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Coupling constant evolution in a universal seesaw mass matrix model

Yoshio Koide*
Department of Physics, University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan

~Received 8 April 1998; published 5 August 1998!

Stimulated by a recent development of the universal seesaw mass matrix model, the evolutions of the gauge
and Yukawa coupling constants are investigated under the gauge symmetries SU(3)c3SU(2)L3SU(2)R
3U(1)Y . Especially, an investigation is made as to whether this evolution can constrain the necessary inter-
mediate scales in these types of models and its viability.@S0556-2821~98!05317-X#

PACS number~s!: 12.15.Ff, 11.10.Hi, 12.60.2i
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I. INTRODUCTION

Recently, the so-called ‘‘universal seesaw mass ma
model’’ @1# has been revived@2,3# as a model which gives a
unified description of masses and mixings of the quarks
leptons. The ‘‘seesaw mechanism’’ was first proposed@4# in
order to answer the question of why neutrino masses ar
invisibly small. Then, in order to understand that the o
served quark and lepton masses are considerably sm
than the electroweak scaleLL5^fL

0&5174 GeV, the
mechanism was applied to quarks@1#. However, the obser
vation of the top quark in 1994@5# raised doubt about the
validity of the seesaw mechanism for quarks because
observed factmt;LL means thatMF

21mR is of the order of
1 in the seesaw expressionM f.mLMF

21mR . On the con-
trary, it has recently been found@2,3# that the model can give
an interpretation for the question of why only the top qua
acquires a mass of the order ofLL if we take an additional
condition detMF50 for the up-quark sector.

In the universal seesaw mass matrix model, the mass
trix for fermions (f ,F) is given by

M5S 0 mL

mR MFD 5m0S 0 ZL

kZR lYFD , ~1.1!

wheref i ~fermion sector namesf 5u,d,n,e, family numbers
i 51,2,3) denote quarks and leptons,Fi denote hypothetica
heavy fermionsF5U, D, N, and E corresponding tof
5u, d, n, and e, respectively, and they belong tof L
5(2,1), f R5(1,2), FL5(1,1), and FR5(1,1) of SU(2)L
3SU(2)R . The matricesZL , ZR, and YF are those of the
order of 1. The 333 matricesmL (;m05LL) and mR
(;km05LR) are symmetry-breaking mass terms of SU(2L
and SU(2)R , respectively, and those have common str
tures independent of the fermion sector namesf . Only
MF (;lm05LS) has a structure dependent on the sec
namef . For the casel@k@1, the mass matrix~1.1! leads to
the well-known seesaw expression

M f.mLMF
21mR . ~1.2!
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In contrast to the case~1.2!, for the case with the addi
tional condition

detMF50, ~1.3!

on the up-quark sector (F5U), one of the heavy fermionsFi
~say,F3) cannot acquire a mass of the order ofLS[lm0, so
that the seesaw mechanism does not work for the third
mion. Therefore, the mass generation at each energy sca
as follows: First, at the energy scalem5LS , the heavy fer-
mionsF, except forU3, acquire masses of the order ofLS .
Second, at the energy scalem5LR , the SU(2)R symmetry is
broken, and the fermionuR3 generates a mass term of th
order of LR by pairing with UL3. Finally, at m5LL , the
SU(2)L symmetry is broken, and the fermionuL3 generates a
mass term of the order ofLL by pairing withUR3. The other
fermionsf acquire the well-known seesaw masses~1.2!. The
scenario is summarized in Table I. We regard the ferm
pair (uL3 , UR3) as the top-quark state. Thus, we can und
stand why only the top quarkt acquires the massmt
;O(mL) @2,3#.

On the other hand, for neutrino mass generation,
present, we have the following two scenarios as summar
in Table II. One~scenario A! is a trivial extension of the
present model: we introduce a further large energy scaleLnS
in addition to LS , and we assume thatMF;LS (F
5U,D,E), while MN;LnS (LnS@LS). Another scenario
~scenario B! ~see Table III! @6# is one without introducing
such an additional energy scale. The neutral heavy lep
are singlets of SU(2)L3SU(2)R and they do not have U~1!
charge. Therefore, it is likely that they acquire Majora
massesM M together with the Dirac massesMD[MN at m
5LS . For example, we assumeM M5MD @7#. Then, the

TABLE I. Fermion mass generation scenario.

