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Atmospheric & Solar Neutrino Data

Bi-large mixingScales

CHOOZ  bound:

New physics beyond SM/MSSM

Sign? >0 (hierarchical)  OR >0 (hierarchical)  OR 
<0 (inverted <0 (inverted hierhier.).)

Majorana or Dirac ν? (ν02ß-decay)



Th model giving predictive ν masses/mixing –
symmetry principle? 

Extension with Right handed neutrinos:

●● L-violation neutrino oscillations
●● & B-asym. Through leptogenesis

Also requires some extension

Baryon asymmetry: 1010B Bn n
nγ

−− ∼



Inverted Hierarchical Schenario

Minimal Model:
●● ch. Lept matrix ME-diagonal;
●● 2 RHN N1,2 & (approximate) LLee--LLµµ--LLττ sym.
●● + In ν-sector S2 symmetry ll22 ll33

Nearly 
degenerate RHNs



Inverted Hierarchical Inverted Hierarchical SchenarioSchenario

Consequence:Consequence:

Requirements from observations:Requirements from observations:

WHY?WHY?

Otherwise Otherwise θθ1212 is nearly maximal is nearly maximal –– i.e. excluded.. i.e. excluded.. 



ExtendedExtended Inverted Inverted HierHier. . SchenarioSchenario

1-2 rotation corrects θθ1212 and induces θθ13 13 

Single complex phase δδ appearing in ν-oscil.

Predictive relations:

(L(Lee--LLµµ--LLττ)x S)x S2 2 is completely brokenis completely broken
[justified later on[justified later on……]]



PredictionsPredictions

From From FogliFogli et al.et al.
hephep--ph/0506083ph/0506083

From our modelFrom our model

Testable in future!Testable in future!●●



PredictionsPredictions

νν0202ßß--decay:decay:
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LeptogenesisLeptogenesis

RHNsRHNs L,  CP viol L,  CP viol LeptogenesisLeptogenesis ((FikugitaFikugita, Yanagida, Yanagida’’86)86)

By out of equilibrium NBy out of equilibrium N--decaysdecays

Hierarchical neutrinos Hierarchical neutrinos 9RM 10 GeV≥ (Davidson(Davidson--Ibarra bound)Ibarra bound)

High THigh TR R SUSY SUSY gravitinogravitino problemproblem

●● Quasi Degenerate Quasi Degenerate RHNsRHNs Resonant Resonant LeptogenesisLeptogenesis
FlanzFlanz et alet al’’9696

PilaftsisPilaftsis’’97 97 
UnderwoodUnderwood’’0303

●● Allows small MAllows small MRR No No gravitinogravitino ProblemProblem



Resonant Resonant LeptogenesisLeptogenesis

Inverted Inverted hierhier. . schenarioschenario Res. LRes. L--genesisgenesis

PilaftsisPilaftsis &&
UnderwoodUnderwood’’0303

maximum

For arbitrary MR !



Degeneracy -

(a) , (b) , (c) , (d)

versus 

CP-viol 

(a’) , (b’) , (c’) , (d’)

RHN mass:



For obtained results specific textures were crucial, 
and their justification is required…

Model with  U(1) x S3 Flavor Symmetry

U(1) desirable hierarchies
S3 Textures, S2  sym. In neutrino sector

( ) ( )2 3 12 3 1, ~ 2, ~1', , ~ 2, ~1' , ~ 2, ~1'c c cl l l e e e S T X

Symmetry br. scalars
Couplings:

VEV configuration:

(may obtained by superpotential)



Desirable textures are generated:

} Unbroken S2  all results are robust

Hierarchies can be also explained:



●● Predictive inv. hierarchical scenario can be obtained
by approx. ((LeLe--LLµµ--LLττ)xS)xS2 2 symmetry through U(1)xS3 Model
●● Interesting testable relations between various observables 

in neutrino sector
●● Resonant leptogenesis (no gravitino problem)

● Embedding the schenario in GUTs
●● In SU(5) – straightforward (by + N1,2)
● In SO(10) additional effort required (in progress…) 

to get inv. neutrino scenario,  due to 16 ( , , , )R c cq l d e

Summary & OutlookSummary & Outlook

ν ⊂ ⊃
SO(10)SO(10) or or EE66 increase predictive power increase predictive power closer relations closer relations 

between charged & neutral sectorsbetween charged & neutral sectors
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