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Motivation & Outline 

Concrete construction 

Unorthodoxy 



Motivation 

Varieties in Yukawa couplings 

Rich spectra of quarks and leptons 

 Keys to open the door to a next stage 

Three families (?) of quarks and leptons 

Room 

for 

Dark 

Matter? 

Description: 



Triplet fields for bundles of quarks and leptons 

 Diversity of Quarks and Leptons   

1928 

4x4x4 = 64 

4  

Outline  

Multi-spinor fields 

Dirac’s spinor field for electron 



Weinberg-Salam (WS) theory 

Higgs doublet  Chiral doublet  & singlet  

1968 

Standard Model  (SM) 

Extended SM in multi-spinor formalism 



Chiral spinor fields  

EW doublet 

EW singlets 

Chiral triplet fields  

EW doublet 

EW singlets 

WS mechanism to triplet fields 

   Naïve extension  



Excluded by LHC experiments (?, !)  

  L-R twisted scheme with (3+1) families 

 Fourth family for dark matter  

Sequential scheme with four families  



Triplet field and triplet algebra 



Triplet algebra 

Dirac algebra 

Triplet algebra 

Closed and irreducible under permutation group  

Criterion for physical subalgebra 



   

spacetime 



Lorentz transformation for triplet field  

Dirac spinor field 

Triplet fields 

Chirality for triplet fields 

 External subalgebra   



   

 External subalgebra   

 Internal subalgebra   

 Coleman-Mandula theorem   



 family algebra  color algebra 

 visible : dark  quark : lepton 

 Isomorphic at algebraic level 

 
  

Irreducible 

 Internal subalgebra   



Triple-tensor-products 

 family algebra 

 color algebra 
 isomorphic 

Triple-tensor-products 

 commutative  Pauli algebra 

 Pauli algebra 



Closed 

Irreducible 





irreducibility 

Action of  

Visible sector 

Dark sector 



Projection operators for family modes   

 
 

 

 

Projection operators to visible and dark modes   

 
 

 

 



 Visible and dark subalgebras 



Three family  

visible mode 

Additional 4-th 

   dark mode 

Projected family component fields 

Chiral triplet fields 



 family algebra 

 color algebra 

  Mimic !   

 
 

 

 



Operators for (baryon – lepton) charge 

Operators for extended color charge 



 Color algebra    

Lie group for 

Color SU(3)  

 Isomorphic at algebraic level 
 family algebra  color algebra 



 Color subalgebras 

 Projection operators to color subalgebras 



 Visible sector  Dark sector 

 Extended color subalgebras for visible and dark sectors 



Family modes 

Three visible families  

Fourth dark family  

Color states in visible and dark sectors 

Tricolor fermions : Quark states 

                          

Colorless fermions : Lepton states 



Model building  

with  

a pair of ｔｒｉｐｌｅｔ fields 



L field 

R field 

EW  singlets 

EW doublets 

Fundamental representations 

Sequential model with four families 

Excluded by LHC experiments ?, !  

We discard this possibility  



EW* doublet 

R field 

EW*  singlets 

EW  singlets 

EW doublet 

 for visible sector 

 for dark sector 

Fundamental representation 

L field 

L-R twisted model  



Quark states 

Lepton states 

L field  

Star 

symbol 



Quark states 

Lepton states 

R field  



Lagrangian density of L-R twisted model  

Yukawa parts 

Kinetic and gauge parts 



Two Higgs fields  

Visible Higgs Dark Higgs 

Higgs potential 

Bi-quadratic coupling  



 

4-th family 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Three families 
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Dark Sector Visible Sector 

Gravity 

Bi-quadratic 

 coupling  



Dark atom  

Dark molecule 

Only one stable hadron  

 Breakdown of                                             symmetry  

Dark hadron  

Candidates of DM 

No nuclear reaction : Simple thermal history 

Simplest scheme 



Breakdown of two symmetries   

Bi-quadratic coupling  

Unitary decomposition 

Visible Higgs 

Dark Higgs 



                                                        

                              

Interaction  

mode 

Mass eigen-modes 

Visible Higgs 

Dark Higgs LHC Higgs 



Mass eigen-modes 
Visible Higgs 

Dark Higgs LHC Higgs 



Direct detection of dark matter 

LHC Higgs 

LUX  &  Xenon 1t  



Indirect detection of dark matter 

Difficult to identify the process from decay products 

LHC Higgs 

Fermi  &  AMS-2  



Yukawa interaction 

Higgs-Gauge interactions  

Higgs potential 

Early reheating stage 

Quantum 

correction 



Two sectors are in an inseparable phase of 

thermal equilibrium in an early reheating period 

Higgs-induced interactions between 

 visible and dark fermions 

Era of quantum soup of visible & dark fields 



Decoupling of dark sector out of thermal equilibrium 

Early reheating period : Inseparable phase  

Thermal histories of visible sector and dark sector 

Friedmann equation        All visible & dark fields 

Effective number of relativistic d. o. f. 



Mass of stable dark hadron 

(1) Era of common soup of visible & dark quanta 

(2) Same mechanism for baryogenesis in two sectors  

(3) Era with stable nucleons      and dark hadrons 

1 dark family : 3 visible families 

Data from Planck  

4  4  



 LUX detection 



Results, problems  

and 

speculation 



Monotone world of dark matter        

Fundamental representation of chiral triplet fields 

 Three families of visible Q’s and L’s 

Results 

 Additional single family of dark Q’s and L’s 

Careful study of thermal history : Required 



 Problems 

Different treatments for color and electroweak symmetries   

 A new type of multi-spinor field  

 gauge symmetry   

Isomorphic at algebraic level  

Different treatment of color and family at the SM level  

 continuous symmetry?   



Implication of triple-legs the triplet fields 

Composite  spinor field?  

Composite particle 

 Question 



Implication of the triple-product of algebras 

 Question 



World with three sheets 

 a la Connes? 

Geometrical interpretation?  

 Speculation 

spacetime 