Energy scale d ande sectors u sector (iÞ3)

At m5LS;lm0 m(FL ,FR);LS m(ULi ,URi);LS

At m5LR;km0 m(uR3 ,UL3);LR

At m5LL;m0 m(uL3 ,UR3);LL

m( f L , f R);
LLLR

LS
m(uLi ,uRi);

LLLR

LS
© 1998 The American Physical Society08-1
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YOSHIO KOIDE PHYSICAL REVIEW D 58 053008
neutrino mass matrix for the conventional light neutrinos
given byM n5mLMN

21mL
T , so that the massesmn are given

with the order of

mn;
LL

2

LS
5

1

k

LLLR

LS
. ~1.4!

In order to explain the smallness ofmn , the model requires
that the scaleLR must be extremely larger thanLL ~for
example,k[LR /LL;109 @7#!. This scenario seems to b
very attractive from the theoretical point of view, because
can explain the mass hierarchy of the quarks and lepton
the three energy scalesLL , LR , andLS only. On the other
hand, in scenario A, there is no constraint on the value ok
~however, the value must be larger than;10 because of no
observation of the right-handed weak bosonsWR at present!,
so that the model allows a case with a lower value ofLR .
Since we can expect abundant new physics effects for
case ofk;10 @8#, the case is also attractive from the ph
nomenological point of view.

One of the purposes of the present paper is to see whe
a study of the evolutions of the gauge coupling constant
SU(3)c3SU(2)L3SU(2)R3U(1)Y and of the Yukawa cou-
pling constants in the universal seesaw mass matrix m
can give any hint of the value of the intermediate ene
scaleLR or not. For example, Shafi and Wetterich@9# and
Rajpoot@10# have considered an O~10! model and an SO~10!
model, respectively, with the symmetry breakings SO(1
→SU(3)c3SU(2)L3SU(2)R3U(1)Y at m5LGUT and

TABLE II. Neutrino mass generation scenarios:N65(NL

6NR
c )/A2.

Energy scale Scenario A Scenario B

At m5LnS m(NL ,NR);LnS

At m5LS m(N1 ,N1
c );LS

At m5LR m(nR ,N2);LR

At m5LL m(nL ,nR);
LLLR

LnS
m(nL ,nL

c);
LL

2

LS

TABLE III. Quantum numbers of the fermionsf and F
and Higgs scalarsfL , fR , andF.

I 3
L I 3

R Y I 3
L I 3

R Y

uL 1
1
2 0 1

3 uR 0 1
1
2

1
3

dL 2
1
2 0 1

3 dR 0 2
1
2

1
3

nL 1
1
2 0 21 nR 0 1

1
2 21

eL 2
1
2 0 21 eR 0 2

1
2 21

UL 0 0 4
3 UR 0 0 4

3

DL 0 0 2
2
3 DR 0 0 2

2
3

NL 0 0 0 NR 0 0 0
EL 0 0 22 ER 0 0 22
fL

1 1
1
2 0 1 fR

1 0 1
1
2 1

fL
0 2

1
2 0 1 fR

0 0 2
1
2 1

F 0 0 0
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SU(2)R→U(1)R at m5LR , and they have demonstrate
that the model withLGUT;1019 GeV andLR;109 GeV is
consistent with the low energy phenomenology. The va
LR;109 GeV is favorable to the scenario B for neutrin
masses. However, in the present model, since there are m
new fermionsF above the intermediate energy scaleLS ,
their conclusion cannot be applied to the present see
mass matrix model straightforwardly.

On the other hand, a phenomenological study of the u
versal seesaw mass matrix model for the quark masses
the Cabibbo-Kobayashi-Maskawa~CKM! @11# matrix pa-
rameters has successfully been given by the present au
and Fusaoka@2#. In order to give explicit numerical predic
tions, they have used some working hypotheses that I
use here as well.

