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Abstract 

The exact one-loop contributions to the decay amplitudes of the Standard model-like Higgs boson decays 
ℎ → 𝑍𝛾, 𝛾𝛾, as predicted by the simple 3-3-1 model, are presented in terms of using the Passarino-Veltman 
notations. In the unitary gauge, all triple couplings related to the decay amplitudes are determined and 
LoopTools package has been applied to the numerical investigation. The result shows that the 3-3-1 
simple model predicts the largest value ∆ఓೋം

= 𝜇௓ఊ − 1 ≤ 15.5%, which defines the signal strength of the 

decay channel ℎ → 𝑍𝛾. This result is still outside the 1𝜎 range of  the recent experimental constraint of 
∆ఓೋം

≥ 50%, therefore explaining why this signal is still invisible at LHC. 

Keywords: Higgs boson decay, loop correction, branching ratio, signal strength, electroweak interaction 

1. Introduction 

The 3-3-1 simple model (331S) was constructed [1], in the context that the lepton sector does not 
contain new exotic leptons and only two Higgs triplets are required to generate all fermion and gauge 

boson masses. Therefore, this model contains fewer Higgs triplets than the original minimal 3-3-1 model 
[2]. As a result, the physical states of all Higgs boson and their masses can be determined accurately. 

Consequently, allowing the easy identification of the standard model-like Higgs boson ℎ  can be 
proceeded. This feature is particularly advantageous for studying loop-induced decays of this Higgs boson 
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like ℎ → 𝑍𝛾, 𝛾𝛾, which are now being searched by experiments and the signal strength of these two decays 

are 𝜇௓ఊ = 2.2 ± 0.7  [3], [4] and  𝜇ఊఊ = 0.99 ± 0.14  [5]. Although, the two decay channels were 

previously discussed [1], our work will employ more general analytic formulas to construct one-loop 

contributions to both decay amplitudes. Such method allows the addition of new contributions 

from 𝑆𝑉𝑉 and 𝑉𝑆𝑆  diagrams to the  ℎ → 𝑍𝛾  amplitude which contain both scalar S and gauge boson 
propagators in the one-loop Feynman diagrams. The numerical investigation will estimate these two 

contributions to the 𝜇௓ఊ predicted by the 331S. Furthermore, we will determine the allowed range of 𝜇ఊఊ 

and 𝜇௓ఊ predicted by the 331S, then compare them with the recent experimental results.  

2. Brief review of the model 

2.1. Particle content and couplings 

The 331S model was constructed based on the gauge group  𝑆𝑈(3)஼ × 𝑆𝑈(3)௅ × 𝑈(1)௑. The electric 

charge operator in this model is 𝑄 = 𝑇ଷ − √3𝑇 + 𝑋, where 𝑇ଷ  and 𝑇  are diagonal generators of the 

𝑆𝑈(3)௅, and 𝑋 is the charge of the 𝑈(1)௑. As usual, the covariant derivative relating to this group are: 

 𝐷ఓ = 𝜕ఓ − 𝑖𝑔௦ ∑ 𝑇௜ 𝐺ఓ
௜ − 𝑖𝑔ଷ

଼
௜ୀଵ ∑ 𝑇௜𝑊ఓ

௜ −  𝑖𝑔௑
଼
௜ୀଵ 𝑇ଽ𝑋𝑋ఓ ,  (1) 

where  

 𝑃ఓ
஼஼ = ∑ ∑ 𝑇௜𝑊ఓ

௜ =
ଵ

√ଶ
଼
௜ୀଵ

଻
௜ୀଵ,௜ஷଷ ቌ

0 𝑊ାఓ 𝑋ఓ
ି

𝑊ିఓ 0 𝑌ఓ
ିି

𝑋ఓ
ା 𝑌ఓ

ାା 0

ቍ  (2) 

 𝑃ఓ
ே஼ = 𝑇ଷ𝑊ఓ

ଷ + 𝑇଼𝑊ఓ
଼ + 𝑡௑𝑇ଽ𝑋𝑋ఓ = 𝑑𝑖𝑎𝑔൫(11)ఓ , (22)ఓ , (33)ఓ൯, (3) 

and the physical states of the charged gauge bosons 

 𝑊ఓ
± =

ௐഋ
భ∓௜ௐഋ

మ

√ଶ
, 𝑋ఓ

∓ =
ௐഋ

ర∓௜ௐഋ
ఱ

√ଶ
, 𝒀𝝁

∓∓ =
ௐഋ

ల∓௜ௐഋ
ళ

√ଶ
.     (4) 

