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１．My mottoes 



1.11.1 Distinguish the origin of Distinguish the origin of ““mass mass 
spectrumspectrum”” from the origin of from the origin of ““massesmasses””!!

The origin of the “masses” is elusive subject at any times.
The concept of “mass” has been changed with  the  times.
It has, little by little, become clear as progress of the physics.

The origin of the “mass spectrum” has been a realistic 
subject at any times, and the investigation has played a 
historical role in physics.
In this talk, I will discuss the origin of “mass spectrum and 
mixing”, not the origin of “masses”．

For the time being, I assume that the origin of mass lies in 

Higgs mechanism (the conventional SU(2)L doublet scalars).



1.2 1.2 Masses and mixings should Masses and mixings should 

be calculable!be calculable!

 Standard model: 
The origin of mass spectra and mixing
is due to Yukawa
coupling constants.
Yf are fundamental 
constants which are given
by Nature, and which we 
cannot calculate. 

This is a fundamental constant.
Be scared and inviolable!



However, I think  that there are too many fundamental”
constants in the standard model. 

The mass spectra and mixings are not given by the 
nature, but those have to be calculable dynamically.
We regard  Yf as  VEVs of scalars (yukawaons) Yf :



1.3  The origin of the hierarchical 1.3  The origin of the hierarchical 
structures should be understood structures should be understood 

from a common source!from a common source!

We would like to understand all VEVs of
yukawaons on the basis of  a fundamental VEV
matrix

In other words, we consider that the hierarchical 
structures of all Yukawa coupling constants can
be understood with only one common source Me

1/2.



As shown later, we will try to understand all VEVs
of yukawaons on the basis of  a fundamental 
VEV matrix

as 



2. A hint:
Democratic universal 

seesaw mass matrix model
(1996)



 Universal seesaw model

Berezhiani (1983); Chang-Mohapatra (1987); Davidson-Wali
(1987); Rajipoot (1987); Babu-Mohapatra (1989); ...

 Democratic universal seesaw model
“Top-quark-mass enhancement in a seesaw-type quark mass 
matrix”, YK and H.Fusaoka, Z. Phys. C71, 459 (1996)

where 



where

(i)  We can understand why mb and m are smaller compared 
with the weak scale W.

(ii) Besides, 

by assuming bu= -1/3 (i.e. det OF=0), we can obtain

By taking 
we can obtain reasonable quark mass ratios and CKM mixing. 



 Regrettably, we could not find a value of b which gives 
reasonable neutrino masses and PMNS mixing.

 However, this model gave a suggestive hint for a unified 
description of quark and lepton mass matrix model, as I will 
tell you in this talk. 

 Although a new model (the so-called “yukawaon model”) can 
give reasonable PMNS mixing, the model cannot give the 
attractive features                      and
in the up-quark sector.  

 Unfortunately, in the yukawaon model, so far, we have not 
succeeded in inheriting the beutiful results in the up-quark 
sector from the 1996 model.   
I am happy if you try to build a reasonable model which 
combine the universal seesaw model for up-quark sector with 
the yukawaon model.



3. What is    
the yukawaon model?  

My home town, Kanazawa city



3.1  Conception of  3.1  Conception of  ““yukawaonsyukawaons””

(i) Yukawaons are a kind of flavons.
(ii) Those are singlets for the conventional gauge symmetries.
(iii) Since yukawaons are fields, we can consider non-Abelian
family symmetry by assigning a suitable quantum number to Yf. 
(If we consider that Yf. are coupling constants, we cannot consider 
any non-Abelian family symmetry without considering an 
explicit symmetry breaking.)
(iv) All VEVs of yukawaons are described in terms of 

However, for the time being, we use the values determined  from 
the observed charged lepton mass values as the eigenvalues of        ,  
(z1, z2,z3) = (0.016473, 0.23688, 0.97140).



3.2 How to obtain VEV relations3.2 How to obtain VEV relations

Example:
(i) We assume the following superpotential: 

(ii) We demand SUSY vacuum condition    

(iii) We assume 
so that derivatives of W with respect to other fields except for 
becomes zeros and those do not affect the above VEV relation.   



(1) We put a superpotential W which is invariant under the 
symmetries assumed:

(2) We differentiate W with respect to ’s:

(3) The other derivative (e.g.                           ) can be neglected,

because those always contain  fields.

We can easily obtain desired VEV relations by using this  
technique.  (But, too easy technique!!)

These  fields are subsidiary fields? 

Somewhat tricky technique



3.3 What is a selling point3.3 What is a selling point
in the in the yukawaonyukawaon modelmodel

Neutrino mass matrix M is described by Mu and 
Me!

YK, JPG 35 (2008) 125004;  PLB 665 (2008) 227–230

More exactly speaking, we assume a seesaw model

with

Note that the PMNS mixing originates only in the structure 
of MR .



My home town, Kanazawa city

4.  2009 Model: O(3) model
YK, PLB 680, 76  (2009)



4.1  Would4.1  Would--be Yukawa interactionsbe Yukawa interactions

We assume O(3) family symmetry:
Yf: (octet +singlet) of O(3)

A yukawaon Yf is distinguished from others 
by R-charge. 
The assignments of R-charges are phenomenlogically
done by hand.  
Therefore, the model is still phenomenological.



