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Why LFV ?

@ LHC is one of the most promising way to find new physics.
@ Typical (or lower limit fow) mass scale of the new physics
will be obtained at the begining stage of LHC.
o If SUSY is realized below TeV scale, masses of SUSY
particles will be measured.
@ Significant flavour signals are naturally expected in BSM at
TeV scale.

@ Charged lepton flavour violation is strongly suppressed in
the standard model.
= LFV = evidence of new physics

@ MSSM+Seesaw mechanism (even in the case of flavour
universal SUSY breakings) = Large LFV

@ Low energy neutrino parameters (mass, mixing,
CP-phases) can be related to prediction of LFV.
@ There are additional d.o.f. in neutrino Yukawa sector...



Importance of CP phases

@ CP is violated in nature.
@ Baryogenesis require CP phase.
@ CKM phase is measured.

@ Neutrino Yukawa couplings should have CP phases,
though CPV in lepton sector is not obserbed...
@ Leptogenesis require CP phases.
@ In SUSY GUT, these CP phases contribute to hadronic
EDM.

How they contribute to LFV predictions ?




Seesaw model

Seesaw model (Type 1) is a very attractive model to explain the
smallness of neutrino masses.

@ Introducing right-handed neutrinos to the SM
® vp is SM singlet = Majorana mass terms
@ |f Majorana mass is heavy — we can obtain light neutrinos

_ 1
—L = Ygérl hg + YnUgl - hy + EMRDRV/C?

|: RN are integlated out

_ 1
—L = Yegl - hp — 5r(lL- h)?, k= YiMz'Yy

The neutrino mass matrix is:
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Parametrization

(hu)?

Solving the seesaw relation, YIM5'Yy = m,, Yy can be
2 'nVp

parametrized as

@ Yn = v/DyRy/DpU'

J.A. Casas, A. Ibarra, NPB618,171

Dy = diag(M;, Mo, M3): RN masses
D = diag(mq, mo, ms), Am2 = m3 — m2, |Am3| = |m3 — m2|
U = UosscPuy, Py = diag(1, e="@/2 e78/2): PMNS matrix
R is a complex orthogonal matrix, R'R = 1
@ |U;3| = s13 and CP phases are not determined yet.
@ There is an upper bound on si3, S13 < 0.2.
@ R has 6 real parameters
@ Dy and R: High energy parameters
D, and U: low energy parameters
@ Without considering flavour effect, thermal leptogenesis
requires a complex R.



SUSY and LFV

v X
In MSSM+RN, slepton ex- . /7 ™ . e
change diagrams contribute R TIRs
to LFV processes _§
v Y
MD)il (h
B(li — ly) ~ _‘( m8$]| g diz o< |(¥, L}’N)ij|2

L = diag(In g In 2.In 1)

F. Borzumati, A. Masiero, PRL57,961;
J.Hisano, T. Moroi, K. Tobe, M. Yamaguchi, T. Yanagida, PLB357, 579;
J.A. Casas, A. Ibarra, NPB618,171...

mg ~ 0.5mEMz (mf + 0.6M7 )

S.T. Petcov, S. Profumo, Y. Takanishi, C.E. Yaguna, NPB676, 453




How they come

@ SUSY breaking terms are flavor universal at My (Mg or Mp)

Flavor universal M2 = mg,
Af = moAO Yf at My

RG running (MSSM+vRg) Slepton flavour mixing
vg are decoupled

RG running (MSSM)

| Physics at My, (LFV ...) |




Quasi-degenerate heavy neutrinos

S. T. Petcov and T.S., hep-ph/0605151

A most simple case is quasi-degenerate heavy neutrino case:
My ~ My ~ Ms

In the limit of My = M> = M3, 3 d.o.f. in R can be rotated out
% Yn = vVDuRVDpU' = VDyORyDyU' = v/ DyR'v/ DU’

Then, we can parametrise

0 a b
R=e®, A=|-a 0 ¢
-b —c O

For light neutrino spectrum, we will consider three typical cases
@ Normal Hierarchical case: my ~ 0, my < my <« my

@ Inverted Hierarchical case: m3 ~ 0, m3 < my ~ mo
We consider the ratio of the branching ratios, e.g.,

Br(u—ey) (Y Yn)r 2 _
Bl ) ‘(Y%YN)32|2 = R(21/32), etc




NH-v, case

In the limit of my = 0,
(YT YN)12 = Ap1C23C12S12 + AgySp3Sy3€ "0

a=py
+2—/ vm <323312e T2 — (p3513C28 "

)+
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(Y YN)23 = A31523C23
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(YT YN)13 = —Ap1523C12S12 + Ag1Co3Si3€~"
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@ a- and b- dependence is weaker than c-dependence.
<) (Y,I, Yn)23 depends weakly on the phases.
@ The cancelation can happen for specific «, 5 and 4.



