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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.




However, when we want to introduce a symmetry

J
(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.

D

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




However, we should not consider thi
theorem to be negative.
We must take this theorem seriously,

but we should utilize this theorem
positively to investigate the origin of the

| Gl 1

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.




2 Masses and mixings

INn 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}#QriHuug; + Y{3QriHadg; + 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, _, QL e
urp — ’U,R:TguR

the Hamiltonian 1s invariant.

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

e p S D i Bl e e

(2.5)




On the other hand, the CKM mixing matrix V
IS given by

V = (UE)iue (26

where
(U}/”)TMUU]’% = Dy, = diag(my, me, my)
(Ug)TMdUd = Dy = diag(mg, ms, my) (2.7)
Now we attention to Y/ (Y /)T , and we obtain
T[J;Y“(Y“)TTL — yu(y)t
Ty = )

(2.8) (U“)TY'“’(Y“‘)TU“ — Du(Du)T
(UHTYH(Y)UE = Dy(Dy)T




3 No-Go theorem (AN
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 1s allowed. « % O
V = *x x 0

O 0 1

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




Such a strong constraint comes from the relations
(2.8): Flavor symmetry requirement T;YU(YM)TTL yu(yw)t
gt @as) TR ac (el
and (2.9) : Diagonalization relation (guytyu(yuytyu = p, (D)t
(UL)TYd(Yd)TUL — Dd(Dd)T

When we define the operator 7 = (UE)TTLUf (3.1)
we can obtain the relation T
from (2.8) and (2.9) . /
Therefore, the operator T must be
Ty = P; = diag(e™1, &%,
sothat T, Is expressed as
Ty, = Uy Py(UP)T =

= P, = (UL)TUgPd(UL)TU

o2, = Jo%

/ / (3.2)

zéf) (3 3)




Eq.(3.5) leads to
PuwVorkyv — VoekvmPqg =0 (3.6)

N 5d
0] — ") (Vora)ij = O (3.7)

Only when §% = 5395 . we can obtain (Vo ar)ij 7 O

We do not consider the case with 07 = 05 = 03

and §¢ = 64 = §¢ which correspondsto 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{ — 6£ = 6§ we can obtain only a two-family mixing

G




We summarize the premises to derive the
theorem:

(1) 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.




Example which is ruled out by the theorem

() We consider a flavor symmetry at GUT scale.

(Of course the SU(2), symmetry is unbroken at the scale.)
() There is only one Higgs scalar in each sector, e.g. H, and H.

(iii) 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.




the no-go theorem

-- Three allowed ways to the mass matrix models

4.1 Multi-Higgs model

Mij = Y{(Ha) + Y2(Hy) + Y5(H)

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;; = #(Y;;)(H®)




4.1 Model with multi-Higas scalars

~ - - -

Multi-Higgs models can evade the No-Go
neorem, where the Higgs scalars have
Ifferent transformation properties for the
avor symmetry.

Myj = Y(Ha) + Y3(Hy) + Y5(He)  (a1.1)

However, generally, such a multi-Higgs model
iInduces the so-called FCNC problem.
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except for on
those scalars:

H, 102GeV
Ug| H, | =| H; | 101%GeV

H Hy ) 1016GeV (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.




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
WA explicitly'

ZY@L E;H,

(4.2.1)




(For convenience, hereafter, we drop the index "e".)
Also, we consider a U(3) nonet field &
and we denote the superpotential for P as
We = myTr[®D] + mo(Tr[P])?

