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Av. Itália km 8, Campus Carreiros

96201-900, Rio Grande, RS, Brazil

IX Latin American Symposium on High

Energy Physics

December 11, 2012

1



models SU(3)C ⊗ SU(3)L ⊗ U(1)N 3-3-1

Q

e
=

1

2
(λ3 − ϑλ8) +N I

ϑ two different models (1992-1994)

motivations to study this kind of model

1. The family number must be three

2. It explains why sin2 θW < 1
4 is observed at

the Z-pole

3. It is the simplest model that includes bilep-

tons of both types: scalar and vectors

ones

4. The model has several sources of CP vi-

olation
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First Model MSUSY331 ϑ =
√
3

• T. V. Duong and E. Ma, Phys. Lett.

B316, 307 (1993) (Scalar Sector)

• H. N. Long and P. B. Pal, Mod. Phys.

Lett. A13, 2355 (1998) (Proton Decay)

• J. C. Montero, V. Pleitez and M. C. Ro-

driguez, Phys. Rev. D65, 035006 (2002)

• M. Capdequi-Peyranère and M.C. Rodriguez,

Phys. Rev. D65, 035001 (2002)
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Second Model SUSY331RN ϑ = 1/
√
3

• J. C. Montero, V. Pleitez and M. C. Ro-

driguez, Phys. Rev. D70, 075004 (2004)

• D. T. Huong, M. C. Rodriguez and H. N.

Long, [arXiv:hep-ph/0508045]

More References on these models will be pre-

sented during this seminar
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MSUSY331 Particle Content

LaL ∼







νa
la
lca







L

∼ (1, 3,0) a = e, µ, τ

Higgs

η =









η0

η−1
η+2









∼ (1, 3,0)

ρ =







ρ+

ρ0

ρ++





 ∼ (1, 3,+1)

χ =







χ−
χ−−

χ0






∼ (1, 3,−1)

S ∼ (1, 6∗,0)
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Supersymmetric Partners:

η̃ =









η̃0

η̃−1
η̃+2









∼ (1, 3,0)

ρ̃ =







ρ̃+

ρ̃0

ρ̃++






∼ (1, 3,+1)

χ̃ =







χ̃−
χ̃−−

χ̃0





 ∼ (1, 3,−1)

S̃ ∼ (1, 6∗,0)

Cancel Chiral Anomaly

η̃′ =









η̃′0

η̃′+1
η̃′−2









∼ (1, 3∗,0)

ρ̃′ =







ρ̃′−

ρ̃′0
ρ̃′−−





 ∼ (1, 3∗,−1)

χ̃′ =







χ̃′+

χ̃′++

χ̃′0






∼ (1, 3∗,+1)

S̃′ ∼ (1, 6∗,0)
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Lagrangian

L331S = LSUSY + Lsoft

LSUSY = LLepton + LQuarks + LGauge

+ LScalar
symmetry breaking

MSUSY331
Lsoft7−→ SU(3)C ⊗ SU(3)L ⊗U(1)N

〈χ〉〈χ′〉7−→ SU(3)C ⊗ SU(2)L ⊗U(1)Y
〈ρ,η,ρ′η′〉7−→ SU(3)C ⊗ U(1)Q
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LFermion = LffV + Lf̃ f̃V + Lff̃ Ṽ + Lf̃ f̃V V

+ LFermion
cin + LFermion

F + LFermion
D

Lgauge = Ldc + Lgauge
D

Lscalar = Lscalar
F + Lscalar

D + LHiggs + LHiggsinos

+ LHH̃Ṽ

W is the superpotential

W =
W2

2
+

W3

3

W2 = LW2
F + LH̃L + LHMT ,

W3 = LW3
F + LllH + Ll̃lH̃ + LlH̃H + Ll̃H̃H̃ + LHH̃H̃

+ LqqH + Lqq̃H̃ + Llqq̃ + Lqqq̃ + Lqql̃
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J. C. Montero, V. Pleitez and M. C. Ro-

driguez, Phys. Rev. D65, 095008 (2002).

