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Muon Anomalous Magnetic Moment ( )aμ

Commonality: 

"New Extensions 

to the SM?"

Summary of the  anomaly over the years.g −μ 2
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The scalar sector contains 3 scalar triplets ( , , ) to give the

masses of the fermions and one scalar sextet to generate neutrino

masses via a type II seesaw mechanism. The 3-3-1 gauge symmetry

experiences the following spontaneous symmetry breaking: 

     with 

χ η ρ

SU(3) ×C SU(3) ×L U(1)X
⟨χ⟩

SU(2) ×L U(1)Y
⟨η⟩,  ⟨ρ⟩ 

U(1)Q

v ≫χ v , vη ρ
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Br Z → ℓ =( ′ ℓ̄)
ΓZ ′

Γ Z → ℓ( ′ ℓ̄)

Γ =Z ′ Γ Z → 2X
X

∑ ( ′ )

X : SM and new particles.
p(q)p( ) →q̄ Z ℓ )′ ℓ̄

ℓ = e,μ

The  decays into new scalars are strongly suppressed or
kinematically forbidden for the implemented BMs
Z ′
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Solid red and dashed black lines symbolize  upper limits at 

as a function of  mass for the dilepton channel  in the ATLAS

experiment [A. Collaboration, Physics Letters B 796, 68 (2019)] with  GeV

and . Solid yellow-green, dash-dot blue, and black dotted lines

represent the theoretical production of the .

σ ×fid. BR(ℓ )ℓ̄ 95%CL

Z ′ Z →′ ℓℓ̄

p >T 30

∣η∣ < 2.5

σ(pp→ Z ) ×′ BR(Z → ℓ )′ ℓ̄
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Most restrictive case when =s 14TeV : m >Z ′ 5.8TeV
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Parameter space  plane that
explains the .

m ×Z ′ mN1

ΩhN1
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L = λ ϕe +ab L̄aL bR h.c.

 and  being
the scalar and pseudoscalar couplings of this new scalar
with the muon and other particles in the same vertex,
represented by the subscript .

Δa =μ  dx8π2
λ′2 ∫0

1 ∑b (1−x) 1−x λ +xϵ λ( ′2)
b
2 ′2

g P (x)+ g P (x)( 2b
s )2 + ( 2b

p )2 −

P (x) =± x 1 − x± ϵ , ϵ =2 ( b) b ,λ =
mμ

mb ′ , g
mϕ

mμ

2b
s g2b

p

b

A. Inert Scalar

 is the SM lepton doublet, 
 is the Yukawa coupling. 

LaL

λab

This could explain the  anomaly
for  .

g −μ 2
0.0076GeV <−1 y/m <ϕ 0.0102GeV−1

With   the configurations   and        

    we are capable of addressing

the anomaly for masses   of 

 and  respectively.

λ =22 1

λ =22 0.1

m =ϕ 400 −

550GeV m =ϕ 30 − 40GeV
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B. Vector-like Fermions

1. Vector-like fermion plus a scalar singlet: L = λ σμ +abĒaR R h.c

2. Vector-like fermion plus a scalar doublet: L = λ ϕE +abL̄aL bR h.c.

3. Vector-like fermion doublet plus an inert scalar doublet: L = λ σμ +abψ̄aL bR h.c.

If  and    are a singlet under E σ SU(2)L

   is an exotic-charged fermion and    is an inert doubleE ϕ

   is a fermion doublet under   and  is an inert scalar doubletψ SU(2)L σ

g =ϕ
p 2

Δa =μ (250 ± 48) × 10−11
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We have explored new physics contributions to  on the  gauge symmetryaμ SU(3) ×C SU(3) ×L U(1)X

None  of the models can
accommodate the anomaly in
agreement with existing bounds.

3-3-1 LHN model augmented by an inert scalar
triplet.

 
The inert scalar triplet gets a mass from the
quartic coupling in the scalar potential 

 after the scalar triplet  acquires
a vev:
λϕ ϕχ χ( † † ) χ

m ∼ϕ Λvχ
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"We can see that current data cannot exclude the region of
parameter space that can fit the anomaly. Future experiments,
though, should be able to cover the parameter space that lies

beyond the reach of current LHC searches, and produce a signal in
future colliders, such as the FCC"

   ( )λ =12 4 g =12
s(p) 2

 ( ) and λ =22 4 g =22
s 2 g =22

p 0
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❖  We derived LHC bounds on two 3-3-1 models, assessing the impact of exotic  decays
using dilepton data.
❖ We obtained solid lower mass bounds that range from ~TeV to ~TeV
❖ We also forecasted HL-LHC, HE-LHC, and FCC-hh mass reach
❖   We conclude that one could accommodate a few TeV thermal dark matter candidate in
agreement with direct detection and collider bounds. 

Z ′

3.9 4.1

❖  The possibility of inert scalars was investigated to explain the  anomaly within 3-3-1 theories involving vector-like
fermions.
❖  The viability of these particles was assessed in light of current experimental constraints.
❖ Parameter space regions that could explain the  anomaly were identified, with vector fermion masses between 250 –
300 GeV and inert scalar masses between 350 – 450 GeV.
❖  A new inert scalar triplet is proposed that could accommodate the anomaly while avoiding current restrictions.
❖   Future experiments should be able to cover the parameter space that lies beyond the reach of current LHC searches, and
produce a signal in future colliders, such as the FCC
 

g −μ 2

g −μ 2

Currently, our focus is on
exploring and analyzing
theories BSM, using tools
in HEP like @MadGraph5
for the generation and
detailed study of events in
particle physics
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 Vector and axial couplings of the  boson with fermions in the 3-
3-1 RHN and LHN models. In the 3-3-1 RHN model there are no
interactions with the neutral heavy fermions. Apart from that, the 

 interactions are precisely the same as the 3-3-1 LHN model.

Z ′

Z ′
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 mass reach for all benchmark sets considered in this work at HE-HL and FCC-hh colliders by increasing the center-
ofmass energy  ) from 13 until , and integral luminosity (  ) from  to , for the  RHN
and LHN models. Values of  for HE-HL LHC appear between the fourth and sixth columns of the table, whereas for the
FCC-hh collider, the  reaches are shown in the seventh column, when increasing the luminosity (column three).

mZ ′

( s 100TeV Lint  139fb−1 3000fb−1 3 − 3 − 1
mZ ′

mZ ′
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