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1 Introduction

When we see history of physics, we will find that

"symmetries” always play a key role in the new
physics. In investigating the origin of flavors, too, we

may expect that an approach based on symmetries
will be a powerful instrument for the investigation.

Especially, how to treat the flavor symmetry is a big
concern in grand unification model-building.
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However, when we want to introduce a symmetry
(discrete one, U(1), and any others) into our mass
matrix model, we always encounter an obstacle,

a No-Go theorem in flavor symmetries:

We cannot bring any flavor symmetry into a mass
matrix model within the framework of the
standard model unless the model breaks the
SU(2), symmetry.

(YK, Phys.Rev. D71 (2005) 016010)




However, we should not consider this
theorem to be negative.

We must take this theorem seriously,

but we should utilize this theorem

positively to investigate the origin of the
flavor mass spectra.

In the present talk, | would like to talk about
how to evade this No-Go theorem in order to
build a realistic mass matrix model.
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2 Masses and mixings

In the standard model

In the standard model, the fermion masses are
generated from the VEV of the Higgs scalar:

(We will denote a case in the quark sectors as an example.)

Hy = Y!Qr;Huugj + Y;Qr;Hydgj + h.c.
(2.1)
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The requirement of a flavor symmetry means as
follows: Under the transformation of the

flavor basis o _, Q, =TLQr
uRp — u}z = nguR
the Hamiltonian is invariant.

Therefore, the requirement imposes on the
Yukawa coupling constants YY and Y9 as the
following constraints:

TIY'Th =Y*", Tiy'T§ =Y
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On the other hand, the CKM mixing matrix V
IS given by
V= (UH)TU¢ (2.6)
where

(U,ﬁ)“MuUﬁ — Du — dlag(mu, me, mt)
(UHTMUEL = Dy = diag(mg, ms,mp)  (2.7)

Now we attention to Y/ (Y /)T , and we obtain
T[;YU(YU)TTL = yu(yw)t
YUY )T, = Yy T (2.8)

(U“)TY“(Y“)TU“ = Dy (Dy)?
S Uy Ayt = dedﬁ'—




3 No-Go theorem
in flavor symmetries

[Theorem] When we introduce a flavor
symmetry into a model within the framework
of the standard model, the flavor mixing
matrix (CKM matrix and/or neutrino mixing
matrix) cannot describe a mixing among 3
families, and only a mixing between 2
families is allowed. ( x % 0 )

V —

* % 0
O 0 1

(YK, Phys.Rev. D71 (2005).016010)
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Such a strong constraint comes from the relations
(2.8): Flavor symmetry requirement rfy-u yuyip, = yu(yuw)t
T, YUY )T, = Yy )T
and (2.9) : Diagonalization relation (UMY U (Y ¥ UY = Dyu(Dy)?
(UDTYUYDIUF = Dy(Dy)?

When we define the operator 7, = (u))tT Ul (3.1)
we can obtain the relation T}LD%TJC _ D%
from (2.8) and (2.9) . (3.2)
Therefore, the operator T; must be

Ty = Pr = diag(eﬁ{, ei(g, eich) (3.3)
so that T is expressed as

Ty — UgPU(Ug)T — ngd(Ug)T
T T Ceaaaeee—
g P — (U dp.(UdT e — P
= Py = (Up)'ULPg(Up)'UL = VormPaVok



Eq.(3.5) leads to
PuVokym — VerkmPg =0 (3.6)

20 i5;l V. .= 0
= ("% —e ) (Vorm)ij = (3.7)

U — sd : .
Only when §% = 6j , we can obtain (Vogar)ij 7 O
We do not consider the case with 571” = 572” — (Sg’
and 6¢ = §4 = §¢ which corresponds to 17, = 1
For a non-trivial flavor transformation T|_, we must choose, at

least, one of 5,{ differently from others. For example, for the
case with 5{ — 5£ - 5!,:. we can obtain only a two-family mixing

PN *ox O
V=] x x O
O O 1



We summarize the premises to derive the
theorem:

(i) The SU(2), symmetry is unbroken.
(i) There is only one Higgs scalar in each sector.

(iii) 3 eigenvalues of Y'in each sector are non-
zero and no-degenerate.

