. Physics Potential o

- Muon Factory and
- Neutrino Factory
Based on

TRIUMF FFAG Symposium,
April 14th 2004, at TRIUMF



What are Muon and

‘Neutrino Factories ?
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high intensity
& 1019 _ 10%' v /year

9 a MW proton

machine needed
use decays of muons
accelerated to high
energy and
stored in the ring

all four types available

high energy neutrinos
known beam quality

What are Muon and
Neutrnno Factornes

[] |-"|':|], on Capture |

Neutrmo Factory

muon storagering




FFAG Advantages

“3 Lar'ge Accepmnce
 _ % Both Longitudial
% and Tr'cmsverse |
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: . ‘5 strong focusmg
| ‘5 Fas’r Acceleration

® due to fixed
~ magnetic field -

fast proton FFAG @KEK (2001)
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Outline

Introduction to Flavor Particle Physi'cs |
Muon Factory (only specific topics)
" Muon Lepton Flavor Violation (PRISM)
Muon Electric Dipole Moment (PRISM- II)
J-PARC Case
NeuTrmo_ Factory
S Physics Motivation
PRISM R&D Status
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Conclusion / Announcement
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Flavor Physics
Supersymmetry

squarks
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A Muon Factory and a Neutrino Factory
are very important

Muon Lepton

Standard Model New physics
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Charged Lepton Flavor
Vnolatnon (cLFV )

“Flavor changing processés f
- In charged lepton ?

electron flavor O

Not be observed yet |
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Contrnbutlon to LFV from
Neutrnno 0scnllatnon

Neutrino mixing has
been established.

v, =v,cos6 +v, sinb

Vv, =-V,sinf +v, cos
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' High Ehergy Scale
by Rare Decays
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m, =10 m,, =~100TeV (=10"eV)

Rare decay searches at low energy could access
physics at high energy scale which cannot be reached
by accelerators.



LFV Models beyond SM

Sensitivity to Different Muon Conversion Mechanisms //é

MECO

Supersymmetry
Predictions at 10-1°

Compositeness

A, = 3000 TeV

Heavy Neutrinos Second Higgs

. doublet
|U uN LJeNl2 = 4
8 x 10-13 e = 107 X Gy,
Heavy Z',
Leptoquarks Anomalous Z
coupling
M, = M.. = 3000 TeV/c?

3000 (A gheg) "2 TeV/c? B(Z — ue) < 107

After W. Marciano

W. Molzon, UC Irvine The MECO Experiment to Search for Coherent Conversion of Muons to Electrons September 27, 2002 3



SUSY-GUT

LFV induced from finite
-slepton mixing through
radiative correction

SUSY SU(D) predictions
BR (u—ey) = 10-14+ 1013

SUSY SO(10) predictions
BRSO(IO) == ].OO BRSU(5)

R. Barbieri et al., Phys. Lett. B338(1994) 212
R. Barbieri et al., Nucl. Phys. B445(1995) 215




MSSM with Seesaw Models

Neutrino Mixing— Slepton Mixing— Charged Lepton Mixing
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Upper limits of Branching Ratio

Hnstory of LFV Searches

1940

1950

1960

1970

Year

1980

1990

2000

Upper limits of Searches

improved 'by two
orders of magnitude
per decade.

coming to
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Why Muon LFVs ?
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LFV Catalog

For *he muons

8 e — ety
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What is |,| — ey

- Event Slgnature : o Backgrounds

. o Eo=m /2 E,=m, /2( 52 8 = prompt physics

o Mev)y - background .

e n angle 0, —180 degrees = radiative muon decay
 (back- to- -back) - o

= whentwo neutrmos carry
very small energles ........
= accidental background
= positron e* in u—evv
“photon y in u—evvy
in e*e" annihilation in flight

= time coincidence




MEG at PSI1

Compensation coil

W —c Yy
— MEG at PSI, 2004~ COBRA magnet
e DC beam 108 u/s X

e BR~1013
— Accidental background
— Detector Improvement
— Polarization

LXe photon
T g detector

b y N Drift chamber
Thin Superconducting Coil Y \ Timing counter

Stopping Target

Timing Counter
Drift Chamber

Drift Chamber




Accidental Background

Pae  [Vew WAE, WME W, M6, | R Upperlimit Refornes
SIN - [1977 [87% P93% [l4ns | | 5x10° [<1.0x 107 [A. Van der Schaaf, et al., NP A340(1980)249
TRIUME (1977 [10% [87% [67ns | | 2x10° [<3.6x10” [P. Depommier et al,, PRL 39(1977)1113

W.W. Kinnison ef al., PR D25(1982)2846
Crystal Box [1986 (8% 8% |[L8ns [87mrad | 4x10° [<49x10™ [RD.Bolon, et al., PR D38(1988)2077

MEGA  [1999 [12% M5% [L6ms |17mrad |25x10%[<12x 10™ |ML. Brooks, et al., PRL 83(1999)1521

PSI 20047 T. Mori, ef al., Research Proposal to PSI (1999)

B = 10-1°

u—sey
*R,=10" ws

*N, ~ 10* events?

B,., =10

pu—ey
N, = 0.5 events




- Whatis p-e conversion?

-1s state iIn a muonic atom Neutrino-'l'es_s muon
nuclear capture

. ' : (=M-e conversion) .
w, ey

@
N\ 37 _ -
e | lepton flavors
changes by one unit

nuclear muon capture

u +(A 2 —v, +(AZ-1)




Plioton-mediated LFV

[L — e conversion Vs.

0o

If photon- medua‘red

B(uN-—eN) e |
thiey S i

But, experimentally,

LEma ] S e

N — eN| <6 x 101




Hnggs-mednated SUSY LFV
= _nggs exchange for LFV in SUSY Seesaw model

/\mm/\@mmmm
VR VAV VYRV, -

"~/

B

'_Wher_\-'H"O mass is small,
~ Higgs-mediated diagram
" c_or\"rri-bu’res more.

B(uAl—eAl) / B(u—ey)

B(NN eN)
B(p — 67)'
at H() o 200 GGV

~ O(1 ) ' 600 800 1000 1200 1400

Kitano, Koike, Komine, Okada



SINDRUM-II Results

electrons from target
glicr prompl velo
alfer COsmic SUpPpression

events / (0.5 MeV/c)

Sindrum-IT
1993 result

]

clectron momentum (MceV/c)

B(u=+Ti—e +Ti)<6.1x10713



SINDRUM-II Results
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u~ stops 4.4+0.3 =103
f,-_,.m x ) x Crat 7.0%

single event sensitivity 3.3+0.2 x10°13
Q0% C.L. limnit 2.45 events

70 100
ETOT (MeV)

In the likelihood analysis of the energy distribution a flat background from cosmic rays and radiative pion
capture was allowed.

Result: BI2® «8x10-13 0p% C.L




MECO at BNL

-16

aim for 10

Large acceptance pion capture
ina SCS

Muon transport (60 - 120
MsV/c) in a curved solenoid

Long detector solenoid with R&D money In US-FY2004.

muon stpping target and Cons’r_.rucTion money
tracking system in US-FY2006.



Wluch Muon LFYV Process

 Next ?

ISsue

beam

requirement

=

detector-limited

a continuos beam

1w — eee

detector-limited

a continuos beam

uN — eN

- beam-limited

a pulsed beam




