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(charge) Lepton Flavor Violation

® Charged Lepton Flavor Violation (CLFV)

® Forbidden in the Standard Model of particle physics.

® U+tA—e+A,UeY, U eee, T e(H)Y, T e(M)h,
KL= e, K= TTHe, and many others ...

® Neutron Oscillation may induce the effective CLFV, but it is very small
due to the combination of GIM-like mechanism and smallness of the
neutrino masses.

A.de Gouvea

® CLFV —
Clear evidence of the physics beyond the Standard Model with

neutrino-oscillation extension.
3



Source of CLFV
e Supersymmetry (SUSY)

* Hierarchy Problem

 Unification of Force B

* |f SUSY exists
— SUSY flavor mixing
— CLFV
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Physics of
slepton mass matrix



(9-2) u, v-Oscillation & u-LFV
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Discovery of uLFV at right around the corner.
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u — e y: Signhal and Background
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MEG, MEG || @PSI
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u-e Conversion

MuZe
COMET
DeeMe




u—-e Conversion in Nuclear Field

 Muonic Atom (1S state)

— MC:DIO = 1:1000(H), 2:1(Si), 13:1(Cu)
— t(free p-) = 2.2 ps
— t(u;Si) = 0.76 ps

* Charged Lepton Flavor Violation (CLFV)

v+ (A Z)—e +(A,2) u-e Conversion in Nuclear Field

Ll + (A, Z2) e + (A 2)]

BRI+ (A4, 2) e + (A 2= 5 =T, 2) S 0, 4 (A Z - 1))




L —> ey & u-e Conversion
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u—> ey & p-e Conversion (2)
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u-e Conv. and Kaon-LFV

Comparison with hypothetical horizontal boson: X

R.N. Cahn and H. Harari Nucl. Phys. B1/76 (1980) 135 w/updates
: LLonMx ~ Future in Mx |

S CumentUL ey FUe pven A6
KL—> ue 47 x 1012 150 O
"""" < - moue T76x10M 83 o
""" o meure 13x101 80 102 152 0O
"""" Uroerr  42x1013 49 4x1004 87 1
""""" ueConv. | 7x107% 378 25x1077 4800 1
 uroeee  1x102 86 105 484 1

u-e Conv. surpasses the others.
or “the potential AG suppression considered,
muons and kaons are complementary”
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u-e Conv. Signal & Backgrounds

* Process: | +(A,Z) > e +(A,Z)

— A single mono-energetic electron

* 105 MeV
* Delayed - ~1uS

* No accidental backgrounds

* Physics backgrounds

— Muon Decay in Orbit (DIO)
 E.>102.5 MeV (BR:1014)

* E.>103.5 MeV (BR:101¢)

— Beam Pion Capture

° T[_+(A/Z) 9 (AIZ_]-)* % V+(A/Z_1)
y > e e

* Prompt timing
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u-e Conv. Signal & Backgrounds

* Process: | +(A,Z) > e +(A,Z)
— A single mono-energetic electron
* 105 MeV
* Delayed : ~1uS 0 _ Main_Proton Pulse —_

B
10 p/pulse ~
p/p \\‘

* No accidental backgrounds

_—~ Prompt Background

* Physics backgrounds g
— Muon Decay in Orbit (DIO) 5 _Stopped Muon Decay
e E.>102.5 MeV (BR:1014) £ < Timing Window

* E.>103.5 MeV (BR:101¢)

§ignal

— Beam Pion Capture

° T[_+(A)Z) 9 (Alz-l)* % V+(A)Z_1)
y > e e

* Prompt timing

Pulsed proton beam
+ Extremely high muon rate w/ state-of-the-art tech.



MuZe @ FNAL
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- Phase-l|

. Phase-ll

COMET @ U- PARC MR

- a long superconducting solenoid

- Beam BG Study
. SES.=3x10"°
- 2018 ~ 2020

. SES.=26x 10"
. 2022 ~




DeeMe @J-PARC MLF

* MELC - MECO - Me2e, COMET
* DeeMe: Completely different idea
« S.ES.=10%(C)~5x1014(SiC)
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Phase |l
T -LFV: Bel
Current

Other Processes

ut — e e e Mu3e
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Timelines

Belle Il



Limit

History of u — ey, uN — eN, and p — 3e
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Summary

- Lepton Flavor Violation is one of important gateways to the
physics beyond the SM.

- U — e y already provides constrains to new physics.

- Muon-electron conversion Is surpasses the other processes, and
the *MUST DO’ search.

. Mu2e and COMET will reach 10" in the middle of 2020’s.
- Quick startups of DeeMe and COMET /Phase-| are awaited.

- Preparations for many other experiments are ongoing: Mu3e, g-2,
T-LFV, etc.

- This decade will be very exciting.
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LFV Upper limits @ B factories

* Current estimation with Belle Il final statistics : ~102 lower
— Many decay modes are accessible
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