
Constraining 3-3-1 Models at the LHC and Future Hadron Colliders
International Conference on High Energy Physics

Yoxara S. Villamizar
IIP & Department of Theoretical and Experimental Physics - UFRN
Astroparticles and Particles Physics group
8 Jul 2022

Based on: arXiv: 2203.02520

Collaborators: A. Alves, L. Duarte,

S. Kovalenko, Y. M. Oviedo-Torres,

and F. S. Queiroz.

https://indico.cern.ch/event/1124802/
https://orcid.org/0000-0001-6792-1734
https://www.iip.ufrn.br/
http://ppgf.fisica.ufrn.br/en/
https://astroparticleiip.wixsite.com/natal
https://arxiv.org/abs/2203.02520


3-3-1 Models Data, signal output and Methods Signal production Dark Matter Conclusions References

Overview

1 3-3-1 Models

2 Data, signal output and Methods

3 Signal production

4 Dark Matter

5 Conclusions

Yoxara S. Villamizar ICHEP 2022 — • IIP/DFTE-UFRN • — 2 / 14

https://orcid.org/0000-0001-6792-1734


3-3-1 Models



3-3-1 Models Data, signal output and Methods Signal production Dark Matter Conclusions References

Models based on the gauge symmetry G3−3−1 = SU(3)C×SU(3)L×U(1)X (3-3-1)

We analyzed two 3-3-1 models:

1 3-3-1 with right-handed neutrinos (r.h.n) [1,2]

2 3-3-1 with neutral lepton (3-3-1 LHN) [3,4]

The electric charge operator for 3-3-1 Models is,

Q

e
=

1

2

(
λ3−

1√
3

λ8

)
+X · Î,

where λ3,8 are the diagonal generators of SU(3)C and Î
is the identity matrix that acts as a generator of U(1)X

These models are quite popular

because they can explain:

• neutrino masses,

• dark matter,

• meson oscillations,

• collider physics,

• flavor violation,

• among others.
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Models based on the gauge symmetry G3−3−1 = SU(3)C×SU(3)L×U(1)X

These 3-3-1 models contain three scalar triplets (χ, η , ρ) to give the masses of the fermions,

these models experience a two-step spontaneous symmetry breaking:

SU(3)L×U(1)X
⟨χ⟩−−→ SU(2)L×U(1)Y

⟨η⟩,⟨ρ⟩−−−−→U(1)Q, (vχ ≫ vη ,vρ ).

The 3-3-1 r.h.n and LHN models contain triplet and fermionic singlet fields given by,

faL =


ν
a
L

ℓaL

(νa
R)

c

 , ℓaR , QiL =

 di

−ui

d ′
i


L

, uiR , diR , d
′
iR , Q3L =

 u3

d3

T


L

, u3R , , d3R , TR ,

where a = 1,2,3 and i = 1,2 indicate the generation indices, d ′
i and T are the exotic quarks

(q′). In the 3-3-1 LHN, a new heavy neutral lepton Na
L replaces the (νa

R)
c in the lepton triplet.

Besides, a right-handed neutral fermion Na
R is introduced.

Yoxara S. Villamizar ICHEP 2022 — • IIP/DFTE-UFRN • — 4 / 14

https://orcid.org/0000-0001-6792-1734


3-3-1 Models Data, signal output and Methods Signal production Dark Matter Conclusions References

Models based on the gauge symmetry G3−3−1 = SU(3)C×SU(3)L×U(1)X

The main ingredient is the neutral current that reads,

L NC
Z ′ff =

g

2cW
f γ

µ

[
g
(f )
V + γ5g

(f )
A

]
fZ ′

µ .

Table 1: Vector and Axial couplings of the Z ′ boson with fermions, with α = 3−4sin2 θW

g
(f )
V (A)

Some Z ′ interactions in the 3-3-1 model
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) (c2W v2
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ρ +v2
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g2

4

(
v2

η +v2
χ

)
, m2

U0 =
g2

4

(
v2

ρ +v2
χ

)
, v2 = v2

η +v2
ρ ≃ 246GeV

where v2 = v2
η +v2

ρ ≃ 246 GeV, g is the SU(2)L gauge coupling, cW ≡ cosθW , sW ≡ sinθW
Yoxara S. Villamizar ICHEP 2022 — • IIP/DFTE-UFRN • — 5 / 14

https://orcid.org/0000-0001-6792-1734


Data, signal output and Methods



3-3-1 Models Data, signal output and Methods Signal production Dark Matter Conclusions References

Branching ratio of the Z ′ boson in two charged leptons

Figure 1: Feynman diagram for the popular

Drell-Yan-type process of the channel produc-

tion Z ′ → ℓ+ℓ−, which is the official search in

the LHC.

