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Universal seesaw mass matrix model with anS3 symmetry
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Stimulated by the phenomenological success of the universal seesaw mass matrix model, where the mass

terms for quarks and leptonsf i ( i 51,2,3) and hypothetical superheavy fermionsFi are given byf̄ LmLFR

1F̄LmRf R1F̄LMFFR1H.c. and the form ofMF is democratic on the bases on whichmL andmR are diagonal,
the following model is discussed: The mass termsMF are invariant under the permutation symmetryS3, and
the mass termsmL andmR are generated by breaking theS3 symmetry spontaneously. The model leads to an
interesting relation for the charged lepton masses.@S0556-2821~99!07217-3#

PACS number~s!: 12.15.Ff, 14.80.Cp
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The universal seesaw mass matrix model@1# is one of the
most promising candidates of unified quark and lepton m
matrix models. The model has hypothetical fermionsFi (F
5U,D,N,E; i 51,2,3) in addition to the conventiona
quarks and leptonsf i ( f 5u,d,n,e; i 51,2,3), and these fer
mions are assigned tof L5(2,1), f R5(1,2), FL5(1,1), and
FR5(1,1) of SU(2)L3SU(2)R . The 636 mass matrix
which is sandwiched between the fields (f̄ L ,F̄L) and
( f R ,FR) is given by

M6365S 0 mL

mR MF
D , ~1!

where mL and mR are universal for all fermion sectors (f
5u,d,n,e) and only MF have structures dependent on t
flavors F. For LL,LR!LS , where LL5O(mL),LR
5O(mR) andLS5O(MF), the 333 mass matrixM f for the
fermionsf is given by the well-known seesaw expression

M f.2mLMF
21mR . ~2!

Thus, the model answers the question of why the masse
quarks ~except for top quark! and charged leptons are s
small compared with the electroweak scaleLL
(;102 GeV). On the other hand, in order to understand
observed factmt;LL , we put the ansatz@2,3# detMF50 for
the up-quark sector (F5U). Then, one of the fermion
massesm(Ui) is zero @say,m(U3)50#, so that the seesaw
mechanism does not work for the third family; i.e., the fe
mions (u3L ,U3R) and (u3R ,U3L) acquire masses ofO(mL)
andO(mR), respectively. We identify (u3L ,U3R

) as the top

quark (tL ,tR). Thus, we can understand the question of w
only the top quark has a mass of the order ofLL .

For the numerical results, excellent agreement with
observed values of the quark masses and Cabib
Kobayashi-Maskawa@4# ~CKM! matrix are obtained by
making the following assumptions@2#.

~i! The mass matricesmL andmR have the same structur

mR5kmL[m0kZ. ~3!
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~ii ! The mass matrixMF is given by the form

MF5m0l~113bfX!, ~4!

15S 1 0 0

0 1 0

0 0 1
D , X5

1

3 S 1 1 1

1 1 1

1 1 1
D , ~5!

on the basis on which the matrixZ is diagonal, i.e.,

Z5diag~z1 ,z2 ,z3!, ~6!

wherez1
21z2

21z3
251.

~iii ! The parameterbf for the charged lepton sector i
given bybe50, so that in the limit ofk/l!1, the parameters
zi are given by

z1

Ame

5
z2

Amm

5
z3

Amt

5
1

Ame1mm1mt

. ~7!

~iv! Then, the up- and down-quark masses are succ
fully given by the choice ofbu521/3 andbd52eibd (bd
518°), respectively. The CKM matrix is also successfu
obtained.

In this phenomenological success, the assumption tha
mass matrixMF is the democratic type is essential. The for
of MF , Eq. ~4!, is invariant under the permutation symmet
@5# S3 for (F1 ,F2 ,F3), while the form ofmL (mR) is not
invariant under the permutation symmetryS3 for
(F1 ,F2 ,F3) and (f 1 , f 2 , f 3). In this paper, we consider tha
the mass termsmL (mR) are generated by breaking theS3
symmetry not explicitly, but spontaneously atm5LL (m
5LR). For this purpose, we introduce three SU(2)L-doublet
Higgs scalars (f1L ,f2L ,f3L), which obey to the permuta
tion symmetryS3 as well as (F1 ,F2 ,F3) and (f 1 , f 2 , f 3).
~We also assume three SU(2)R-doublet Higgs scalars.! The
purpose of the present paper is to discuss the possible s
ture of mL (mR) under thisS3 symmetry.

