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Lepton Flavor Violation (LFV) in charged lepton
processes
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The Minimal Standard Model = No LFV

The simplest extension of SM with Sea-Saw

or Dirac neutrino

== Charged-lepton LFV is negligibly small
(B(p = ev) < 10~40)

A clear signal of physics beyond the SM (with

neutrino oscillation)



Experimental Bounds

Process Current Future
B(ﬂ‘i" i f"+":') 1.2 x 10—1-1_ lo—ﬂ(psn
B(ut —»etete) 1.0x 1074

e Toe ). 6.1 x10-13 10-(MECO)
G/ GF 3x10°3

(H gy = 2880, (1 — 75)efir (1 = ys)e + H.c.)

Examples of New Physics

ALf =1

SUSY (SUSY GUT, SUSY model with right-
handed neutrino)

R-parity violating SUSY model

Model with extra-dimension

Model with violation of Lorentz invariance

ﬁL.f- = 2

R-parity violating SUSY model
Left-Right Model with triplet Higgs field
Model with bilepton



SUSY and LFV

Slepton mass matrices are new source of fla-
vor mixing in the lepton sector.

General SUSY breaking terms induce large LFV.
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The experimental bound of B(u — evy) implies
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The branching ratios of LFV processes de-
pend on

e SUSY breaking mechanism

e Interaction at high energy scale



Interesting examples

o SUSY GUT
Ordinary Yukawa coupling constants be-
comes a source of flavor mixing for the
lepton/slepton sector.
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¢ SUSY model with right-handed neutrinos

Neutrino Yukawa coupling constants be-
comes a new source of flavor mixing.
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LFV for SU(5) and SO(10) SUSY GUT

e In SU(5) SUSY GUT, B(u — ey) depends
on detailed structure of Yukawa coupling
constants at the GUT scale, but typically
O(10-14),

( Could be enhanced for a large value of
tang =< HY > / < HY >.)

o In SO(10) SUSY GUT, B(u — ey) can be
close to the experimental bound, typically
0(10712),

Relations among u — ey, ut — eteTe™
and pu — e conversion branching ratios.
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Polarized muon and P and T odd asymmetries
If the muon is polarized we can define P-odd
asymmetry for pt — ¢t~ and T-odd and P-
odd asymmetries for ut — etete .

o For pt = ety
dB(ut = et7)
dcost

14 A,...P;C0OS0

o For uT = etete:
T-odd asymmetry (.1, ) and two P-odd asymme-
tries (Ay. Ax).

These asymmetries have different features for
SU (5)& SO (10) models

~ SU(5) SO (10)
). p— +100% -100% — +100%
'l/ "30% = +40 % _— —Ap—ygrr/lu
Ay 20% — +20 % ~ —Ay—sey/6
| Arp| <15% < 0.01%
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SUSY model with right-handed neutrino

e If the neutrino Yukawa coupling constant
is large, the slepton mass matrices can re-
ceive large radiative corrections responsi-
ble for LFV.

Mhe See-Saw relation: mp = ”;{ -"l'}f,f""‘f‘(-?'j Eifﬁi.“f_.f'z_)
== The neutrino Yukawa coupling constant is
O(1) for Mg = O(10'*) GeV.

e Large flavor mixing in the slepton sector
is naturally expected from neutrino mixing
parameters suggested by atmospheric and
solar neutrino experiments.

Atmospheric neutrino (2-3 Mixing) < v = u~
: /

Sclar meutrino (1-2 mixing) < p — ¢

e B(u— ey) and B(p — ey) can be close to
the current experimental bounds.



SU(5) SUSY GUT with Right-handed Neutrino

large mixing : MSW large mixing angle solution
small mixing : MSW small mixing angle solution
(Mﬁjg‘j = (4 x 1014 GEV)ES;_?':. mg < 1 TeV, leﬂ < 1 Tev, |$ﬁF <5
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Summary

¢ Muon LFV processes are important to search
for physics beyond the SM.

e Branching ratios for LFV processes can be
Close to the present experimental bounds
for SUSY GUT and the SUSY model moadel
with See-Saw neutrino.

e To distinguish various models, it is im-
portant to search for all three processes,
ut = ety ut - etete— and pu-—e~ con-
version. Polarized muon experlment-s are
also useful.
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