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1. Prefatory notes



1.1  Two views about 1.1  Two views about ““mass formulamass formula””

The formula is exact                  The formula is satisfied 
and beautiful.                                  approximately.

The formula originates            The formula reflects 
in a fundamental law             constitution of  the entities. 
of the nature.                           (configuration)

Do you think which case corresponds to 
this charged lepton mass formula?

Ultimate fundamental entities,
we will find a formula  
like the Balmar (or Rydberg) 
formula
in the atomic spectroscopy.

Composite particles,
we will find a formula
like the Gell-Mann-Okubo
mass formula 
in hadron physics.

If quarks and leptons are



1.2   Why did I notice 1.2   Why did I notice 
the charged lepton masses?the charged lepton masses?

In order to explore a new physics,
it is essential to take notice of a phenomenon
which is related to a simple structure:
N. Bohr noticed a spectrum from a hydrogen atom.

I. Newton noticed planetary motion, not terrestrial motion.

Where is a steady clue in particle physics?



How about “masses”?
Quark mass values are still unreliable.
Neutrino masses are unknown exactly.
We can rely only the charged lepton mass values 

to me!
In those times, I tried to express various quantities 
in terms of the charged lepton masses.
For example, 

YK, PRL 47, 1241 (1981)



2. 1982: The story started from
this formula



2.12.1 Charged lepton mass formulaCharged lepton mass formula

In 1982, I have proposed a charged lepton mass relation

YK,  Lett.Nuov.Cim 34, 201 (1982);  PLB 120, 161 (1983)
Prediction: 
Experimental value：
Note that the prediction was in poor agreement with the 
observed tau lepton mass value of  those  days.

Ten years after：
ARGUS, BES, CLEO (1992)

Present： (PDG2010)

Lesson 1: Model-builder should not  adhere to numerical fitting of 
the observed values.



CCharacteristicharacteristics of the formulas of the formula

(i) K is invariant under any exchange among  mei :
（permutation symmetry S3）

(ii) K is invariant under  a scale transformation 
with



2.2  How to derive the formula: 2.2  How to derive the formula: 19821982

YK,  Lett.Nuov.Cim 34, 201 (1982)
The formula has first been speculated from 
a composite model of quarks and leptons.

hi: U(3) family triplet
w: SU(2)L doublet

Assumptions:
(i) Absence of                          with
(ii)  Masses 

: a contribution from U(3) octet
: a  contribution from U(3) singlet



Therefore, we can obtain the relation as follows

Lesson 2: Predictions should be given as relations
among observable quantities by eliminating parameters.
The first paper (L.N.C.) numerically  predicted tau mass
with the parameters      and       .   The form without 
parameters was given in the second paper (PLB).



2.3  How to derive the formula:2.3  How to derive the formula: 1990 1990 
---- Prototype model of a yukawaon model later Prototype model of a yukawaon model later ----

In 1990                              YK,  MPL A5, 2319 (1990)

I have again tried to derive the same formula on the 
basis of a potential model, which is a prototype model of 
the so-called yukawaon model later:

Here, the Yukawa coupling constant Ye is understood as a 
vacuum expectation value (VEV) of new scalar e of U(3)
8+1: 



How to obtain VEV of How to obtain VEV of 
We assume the following scalar potential

where  is a nonet scalar of U(3) family symmetry:
We assume that the potential is written in terms of  
(we call it as a "nonet hypothesis")
However, the nonet hypothesis is broken only by the third term.

(Note that  the third term is still U(3) invariant.)



Since

we can evaluate a  minimizing condition of V as

If we demand that the eigenvalues of 
are different from each other and they are non-zero, 
the coefficients of and 1 must be zero, so that we obtain
the mass formula.



Note
It is not that this formula was derived from
the assumption of U(3) symmetry!
The key assumption:

Nonet assumption:
and its breaking

Problem:
Since the octet part suffers RGE effects different 
from the singlet part, the VEV relation cannot be  
stable.



2.4  Recent attempt to derive 2.4  Recent attempt to derive 
the formulathe formula

(81) model
E. Ma, Phys.Lett. B 649, 287 (2007)

U(9) model
Y. Sumino, JHEP 0905, 075 (2009)

I still hope that you will propose more natural  
derivation of the charged lepton mass relations.



3.  2009:
Why did Sumino need 

a family gauge symmetry?

Why is the charged lepton mass formula 
so remarkably satisfied with the pole masses? 
Sumino has taken this seriously.



