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Top Quark’s Coupling to the Higgs
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SU(3)× SU(3)× U(1): an exotic possibility
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Exotic Quarks!



SU(3)× SU(3)× U(1): an exotic possibility
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Production of Doubly-Charged States
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Distributions

Corcella, Corianò, C., Frampton arXiv:1806.04536



331 at various β

Qem = T3 + β T8 + X

Cao, Liu, Xie, Yan, Zhang Phys.Rev. D93(2016) no.7, 075030
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Trinification

[SU(3)]3 ≡ SU(3)c × SU(3)L × SU(3)R
....maximal subgroup of E6



Trinification: Field Content
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non-Exotic Quarks!



SU(3)3 → . . .→ GSM → SU(3)c × U(1)em
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Not-Exotic...but Heavy!

mDi
=

1√
2
M1,2YQi

<∼ mGUT

Only indirect hints!

...work in progress...
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ATLAS & CMS Top Mass



The triplet sector

LYuk.q,triplet =
(
y1
d Q1η

∗dR + y2
d Q2η

∗sR + y3
d Q3χ b∗R

+ y1
u Q1χ

∗u∗R + y2
u Q2χ

∗c∗R + y3
u Q3η t

∗
R

+ y1
E Q1 ρ

∗D∗R + y2
E Q2 ρ

∗S∗R + y3
E Q3 ρT

∗
R

)
+ h.c.,

vρ � vη,χ ⇒ the masses of the exotic quarks are O(TeV)
whenever the relation y iE ∼ 1 is satisfied.



The sextet sector

LYukl , triplet = G η
ab(l iaαε

αβ l jbβ)η∗kεijk + h.c.

= G η
ab l

i
a · l

j
b η
∗kεijk + h.c.

(l ia · l
j
b)η∗kεijk is antisymmetric, implying that even Gab has to be

antisymmetric

σ =


σ++

1 σ+
1 /
√

2 σ0/
√

2

σ+
1 /
√

2 σ0
1 σ−2 /

√
2

σ0/
√

2 σ−2 /
√

2 σ−−2

 ∈ (1, 6, 0)

LYuk.l ,sextet = Gσ
abl

i
a · l

j
bσ
∗
i ,j

Gσ
ab is symmetric in flavour space.



The potential

The (lepton-number conserving) potential of the model is given by

V = m1 ρ
†ρ+m2 η

†η +m3 χ
†χ+ λ1(ρ

†ρ)2 + λ2(η
†η)2 + λ3(χ

†χ)2 + λ12ρ
†ρ η†η

+ λ13ρ
†ρχ†χ+ λ23η

†η χ†χ+ ζ12ρ
†η η†ρ+ ζ13ρ

†χχ†ρ+ ζ23η
†χχ†η

+m4 Tr(σ
†σ) + λ4(Tr(σ

†σ))2 + λ14ρ
†ρTr(σ†σ) + λ24η

†ηTr(σ†σ)

+ λ34χ
†χTr(σ†σ) + λ44Tr(σ

†σ σ†σ) + ζ14ρ
†σ σ†ρ+ ζ24η

†σ σ†η + ζ34χ
†σ σ†χ

+ (
√
2fρηχε

ijkρi ηj χk +
√
2fρσχρ

T σ† χ

+ ξ14ε
ijk ρ∗lσliρjηk + ξ24ε

ijkεlmn ηiηlσjmσkn + ξ34ε
ijk χ∗lσliχjηk) + h.c.



Trinification’s potential

The most general potential allowed by the gauge symmetry
SU(3)c × SU(3)L × SU(3)R is

V = µ2
1 tr(H

†
1H1) + µ2

2 tr(H
†
2H2) + µ2

12

(
tr(H†1H2) + h.c.

)
+

εijkεlmn

(
µ112(H1)

i
l (H1)

j
m(H2)

k
n + µ122(H1)

i
l (H2)

j
m(H2)

k
n + h.c.

)
+

µd1

(
det(H1) + det(H†1 )

)
+ µd2

(
det(H2) + det(H†2 )

)
+

λ1

(
tr(H†1H1)

)2
+ λ2 tr(H

†
1H1H

†
1H1) + λ3

(
tr(H†2H2)

)2
+ λ4 tr(H

†
2H2H

†
2H2)+

λ5 tr(H
†
1H1)tr(H

†
2H2) + λ6 tr(H

†
1H1H

†
2H2)+

λ7 tr(H
†
1H2)tr(H

†
2H1) + λ8 tr(H

†
1H2H

†
2H1)+[

λ9

(
tr(H†1H2)

)2
+ λ10 tr(H

†
1H2H

†
1H2) + λ11 tr(H

†
1H1)tr(H

†
1H2)+

λ12tr(H
†
1H1H

†
1H2) + λ13 tr(H

†
1H2)tr(H

†
2H2) + λ14tr(H

†
1H2H

†
2H2) + h.c.

]


	February 1973 - June 2018
	A Model with Exotic Quarks
	A Model with non-Exotic Quarks

