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Experimental results

Super-Kamiokande, KamLAND and SNO:

∆m2
atm = 2.4(1+0.21

−0.26) × 10−3eV2,

∆m2
sol = 7.92(1 ± 0.09) × 10−5eV2,

sin2 θatm = 0.44(1+0.44
−0.22),

sin2 θsol = 0.314(1+0.18
−0.15),

sin2 θchooz ≈ 0.009 .(1)

Implies neutrino oscillations. At least two neutrinos with very
small masses.

The explanation requires physics beyond the SM

■ Existence of νc
L.

■ Breaking of B − L.
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Masses for νL

■ With νc
L we can have νc

LCνL Dirac Masses. Requires
hφ

ν ≤ 10−13.
■ But νc

LCν
c
L Majorana Masses. → See saw. Requires

Mνc ∼ 1011 GeV.
■ Alternative: Majorana masses for the I = 1, ψlLCψ

c
lL →

triplet Scalar Higgs. Requires a new very small mass scale.
■ The Zee Mechanism (one loop): Couple the L = 2 Lorentz

scalar ψlLCψlL to h+ a charged singlet scalar.
■ The Zee-Babu mechanism (two loop): couple e−RCe

−
R to k++

a double charged singlet scalar.
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3-3-1

SU(3)c ⊗ SU(3)L ⊗ U(1)X

■ Free of gauge anomalies iff NF multiple of 3.
■ Peccei-Quinn symmetry can be easily implemented.
■ Third quark family different from other two.
■ Scalar sector with good candidates for dark matter.
■ Suitable for explaining neutrino properties.
■ Strong hierarchy in the Yukawas can be avoided.
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Electric Charge Operator

Q = λ3L

2
+ bλ8L√

3
+XI3

b = 1/2, 3/2, 5/2, . . . n/2

■ b = 1/2 models without exotic electric charges.
■ b = 3/2 the Pisano-Pleitez-Frampton model.

For b = 1/2 there are:

■ 2 one family models reported in the literature.
■ 4 different 3 family models reported in the literature.
■ There are 4 more three family models.

If exotic electric charges are allowed, there are an ∞ number
of models.
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Model with Exotic electrons
M.Özer, Phys. Rev. D54, 1143 (1996); J.C.Salazar, W.A.Ponce and

D.A.Gutierez, Phys. Rev D75, 075016 (2007).

Quarks:

Qi
L = (ui, di, U i)L ∼ (3, 3∗, 1/3), i = 1, 2. Two families.

Q3
L = (u3, d3, D)L ∼ (3, 3, 0). Third family.

U i
L, i = 1, 2 two exotic Up quarks.

DL an exotic Down quark.
Right-Handed quarks uac

L ∼ (3∗, 1,−2/3), dac
L ∼ (3∗, 1, 1/3)

a = 1, 2, 3,, Dc
L ∼ (3∗, 1, 1/3), U ic

L ∼ (3∗, 1,−2/3).i = 1, 2.

Leptons:

LlL = (ν0
l , l

−, E−
l )L ∼ (1, 3,−2/3), l = e, µ, τ .

Singlets l+L ∼ (1, 1, 1) E+

lL ∼ (1, 1, 1).
ElL three exotic charged electrons.
Right-handed neutrinos are not present.
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Scalar sector

〈φ1〉T = 〈(φ+

1 , φ
0
1, φ

′
0
1 )〉 = 〈(0, v1, 0)〉 ∼ (1, 3, 1/3)

〈φ2〉T = 〈(φ0
2, φ

−
2 , φ

′−
2 )〉 = 〈(v2, 0, 0)〉 ∼ (1, 3,−2/3)

〈φ3〉T = 〈(φ+
3 , φ

0
3, φ

′
0
3 )〉 = 〈(0, 0, V )〉 ∼ (1, 3, 1/3),

〈φ4〉T = 〈(φ+

4 , φ
0
4, φ

′
0
4 )〉 = 〈(0, 0, v4)〉 ∼ (1, 3, 1/3).

with the hierarchy: v1 ∼ v2 ∼ v3 << V ∼ a few TeV.

The anomaly free discrete Z2 symmetry

Z2(φ1, φ2, φ3, E
+

lL) = 1, Z2(φ4, LlL, l
+

L ) = 0.

(F. Yin, Phys. Rev. D75, 073010 (2007): discrete symmetry is A4).



