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Minimal renormalizable GUTs

Minimal SU(5)
I sin2 θW (MZ ) too small

Minimal SO(10)
I Tachyonic instabilities in the tree-level scalar spectrum [Yasue: 1980]

Minimal SUSY SU(5)
I Higgsino-mediated interactions make proton lifetime too short

[Murayama, Pierce: 2001]
[Bajc, Lavignac, Mede: 2015]

Minimal SUSY SO(10) (without 120S)
I Fails to reproduce the absolute neutrino mass scale

[Bertolini, Schwetz, Malinský: 2006]
[Aulakh, Garg: 2006]
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The minimal renormalizable SO(10) GUT

Matter fields

16F = (1, 2,− 1
2 )

↓
LL

⊕ (3, 2, 1
3 )

↓
dc

L︸ ︷︷ ︸
5

⊕ (3, 2, 1
6 )

↓
QL

⊕ (3, 1,− 2
3 )

↓
uc

L

⊕ (1, 1, 1)
↓
ec

L︸ ︷︷ ︸
10

⊕ (1, 1, 0)
↓

Nc
L︸ ︷︷ ︸

1

Automatic anomaly cancellation

Kateřina Jarkovská Pseudo-Goldstone scalars in the SO(10) Higgs model IPNP, Charles University 3 / 12



The minimal renormalizable SO(10) Higgs model

Gauge fields

45G = (8, 1, 0)
↓

Gb
µ

⊕ (1, 3, 0)
↓

Aa
µ

⊕ (1, 1, 0)⊕ (1, 1, 0)
↓

Bµ, Yµ

⊕ (3, 1, 2
3 )⊕ (3, 2,− 5

6 ) ⊕

(3, 2, 1
6 )⊕ (1, 1, 1) + h.c.

↓
Xµ
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Scalar sector

GUT scale SSB by 45S
I Minimal, preserves rank
I Robust GUT scale estimates with respect to gravitational effects
I Two real SM singlets:

〈(1, 1, 0)15〉 =
√
3ωBL 〈(1, 1, 0)1〉 =

√
2ωR

Rank reduction by 126S
I Seesaw scale
I Renormalizable Yukawa interaction ← 16× 16 ⊃ 126,

hhhhhhhh16 & Witten’s loop
I One complex SM singlet

〈(1, 1, 0)10〉 =
√

2σ
I Phenomenology ⇒ |σ| � max(ωBL, ωR) ≡ ωmax
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Tree level scalar spectrum

Scalar fields 45S ⊕ 126S ↔ Φ = (φij ,Σijklm,Σ∗ijklm) form the most general scalar
potential

V0(φ,Σ,Σ∗) = Vφ(φ) + VΣ(Σ,Σ∗) + Vφ,Σ(φ,Σ,Σ∗)

Vφ =− µ2

4 (φφ)0 + a0
4 (φφ)0 (φφ)0 + a2

4 (φφ)2 (φφ)2 ,

VΣ =− ν2

5! (ΣΣ∗)0 + λ0
(5!)2 (ΣΣ∗)0 (ΣΣ∗)0 + λ2

(4!)2 (ΣΣ∗)2 (ΣΣ∗)2 +

+ λ4
(3!)2(2!)2 (ΣΣ∗)4 (ΣΣ∗)4 + λ′4

(3!)2 (ΣΣ∗)4′ (ΣΣ∗)4′ +

+ η2
(4!)2 (ΣΣ)2 (ΣΣ)2 + η∗2

(4!)2 (Σ∗Σ∗)2 (Σ∗Σ∗)2 ,

Vφ,Σ = iτ
4! (φ)2 (ΣΣ∗)2 + α

2 · 5! (φφ)0 (ΣΣ∗)0 + β4
4 · 3! (φφ)4 (ΣΣ∗)4 +

+ β′4
3! (φφ)4′ (ΣΣ∗)4′ + γ2

4! (φφ)2 (ΣΣ)2 + γ∗2
4! (φφ)2 (Σ∗Σ∗)2 .
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Tree level mass matrix contains tachyons

M2
S [(8, 1, 0)] = 2a2(ωBL − ωR)(ωR + 2ωBL),

M2
S [(1, 3, 0)] = 2a2(ωR − ωBL)(2ωR + ωBL),︸ ︷︷ ︸

nontachyonic iff near SU(5)′ × U(1)Z ′ SSB chain

SM multiplets (8, 1, 0), (1, 3, 0) ↔ pseudo-Goldstone bosons of the broken
global symmetry O(45) in the limit σ → 0, a2 → 0