IH-v, case

In the limit of m3 = 0,

(Y}, Yn)12 = Dot Ca3CiaSia + Az1S23Si3€~

M . o o . i e
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@ They depend on “a”
) (Y,L Yn)23 depends weakly on the phases.
@ The cancelation can happen for specific «, 5 and 4.




uw— eyand r — uy
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SUSY parameters are taken as SPS1a;
tan 3 =10, mg = 100GeV, myp = 250GeV, Ap = —100GeV

Br(r — pv) weakly depends on CP phases (both low and high
energy phase)




Hierarchical RN case

We move to My < M, < M5 case
S. T. Petcov, W. Rodejohann, T. S and Y. Takanishi,NPB739,208 (2006)

The off-diagonal element relevant to . — ey is
(Y/J{/LYN)21 :Avﬂ—g In ,I\\Z—i(R\/HuUT)Ez(R\/EUT)m
+ T2 I 2 (RYD,U5(RYD, Uy
"V” R\/_ UNi,(Ry/D, UMy

u

One possible way to avoid too large contributions to © — e~ is
suppressing the M3 contribution

= (RVD,U")s, =0or (RYD,U"); =0



Light neutrino spectrum and R

S. T. Petcov, W. Rodejohann, T. S and Y. Takanishi,NPB739,208 (2006)

Natural way to realize the above situation is:
@ NH: my ~ 0, m < m3

0 sihw cosw *
=R=| 0 cosw sinw|—Yy= (*
(1 0 0 ) 0
@ IH: m3 ~ 0, my ~ my ~ 0.05eV
cosw sinw 0 *
=R = (sinw cosw 0) — Yy = (*
0 0 1
@ QD: my ~ mp ~ mg ~ O(0.1)eV
= (YiLYn)21 ~ B0 spci3815 + - -
with the same R as it in IH case
Note: w is a complex parameter

o

O % ¥ O * ¥
O *x % O ¥ ¥
N— ~—




Leptogenesis

S. T. Petcov, W. Rodejohann, T. S and Y. Takanishi,NPB739,208 (2006)

If we consider the thermal leptogenesis scenario, we obtain
strong constraint on My and w = p + io.
#The CP asymmetry parameter e can be written by Yy Y,L.

Yg ~ (6.0 +£1.0) x 10710 =
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B(x — ey) for NH
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NH case (my = 0, mx ~ 0.008eV, m3 ~ 0.05eV),
M; = 6.0 x 10'°GeV, M>, = 1.0 x 10'°GeV,
tan 3 =5, my = my 5 = 250GeV, agymy = —100GeV



B(x — ey) for IH
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IH case (my ~ my ~ 0.05eV, myz = 0eV),
M; =7.0 x 10'2GeV, M> = 4.0 x 10'3GeV,
tan 3 =5, my = my ;5 = 250GeV, aymy = —100GeV



B(u — ey) for QD
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QD case (my =0, m> ~ 0.008eV, m3 ~ 0.05eV),
M; = 3.0 x 10'3GeV, M, = 1.2 x 10"*GeV,
tan 3 =5, my = my ;5 = 250GeV, aymy = —100GeV



IH case

Hereafter, we focus on the IH case.

Even in the case where the M3 contributions are decoupled,

SUSY contributions to B(x — ev) is so large that the present
experimental constraint exclude the scenario with low SUSY
spectrum.

There is two possibilities:

® Heavy SUSY spectrum case
@ Yy s.t. M, contributions are also suppressed




B(x — ey) for IH with heavy SUSY
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IH case (my ~ my ~ 0.05eV, myz = 0eV),
M; = 7.0 x 10'2GeV, M, = 4.0 x 10"3GeV,
tan 3 =5, my = 300GeV, my,» = 1400GeV, aymy = 0GeV



Texture zero

S. T. Petcov and T.S., in preparation

Now our model has no M5 contributions
(YILYN)21 M3| S(R\/D,,UT)gz(R\/D,,UT)m
My
M M.
+ —2 In —2(R\/D,,UT);_2(R\/DVUT)21

+ MW T (RYDLUio(RVDLU:

Vu




Texture zero

S. T. Petcov and T.S., in preparation

Now our model has no M5 contributions

(YILYN)21 M2| —R\/ L, UN50(Rv/D, UM

Vu

+%| —L R\/ D,U")i5(Ry/D, U )y

The second step is suppressing M» contributions

o (RVD,UM)z
o (RVD, Uy =




Texture zero

S. T. Petcov and T.S., in preparation

Now our model has no M5 contributions
(YILYN)21 %| 2 (Rv/D, U")5,(R\/D, UMy
u

+ T3 L RYD,UN(RYD, Uy

U

The second step is suppressing M» contributions

@ (RV/D, UM =0 = tanw = tan e~ /2
. _ C{o—S125138~ 0 __jn/2
® (RVD,UNz =0 = tanw = — g2 212838 e/
In both case, w is related to the Majorana phase «
= B(u — ey), Y, and (m,) are related to each other.
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uw— eyand r — uy

The two models: (Yn)21 = 0 and (Yn)22 = 0 can be
distinguished by the correlation between y — ey and 7 — uy.
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@ If SUSY at <TeV is realized in nature, LHC is likely to
provide some evidence.

@ LFV is very powerful tool to explor the neutrino Yukawa
sector in MSSM with seesaw scenario.

@ Both low energy CP phases (a, 5y and §) and high energy
CP phases (phases in R) contribute to LFV processes.

@ The correlation between i, — ey and 7 — py may give
information about high energy phases.







Figures for NH
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Figures for NH
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Figures for IH
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