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• Spin-extended model within unification and SM 
extensions. 

• Model’s symmetry groups and representations: 
chiral elements. 

• Lagrangian construction. 

• fermions and scalars in (7+1)-d, and heavy-
quark mass hierarchy effect.  
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Two physical interpretations 

• Kaluza-Klein type of framework, for in higher than 
(3+1)-dimensions, only the spin component in 

 

 

 

 

 

• Elementary discrete degree-of- freedom matrix 
construction. 

µ=4,…,N-1, ν=4,…,N-1 

remains as symmetry operator; thus, spatial 
componets are frozen. 



(a) Symmetry groups    (b) Representations 



(5+1)-d spin-extended model 

 Following the Kaluza-Klein idea, one seeks constraints on     
symmetries extending the spin space. For example, the Clifford 
algebra on 5+1 dimensions contains the usual Lorentz generators,  
and scalar ones. 
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             Scalars 

 

          ULe(1)× UY(1)× SUL(2) 



Standard-model heavy particles  
 

            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          4.6                  ½                ½ ,0              1/3, -2/3  

Composite multiplet suggested 

Weak       Hypercharge          



  



Spin-extended model equivalent 
Lagrangian terms 

Fermion-vector 

Projection operator 
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(7+1)-d   
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(7+1)-d   
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SU(2)LxU(1)Y-invariant term 

Higgs mechanism  

    Hierarchy effect: 



Main points 

• Spin-extended model provides for a feasible  
SM extension. 

• At given dimension, it constrains groups and 
representations. 

• A Lagrangian construction produces a gauge 
invariant formulation. 

• At (7+1)-d, a predicted Higgs doublet induces 
a fermion mass hierarchy effect, suggestive of 
the bottom and top quark mass values. 

 

 



Composite models 

• 1961 Nambu Jona-Lasignio. Superconductivity 
model in which four-fermion interaction 
generates both fermion and boson masses. 

• 1989 Nambu. Higgs from top quark condensate. 

• Bardeen, Hill, Lindner, use fixed point in 
renormalization. 

• Technicolor: Higgs composed of fermions 
alleviates fine-tuning problem. 

• Spin extended model. 

 

 

 



Can standard-model bosons be 
constructed in terms of fermions? 

Higgs 
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Hamiltonian model: known mesons 

• Fermion Hamiltonian of the form: 

H=H(t, b,mt, mb); variational calculation 

 

 

 

 

 

 

 

toponium and bottomium: masses 2mt    2mb 

 



Standard-model extensions 

Phenomenological prediction   Conceptual basis   


