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The Original GUT
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Gauge Coupling Unification (almost...)

Gauge couplings almost unify at MGUT ∼ 1015−16 GeV in SM

SO(10) allows for intermediate gauge groups that provide unification

Suggests new physics at GUT-scale
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Neutrino Masses

Weinberg operator (d = 5): Leff ⊃ c
ΛLLHH

Λ is scale of new physics: Λ ∼ 1012−14 GeV if c ∼ O(1)

Suggests new physics near the GUT-scale or an intermediate scale
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SO(10) GUTs

16F =
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All SM fermions and RH neutrinos fit into one
16-dimensional representation per generation
16F → (3, 2, 1

6 )⊕ (3, 1, 1
3 )⊕ (3, 1,−2

3 )⊕
(1, 2,−1

2 )⊕ (1, 1, 1)⊕ (1, 1, 0)

RH neutrino naturally provides neutrino masses,
leptogenesis

Anomaly free, independent of charge assignment:
Tr({ta, tb}tc) = 0 due to properties of the
generators

Marcus Pernow SO(10) Non-SUSY Grand Unification 02/08/2018 5 / 10



Breaking Patterns

SO(10) is rank 5 =⇒ admits intermediate breaking steps

[arXiv: 1110.3210]
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Proton Decay

Leptoquark vector or scalar bosons can mediate proton decay via
d = 5 or d = 6 operators

Most dangerous decay channels: p → e+π0 and p → K+ν

Proton lifetime bound τp ∼ 1034 yrs [PDG]

τp ∼
M4

X
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=⇒ MGUT & 1016GeV
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SO(10) Yukawa Sector

Three possibilities for SM Higgs: 10H, 126H, 120H

10H and 126H most interesting

10H → (1, 2,− 1
2 )⊕ (1, 2, 1

2 )⊕ · · ·
126H → (1, 2,− 1

2 )⊕ (1, 2, 1
2 )⊕ (1, 1, 0)⊕ · · ·

LYuk = 16F(Y1010H + Y126126H)16F

SM fermion masses:

Mu = vu10Y10 + vu126Y126 Mν = vu10Y10 − 3vu126Y126

Md = vd10Y10 + vd126Y126 M` = vd10Y10 − 3vd126Y126
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Summary

Embedding of SM in SO(10)

Two-step symmetry breaking

Playground for a lot of physics: neutrino masses, leptogenesis,
leptoquarks, ...

Constraints from non-observation of proton decay

Can reproduce SM masses and mixing parameters
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Questions?
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