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Future Extrapolation
Muon g-2

0.7ppm — 0.05 ppm
Muon LFV

B(u N—e N)<10 18
Muon EDM

d, < 10~ e em — d, < g 24 .




The Physics Case

.. following-the discussions at the FNAL
- proton driver workshop (a la Lee Roberts)

Scenario 1:

LHC finds SUSY

All three in the trio have significant
contributions from SUSY.




' The Muon Trio

Muon g-2
o _
in SUSY case

Slepton mixing matrix

Hints for SUSY breaking




BNL Muon g-2 Result
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g-2 sensitivity to SUSY
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Significant for large tan 3 and m in the LHC range




SUSY contribution to muon EDM

10— <1 -

hints for
leptogenesis

_ CLNP _
dif P ~ 3x10 22(3XF160_9) tan ¢op e-em, ayp = apP—ai™ ~ 3(1)x107°

Feng, Matchev, Shadmi, NP B613, 366(2001)




Muon EDM from SUSY
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| Charged Lepton Mixing (CLM)

Neutrino Mixing
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' Neutrino Mixing for CLM

' S Observed neutrino oscillation (mixing) implies
lepton flavor violation in the neutring

Very Small (1 O'SO)




'susr for LFV

o

In SUSY LFV processes
are induced by the off-
diagonal terms in the
slepton mass matrix. In
MSSM, no of f-diagonal
terms exist @Planck, and
need more. How 7




How Sleptons Mixed ?

@ M_planck

SUSY GUT

GUT Yukawa
interaction Neutrino Yukawa
interaction

(Am )zg 7= 0




SUSY-GUT

Slepton mixing is induced
through radiative correction
from GUT-(where quarks
and leptons are in the same
multiplet) to weak scale.

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

SUSY SO(10) predictions

SU(5) SUSY 6UT BRso(10) ~ 100 BRgy5)

right—hahded slepton mass

Predictions are just a few orders of magnitude smaller than
the present limit. Future experiments might cover.




SUSY Seesaw Model

—ey in the MSSMRN with the MSW large angle solution _ =150 GeV  tanp=3

M=130GeV, mg-=170GeV, m, =0.07eV, m, =0.004eV
e : :

107 ¢

800
left-handed selectron mass
(GeV)

f

oo Through SUSY, only way to
PRISM | 5 access heavy right-handed

1nll

M, (=) neutrinos in seesaw models.

right-handed. neutrino mass




CLM : SUSY after LHC
"TF LHC finds SUSY

Search for charged lepton mixing becomes
- more important, with less risk

Search for charged lepton mixing is sensitive
to SUSY-GUT and/or SUSY-Seesaw (not just
MSSM). |

Is this only
way to study




Polarized LI ey

Left handed €7 Right handed €7

e’ 1 Y |
1+cosV, * 1-cosO0, *
4 o B
P-odd
* 1 e+ *é asz}mme’rr'y

reflects

SU(5) SUSY-GUT non-unified SUSY whe’rher' r'ighT

with heavy neutrino or |ef1'-h(1nd€d
Left-right symmetric model
slepton have

SO(10) SUSY-GUT flavor mixing,

Y.Kuno and Y. Okada, Physical Review Letters 77 (1996) 434
Y. Kuno, A. Maki and Y. Okada, Physical Reviews D55 (1997) R2517-2520

useful to distinguish different theoretical models




T-odd (CPV) in CLM
.
o T~

Su (5) SO (10)
Apsey +100% -100% — +100%
Ap, =30% — 440 % = —Auey/10
Ap,  20% — 420 %  ~—Ayuiey/6
| A7l <15% < 0.01%

Y.Okada, K.Okumura and Y.Shimizu, 2000

My =200 GeV
A=0

tan g=10
w=2.1

My =200 GeV
A=0

tan @=10
e.=2.1

4/

Two P-odd and one T-odd asymmetry

ﬁu : (ﬁe"‘ Xﬁe‘)

.H-H"'\-\__

i)
m[GeV]

J.Ellis,J.Hisano,S.Lola, and M.Raidal, 2001




The Physics Case

Scenario 2 .
LHC not find SUSY
Either nb SUSY or heavy SUSY 2

High intensity frontier (precision
measurements and searches for rare
process) comes to the forefront, since it is
sensitive to heavier mass scale.




g-2 sensitivity to NP

Muon substructure

Y%

Anomoulous Wy~ Couplings

? /Trlple Gauge Vertex

W boson substructure‘? |




CLM Models beyond SM

Sensitivity to Different Muon Conversion Mechanisms //b_/

Supersymmetry
Predictions at 10-1°

Heavy Neutrinos
IU*\uN UeNl2 =
Bhad (el

3000 (A ghoo) 2 TeV/c?