● Experimental results

● Masses for νL
● 3-3-1

● Electric Charge Operator

● Model with Exotic electrons

● Scalar sector

● The charged lepton sector 1

● Charged lepton sector sector

2
● Neutrino masses 1

● Neutrino masses 2

● Neutrino masses 3

● Perturbative analysis

● Numerical analysis

● CONCLUSIONS

- p. 8/15

The charged lepton sector 1

Ll
Y =

∑

α=1,3,4

∑

l,l′=e,µ,τ

LlLφ
∗
αC(hEα

ll′ E
+

l′ + heα
ll′ l

′+)L + h.c.,(2)

In the flavor basis ~E6 = (e, µ, τ, Ee, Eµ, Eτ ), with the
discrete symmetry Z2 enforced and v1 = v2 = v3 ≡ v ∼ 102

GeV

Me = v
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(3)
where δ = v/V is an expansion parameter.
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Charged lepton sector sector 2
MeM

†
e for Yukawas of order one produce

■ Three heavy leptons (masses of order V)
■ The symmetry e↔ µ↔ τ implies one see saw mass (for τ ).
■ e↔ µ two see saw masses (for µ and τ ).
■ Without flavor symmetry: three see saw eigenvalues.
PROGRAM: Two see saw eigenvalues for µ and τ and
generate mass for e with a radiative mechanism.

⊗

×

φ0
2 φ′0

1

λ12v1v2

l−
L

E+

l′L
hE4

l′l′
V E−

l′L l′′+
L

hE2

ll′
he1

l′l′′

Figure 1: Loop diagram for the electron mass.
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Neutrino masses 1
Radiative Majorana masses use a new scalar triplet

φ5 = (φ++

5 , φ+

5 , φ
′+
5 ) ∼ (1, 3, 4/3), with Z2(φ5) = 0 and 〈φ5〉 = 0.

Lν
Y =

∑

ll′

hν
ll′LlLLl′Lφ5 =

∑

ll′

hν
ll′ [φ

++
5 (l−LE

−
l′L − l′−L E−

lL)

+ φ+
5 (E−

lLνl′L −E−
l′LνlL) + φ′+5 (νlLl

′−
L − νl′Ll

−
L )],(4)

for l 6= l′ = e, µ, τ . 3 parameters hν
ll′ fixed by phenomenology.

⊗

4

φ′+

5 φ−

1

λ54V v3

νlL
l′−
L Rad l′+

L νl′′L
hν

ll′ he1

l′l′′

Figure 2: Loop diagrams contributing to the radiative generation of
Majorana masses for the neutrinos.
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Neutrino masses 2

The lepton mass terms are

Lm = ~νT
LfM

′νC~νLf + ~ET
6LM

′′
e C ~E

c
6L + h.c.,(5)

~νT
Lf and ~E6 are vectors in the flavor basis.
M ′

ν = (Mν +Mν
T )/2 is the symmetric 3 × 3 neutrino mass

matrix constructed from the second order radiative corrections.
M ′′

e is the 6 × 6 charged lepton mass matrix

Relations between the flavor states and the mass eigenstates
are:

~νLf = UPMNS~νL,

UPMNS is the 3 × 3 Pontecorvo-Maki-Nakagawa-Sakata lepton
mixing matrix.
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Neutrino masses 3

The mass matrices are diagonalized by

UT
ν M

′
νUν = Md

ν , UlM
′′
e V

†
l = Md

e ,

■ Md
e = Diag.(me,mµ,mτ ,MEe

,MEµ
,MEτ

).

■ Md
ν = Diag.(m1,m2,m3)

Uν is a 3 × 3 rotation matrix and Ul and Vl are two 6 × 6
rotation matrices

UPMNS = U †
3lUν ,(6)

where U3l is the 3 × 3 upper left submatrix of Ul.

UPMNS is not unitary (differs from unitary by terms
proportional to δ2 ∼ 10−4).
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Perturbative analysis

U0
3l =







1/
√

2 −1/
√

2 0

1/
√

6 1/
√

6 −2/
√

6

1/
√

3 1/
√

3 1/
√

3






,(7)

The tribimaximal mixing matrix which is unitary.

U0
PMNS = U23(θ23)U13(θ13, δ)U12(θ12)Iφ,

Uij are rotation matrices in the ij plane by the angle θij and δ
and Iφ are Dirac and Majorana CP violating phases.

θ23 = θatm, θ12 = θsol and θ13 = θchooz.
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Numerical analysis

Perform a random numerical analysis to fix hν
ll′ .

with hν
ll′ (for 0.05 ≤ hν

ll′ ≤ 1.0)
The experimental results are reproduced, up to 3σ deviations,
for

hν
eµ ≈ hν

µτ ≈ hν
eτ ≈ 0.1

With inverted hierarchy.
and neutrino masses predicted as:

■ mν1
= 0.0491 ± 0.0001 eV.

■ mν2
= 0.0483 ± 0.0001 eV.

■ mν3
= 0.0016278 ± 3 × 10−7 eV.



● Experimental results

● Masses for νL
● 3-3-1

● Electric Charge Operator

● Model with Exotic electrons

● Scalar sector

● The charged lepton sector 1

● Charged lepton sector sector

2
● Neutrino masses 1

● Neutrino masses 2

● Neutrino masses 3

● Perturbative analysis

● Numerical analysis

● CONCLUSIONS

- p. 15/15

CONCLUSIONS

The neutrino mixing angles and mass differences were
reproduced in the context of this 3-3-1 model with:

ALL THE YUKAWA C.C. OF ORDER 0.1

WITH NEAT PREDICTIONS FOR THE NEUTRINO MASSES.
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