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SO(10)haslong beenthoughtto be anattractie candidatedor a grandunified theory(GUT).
Sinceacompletequark-leptorsymmetryis achieved, it hasthepromisefor explainingthe patternof
fermionmassesindmixing. Recentatmospherimeutrinooscillationdatafrom SuperKamiokande
indicatesnon-zeraneutrinomassesgiving very strongsupportto theviability of SO(10)asaGUT
group.Modelsbasedn SO(10)combinedwith discreteor continuoufamily symmetryhave been
constructedo understandhe flavor problem[1, 2]. Most of the modelsutilize “lopsided” mass
textureswhich usuallyrequiremore parametergandthereforearelessconstrainedijn additionto
giving rise to dangerouslhyjarge ratefor u — ey. The right-handedheutrinoMajoranamassop-
eratorsin mostof thesemodelsare madeout of 164 which breaksthe R-parity at a very high
scale. The aim of this talk, basedon Ref. [3], is to presenta realisticmodelbasedon supersym-
metric SO(10)combinedwith SU(2)family symmetrywhich successfullypredictsthelow enegy
fermion masses&nd mixings. Sincewe utilize symmetricmasstextures(which arisenaturally if
SO(10)breaksdown to SM throughthe left-right symmetricbreakingroute)and126-dimensional
Higgs representationfor the right-handedneutrinoMajoranamassoperator our modelis more
constrainedn additionto having R-parity consered. SO(10)relatesthe up-quarkmassmatrix
to the Dirac neutrinomassmatrix, and the down-quarkmassmatrix to the chaged leptonmass
matrix. Thesetmassmatrix combinationis givenby, atthe GUT scale,

0 0 a 0 eelt 0
Muygr=| 0 be® c |dwv, Mae=| eeié (1,—3)f 0 [hw-. (1)
a c 1 0 0 1

The smallnesof the neutrinomassess explainedby thetypel seesaw mechanismWe consider
aneffective neutrinomassmatrix of theform

0 O t
_ a2
My =MJ MigMye=f 0 1 1410 558, (2)
t 1+t 1

with n = 1.28. This form is obtainedf theright-handedeutrinomassmatrix hasthe sametexture
asthatof the Dirac neutrinomassmatrix,

00 &
Mugge=| 0 & & |Mr, &=fi(abct,0). (3)
o &1

The SU(2)family symmetryis implementeda la the Froggatt-NielsemmechanismDetailedgquan-
tum numberassignmentsuperpotentiahndthe VEVs acquiredby variousscalarfields are given
in Ref.[3]. Theinputparametersaitthe GUT scalealongwith the predictionsfor chagedfermion
massesand CKM mixing including 2-loop RGE effects are also summarizedn Ref. [3]. Us-
ing Amg,, = 2.49x 103 ev2 and Am2 = 7.92x 10 ° eV2 for the LMA solutionasinput pa-
rameterswe determinet = 0.35 and Mg = 6.57 x 10'?GeV, which yields & = 0.00120, 5, =
0.000714(148) 53 = 0.021% (%180, The three masseigevaluesare predictedto be m,, =
0.0030eV, m,, = 0.0093%V, m,, = 0.0508eV, andthemixing anglesarepredictedo besir? 26,m =
1, tarf 6, = 0.412 sir? 26,3 = 0.0568. Thesepredictionsagreewith currentboundsfrom ex-
perimentswithin 1 o. The strengthsof CP violation in the lepton sectorare (J'Cp,orgl, 071) =
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(—0.009830.916,—1.52), andthe matrix elementfor the neutrinolessiouble decayis givenby
|<m>|=341x103eV.

Therelevantinteractionsthat give rise to leptonflavor violating decayscomefrom the soft-
SUSY breakingLagrangian,

~ Lot = (ME)ij L, + (MB)i; 8 &R, + (MB)ij i b, + (Mh,) HGHa + (MG, HIHL
e . 5 1 o
+ |AVAWR U + AdHoER 8L + 5By VR U, + BaHaHu +hee. . (4)
As thesleptonmasamatrix (m%)ij is flavor-blind atthe GUT scalewith mSUGRAboundarycondi-

tions, thereis no flavor violation at Mgy 1. However, the off diagonalelementsn the sleptonmass
matrix canbe generatedt low enegiesdueto the RG evolutionsfrom Mgyt to Mg,