If a2 << 1, loop corrections dominant [Bertolini, Di Luzio, Malinský: 2010]
[Gráf, Malinský, Mede, Susič: 2017]

Makes sence at one-loop level [Kolešová, Malinský: 2014]
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One more pseudo-Goldstone
SM singlet 2×2 mass submatrix (only 45S) has an eigenvalue

m2
PG = a2

(
− 45ω4

BL
3ω2

BL + 2ω2
R

+ 13ω2
BL − 2ωBLωR − 2ω2

R

)
+O

(
a2

2
)
+O

(
σ2

ω2
max

)

m2
PG ∝ a2 up to O

(
σ2

ω2
max

)
corrections

Significant one-loop corrections to m2
PG

I One-loop effective potential calculation
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M2
11 = −2a2 ω

2[−2, 1, 1] + 24a0ω
2
BL − 12σ2β′4︸ ︷︷ ︸

Tree level

+ g4

16π2
(
ω2[40, 1, 13]+

+13ω2
R − 6σ2)+ 3g4

32π2ω[1,−1]

{
ω[1,−1]3 log

[
g2ω[1,−1]2

2µ2
R

]
+

+
(
4σ2ω[3,−1] + ω[7,−5]ω[1, 1]2

)
log
[

g2 (4σ2 + ω[1, 1]2
)

2µ2
R

]
−

−16
(
σ2ωR − 2ω3

BL + 3ω2
BLωR

)
log
[
2g2 (σ2 + ω2

BL
)

µ2
R

]
+

+8ωR
(
σ2 + ω2

R
)
log
[
2g2 (σ2 + ω2

R
)

µ2
R

]}
+ 35τ 2

8π2 +

+ ω5[−5, 19,−170, 1222,−5, 19]ωR
16R2π2 β2

4 + 15ω[1, 1]ωR
4π2 β4β

′
4+

+ 5ωRω[−5, 11]
4π2 β′24 +
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+ 1
16ω[1,−1]π2 F

[
−9ω[1, 1],−36ωBLω[1,−1], ω2[−18, 72, 24], 36ωBLωR ,

108ω2
BLω[1,−1], 144ω2

BLω[1,−1], 144ω2
BLω[1,−1], 24ω2

BLω[2,−3],

12ω3[8,−15,−12,−4], 24ω3[2, 0, 3, 1]
]
log
[
2
(
β4ω

2
BL + ω[2, 1] (2β′4ω[1, 1]− τ)

)
µ2

R

]

+ 1
16ω[1,−1]π2 F

[
−3ω[3, 5],−36ωBLω[1,−1], 0, 24ω2[3,−6,−1], 36ω2

BLω[1,−1],

0,−144ω2
BLω[1,−1], 0, 0, 72ω3[2,−2, 3, 1]

]
log
[
2ω[3, 1] (2ωRβ

′
4 − τ)

µ2
R

]
+ 1

8ω[1, 1]π2 F
[
3ω[3, 1], 36ωBLω[1,−1], 0,−24ωRω[3, 1], 108ω2

BLω[1,−1], 0,

144ω2
BLω[1,−1], 0, 0, 24ω3[2, 0, 3, 1]

]
log
[
2ω[1, 1] (2β′4ω[2, 1]− τ)

µ2
R

]
+ . . .
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Consistency checks

Particular symmetry breaking limits (σ → 0):

SU(5)×U(1)Z (ωR → ±ωBL):

(1, 1, 0)PG , (8, 1, 0), (1, 3, 0) ⊂ (24, 0),

SU(4)c × SU(2)L ×U(1)R (ωBL → 0):

(1, 1, 0)PG , (8, 1, 0) ⊂ (15, 1, 0),

SU(3)c × SU(2)L × SU(2)R ×U(1)BL (ωR → 0):

(1, 1, 0)PG ∼ (1, 3, 0) ←− D-parity.
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Summary and Outlook

The minimal renormalizable SO(10) Higgs model:
I gauge bosons 45G ,
I scalar sector 45S ⊕ 126S .

Potentially realistic scenarios involve tachyonic instabilities.

Existence of tachyons is relic of the tree-level calculations.

Scalar spectrum contains pseudo-Goldstones - (8, 1, 0), (1, 3, 0) and newly
calculated (1, 1, 0).

One-loop corrections to the pseudo-Goldstone masses improve the proton
lifetime estimates.
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