Br
(
Z ′ → ℓℓ

)
=

Γ
(
Z ′ → ℓℓ

)
ΓZ ′

,

ΓZ ′ = ∑
X

Γ
(
Z ′ → 2X

)
,

being X the SM and new particles, ℓ= e,µ.

LANHEP CalHEP

3-3-1 Model

CompHEP

model files
Br
(
Z ′ → ℓℓ

)
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Table 2: Implemented benchmark sets (BMs) corresponding to mass values of the heavy exotic quarks q′ and the heavy

neutral lepton N

Model 3-3-1 LHN 3-3-1 RHN

BM BM 1 BM 2 BM 3 BM 4 BM 6 BM 7 BM 5 BM 8 BM 9 BM 10 BM 1 BM 2 BM 3 BM 4

Mq′ [TeV] 10 1 1.5 2 1 0.5 10 1 1.5 2

MN [TeV] 10 2.5 4 2 1 10 0.5 N/A

FeynRules
MadGraph5

(NNPDF23LO [5])

3-3-1 Model

UFO files cross-section
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Mass range HL, HE and FCC-hh

We forecast the mass range on this boson to different high luminosity (HL) and high energy

(HE) configurations, and to the forthcoming FCC-hh hadron collider:

• HL:
√
s =13 TeV,

Lint = 139 fb−1, 300 fb−1, 500 fb−1, and 3000 fb−1

• HE-HL:
√
s =14 TeV and 27 TeV,

Lint = 139 fb−1, 300 fb−1, 500 fb−1, and 3000 fb−1

• FCC-hh:
√
s = 100 TeV,

Lint = 139 fb−1, 300 fb−1, 500 fb−1, and 3000 fb−1

Collider Reach (β)

(MMHTMMHT2014nnlo68cl [6])

mZ ′ reach

mZ ′ bounds

Yoxara S. Villamizar ICHEP 2022 — • IIP/DFTE-UFRN • — 8 / 14

https://orcid.org/0000-0001-6792-1734


Signal production



3-3-1 Models Data, signal output and Methods Signal production Dark Matter Conclusions References

Branching ratios
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Figure 2: Branching ratio for the Z ′ → ℓ±ℓ∓ decay channel as a function to mZ ′

The Z ′ decays into new scalars are strongly suppressed or kinematically forbidden for

the implemented BMs.
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σ(pp → Z ′)×BR(Z ′ → ℓℓ)
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Figure 3: Solid red and dashed black lines symbolize σfid.×BR(ℓℓ) upper limits at 95%CL as a function of Z ′

mass for the dilepton channel Z ′ → ℓℓ in the ATLAS experiment (A. Collaboration, 2019) [7] with pT > 30 GeV

and |η |< 2.5. Solid yellowgreen, dash-dot blue, and black dotted lines represent the theoretical production of

the σ(pp → Z ′)×BR(Z ′ → ℓℓ).
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σ(pp → Z ′)×BR(Z ′ → ℓℓ)

Table 3: mZ ′ lower bounds considering the dilepton signal data at the LHC [7] and the theoretical signal

production for the 3-3-1 RHN and LHN models.

Model BM mZ ′ [GeV]

3-3-1 RHN

BM 1 1 4052

BM 2 3960

BM 3 2 3989

BM 4 4040

3-3-1 LHN

BM 1 4132

BM 2 4013

BM 3 4060

BM 4, 6 and 7 4118

BM 5 4094

BM 8 3950

1The lower bounds of BM 1 for the 3-3-1 RHN model are equivalent to those of BM 10 in the 3-3-1 LHN model.

2The lower bound of BM 3 for the 3-3-1 RHN model i equivalent to those of BM 9 in the 3-3-1 LHN model.
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HE-HL and FCC-hh colliders
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Figure 4: mZ ′ Vs Lint (
√
s = 27TeV and 100TeV) for some BMs considered in this work

Most constraining cases: mZ ′ > 5.8 TeV (
√
s = 14TeV), mZ ′ > 9.9 TeV (

√
s = 27TeV), and mZ ′ > 27 TeV (

√
s = 100TeV)
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Thermal Production
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Figure 5: Parameter space mZ ′ ×mN1
plane that ex-

plains the thermal relic density. In the gray region, N1 is

not stable.

Ωh2 = 0.11 [8] is the curve that yields the cor-

rect relic density (solid blue curves shown in

Fig. 5).

The current and projected direct detection

bounds, from XENON or PANDAX collabora-

tions [9,10,11] are significantly surpassed by cur-

rent LHC data.
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Conclusions

1 We derived LHC bounds on two 3-3-1 models, assessing the impact of exotic Z ′ decays

using dilepton data.

2 We obtained solid lower mass bounds that range from 3.9 TeV to 4.1 TeV.

3 We also forecasted HL-LHC, HE-LHC, and FCC-hh mass reach.

4 We conclude that one could accommodate a few TeV thermal dark matter candidate in

agreement with direct detection and collider bounds.
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