The leptons and quarks in the model: 

Ψ௔௅ = ൭

𝜈௔௅

𝑒௔௅

(𝑐௔ோ)௖
൱ ~(1,3,0), 𝑄ఈ௅ = ൭

𝑑ఈ௅

−𝑢ఈ௅

𝐽ఈ௅

൱ ~൫3, 3∗, − 1
3ൗ ൯, 

𝑄ଷ௅ = ൭

𝑢ଷ௅

𝑑ଷ௅

𝐽ଷ௅

൱ ~൫3,3, 2
3ൗ ൯; 

 𝑢௔ோ~൫3,1, 2
3ൗ ൯, 𝑑௔ோ~൫3,1, − 1

3ൗ ൯, 𝐽ఈோ~൫3,1, − 4
3ൗ ൯, 𝐽ଷோ~ቀ3,1, 5

3ൗ ቁ,                        (5) 

where 𝛼 = 1,2, and a=1,2,3 is the family index. 

The Higgs sector of the model consists of two Higgs triplets as follows 

                          𝜂 = ቌ
𝜂ଵ

଴

𝜂ଶ
ି

𝜂ଷ
ା

ቍ ~(1,3,0), χ = ቌ

χଵ
ି

χଶ
ିି

χଷ
଴

ቍ ~(1,3, −1),     (6) 

with the following non-zero vacuum expectation values (VEV) of the neutral components: 〈𝜂ଵ
଴〉 =

𝑣
√2ൗ  , 〈χଷ

଴〉 = 𝜔
√2ൗ . These Higgs triplets generate masses of leptons and quarks as follows  

−ℒ௒ = ℎଷଷ
௃ 𝑄ଷ௅

തതതതതχ𝐽ଷோ + ℎఈఉ
௃ 𝑄ఈ௅

തതതതതχ∗𝐽ఉோ + ℎଷ௔
௨ 𝑄ଷ௅

തതതതത𝜂𝑢௔ோ +
ℎఈ௔

௨

Λ
𝑄ఈ௅
തതതതത𝜂𝜒𝐽ଷோ 
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 +ℎఈ௔
ௗ 𝑄ఈ௅

തതതതത𝜂∗𝑑௔ோ +
௛ഀೌ

೏

ஃ
𝑄ଷ௅
തതതതത𝜂∗χ∗𝑑௔ோ 

 +ℎ௔௕
௘ (Ψ௔௅)௖തതതതതതതതതΨ௕௅𝜂 +

௦ೌ್
ഌ

ஃ
൫(Ψ௔௅)௖തതതതതതതതത𝜂∗൯(Ψ௕௅𝜂∗) + 𝐻. 𝑐. (7) 

All Higgs masses and Higgs self-couplings will be derived through the following Higgs potential: 

𝑉௛ = 𝜇ଵ
ଶ𝜂ற𝜂 + 𝜇ଶ

ଶ𝜒ற𝜒 + 𝜆ଵ൫𝜂ற𝜂൯
ଶ

+ 𝜆ଶ൫𝜒ற𝜒൯
ଶ

+ 𝜆ଷ൫𝜂ற𝜂൯൫𝜒ற𝜒൯ + 𝜆ସ൫𝜂ற𝜒൯൫𝜒ற𝜂൯. (8) 

Masses and mixing parameters relating to the Gauge bosons are determined from the kinetic part of 
the Higgs triplets: 

                                                        ℒ௞
ு = ൫𝐷ఓ𝜂൯

ற
(𝐷ఓ𝜂) + ൫𝐷ఓ𝜒൯

ற
(𝐷ఓ𝜒). (9) 

The relation between the flavor basis ൫𝑊ఓ
ଷ, 𝑊ఓ

଼, 𝑋ఓ൯ and the physical states ൫𝐴ఓ , 𝑍ఓ , 𝑍ఓ
ᇱ ൯ are 

ቌ

𝑊ఓ
ଷ

𝑊ఓ
଼

𝑋ఓ

ቍ = 𝐶௓ ቌ

𝐴ఓ

𝑍ఓ

𝑍ఓ
ᇱ

ቍ , 𝐶௓ = ൮

𝑠ௐ 𝑐ௐ 0

−√3𝑠ௐ 𝑠ௐ√3𝑡ௐ ඥ1 − 3𝑡ௐ
ଶ

𝑐ௐඥ1 − 3𝑡ௐ
ଶ −𝑠ௐඥ1 − 3𝑡ௐ

ଶ √3𝑡ௐ

൲, 

𝑚஺
ଶ = 0, 𝑚௓

ଶ = 𝑚௓ᇲ
ଶ ≃

௚మఠమ

ଷ൫ଵିଷ௧ೈ
మ ൯

 ,  (10) 

