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Abstract: We study an electroweak gauge extension of the standard model, 
so called 3-4-1 model, which does not contain exotic electric charges and 
it is anomaly free. We discuss phenomenological constraints of the model 
and compute all the corrections to the muon magnetic moment. Mainly, 
we discuss different mass regimes and their impact on this correction, 
deriving for the first time direct limits on the masses of the neutral 
fermions and charged vector bosons. Interestingly, the model could 
address the reported muon anomalous magnetic moment excess, however 
it would demands a rather low scale of symmetry breaking, far below the 
current electroweak constraints on the model. Thus, if this excess is 
confirmed in the foreseeable future by the g-2 experiment at FERMILAB, 
this 3-4-1 model can be decisively ruled out since the model cannot 
reproduce a sizeable and positive contribution to the muon anomalous 
magnetic moment consistent with current electroweak limits. 
 
Keywords: Muon Anomalous Magnetic Moment, Beyond Standard Model, 
Gauge Boson 

 

Introduction 

The unified description of the electromagnetic and 
weak interactions by a single theory, so called Standard 
Model (SM), certainly is one of the major achievements 
of the last century. The model proposed by Glashow, 
Salam and Weinberg in the middle sixties, has been 
extensively tested during the last decades with 
tremendous success. The discovery of neutral weak 
interactions and the production of intermediate vector 
bosons with the predicted properties increased our 
confidence in the model. Besides, now the Higgs 
discovery has anchored, the Standard Model is 
undoubtedly the best particle physics model we have at 
our disposal. However, neutrino masses and dark matter 
are robust experimental and observational indications 
that the SM must be extended. Furthermore, the excess 
over the SM prediction on the muon magnetic moment, 
which is the most precisely measured quantity in particle 
physics, provides a compelling case for physics beyond 
the SM. Such issues have triggered a multitude of 
extensions of the standard model trying to fully or 
partially address those matters. 

In this study we will focus on the muon magnetic 
moment in the context of an electroweak extension of the 
SM, called 3-4-1 for short, which is based on the SU(3)c 
SU(4)L U(1)X gauge symmetry. In general, 3-4-1 models 

have been proposed to provide an elegant solution to the 
neutrinos masses, by placing the leptons ν, e, νc and ec in 
the same multiplet of a SU(4)L (Pisano and Pleitez, 
1995). As in the case of the gauge symmetry SU(3)c 
SU(3)L U(1)N , here the number of fermion families must 
be an integral multiple of fundamental color which is 
three, in order to the required anomaly cancellation 
(Pisano and Pleitez, 1992; Queiroz et al., 2010). All 
these result in an exact family number of three, 
coinciding with the observation. Since the third family 
of quarks transforms under SU(4)L differently from 
the first two, this could possibly be the reason to why 
top quark is so heavy. The SU(4)L extension can also 
provide some insights of electric charge quantization 
observed in the nature (Cabarcas and Rodriguez, 
2014). The 3-4-1 model is a natural gauge extension 
of the so called 3-3-1 models, which are based on the 
SU(3)c ⊗ SU(3)L ⊗ U(1)N gauge symmetry. Some of 
those models provide plausible dark matter candidates 
in the context of Higgs Portal (Pires et al., 2010; 
Dong et al., 2013; 2014a; Cogollo et al., 2014a; 
Queiroz and Sinha, 2014; Queiroz et al., 2015) and Z` 
portal (Mizukoshi et al., 2011; Ruiz-Alvarez et al., 
2012; Alves et al., 2014a; Dong et al., 2014b; 
Profumo and Queiroz, 2014a), despite the direct dark 
matter detection controversy (Profumo and Queiroz, 
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2014b), also explaining possibly the Galactic Center 
excess observed in the Fermi-LAT data (Hooper et al., 
2013; Alves et al., 2014b; Gonzalez-Morales et al., 
2014), address the dark radiation non-thermal dark 
matter production (Hooper et al., 2012; Kelso et al., 
2013; 2014a; Queiroz, 2014; Queiroz et al., 2014) and 
even reproducing the mild Hγγ excess (Alves et al., 
2011; 2013; Caetano et al., 2013), among others 
(Cogollo et al., 2007; 2008; 2009; 2012; 2014b; Palcu, 
2008a; 2008b; 2011; 2014; Duenas et al., 2009; Alvarado 
et al., 2012; Caetano et al., 2012;  Montalvo  et al.,  2012;   
2013; 2014a; 2014b; Hernandez et al., 2013; Martinez 
and Ochoa, 2014; Martinez et al., 2014). 

