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Argument summary

• Electroweak conventional fields and their 
Lagrangian can be written in a spin-extended 
space.

• Scalar-vector term, invariant under conjugate scalar
parametrization. 

• Same scalar field within SV and SF terms connects 
V and F;  after the Higgs mechanism, it constrains 
quark masses. 

• Yukawa constants are reinterpreted as geometrical. 

• Multiplet structure suggested for heavy standard-
model particles.



Motivation: multiplet structure

Masses (GeV)   Spin             I2 Y

• W+/- 80.4                1                  1                    0

• Z 91.2                1                  0                    0

• H 126                0                  ½                    1

• t 173                ½                ½ ,0              1/3, 4/3

• b 4                  ½                ½ ,0             1/3, -2/3

Composite multiplet structure suggested

Weak       Hypercharge         

Puzzles in the standard model: 

•Fermion-mass parameters;  Yukawa sector independent of scalar-vector.  

•Origin of electroweak symmetry breaking (Higgs mechanism). 



Spin-extended model within standard-
model extensions



Use of conventional and spin bases

spin basis                        conventional basis

• Constrain representations and interactions at given 
dimension. 

• Finite number of possible partitions.

spin basis                        conventional basis

Reinterpretation of fields: 

• SV: scalar operator acting over vectors

• SF: scalar operator acting over fermions

• Standard-model projection.







Conventional and spin-extended bases, 
Lagrangian equivalence: fermion-vector

conventional basis spin-extended basis

Field formulation:



Conjugate SU(2) property

• For a set of generators Gi, conjugate -Gi
* satisfy the

same Lie algebra.

• SU(2) property: conjugate representation obtained
by similarity transformation:

σ2 σi σ2 = -σi
*                         σi :    Pauli matrices

σ2 ψ* transforms as ψ



Scalar-vector Lagrangian representations

Scalar-field normalization requires

Single scalar representation

Scalar and conjugate representation

Sikivie et al. [80], Chivukula [98]



SV Lagrangian and scalar t-b spin
representation

Scalar correspondence

SV spin representation



Spin-space: connection between scalar-
vector and Yukawa terms



Scalar-vector scalar-fermion comparison

Z-vector mass

Top-quark mass

Higgs mechanism

Higgs mechanism



Quark-mass relation

Higgs mechanism

The “punchline:”



Quark-mass relation

Higgs mechanism

The “punchline:”



Correspondence’s physical 
interpretation

• Dynamical: action of scalar on fermion and vector share the same 

effect: common Hamiltonian H.

[H+H†,F]       vs     [H,V]† [H,V]

• Symmetry: e. g., SU(2)LxU(1) fundamental-adjoint representation

connection.

• Compositeness: Standard-model gauge structure. No information on 

whether this a formal or physical feature.