It also shown that the three charged gauge bosons introduced in Eq. (4) are physical, with the masses 

as follows: 𝑚ௐ
ଶ =

𝑔ଶ𝑢ଶ

4
ൗ  ,  𝑚௑

ଶ = 𝑔ଶ (𝑢ଶ + 𝜔ଶ)
4

ൗ  , and 𝑚௒
ଶ =

𝑔ଶ𝜔ଶ

4
ൗ . The gauge bosons 𝑍 and 𝑊 are 

identified with the SM counterparts, leading to the consequence that 𝑢 = 𝑣 ≃ 246 GeV. 

Studying the Higgs potential in Eq. (8), the physical states of the Higgs bosons and mixing parameters 
are presented in the following formulas: 

 𝜂 = ቌ
𝜂ଵ

଴

𝜂ଶ
ି

𝜂ଷ
ା

ቍ = ൮

௨ା௖഍௛ା௦഍ுା௜ భீ
బ

√ଶ

𝐺ௐ
ି

𝑐ఏ𝐻ା + 𝑠ఏ𝐺௑
ା

൲ , 𝜒 = ቌ

 𝜒ଵ
ି

 𝜒ଵ
ିି

 𝜒ଷ
଴

ቍ = ൮

𝑠ఏ𝐻ି + 𝑐ఏ𝐺௑
ି

𝐺௒
ିି

ఠି௦഍௛ା௖഍ுା௜ మீ
బ

√ଶ

൲, (11) 

Here, ℎ, 𝐻, and 𝐻± are physical states predicted by the 331S model, in which ℎ is identified with the SM-
like Higgs boson confirmed experimentally at LHC in 2012. All the remaining massless states including  

𝐺௒
±±, 𝐺ௐ

± , 𝐺௒
±, and 𝐺ଵ,ଶ

଴  are the Goldstone bosons absorbed by the respective gauge bosons appearing in 

the 331S model. The two mixing parameters 𝜉 and 𝜃 are: 

 𝑡ଶక =
ఒయ௨ఠ

ఒమఠమିఒభ௨మ ≃
ఒయ௨

ఒమఠ
,   𝑡ఏ =

௨

ఠ
. (12) 

The SM-like Higgs boson mass is: 

 𝑚௛
ଶ ≃

ସఒభఒమିఒయ
మ

ଶఒమ
≃ 125.09 GeV. (13) 

In the numerical investigation presented below, 𝜆ଵis determined as: 

 𝜆ଵ =
ଶ௠೓

మఒమା௨మఒయ
మ

ସ௨మఒమ
. (14) 

The above results lead to the following Feynman rules to calculate the one-loop contribution to the 

decay amplitude  ℎ → 𝑍𝛾 as follows. First, we adopt the notations for vertex couplings introduced [6]. 

Every triple coupling of a photon always consists of two identical physical particles, as confirmed [7] and 
[8], see Table 1 for the 331S. Excepting the triple gauge bosons, the results were derived [1] and confirmed 

by our calculation. New notations can be determined through the following relations: 
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𝑔௓௙ೌೌಽ
=

𝑔

2𝑐ௐ

(𝑔௏
௓ + 𝑔஺

௓),  𝑔௓௙ೌೌೃ
=

𝑔

2𝑐ௐ

(𝑔௏
௓ − 𝑔஺

௓). 

The triple couplings of 𝑍 with charged gauge and Higgs bosons and fermions are shown in Table 2. 

The triple gauge couplings were derived previously [9][11]. We also explain that the bold notations were 

introduced [6]. Below each line with bold notations are the particular values of couplings provided in the 

331S framework. The 𝑋𝐻𝐻  and 𝐻𝑋𝑋  diagrams relating to the coupling 𝑍𝑋𝐻  contribute to decay 

amplitude ℎ → 𝑍𝛾  that were not mentioned previously. On the other hand, these diagrams do not 

contribute to the amplitude ℎ → 𝛾𝛾. Therefore, the mentioned contributions appearing in the 331S may 

give large deviation from the SM prediction. 