There are several versions of 3-4-1 models and each 
of them inherits the features of their respective 3-3-1 
models and therefore such models are in principle 
indistinguishable from the 3-3-1 models at low scale. 
Similarly, if the scale of symmetry breaking of the 3-4-1 
model is high enough, at sufficiently low energies 3-4-1 
model are equivalent to the SM as well. Albeit, there 
are remnants in the spectrum that might be important to 
observables such the muon magnetic moment, which is 
one of the most precisely measured quantities in 
particle physics. Differently from other observables the 
muon magnetic moment might be sensitive to new 
physics effects at very high energy scales. Several 
works have been put forth in this direction concerning 
3-3-1 models (Ky et al., 2000; Kelso et al., 2014b; 
2014c), but there is lack of results in the context of 3-4-
1 frameworks (Cogollo, 2015). 

Our goal here is to assess whether a 3-4-1 model 
without exotic electric charges and heavy neutral fermions 
is capable of addressing the excess reported in the muon 
magnetic moment with respect to the SM prediction and 
obtain robust limits in the model in light of the upcoming g-
2 experiment at Fermilab, which might reach a 5σ deviation 
from the SM. We will not dwell on unnecessary details. 
Thus we briefly discuss the key aspects of this model 
relevant for our reasoning and then present our results. 

Model SU(4)L ⊗ U(1)N 

Fermionic Content 

The lepton representations in this model are (Palcu, 
2012): 
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With α = 1, 2, 3. In order to cancel all the quirial 

anomalies two left handed quark families must transform 
as 4-plets and the other one as an anti-4-plet: 
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With i = 1, 2. As for the right handed fields, they 

transform as: 
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Similar models have been studied in (Ponce et al., 

2004; Doff and Pisano, 2000; Ponce and Sanchez, 2007; 
Sanchez et al., 2008). In this study we will discuss 
neither the quark sector nor the corresponding 
interactions. It is important to point out that the fermions 
acquire Dirac masses and in particular for Yukawa 
couplings of order one, as we will assume, the neutral 
heavy fermions have mass terms of the type: 
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Scalar Sector 

In order to break the symmetry and to give masses to 
the fermion and gauge bosons in the model, we introduce 
four scalar multiplets as follows (Palcu, 2012): 
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In this setup the pattern of symmetry breaking occurs 

according to: 
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υ υ± = +  we have that 

√ 2 2
' 174Geυ υ υ+ ≈ . For now on we will assume the 

hierarchy V ∼ V` >> υ ∼ υ`. 
We point out that more complicated vev 

assignments could be chosen. Although, our results on 
the muon magnetic moment will be mostly based on 
the vector bosons interactions thus not very sensitive 
to a particular scalar sector. 
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Gauge Sector 

Since we are dealing with the SU(4)L ⊗ U(1)N gauge 
group, there are in total 16 gauge bosons (Ai

µ , with i = 
1, 2, ..16). In summary the covariant derivative contains 
the fields: 
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bosons. Notice that in addition to the SM charged 
current mediated by the W boson, we will have the 
following new contributions to the muon anomalous 
magnetic moment: 
 

0 0 '
. ,

2

CC

l L L L L

g
L N K N X H c

µ µ

µ µ µ µ
γ γ

+ + ⊃ − + +   (8) 

 

With ( )
2

2 2 2
'

2
K

g
M V υ

±
= +  and ( )

2

2 ' 2 2
'

2
X

g
M V υ

±
= + . As 

for the neutral gauge bosons it suffices to say that the 
4×4 mass matrix has a zero eigenvalue corresponding to 
the photon. For the remainder 3×3 matrix we obtain the 
mass eigenvectors Zµ, Z`µ and "

Z
µ

. In the aproximation V 

= V` the field 
'' 8 15

/ 3 2 / 3Z A A
µ µ µ
= −  decouples from the 

other two and adquires a mass "

2 2 2

Z
M g V

µ

=  The other two 

eigenvalues are: 
2

2

2
cos

W

Z

M
M

wθ
=  and 

2

2 2

'

4
Z

g
M V= . As 

shown in (Palcu, 2012; Ponce et al., 2004) "
Z

µ
 couples 

only with exotic fermions, then regarding the muon: 
 

2 2

5 '1 3cos cos

2 2W

g w w
L Z

C fw fw

µ

µ

θ θ
µγ γ µ

 −
⊃ − − 

  
 (9) 

