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We have constructed a SUSY SO(10) x SU(2) p model in which a set of symmetric mass matrices
with five texture zeros (having 11 parameters) leads to 22 measurable fermion masses, mixing
angles and CP phases, all in agreement with available experimental data within one sigma. The
LMA solution for solar neutrinos is obtained as well as neutrino mixing angles and absolute
values of neutrino masses. We have investigated the possibility of baryogenesis resulting from
soft leptogenesis. We find that, with soft SUSY masses assuming their natural values of the
order of a TeV, the observed baryon asymmetry in the Universe can be accommodated in our
model. Unlike models with lop-sided textures which give rise to a dangerously large decay rate
for u — e y, the decay rate we get is much suppressed and yet it is large enough to be accessible

to the next generation of experiments.
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SO(10) has long been thought to be an attractive candidate for a grand unified theory (GUT).
Since a complete quark-lepton symmetry is achieved, it has the promise for explaining the pattern of
fermion masses and mixing. Recent atmospheric neutrino oscillation data from Super-Kamiokande
indicates non-zero neutrino masses, giving very strong support to the viability of SO(10) as a GUT
group. Models based on SO(10) combined with discrete or continuous family symmetry have been
constructed to understand the flavor problem [1, 2]. Most of the models utilize “lopsided” mass
textures which usually require more parameters and therefore are less constrained, in addition to
giving rise to dangerously large rate for u — ey. The right-handed neutrino Majorana mass op-
erators in most of these models are made out of 16y which breaks the R-parity at a very high
scale. The aim of this talk, based on Ref. [3], is to present a realistic model based on supersym-
metric SO(10) combined with SU(2) family symmetry which successfully predicts the low energy
fermion masses and mixings. Since we utilize symmetric mass textures (which arise naturally if
SO(10) breaks down to SM through the left-right symmetric breaking route) and 126-dimensional
Higgs representations for the right-handed neutrino Majorana mass operator, our model is more
constrained in addition to having R-parity conserved. SO(10) relates the up-quark mass matrix
to the Dirac neutrino mass matrix, and the down-quark mass matrix to the charged lepton mass
matrix. The set mass matrix combination is given by, at the GUT scale,

0 0 «a 0 e 0
My e=| 0 be® ¢ |dva, Mye=| ee & (1,-3)f 0 |hva. (D
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The smallness of the neutrino masses is explained by the type I seesaw mechanism. We consider
an effective neutrino mass matrix of the form
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with n = 1.28. This form is obtained if the right-handed neutrino mass matrix has the same texture
as that of the Dirac neutrino mass matrix,

0 0 o
Mye=| 0 & 65 |Mr, Si=fi(abect,0). (3)
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The SU(2) family symmetry is implemented d la the Froggatt-Nielsen mechanism. Detailed quan-
tum number assignment, superpotential and the VEVs acquired by various scalar fields are given
in Ref. [3]. The input parameters at the GUT scale along with the predictions for charged fermion
masses and CKM mixing including 2-loop RGE effects are also summarized in Ref. [3]. Us-
ing Am2,,, = 2.49 x 1072 ¢V? and Amé =7.92 x 107> eV? for the LMA solution as input pa-
rameters, we determine ¢ = 0.35 and Mg = 6.57 x 10'2GeV, which yields §; = 0.00120, & =
0.000714¢(148) | 83 = 0.0211e~"(*189) | The three mass eigenvalues are predicted to be m,, =
0.0030 eV, m,, =0.00939 eV, m,,, =0.0508 eV, and the mixing angles are predicted to be sir? 260m =
1, tan? O, = 0.412, sin?260,3 = 0.0568. These predictions agree with current bounds from ex-
periments within 1 o. The strengths of CP violation in the lepton sector are (fp, 031, 001) =
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(—0.00983,0.916,—1.52), and the matrix element for the neutrinoless double 8 decay is given by
| <m>|=341x10"2eV.