B(M)j = (BB A X Y () (), ©
k=T2,3 R«
Here%, is the Yukawa couplingsfor the neutrinosin the basiswhereboth chagedleptonYukava
matrix andthe Majoranamassmatrix for the RH neutrinosare diagonal. The non-\anishingoff-
diagonalmatrix elementsin (6m§)ij induceslepton flavor violating processesnediatedby the
superpartnersf theneutrinosat one-loop leadingto variousleptonflavor violating processesThe
branchingratiofor ¢; — £; + y is givenby,

1 2

——(3mg+A))

8

a3
Gant

Currentlythe moststringentexperimentaboundon the leptonflavor violating processess onthe
decayu — ey. Thepredictionof our modelfor Br(u — ey) shavn in Fig. (1a)is well below the
currentbound,1.2 x 10711, yetit is within the reachof the next generatiorof experiments.

Soft leptogenesi¢SFTL) utilizes the soft SUSY breakingsector and the asymmetryin the
lepton numberis generatedn the decayof the superpartneof the RH neutrinos. It hasSUSY
breakingas the origin of the CP violation and lepton numberviolation. As a result, it allows
a much lower boundon the massof the lightest RH neutrino,M1, comparedo thatin standard
leptogenesi¢STDL) [4]. Therelevantsoft SUSY Lagrangianin SFTL thatinvolveslightestRH
sneutrinosJg, is,

Br(4 — ij) =

2
5 @@ (52t) [ ats. @
=1,2,3

1 ~ ~ ~ ~ ot~
— Loit = (EBMlvR1 VR, + AZ4iL Vg Hy +h.c.) + mzv;1 VR, - 7)

This soft SUSY Lagrangiartogethemwith the superpotentiahatinvolvesthelightestRH neutrino,
N1, W = M1N;1N; + %4iLiN1H,, give riseto thefollowing time evolution Hamiltonianof theﬁRl-ﬁgl
system,

d (Vv Vi i 1 B 1 A
S W) B), = —iA = 5 PH )My, A=, W r,
dt \ v V 2 e 1 a1

R]_ R]_ 2M1 IVll

(8)
Thetotal decaywidth I'; of the lightestRH sneutrinais givenby, 1 = %T(%%T)an =0.374

2 N
Ge\. Theeigenstatesf theHamiltonianareN/, = pN+gN' and (%) = % ~ 141 m(%) ,
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Figure 1: (a) Predictionfor 4 — ey for (S1)mp = Ag = 100GeV, (S11)my = 100GeV, Ag = 1 TeV, (S2)
My = Ag = 500GeV: (S3)my = Ag = 1 TeV; (b)Theregion of soft SUSY massesA andB’, thatgivesrise
to obsenedamountof baryonasymmetry

in the limit Aj» < #1,. Similarto the K® — K° system the sourceof CP violation in the lepton
numberasymmetnhereis dueto the CPviolationin themixing which occurswhenthetwo neutral
masseigenstatearedifferentfrom theinteractioneigenstatesThereforeCP violationin mixing is

Al'q
M:B

is required. The total leptonnumberasymmetryintegratedover time, ¢, is definedastheratio of
differenceto the sumof the decaywidths I for Vg, andﬁgl into final statesof the sleptondoublet
L andtheHiggsdoubletH, or theleptondoubletL andthe higgsinoH or their conjugates,

preseni@aslongasim = 0. For this to occur SUSY breaking,i.e. non-\vanishingA and B,

S =), LA Jo [T (Vres Vg, = ) =T (Vry, Vg, = T)]_( ar,B )Im(A) e
51 0 I Vo, Uy = )+ T (Ve Vi, — ) rfrag?) Mo o
Thefinal resultfor the baryonasymmetryis,
s _ 3 (1m(A) _ 4B
= (1.48><10‘)( My R K, R= 75 482 (20)

wherethe dilution factor k = 0.00061in our model. As I'1 is of the orderof (0.1 —1) GeV,

to satisfy the resonanceondition, ', = 2|B|, a small value for B < m is thus needed. Sucha
small value of B canbe generatedy an operator [ d4BZZTN12/Mr2)| in the Kahler potential. In

our model, with the parameteB’ = v/BM; having the size of the natural SUSY breakingscale
Vi ~ 0(1TeV), asmallvaluefor B requiredby the resonanceonditionB ~ 'y ~ €(0.1 GeV)

canthus be obtained. The region of the soft SUSY massedhat give rise to sufiicient baryon
asymmetnyis shavn in Fig. (1b).
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