stopping
Target

Collimators
u-Al — e Al

OBNL-AGS, pulsed proton beam

ORun: 2009-

OS.E.S.:2x 10717

(equivalent to 5 x 1071° of p — ey)
OBoston U., BNL, UCI, U. Houston, UMA,
=ybercanglcing INR, NYU, Osaka U., U. Pennsylvania,
(50 T-25T) Syracuse U., CWM

Superconducting
Transport Solenoid
(25T-21T)



Models: u N — e N

 SUSY-GUT (photonic process) * SUSY with R-parity Violation
- BR~10-15

e Leptquarks
* Heavy 2’
- Mz’ > (5-100) TeV for Rue~1o-16
* J. Bernabeu et al., NPB 409 (1993)69-86
e Compositeness
* Multi-Higgs Models
e Higgs-Mediated

e G T assumption

GAG MRArmBASAS RARALELELE nARL

— Logarithmic enhancement in a loop diagram for u"N

Vipo SUSY 4 Right-handed v, SO(10) SUSY GUT
— e-N, nOt for I.l%e Y calar R-parity violation
: ti,. Geonin combination of paramsters o, SLICEE SUSY, GUT, -

« M. Raidal and A. Santamaria, PLB 421 (1998) 250 "5 10 20 20 4




Signal

OMuonic atom (1s state)

nuclear muon capture
O
O ' b+ (A, Z) = v+ (A, Z — 1)

r

muon decay in orbit
8 v
ONeutrinoless muon nuclear capture
O p (A, Z) —e (A Z)

OSingle mono-energetice™: E_ = (Mu - Bu) MeV (~105 MeV)

O Rate is normalized to the kinematically similar weak
capture process: I'(u— N - N
pture p B(u-N — e-N) = LN = N)

I'(u=N — v, N)




Potential Backgrounds

ONo Accidental Background
O

OMuon Decay in Orbit
OEmax = Eey AN/ME, o (B, - Ee)5
O AE_ =900 keV FWHM
Npg = 0.25 for R, ;=2 x 10717
O
ORadiative Pion Capture

O Limits allowed pion contamination in beam during
detection time window.

ORadiative Muon Capture

n Decay in Orbit

Events / MeV

Muo
’ — > Signal
“

1025 103 1035 104 1045 105 1055
Electron Energy (MeV)

106



Detector Outline

L O Solenoid Pion Capture
Straw Calolimeter (01000 fold increase of muon rate

i ~OPulsed Proton Beam
O Eliminate prompt background.

> (O Good Detector Resolution
and Large Acceptance

Superconducting
Detector Solenoid
(20T-1.0T)

Muon Stopping O Graded field around target
Supezr?::cting OLong detector solenoid
Transport Solenoid O Straw Tracker
et 210 O Optimized target thickness
Proc(zl;gtjro:l §’_§'$')“°id O Energy loss uncertainty

O Muon stopping power



uN—=eNvs.yu—ey

U-N — e-N u—-ey
e Sensitive to non-photonic process  B(u—e Yy) = 200 x B(uN = e-N)

for photonic process

e Existing surface muon beam

 Rate-limited due to accidental
background.

 Require new beam line
 No accidental background.

New muon beam will

boost the experiment |
further more. - thiner target

- harrow p, spread



PRISM

Phase-Rotated Intense Slow Muon source

Accelerator Technology

OHigh Intensity
O101 -10"2 p*/ sec

OHigh Brightness

O Phase Rotation
dp/p:¥20% — *2%

/

phase phase

Ongh Purity

BR(u N — e N) < 10716

—+ BR(u N = e N) <1018

FFAG Phase Rotator Ring

energy
energy




PRISM-Phase-Rotator

Development

AWARDED Grant-in-Aid for Creative Scientific Research
A Study of A Super Muon Beam for New initiative on Muon Physics

Five-years termed JFY2003 ~ JFY2007
O Prove

O Phase Rotation

O lonization Cooling

O

O Schedule

O 2003 : RF-PS development
Mag. design

O 2004 : REF test
Mag. prototyping

O 2005 : Mag. construction
Ring construction

O 2006 : Commissioning

(O 2007 : Phase Rotation Test Extraction
Cooling Test

Install to J-PARC
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Majorana nature of v
ON—-eeN
O u-N — e* N’ Conversion

O MECO by-product: BR(u" N = e* N°) ~ 101/

O Correponding Kaon Process: K* = " p* e”
BNL-E865 result: BR(K* = m p* e*) = 5.0 x 1010
equivalents to BR(u"N = e* N’) ~ 3 x 1011

L.S. Littenberg and R. Shrock, PLB 491(2000)285-290

O U-N - p* N’ Conversion ,H.missimer et ai. PRD50(1994)2067-2070
OBNL-E865 result: BR(K* = m p* p*) =3.0 x 107°
O No direct measurements yet.
O R-parity violating SUSY: 5 x 10° y (BR~107%4)
O Need radioact

high inte| PRISM ithess U~ beam
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Muon
Lepton Flavor Violation
and

Other Muon Physics
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Leptogenesis

OCPV in CKM is not enough to explain
Baryon Asymmetry

— New sources of CPV beyond the SM

O v Oscillation + CPV in lepton sector
— |eptogeneSiS (Fukugida & Yanagida ‘86)

OAND if SUSY exists —

QO T-violation in muon LFV Imaginary part
O muon EDM slepton mass matrix



SUSY Mass Matrix

2 2 2
/ még AferLéﬁ Amg%
\ Am/}é mﬁg AWQLM

Amzg ~Amz;  mz;

Oa (Exp)-a,(ee*) = 2.70 off
Od, <10%° e.cm
OPRISM-Il @ J-PARC

OPRISM for 500 MeV/c muon
C)du < 107%% e.cM (Lol to J-PARC)




Muon Factory

Py

Neutrino Facility

% % 12 52 B i 5%
Accelerator-Driven Transmutation
Experimental Facility

/

/ Near facilit
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Materials and Life Science Facility
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O1 MW 50 GeV PS
Og-2: 0.05 ppm

§50Gevy YO RO V] O P RI S M
50GeV Synchrotron

vy OpuN->e N 10718
- OPRISM-II
O u-EDM: 10724 e.cm

Pulsed proton  Fast extraction

beamline Kicker

2nd pbar ring/
experimental hall

Muon Beam Manipulation

Phase Rotation
lonization Cooling



Muon Acceleration

ONeutrino Factory
O 06,3, CPV, sign of dm?

O pu N = 1 N’ Conversion

S.N. Gninenko et al., Mod. Phys. Lett. A 17(2002) 1407-1417
M. Sher et al., Phys. Rev. D 69(2004)017302

O Yet another LFV
OE, > 20 GeV, 1020 py/year

O10’ events for B(T = py)=10""

Osuper-B: 1078, LHC: 10”7 (@100 fb™ )
O Substantial background, though.



Summary

OLepton Flavor Violation is interesting.

ORelevant to v oscillation physics
O Predictions from SUSY-GUT

OMuon is a key for LFV
QO Stringent limits
O Muon Trio (u-LFV, p-EDM, g-2)
O Muon Acceleration: Load to Neutrino Factory

OPRISM, as a pathfinder toward the era of
muon/neutrino factory
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