Table 1. Triple couplings of photon in the unitary gauge, 𝑎 = 1,2,3 and 𝛼 = 1,2 in the first line. 

Vertex Coupling 331S 
𝐴ఓ𝑓ప

ഥ𝑓௜: 𝑓௜ = 𝑒௔, 𝑢௔ , 𝑑௔ , 𝐽ఈ , 𝐽ଷ 𝑖𝑒𝑄௙𝛾ఓ 
𝑄௙ = −1,

2

3
, −

1

3
, − 

4

3
,
5

3
 

𝐴ఓ𝑆௜
ொ(𝑝ା)𝑆௜

ିொ(𝑝ି): 𝑆௜ = 𝐻ା 𝑖𝑒𝑄(𝑝ା−𝑝ି)ఓ 𝑄 = 1 

𝐴ఓ(𝑝଴)𝑉௜
ொఔ(𝑝ା)𝑉௜

ିொఒ(𝑝ି): 𝑉௜ = 𝑊ା𝑋ା𝑌ାା 𝑖𝑒𝑄Γఓఔఒ(𝑝଴, 𝑝ା, 𝑝ି) 𝑄 = 1,1,2 

The triple couplings of ℎ with charged gauge and Higgs bosons and fermions are shown in Table 3 
where  

𝜆௛௛శுష =
ଵ

ଶ
𝜆ସ𝑠ଶఏ൫𝑠క𝑢 − 𝑐క𝜔൯ + 𝑠ఏ

ଶ൫2𝜔𝜆ଶ𝑠క − 𝑢𝑐క𝜆ଷସ൯ + 𝑐ఏ
ଶ൫𝜔𝜆ଷସ𝑠క − 2𝑢𝑐క𝜆ଵ൯, (15) 

and 𝜆ଷସ = 𝜆ଷ + 𝜆ସ. The notations in this table is the same meaning mentioned for Table 2. We note also 

that the non-zero coupling ℎ𝐻ି𝑋ା are necessary for the appearance of two 𝑋𝐻𝐻 and 𝐻𝑋𝑋 diagrams we 
discussed above. 

Table 2. Triple couplings of 𝑍 in the unitary gauge. 

Vertex Coupling 331S 
Zஜfన

ഥf୧ iγஜ൫g୞୤౗౗୐P୐ + g୞୤౗౗ୖPୖ ൯ ൛g୞୤౗౗୐, g୞୤౗౗ୖൟ 
𝑍ఓ𝑡̅𝑡 {𝑔௓௧௧௅ , 𝑔௓௧௧ோ} 𝑔

𝑐ௐ

൜
1

2
−

2

3
𝑠ௐ

ଶ , −
2

3
𝑠ௐ

ଶ ൠ 

𝑍ఓ𝐽ఈ
ഥ 𝐽ఈ  ൛𝑔௓௃ഀ௃ഀ௅ , 𝑔௓௃ഀ௃ഀோൟ 𝑔

𝑐ௐ

൜
4

3
𝑠ௐ

ଶ ,
4

3
𝑠ௐ

ଶ ൠ 

𝑍ఓ𝐽ଷ
ഥ𝐽ଷ ൛𝑔௓௃య௃య௅ , 𝑔௓௃య௃యோൟ 𝑔

𝑐ௐ

൜−
5

3
𝑠ௐ

ଶ , −
5

3
𝑠ௐ

ଶ ൠ 

ZஜS୧
୕(𝑝ା)S୨

ି୕(𝑝ି) ig୞ୗ౟ౠ
(𝑝ା − 𝑝ି)ఓ g୞ୗ౟ౠ

 

𝑍ఓ𝐻ା𝐻ି 𝑔௓ுశுష 𝑔

𝑐ௐ

{𝑠ఏ
ଶ + 2𝑠ௐ

ଶ } 

ZஜV୧
୕஝

S୨
ି୕

, ZஜV୧
ି୕஝

S୨
୕ ig୞୚౟ୗౠ

𝑔ఓఔ , i𝑔୞୚౟ୗౠ

∗ 𝑔ఓఔ g୞୚౟ୗౠ
 

𝑍ఓ𝑋ାఔ𝑋ି 𝑔௓௑శுష 𝑔ଶ

2𝑐ௐ

𝑢𝑐ఏ 

𝑍ఓ(𝑝଴)𝑉௜
ொఔ(𝑝ା)𝑉௝

ିொఒ(𝑝ି) −𝑖𝑔௓௏೔ೕ
Γఓఔఒ(𝑝଴, 𝑝ା, 𝑝ି) 𝑔௓௏೔ೕ

 

