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SO(10) GUTs contain all the ingredients

Sakharov's conditions (1967)

● Baryon number violationBaryon number violation

Standard Model

Efficient at temperature above 132 GeV
[Kuzmin, Rubakov & Shaposhnikov (1985)]

[t’ Hooft (1976)]

[D’Onofrio, Rummukainen & Tranberg, 1404.3565]
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SO(10) GUTs contain all the ingredients

Sakharov's conditions (1967)

● Baryon number violationBaryon number violation

● C and CP violationC and CP violation

● Out of thermal equilibriumOut of thermal equilibrium

 

Standard Model

Efficient at temperature above 132 GeV

New CP-violating and (B-L)-violating processes

[Kuzmin, Rubakov & Shaposhnikov (1985)]

[t’ Hooft (1976)]

[D’Onofrio, Rummukainen & Tranberg, 1404.3565]

Interaction rates comparable to cosmic expansion rate

Fermion singlet Higgs triplet

3 / 17



Outline

● SO(10) GUT with minimal Yukawa sector

● Precision baryogenesis calculation

● Predictions

● Remarks
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Observables: 17 moduli + 2 phases

[(6+3) U, D, E masses; 2 ν mass differences; (3+3) quark and lepton mixing; CKM phase, PMNS phase]

Type-I seesaw dominance

Including the vevs and phases:

Predictions: baryon asymmetry, N masses, absolute ν scale, 2 Majorana phases

Fermion masses
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Precision baryogenesis calculation

● Density matrix formalism: lepton flavor effects + basis independence

● Flavor + spectator effects in the SM

● Focusing the following charges 

Entropy density today

[CSF, 2109.04478]
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Precision baryogenesis calculation

● Density matrix equations

 

Under flavor rotations:

Covariance:

[CSF, 2109.04478]

8 / 17



Precision baryogenesis calculation

● Density matrix equations

 

Under flavor rotations:

Covariance:

Observable is invariant!

[CSF, 2109.04478]
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Precision baryogenesis calculation

● Including source S and washout W terms

● Evolutions of Ni

 

[CSF, 2109.04478]
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Precision baryogenesis calculation

● Spectator coefficients

 

[CSF, 2012.03973]

[CSF, 2109.04478]
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Predictions

[KAMLAND-ZEN, 2203.02139]
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Predictions

The green band is from

[October 2021 data: www.nu-fit.org]

[Esteban et al., 2007.14792]

Impose (with approximated solutions) 
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Predictions

[SuperK, 2010.16098]
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Predictions

[SuperK, 2010.16098]

SO(10) is broken through 

instead of         or
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Remarks

● Verify high scale baryogenesis through consistency check of fundamental models

● SO(10) with minimal Yukawa sector

– Neutrinoless double beta decay

– Slight preference for NO

– CP phase for NO

– Right-handed mass spectrum

– N2 leptogenesis + N1 washout

– Break SO(1O) with        to Pati-Salam with Z2 (consistent w/ proton decay limit)

● High        → nanoHz gravitational waves from metastable cosmic strings

e.g. [Antusch, Hinze, Saad & Steiner, 2307.04595] [Buchmüller, Domcke & Schmitz, 2307.04691]
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Transition temperatures

● In an expanding Universe, if some interaction rates become slower than Hubble rate 
some effective U(1) symmetries arise.

For a radiation-dominated Universe above Tx, we gain the corresponding U(1)x

[CSF, 2012.03973][CSF, 1508.03648]

Backup
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SO(1O) branching rules

● Branching rules for SO(1O)

 

[Slansky, 1981]

Backup
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SO(1O) branching rules

● Fermion masses in Minimal SO(1O)

 

[Babu, Bajc & Saad, 1805.10631]

Light neutrino mass matrix

Backup
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