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The minimal conditions of Higgs potential in ALP331
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The charged scalar sector of ALP331
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THE COMPLEX NEUTRAL SCALAR SECTOR OF ALP331

There are two neutral scalars: one χ0
1 with masses

m2
χ0
1

= (λ7v
2
η v

2
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v2η v
2
χ

. (26)

and one massless η03 which is identified with Goldstone boson eaten by massive X 0. Hence

η03 ≡ GX 0 . (27)

From the masses of χ0
1 , it follows

λ7v
2
η v
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χ > A . (28)
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THE NEUTRAL SCALAR CP-ODD SECTOR OF ALP331
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THE NEUTRAL SCALAR CP-EVEN SECTOR OF ALP331
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Higgs sector

In the limit vφ � vχ � vρ, vη, one has

η '

 1√
2

(vη + h5 + iA5)

H−1
GX 0

 , χ '

 χ0
1

GY−
1√
2

(vχ + Hχ + iGZ ′)

 ,

ρ '

 GW+

1√
2

(vρ + h + iGZ )

H+
2

 , φ =
1√
2

(vφ + Φ + ia) .

Notice:
- A5 is a new CP - odd scalar field.
- a is an axion-like particle, a new CP - odd scalar field
- h5,Hχ,Φ are new CP - even scalar fields.
- χ0

1 is a bilepton DM [C. A. de S. Pires, P. S. Rodrigues da Silva, JCAP 0712:012 (2007)]

VU HOA BINH
The 3rd International Joint Workshop,

The 11th KIAS Workshop on Particles Physics and Cosmology,
Jeju, Korea.

(Institute of Physics, Vietnam Academy of Science and Technology)NEW SCALAR FIELDS IN 3-3-1 MODEL WITH AXION-LIKE PARTICLE November 13, 2023 10 / 15



Phenomenology of Higgs sector
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Meson oscillation
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SMLHB decays
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Rare t quark decays
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CONCLUSIONS

1 We define exactly the physical states of scalar fields in CP-odd sector. The results show
that just axion like particle exists in the ALP331, not QCD axion.

2 There is a pseudoscalar field A5 gets mass with lower limit should be 250 GeV.

3 We diagonalize approximately the 4× 4 mass mixing matrix in CP-even sector. We define
the SMLHB - which can’t be solved in ALP331 model through 2 decades.

4 There is a very heavy Higgs boson with mass ∼ 1011 GeV which can use to explain the
inflaton in the Early universe.

5 We predict the existence of a new light Higgs h5 with mass near the mass of SMLHB
(96GeV or 150GeV). The mass spliting between h5 and A5 should be in EW scale.
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