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On explaining the observed pattern  
of quark and lepton masses 
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Replace the Higgs sector of SM by new strong flavor 
(family, generation, horizontal) SU(3)f  dynamics 

(QFD for brevity) with one parameter, the scale Λ. 
For anomaly freedom add one triplet of sterile 

neutrino right-handed fields. 
•   

 

 

 

 
  SU(3)f  x SU(2)L x U(1)Y symmetry  

  manifest in the Lagrangian is observed as  
badly broken down to U(1)em 

 
 



By elementary Higgses:  
Yanagida, PR D20, 2986(1979) 

1. Majorana masses of sterile neutrinos: 
    3 x 3 = 3* + 6  =>  introduce flavor sextet  
    Ф = (6, 1, 0)   <Ф>0 huge (~ 1014 GeV) 
    gives also masses Ma to all eight flavor gluons C 
    2 x 6 = 12 = 8(NG) + 1 (pseudoNG) + 3(Higgs) 
2. Dirac masses of SM fermions: 
    3* x 3 = 1 + 8 => introduce 
    Ф = (8, 2, 1) to break SU(2)L x U(1)Y down to 
    U(1)em  
3. Neutrino masses by seesaw come out naturally !   
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The idea in words:  
Dynamical chiral gauge symmetry breakdown  

à la Nambu : 
  
1.  Flavor gluon exchanges in 6 of 3x3  in SD  equation 
    generate 3 different huge Majorana masses MfR ~ Λ of  
    sterile neutrinos => huge masses of all 8 flavor gluons Ca.   
 
2. Flavor gluon exchanges in 3* x 3 channels in SD equation 
     generate 3 different exponentially small Dirac masses mf  
     same for neutrino, charged lepton, u- and d- quark in 
     given family => masses of W,Z bosons. 
 
3. Mass splitting of charged leptons and quarks in a family is    
     attributed to known different weak hypercharges 
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Dynamical generation of both MfR and mf masses 
by SU(3)f  (rest are inevitable consequences of 
Goldstone theorem) 
 
 
 
 
                                                                                     

 
 
 

 
• fermion self-energy (mass) is a bridge between L and R 

valid both  for Majorana and Dirac fermions 
• sliding coupling at strong coupling entirely unknown   
• IF the idea is warranted ULTIMATELY no free parameters 

seesaw neutrino mass spectrum truly CALCULABLE 
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Integrate only up to Λ.  The model thus becomes not       
asymptotically, but strictly free above Λ. Fix external 

p=(p,0,0,0) and integrate over angles:  
 

 
 
For unknown kernel we make the BCS motivated Ansatz  
 
 
 
                                        

  gab are the effective low-energy constants (how many ?!)  
 

 
Real life is more prosaic: 

We illustrate explicitly mf << MR by a separable 
Ansatz for the kernel of SD equation   

 



With separable Ansatz the SD equation is 
immediately formally solved: 

 
                        
  

Difficult part is that Г has to fulfil non-linear 
algebraic self-consistency condition (gap equation).   

 
The obtained behavior of ∑(p2) ~ 1/p is not without 
support: P. Mannheim, Phys. Lett. B773(2017)604, 
and references therein, and his contribution to this 
conference.                            
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1. Majorana masses of sterile neutrinos 
                                                         
                
2. Dirac masses of leptons and quarks 
 
 
 
 
 
  
      
         
      same for all fermion species in a family 
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Neutrino masses-ultimately exact–true prediction 

 
• ∑D ~ Λ exp (-1/α)  and ∑R ~ Λ were already computed 
• ∑L   is a Majorana mass of the left-handed neutrino  of the 

electroweak left-handed doublet.  2 x 2 = 1 + 3, and the 
condensing component would be the neutral component of 
the complex triplet 
 
 

• Such a suggestion costs nothing provided φ is elementary 
(triplet Majoron).  

• We wishfully argue against formation of composite φ – 
strong repulsion without confining force. Hence SEESAW 
 

    
 
                

9 



Masses of charged leptons and quarks are 
distinguished by weak hypercharges 

      In SD eq. consider besides C also the B exchanges:  

                                      
 
 
 
 

We do not know how to incorporate the B exchange into 
separable Ansatz, and use a primitive parametrization 
  

                           primitive parametrization         
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Impressionistic conclusion: 
Properties of quantum flavor dynamics  

 
 

• Masses of leptons and quarks are ultimately calculable  
• There is a QFD understanding of seesaw origin of neutrino 

mass spectrum 
• No genuine electroweak symmetry scale,  Λ ~ 1014 GeV 
• Composite Higgs is similar to but distinct from SM Higgs  
• There are three superheavy neutrino-composite inflatons χ 
• There are decent candidates for dark matter – axions 
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dynamical neutrino mass term (sextet) :  
neutrino current                                            where  
  
WT identity, pole term 
 
 
Yukawa couplings of ‘would-be’ NG bosons 
 
 

flavor gluon masses                       (Jackiw-Johnson)     
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Illustration of composite NG bosons by 
Ward-Takahashi identity (SU3)  



  

14 

• IV.  

 

 

 

 
Dynamically generated masses of leptons and 
quarks break spontaneously SU(2)L x U(1)Y  to 
U(1)Q : There are 3 ‘would-be’ NG bosons i.e., 
massive W and Z. 
 
 
 
compute the W, Z masses in terms of ∑ using 
the Pagels-Stokar formula 
 
 

 



Thanks for your attention ! 
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