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SU(5) Model Building

Slansky 1981
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Georgi-Glashow Model
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Scalars

24H : SU(5)→ SU(3)C × SU(2)L × U(1)Y

5H : SU(3)C × SU(2)L × U(1)Y → SU(3)C × U(1)em

Georgi, Glashow 1974
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Georgi-Glashow Model

GG model: 5F i + 10F i + 5H + 24H

7 Md = MT
e Georgi, Jarlskog 1979

7 Mν = 0

7 Gauge coupling unification
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In this talk

Towards Realistic Models

3 Renormalizable models

7 Non-renormalizable models
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Towards Realistic Models

5F i + 10F i + 5H + 24H + 45H Georgi, Jarlskog 1979

Yukawa Lagrangian: Dorsner, Perez 2006

LY = Y1,ij5F
α

i 10Fαβ,j 5∗H
β + Y2,ij 5F

δ

i 10Fαβ,j 45
∗
H
αβ
δ +

εαβγδr
(
Y3,ij 10Fαβ,i 10F γδ,j 5H r + Y4,ij 10Fαβ,i10Fmγ,j45H

m
δr

)
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Towards Realistic Models

5F i + 10F i + 5H + 24H + 45H

3 Md 6= MT
e

7 Mν = 0

3 Gauge coupling unification

3 Proton decay (safe)
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Neutrino Mass: Tree level

Type-I seesaw: 5F i + 10F i + 5H + 24H + 45H + 1F i

Type-II seesaw: 5F i + 10F i + 5H + 24H + 45H + 15H
Dorsner, Perez 2005; Dorsner, Mocioiu 2008

Type-I+III seesaw: 5F i + 10F i + 5H + 24H + 45H + 24F j

Bajc, Senjanovic 2007; Perez 2007
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Neutrino Mass: 1-loop

Zee-mechanism: 5F i + 10F i + 5H + 24H + 45H + 10H
Wolfenstein 1980; Barbieri, Nanopoulos, Wyler 1981; Perez, Murgui 2016
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Neutrino Mass: 2-loop

5F i + 10F i + 5H + 24H + 45H + 40H + 50H Saad 2019
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Minimal Renormalizable Model?

Slansky 1981
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Minimality Criteria

3 least number of parameters

3 lowest dimensional representations

7 non-renormalizable operators

7 singlets
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A Novel SU(5) Proposal

Dorsner, Saad 2019
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A Novel SU(5) Proposal

5F i + 10F i + 5H + 24H + 35H + 15F + 15F

Decompositions

5H ≡ Λ = Λ1(1, 2, 1/2) + Λ3(3, 1,−1/3)

24H ≡ φ = φ0(1, 1, 0) + φ1(1, 3, 0) + φ3(3, 2,−5/6)

+ φ3(3, 2, 5/6) + φ8(8, 1, 0)

35H ≡ Φ = Φ1(1, 4,−3/2) + Φ3(3, 3,−2/3) + Φ6(6, 2, 1/6)

+ Φ10(10, 1, 1)

15F ≡ Σ = Σ1(1, 3, 1) + Σ3(3, 2, 1/6) + Σ6(6, 1,−2/3)

Saad Towards Minimal SU(5) 15 / 22



Gauge Coupling Unification

Highly non-trivial:

MΣ6 = 2MΣ3 −MΣ1

M2
Φ10

= M2
Φ1
− 3M2

Φ3
+ 3M2

Φ6

MΛ3 ≥ 3× 1011 GeV (proton decay)

MGUT ≥ 5× 1015 GeV (proton decay)

Mk ≥ 10 TeV (k = any BSM state)

ν-mass requires specific MΣ1 and MΦ1

(rules out most of the parameter space consistent with unification)
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Gauge Coupling Unification
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Neutrino Mass
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Neutrino Mass

L ⊃ λ′ 5H5H5H35H + Y a
i 15F5F i5

∗
H + Y b

i 15F5F i35∗H

tree-level contribution
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Y a,Y b, λ′ = 1
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Charged fermion masses

L ⊃Y d
ij 10F i5F j5

∗
H + Y u

ij 10F i10F j5H + Y c
i 10F i15F24H

+ Y a
i 15F5F i5

∗
H + MΣ15F15F + y 15F15F24H

Quarks, charged leptons, neutrino masses- all connected !
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Fit Parameters and Result

Y d = (ye , yµ, yτ )

Y a = (−0.0899, 0.551, 1)

Y b = (0.975, 2.381, 1)

Y c = −1.865× 10−7(0.00137, 0.0942, 1)

λ′ = 0.239

Down-type
quark masses

Fit value
(GeV)

ν
masses

Fit value
(eV)

ν mixing
angles

Fit value
(◦)

md/10−3 1.14 m1 0 θ12 34.57
ms/10−2 2.15 m2/10−3 8.70 θ23 47.41

mb 0.99 m3/10−2 4.99 θ13 8.56
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A Novel SU(5) Proposal: Summary

3 Gauge coupling unification (fixed by ν-mass)

3 Safe from rapid proton decay

3 Neutrino mass via 1-loop diagram (m1 = 0)

3 Correct charged fermion masses

3 All fermion masses & mixings are correlated

3 Only lowest dimensional representations

3 Least number of Yukawa parameters

3 (1, 3, 0), (8, 1, 0), (3, 3, 2
3
), (6, 2, −1

6
) ∼ 1− 10 TeV (scalars)
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