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1. Introduction
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® On’60, two-neutrino hypothesis was
proposed so that lepton flavors
conservation suppresses [ — €7,

Upper Lim its of Branching Ratio

® In the SM, neutrinos are massless, and then,
lepton flavors are automatically conserved.
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History

® On 98, the neutrino oscillation was
discovered at SuperK. It was found that
lepton-flavor conservation is not exact in
nature.
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® C(Current bound:
Br{ir )~ 1 g iiea s (il 90

From Mori-san,

at PSI is being started now.

® A successful physics run for 5-6 months
brings us to (7-8) * 103 sensitivity.

International Collaboration (“65'¢ollaborators) u . o= l:
® A goal of MEG (Phase ) is

another two years.

. A
® Further down to 1* 1074 (?) after possible 7

upgrades (Phase II).




Scarch lor u-¢ conversion in nucler

Conversions are coherent processes and the rates are
larger for larger nuclei.
['(u~N — e N)

e
el

Monochromatic electron from muonic atom is signal
(E.=m,, -E,), and BGs are quite suppressed.

Current bounds:
R (L)<= 6 10w SN dale9 37

Ro(Any <7 x 102 HaINDREM IE 00

If photon-penguin process is dominant (typical
SUSY cases),

R, (Ti) 24 x 10 °Br(p — ev)

(photon-penguin )




Scarch for w-¢ conversion in nucler (plan)

Next experiments have to aim at Rue ~107°.

(Fermilab): R, (Al) ~ 6 x 10~'7
(J-parc): R,c(Al) ~ 5 x 107
(J-parc); R, (Ti) ~ 10-°

Muon storage ring.

2= Overview of Experiment@

- Magnetic bottle trapping Staging scenario of p-e Conv. to BR~10-'8
backward-going pions

PRISM/PRIME
> Decay into muons and ,

. Muon Sloppi
transport to stopping target  Target

agQn SR
- Superconducting
S”-curve eliminates rateport Solentad

backgrounds (25T-21T)

Thin windows for

5 ducti
antiprotons p,if’&‘lf’.'.‘s‘.?‘u.?&a
(50T-25T)

B(u~ + Al — e + Al) <1076

ewithout a muon storage ring. ewith a muon storage ring.

ewith a slowly-extracted pulsed proton beam. ewith a fast-extracted pulsed proton beam.
®doable at the J-PARC NP Hall. eneed a new beamline and experimental hall.
eregarded as the first phase / MECO type eregarded as the second phase.

®Early realization eUltimate search

Tracking

Pion Production Target

Crystal Calorimeter g

R. Bernstein, FNAL 33 NP’08 6 March 2008
33

(From Prebys’s talk in NPo8) (From Kuno-san’s talk)




SR D o TR processes

(Hayashii-san will talk.)

Belle BaBar
B,10~8 [ Ldt, fb—1 B,10~8 [ Ldt, tb—1
4.5 535 6.8 232
12 535 11 232

3.6 535 4.9 376
4.1 535 6.6 376
2.3 535 4.6 376
2.7 535 5.0 376
3.2 535 6.7 376
2.0 535 2.7 376

BaBar
B,10~8 | [Ldt, fb—1
13 339
16 339
24 339
11 339
15 339
14 339

From Epifanov’s
talk in Lake
Louise Winter
Istutute (08’)




Scarch for 11V processes (contd)

= cLEo
mode Lt - Lt - Lt -
e pY 6.3 543 n B 200

e~ K*(892)Y
e K*(892)Y
e ¢
e w
p~ p0
p~ K*(892)0
p— K*(892)0
[T
L ow




Charged Lepton-Flavor Violation
in Beyond-Standard Models




cl.I'Vs in SM with m, and BSM

® Neutrino mass terms are LFV, however, cLFV processes are suppressed
so much due to the GIM mechanism even after they are introduced in

the SM.
9
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where U is PMNS matrixand Am;; =m,; —m:,;.

e cLFVs are sensitive to physics beyond SM (BSM) at TeVs.
1 1

my,
ulLFVs: £ = Fe(a F)u+ A2 — eee + Fe,uqq

= Briu ey}, Belpt el I iy )

But, real physical scale is usually smaller than it due to

flavor symmetry breaking
loop suppression




clFENshnngSISISHESI]

. for SUSY particles are

slepton mixing

introduced, and flavors are not conserved.

