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LFV In the SM with massive neutrinos

« Neutrino oscillations <« Massive neutrinos
‘ Dirac”? Majorana (see-saw)?
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Lepton Flavor is not conserved
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t Any LFV observations in the near future experiments |

massive neutrino + New Physics = Large LFV 7
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LFV In SUSY models

[Hisano et al '95 ]

- Qrigin of flavor-violation =
- Off-diagonal components of :
\slepton mass matrices

(m?)s ~ ) ;
Vg + Meps tan (3 m= + memyg

\ A
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where ao  /\ Ly AR
9 MI
A Ap ~ - tan o
T Mgysy

m2 + mim, alvd+mlﬂtanﬂ} li 1 y

Br(l; — 1;v)  487%e? A2,
Br(l; — s = ——— (|AL]” + |AR?) o 7 tan®
T\{l; ]V’LV]) fa mSUSY

t .mass scale of SUSY particles |
t . Size of flavor-violation )
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LFV In SUSY models

SUSY scale. muon g-2 -- O(100)GeV sleptons & EW gauginos

TeV-Scale Hierarchy Problem -- fine tuning btw m?, & m2, o,

Dark Matter -- thermal or non-thermal production?

GUT -- only light gauginos? log-dependence

- Off-diagonal components of slepton mass matrices ;

_ too large LFV rates
1. Arbitrary values (Anarchy) > (SUSY flavor problem)

2. No flavour-mixing at tree-level — Importance of radiative
(Universal) corrections
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LFV in SUSY models with diagonal soft masses

1
« No LFV at tree-level m? ~ mg ( 1 )
1

. Non-zero off-diagonal elements «¢= Radiative Corrections

Ex) See-saw model
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[Casas, Ibarra 'O1 ]

Eeff —

yo ~1 for My ~10”GeV  ¢f. SO(10) GUT: 16=6+3+3+2+141)

dL dr UR ZL €R
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LFV In SUSY models with RNs

m; ~ 200GeV, My ~ 180 GeV

/ [ Antusch, Arganda, Herrero, Teixeira '06 ]

NI =10~ GeV, my, = 10" Gev
m,, =107 eV
0 <104l =n/4

0 <10, = /4
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LHC 7+8

. Poor News : Non-observation of NP particles

MSUGRA/CMSSM: tan(p) = 30, A_ = -2my, 11 >0

Status: SUSY 2013
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- = Expected
=== Observed
- = Expected
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\ - — Expected
=== Observed
T —- AL \ — — Expected
" === QObserved
= = Expected
=== Observed
Expected
Observed

95% CL |imits.csSUSYy not included.

theor

O-lepton, 2-6 jets
ATLAS-CONF-2013-047

O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026
2-SS-leptons, 0 - = 3 b-jets
ATLAS-CONF-2013-007

— -
e I ay

-
™~ -
-~

bl

F
|

|

I

1

I

N, -
-+

I

I

I

I

I'J.

-—
iy

-

-
el e
| ———

[TTTTTTTTTTTTTTTTTTTTTTTITT]TTTTI
| | | | | | |

\ \ \ |
I 1 1 I 1 I Il 1

2000

universal scalar mass @ GUT scale

! masses of colored !

In a SUSY model
mg 2 1.8 TeV
5 > 1.4TeV

.

particles are highly §
constrained

L=

Note, LFV is probably
Induced by non-colored
particles, which might
escape from LHC search
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LHC 7+8

. Great News : Discovery of Higgs boson

SM

> _]
S K 4 Data S/B Weighted ] | | | | | | |
Q100 — Sig+Bkg Fit (m =126.5 GeV) _ ATLAS 2011 -2012 : m, = 126.0 GeV
%) — _ — .
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Signal strength (u)

S

‘ mp ~ 126GeV ~ . Multi-channel

. Consistent with SM
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Implication of Higgs mass on SUSY models

"Higgs mass = 126 GeV" = constraints on SUSY parameters

3m? M?2 A? A?
m%:mQZCOSZQﬁ | 1 2t {log<—§)l : (1 L )}

202 ms M2\~ 12M3
(126 GeV)? (91 GeV)?

[ Draper, Meade, Reece, Shih '11 ]
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LFV in High-scale SUSY models

126 GeV Higgs boson + Null result of SUSY search

‘musa-g2, HP, DM, GUT

- O(10-100)TeV sfermions |

1) gaugino mass ~ sfermion mass (gravity-med.)
Z2) gaugino mass << sfermion mass (anomaly-med.)