The Yukawa interactions which generate the mass ma
mL are given by
©1999 The American Physical Society01-1
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yL(
i

F ~ n̄ iL ēiL !F S f iL
1

f iL
0 D EiR1S f̄ iL

0

2f iL
2 D NiRG

1~quark sectors!, ~8!

Hereafter, for convenience, we drop the indexL. The most
simple form of theS3 invariant potential of the Higgs scalar
(f1 ,f2 ,f3) is

V15m2(
i

~f̄ if i !1
1

2
l1F(

i
~f̄ if i !G2

, ~9!

where (f̄ if i)5f i
2f i

11f̄ i
0f i

0 . Note that the term

V25h1~f̄sfs!~f̄pfp1f̄hfh! ~10!

is alsoS3 invariant, where

fp5
1

A2
~f12f2!, ~11!

fh5
1

A6
~f11f222f3!, ~12!

fs5
1

A3
~f11f21f3!, ~13!

and

(
i

~f̄ if i !5~f̄pfp!1~f̄hfh!1~f̄sfs!. ~14!

We assume that the potential of the Higgs scal
(f1 ,f2 ,f3) is given by

V5V11V2 . ~15!

Then, the conditions for the vacuum expectation valuesv i

[^f i
0& at which the potential~15! takes the minimum are

m21l1(
i

uv i u21h1~ uvpu21uvhu2!50, ~16!

m21l1(
i

uv i u21h1uvsu250, ~17!

so that

uvsu25uvpu21uvhu25
2m2

2l11h1
. ~18!

From the relations~13!, ~14!, and~18!, we obtain

uv1u21uv2u21uv3u352uvsu25
2

3
uv11v21v3u2, ~19!

which means the relation@6#
07730
s

me1mm1mt5
2

3
~Ame1Amm1Amt!

2, ~20!

from the relation~7!. The relation~20! is excellently satisfied
by the observed values of the charged lepton masses, i.e
observed values ofme and mm give the predicted valuemt
51776.97 MeV in agreement with the observed value@7#
mt

exp51777.0520.26
10.29 MeV. @We should not take this excel

lent agreement too rigidly, because the electromagnetic
rections to the observed values spoil the agreement
mt(m), for example, to 1.2% at the energy scalem5mZ
591.2 GeV. However, note that the relation~7! is an ap-
proximate one. When we definemL5m0ZL and mR
5m0kZR , the values ofZL(m) andZR(m) are dependent on
the energy scalem, so that the relationZL(m)5ZR(m) is an
approximate relation even if it is exact at a unification ene
scalem5LX . In order to examine the validity of the relatio
~20!, we must know the energy scale structures in the see
model ~e.g., the energy scales ofmR , MF , and so on!. At
present, we consider that the relation~19! is sill worth not-
ing.#

Explicitly, from the relations~11!–~13!, the charged lep-
ton massesmi

e are given by

Amt5Am1
e}v15S 1

A2
cosu1

1

A6
sinu1

1

A3
D vs ,

~21!

Amm5Am2
e}v25S 2

1

A2
cosu1

1

A6
sinu1

1

A3
D vs ,

~22!

Ame5Am3
e}v35S 2A2

3
sinu1

1

A3
D vs , ~23!

where

vp5vs cosu, vh5vs sinu. ~24!

Since the model isfp↔fh symmetric, it is likely that the
vacuum expectation values satisfy the relationvp.vh , i.e.,
sinu. cosu.1/A2. In the limit of sinu5cosu51/A2, the
electron mass becomes exactly zero. In order to givevp

Þvh , we must add a small additional term to the Hig
potential ~15!. However, for a time, we will not touch the
origin of meÞ0.

The potential~15! is not a general form which is invarian
under theS3 symmetry. The generalS3-invariant potential is
given as a function off̄safsb andf̄pafpb1f̄hafhb ~and
also fsafsb and fpafpb1fhafhb), wherea and b are
SU~2! indices. For example, the potential
1-2
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TABLE I. Physical Higgs boson masses, wherev0
25v1

21v2
21v3

25(174 GeV)2.

f x6 x0 H0

m2(fS) eaten byW6 eaten byZ @2(l11l21l3)1h11h212h3#v0
2

m2(fA) 2(l21l31h212h3)v0
2 22(l312h3)v0

2 2(h11h212h3)v0
2

m2(fB) 2(l21l31
1
2 h21h3)v0

2 22(l31h3)v0
2 0
is

ng

n

gs
V5m2@~f̄sfs!1k~f̄pfp1f̄hfh!#

1
1

2
l@a~f̄sfs!21b~f̄sfs!~f̄pfp1f̄hfh!