 
With 
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Collider and Flavor Bounds 

Bounds stemming from the Z-pole limit the mass of 
the Z′ gauge boson. The current measurements exclude 
Z′ masses below 2 TeV (Ponce et al., 2004). On the 
other hand, Flavor Changing Neutral Current (FCNC) 
processes that might be applicable to this model would 
exclude masses below 11 TeV (Sanchez et al., 2008). 
The latter is still sensitive to the parametrization 

scheme used in the quark sector and also to the choose 
of what family of quarks transforms as an anti-4-plet. 
Thus we use the former as reference. This limit of 2 
TeV on the Z′µ mass can be translated into a lower limit 
of 6.2 TeV on the scale of symmetry of the model. 
Current bounds on W′ bosons, which are competitive to 
the Z′ one, are not directly applicable to our model 
since the charged gauge bosons K+, X+ do not interact 
identically to the SM W′. 

We have thus far presented the relevant interactions 
for the muon magnetic moment, we give in the next 
section a pedagogic introduction to the muon magnetic 
moment and present our main findings. 

Muon Magnetic Moment 

The Dirac equation predicts a muon magnetic moment: 
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With gyromagnetic ratio gµ = 2. However, quantum 
loop effects lead to a small calculable deviation from gµ 
= 2, the anomalous magnetic moment, parametrized by 
aµ = (gµ−2)/2. The SM prediction for the aµ is generally 
divided into three parts: Electromagnetic (QED), 
Electroweak (EW) and hadronic contributions 
(Beringer et al., 2012). The QED part, which is by far 
the dominant contribution in the SM, includes all 
photonic and leptonic (e, µ, τ) contributions and has 
been computed up to four loops and estimated at the 5 
loops (Kinoshita and Nio, 2004; 2006a; 2006b; 
Kinoshita, 2005; Passera, 2005; Gabrielse et al., 2006; 
Kataev, 2006; Aoyama et al., 2007; Hanneke et al., 2008). 
The EW contribution comprises W±, Z and Higgs bosons 
and has been calculated up to three loops. The hadronic 
contributions are the most uncertain though and can not 
be calculated by first principles. 

The current difference ∆aµ = aexp
µ-aSM

µ = 
295±81×10−11 yields a 3.6σ discrepancy, providing the 
hint of physics beyond the SM. Nevertheless the large 
theoretical uncertainties can blur the significance of this 
discrepancy. The two main theoretical uncertainties are 
the hadronic vacuum polarization and the hadronic 
contribution to the light-by-light scattering graph. 
Improvements in the theoretical side along with the 
projected experimental sensitivity for the g-2 experiment 
at Fermilab possibly reach: 
 

( ) ( ) 11
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µ

−

∆ − = ± ×  (12) 
 

Enhancing the signal up to 5σ (Carey et al., 2009). 
This discrepancy in Equation 12 will be referred as 
future sensitivity for the muon magnetic moment. That 
being said we computed all corrections to the muon 
magnetic moment stemming from our model using the 
public code in (Queiroz and Shepherd, 2014). In this 
model those contributions arise from the presence of 
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charged vector bosons (K±, X±) in the loop with the 
neutral fermions (N, N′) taking the place of the SM 
neutrinos and another from the neutral vector boson 
(Z′). The corrections coming from charged and neutral 
scalars are suppressed because their coupling with the 
muon are proportional to the muon mass. Hence, they 
are henceforth neglected. 

In Fig.1-3 we exhibit the individual contributions of 
each one of those particles as a function of the Z′ and K±, X± 
masses for heavy fermion masses of 10 GeV, 100 GeV and 
1 TeV respectively. The Z′ correction is negative, we thus 
multiplied it by minus one simply to show it. We notice that 
besides giving a positive correction to the muon magnetic 
moment, the neutral fermions give rise to the most 
important contribution for MN,N′ = 10, 100 GeV and for 
charged vector masses of around 150 GeV the muon 
magnetic moment excess might be addressed. The masses 
of the neutral fermions were assumed to be the same. 
Furthermore, in case the anomaly is otherwise resolved, 1σ 
bounds of ∼ 190 GeV (∼ 250 GeV) on the masses of the Z′ 
(charged gauge bosons) can be placed. Using projected 
sensitive these bounds turns to be ∼ 250 GeV (∼ 350 GeV). 
We emphasize that these bounds are first direct limits on the 
masses of the charged gauge bosons and neutral fermions in 

this 3-4-1 model. For MN, N0 = 1 TeV though, the Z′ 
correction, which is the negative, becomes the leading one 
for masses below ∼ 1 TeV. In Fig. 3 we see that the neutral 
fermion contributions become negative for masses below ∼ 
300 GeV. This change in the sign always occurs for 
sufficiently lower charged vector masses. It did not show in 
the previous cases because the masses of the neutral 
fermion were small enough. Anyhow, we conclude that for 
MN,N′ = 1 TeV the model cannot accommodate the muon 
magnetic moment discrepancy and only a projected bound 
of 160 and 300 GeV can be places on the masses of the 
charged and neutral gauge bosons respectively. 