After W. Marciano

MECO

Compositeness

A, = 3000 TeV

Second Higgs
doublet

ngLe =1 ORx gHuu

Heavy Z’,
Anomalous Z
coupling

M, = 3000 TeV/c?
B(Z — ue) < 10-17

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

September 27, 2002 S




- CLM: SUSY beyond LHC
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Hnstory of LFV Searches

Lepton Flavor Violation

No (charged) LFV
in the S’randard
Model

Upper limits improvéd
by two orders of
~ magnitude per decade.
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- Why the Muon for CLM ?

5 CLM Sensitivity in the will be the highest
over the other systems because of enormous
‘beam intensity (~10-'%/sec) thanks to R&D
studies of neutrino factory front-end.

® The ' provides a clean test ground, on the
contrast to hadrons where QCD corrections
heeded _in’rroduces sensitivity limits,




Upper Limits for CLM

Process

Current

Future

put — ety

1.2 x 10~ 11

<10"3(MEG)

/,L"l' — eTeTe

1.0 x 10712

n—A e A (T

6.1 x 1013

<107 '8(PRISM)

Uu-A—e A (A

<107 '%(MECO)

T — [y

3.2x 101

T — Ul

1.4 —-3.1x 107

G 1o/ GF

3x 103 «

— ALp=2




Hoey & p-e conversion

Signature -
P Bo=mhy 12
back-to-back, same time
Background
(1) radiative decay
~ (2) accidentals

v +N —e +N i

Signature: b —am B

monoenergetic electron

‘Background:

(1) bound muon decay
(2) radiative pion/muon catpure
(3) cosmic rays, etc.




Photon-mediated SUSY LFV

§ [ — e conversion Vs.
g — ey

If photon-mediated, '
B(uN—eN) 1

B(p—ey) ' 100

But, experimentally,

Ee R

puN — eN| < 6 x 107"




~ Higgs-mediated SUSY LFV
'Higgs-exchange for LFV in SUSY Seesaw model

A_s the H,mass is light,
~the contribution of the

Higgs-mediated diagram

becomes larger.

B(uN —eN)

. B(,LL e 6’}/) B 0(1) ' 6(:21% (g()eOv) 1000 1200 1400

_' at H() ~ 200 Gev Kitano, Koike, Komine, Okada




H-e conversion : Z dependence

T T
—+— dipole
——--x--- scalar
Eo x-—- vector

T
dipole
scalar
*
vector X

X
X
ey
X

&

Bun—en(Z) | Bun—sen(Z=13)
Bun—eN(Z) | Bun—en(Z=13)

</ *neutron distribution - | neutron distribution
equal to proton distribution from pionic atom
1 IO 2IO 3I0 4I0 5IO 6I0 7IO 8I0 9I0 I I I I I
Z

0 10 20 30 40 50 60 70 80 90
VA

diplole
scalar normalized at Al target.
vector 7]

* *
+

For heavy target, difference
_ of the interactions might be
; seen ?

neutron distribution

Ef E:'“;'zif PrOTORScaTeT™9 J R Kitano, M. Koike, and Y. Okada, 2002

B[LN—)@N(Z) / BuN—>eN(Z=13)




MEG at PSI

° M o & 'Y
— MEG at PSI, 2004~
e DC beam 108 u/s
« BR~10-13
Accidental background
Detector Improvement
Polarization

Lig. Xe Calcrimeter

Thin Supercanducting Coil
Stopping Target

Timing Counter

Drift Chamber

Compensation coil

COBRA magnet

LXe photon
detector

Drift chamber
Timing counter

start engineering in 2006




SINDRUM-II U-e conversion

FiNnal result

run2000 on gold SINOHEUM 1

pe Conversion on Gold

e, Measurement
ey simulation
A Le simulation at B=10""

g ey e Ty
M
£(Nye) and [[* £(n)dn.
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¢~ stops 4.4+ 0.3 =10
fm x 0 % Ciop 7.0%

single event sensitivity 3.3+ 0.2 x 1013
Q0% C.L. limit 2.45 events

70 100
ETOT (MeV)