~i! The matricesZL and ZR , which are universal for
quarks and leptons, have the same structure

ZL5ZR[Z5diag~z1 ,z2 ,z3!, ~1.5!

with z1
21z2

21z3
251, where, for convenience, we have tak

a basis in which the matrixZ is diagonal.
~ii ! The matricesYF , which have structures dependent o

the fermion sectorf 5u,d,n,e, take a simple form@~unit
matrix!1~a rank-1 matrix!#

Yf5113bfX. ~1.6!

~iii ! The rank-1 matrixX is given by the democratic form

X5
1

3S 1 1 1

1 1 1

1 1 1
D , ~1.7!

in the family basis where the matrixZ is diagonal.
~iv! In order to fix the parameterszi , we tentatively take

be50 for the charged lepton sector, so that the parametezi
are given by

z1

Ame

5
z2

Amm

5
z3

Amt

5
1

Ame1mm1mt

. ~1.8!

By taking bu521/3 ~then detMU50), they have obtained
the following top-quark mass enhancement without the s
pression factork/l:

mt.
1

A3
m0 , ~1.9!

together with the successful relationmu /mc.3me/4mm .
Furthermore, by takingbd52eibd (bd518°), they have
succeeded in giving reasonable values of the CKM ma
parameters together with reasonable values of the quark m
ratios~not onlymi

u/mj
u , mi

d/mj
d , but alsomi

u/mj
d) with keep-

ing the value of the parameter (m0k/l) f in (m0k/l)u
5(m0k/l)d . However, in order to fit the quark mass valu
~not the ratios! to the observed quark mass values atm
5mZ , they have taken the parameter (m0k/l) f as
8-2
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COUPLING CONSTANT EVOLUTION IN A UNIVERSAL . . . PHYSICAL REVIEW D 58 053008
R~mZ![S ~m0k/l!u

~m0k/l!e
D

m5mZ

.3. ~1.10!

It seems to be natural to consider that all Yukawa coupl
constants become equal between quarks and leptons
large energy scaleLYU . Therefore, another one of the pu
poses of the present paper is to see whether such a fact
3 can be understood by the difference of the evolutions of
Yukawa coupling constants between quarks and leptons f
the energy scalem5LYU to m5mZ .

In Sec. II and Sec. III, we investigate evolution of th
gauge and Yukawa coupling constants, respectively, un
the gauge symmetries SU(3)c3SU(2)L3SU(2)R3U(1)Y
at one loop. We will conclude that it is possible to find t
energy scaleLYU at which R(m) takes R51 only for a
model with a valuek,102. Although in Sec. II and Sec. III
we consider the case that the symmetries SU(3)c3SU(2)L
3SU(2)R3U(1)Y are unbroken for the regionm.LS , in
Sec. IV, we investigate a case that the symmetries SU(c
3U(1)Y are embedded into the Pati-Salam symmetry@12#
SU(4)PS at m.LS , so that we consider the case
SU(4)PS3SU(2)L3SU(2)R in the regionLS,m<LGUT .
We will find that the model predictsLR.531012 GeV,
LS.331014 GeV, andLGUT.631017 GeV. Finally, Sec.
V is devoted to the conclusions and remarks. We will fi
that there is no model which satisfiesLYU5LGUT .

II. EVOLUTION OF THE GAUGE COUPLING
CONSTANTS

The gauge symmetries SU(3)c3SU(2)L3SU(2)R
3U(1)Y are broken into the gauge symmetries SU(3c
3SU(2)L3U(1)Y8 at m5LR . The electric charge operato
Q,

Q5I 3
L1I 3

R1
1

2
Y, ~2.1!

at m.LR is changed into

Q5I 3
L1

1

2
Y8, ~2.2!

in the regionLL,m<LR . Hereafter, we call the region
LL,m<LR , LR,m<LS , and LS,m<LX (LX[LGUT
or LX[LYU) regions I, II, and III, respectively.