If one of them In a model is not satisfied, the
model can evade the theorem.
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Example which is ruled out by the theorem

(i) We consider a flavor symmetry at GUT scale.

(Of course the SU(2), symmetry is unbroken at the scale.)

(i) There is only one Higgs scalar in each sector, e.g. H, and Hy.
(

i) 3 eigenvalues of Y'in each sector are completely different
from each other and not zero at the GUT scale.

Then, such the model is ruled out by the theorem.




4 How to evade
the no-go theorem

-- Three allowed ways to the mass matrix models

4.1 Multi-Higgs model

Mij = Y{(Ha) + Y3(Hy) + Y5(He)

4.2 Model with an explicitly broken symmetry

In other words, there is no flavor symmetry from the beginning

4.3 Model in which Y’s are fields

M;; = ~(Yi;) (HO)




4.1 Model with multi-Higgs scalars

Multi-Higgs models can evade the No-Go
theorem, where the Higgs scalars have
different transformation properties for the
flavor symmetry.

M;j = Y%(Ha) + Y (Hy) + Y5(He)  (4.1.1)

However, generally, such a multi-Higgs model
iInduces the so-called FCNC problem.
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We must make those Higgs scalars heavy
except for one of the linear combinations of
those scalars:

H, Hy\ 10°GeV
Up ( Hy ) = ( H, ) 1010GeV
He H | 101°GeVv (4.1.2)

However, at present, models which give a
reasonable mechanism are few. The
mechanism must be proposed in the
framework of the exact flavor symmetry.

However, in most models, the suppression of
unwelcome components are only

assumptions by hand. S——



4.2 Model with an explicitly
broken symmetry

We consider a model in which the
symmetry is broken explicitly from the
beginning.

Example: N.Haba & YK, hep-ph/078.3913, PLB (2007)
We assume a U(3) flavor symmetry.
The symmetry U(3) is broken by the parameter
Yt explicitly:

=Y Y{L;E;H,
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(For convenience, hereafter, we drop the index "e".)

Also, we consider a U(3) nonet field &
and we denote the superpotential for ® as

Wae = mqTr[PD] + mo(Tr[d])?

A Tr[ddd]

A Tr[PD]| Tr[P]

A3(Tr[®])3
(4.2.2)

We assume that the symmetry is also broken by
a tadpole term with the same symmetry breaking
parameter Y as follows:

W =Wg — p°Tr[Y®P] + Wy 423)

v



Then, we obtain
OW W

—— =0=———p 2y

oD . ob (4.2.4)
?‘D"’ =3\ PP +c1(P)P + co(P)1  (4.2.5)
c1(P) = 2(mq1 + A Tr[d]) (4.2.6)
Co(cb) — QmQTI’[CD] —|— )\QTI’[CDCD]

+3X3(Tr[®])? (4.2.7)
Now, we put an ansatz that our vacuum is given by a specific
solution of Eq.(4.2.4):

3N\ DD — p’Y =0 (4.2.8)

- !61(¢)¢ 1+ co(P)1 = 0! -




Eq.(4.2.8) leads to a bilinear mass formula
Yi; = 3M—)\21 zk:<¢ik><¢kj> 4210
For non-zero and non-degenerate eigenvalues Vi
Eq.(4.2.9) leads to ¢,=0 and cy=0.
For example, when we assume
We = mTr[dd] + ATr[eB) B8] 4.2.11)

where ¢®) = — 1Tr[o]1, we obtain
2
Trldd] = g(Tr[cp])2

from c,=0 because

5 Tr[e®e®a®)] = Tr{odd] - Tr[¢] (Tr[CDCD] _ z(Tr[cb%
(4.2.

(4.2.12)



Eq.(4.2.12) leads to

2
v+ v3 + 05 = S+ o2 + v3)? 421

in the diagonal basis of (P;.) = §;,v;

Therefore, from Eqgs.(4.2.10) and (4.2.14), we obtain
the charged lepton mass formula

2
me +my +mr = Z(Vme + y/mp + V)2
(4.2.15)

which can give an excellent prediction m = 1776.97 MeV
from the observed values of me and my, .

(The observed value is. m?"" = 1776.997 322 MeV

e .