W2 = µ0aL̂aη̂
′ + µηη̂η̂

′ + µρρ̂ρ̂
′ + µχχ̂χ̂

′ + µSŜŜ
′

y L̂L̂Ŝ + λ1abcǫL̂aL̂bL̂c + λ2abǫL̂aL̂bη̂ + λ3aL̂aρ̂χ̂

+ f1ǫη̂ρ̂χ̂+ f ′1ǫη̂
′ρ̂′χ̂′ + λ′αaiQ̂αL̂ad̂ci

+ κ1iQ̂1η̂
′ûci + κ2iQ̂1ρ̂

′d̂ci + κ3Q̂1χ̂
′Ĵc

+ κ4αiQ̂αη̂d̂
c
i + κ5αiQ̂αρ̂û

c
i + κ6αβQ̂αχ̂ĵ

c
β

µ0, λ2, λ3 interactions give masses to charged

leptons and neutrinos complex generate Lep-

togenesis ρ0 → χ̃0l
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M. C. Rodriguez, Journ. Mod. Phys. 2,

1193 (2011)

1. The proton is stable at tree level (No

ûûd̂) p → e+π0;

2. Allow Double Beta Decay without Neu-

trinos dd → uuee;

3. New contributions to the muon decay;

4. D+ → K0l+i νi; K+ → π+νν̄;

5. New contributions to the Neutrals KK̄

and also BB̄ Systems (SUPER CKM ma-

trix);

6. Hadronic B Meson Decay.
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scalar sector with anti-sextet

M2
H1

≤ (124.5 + ǫ)2 GeV2

124.5 GeV tree value (ǫ = 0).
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M. C. Rodriguez, Int. J. Mod. Phys. A21,

4303 (2006).

M2
H1

≤ (114 + ǫ)2 GeV2

MA1
> MZ



SUSY331RN Particle Content

LaL =







νa
la
νca







L

∼ (1, 3,−1/3)

a = 1,2,3

lcaL ∼ (1, 1,1)

η =







η01
η−

η02







χ =







χ0
1

χ−

χ0
2





 ∼ (1, 3,−1/3)

ρ =









ρ+1
ρ0

ρ+2









∼ (1, 3,2/3)

12



Supersymmetric Partners:

η̃ =







η̃01
η̃−

η̃02







χ̃ =







χ̃0
1

χ̃−

χ̃0
2





 ∼ (1, 3,−1/3)

ρ̃ =









ρ̃+1
ρ̃0

ρ̃+2









∼ (1, 3,2/3)

Cancel Chiral Anomaly

η̃′ =







η̃′01
η̃′+

η̃′02







χ̃′ =







χ̃′0
1

χ̃′+

χ̃′0
2






∼ (1, 3∗,1/3)

ρ̃′ =







ρ̃′−1
ρ̃′0

ρ̃′−2






∼ (1, 3∗,−2/3)
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Lagrangian

LSUSY 331RN = LSUSY + Lsoft

LSUSY = LLepton + LQuark + LGauge

+ LScalar
LGauge equal as MSUSYS331 P8

symmetry breaking

SUSY331RN
Lsoft7−→ SU(3)C ⊗ SU(3)L ⊗U(1)N

〈χ〉〈χ′〉7−→ SU(3)C ⊗ SU(2)L ⊗U(1)Y
〈ρ,η,ρ′η′〉7−→ SU(3)C ⊗ U(1)Q
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P. V. Dong, D. T. Huong, M. C. Rodriguez

and H. N. Long, Eur. Phys. J. C48, 229

(2006)

W2RC = µ0L̂η̂
′ + µ1L̂χ̂

′ + µηη̂η̂
′ + µχχ̂χ̂

′

+ µ2η̂χ̂
′ + µ3χ̂η̂

′ + µρρ̂ρ̂
′

W3RC = λ1abL̂aρ̂
′l̂cb + λ2aL̂aχ̂ρ̂+ λ3aL̂aη̂ρ̂

+ λ4abǫL̂aL̂bρ̂+ f1ǫρ̂χ̂η̂ + f ′1ǫρ̂
′χ̂′η̂′

+ κ1iQ̂3η̂
′ûci + κ′1Q̂3η̂

′T̂ c + κ2iQ̂3χ̂
′ûci

+ κ′2Q̂3χ̂
′T̂ c + κ3αiQ̂αη̂d̂

c
i + κ′3αβQ̂αη̂D̂

c
β

+ κ4αiQ̂αρ̂û
c
i + κ′4αQ̂αρ̂T̂

c + κ5iQ̂3ρ̂
′d̂ci

+ κ′5βQ̂3ρ̂
′D̂c

β + κ6αiQ̂αχ̂d̂
c
i + κ′6αβQ̂αχ̂d̂

′c
β

+ λ′αaiQ̂αL̂ad̂
c
i + ξ2αaβQ̂αL̂ad̂

′c
β

Same nice phenomenological aspect as in MSUSY331

Pags(9,10)

P.V.Dong, D.T.Huong, M.C.Rodriguez and

H.N.Long,Journ. of Modern Physics 2, 792,

(2011)
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MA1
≈ 5GeV2

A1 does not couple to the Z0
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