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

Rosuli:  BEE'® «8x10-1% oG5 ClL




MECO Li-e conversion

Large acceptance pion capture
ina SCS

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

Long detector solenoid with
muon stpping target and
tracking system

= 0

startin 2011 ?
NSF Review, 2005
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Muon Statistics

(PSI, TRIUMF, LAMPF)
proton energy ~ 500 MeV o
beam current ~ 10 - 10%° protons/sec -
10° - 108 muons /secs
about 10°® muons/proton

S0 B0 e

)

Se

proton energy ~ a few to several 10 GeV
beam current ~ a few 10 protons/sec
10" - 10" muons /sec

about 0.1 - 0.3 muons/proton

Se e

)




'NuFACT or Proton Driver

proton beam

|_%]
aims to produce about
|
10 muons/sec with

given time structure. B

muon ionization
cooling

four neutrino species from
muon decays

would produce high
accelerator

intensity muon beam
with more variety of
beam Sp@le'CGT'OnS [muon storage ring]

neutnno beam

neutnno beam




‘Muon Beam Requirements

Table 6: Beam requirements for new muon experiments. Given are required sign of charge ¢, and the mmumum
of the total usable number of muons [ I,.dt above which significant progress can be expected in the physical
mterpretation. The experiments which require pulsed beams (see Fig. 27) are sensitive to the muon suppression
Iy/ 1., between pulses of length 4T and separation AT This does not apply (n/a) for continuous beams. Most
experiments require energies below 4 MeV corresponding to 29 MeV/c momentum. Thin targets and storage ring
acceptances, demand rather small momentum bites Ap,, /p,,.

I-.i

E}.& -.-"}:.p“_fp“
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condensed matter

(incl. bio sciences)
T Scenario in which a pulsed beam is utilized.

* Scenario in which a continuous beam after the muon cooling stage is employed.




Muon Factory

® Use of the Front End of NUFACT
% sharing a beam ? |
® Use of parts of of the proton machine complex
for NuFACT and construct dedicated facility
(muon factory) | - |
S needed to change beam
time structure as demanded from muon
experiment ,
S ex. ! + 3 GeV @J-PARC, FNAL, MI
(120 GeV) + (recycler) @FNAL




" Which Muon Programs ?

® Not all the muon programs need high intensity
muon beams. High quality beam is obtained
from high intensity beam. Need studies.

- Topics

high intensity
needed ?

~_high quality

needed ?

muon g-2

muon EDM

muon mixing (LFV)

muon lifetime

catalyzed fusion

muSR




For CLM Processes ? '

beam

Issue . |
requirement

l,L = 6/}/ detector-limited |a continuos beam

’[L —3> 6 detector-limited |a continuos beam

ILLN e CN beam-limited_ a pulsed beam




Beam Requirements —
for Uu-e conversion

Beam is critical element for L-e conversion

MECO |

Higher muon intensity
more than102 u/sec
pulsed beam

rejection of background from
proton beam

allow a thinner muon-stopping
target

= better e resolution and
acceptance

no pion contamination
= long flight path

beam extinction between pulses
= kicker magnet

Point Source

allow a beam blocker behind the
target

=> isolate the target and detector
= tracking close to a beam axis




Intense Slow Muon source

e P"RIS.M=Phase Rotated
PRISM

/ muon ihTZHSiTy: 1011"’1012 /sec Capture Solenoid

8O central momentum: 68 MeV/c \%\\\\\\\Wﬂﬁﬂ
& : : Q
O narrow momentum width by phase rotation § £y

—
—
—
—
—
—
—

N

G i i ) i Matching Section
v pion contamination : 1018 for 150m Solenoid

M Ejection System

ataaotatoanoannanant

Detector




PRISM -Phase I @ RNCP

Research Center-for Nuclear Physics (RCNP) Osaka
Unlver'sﬁry
D - 400 MeV proton (above pion production ’rhreshold)
upto 5 micro A |

Purpose : Test of
fundamental
performance of

~ PRISM with muons.
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' Other Topics

@ Muon Lifetime Measurements
@ Determination of Gr _

@ CLM Deep Inelastic Reaction (tau appearance)
@ el e X e PN S

@ Proposal on Enhanced Lepton Number Non-
conservation :

@ Muon Catalyzed Fusion

@ MuSR

@ Slow-Muon Production by Laser

@ and others
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