4.3 Model in which Y’s are fields

We consider that Y's are fields in the Yukawa

Interactions
Y v
HY — —QLzHuuR] ]\jQLinde h.c. (431)
Since the flelds Y s are transformed as
Yf — Y f — TLY]E(T}J;)T (4.3.2)

under the transformation @; — Q; =7.Q;
urp — ’U,IR p— TuuR

the constraints (2.8) for Y/ (Y/)T disappear, so
. that we cMaM—‘



For example, recently, Haba has suggested that the
effective Yukawa interaction originates in a higher
mass-dimensional term in Kahler potential K

Lot
K~ —yaAl LB;H
M2TAT I (4.3.4)

1 T
= (K)p ~ W?JA(FA)iijEin (4.3.5)
(N.Haba, private communication)

A similar idea in the neutrino masses has been proposed by
Arkani-Hamed, Hall, Murayama, Smith and Weiner [PRD64
(2001) 115011]
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When we adopt a O'Raifeartaigh-type SUSY
breaking mechanism [PL B429 (1998) 263]
W = We(P)
FAUTr[ADPDP] + AgTr[BPDP] — u2Tr[EA] (4.3.6)

where &' (3x3 matrix) is a flavor breaking parameter.

We can again obtain a bilinear form for the effective

Yukawa coupling constant as follows:
oW

A
—Fl =" = A0 — 42t = AgZBdd £ 0
0A A A
L (4.3.7)
where the VEV spectrum of & is determined from the equation
ow  oWe

D r— =3
P 0P
More details will appear in hep-ph soon.



5 Summery

The no-go theorem in flavor symmetries tells

us that we cannot bring any flavor symmetry,
at least, into a mass matrix model based on

the standard model.

We have demonstrated 3 ways to evade the
no-go theorem in the flavor symmetries:

(A) Model with multi-Higgs scalars
(B) Model with an explicit broken symmetry

W



Models based on the scenario A have been
proposed by many authors.

However, current most models have not
given a plausible mechanism which makes
Higgs scalars heavy except for one.

In the scenario B, there is no flavor symmetry
from the beginning. The "flavor symmetry" is a
faked one for convenience.

However, if we once suppose a flavor
symmetry, rather, we would like to consider
that the symmetry is exact, and then it is

broken spontaneously. Therefore, w
unsatisfactorv to the scenario B.



Models based on the scenario C are
iInteresting. However, in order to give an
effective Yukawa interaction, we need a
term with higher mass dimension

i (Ye)ijLiE;Hy N W
or
ﬁ(YQT)iijEin in K

However, we want a model without such

higher mass dimensional terms as
*lm.



In conclusion, | have proposed 3 ways to evade
the no-go theorem. Those scenarios can evade
the no-go theorem prac caIIy, but those still do

,u.

not suit my fe -oﬁ; Ve “u_ | fr a more
A b v o

.natural scenario which is fre the no-go

Y {:fl- ot i r

o'y

| believe that this no-go theorem will
shed a light on the understanding of the
flavor mass spectra.

Thank you



Proof of the theorem

We define Hermitian matrices 2y = Y;Y{ (f = u,d)

WhHtH U] = D3 = %dlag(mfly 72, M%3) %)
— H; =T} H;Ty, (A.2)
— Hy = U] D3(U})

We obtain TID3T; = D? (A.3)
where Ty = (Uz)TTLUf (A.4)
If m%, are non-zero and non-degenerate, 1y must be

Ty = Py = diag(eié:{, ei‘g Z‘Sf) (A.9)
sothat 7, — yup,(UW)T = U¢P,(UP)! (A.6)

P . = UHIUIPUHITUL = Vg MPdvgiKM-



Eq.(A.7) leads to
PuVokym — VoekmbPg =0  (A8)

20 7;5? V. .= 0
— (6 ¢ € )( CKM)’L_]_ (A.9)

Only when 0;' = 5;-1 , we can obtain (Vogas)ij 7 O

We do not consider the case with 0{ = 05 = 03

and 6¢ = §4 = §¢ which corresponds to 17, = 1
For a non-trivial flavor transformation T, , we must choose, at

least, one of 5{ differently from others. For example, for the
case with 5{ — 5£ - 55, we can obtain only a two-family mixing

PaaT— * * 0
V=] x x O
O O 1
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