1c~f̄sfs!~f̄pfp1f̄hfh!2#, ~25!

is S3 invariant, while the potential~25! with kÞ1 and a
Þc cannot give the relation~19!. In order to give the relation
~19!, the following condition is required: The potential
invariant under the exchange

f̄safsb↔f̄pafpb1f̄hafhb ,

fsafsb↔fpafpb1fhafhb ,

f̄saf̄sb↔f̄paf̄pb1f̄haf̄hb . ~26!

The most general form which is invariant under the excha
~26! is given byV5V11V21V3, whereV3 is given by
ne

07730
e

V35
1

2
l2(

i
(

j
~f̄ if j !~f̄ jf i !1

1

2
l3(

i
(

j
~f̄ if j !~f̄ if j !

1h2@~f̄sfp!~f̄pfs!1~f̄sfh!~f̄hfs!#

1h3@~f̄sfp!~f̄sfp!1~f̄sfh!~f̄sfh!1H.c.#. ~27!

Then, the potentialV leads to the relation

uvsu25uvpu21uvhu25
2m2

2~l11l21l3!1h11h212h3
,

~28!

instead of Eq.~18!, so that we can again obtain the relatio
~20!.

In Table I, we give the masses of the physical Hig
bosonsHS

0 , HA
0 , HB

0 , xA
0 , xB

0 , xA
6 , and xB

6 , which are
defined by
f i[S f i
1

f i
0 D 5

1

A2 S iA2x i
1

Hi
02 ix i

0D , ~29!

S fS

fA

fB
D 5

1

v0S v1 v2 v3

v12A2

3
v0 v22A2

3
v0 v32A2

3
v0

A2

3
~v32v2! A2

3
~v12v2! A2

3
~v22v3!

D S f1

f2

f3
D 5

1

v0S vp vh vs

vp vh 2vs

A2vh 2A2vp 0
D S fp

fh

fs
D ,

~30!

v0
25v1

21v2
21v3

25vp
2 1vh

21vs
252vs

2 . ~31!
nts
tor,
nal.
ef-

iggs

ey,
ark
ust
@The evaluations are analogous to those in Ref.@8#, where
the U~3! family nonet Higgs scalarsf i

j ( i , j 51,2,3) were
assumed. We can readf i

j in Ref. @8# asf i
i→f i ( i 51,2,3)

and f i
j→0 (iÞ j ).# The Higgs componentsxS

6 and xS
0 are

absorbed by the weak bosonsW6 and Z, respectively. The
Higgs bosonHS corresponds to that in the standard o
Higgs boson model. Note that the Higgs scalarHB is mass-
less. Also,HA is massless if theh terms are absent, andxA

6 ,
xB

6 , xA
0 , andxB

0 are massless if the termsV3 are absent.
In the present model, the flavor-changing neutral curre
~FCNC! effects do not appear in the charged lepton sec
because the mass matrix of the charged leptons is diago
However, in the neutrino and quark sectors, the FCNC
fects appear through the exchanges of the neutral H
bosonsHA

0 , HB
0 , xA

0 , and xB
0 . Although the FCNC in the

neutrino sectors have the possibility@9# to offer an alterna-
tive mechanism to the neutrino oscillation hypothesis, th
in general, bring unwelcome effects, especially, in the qu
sectors. In order to avoid this problem, for example, we m
1-3
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distinguish the Higgs scalarsf i
u which couple to the up-

fermion sectors, from the scalarsf i
d which couple to the

down-fermion sectors. At present, this is an open questio
In conclusion, stimulated by the phenomenological s

cess of the universal seesaw mass matrix model@2#, we pro-
posed a Higgs potential which is invariant under the perm
tation symmetry S3 for ( f 1 , f 2 , f 3), (F1 ,F2 ,F3), and
(f1 ,f2 ,f3), and which leads to the relation~20! for the
v.
r.

07730
.
-

-

charged lepton masses. It is worthwhile to notice the mo
because of the agreement of the relation~20! with experi-
ments, although it has a trouble in FCNC.
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