4.2  Quark sectors4.2  Quark sectors

Note that each sector includes only one parameter af

By choosing suitable R charge assignments, 
we obtain the following VEV relations



4.3  Neutrino Sector4.3  Neutrino Sector

Here, we have replaced           in MR as follow:

because all elements of          must be positive,

while the signs of the eigenvalues of                                        
are (+, -, +).

(This is somewhat artificial as we discuss later.)



By taking au= - 0.56, 
we obtain the following up-quark mass ratios 
and neutrino mixing parameters:

Since the  observed value of tan2solar is                              , 
the above predicted value is somewhat large. 

Z.Z. Xing et al.PRD77 (2008)



4.4  We add a new term to Y4.4  We add a new term to YRR

Since our model is based on O(3), if a term ABC is allowed, 
then another term ACB is also allowed:

Then, the predicted value of tan2solar can be improved as



4.5  How about CKM?4.5  How about CKM?
The down-quark mass matrix Md is determined 
only  by the parameter ad.   
We consider that the parameter ad is complex, 
and we denote it as              .

The predicted values of |V13| and |V31| are 3 times larger than 
the observed ones.   An improvement of the down-quark sector
is required.



4.64.6 Summary of PLB 680 (2009)Summary of PLB 680 (2009)

Roughly speaking,  in spite of a model with quite few 
parameters, the model can give a fair fitting.
The predicted value of 13 is too small  compared with the recent Daya bay 
experiment,  although the predicted value was acceptable in 2009.
For a version with good-fitting, see H.Nishiura and YK, PRD83, 
03510 (2011):  The fitting is best, but parameters are increased. 



5. 2012 Model: S3 model

YK and Nishiura, arXiv:1202.5815 [hep-ph]



5.1   What is the origin of (1+ 5.1   What is the origin of (1+ aaff X)?X)?

 So far, for the origin of the VEV form

we have assumed a superpotential form which gives 
the form (1+ af X). 
Now we consider that the form is due to a permutation
symmetry S3. 
However, differently from the conventional S3 model,

quarks and leptons are still triplets of U(3) family symmetry



5.2   Invariant form under S5.2   Invariant form under S33
We denote a doublet and singlet in S3 as

Then, the fields                                  is expressed as

Then, a bilinear form  is invariant under the S3 symmetry 
only when the form is given by

The appearance of a free parameter af is due to a reason that 
there are two singlets,            and           . 



5.3                                    Model5.3                                    Model

 We consider a model with family symmetries

 We assume that U(3)’ is broken into S3 at a scale ’
i.e.

where  and a are indices of U(3)’ and S3, respectively,
and                                    .

We can easily accommodate the 2009 model 
to the present  S3 model by taking ae=0 for Me. 



5.4   2012 model5.4   2012 model
YK and Nishiura, arXiv:1202.5815 [hep-ph]

However, there is no reason that we take ae=0 for Me.
We investigate a model with 

Here,            is a diagonal matrix.         

Note that in this revised model the charged lepton mass 
matrix Me is not diagonal any longer. 



 Improved points
(i) We can build a model without introducing 
a field Pu with VEV 
(ii) can be predicted.

c.f. 2009 model needed additional parameter.
 Regressive points
(i) In order to give md/ms, we need a term m0d 1
in the down-quark sector.
(ii) Since the present model does not give 

as far as the charged lepton mass relation 

we must return  to  the  drawing‐board.



6. Concluding remarks



6.1   There are too many 6.1   There are too many yukawaonsyukawaons
---- How to reduce the number of thoseHow to reduce the number of those--

--
In the standard model, there is a Yukawa coupling constant 
with a different structure correspondingly to each fermion sector.
Therefore, it is matter of course that there are many yukawaons.
However, we want to reduce the number of those if possible. 

Example: we assume an SU(5) GUT scenario

Therefore, we obtain                                    YK, IJMPA27, 2012

Similarly, we can eliminate some of yukawaons.
However, note that the number of matter fields increase.

What does mean “economic”? 



6.2  SUSY? or non6.2  SUSY? or non--SUSY?SUSY?
So far, in a series of yukawaon models, a SUSY scenario has been
adopted. Why SUSY?
Practical reason:
(i) If we adopt a non-SUSY model, it is hard to calculate VEV 

relations analytically.
(ii) Relative ratios among VEVs of yukawaons are stable under 

the RGE effects if we adopt a SUSY scenario.
However, do we really needs SUSY?
(i) We need only scalar partners of yukawaons in this SUSY 

model. Fermion partners do not play an essential role.
(ii) At present, there is no experimental evidence for SUSY!

This is a future task to us.



6.3  There are many future tasks6.3  There are many future tasks

 Improvement in the neutrino sector
So far, we have failed to give a prediction of                 
as the observed large value                               .
A drastic revision will be needed, 
without increasing parameters.

 How can we observe the effects of yukawaons?
We have already investigated possible effects of family
gauge bosons.  Then, how about yukawaons?
This is also our task in future. 



6.4  Final comment6.4  Final comment

Thus, although the yukawaon model is still a model 
which is not completed, it seems to be  a promising 
model as a unified description of quark and lepton 
mass matrix model because we can consider many  
different versions along this direction.

At least, I do not think that the mass spectra and 
mixings originate in the yukawa coupling constants,
in other words, that the yukawa coupling constants in 
the standard model are really fundamental constants.



Thank you for your kind attention


