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Muon Lepton Flavor
_Violation
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~u—e Transition in SUSY

LFYV diagram in SUSY-GUT

large top Yukawa coupling

SUSY Contribution

LFYV diagram in Standard Model
mixing in massive neutrinos

< (m, / my)"*

~ HOIM@
v, Neutrino oscillation

Contribution from

€

1s small.
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Flavor Violation and

U-e transition

SUSY particles .
diagram

sensitive to
slepton mixing

Muon g-2, EDM

ex. neutrino oscillation ex. charged lepton LFV
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u—e conversion in SU(5)
s mcm<m—(_|_| - PRISM GOAL

m gravity-mediated SUSY-breaking
m U—>e conversion

fi M= 24 =0 M1 = s0GeV ) [piMy=24 < 0 My = 50GeV

[ Experimental bound Experimental bound
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SUSY with Right-handed
Majorana Neutrino

t]

| | Neutrino

MSW Large ange

?.T.#..w..ﬁ..n& angle § .m OMOH.,H_VNHWOHH

MEW large angle

small mwass ' ] ” 4 > _m EHMNSO m:HQ
Nomura

i !

sin“26 My, (GeV)
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LFV K= DK

Reaction 90% CL Upper Limit

B(u' —ey)

ii o o
BK, —pe)  Ja7xi0® .m,mugw_umnma\_,m AV

3 R ol A
HinMLLEAIR (N
EEEL T

B . 5
B(Z — ue) 1.7x10°°
B(Z — 1¢) 98x107°
B(Z—tu) 12x107°

Based on a table written by Y. Kuno
Updated in August, 2000
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_How compared with t—uy ?

s SUSY SU(5) GUT gravity-mediated SUSY-breaking

= Universal scalar mass matrix at Plank scale, and LFV occurs at GUT
scale.

" Ty

fi iM)=24 pu=0 M, =50GeV . fi (M)=2.4 M=l M, =50GeV

Experimental bound Experimental bound

tan =30 o
b tan f=30

B<10-1¢ for muons/
B<10-8 for taus

16" T —
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(GeV) (GeV)
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u—ey: Accidental
Background

Accidental Background o A% vm x AE, x ADM vw x At, x Abm VN

U 14 ey ey

Plcc  |Vear [ PE M, [\, | R, [UpperLimit Releromees |

SIN  [1977 [81% P3% [ldms | | 5x10° [K1.0x10° |A Van der Schaaf, ef al, NP A340(1980)249

TRIUMF  [1977 [10% R7% [6.7ns | | 2x10° |<3.6x10” |P. Depommier et al.,PRL 39(1977)1113

[ANL |19 [88% % |19m [7mrad |24x10° |<1.7x 10" [W.W. Kinnison ef al, PR D25(1982)2846

Crystal Box (1986 (8% [8% [1.8ns [87mrad | 4x10° [<4.9x10™ [R.D.Bolton, et al.,PR D38(1988)2077

EE@EEE 5% 10° [<12x 107 |M.L. Brooks, er al.. PRL 83(1999) 521
Eaﬁgg . EH Mori, et al., Research Proposal to PSI (1999)

i (e Need detector

B, ., =10" u=ey . improvement
N, = 0.5 events ity = KU s
*N, ~ 10* events?

February 22, ZEMHAATEZRES




u—e conversion in a Muonic
_Atom

= muonic atom (1s state) g neutrinoless muon

nuclear capture (=
u-e€ conversion)

p+ALre (AL

\%
% @ muon decay in orbit lepton flavors
- . = hanges by one uni
nuclear muon capture g e vy

AL v +(AL-])
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u—€ conversion :
- Signal and Background

single mono-energetic

electron of (m-B ) MeV
Coherent process (1Z5)

muon decay in orbit
(<(AE)>)
= highest endpoint
comes to the signal

February 22, 2002

radiative muon capture
with photon conversion

pion capture with photon
conversion

m to remove pions In
beam, a pulsed beam
is useful, where the
measurement waits
until pions decay.

cosmic ray
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SINDRUM-II
Results

s 60g Au target
m 2.5 months

After A. van der Schaaf

0 lm_ZUEC_S__ ................................... run2000: =€ conversion on gold

W e +
., o beam
E

+ + -
o« 5 e'wy

52

events per 0.25 MeV/c
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A wAuS _W?

fin

| 7 at5x102

85 90 95
e momentum (MeV/c)
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u-e conversionFR R ERER (C VB
IRE—AFH

= higher muon intensity isolate the target and

detector
11 _ 12 -
= 10 10'2 w/sec tracking close to a beam

= pulsed beam axis
= background rejection m less beam

® harrow energy spread contamination
= allow a thinner muon- = NO pion contamination
stopping target long flight path at FFAG

better e- resolution and (150 m)
acceptance = beam extinction between
point source pulses

= allow a beam blocker kicker magnet at FFAG
behind the target
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_What is PRISM ?

= (Phase Rotated Intense Slow Muon————
source)

= a dedicated secondary muon beam channel
with high intensity and

narrow energy spread
for stopped muon experiments.

B ] D218

2 —

{148
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Propucrion TArRGET

PriMARY PROTON
v. iL

Proton Beayw

UL

SOLENOID

s PRISM = - Fixed Field

INJECTION SYSTEM

Phase rotation at PRISM-
FFAG

Pu=68 MeV/c (KE=20 .

MeV) B | FFAG RING
109 muons/(107sec) in (FEoRTIR
the ring

mmmmo_oso.m-_(_émo- ____
GeV PS N =

BN —eN)<10™]  Fiuoo
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_PRISM FFAG =&z Y >4

3-dimensional beam
Simulation 1s studied.

Muon inlecton

Realistic layout 1s
studied.

Budget request has
been made with 6 RFs.
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_FFAGR&D

m 0.5-MeV Proton m 150 MeV Proton
FFAG at KEK FFAG at KEK

= Under construction
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Fast Extraction & REX =

[f

m Fast Extraction of m Fast Extraction Exp.
bunched proton Hall (Zk4&51)
beam

= /NJ)LRTE< 10ns
s YR L=100Hz

1ms 100 pulse ———Kicker

P

—

e
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PRIME

_(=PRISM Mu E conversion)

s Advantages from
PRISM

s Pure muon beam

= 10718 pion survival

= A thinner target

= Better e* energy
resolution

February 22, 2002

m Lower repetition
rate (100 - 1000
Hz)

= High instantaneous
rate

Solutions:
(1) A longer distance

a) Curved (spiral) solenoid
(2) A longer time delay

b) electron storage ring

ey
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_Future Extensions

s Muon Factory (PRISM)

= Stopped muon experiments

Muon Factory-Il (PRISM-II)

= Muon moments

Neutrino Factory
= Based on 1 MW proton beam

Neutrino Factory-lIi
= Based on 4.4 MW proton beam

(Muon Collider)

February 22, 2002

Physics outcome
at each stage
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- FFAG-based Neutrino Factory

= No muon ionization 031GAViG

cooling

s Advantages
= Costs saving
= Simple, compact
= Earlier readiness
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Neutrino
oscillation

" Flavor Physics

quarks squarks
- ?
CPV in LFV

/EDM?
Muon Lepton

—_— Flavor violation
neutr. os (RH)| neutrinos (LH) = ptons

February 22, 2002 SRR EZES




-2

s Muon Lepton Flavor Violation, in particular u-
e conversion, has large discovery potential.

Highly intense proton beam at the 50-GeV

PS will provide good opportinity.
= Highly intense muon source, PRISM, (our
original idea) is needed to construct.

m PRISM could be extended to a future neutrino
factory.
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