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¢ \Why Charged Lepton Flavor Violation (CLFV) 7

e New Physics in CLFV

e CLFV Experiments

e CLFV in Tau Decays

e CLFV in Muon Decays
*u—ey
e UIN—eN

e Highly Intense Muon Sources
e MuSIC at Osaka University

e Summary
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The discovery of the Higgs
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The Standard Model can explain
most of the experimental results.
However, there are many
undetermined parameters and
ISSues.
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with new physics contributions

Dimension 6 Operation for
New Physics
/\ IS the energy scale of new
physics



with new physics contributions

CNp

(6)
A2 Oij —

Dimension 6 Operation for
New Physics
/\ IS the energy scale of new
physics

A > 0O(10°) TeV
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New physics effects may be very small.

SM

Standard
Model

New
Physics SM contribution is

dominant.

NP

SM contribution is
highly suppressed.

NP SM contribution is
forbidden.
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FCNC: The Standard Model contributions are either
highly suppressed or forbidden.
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FCNC: The Standard Model contributions are either
highly suppressed or forbidden.

| subject to uncertainty of
amplitude SM prediction

| Asm + €NP\2 ~ \ASMIQ + 2Re(Asmenp) + \ENIZ

Quark (suppressed)

NP contribution ~ O(€)

Lepton (forbidden) Sr?clierﬂg?;i@nofcrgrl\nﬂ

prediction (can go to
higher energy scale)

NP contribution ~ O(g?)

CLFV Drawback : Rate ~ 1/A*, high sensitivity is required.
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Sensitivity to Different Muon Conversion Mechanisms /«é

MECO

Supersymmetry
Predictions at 10-1°

Compositeness

A, = 3000 TeV

Heavy Neutrinos Second Higgs

. doublet
|U uN UeN|2 = o |
8 x 1013 Ohe = 107 X Gpy
Heavy Z',
Leptoquarks Anomalous Z
coupling
W M.. = 3000 TeV/c?

3000 (A 4heq) 2 TeV/c? B(Z — ue) < 1017

After W. Marciano

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

> sensitive to TeV energy scale with reasonable mixing



For loop diagrams,

Physics at about 10'° GeV

+

2 2
(m2)g1 ~ STy i h?vtdvts.nMGUT SUSY-GUT model
L 87‘(’2 MRS

slepton mixing

(from RGE) (m?) 3mg+Agh2U o i Mour SUSY neutrino
T Y

L)21 gr2 ToslEs2Th T seesaw model




Various BSM models
oredict sizable muon
CLFV, as well as tau CLFV.



(extra dimension model }\

Mg = 10 TeV

”55 — | I R

Various BSM models i M :

- - i S R PLE R CL i T30 £ T a s R T
predict sizable muon R O it

1ol L oeNEE T W Th B et I

CLFV, as well as tau CLFV. Y L

BR(p—ey) = 10

little Higgs model

1 —-16 1[.—1'—'1 1[.—12 10—1[] IG_H
10 ; 108

e Little Higgs.

SUSY model

B(uTi — eTi) x 1012 ftle10 tan 8 = 10

1000

10 X R S | SUS H

m—l[] L

1L : ‘ o 77777 i - - - = _-'-I-Lr gl
- = s
P Ny .
=
04 - B I - 1 X — Bt T b
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R(u TieTi)

i
1000

i
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X

1200 1400

Ml/Q(GeV)

1600
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The pattern of measurement:
* % * large effects

* Xk
*

visible but small effects
unobservable effects

IS characteristic,
often uniquely so,
of a particular model

AC [10]

RVV2 [11]

AKM [12]

SLL [13]

FBMSSM
[14]

LHT [15]

GLOSSARY

RH currents & U(1) flavor
symmetry

SU(3)-flavored MSSM

RH currents & SU(3) family
symmetry

CKM-like currents
Flavor-blind MSSSM

Little Higgs with T Parity

These are a subset of a subset listed by Buras and Girrbach
MFV, CMFV, 2HDMyg, LHT, SM4, SUSY flavor. SO(10) — GUT,
~SSU(9)un, FBMSSM, RHMFV, L-R, RS, gauge flavor,

RS [16] Warped Extra Dimensions
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The pattern of measurement:
* % * large effects

