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Physics Motivation




Lepton Flavor Violation (LFV) of Charged Leptons

e

LFV of neutrinos
(confirmed)

<+“—> <+—>
?u ?

LFV of charged leptons
(not observed yet)
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What is the contribution from

neutrino mixing
in the Standard Model?

Sensitive to new Physics
beyond the Standard Model



Various Models Predict Charged Lepton Mixing.
Sensitivity to Different Muon Conversion Mechanisms

Supersymmetry
Predictions at 10-1°

Compositeness

A, = 3000 TeV

Heavy Neutrinos : l Second Higgs

doublet

|U*MN UeNl2 = )
8 x 1013 GHue = 107 x IHuu

Heavy Z',
Anomalous Z
coupling

M.. = 3000 TeV/c?

12 2 17
3000 (M 4heg) e TeVic B(Z — pe) <10

W. Molzon, UC Irvine The MECO Experiment to Search for Coherent Conversion of Muons to Electrons September 27, 2002 3
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4 )
Features
. ® [he decay rate Is not too
LFV in SUSY Models small, because It is
g determined by the SUSY
an example diagram mass scale.
~ ,y e But, it contains the
information at 10'® GeV
through the slepton
mixing.
e[t is In contract to proton
decays or double beta

| decays which need many
Slepton Mixing  particles.

Through quantum corrections, LFV

~ - could access ultra-heavy particles such as vr
Vi Ve (~10'2-10"* GeV/c?) and GUT that cannot be
produced directly by any accelerators.

] SUSY GUT and SUSY Seesaw




Slepton Mixing

N MSUGRA Models
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SUSY (IMMSUGRA) Predictions for Muon LFV

-
L—ey in the MS5MRN with the MSW large angle solution
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Complementarity

to LHC (MSUGRA)
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Complementarity to High

LFV search would become
important, since the slepton

—nergy Frontier (LHC)

(If LHC not find SUSY

LFV might be sensitive 1o
multi-TeV SUSY if B<107'8

mixing matrix should be
studied.

- SUSY-GUT

- SUSY Seesaw models.
And, slepton mixing is hard
to study at the LHC and the
ILC.
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°henomenology




Searches in the Past JAE0S AARRE ARRES RS PR Ranas

e A long history of the LFV 1 o + I S N Aol ke
search, which started from >pe
the experiment with cosmic
rays by Pontecorvo et al. in
1947. They believed the
muon is an excited state of
the electron, and went to
the ground state by emitting
a photon. .

e Since then, the upper limits ' ey
h qve b een imprOVGd by two | Fe ................... 3
orders of magnitude with 107
muons that are created by 1940 1950 1960 1970 1980 1990 2000

accelerators. Year
\_ J

Upper limits of Branching Ratio




Present Limits and

—Xpectations in Future

ProCcess present lImit | near future comments
u—ey 1.2x 10" 10713 MEG at PSI
u—eee 1.0x 10712 | 1013 -10"4 ?

uN—eN (inTl) | 4.3x 1072 10718 PRISM

uN—eN (in Al) none 10716 COMET and Mu2e
—ey 1.1 x107 108-10° super B factory
T—eee 2.7 x 107 108-10° super B factory
T— 1LY 6.8 x 108 108-10° super B factory
T— Ll 2x 107 108 -10° super B factory




What is py—ey 7

e Event Signature
°*Ee.=my/2, Ey = my/2
(=52.8 MeV)
* angle 0,.=180 degrees
(back-to-back)
¢ time coincidence

e Backgrounds
e prompt physics
backgrounds
¢ radiative muon decay
U—evvy when two
neutrinos carry very
small energies.
¢ accidental backgrounds
® positron in y—evv
e photon In p—evvy or
photon from e*e-
annihilation in flight.



What is Muon to Electron Conversion in a muonic
atom 7

Allowed Processes for 1s state in a
muonic atom

e Event Signhature
* single mono-energetic
electron of 100 MeV/c

m,, — B, ~ 105MeV

e coherent process
e Backgrounds
* Muon decay in orbit
e Radiative muon capture
e Radiative pion capture

lLl’_ +(A,Z) %V‘u +(A3Z_1)

u-e conversion = Neutrino-less * Muon _decays in flight
muon nuclear capture e Cosmic rays

e and many others
u +(A,2)—e +(AZ)



U-e Conversion : Target dependence
(discriminating effective interaction)

Bunoen(2) | Bunsen(Z=13)
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normalized at Al target.

For heavy target, difference

of the interactions might be
seen ?

