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   In the spring of 1953, Enrico Fermi told Freeman Dyson, 
“I remember my friend Johnny von Neumann used to say, 
with four parameters I can fit an elephant, and with five I 
can make him wiggle his trunk.”  



 Weinberg’s concerns and attempts 

 If a fermion looks like a Goldstone 

OUTLINE  



 
2 Weinberg’s paper in 1967   

Particle content: no neutrino mass, no quarks, no flavor mixing & CPV  

Theoretical ingredients: it’s got what it matters（五脏俱全）   

      My style is usually not to propose specific models that will lead to specific 
experimental predictions, but rather to interpret in a broad way what is going 
on and make very general remarks, like with the development of the point of 
view associated with effective field theory ---- Weinberg 2021@CERN Courier 



 
3 Objecting to Weinberg’s razor 

Albert Einstein:  Everything should be made as simple as possible, but 
not simpler!      

 

 

 

 

Occam’s razor      

 Theoretically unnatural    

 Experimentally natural    

 

cut off 7 
physical 
parameters    

 

 

★ The least cost to 

generate -mass is 
a Yukawa coupling    

★ Use charge-conjugated 

fields of left-handed ’s? 
Pay with the scalar fields    

结
构
存
在
自
然
性
问
题 

maximal P violation 



 
4 Majorana is more natural 

★ The simplest way to extend the SM is to introduce the right-handed 

neutrino fields and write out a Dirac mass term.       

P. Minkowski 1977, 
T. Yanagida 1979… 

  
 
 
 
 

 
 
 
 
 

  ★ Such a seesaw picture is consistent with the 

unique operator proposed by Weinberg (1979)    

In the SM, L and B are violated by instantons, only B – L is conserved.  

mass state: antineutrino=neutrino  

Dirac 
mass 

It is lepton-number-violating.  

Majorana 
mass  

Murray Gell-Mann: everything 

not forbidden is compulsory! 

1937   



 
5 But the big shot did it in this way 

1972 

1979 

电子质
量源于
圈图量
子效应 

马约拉
纳中微
子的质
量源于
五维有
效算符 



 
6 From 2017 to 2020 

87岁高龄 

2020 

一代和
二代费
米子质
量源于
圈图量
子效应 



 
7 Is Weinberg on the right track?  

 

 eV 

 

keV 

MeV 

 GeV 

 TeV 

 

e 

 

 

u 

c 

t 

d 
s 

b 

 0 1   2   3   

 

Fermion masses: the Yukawa interactions at the tree level  in the SM.     

Flavor mixing: both Yukawa and charged-current gauge interactions.      

Richard Feynman (1959): there is plenty of room at the bottom. True! 

Problem 1 
flavor 
hierarchy 

Problem 2 
flavor 
desert 

Problem 3 
-mass 
origin 

ICHEP2020 

 

Small masses from tree or loop?   

初
现
端
倪 



 
8 Two examples  

Example 1: tree-level nearest-neighbor interactions to generate mass       

with                   . 

The Fritzsch texture (double seesaw):  

 

Example 2: two-loop renormalization-
group running for zero -mass.      

 

D. Zhang, ZZX 
2005.05171  

A seesaw-like mass relation:                              for the lightest fermion. 

From the trees to the forest: a review of radiative -mass models          
Y. Cai, et al: 
1706.08524  



 
9 Challenge from flavor mixing  

Weinberg’s approach doesn’t help much in interpreting flavor mixing , 
which cannot be well understood unless the flavor structure is known.     

  

Model: a constant matrix + corrections.  

 Model: the identity matrix + correction.  

ZZX, Phys. Rept. 854 (2020) 1—147 
Flavor structures of charged fermions and massive neutrinos No success !  

 I. Esteban et al (2007.14792):  

 Particle Data Group (2020):  
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11 Translation of a neutrino field  

citations 
> 1900  

 

 

1973 



 
12 Translation of a scalar field  

1979 

Gerard ‘t Hooft: Naturalness, chiral symmetry & spontaneous chiral symmetry breaking  

 



 
13 Translation of 3 neutrino fields   

keeps invariant under the transformation:  



 
14 T.D. Lee’s 80th birthday   

2006 

 

十五年后，我
试图重新理解
李先生的初衷 



 
15 

★ A global fit on neutrino masses: I. Esteban et al (arXiv:2007.14792)   

★ Neutrinos: the lightest neutrino can be exactly massless at the tree level    

A zero mass limit is OK?   

★ Charged leptons: the electron mass is so small that it approximates to zero    

★ Quarks: u- and d-quark are light; mu=0 would solve the strong CP problem    



 
16 My exercise: Majorana neutrinos 

★ The effective Majorana neutrino mass term:   

 

★ Make a translational transformation for the 

left-handed neutrino fields in the flavor space   

spacetime- and flavor-independent element of the Grassmann algebra  
 

★ Then the Majorana mass term will keep invariant if                 holds.     

★ So we arrive at a general correlation between a zero neutrino mass 

and a proper column of the neutrino mixing matrix. It is now possible 
to have             or              for viable flavor mixing (ZZX, 2102.03050).         



 
17 My exercise: Dirac fermions 

★ The Dirac fermion mass term (in the Hermitian basis):   

★ Make a translational transformation 

for left- & right-handed fermion fields:  

 

★ The Dirac mass term will be 

invariant under the condition:                 
 

★ The nontrivial solution is           
★ So we arrive at the 

correlation thanks to 
the symmetry.  



 
18 

★ Big shots have considered a possible translational symmetry in the 

neutrino or scalar sector, my attempts are to highlight this possibility 
and extend it to all the fundamental fermions. 

It remains very preliminary  

★ Two obvious obstacles in this connection:  1) this symmetry is only 

imposed on the effective mass term instead of the whole Lagrangian; 
2) symmetry breaking is unclear and maybe arbitrary (like others).   

★ Excuse:  new and even seemingly exotic ideas are always called for 

in order to pin down the true flavor dynamics, in view of the fact that 
those popular approaches do not help much either.      

★ Michael Duff theorem (1993):  some cynic said in order for 

physicists to accept a new idea, they must first pass through 
the following three stages:  

It’s wrong I thought of it first  It’s trivial  

THANKS A LOT  