In Fig. 4-6 we exhibit the individual contributions 
of each one of those particles as a function of the scale 
of symmetry breaking for heavy fermion masses of 10 
GeV, 100 GeV and 1 TeV respectively. Since the 
scale of symmetry breaking is an universal parameter 
in the model, present in the mass terms of all 3-4-1 
particles, it is suitable to depict our findings in terms 
of this parameter. In Fig. 4 the contribution from the 
neutral and charged gauge bosons are comparable and 
of opposite sign. Therefore, after adding up those two 
contributions no relevant limit can be derived on the 
scale of symmetry breaking. 

 

 
 
Fig. 1. Individual contributions to the muon magnetic moment as function of the particles 'Z and K+, X+ masses, for heavy neutral 

fermion masses of 10 GeV. It is clear that heavy fermions contribution is the leading one 
 

 
 
Fig. 2. Individual contributions to the muon magnetic moment as function of the particles 'Z  and K+, X+ masses, for heavy neutral 

fermion masses of 100 GeV 
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Fig. 3. Individual contributions to the muon magnetic moment as function of the particles 'Z  and K+, X+ masses, for heavy neutral 

fermion masses of 1 TeV. There is a sign change in the correction of the neutral fermions. It is clear that below 300 GeV the 

Z 0 contribution is more relevant, where for heavier masses the heavy fermions contribution is the leading one 
 

 
 
Fig. 4. Individual contributions to the muon magnetic moment as function of the scale of symmetry breaking, for heavy neutral 

fermion masses of 10 GeV. It is clear that heavy fermions contribution is the leading one 
 

 
 
Fig. 5. Individual contributions to the muon magnetic moment as function of the scale of symmetry breaking, for heavy neutral 

fermion masses of 100 GeV. It is clear that heavy fermions contribution is the leading one 
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Fig. 6. Individual contributions to the muon magnetic moment as function of the scale of symmetry breaking, for heavy neutral 

fermion masses of 1 TeV. It is clear that heavy fermions contribution is the leading one. The same turning sign feature of Fig. 

3 happens here 

 
Similarly, for all the remaining cases. The limits 

on the scale of symmetry breaking derived from the 
muon magnetic moment are below 1TeV, therefore far 
below of the aforementioned Z-pole bound. Anyway, 
we find a very interesting conclusion: If the muon 
magnetic moment excess is confirmed in the 
foreseeable future, this model can be decisively ruled 
out, since there is no way this model can 
accommodate the muon magnetic moment excess 
while being consistent with current bounds. Notice 
that this conclusion is robust, since the main 
contributions stem from gauge bosons contributions. 

Conclusion 

We studied an electroweak gauge extension of the 
standard model based on the SU(4)L ⊗ U(1)N gauge 
symmetry which has heavy neutral fermions in its 
spectrum, with the purpose of computing the correction 
to the muon magnetic moment stemming from this 
model. We find that Z′µ and charged gauge bosons (K±, 
X±) give rise to the most important corrections. The Z′µ 

corrections are negative due to the relative magnitude 
of the vector and axial couplings, whereas the ones 
involving the charged bosons with the heavy neutral 
fermions can be either positive or negative depending 
on the masses of the particles involved. Given the 
stringent constraint on the scale of symmetry breaking 
of ∼ 6.2 TeV, the model decisively cannot 
accommodate the muon magnetic moment excess in 
any region of the parameter space. Besides, we derived 
for the first time in the literature direct upper limits on 
the masses of the neutral fermions and charged vector 
bosons that lie in the 100-400 GeV scale. 

In summary we conclude that if the muon magnetic 
moment excess is confirmed at the Fermilab experiment 
reaching a 5σ significance, this 3-4-1 model is totally 
excluded since the model cannot reproduce a sizeable 
and positive contribution consistent with current 
electroweak limits. 
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