PHYSICAL REVIEW D, VOLUME 60, 077301

Universal seesaw mass matrix model with ais; symmetry
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Stimulated by the phenomenological success of the universal seesaw mass matrix model, where the mass
terms for quarks and leptorfs (i=1,2,3) and hypothetical superheavy fermidfsare given byf_LmLFR
+ELmeR+ELMFFR+ H.c. and the form oM is democratic on the bases on whith andmg are diagonal,
the following model is discussed: The mass teivhs are invariant under the permutation symmesgy and
the mass termm; andmg are generated by breaking tBg symmetry spontaneously. The model leads to an
interesting relation for the charged lepton mas§86556-282(99)07217-3

PACS numbds): 12.15.Ff, 14.80.Cp

The universal seesaw mass matrix mddglis one of the (i) The mass matriMg is given by the form
most promising candidates of unified quark and lepton mass
matrix models. The model has hypothetical fermiénhs(F Me=mo\(1+ 3bX), (4
=U,D,N,E; i=1,2,3) in addition to the conventional
quarks and lepton§ (f=u,d,v,e; i=1,2,3), and these fer- 1.0 0 11 1
mions are assigned iy =(2,1), frg=(1,2), F.=(1,1), and
Fr=(1,1) of SU(2) XxSU(2)z. The 6x6 mass matrix 1= 0 1 0] 111 , (5)
which is sandwiched between the field$, (F,) and 0 0 1 3 1 11
(fr,FR) is given by
0 m on the basis on which the matrikis diagonal, i.e.,
M6><6:( ) , (1)
mg Mg .
Z=diagz,,25,23), (6)

wherem_ and mg are universal for all fermion sectors (

=u,d,v,e) and onlyM¢ have structures dependent on thewherez+z5+z3=1.

flavors F. For A <Agr<Ag, where A =0(my),Ag (i) The parameteb; for the charged lepton sector is
=0(mg) andAs=0(Mg), the 3X3 mass matribM for the  given byb,=0, so that in the limit ofc/\ <1, the parameters
fermionsf is given by the well-known seesaw expression z are given by

— -1
Mi=—-m_ Mg "mg. (2 2, z, 23 1

: = = = : 0
Thus, the model answers the question of why the masses of \/ﬁ ym,, m, me+m,+m,
quarks (except for top quarkand charged leptons are so
small compared with the electroweak scalé\ (iv) Then, the up- and down-quark masses are success-
(~10° GeV). On the other hand, in order to understand thefully given by the choice ob,= —1/3 andby=—¢€'#? (B4
observed factn,~ A, we put the ansaf2,3] detMg=0 for ~ =18°), respectively. The CKM matrix is also successfully

the up-quark sector {=U). Then, one of the fermion optained.
massean(U;) is zero[say,m(U;)=0], so that the seesaw In this phenomenological success, the assumption that the
mechanism does not work for the third family; i.e., the fer-mass matrixVi ¢ is the democratic type is essential. The form
mions (Us_,Usg) and (Usg,Us ) acquire masses @(my)  of Mg, Eq.(4), is invariant under the permutation symmetry
and O(mg), respectively. We identify (3. ,UgR) as the top [5] S; for (Fy,F,,F3), while the form ofm_ (mg) is not
quark (. ,tg). Thus, we can understand the question of whyinvariant under the permutation symmetrys; for
only the top quark has a mass of the ordergf. (F1,F5,F3) and (f1,f5,f3). In this paper, we consider that
For the numerical results, excellent agreement with théhe mass termsn. (mg) are generated by breaking ti$g
observed values of the quark masses and Cabibbsymmetry not explicitly, but spontaneously at=A, (u
Kobayashi-Maskawd 4] (CKM) matrix are obtained by =Ag). For this purpose, we introduce three SU(2publet
making the following assumptiong]. Higgs scalars &4, , ¢, ,$3.), which obey to the permuta-
(i) The mass matricem, andmg have the same structure tion symmetryS; as well as E,,F,,F3) and (f,,f,,f3).
(We also assume three SUR2Jloublet Higgs scalarsThe
M= kM =MgxZ. (3) purpose of the present paper is to discuss the possible struc-
ture of m_ (mg) under thisS; symmetry.
The Yukawa interactions which generate the mass matrix
*Email address: koide@u-shizuoka-ken.ac.jp m, are given by
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Hereafter, for convenience, we drop the indexThe most
simple form of theS; invariant potential of the Higgs scalars

