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The basic idea:

Renormalization of 
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How  ...... look like?

Use of the RG technique

Reduction equation 

The power series ansatz:



Reduction equation



At the lowest order:

At the j th order:
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What would happen if        is 
an negative (positive) integer. 

1. Logarithmic terms have to be added.

2. No logarithmic  term is needed if d=0:
     indication of a symmetry.
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The basic idea:
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Compute beta functions in D-4.

(massless)



Dimensional analyses  (masses=0)
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at least quadratic. 
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Ansatz for the infinite reduction:

Reduction equation:
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What about gravity in D=4?
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It is possible to add an arbitrary 
constant to each         .  
(see also Atance and Cortes, 96)           
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No principle to fix them!!

So far no progress has been made.

sin2 θ13 =
1

2
(me/mµ)2 ! 10−5

sin2 θ23 =
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Am Anfang war die Symmetrie.

Heisenberg may be right even at 
the electroweak scale.



Is there any symmetry behind?



At first sight it looks chaotic, but ...

Flake Symmetry
(Flavor Symmetry)



兼六園 Kanazawa



金沢城



In the case of CKM
this could happen
if you increase the energy scale,
   (symmetry restortion)
                   OR
if you rearrange the quarks,
                   OR



U †
LmUR

m

U ′s

VCKM = U †
uLmUdL
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I would like to thank the organizers of the workshop for giving
me a chance to talk about a topic which I have been working on
in recent years.

This is the title of my talk and they are my collaborators.
and this talk is based on the collaborations with them.
1 I am not going to give an overview on discrete flavor symmetry.

It would be impossible for me to do this. Many people have
thought about flavor symmetry and almost everybody has his
own opinion. The subject is very old. Nevertheless, I was asked
by the organizers to give a review on discrete flavor symmetry.
So I will do it, but my review sufferers from prejudges.
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So here is the plan of my talk.

First I will say a few words on finite groups. Then I will spend
a few minutes for recent flavor models based on finite groups.
I am not giving a complete review on the models, but a quick
review. In the third part I will concentrate on a particular model
based on Q6 to show how powerful a low-energy discrete flavor
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Y. Koide:
  Phys. Rev.  D71, (2005) 016010

  [arXiv:hep-ph/0406286].
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This NO-GO theorem does not 
apply to multiple Higgs models.

Extension of the Higgs sector

to restore a Flavor symmetry

Higgs Family



In particular flavor symmetries
  based on a finite (discrete)  group:

The symmetry group of

is  D6 , one of the finite groups.



 

The classification of the finite groups has 
been completed 1981 (Gorenstein); 
about 100 years later than the case of the 
continues group.
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 Finite groups



(Table "om Frampton and Kephart, ’o1)

M4 × lattice

A4

∆27 , ∆54 , Σ81

Vus " −yd

√
md

ms
+ yu

√
mu

mc
exp i2θq, (1)

Vcb " y2
d√

1− y4
d

ms

mb
exp i2θq −

y2
u√

1− y4
u

mc

mt
exp iθq, (2)

Vub "
√

1− y4
d

yd

√
md

ms

ms

mb

+yu

√
mu

mc

(
y2

d√
1− y4

d

ms

mb
exp i2θq −

1

y2
u

√
1− y4

u

mc

mt
exp iθq

)
, (3)

mf , VCKM and VMNS

< 0.020

Mu , Md =





0 cu,d 0

cu,d 0 bu,d

0 b′
u,d au,d




, MD =





−cν cν 0

cν cν 0

b′
ν b′

ν aν




, Me =





−ce ce be

ce ce be

b′
e b′

e ae





(WMAP :<∼ 0.17 eV)

BD ∈ Z2

BQ ∈ Z4

ms

md
= 18± 0.2 17± 0.2 16± 0.2

µ− τ

2

T ′

S4, ∆(27), Σ(81)

•

sin2 θ12 = 1/3 sin2 θ23 = 1/2

(a, d ∈ C)

sin2 θ12 = 0.3
+0.02

−0.03
, sin2 θ23 = 0.5

+0.08

−0.07
, sin2 θ13 ≤ 0.025 at 2σ

mν ∼





a + 2d/3 −d/3 −d/3

−d/3 2d/3 a− d/3

−d/3 a− d/3 2d/3





VMNS =





√
2/3 1/

√
3 0

−1/
√

6 1/
√

3 −1/
√

2

−1/
√

6 1/
√

3 1/
√

2




×Majorana phases

sin2 θ12 = 1/3 = 0.33..

Z2×̃Z2

PD =




1 0

0 −1





PQ =




i 0

0 −i





1

A4

Vus ! −yd

√
md

ms
+ yu

√
mu

mc
exp i2θq, (1)

Vcb ! y2
d√

1− y4
d

ms

mb
exp i2θq −

y2
u√

1− y4
u

mc

mt
exp iθq, (2)

Vub !

√
1− y4

d

yd

√
md

ms

ms

mb

+yu

√
mu

mc



 y2
d√

1− y4
d

ms

mb
exp i2θq −

1

y2
u

√
1− y4

u

mc

mt
exp iθq



 , (3)

mf , VCKM and VMNS

< 0.020

Mu , Md =





0 cu,d 0

cu,d 0 bu,d

0 b′
u,d au,d





, MD =





−cν cν 0

cν cν 0

b′
ν b′

ν aν





, Me =





−ce ce be

ce ce be

b′
e b′

e ae





(WMAP :<∼ 0.17 eV)

BD ∈ Z2

BQ ∈ Z4

ms

md
= 18± 0.2 17± 0.2 16± 0.2

µ− τ

1

 Recent models 



Selection rules

1. is a low energy symmetry,
2. is not hardly broken, and 
3. makes testable predictions 
in the CKM and MNS.

within the framework of renormalizability.

The flavor symmetry: 

Predictive Models



b(u)y-16 get-22 model

S3 × Z2

(U,D) , U c , Dc ∼ 2(+) + 1(−)

Hu , Hd ∼ 2(+,−) + 1(+)

mu ∼




0 × 0
× 0 ×
0 × ×



 , md ∼




0 × 0
× 0 ×
0 × ×



 ,

D7

(U,D) , Dc , Hd ∼ 21 + 1

U c ∼ 22 + 1 ; Hu ∼ 23 + 1

mu ∼




× 0 0
0 × 0
0 0 ×
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0 × ×
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Q6

(U,D) ∼ 21 + 1+,2 ; U c , Dc ∼ 22 + 1−,1

(N, E) , Ec ∼ 22 + 1+,0 ; N c ∼ 22 + 1−,3

Hu , Hd ∼ 22 + 1−,1

mu ∼




0 × 0
× 0 ×
0 × ×



 , md ∼




0 × 0
× 0 ×
0 × ×





∆Ms,d = ∆MSM
s,d + ∆MEXTRA

s,d = ∆M exp
s,d

∆Ms/∆Md = [∆Ms/∆Md]
exp (1± 0.05)

α = (91.2± 6.1)0

1

Babu and Kubo; Itou, Kajiyama and Kubo

with sponatneou CP

9 parameters to produce 10 observables
in the quark sector.
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1. SUSY flavor problem
2. Proton decay modes
3. Where does the discrete family symmetry 
come from?
4. Anomalies of  discrete symmetries 
       and gauge coupling unification
5,6,.....

More about discrete flavor 
symmetries



Letzter Teil



Noch viele glückliche Jahre mit
Ihrer Frau, Kindern und 

Enkelkindern, und
Guten Appetit!!



THANK YOU VERY MUCH!


