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Particle content of the standard model with the super-weak extension. 2 / 13



Group representations and charges of the fermions and scalars in
the Super-weak Standard Model (SWSM)

field SU(3)c SU(2)L U(1)Y U(1)z
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U(1) charge operators, third SU(2)L generator and Q
f y z T3 Q
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Gauge extension

The gauge group of the super-weak model:

SU(3)c ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)z

The SM group is extended by an extra U(1) group

The kinetic terms of the U(1)Y ⊗U(1)z sector of the group can be described with the
Lagrangian density:

LU(1) = −1
4F µνFµν − 1

4F ′µνF ′
µν − ε

2F µνF ′
µν

where Fµν and F ′
µν correspond to the field strength tensors of U(1)Y and U(1)z
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Gauge extension

The covariant derivative acting on the fermion field f :

DU(1)
µ = ∂µ − i(y f gyBµ + z f gzB ′

µ)

The y f and z f are the hypercharge and U(1)z charge of f

The mass eigenstates (Aµ, Zµ, Z ′
µ) with a rotation:

 B̂µ

W 3
µ

B̂ ′
µ

 =

cos θW − cos θZ sin θW − sin θZ sin θW
sin θW cos θZ cos θW cos θW sin θZ

0 − sin θZ cos θZ


Aµ

Zµ

Z ′
µ


θW is the weak mixing angle and θZ is the Z − Z ′ mixing angle
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Scalar extension

The scalar sector of the SM Higgs SU(2) doublet ϕ with charges (yϕ, zϕ) = (1/2, 1) and
a complex singlet scalar χ with charges (yχ, zχ) = (0, −1). The relevant Lagrangian:

Lscalar = |Dµϕ|2 + |Dµχ|2 − µ2
ϕ|ϕ|2 − µ2

χ|χ|2 − λϕ|ϕ|4 − λχ|χ|4 − λ|ϕ|2|χ|2

Parametrizing the fields after spontaneous symmetry breaking (SSB):

ϕ = 1√
2

(
−i

√
2σ+

v + h′ + iσϕ

)
, χ = 1√

2
(w + s ′ + iσχ)

v ≃ 246.22 GeV and w are the vacuum expectation values and the fields h′, s ′, σχ and
σϕ are real
The fields σϕ and σχ correspond to the Goldstone bosons
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Scalar extension

Scalar and Goldstone mixing angles:

sin θS = − λvw
λϕv 2 − λχw2 , tan θG = MZ ′

MZ
tan θZ
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Fermion extension

The fermion sector of the super-weak model is extended with three sterile massive
Majorana neutrinos NR = (ν4, ν5, ν6)
The gauge invariant Yukawa interactions of the neutrinos are given by Lagrangian
density

Lν
Y = −NRYνεαβLLαϕβ − 1

2NRYN(NR)cχ + h.c.

α and β are SU(2)L indices and εαβ =
(

0 1
−1 0

)
The 3 × 3 Dirac and Majorana mass matrices:

MD = v√
2

Yν , MN = w√
2

YN
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Fermion extension

The light neutrino mass matrix ML = −MDM−1
N M†

D + h.c. can be obtained by
block-diagnonalizing the full 6 × 6 neutrino mass matrix M via a unitary matrix U :

UT MU = UT
(

0 MT
D

MD MN

)
U = Mdiag = diag(m1, . . . , m6)
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Active-sterile mixing

The 3 × 3 active-sterile mixing matrix:

Uas =

Ue4 Ue5 Ue6
Uµ4 Uµ5 Uµ6
Uτ4 Uτ5 Uτ6

 = m∗
Dm−1†

R = UPMNS
√

Mdiag
L iRT

√
M−1

R

R is real, parametrized as:

R =

c12 −s12 0
s12 c12 0
0 0 1

×

 c13 0 s13
0 1 0

−s13 0 c13

×

1 0 0
0 c23 −s23
0 s23 c23


cij =

√
1 − s2

ij and sij ∈ [0, 1]
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RGE for neutrino mass eigen values and mixing angles:

Fixed points in the evolution of neutrino mixings,
P.H. Chankowski, W. Krolikowski and S. Pokorski,
Phys. Lett. B, 473, 109-117 (2000)

Quantum corrections to neutrino masses and mixing angles,
P.H. Chankowski and S. Pokorski,
Int. J. Mod. Phys. A, 17, 575-614 (2002)

General RG Equations for Physical Neutrino Parameters and their Phenomenological
Implications,
J.A. Casas, J.R. Espinosa, A. Ibarra, I. Navarro
Nucl. Phys., B573, 652-684 (2000)
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Sin qij

                                                                                 Neutrino mixing angle running

                                                                                                           

                                                                                                                                

                           Quark mixing angle running                           0.3 to 0.01
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