The relevant interactions that give rise to lepton flavor violating decays come from the soft-
SUSY breaking Lagrangian,

—Lyop = (m2)ijl} O, + (m2)ijex e, + (m3)ijly g, + (i} ) H Hy + (iih, ) Hi H,
i ey~ . IO RIS
+ AyHuV;iVL_,- +A2JHd?1k€i€L_/ + EBIJVR,-VR_,- + ByH;H, + h.c.|. (@)
As the slepton mass matrix (m%)l ; is flavor-blind at the GUT scale with mSUGRA boundary condi-

tions, there is no flavor violation at Mgy . However, the off diagonal elements in the slepton mass
matrix can be generated at low energies due to the RG evolutions from Mgy to Mg,

o)y = g m A x T BT, )
Here %, is the Yukawa couplings for the neutrinos in the basis where both charged lepton Yukawa
matrix and the Majorana mass matrix for the RH neutrinos are diagonal. The non-vanishing off-
diagonal matrix elements in (6m%)l-j induces lepton flavor violating processes mediated by the
superpartners of the neutrinos at one-loop, leading to various lepton flavor violating processes. The
branching ratio for ¢; — £; 4y is given by,

3 2

o

1
GEm§

Br(t;— t;y) = o (3mi + A}) tan’f .  (6)

Meur \|?
(3

k=T23

Currently the most stringent experimental bound on the lepton flavor violating processes is on the
decay u — ey. The prediction of our model for Br(u — ey) shown in Fig. (1a) is well below the
current bound, 1.2 x 10!, yet it is within the reach of the next generation of experiments.

Soft leptogenesis (SFTL) utilizes the soft SUSY breaking sector, and the asymmetry in the
lepton number is generated in the decay of the superpartner of the RH neutrinos. It has SUSY
breaking as the origin of the CP violation and lepton number violation. As a result, it allows
a much lower bound on the mass of the lightest RH neutrino, M, compared to that in standard
leptogenesis (STDL) [4]. The relevant soft SUSY Lagrangian in SFTL that involves lightest RH
sneutrinos Vg, is,

1 ~ o~ ~ i~
—Lropt = (EBMI VR, VR, + A?Livg,H, + h.c.) +m2v,§1 VR, - @)

This soft SUSY Lagrangian together with the superpotential that involves the lightest RH neutrino,
N1, W = M{N\N; +%;L;N, H,, give rise to the following time evolution Hamiltonian of the vg, ‘V};l
system,

d (v v ' 1 A 14
SR (), =t —cA, = 5 W6\ M, A=| , T
dt VR] VR] 2 Z_M 1 Vl 1

8)
The total decay width I'; of the lightest RH sneutrino is given by, I} = ﬁ(%%j)uM 1 =0.374

2
GeV. The eigenstates of the Hamiltonian arel?fjE = pﬁ + qﬁ Tand <%> = % ~14Im (%) ,
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Figure 1: (a) Prediction for u — ey for (S1) mg = Ag = 100 GeV; (S11) mg = 100 GeV, Ag = 1 TeV; (S52)
my = Ap = 500 GeV; (S3) my = Ag = 1 TeV; (b)The region of soft SUSY masses, A and B’, that gives rise
to observed amount of baryon asymmetry.
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in the limit Ajy < .#),. Similar to the K* — K system, the source of CP violation in the lepton
number asymmetry here is due to the CP violation in the mixing which occurs when the two neutral
mass eigenstates are different from the interaction eigenstates. Therefore CP violation in mixing is
AT

present as long as Im( VB

> # 0. For this to occur, SUSY breaking, i.e. non-vanishing A and B,

is required. The total lepton number asymmetry integrated over time, &, is defined as the ratio of
difference to the sum of the decay widths I for vg, and V;l into final states of the slepton doublet
L and the Higgs doublet H, or the lepton doublet L and the higgsinoﬁ or their conjugates,

Ef:(ZH)’ (LH) fow[r(vR”v;l =)= FWRH% - 7)] ( 41" B > Im(A) o) )
; “IC(vp. . v Y - - B—F -
szo [F(VR"v;l _>f)+r(VRHVI-§1 —>f)] F%+4BZ M,
The final result for the baryon asymmetry is,
Im(A 4T\B
U~ (148 % 107%) Im(A)Y o K, R=—p o (10)
M, I‘l _+_411;2

where the dilution factor k = 0.00061 in our model. As I3 is of the order of £/(0.1 — 1) GeV,
to satisfy the resonance condition, I = 2|B|, a small value for B < m is thus needed. Such a
small value of B can be generated by an operator [ d“@ZZJle2 /M1271 in the Kéhler potential. In
our model, with the parameter B = \/BM; having the size of the natural SUSY breaking scale
V2 ~ 6(1 TeV), a small value for B required by the resonance condition B ~ I} ~ €(0.1 GeV))
can thus be obtained. The region of the soft SUSY masses that give rise to sufficient baryon
asymmetry is shown in Fig. (1b).
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