(P1,92,03) is

+ (quark sectorg

_ 1 _ 2
V1=u22i (¢i¢i)+§7\1[2i (¢i¢i)} , 9
where (@ ¢;) = b ¢ + d°$°. Note that the term
V2: nl(gg(ﬁa)(gﬂ'd)ﬂ'—’—gn(ﬁn) (10)
is alsoS; invariant, where
1
b= E(d’l_ ?2), (11)
1
4’7,:%(4’1"‘ b= 2¢3), (12
1
¢0:ﬁ(¢l+ hot+ d3), (13
and
2 (D) =(hntbr) + (D) +(byb,).  (19)

We assume that the potential of the Higgs scalars

(¢1,¢2,¢3) is given by

Then, the conditions for the vacuum expectation values
=(¢") at which the potential15) takes the minimum are

w2 Vil vy, A =0, (18
M2+>\12i Vi 2+ 71 v4]?=0, 17
so that
2
— K
2_ 2 2_
Vo= Vv, 2= e 18

From the relation$13), (14), and(18), we obtain
2
|v1|2+|v2|2+|v3|3=2|vg|2=§|v1+v2+v3|2, (19

which means the relatiof6]
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(20

2
Mt 1+, = 2 (g + P,

from the relation7). The relation(20) is excellently satisfied
by the observed values of the charged lepton masses, i.e., the
observed values ah, andm,, give the predicted valuen,
=1776.97 MeV in agreement with the observed vdldg
mP=1777.05 32 MeV. [We should not take this excel-
lent agreement too rigidly, because the electromagnetic cor-
rections to the observed values spoil the agreement of
m_ (w), for example, to 1.2% at the energy scale=m,
=91.2 GeV. However, note that the relatiéf) is an ap-
proximate one. When we definen,=mgZ, and mg
=myxZg, the values o, (u) andZg(u«) are dependent on
the energy scalg, so that the relatio; (u©) =Zg(x) is an
approximate relation even if it is exact at a unification energy
scaleu=Ay. In order to examine the validity of the relation
(20), we must know the energy scale structures in the seesaw
model (e.g., the energy scales ofy, M, and so oh At
present, we consider that the relatid®) is sill worth not-
ing.]

Explicitly, from the relationg11)—(13), the charged lep-
ton massesn’ are given by

1 1 1
—C0SH+ —=sinf+ —

V2 V6 V3

Vo,

(21

1 1 1
— —=Cc0sf+ —=sinf+ —|v,,

e R
(22

Vg, (23

2 1
_ e —| — _qj -
VM= yMzxvg ( \[SSIHG-I— \/5

where

V,=V,C0S0, V,=V,Sing. (24

Since the model ig .« ¢, symmetric, it is likely that the
vacuum expectation values satisfy the relatogp=v, , i.e
sin#= cosf=1/y/2. In the limit of sin0=cos¢9:1/\/7§, the
electron mass becomes exactly zero. In order to giye
#V,, we must add a small additional term to the Higgs
potential (15). However, for a time, we will not touch the
origin of m# 0.

The potential15) is not a general form which is invariant
under theS; symmetry. The gener&;-invariant potential is

given as a function 0b ¢ .5 aNd b 4+ G pah s (@d

also ¢, Psp aNd ¢ @ npt @0 ,5), Wherea and g are
SU(2) indices. For example, the potential
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TABLE I. Physical Higgs boson masses, wheg=v3+v3+v3=(174 GeVy.