The evolutions of the gauge coupling constantsgi at one
loop are given by the equations

d

dt
a i~m!52

1

2p
bia i

2~m!, ~2.3!

wherea i[gi
2/4p andt5 ln m. Since the quantum numbers o

the fermionsf andF are assigned as those in Table III, th
coefficientsbi are given in Table IV.~Note that the heavy
fermionsFL andFR except forUL3 andUR3 are decoupled
for m<LS and the fermionsuR3 andUL3 are decoupled for
m<LR .) The boundary conditions atm5LL andm5LR are
as follows:
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aem
21~LL!5aL

21~LL!1
5

3
a18

21~LL! ~2.4!

and

5

3
a18

21~LR!5aR
21~LR!1

2

3
a1

21~LR!, ~2.5!

respectively, correspondingly to Eqs.~2.2! and ~2.1!, where
the normalizations of the U(1)Y8 and U(1)Y gauge coupling
constants have been taken as they satisfya185aL5a3 in the
SU~5! grand-unification limit anda15aL5aR5a3 in the
SO~10! grand-unification limit, respectively. For conve
nience, we use the initial values atm5mZ instead of those a
m5LL in region I: a18(mZ)50.01683,aL(mZ)50.03349,
and a3(mZ)50.118. The values ofa18 and aL have been
derived from@13# aem(mZ)5(128.8960.09)21 and sin2uW
50.2316560.00024. The value ofa3 has been quoted from
Ref. @14#. We illustrate a typical case withLR5105 GeV
andaR(LR)51/4p in Fig. 1.

In the numerical study, we have taken the value of
parameterLR /LS[k/l as

k/l5LR /LS50.02, ~2.6!

which has been obtained from the observed value of the r
mc /mt in Ref. @2#. Although the value~2.6! has been ob-
tained in the model with the specific matrix forms~1.5!–
~1.7!, the order of the value~2.6! will be valid for any other
seesaw model with detMU50 because in such a model th
value ofk/l is given by the order ofmb /mt .

TABLE IV. Coefficients in the evolution equations of gaug
coupling constants.

LL,m<LR LR,m<LS LS,m<LX

SU(3)c b3
I 57 b3

II 519/3 b3
III 53

SU(2)L bL
I 519/6 bL

II 519/6 bL
III 519/6

SU(2)R bR
II 519/6 bR

III 519/6
U(1)Y b1

I 5241/10 b1
II 5243/6 b1

III 5241/2

FIG. 1. Behaviors ofa3
21(m) ~dot-dashed line!, aL

21(m) ~dotted
line!, aR

21(m) ~dashed line!, anda1
21(m) @a18

21(m)# ~solid line! in
the case with the input valuesLR5105 GeV andaR(LR)51/4p.
8-3
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YOSHIO KOIDE PHYSICAL REVIEW D 58 053008
As seen in Fig. 1, the U~1! coupling constanta1(m) be-
comes rapidly strong in region III (m.LS) because the
heavy fermionsF become massless in region III. We co
sider that the unification energy scaleLYU of the Yukawa
coupling constants must be lower than an energy scaleL1

` at
which a1(m) becomes infinity. This condition will impose
strong restriction on the possibleLYU search as we discus
in the next section. Of course, in the grand-unification s
nario, the U~1! symmetry will be embedded into a gran
unification symmetryG before the U~1! coupling constant
bursts. Such a case will be discussed in Sec. IV.

III. EVOLUTION OF yLyR /yS

The 333 matricesmL , mR , andMF are given in terms
of the vacuum expectation valuesvL5A2^fL

0&, vR

5A2^fR
0&, andvS5^F&, and the matricesZ andYF defined

by Eqs.~1.5!–~1.7! as follows:

mL
f 5

1

A2
yL

f vLZ, mR
f 5

1

A2
yR

f vRZ, MF5yS
f vSYF .

~3.1!

The evolution of the Yukawa coupling constants is given

d

dt
ln~yL

f Z!5
1

16p2
~TL

f 2GL
f 1HL

f !, ~3.2!

d

dt
ln~yR

f Z!5
1

16p2
~TR

f 2GR
f 1HR

f !, ~3.3!

d

dt
ln~yS

f YF!5
1

16p2
~TS

f 2GS
f 1HS

f !, ~3.4!

where Tf , Gf , and H f denote contributions from fermion
loop corrections, vertex corrections due to the gauge bos
and vertex corrections due to the Higgs boson, respectiv

What is of great interest to us is to see whether the e
lutions can explain the valueR(mZ).3 or not; i.e., our in-
terest exists not in the hierarchy amongme , mm , andmt ,
but in the hierarchy among up-quark, down-quark, char
lepton, and neutrino sectors. Therefore, we neglect the s
dependence of the matrixZ, because we can regard the val
of z3 as z3.1 from Eq. ~1.8!. We also neglect the scal
dependence of the matrixYF because the matricesYF are
expressed as