* % visible but small effects
* unobservable effects

IS characteristic,

often uniquely so,

of a particular model
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LHT [15]

GLOSSARY

RH currents & U(1) flavor
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CKM-like currents
Flavor-blind MSSSM

Little Higgs with T Parity

These are a subset of a subset listed by Buras and Girrbach
MFV, CMFV, 2HDMyg, LHT, SM4, SUSY flavor. SO(10) — GUT,
~SSU(9)un, FBMSSM, RHMFV, L-R, RS, gauge flavor,

RS [16] Warped Extra Dimensions
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see Frank Deppisch’ talk

ex. CLFV and neutrino mass generation
and more
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Quark mixing
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Leptons Neutrino
MIXINg

observed

Charged

lepton mixing
not observed.
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First CLFV search Accelerators
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First CLFV search Accelerators

producing muons
Pontecorvo

N 1942 Feinberg’s y—ey
crisis (1955)
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DrOCEeSS

present limit

future

p—ey

<5.7x10

MEG

u—eee

<1.0x 10

Mu3e

uN—eN (in Al)

none

Mu2e / COMET

uN—eN (in Ti)

<4.3x 10

Mu2e / COMET

T—ey

<3.3x 10

super KEKB

T—eee

<3.4x 10

super KEKB

Ty

<4.4 x 10

super KEKB

T L

<2.1x10

super KEKB/LHCb
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LHCb upgrade
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LHCb upgrade

- T— v at level (0.2-1)x109 by Belle-ll
« T ppp at the level of (0.1-8)x10° by LHCb with 50 fb1.
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e Fvent Signature
oFc.=my/2, E,=my/2 (=52.8 e Backgrounds

MeV) e prompt physics
e angle B6,e=180 degrees backgrounds
(back-to-back) e radiative muon decay
e time coincidence U—evvy when two

neutrinos carry very
small energies.

¢ accidental backgrounds
® positron In —evv

e photon In p—evvy or
photon from ete
annihilation in flight.
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1s state In a muonic atom

%@

muon decay in orbit

nuclear muon capture

W +(AZ) = v, +(AZ-1)

Neutrino-less muon
nuclear capture

u +(A,Z2)—e +(AZ)

Event Signature :
a single mono-energetic
electron of 100 MeV
Backgrounds:

(1) physics backgrounds

ex. muon decay in orbit (DIO)

(2) beam-related backgrounds
,u ex. radiative pion capture,

muon decay in flight,
(3) cosmic rays, false tracking
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Photonic (dipole) Contact
INnteraction Interaction




my, _ k1

LCLFV — 1 - e A2 HR eLF,uI/ | 1 e N2 (ﬂL’Y“eL)(éL’meL)

Photonic (dipole) Contact
INnteraction Interaction

mass scale A (TeV)




my, k1

1 - P A2 /_LRO-’LU/GLFMV I 1 HZAZ (/_LL’)/’LLGL)(EL’}/MQL>

Lciryv =

Photonic (dipole) Contact
INnteraction Interaction

mass scale A (TeV)

proposal

if photonic contribution dominates,

B(u — eee)

~ (0.006
B(u — ev)

w—>eee (Sindrum)
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Process Major backgrounds Beam Issues

ut — ety accidental DC beam detector resolution
ut — etete™  accidental DC beam detector resolution
W N —e N beam-related pulsed beam  beam qualities

Uu—ey and p—eee:
Accidental background is given by (rate)*. The detector
resolutions have to be improved.

L-e conversion:
A higher beam intensity can be taken because of no
coincidence. Beam backgrounds can be under control.
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u—ey | (BMEEN ers

® Detector upgrade would include
et tracking and lig.Xe detector.

® The upgrade MEG will start in
2015 or 2016, aiming O(1014)

im Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

COBRA Ma\gnet Uttra thin material
Drift chamber Precise e+ tracking

_ = Precise e+ timing [
Muon Beam 7 \ Plastic scintillator + PMTs L Jj
b A

Timing counter

Stopping Target
/r;,' T

Liquid Xenon
Scintillation Detector | |
2.7 ton of liquid xenon Waveform digitizer for all detectors

Homogeneous detector
Good time, position, energy resolution
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® Detector upgrade would include
et tracking and lig.Xe detector.

