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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)
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U(1) charge operators, third SU(2), generator and @
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Gauge extension

The gauge group of the super-weak model:

SU3). ®SU(2). ® U(1)y ® U(1),

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

The kinetic terms of the U(1)y®U(1), sector of the group can be described with the
Lagrangian density:
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where £, and F;,, correspond to the field strength tensors of U(1)y and U(1),
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Gauge extension

The covariant derivative acting on the fermion field f:

Dg(l) . 8# ™ i(yfgyBu y. ngzB;;)

The yf and z* are the hypercharge and U(1), charge of f J
The mass eigenstates (A, Z,, Z;,) with a rotation:

Bu cosfBy —cosfrsinfy —sinfzsinby A,

VAVS = | sinfy cos@rcosbBy,  cosBy sinfz 2

Bl 0 —sinfy cos Oz Z)

O is the weak mixing angle and 67 is the Z — Z' mixing angle
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Scalar extension

The scalar sector of the SM Higgs SU(2) doublet ¢ with charges (y,, z,) = (1/2,1) and
a complex singlet scalar x with charges (y,,z,) = (0, —1). The relevant Lagrangian:

Escalar o |D,u¢|2 =+ |D,LLX|2 3 :U’i|¢|2 i Mi|X|2 . )‘¢|¢|4 Y )\X|X|4 - )‘|¢|2|X|2

Parametrizing the fields after spontaneous symmetry breaking (SSB):

L/ =i25k 3 i B
qb_ﬁ<v+h'+ia¢>’ X_E(W+S+IUX)

v o~ 246.22 GeV and w are the vacuum expectation values and the fields ', s’, o, and
o4 are real
The fields o, and o, correspond to the Goldstone bosons
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Scalar extension

Scalar and Goldstone mixing angles:

A M
sinflsg = — Ve tanf¢g = Vztan 0,

/\¢>V2 —)\XWQ’ 7
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Fermion extension

The fermion sector of the super-weak model is extended with three sterile massive
Majorana neutrinos Ng = (v4, vs, 16)

The gauge invariant Yukawa interactions of the neutrinos are given by Lagrangian
density

L e
LY = —NrYieapliatp — ENR Yn(Ng)x + h.c.

« and /3 are SU(2), indices and .5 = (_01 (1)>

The 3 x 3 Dirac and Majorana mass matrices:

MD =5 7Yua MN 7 YN

Sl =

9/13



Fermion extension

The light neutrino mass matrix M, = —MpMy*ML + h.c. can be obtained by
block-diagnonalizing the full 6 x 6 neutrino mass matrix M via a unitary matrix U:

UTmMu =u’ ULy U = Myjag = diag(m me)
MD MN diag g 1)---, 116
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Active-sterile mixing

The 3 x 3 active-sterile mixing matrix:

Ue4 Ue5 Ue6 -
U (Uﬂ4 Uys U,m) = mp g SyPMNS Ll p T [ M

U7'4 U7'5 UT6

R is real, parametrized as:

Clp =S 0 C13 0 513 1 0 0
R = S12 C12 0] x 0 1 0 x |0 Cr3 —53
0 0 1 —513 0 C13 0 523 Co3

¢ = \/1—_—53 and s; € [0, 1]
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RGE for neutrino mass eigen values and mixing angles:
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Sin 0

Neutrino mixing angle running

Quark mixing angle running 0.3 to 0.01
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