𝑍ఓ(𝑝଴)𝑊ାఔ(𝑝ା)𝑊ିఒ(𝑝ି) 𝑔௓ௐశௐష 𝑔𝑐ௐ 
𝑍ఓ(𝑝଴)𝑋ାఔ(𝑝ା)𝑋ିఒ(𝑝ି) 𝑔௓௑శ௑ష  

−
𝑔(1 + 2𝑠ௐ

ଶ )

2𝑐ௐ

 

𝑍ఓ(𝑝଴)𝑌ାାఔ(𝑝ା)𝑌ିିఒ(𝑝ି) 𝑔௓௒శశ௒షష 𝑔(1 − 4𝑠ௐ
ଶ )

2𝑐ௐ
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2.2.  Analytical formulas for significant strength for the decay ℎ → 𝑍𝛾 

The partial decay widths for ℎ → 𝑍𝛾, 𝛾𝛾 are determined generally from the following formulas 

[12][15]  

Γ(ℎ → 𝑍𝛾) =
௠೓

య

ଷଶగ
× ൬1 −

௠ೋ
మ

௠೓
మ൰

ଷ

|𝐹ଶଵ|ଶ + |𝐹ହ|ଶ, 

 Γ(ℎ → 𝛾𝛾) =
௠೓

య

଺ସగ
× ห𝐹ఊఊห

ଶ
, (16) 

where 𝐹ଶଵ, 𝐹ହ, and 𝐹ఊఊ are loop contributions. In the framework of the 331S model, the one-loop contributions to 
the decay ℎ → 𝛾𝛾 are listed [1].  In our notations, the analytic formulas are 

 Fఊఊ
ଷଷଵௌ = ∑ Fఊఊ,௙

ଷଷଵ
௙ + Fఊఊ,ுశ

ଷଷଵௌ + ∑ Fఊఊ,௩
ଷଷଵௌ

௩ୀௐ,௑,௒ , (17) 

where 𝑓 = 𝑒௔ , 𝑢௔ , 𝑑௔, 𝐽௔, one-loop factors  [16] 

 Fఊఊ,௙
ଷଷଵௌ = −

௘మொ೑
మே೎

ଶగమ ൫𝑚௙𝑌௛௙̅௙௅൯[4𝑥ଶ + 𝐶଴], 

  Fఊఊ,ுశ
ଷଷଵௌ =

௘మఒ೓ಹశಹష

ଶగమ 𝑥ଶ, 

 Fఊఊ,௩
ଷଷଵௌ =

௘మொೇ
మ௚೓ೡೡ

ସగమ × ൤൬6 +
௠೓

మ

௠ೇ
మ ൰ 𝑥ଶ + 4𝐶଴൨, (18) 

𝑥ଶ = 𝐶ଵଶ + 𝐶ଶଶ + 𝐶ଶ, and 𝐶଴,௜,௜௝ ≡ 𝐶଴,௜,௜௝(0,0, 𝑚௛
ଶ ;  𝑚௫

ଶ , 𝑚௫
ଶ, 𝑚௫

ଶ) are Passarino-Veltman functions [17] with 𝑥 =

𝑓, 𝑠, 𝑣  corresponding to the contribution from fermions, charged Higgs bosons and gauge bosons. 

 Table 3. Triple couplings of ℎ in the unitary gauge. 

Vertex Coupling 331S 
ℎ𝑓ప

ഥ𝑓௜  −𝑖 ቀ𝑌௛௙೔ೕಽ
𝑃௅ − 𝑌௛௙೔ೕೃ

𝑃ோቁ ቄ𝑌௛௙೔ೕ௅ , 𝑌௛௙೔ೕோቅ 

ℎ𝑡̅𝑡 {𝑌௛௧௧௅ , 𝑌௛௧௧ோ} ቄ
𝑚௧

𝑢
𝑐క ,

𝑚௧

𝑢
𝑐కቅ 

ℎ𝐽௔
ഥ 𝐽௔ , 𝑎 = 1,2,3 ൛𝑌௛௃ೌ௃ೌ௅, 𝑌௛௃ೌ௃ೌோൟ ቄ−

𝑚௃ೌ

𝜔
𝑠క , −

𝑚௃ೌ

𝜔
𝑠కቅ 

ℎ𝑆௜
ொ𝑆௝

ିொ  −𝑖𝜆௛ௌ೔ೕ
 𝜆௛ௌ೔ೕ

 