® The upgrade MEG will start in
2015 or 2016, aiming O(1014)

im Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

Ultra thin material

COBRA Magnet
\.\ Precise e+ tracking

Drift chamber

. /
\' Plastic tIIt PMT LH [

Timing counter

] n
LI 5 1
n 5 |
1 n
lI
Liquid Xenon bad

Scintillation Detector \

\ /
] ~ -1 /

2.7 ton of liquid x
Homogeneous detector
Good time, position, energy resolution

Waveform digitizer for all detectors

!Q’k.

g F ant chamber

Osaka University

® secarch for y—eee.

® gpproved at PSI last week

® staged approach, 104 in 2015,
and 1010 in 2017.

Recurl pixel layers

Scintillator tiles scintillating fibres

Inner pixel layers

HBeam &arget

Outer pixel layers

HVMAPS e

N-well

P-substrate
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® Detector upgrade would include
et tracking and lig.Xe detector.

® The upgrade MEG will start in
2015 or 2016, aiming O(1014)

im Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

Ultra thin material

COBRA Magnet
\.\ Precise e+ tracking

Drift chamber

v

| n
= 1
n pS 1
n i
lI
Liquid Xenon g

Scintillation Detector ||

2.7 ton of liquid xenon Waveform digitizer for all detectors
Homogeneous detector

Good time, position, energy resolution

see Dmitry Grigoriev’s talk

\\ \\!\. —-,
\ \\ LN / /,"'}‘,"'
N

‘..\\\ \,,_:-,,, ___—
g 'l . '
LR Y, Drift chamber
N

Osaka University

® secarch for y—eee.

® gpproved at PSI last week

® staged approach, 104 in 2015,
and 1010 in 2017.

Recurl pixel layers

Scintillator tiles scintillating fibres

Inner pixel layers

—_—
————7 uBeam ¢
— H Target

Outer pixel layers

HVMAPS

N-well

P-substrate
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uN—eN | (TNV2e @rFNAL

® SES < 3x10°1/
® DOE CD2 review in 2014
® start in 2019

2
n 0e

e s

Production Solenoid \DVO‘O Detector Solenoid P
Transport Solenoid —

Production Target Calorimeter
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uN—eN| (Vi8N ernaL  [UN—eN| SBOMETY @J-PARC

® SES < 3x10°" ® staged approach
e DOE CD2 review in 2014 ® COMET Phase-l < 3x10°1°, 2016

e start in 2019 e COMET Phase-Ill < 3x107'7, 2019
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Can we improve the A reach by an order of magnitude ?
We must have at least 10* times the number of parent
particles in rare decays.
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Research Center of Nuclear Physics (RCNP) P L RINGICYCIOtHon I { N I CyCIOtrOn
Osaka University, Japan 0 ( = B AVF Cyclotron

400 MeV, 1uA

8 RCNP has two cyclotrons. A proton beam with 392MeV, 1 u A is provided
from the Ring Cyclotron (up to 5u A in near future).

® The MuSIC is in the largest experimental hall, the west experimental hall.
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Research Center of Nuclear Physics (RCNP) - RINGICYCIOtHon RC N P CyCIOtrOn
400 MeV, 1uA

Osaka University, Japan S - Y AVF Cyclotron

MuSIC = Muon Science
oriented Intense Channel
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Can we improve the A reach by an order of magnitude ?
We must have at least 10* times the number of parent
particles in rare decays.



Can we improve the A reach by an order of magnitude ?
We must have at least 10* times the number of parent
particles in rare decays.

Yes, now It Is possible for muons
with the novel pion capture system.
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e Search for CLFV would provide one
of the best opportunities to find new
ohysics beyond the Standard Model.
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¢ Detalls will be given In this session.



e Search for CLFV would provide one
of the best opportunities to find new
ohysics beyond the Standard Model.

e Future prospects on the searches for
CLFV in tau decays and in muon
decays are very promising.

e Development of novel high intensity
MUON SOUrces (pion capture system)
would give us significant
improvements (x10%) in the search for
CLFV in muon decays (in particular
L-€ Conversion).

» ¥
e Details will be given in this session. my puppy, KU
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Conventional muon beam line

lproton beam
-

proton beam loss
<5%

muons



. . . MuSIC,COMET,PRISM,
Conventional muon beam line @ Much efficient Neutino factor,

proton beam loss
<5%

muons

muons

Large solid angle & thick target