(m)s; = (rum)sg + (@) (6,5 =1~ 3)
slepton lepton
mass matrix mass matrix

lepton mixing ??

Proposals: Aml? < ng
2) . sin? fz; < 1
3) . Mgusy > Mw

cLFV studies unveil nature of the SUSY breaking and interaction beyond
the SUSY SM.




Univessalisealan:

mass hypothesis

® The universal scalar mass hypothesis
(USMH) is realized in many SUSY
breaking. (ex, MSUGRA, GMSB, AMSB, etc)

® LFV interactions beyond the SUSY
SM generate LFV mass terms for
sleptons even under USMH.

(Hall, Kostelecky & Raby)

® and models have

LFV interactions and cLFVs are
pFEdiCted. (Barbieri & Hall), (Borzumati & Masiero)

MSUGRA scenario

SUGRA generates SUSY breaking
Terms at Planck scale.

(m?)w - mo(sm

SUSY GUTs

Quark and lepton are unified.
SUSY Seesaw

Neutrino masses are generated.

= m05w +A(m )

SUSY SM
Charged LFV processes are
predicted.




SUSY Seesaw and SUSY GU'I's

u—ey in the MSSMRN with the MSW large angle solutio
M,=130GeV, m;l:=170GeV, mVT=0.07eV, m,,u=0.004eV

tan beta=3,10, 30
bino mass = 100GeV

Experimental
bound

Br(mu->e gamma)

Minimal SUSY SU(5) GUT

300 400 500 600
Right-handed selectron mass (GeV)

(JH, Tobe, Moroi, & Yamaguchi)

SUSY SO(10) GUT

| PMNS-case

We may probe physics beyond
SUSY SM by studying cLFV.

1200 1400 1600

(Calibbi et al)




[ hggs mediation in Decouphing hypothesis

® When SUSY particle masses are larger
than O(1-10) TeV,
since SUSY
SM has two doublet Higgs bosons.

(Babu & Kolda)

—ﬁy a5 l_Rz}/lszHl S Z_RiAiijHQ = h.c.

200 300 400 500 600 700 800 900 1000
m,(GeV)

® 1 — ey and 7 — pu(e)y are generated by
Barr-Zee type two-loop diagrams, and they
are competitive to or larger than other tree-
level processes.

200 300 400 500 600 700 @800 900 1900

Barr-Zee m,
(Paradisi)




Non-SUSY BSMs at 'leV scale

1) Higgsis a pseudo Nambu-Goldstone boson for symmetry breaking,
2) Quadratic div. to my; is cancelled by heavy particles at 1-loop level.
3) is introduced for EW precision tests.

T-odd SU(2) doublet mirror fermions have flavor-violating interactions.

cLFV processes are generated at 1-loop diagrams. ;+ — e7 is accidentally
suppressed by cancellation among diagrams.

Br(u —e e‘e’) Br(u e e'e’)

1.x10°° 1.x107°
1.x10 %" 1.x10

_ 1T Vg =V,
1.x10 % VHl o VMNS 1.x10-12 Hi CKM

1.x10%° ——————— Br (u-ey) 1.x10°%° —————————— Br(u-ey)
1.x10%%1.x10*%1.x10* 1.x107° 1.x10%1.x10%1.x10" 1.x10°°

300 GeV < mYy; < 1.5TeV
(Blanke et al)




Non-SUSY BSMs at 'leV scale  (contd)

® RS background along 5" dimension solves hierarchy problem
ds® = e 257V detde® — riy

= AR
= Wiemaitase chl

® Fermion mass hierarchy is explained by O(1) parameters due to overlapping
of wave functions when SM fields spread over 5" dim. space.