ℎ𝐻ା𝐻ି 𝜆௛ுశுష  𝜆௛ுశுష 

ℎ(𝑝଴)𝑆௜
ିொ(𝑝ି)𝑉௝

ொఓ 𝑖𝑔௛ௌ೔௏ೕ
(𝑝଴ − 𝑝ି)ఓ 𝑔௛ௌ೔௏ೕ

 

ℎ𝐻ି(𝑝ି)𝑋ାఓ 𝑔௛ுష௑శ  𝑔

2
൫𝑐ఏ𝑐క + 𝑠ఏ𝑠క൯ 

ℎ𝑉௜
ିொఓ

𝑉௝
ିொఔ 𝑖𝑔௛௏೔ೕ

𝑔ఓఔ  𝑔௛௏೔ೕ
 

ℎ𝑊ିఓ𝑊ାఔ 𝑔௛ௐశௐష  𝑔ଶ𝑢

2
𝑐క  

ℎ𝑋ିఓ𝑋ାఔ 𝑔௛௑శ௑ష  𝑔ଶ

2
൫𝑢𝑐క − 𝜔𝑠క൯ 

ℎ𝑌ିିఓ𝑌ାାఔ 𝑔௛௒శశ௒షష  
−

𝑔ଶ

2
𝜔𝑠క  

All couplings of  ℎ appearing in Eq. (18) are shown in Table 3. Based on LoopTools package [18], 

particular forms given in Eq. (18) will be used for evaluating numerical values related to 𝜇௓ఊ and 𝜇ఊఊ. 

The one-loop contributions from the SM particles are consistent with the SM results in the limit of 𝑠క =

𝑠ఏ = 0. 

Based on the general given in results  [6], the analytical formulas of one-loop contributions to decay 

amplitudes ℎ → 𝑍𝛾 are derived as follows 
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𝐹ଶଵ
ଷଷଵௌ = ∑ 𝐹ଶଵ,௙

ଷଷଵௌ + 𝐹ଶଵ,ுశ
ଷଷଵௌ + ∑ 𝐹ଶଵ,௩

ଷଷଵௌ
௩ୀௐ,௑,௒௙ + 𝐹ଶଵ,௑ுశுశ

ଷଷଵௌ + 𝐹ଶଵ,ுశ௑௑
ଷଷଵௌ , and 𝐹ହ

ଷଷଵௌ = 0. (19) 

Analytic formulas of one-loop functions are: 

𝐹ଶଵ,௙
ଷଷଵௌ = −

𝑒𝑄௙𝑁௙

16𝜋ଶ ൫16𝐾௅௅,ோோ
ା 𝑥ଶ + 4𝐶଴൯, 

𝐹ଶଵ,ுశ
ଷଷଵௌ =

ଶ௘ఒ೓ಹశಹష௫మ

ସగమ ,  

 𝐹ଶଵ,௩
ଷଷଵௌ =

ଶ௘ொೇ௚೓ೇೇ௚ೋೇೇ

ଵ଺గమ ൤൬8 +
൫ଶ௠ೇ

మ ା௠೓
మ൯൫ଶ௠ೇ

మ ି௠ೋ
మ ൯

௠ೇ
ర ൰ 𝑥ଶ +

ଶ൫ସ௠ೇ
మ ି௠ೋ

మ ൯஼బ

௠ೇ
మ ൨,  

 𝐹ଶଵ,௑ுశுశ
ଷଷଵௌ =

ଶ௘௚೓ಹష೉శ௚ೋ೉శಹష

ଵ଺గమ ൤2 ൬1 +
ି௠

ಹశ
మ ା௠೓

మ

௠೉
మ ൰ 𝑥ଶ + 4𝑥଴൨, 

 𝐹ଶଵ,ுశ௑௑
ଷଷଵௌ =

ଶ௘௚
೓ಹష೉శ௚

ೋ೉శಹష

ଵ଺గమ ൤2 ൬1 +
ି௠

ಹశ
మ ା௠೓

మ

௠೉
మ ൰ 𝑥ଶ − 4𝑥ଷ൨,  (20) 

where 𝐾௅௅,ோோ
ା = 𝑔௓௙௙௅𝑌௛௙௙௅ + 𝑔௓௙௙ோ𝑌௛௙௙ோ , new functions  𝑥ଶ = 𝐶ଵଶ + 𝐶ଶଶ + 𝐶ଵଶ   and 𝐶଴,௜௝ =

