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Motivations/Evidence favoring GUTs



Structure of matter multiplets

Standard Model SO(10)



Miraculous cancellation of anomalies



Evolution of Gauge Couplings 

Standard Model MSSM



Gauge coupling evolution in an explicit SO(10) model



Neutrino masses and the scale of new physics

from atmospheric neutrino oscillation data 

Very Close to the GUT scale

Leptogenesis via νR decay explains cosmological baryon asymmetry



Finding order in fermion mass spectrum



Minimal SU(5) GUT
Georgi, Glashow (1974)

Matter multiplets:

Higgs: Contain color triplets 

Yukawa Couplings



MSSM Higgs doublets have color triplet partners in MSSM Higgs doublets have color triplet partners in GUTsGUTs. . 

must remain lightmust remain light

must have GUT scale mass to prevent rapid must have GUT scale mass to prevent rapid 
proton decayproton decay

Doublet-triplet splitting

Even if color triplets have GUT scale Even if color triplets have GUT scale 
mass, d=5 proton decay is problematic.mass, d=5 proton decay is problematic.



Doublet-triplet splitting:

FINE-TUNED TO O(MW)

Symmetry breaking in SUSY SU(5)

The GOODThe GOOD

(1)(1) Predicts unification of couplingsPredicts unification of couplings

(2)(2) Uses economic Higgs sector

The BADThe BAD

(1)(1) Unnatural fine tuningUnnatural fine tuning

(2)(2) Large proton decay rateUses economic Higgs sector Large proton decay rate



Nucleon decay in SUSY GUTs
Gauge boson exchange:Gauge boson exchange:



♦Color octect Higgs boson mass is near GUT scale, but it is not precisely 
known.

(Perturbation theory)

SUSY SU(5) Prediction for proton decay

Hisano, Murayama, Yanagida (1993)



HiggsinoHiggsino Exchange:Exchange: Sakai, Yanagida (1982) 

Weinberg (1982)



SUSY SO(10) Grand Unification
Quarks and leptons ~ {16i}

Contains νR and Seesaw mechanism

Higgs:

Fits the atmospheric neutrino data well

Small Higgs rep         small threshold corrections for gauge couplings

R-parity not automatic (needs a Z2 symmetry)



Symmetry breaking in SUSY SO(10)

B-L VEV gives mass to triplets only (DIMOPOULOS-WILCZEK)

If 10H only couples to fermions, no d=5 proton decay

Doublets from           and            light 

4 doublets, unification upset

Add mass term for 10’H



Fermion masses and mixings
KB, Pati, Tavartkiladze



Postdictions



Realistic SO(10) model without fine-tuning

Economic Higgs system



Issues to be addressed with DW mechanism



Complete SO(10) Model



Fixing the VEVs



Doublet-Triplet Mass Matrix



Stability of doublet mass



Spectrum of doublets and triplets

Spectrum heavy states from 45



Spectrum from 10 + 10-bar



Gauge boson spectrum



Threshold corrections

Weak scale threshold



GUT scale threshold



Correlation between d=5 and d=6 proton decay 



Correlation of d=5 and d=6 proton decay



Correlation of d=5 and d=6 proton decay



d=5 Proton Decay in the model

From experimental limit

From theory  -- tuning





Lepton flavor violation in SUSY SO(10)

Pati, Rastogi, Babu (2005)



Electric dipole moments

Violates CPViolates CP
Electron:

Neutron:

Phases in SUSY breaking sector must be small, < 0.001Phases in SUSY breaking sector must be small, < 0.001

Light Light gauginogaugino and heavy and heavy squarkssquarks suppress EDM suppress EDM 



Summary and Conclusions 
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