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Georgi-Glashow model

q Fermions

5F =


dc

1
dc

2
dc

3
e
−ν

 , 10F =


0 uc

3 −uc
2 u1 d1

−uc
3 0 uc

1 u2 d2
uc

2 −uc
1 0 u3 d3

−u1 −u2 −u3 0 ec

−d1 −d2 −d3 −ec 0

 .

q Scalars

24H : SU(5) ⟨24H⟩−−−→ SU(3)C × SU(2)L × U(1)Y

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

Georgi, Glashow (1974)
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Georgi-Glashow model

q No gauge coupling unification
q Introduce intermediate-scale particles

q Massless neutrinos
q n × 1F : type I seesaw
q 1 × 15H : type II seesaw

Doršner, Perez (2005)

q 1 × 24F : hybrid type III + I seesaw
Bajc, Senjanović (2007); Perez (2007)

q Loop-level
Perez, Murgui (2016); Saad (2019); Doršner, Saad (2019)

q “Bad-mass-relation”:
Ye = YT

d ⇒ yτ/yb = 1 , yµ/ys = 1 , ye/yd = 1
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Solutions to “bad-mass-relation”

q Higher dimensional operators
Ellis, Gaillard (1979)

q Second electroweak Higgs doublet embedded in 45H
Georgi, Jarlskog (1979)

Md = Y5⟨5H⟩+Y45⟨45H⟩, Me = YT
5 ⟨5H⟩−3YT

45⟨45H⟩

q Vectorlike fermions
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5F + 5F

q GG model + 5F + 5F

q L ⊃ Yu
ij 10F i10F j5H + Yd

ia 10F i5F a5∗
H + 5F a(µa + ηa24H)5F 4

q MD =

(
⟨5H⟩Yd MD

i
0 MD

4

)
, ME =

(
⟨5H⟩YdT 0

ME
i ME

4

)
,

where MD
a = µa − 2ηa⟨24H⟩, MD

a = µa + 3ηa⟨24H⟩

Babu, Bajc, Tavartkiladze (2012)
Doršner, Fajfer, Mustać (2012)
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10F + 10F / 15F + 15F

q Similar solution to “bad-mass-relation”

q 10F(15F) ⊃ Σ3(3, 2, 1/6)

q 24H ⊃ ϕ1(1, 3,0) + ϕ8(8, 1,0)

q Σ3 + ϕ1 + ϕ8 suffice to achieve high GUT scale

MGUT > 1016 GeV ⇒ τp ∼ M 4
GUT

α 2
GUTm 5p

∼ 1036 − 1037 years
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5F + 5F

q GG model + 5F + 5F

Case Neutrino Leptogenesis Proton lifetime
mass (years)

2 × 1F 3 3 1028

2 × 24F 3 3/7 1033/1039

1 × 15H 3 7 1031

2 × 15H 3 3 1035
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Testable model

q GG model + 5F + 5F + 2 × 15H

q MGUT < 7 × 1015 GeV ⇒ τp ≲ 1035 years
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Proton decay channels
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Relations between proton decay channels
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Can proton decay be rotated away?

MD =


m1 0 0 MD

1
0 m2 0 MD

2
0 0 m3 MD

3
0 0 0 MD

4

, ME =


m1 0 0 0
0 m2 0 0
0 0 m3 0

ME
1 ME

2 ME
3 ME

4


Define tan(θ

D/E
i ) ≡ MD/E

i /MD/E
4
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LQ mass vs proton decay
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Flavor violation
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Flavor violation
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Flavor violation
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Conclusion

q VLFs provide an interesting solution to the the
“bad-mass-relation” of the GG model.

q The addition of 10F + 10F or 15F + 15F allows to build viable
models which are however not fully testable by planed
experiments.

q The addition of 5F + 5F in combination with 2 × 15H gives a
highly predictive model which will be fully tested by upcoming
proton decay experiments. Moreover, future flavor violation
experiments provide additional possibilities to test this model.
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10F + 10F

q GG model + 10F + 10F

q L ⊃ Yu
ab 10F a10F b5H + Yd

ai 10F a5F i5∗
H

L + 10F 4(µa + ηa24H)10F a

q MD =

(
⟨5H⟩Yd︸ ︷︷ ︸

4×3

MD
a︸︷︷︸

4×1

)
, ME =

(
⟨5H⟩YdT}

3x4
ME

a
}

1x4

)
,

where MD
a = µa +

1
4ηa⟨24H⟩, ME

a = µa +
3
2ηa⟨24H⟩
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15F + 15F

q GG model + 15F + 15F

q 15F = Σ1(1, 3, 1) + Σ3(3, 2, 1
6) + Σ6(6, 1,−2

3)

q L ⊃ Yu
ij 10F i10F j5H + Yd

ij 10F i5F j5∗
H + Ya

i 15F5F i5∗
H

L + Yc
i 10F i15F24H + (m15 + y 24H) 15F15F + h.c.

q MD =

(
⟨5H⟩Yd ⟨24H⟩Yc

⟨5H⟩Ya MΣ3

)
, Me = ⟨5H⟩YdT

⇒ Md ≈ ⟨5H⟩
(
Yd + δ YcYa), Me = ⟨5H⟩YdT

Doršner, Saad (2019)
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Proton decay

Γ(p → π0e+β ) =
mpπ

2

(
1 − m2

π

m2p

)2 α2
GUT

M4
GUT

A2
L

×
(

A2
SL|c(ec

α, d)⟨π0|(ud)LuL|p⟩|2 + A2
SR|c(eα, dc)⟨π0|(ud)RuL|p⟩|2

)
,

c(ec
α, dβ) = (E∗

R)iα(D∗
L)iβ + (E∗

R)iα(U∗
L)i1(UL)i1(D∗

L)iβ + (E∗
R)4α(D∗

L)4β,
c(eα, dc

β) = (E∗
L)aα(D∗

R)aβ,

MU = U Mdiag
U UT, MD = DL Mdiag

D D†
R ,

ME = EL Mdiag
E E†

R , MN = N ∗ Mdiag
N N†.
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Particle masses
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