𝐶଴,௜௝൫𝑚௓
ଶ , 0, 𝑚௛

ଶ; 𝑚௫
ଶ , 𝑚௫

ଶ, 𝑚௫
ଶ൯ with 𝑥 = 𝑓, 𝐻, 𝑉 containing one type of virtual particle in the loop.  For the 

two functions 𝐹ଶଵ,௑ுశுశ
ଷଷଵ  and 𝐹ଶଵ,ுశ௑௑

ଷଷଵௌ  consisting of 𝑥଴ = 𝐶଴ + 𝐶ଵ + 𝐶ଶ, and  𝑥ଷ = 𝐶ଵ + 𝐶ଶ, LoopTools 

notations are 

  𝐶଴,௜௝ = 𝐶଴,௜௝൫𝑚௓
ଶ , 0, 𝑚௛

ଶ; 𝑚௑
ଶ , 𝑚ுశ

ଶ , 𝑚ுశ
ଶ ൯ and 𝐶଴,௜௝ = 𝐶଴,௜௝൫𝑚௓

ଶ , 0, 𝑚௛
ଶ; 𝑚ுశ

ଶ , 𝑚௑మ
ଶ , 𝑚௑మ

ଶ ൯,  

respectively. We note that 𝐹ଶଵ,௑ுశுశ
ଷଷଵௌ   and  𝐹ଶଵ,ுశ௑௑

ଷଷଵௌ  were not included in previous discussions [3].  They 

are also neglected in many beyond the SM cases including the 3-3-1 models [19][22]. All 𝑍  and 

ℎ couplings appearing in Eq. (20) were collected in two Tables 2 and 3. 

The signal strengths related to the dominant Higgs production channel at LHC, named as the 𝑔𝑔𝐻 

fusion 𝑔𝑔 → ℎ ,corresponding to the two above decay channels are: 

 𝜇௓ఊ
ଷଷଵௌ ≡

௖഍
మ஻௥యయ (௛→௓ఊ)

஻௥ೄಾ(௛→௓ఊ)
, 𝜇ఊఊ

ଷଷଵௌ ≡
௖഍

మ஻௥యయభೄ(௛→ఊఊ)

஻௥ೄಾ(௛→ఊఊ)
, (21) 

where  𝐵𝑟ௌெ(ℎ → 𝑍𝛾, 𝛾𝛾) is the decay rates of the SM-like Higgs boson decay ℎ → 𝑍𝛾   in the SM 
framework. In the next section, the above analytic formulas will be used to investigate numerically to 

discussion the signals of decays ℎ → 𝑍𝛾, 𝛾𝛾 under recent experimental searches. 

3. Numerical discussions 

In this investigation, numerical values of well-known parameters fixed by experiments will be taken 

[23]. We will choose the following scanning range for free parameters: 

𝜔 ∈ [3.6 𝑇𝑒𝑉, 5 𝑇𝑒𝑉]; 𝜆ଶ, 𝜆ସ ∈ [0.01, 8];  |𝜆ଷ| ≤ 𝜆ଶ, 

 𝑚௃భ
= 𝑚௃మ

, 𝑚௃య
∈ [0.5 𝑇𝑒𝑉, 2 𝑇𝑒𝑉]. (22) 

Other dependent parameters like 𝜉, 𝜃 , and  𝜆ଵ  will be determined from Eqs. (12), and (14), 

respectively. The ℎ𝑊𝑊 and ℎ𝑍𝑍 couplings must be consistent with the experiments; hence we will use 

the constraint ห𝑠కห ≤ 0.1.   