¢ X x° H°
m?(ps) eaten byw™ eaten byZ [2(A 1+ Np+ Ng)+ 71+ 7+ 27351V
m?( ) —(Na+Ng+ 7+ 2m3) V) —2(\3+273)Vh —(m1+ Mo+ 27m3) V5
m?( pg) —(Na+ N3+ 372+ 73)V5 —2(N3+ 73)V5 0

- 27 s o 1 — — 1 — —
VE# U oo K Dbt $16)] Va=30a3 3 (i) (B0 + 50aS 3 (i) (i)

1 _ _ _ _
A ’+b + — — — —
* gMa(@o0o)"+D(Gobo)(Gudut dyéy) 1l (Byb ) (Babs) + (Do) (Brb)]

+C( b bo) (Pupat bpd )], (25 + 03[( e a) (Pethn) + (D) (Db, +H.CI. (27)

is S; invariant, while the potentia(25) with k#1 anda _ )
# ¢ cannot give the relatiofl9). In order to give the relation Then, the potentiaV/ leads to the relation
(19), the following condition is required: The potential is
invariant under the exchange —u?
— — — Vol =Ival**Ival*= 55 )+ it ot 23]
¢0’a¢(rﬁ<_) ¢17a¢77,8+ ¢7]a¢1}ﬁ ’ ! 2 3 ! 2 3(28)

(ﬁo’a(ﬁ(rﬂ(_) ¢7Ta¢ﬂ',8+ ¢7]a¢1],81 . . . .
instead of Eq(18), so that we can again obtain the relation
Boabop= brabapt Grab g (26 (20 _ -
P pTmeup In Table I, we give the masses of the physical Higgs
The most general form which is invariant under the exchang@osonsHO, Hg, HY, XR: Xg, Xa . and xg , which are

(26) is given byV=V,;+V,+ V3, whereV; is given by defined by
|
¢|+ 1 i\/z)(iJr
bi=| g0 :E HO—ix? ] (29

Vi Vo V3
d)S v _\/gv Vo \/gv Ve \/gv ¢1 Vﬂ' V7] Va' ¢7T
o | _ 1 1 3vo 2 3vo 3 3vo0 b» 1 v, v -V, ¢77

B Vo 2 2 \F 3
§(V3_V2) §(V1_V2) §(V2_V3)

(30)
vé=vf+v§+v§=vi+v§,+vi=2vi. (31
|
[The evaluations are analogous to those in R&f. where In the present model, the flavor-changing neutral currents

the U3) family nonet Higgs scalarsb{ (i,j=1,2,3) were (FCNQ) effects do not appear in the charged lepton sector,

assumed. We can reat| in Ref.[8] as ¢iﬂ¢i (i=1,2,3) because the mass matrix of the charged leptons is diagonal.
i . . i 16y H H —
and ¢/—0 (i#]).] The Higgs componentg: and X(s) are However, in the neutrino and quark sectors, the FCNC ef

. . fects appear through the exchanges of the neutral Higgs
absorbed by the weak bosowé~ and Z, respectively. The bosonng, Hg, x?\, and Xg' Although the FCNC in the

Higgs bosonHs corresponds to that in the standard onepeyring sectors have the possibilf§] to offer an alterna-
Higgs boson model. Note that the Higgs scdtay is mass- (e mechanism to the neutrino oscillation hypothesis, they,

less. AlsoH , is massless if the terms are absent, and . in general, bring unwelcome effects, especially, in the quark
X& » X%, andx3 are massless if the ternvg, are absent. sectors. In order to avoid this problem, for example, we must
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distinguish the Higgs scalarg; which couple to the up- charged lepton masses. It is worthwhile to notice the model
fermion sectors, from the scalag’ which couple to the because of the agreement of the relati@) with experi-
down-fermion sectors. At present, this is an open question.Ments, although it has a trouble in FCNC.

In conclusion, stimulated by the phenomenological suc- The author would like to thank T. Maskawa, J. Arafune, .
cess of the universal seesaw mass matrix mgglele pro-  Sogami, T. Fukuyama, and T. Kurimoto for helpful discus-
posed a Higgs potential which is invariant under the permusjons and their useful comments. This work was supported
tation symmetry S; for (fq,f,,f3), (F1,F,,F3), and by the Grant-in-Aid for Scientific Research, Ministry of Edu-
(é1,2,¢3), and which leads to the relatiof20) for the  cation, Science and Culture, Japan Grant No. 08640386.
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