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⚫ Unification of gauge couplings                                                              =              =                                              

Three gauge couplings are unified at scale called 

⚫ Unification of matters

⚫ Unification of symmetries

Weak hypercharge: Y=1    Y=               Y=                   Y=                  Y=

GUTs:

Zhou’ SUSY2023

Unify three fundamental forces into a single force

GUT theory
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Minimally extended 𝑆𝑈(5)

⚫ Generating neutrino mass：type-I+III seesaw        ; type-II seesaw 

⚫ Achieving gauge unification and predicting correct mass of quarks and leptons：

dimension=5 operators;        ; vector-like fermions(                                                       )

Georgi-Glashow model(1974)     𝑆𝑈(5)

⚫ Gauge couplings do not unify

⚫ Neutrinos are massless and predicts wrong mass relations

Bajc, Nemevsek, Senjanovic, 0703080

Perez, Gross, Murgui, 1804.07831

Calibbi, Gao, 2206.10682

Senjanovi ƴc, Zantedeschi, 2402.19224

𝑆𝑈(5) GUTs

4



Weinberg operator:

SM singlet fermions SM triplet scalars SM triplet fermions

type-I type-II type-III

N

Majorana mass term:

Majorana neutrino:

Seesaw mechanism
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Non-SUSY dimension=6 operators:

Experiments:

Theory:

HK, 1805.04163

non-SUSY SU(5)

JUNO, 2212.08502SK, 2010.16098

Proton decay
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type I+III seesaw

New particles SM particles

An economical model:

Field contents
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RGE at one-loop level:

analytical solution SM contribution

New particles contributionOnly considering fermion’s contribution in RGE

Beta cofficients at one-loop level:

Renormalization group equation (RGE)
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We only focus on the situation where          has only one copy

one-loop matching condition:

The precise measurement of experiments requires us to calculate RGE at two-loop level

Gauge coupling unification

𝑀GUT

Two-loop threshold effect increase 𝑀GUT
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Parameter space 

increases

Parameter space 

increases

Beta cofficients at two-loop level:

Scan Parameter Space
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Correlation between         and
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Casas-Ibarra parametrization: Casas, Ibarra, 0103065

Flavor mixing
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numerical solution

Proton decay
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Proton decay

GeV, GeV are determined
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Proton lifetime

Proton decay

Parameter Space

15



numerical solution:

Proton decay
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Similar to S1, there is hope to test this assumption in future proton decay experiments

Proton decay
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numerical solution:

Scenario 3 is excluded

Proton decay
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Conclusion

Thanks！

19