Interactions of Kaluza-Klein
(KK) gauge bosons with masses
at TeV are flavor-violating, and
cLFV processes are generated
even at tree level.

pH—e conv X 10"

This model is constrained
strongly from cLFVs.

(Agashe et al)




Neulrino mass gcncmtion at leV scale

It is believed that neutrino masses are generated at very high energy. However,
when they come from TeV-scale physics, cLFVs are directly linked to them.

Hierarchical case

® Neutrino masses are derived by SU(2), triplet
Higgs boson with mass at weak scale. e

.-~/ jL — e conversion
’

® /. — 3e is generated at tree level while 1 — ey
and ;1 — e conversion are at one-loop level.

Inverted-hierarchical case

/L — e conversion

1n lepton sector. (Kakizaki et al)

(Cirigliano, Grinstein, Isidori, & Wise)




Cormelaizons

cLFVs are indirect probes to new physics, then we need to take correlations
among various processes to understand BSMs, source of flavor violation,
and underlying flavor structure.




Among ¢l I'Vs for common flavor transitions

[t is important to take correlations among cLFV processes in order to
discriminate models with LFV. Pattern of correlations depends on models,
and we have various LFV observables.

Ratios of branching ratios for three models Z dependence of u-e conversion rate

ratio MSSM (dipole) | MSSM (Higgs) ~F T dipole | g

ot
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§
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Br(p——e ete™) 10-3 ~6G.10-3
e 4.2, 10 6- 10

13)

Br(r——e~ete™) C10-2 ~1.10-2
— 4.2 10 110

Br(t——p putp™) 4.9 .1073 0.06...0.1

Br(r—py)

Br(r——e ptpT)
T—:’ﬂu 3...1. . 0.02...0.04

Brir_—peter) 3.1 : ~1-1072

Br(t—p)

Br(r_—e"eteT) 3.1, 0.3...05

Br(r=—e~ptpu~)

Bun—en(Z) | Byn—sen(Z

Br(t——p—ptu~)

Br‘(‘r‘+}t_‘é+g—) RV/Pa I . 5...10
R(uTi—eTi)
Br(p—ey)

(Blanke et al) (Kitano,Koike &Okada)




Between hadronnic and leptonie FCNCs

Ex, SUSY SU(5) GUT with right-handed neutrinos

10 : (uL, dL, (UR)C, (eR)C) 5* . ((dR)C, €T, VL> b (VR)

Neutrino Yukawa affects (, mass matrix in addition to thoseof €rand VL .

PuUnNog |ejuswiisdxs

Utfit (95% CL)

L 2
Utfit, (68% CL)

(JH & Shimizu)

Correlation between hadronic and
leptonic transition from 3™ to 2nd
generations induced by large neutrino
angle.

Recently, UTfit group announces that
CP phase in Bs mixing is more than 3-
sigma deviated from the SM.

CB 62i¢35 = <BS ‘Hélf}?ll‘Bis>
S (Bs|Heg' | Bs)




Sumimary

® Charged lepton-flavor violation (cLFV) processes are accidentally
suppressed by the GIM mechanism in the SM even after tiny neutrino
masses are introduced. On the other hand, they are not necessarily
automatic in the Beyond-Standard Models (BSMs). Studies of cLFVs
probe BSMs, hidden flavor symmetries, and underlying flavor
structures.

Current bounds on uLFVs give constraints on physics even around O
(10>3 ) TeV. In practical BSMs, cLFVs are suppressed by loop-factors or
small flavor-mixing, or accidental cancellation. Thus, coming MEG
experiment, and planed experiments, Mu2e, COMET and PRISM/
PRIME, will cover interesting regions in various BSMs.

cLFVs are pieces of puzzles in the SM and BSMs. Taking various
correlations are useful to solve the puzzles.
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