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Sfermion Masses
(sfermions=squarks & sleptons)
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Probe to Theory of Flavor

Interesting Processes
d
K-K D-D B-B
K rare decays
b—>sy
Bg — ¢ Kg etc.
= lepton flavor violation, LFV)

uL— ey, u-e conversion, Tt — uy etc.
lepton flavor violation



SUSY Flavor Problem

Generic sfermion mass parameters would
give too large FCNC!

< GIM suppression
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1) Universal Sfermion Masses: e.g. Minimal supergravity
O Good Bench Mark
o Universality

2) Aligned Sfermion Masses:

O Fermion flavor mixing Sfermion flavor mixing
Fermion Sfermion
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Ellis,Hisano,Raidal, Shimizu“02
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Figure 1: Scatter plot of Br{p — e7) against the heaviest singlet neutrino mass My, for the
ansatz {a) H, and {b) H;. We take my;, = 300 GeV, my = 100 GeV, Ay = —300 Gel,
tan § = 10 and sign(u) = +1. Other input parameters are specified in the text.




Part 2

Alignment scenario

UV
=

. alignment mechanism
Democratic sfermion masses
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Part 2. Democratic Approach




\ Democracy to Fermions

= Basic Idea of Democratic (S)fermions:
3 generations are equal
=== interchangeable

Q

, \ Permutation symmmetry S

Q,E=> Q, Q are 3dimensional

reprsentation of S
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= 3 dim. repr. is not an irreducible repr. T(Q1+Q2+Q3)

= 3=1+2

- -2
IL, identified with 3" generation 76\ Q1)

1
uzﬁ(Ql—Qz)
S,(Q)xS,(Uy) sym.  Koide

Up type quark mass matrix

11 1) (-¢ 0 0
111 (0 0 s

L> symmetry breaking term

‘ Quark mass hierarchy Mt = M, > M,

Similar Structure for Down-type quarks and Charged leptons
hierarchical masses/ small mixing angles in q sector




Neutrino masses Fritzch&Xing ‘96

Fukugita, Tanimoto& Yanagida ‘98
We assume that neutrino masses are of Majorana type.

Only S;(L) is involved in mass matrix
There are two S;(L) invariants

100 111 m,;
010 11 m;viv, <_V2 HHL L,
3
0 0 1 111
Universal Democratic

Unlike the quark case, we take the universal form < may be justified in extra
dimsional scenario (Watari and Yanagida)
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l Degenerate neutrino mass spectrum

Bi-Large mixing angles for solar and atmospheric neutrinos
Small U,



‘Democracy to Sfermion Sector

Hamaguchi,Kakizaki&MY ‘02

= The democratic ansatz is very successful in
fermion masses and mixing.

= They are dictated by S;symmetries.

= Breaking of the S; symmetries may be attributed to the
nature of Higgs sector.

= We shall apply the idea of democracy to the
sfermion masses.

) Alternative to universal sfermion masses.




‘ Sfermion Masses Hamaguchi, Kakizaki MY
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Non-trivial coupling between visible and
hidden sectors in Kaehler potential

Structure: Only one S; is involved.
There are two S; invariants
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If o = 0, then the sfermion masses are characterized by
non-degeneracy

nlst = rnan # rn3rd

flavor mixing
1

Ufng| 1
1+ O

U; is almost unit matrix. Deviation from the unit matrix
comes from the S; breaking.

Flavor mixing of sfermion masses Is small, though the
masses are not degenerate. ¢mm alignment mechanism

U: :no longer diagonal




Left-handed Slepton Masses
G
Democratic part in Kaehler potential for
left-nanded lepton doublets
==) Non-canonical kinetic terms
mm) effectively induces democratic part

IN heutrino mass

It would upset the successful pattern of neutrino
mass matrix

Thus the democratic part should be absent In
Kaehler potential op=0

Universal mass for left-handed sleptons

e
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Slepton Masses and LFV

In our model with democratic ansatz
Right-handed sleptons fR p#0
non-degenerate masses
flavor mixing -
Left-handed sleptons I, =0
degenerate (and universal) masses
no flavor mixing



Unique Predictions

Collider Physics

My, =My # Mg My =My =My
This is testable in future collider experiments!
Lepton Flavor Violation (LFV)

u — e vy arises from right-handed slepton
exchanges.



Typical Feynman Diagrams

e




Branching Ratio Br (un — e v)

Current Exp. Bound Br(pn — e y)<1.2 x10%

Future Reach (MeG) ~ 10-14

In our model, u — e y will be observed as far as the
sparticle masses are close to electroweak scale.
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Comparison

= Left-handed stau is = Right-handed stau is
lighter than others. either lighter or heavier
™ testablein T than others
collider exp
= Left-handed sleptons :
have LEV g E;g\;/r;t-l_hg\r;ded sleptons
) 48T - e
N ) 4 &Rty

Polarized muon may be _—

Important to distinguish each
other.




SUSY SM has more than 100 parameters for
sfermion masses and mixing. Generic parameters
would predict too large FCNC.

We propose a democratic approach to fermion and
sfermion masses as a solution to the SUSY FCNC
problem.

This model has unique predictions on slepton
masses and LFV (u — e v, u-e conversion), which
will be testable in future experiments.

A more general conclusion is that collider
experiments and LFV processes and other FCNC
processes in hadron sector) will provide crucial
hints to distinguish the theory of flavor.
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