3.13.1 Sumino mechanismSumino mechanism

2009: Sumino has seriously taken why the mass formula

is so remarkably satisfied with  the pole masses:

while if we take the running masses, the ratio becomes

The deviation comes from the QED radiative correction

Under                                  ,  K is invariant  if    .



e             e                     g            -g

In order to work the Sumino mechanism correctly，
the following conditions are essential:
(i)                                         of the U(3) family symmetry
(ii) Masses of the gauge bosons        :

Therefore, Sumino has proposed an idea that  the                term
is cancelled by a contribution from family gauge bosons (2009)



3.2   How different from 3.2   How different from 
conventional family gauge symmetriesconventional family gauge symmetries

(i) In order to work the cancellation mechanism 
correctly , it is essential that the fermion fields are 
assigned as                                      of U(3)

(ii) Family gauge coupling constant takes a relation

(iii) Family gauge boson masses are not free, and
they have masses 
(iv) Effective interaction with
appears, for example,

because of   



3.3   Experimental test of 3.3   Experimental test of 
the Sumino gauge bosonsthe Sumino gauge bosons

Sumino gauge bosons can bring fruitful effects in 
TeV region physics, e.g.  

at a future ILC 

(no peak for +-)   at LHC
and so on.

For phenomenological aspects of the Sumino model, 
see our recent paper 

Y.K, Sumino & Yamanaka, 
PLB 695, 279 (2011); arXive:1007.4739 [hep-ph]
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4. Recent  Developments



4.1   Another charged lepton mass 4.1   Another charged lepton mass 
formulaformula

Sumino has derived a new charged lepton mass relation

which is invariant under
and which predicts 

c.f. Experimental value:

Sumino, JHEP 05, 075 (2009)

where  is defined as



Stimulated by his work, I have proposed a slightly modified 
relation from the Sumino relation

with =3/2.
The revised relation predicts

Y.K. PLB 687, 219 (2010) 
c.f. Experimental value:



4.2   Family gauge bosons with 4.2   Family gauge bosons with 
inverted mass hierarchyinverted mass hierarchy

The Sumino mechanism cannot be applied to SUSY 
models, because the vertex correction diagrams do 
not affect in SUSY models.

From the diagram (a), we obtain

In order that the cancellation works correctly, 
since  > 0, we consider



Outline of the modelOutline of the model

By introducing two types of scalars            and
we build our model as follows:
(i) The charged lepton mass matrix Me is given by

(ii) Family gauge boson masses Mij are dominantly
given by the VEV
Therefore, we must show 
(iii) Gauge bosons take an inverted mass hierarchy:
We must show 

For more details, see YK and T.Yamashita, PLB 711, 384 (2012), 
arXiv:1203.2028



How different from the Sumino model?How different from the Sumino model?

Sumino                        K-Y
Non-SUSY                        SUSY

U(3) assignment
of (eL, eR)                   ～ (3,3*)                         ～ (3,3)

Anomaly               a model with anomaly      an anomaly-
less model    

Gauge boson                 Normal                      Inverted
masses                                                    

Family currents

Effective                appear                             not appear in
NF=2 int.          even if Uq=1                         the limit of

Uq=1



Possible effects of the gauge bosonsPossible effects of the gauge bosons

• Deviation from e- universality in the tau decay
We have family current-current interactions

(z1, z2, z3) = (0.016473, 0.23688, 0.97140)

in addition to the conventional weak interactions

We predict a deviation from the e- universality

The gauge boson model with the inverted mass hierarchy will bring
a new view in the low energy (below TeV scale) phenomenology.



Present experimental values 

lead to
This result is in favor of the inverted gauge boson 
mass hierarchy. (For a normal mass hierarchy,  R will 

show R < 1 .)
suggests                   i.e.

This value                           seems to be somewhat low. 
We speculate                       (            a few TeV)   
The value will be confirmed by a tau factory in the near future.



Direct searches at LHC and ILCDirect searches at LHC and ILC

for the lightest gauge boson with a mass of  a few for the lightest gauge boson with a mass of  a few TeVTeV

The searches are similar to Z’ searches, 
but we see only peak in +- channel 

(no peaks in e+e- and +- channels)



5.  5.  Concluding remarksConcluding remarks



(i)  I hope that someone gives a simple and beautiful 
re-derivation of the charged lepton mass formula.
I do not think that the derivation is given only from an 

approach of “symmetry”.  It needs some drastic ansatz
which is related to a fundamental law in physics.

(ii) In order to determine charged lepton mass spectrum 
completely, we need another one relation. 

Is there such a relation?  Or, should we be satisfied with 
a small adjustable parameter?

(iii) I notice the Sumino mechanism which claims 
existence of family gauge  bosons.

Especially, I would like to emphasize a possibility of the 
family gauge bosons with an inverted mass hierarchy.   
The model will bring  a fruitful phenomenology in TeV
region physics.



(iv) Or, is  the charged lepton mass formula
only a matter of casual coincidence? 



Thank you 
for your kind attention