Size of Tlavor VIOIATION oo,
r Off dlagonal Components of slepton mass matrlces

The simplest and the
most natural case.

1. Arbitrary values (Anarchy) «

2. No flavour-mixing at tree-level (Universal) T
The strongest constraint

comes from Kaon-mixing
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Kaon mixing parameter

[Moroi, MN (201 3)]
maximal phase

Heavy gaugino
‘A&L,@'j |:’A&R,z‘j‘: 0.1 (¢ # J)
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SO(10) relation and C-invariance
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fm[A g Ady] =0 Im[AG; Ag; | = —Im[Ag AG.]

| Breaking of C-inv. : EW & Yukawa interactions |
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Breaking of SO(10) relation

Dominant SUSY contribution comes from

m?i,;,i%i% 7 m?{;gg (RG effect through top Yukawa)

32 = 13 — 19 _
SR Bdn bp Sdn dp SR Bde dr
g 12 g 7 13 32 g
_ ------ﬂi‘{% ...... - Age__l?_LfAﬁe-
dr, SL dr, SL
tan 3| Ag, 33 Adp.33
2 2
susy |, M8y Ay A, ] M, M, 10| 07 1
M3ysy m3ysy 30 0.7 0.8
510 0.5 0.5
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Kaon mixing parameter

|Aij‘ = 0.1  maximal phase

Heavy gaugino
= 90
Ae tan (3
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LFV In High-scale SUSY models (Anarchy)

. Anarchy ... large off-diagonal elements are given at tree-level

tan 8 = 50

Br(u—e
(lu V) Aj 19 =A; 12=0.1

107"
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LFV In High-scale SUSY models (Anarchy)

In SUSY models, there is strong correlations btw Br(u—e 1), Br(u—eee ) and Re

Future experimental limits can be converted to that of Br(u — ey)

Br(u—ev) ~ _ian o f 501
10~ AZL.’D_. wlz
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10 N N ] MEG (2013 result) _______ 1
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“lectron EDM in High-scale SUSY models

tan 0 = 50
’AZNL713’:’A§R713|: 0.1 (Solid lines)
i == 0 (deshed fnes

Current bound
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LFV in high scale SUSY models (universal)

[Moroi, MN, Ynagida (201 3)]

Universal ... off-diagonal elements are generated by radiative corrections

-

In the see-saw model, with keeping the explanation of
Higgs mass, is it possible to detect the LFV signals?

~

J

MSUGRA

B M/ =m

t;znﬁ r(,u HGV) MN:3><iO215 Ge\of
7

[mh ~ 126 Ge\/']

Mp ~ Mgut (y, ~ 1)

= measurable
LFV rates
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LFV in high scale SUSY models (universal)

. Large neutrino Yukawa coupling is also useful to enlarge the
parameter spaces with successful EWSB

tan(
50

10

Anomaly-med _
Br(pu—e) mgpp=my | For M; < my, it becomes

I My=3x10" GeV difficult to achieve
10/13 / / | successful EWSB
10_14 10*15 /\

cf. focus point
........... \ My — 3 1015 eV

[ Yo /> m%u\]
\MN = 10" GeV

100 1000
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LFV in high scale SUSY models (universal)

. Large neutrino Yukawa coupling is also useful to enlarge the
parameter spaces with successful EWSB

MSUGRA
M1/2 /m() Br(,u—nefy) tan = 10
mg = 20 TeV

P T [y, 2126 GeV |
;j/////, 07 g ///*’///////;”—————-5

10 14 :
/ For smaller gaugino
10" 1  masses, large neutrino

Yukawa Is required

|

0.1

MN [GGV]
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Back up
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Importance of double-mass insertion
INn high-scale SUSY models (Anarchy)

Heavy gaugino

Br(u—ey) tan 3 = 50
_ my; — 1 T
10 11 E I OO eV_ p N
g 12
| OéQAeL
-12
10 - VS
: 13 A 32
- constructive - CkyAeL AeR mT/m,u
10—13 ! \_ J
10_14'_ single mass insertion
: 2
' destructive Br A
_ 4
1015 Mgyusy
: double mass insertion
10716 o | | A4
0.04 0.1 0.4 Br o« —;
Mgusy
Aj

135 12H8HHEH



