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Motivation

Vu Hoa Binh Institute of Physics,VAST Hoang Ngoc Long STAI, VanLang University (Advances in Quantum Field Theory (AQFT-2025))Physical state of axion and its properties in the 3-3-1 with B-L symmetry model.August 12, 2025 3 / 23



Strong CP problem
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A brief review of the 3-3-1 with U(1)B−L model
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Physical state of axion defined via CP-odd mass
mixing matrix
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A rule to define PQ charge of particles
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Physical state of axion defined via SU(3)L × U(1)X
and PQ transformation

Vu Hoa Binh Institute of Physics,VAST Hoang Ngoc Long STAI, VanLang University (Advances in Quantum Field Theory (AQFT-2025))Physical state of axion and its properties in the 3-3-1 with B-L symmetry model.August 12, 2025 8 / 23



Properties of axion in 3-3-1 model with U(1)B−L
and PQ transformation

Form of axion depends on ratios PQΦi
PQσ

which are real number,
independent from PQ charges of all particles as well as VEVs of
scalar fields.
The expression of axion physical state is inversely proportional to
VEVs of scalar triplets (vϕi ) of the model and just linearly
proportional to VEV of scalar singlet (vσ).
The XΦi charges of scalar triplets are always accompanied by
their imaginary parts Ii in the expression of physical axion state.
The physical state of axion must be orthogonal to Goldstone
bosons GZ and GZ ′ and a new light pseudo scalar A5 which arise
from mass mixing matrix of CP-odd sector.
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Axion-fermion couplings
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Axion-photon couplings
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Decay of axion into a pair of photons a → γγ
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Conclusions
Applying axion theory of Peccei and Quinn to the special 3-3-1
model with U(1)B−L to solve Strong CP problem.
Proposing a rule to define PQ charges of particles in the model
and show that all PQ charges just depend on 1 parameter PQσ

of σ which causes the spontaneous breaking of U(1)PQ
symmetry.
Physical state of axion is defined by combining the mass mixing
matrix diagonalization with the invariant under SU(3)L × U(1)X
and PQ transformation.
The dominant contribution to the decay width of a → γγ is
from normal Higgs-gauge bosons coupling in case mass of axion
is about some meV .
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Backup Slide 1 - Why aγ couplings ?
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Backup Slide 2 - aγγ interactions
Expand scalar field around its VEV:

ϕ′ = ⟨ϕ′⟩ + ϕ . (1)

With Dµ = ∂µ + igW a
µ Ta + igX BµX ≡

[
∂µ + iPCC

µ + iPNC
µ

]
and

Ta, (a = 1, 8) are SU(3)L generators. The kinetic term is

(Dµϕ′)† Dµϕ = ∂µϕ∂µϕ + i
[

⟨ϕ′⟩†Pϕ
µ ∂µϕ − ∂µϕ†Pϕµ⟨ϕ′⟩

]
+i
[

ϕ†Pϕ
µ ∂µϕ − ∂µϕ†Pϕµϕ

]
+ ϕ′ †Pϕ

µ Pϕµϕ′ , (2)

The last term in Eq. (2) is following

ϕ′ †Pϕ
µ Pϕµϕ′ = ⟨ϕ′⟩†Pϕ

µ Pϕµ⟨ϕ′⟩ + ϕ†Pϕ
µ Pϕµϕ

+i
[
⟨ϕ′⟩†Pϕ

µ Pϕµϕ − ϕ†Pϕ
µ Pϕµ⟨ϕ′⟩

]
. (3)
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Backup Slide 2 - Pµ
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Backup Slide 3 - The QCD anomaly coefficient

N =
∑
Q

NQ =
∑
Q

PQ(Q) nC(Q) nI(Q) T (CQ) , (5)

1 nC(Q) and nI(Q) - the dimension of the color and weak iso-spin
representations, i.e. (n(T) = 3 for triplet; n(S) = 1 for singlet).

2 T (CQ) is the color Dynkin index, i.e. T (3) = 1/2.
Taking into account that PQqL = −PQqR , quantity N reads
N331 = N(QαL)+N(Q3L)−N(uaR)−N(daR)−N(U3R)−N(DαR) , (6)

N(QαL) = PQσ

6 .3.2.
1
2 = PQσ

2 , N(Q3L) = −PQσ

6 .3.1.
1
2 = −PQσ

4 ,

N(uaR) = PQσ

2 .3.3.
1
2 = 9.

PQσ

4 , N(daR) = −PQσ

2 .3.3.
1
2 = −9.

PQσ

4 ,

N(U3R) = PQσ

2 .3.1.
1
2 = 3PQσ

4 , N(DαR) = −PQσ

2 .3.2.
1
2 = −3PQσ

2 .(7)
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Backup Slide 4 - The electromagnetic
[U(1)Q]2 × U(1)PQ anomaly coefficient

E =
∑

i=charged
(PQfiL − PQfiR ) (Qfi )2 . (8)

Number of quark colors nc = 3 then

E331 = nc

a=1,2,3∑
ua

2PQuaLQ2
ua + nc

a=1,2,3∑
da

2PQdaLQ2
da

+nc

α=1,2∑
DαL

2PQDαLQ2
Dα

+ nc2PQU3LQ2
U3L

+
i=1,2,3∑

ei

2PQeiLQ2
ei

= 18
(

−PQσ

2

)
4
9 + 6

(
−PQσ

2

)
4
9 + 18PQσ

2
1
9

+12PQσ

2
1
9 + 6

(
PQσ

2

)
= −4

3PQσ . (9)
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Backup Slide 5 - CPODD
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Backup Slide 6 - CPEVEN
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