R. Kitano, M. Koike, and Y. Okada,
2002




P-0Odd Angular Distribution
of Polarized y—ey Decay (after its observation)
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SU(5) SUSY-GUT non-unified SUSY
with heavy neutrino

Left-right symmetric model

Discriminate

SO10) SUSY-GUT .
theoretical models

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




Physics Comparison between

u—ey and Muon to Electron Conversion

Photonic and non-photonic (SUSY) diagrams

B(uAl—cAl) / B(u—ey)

B(pN—eN)

B(p—ev)

photonic non-photonic
* L—ey yes (on-shell) no
® LI-e conversion yes (off-shell) yes
4 10' "'z\
My = 10" GeV
%D/V tang =60

200 400 600 800 1000 1200 1400

mu, (GeV) )




=xperimental Comparison between

L—ey and P-e Conversion

background challenge beam intensity
® LI—>ey accidentals detector resolution limited
® LI-e conversion beam beam background | no limitation

e u—ey : Accidental background is given by (rate)?. The detector
resolutions have to be improved, but they (in particular, photon)
would be hard to go beyond MEG from present technology. The
ultimate sensitivity would be about 10-* (with about 108/sec)
unless the detector resolution is radically improved.

® U-e conversion : Improvement of a muon beam can be possible,
both in purity (no pions) and in intensity (thanks to muon collider
R&D). A higher beam intensity can be taken because of no

accidentals.

LU-e conversion might be a next step.
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Liq. Xe Calorimeter -

MEG at PSI

Thin Superconducting Coil

Muon Beam E ; Stopping Target
- ¢

e DC beam 10’ muons/sec.
e Goal:B< 1013

e COBRA : spectrometer o
for et detection.
e |_iquid Xenon detector for
photon detection. COBRA magnet
* running since 2007.

Compensation coil

LXe photon
detector

Drift chamber
Timing counter




J&  Nu2e: Muon-Electron

.3
Conversion at Fermilab
starts with .o .For Phase I: Rye = 107
advanced MECO ] 4_%“5 events /0.5 bkg
design = % data-taking 2016
uses ﬁ?u,,uu oL
existing e e momenum (V)
rings with Rpe ~1 0-'8 at PrOJect X
minor o
changes: no
effect on
NOVA

R. Bernstein, FNAL 23



COMET (COherent Muon to Electron Transition)
in J-PARC (Japan) B(u~ + Al — e~ + Al) < 10716

4 : : )
Pion Capture Section
Protons \\\\ %N A section to capture pions with a < PrOton Beam
large solid angle under a high
\\\\ solenoidal magnetic field by super-
:§ Pr?:fgﬂon conducting magnet. _The Muon Source
= ®Proton Target

ePion Capture
o Muon Transport

Il

Pions

PRIME
A detector to search for

Vercion processes. , The Detector

e Muon Stopping Target
®ft|ectron Transport
o [-|ectron Detection
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Pion-Decay and
Muon-transport Section

from decay of pions under a

A section to collect muons RAREEEEEAAE
solenoidal magnetic field. [

proposed to
J-PARC
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PRISM=Phase Rotated Intense Slow Muon source

RISM PRISM
B(p~ +Ti—e +Ti) <1078
. . Capture Solenoid
muon intensity: 101'~1012 /sec Aptire sofenol
central momentum: 68 MeV/c @\\\\\Wﬂﬁﬂ
. . N
narrow momentum width by phase rotation §_'
pion contamination : 1029 for 150m Matching Section Zf:]]
Solenoid Pl
M _Ejectlon System Injection System @
O R PRy Uum\\\\\*

e

-S
FFAG Magnet

FFAG ring

Detector

RF Power Supply
RF Cavity

RF AMP

Phase rotation = accelerate
slow muons and decelerate
fast muons by RF

5m
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Conclusion and Outlook

® Physics motivation of charged lepton flavor violation (LFV) with
muons is very strong and robust, even in the LHC era.

e | FV of charged leptons is sensitive to new physics beyond the
Standard Model, in particular SUSY models (SUSY-GUT and
SUSY-Seesaw), which are related to proton decay studies and
neutrino physics respectively.

e For y—ey decay, the MEG experiment at PSI is running.

e For p-e conversion, the mu2e experiment at FNAL and the COMET
experiment at J-PARC with sensitivity of B<10-°is under
preparation.

e In the second stage of p-e conversion, experiments with B<10-'8
will be aimed.

e Collaborators are welcome !
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Roadmap of Particle Physics
based on muons Based on common technologies
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