To express the differences from the SM, we define a quantity Δ𝜇௓ఊ  as [16] 

 Δ𝜇௓ఊ
ଷଷ ≡ ൫𝜇௓ఊ

ଷଷଵௌ − 1൯ × 100%, (23) 

which is constrained by recent experiments  Δ𝜇௓ఊ = 1.2 ± 0.7 [3], [4], implying the 1𝜎  deviation is 

50% ≤ Δ𝜇௓ఊ
ଷଷଵௌ ≤ 190%.  The 1𝜎 constraint from ℎ → 𝛾𝛾 decay originating from 𝑔𝑔𝐹 fusion is defined 
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as Δ𝜇ఊఊ
ଷଷଵௌ ≡ ൫𝜇ఊఊ

ଷଷଵௌ − 1൯ × 100%, leading to the  following respective 1𝜎 deviation: −15% < Δ𝜇ఊఊ
௅ோ <

13% corresponding to the experimental constraint Δ𝜇ఊఊ = 0.99 ± 0.14. [5]. The numerical results we 

discuss in the following will always satisfy this constraint. The correlation between two signal strengths 

are shown in Figure. 1. The ranges predicted by the 331S are 0 < Δ𝜇ఊఊ
ଷଷଵௌ ≤ 11.3% and 0 ≤ Δ𝜇௓ఊ

ଷଷଵௌ ≤

15.5%. 

 

Figure 1. Correlations between Δ𝜇௓ఊ
ଷଷଵௌ and  Δ𝜇ఊఊ

ଷଷଵௌ.     

 

Figure 2. Δ𝜇௓ఊ
ఓయయభೄ

, Δ𝜇ఊఊ
ఓయయభೄ

 , and Δ𝜇௓ఊ
ఓయయభೄ

 as functions of  𝜔. 

The two signal strengths depend strongly on the 𝑆𝑈(3)௅ scale 𝜔, as illustrated in Figure  2. We also 

introduce a new quantity as Δ𝜇௓ఊ଴
ఓయయభೄ

 without contributions from 𝐹ଶଵ,௑ுశுశ
ଷଷଵௌ  and 𝐹ଶଵ,ுశ௑௑

ଷଷଵௌ  to estimate 

qualitatively the contributions of  Δ𝜇௓ఊ
ఓయయభೄ

. It is clearly shown that Δ𝜇௓ఊ
ఓయయభೄ

< 6.7, which is significantly 

smaller than maxቚΔ𝜇௓ఊ
ఓయయభೄ

ቚ = 15.5%. Therefore, we conclude that the 𝐹𝑆𝑉 contributions are important in 

the total amplitude of ℎ → 𝑍𝛾.  Finally, the correlation between important parameters and Δ𝜇௓ఊ are shown 

in Figure 3. We can see that Δ𝜇௓ఊ
ଷଷଵௌ  depends strongly on 𝜆ସ, 𝑠ఏ , and 𝑠క.  Namely, large value of                         

Δ𝜇௓ఊ
ଷଷଵௌ requires large values of  𝜆ସ = 8, 𝑠ఏ = 0.068 , and 𝑠క = 0.034. Therefore, the future results from 
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experiments for the signal strength 𝜇௓ఊ  will provide interesting information for constraining the 

parameters of the 331S model. 

 

Figure 3. Important parameters in the 331S model as functions of Δ𝜇௓ఊ
ଷଷଵௌ. a) Masses of heavy particles predicted 

by the 331S model as functions of Δ𝜇௓ఊ
ଷଷଵௌ . b) Triple Higgs self couplings as functions of Δ𝜇௓ఊ

ଷଷଵௌ. c) Sine of mixing 
parameters 𝜉 and 𝜃 as functions of Δ𝜇௓ఊ

ଷଷଵௌ. 

4. Conclusions 

We have established the analytic formulas for one-loop contributions to the decay amplitudes ℎ →

𝑍𝛾, 𝛾𝛾  in the 331S framework, employing the notations of PV-functions and LoopTools for numerical 
investigation. Notably, we showed that the contributions from two diagrams 𝐻𝑋𝑋  and 𝑋𝐻𝐻,  which 
consist of both Higgs and gauge boson propagators in the Feynman diagrams, strongly affect the Δ𝜇௓ఊ

ଷଷ , 

therefore, they must not be neglected in theoretical calculations. The numerical results showed that the 
maximal values that the 331S model predicts for the two decay channels ℎ → 𝑍𝛾, 𝛾𝛾  are Δ𝜇ఊఊ ≃ 11.3% 

and Δ𝜇௓ఊ ≃ 15.5%. These results are consistent with the SM predictions. In addition, Δ𝜇௓ఊ is smaller 

than 1𝜎 range given by the recent experimental result. Finally, we emphasize that the future study this 
decay channel may give interesting constraints on the parameters of the 331S model.   
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