XN Tr[PDD] 4+ A Tr[dP] Tr[d] 4+ Az (Tr[d])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[YP] + Wy @23




. (4.2.4)
0P

Cl(cb) — 2(m1 —+ )\QTF[CD]) (4.2.6)

Co(CD) — 2m2TI’[CD] —|— )\QTI’[CDCD]
+3X3(Tr[P])? (4.2.7)
Now, we put an ansatz that our vacuum is given by a specific
solution of Eq.(4.2.4):

3\ DD — Y =0 (4.2.8)




(4.2.10)

For non-zero and non-degenerate eigenvalues v;
Eq.(4.2.9) leads to ¢c4=0 and cy=0.
For example, when we assume

Wqe = mTr[dd] + ATr[dE) o) (8] (4.2.12)

where ¢®) = ¢ — 1Tr[¢]1, we obtain

Tr{dd] = %(Tr[d)])Q

from c,=0 because

(4.2.12)

Tr[e®o®E) @) = Triddd]—Tr[d] (Tr[CDCD] — g(Tr[CD])Q




Eqg.(4.2.12) leads to

2
vf + 03 +v3 = Z(v1 +v2 +v3)°

(4.2.14)
in the diagonal basis of (®;;) = §;,v;

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

e+ my + me = ~(Vilte + i + /)3
(4.2.15)
which can give an excellent prediction m = 1776.97 MeV
from the observed values of me. and m, .
(The observed value is m 2’5 = 1776.99‘_"(()).‘22259 \ISAV




4.3 Model in which Y's are fields

We consider that Y's are fields in the Yukawa

Interactions
Y Yd
Hy = —QL?,HUURJ = QL?,Hdde Sl (4.3.1)

Since the frelds Y's are transformed as

Yf — Y]i = TLYf(Té)T (4.3.2)

under the transformation @; — QL—TLQL
up — uR—TguR

the constraints (2.8) for Y/ (Y /)1 disappear, SO
that we canagain‘evadethe No-Go




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

1 f
K~ —yaAl.L;E;H
e (4.3.4)

- T
= (K)p ~ —QZ‘JA(FA)z'ijEz'Hd (4.3.5)

M
(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]




When we adopt a O'Ralfeartaigh-type SUSY
breaking mechanism [PL B429 (1998) 263]
| V— Wq)(q))
FATr[APDP] + AgTr[BPDP] — u2Tr[EA] (4.3.6)

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

We can again obtain a bilinear form for the effective

Yukawa coupling constant as follows:

=W e — 2 2Bod £ 0
A Y A Mg B)\ 7

A
T OW (4.3.7)

—Fp =5 = PP #0 439
where the VEV spectrum of ® is determined from the equation
ow  oWg
P oD
More detalils will appear in hep-ph soon.
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Summery

The no-go theorem Iin 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) Mode
(B) Mode
(C) Mode

with multi-Higgs scalars
with an explicit broken symmetry
In which Y's“are fields




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,
unsatisfactory to the scenario B.




® Models based on the scenario C are
Interesting. However, In order to give an
effective Yukawa interaction, we need a

term with higher mass dimension
i (Ye)i; L;E;Hy  InW

However, we want a model without such
higher mass dimensional terms as
possible:




In conclusion, | have proposed 3 ways to evade
tllb NO- gU LIIBUICIII IIIUbB bbBlIdlIUb cdll BVdUB
-0 theorem practlcally, but those still do

| 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 Hy = YfYT (f =u,d)
(U{)THng = DJ% = %dlag(mfl, 2 f3) (A1)
s Hf — TIT/HfTL W)
— Hy = U} D3(UI)

We obtain TID2T, = D2 (A.3)

= f
where 7 — (Ug)TTLUz (A.4)

If m%, are non-zero and non-degenerate, 1y must be
Tf = Pf — d|ag(eZ5f @'55 @(Sf) (A5)
so that Tr = uPu(UEL)T — ngd(UL)T AN

= P, = (UDTUIPHUDTUY = Vor PV




Eq.(A.7) leads to
PuwWokym — VermPg =0  (As)

N 5d
0] — ") (Vora)ij = O (A.9)

Only when 9;" = 0;" , we can obtain (Vogr)ij 7 O

We do not consider the case with 07 = 05 = 03

and §¢ = 64 = §¢ which correspondsto 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{ — 6£ = 6§ we can obtain only a two-family mixing

G




