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Grand Unified Theories: Motivations

Pati, Salam (1973)

Georgi, Glashow (1974)

Georgi, Quinn, Weinberg (1974)
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Standard Model

SO(10)

Structure of Matter Multiplets 
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Finding Order in Fermion Mass Spectrum 

5



From S. Raby,  PDG Review

Gauge Coupling Unification
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Gauge Coupling Unification in Non-SUSY SO(10)

Rizzo, Senjanovic (1981)

Chang, Mohapatra, Parida (1984)

Chang, Mohapatra, Gipson, Marshak, Parida (1985)

Deshpande, Keith, Pal (1993)

Bertolini, Di Luzio, Malinsky  (2013)

Babu, Khan (2015)

Graf, Malinsky, Mede, Susic (2016)

Babu, Bajc, Saad (2017)

Babu, Saad (2020)

Ohlsson, Pernow, Sonnerlind (2020)

Meloni, Ohlsson, Pernow (2020)
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Unification with Intermediate Scale in SO(10)

From Babu, Bajc, Saad (2017)
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Quark-Lepton Unification

Pati, Salam (1973)

Pati  (1984)
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Matter multiplets:

Higgs: 

Yukawa Couplings

Contain color triplets 

Georgi, Glashow (1974)

Minimal SU(5) GUT 
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The Good

(1) Predicts unification of couplings

(2) Uses economic Higgs sector

The Not so Good

(1) Unnatural fine tuning

(2) Typically large proton decay rate

FINE-TUNED TO O(MW)

Doublet-Triplet Splitting in SUSY SU(5) 
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Nucleon Decay in SUSY GUTs 

Hisano, Murayama, Yanagida (1993)

Nath, Perez, Phys. Rept. (2007)

Babu, Kearns, et. al. (2013)
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Sakai, Yanagida (1982) 

Weinberg (1982)

Hisano, Murayama, Yanagida (1993);

Murayama, Pierce (2002);………

Ellis, Evans, Nagata, Olive, Valesco-Sevilla (2019);

Babu, Gogoladze, Un (2020)

SUSY Proton Decay Modes 
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Babu, Gogoladze, Un (2020)

Proton Decay in SUSY SU(5) 
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Babu, Gogoladze, Un (2020)

SUSY SU(5) Benchmark Points 
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SUSY SO(10) Models
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SUSY SO(10) with Natural Doublet-Triplet Splitting 

Dimopoulos, Wilczek (1981)

Babu, Barr (1993)

Barr, Raby (2000)

Babu, Pati, Tavartkiladze (2010)
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See also: Dermisek, Mafi, Raby (2000)

Babu, Pati, Wilczek (2000)

Altarelli, Feruglio (2001)

Bajc, Perez, Senjanovic (2002)

Li, Nanopoulos, Walker (2010)

Babu, Bajc, Tavartkiladze (2012)

Chen, Zhang (2014)



Model has only 11 real parameters plus 7 phases

Babu, Mohapatra (1993)

Bajc, Melfo, Senjanovic, Vissani (2002)

Fukuyama, Okada (2002)

Bajc, Melfo, Senjanovic, Vissani (2004)

Fukuyama, Ilakovac, Kikuchi, Meljanac, Okada (2004)

Aulakh et al (2004)

Bertolini, Frigerio, Malinsky (2004)

Babu, Macesanu (2005)

Bertolini, Malinsky, Schwetz (2016)

Dutta, Mimura, Mohapatra (2007), (2009)

Bajc, Dorsner, Nemevsek (2009)

Joshipura, Patel (2011)

Dueck, Rodejohann (2013)

Fukuyama, Mimura (2015)

Babu, Bajc, Saad (2018)

Babu, Fukuyama, Khan, Saad (2018)

Babu, Saad (2020)

Minimal SO(10) Yukawa Theory 
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Recent Global Fit Including CP Phase

Babu, Saad (2020) 20



Pinning Down the CP Phase?

Babu, Bajc, Saad (2018)
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Fermion Mass Hierarchy From Clockwork

Choi, Im (2016); Kaplan, Rattazzi (2016); Giudice, Mccullough (2016)

Von Gersdroff (2017); Patel (2017); Alonso et al (2018); Sanino et al (2019),… 
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Clockwork SO(10)

Babu, Saad (2020)
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Clockwork SO(10) (cont.)
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Proton Decay in non-SUSY SO(10)
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Prediction for Proton Lifetime

Babu, Khan (2015)
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See also: Meloni, Ohlsson, Pernow (2019)

Perez, Murugui, Plascencia (2019) 

GUT session talks by Malinksy, Susic, and others



Experimental Probes of Proton Decay 

From Ed Kearns, BNV circa 2020
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Experimental Probes of Proton Decay 

From Ed Kearns, BNV circa 2020 29



Proton Decay and Long-term Fate of the Universe 

F. Adams, G. Laughlin (1997)
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Conclusions