YF5diag~1,1,113bf !, ~3.5!

on the basis of which the matrixYF is diagonal, and we find
that the formsYE5diag(1,1,1) andYU5diag(1,1,0) are
scale invariant andYD5diag(1,1,123eibd) is almost scale
invariant. For convenience, we still approximately use
evolution equation ofySYF at m<LS and that ofyRZ at m
<LR . Then, the ratioR(m) defined by Eq.~1.10! can be
expressed in terms of the Yukawa coupling constantsyL ,
yR , andyS as follows:
05300
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R~m![
yL

u~m!yR
u~m!/yS

u~m!

yL
e~m!yR

e~m!/yS
e~m!

. ~3.6!

The evolution of the ratioR(m) is approximately given by

d

dt
lnR~m!.2

1

16p2
~G2H !, ~3.7!

where

G5~GL
u1GR

u2GS
u!2~GL

e1GR
e2GS

e!,

H5~HL
u1HR

u2HS
u!2~HL

e1HR
e2HS

e!.
~3.8!

The G and H terms are given in Table V. Since in th
present model,uyL

uu2.uyL
du2, uyL

eu2.uyL
n u2, and so on, differ-

ently from other models whereuyL
d/yL

uu.mb /mt and
uyL

n /yL
eu.mn /mt , we can neglect theHL and HR terms in

Eq. ~3.8!. When we also neglect theHS terms, the ratioR(m)
is approximately evaluated as follows:

R~m!

R~mZ!
5S 11

b3
I

2p
a3~mZ!ln

m

mZ
D 24/b3

I

3S 11
b1

I

2p
a18~mZ!ln

m

mZ
D 7/10b1

I

, ~3.9!

R~m!

R~LR!
5S 11

b3
II

2p
a3~LR!ln

m

LR
D 24/b3

II

3S 11
b1

II

2p
a1~LR!ln

m

LR
D 1/b1

II

, ~3.10!

R~m!

R~LS!
5S 11

b3
III

2p
a3~LS!ln

m

LS
D 24/b3

III

3S 11
b1

III

2p
a1~LR!ln

m

LS
D 1/b1

III

, ~3.11!

for regions I, II, and III, respectively. By using Eqs.~3.9!–
~3.11!, we can obtain the energy scalem5LYU at which the
ratio R(m) takes the valueR(LYU)51.

In Fig. 2, we illustrate the behavior ofLYU for a given
value ofLR . For reference, we also illustrate the behavior

TABLE V. G andH terms in the evolution equation~3.8!. HL
e ,

HR
e , andHS

e are given by the replacementsu→e andd→n in HL
u ,

HR
u , andHS

u , respectively.

I (LL,m<LR) II (LR,m<LS) III (LS,m<LYU)

G5 4p(8a32
7
5 a18) 4p(8a322a1)

HL
u 5 3

2 (uyL
uu22uyL

du2)
HR

u5 0 3
2 (uyR

u u22uyR
d u2)

HS
u5 0 3uyS

uu2
8-4
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COUPLING CONSTANT EVOLUTION IN A UNIVERSAL . . . PHYSICAL REVIEW D 58 053008
L1
` , at which a1

21(m) takes the valuea1
21(L1

`)50. The
value of LYU must be lower than the value ofL1

` . There-
fore, as seen in Fig. 2, if we adhere to the constra
aR(LR)5aL(LR), we must abandon a model with a high
k value (k.102). Only a model withk;10 is acceptable
However, if we admit a strong coupling of the right-hand
weak bosons atm5LR , for example,aR(LR)>1/4p, a
model with a higherk value also becomes acceptable.

Of course, from a similar study, we can find that the ev
lution of Ru/d(m)[(yL

uyR
u /yS

u)/(yL
dyR

d /yS
d) still keeps

Ru/d(mZ).1. Therefore, the parametrization (m0k/l)u
5(m0k/l)d in Ref. @2# is justified.

IV. EVOLUTION OF THE PATI-SALAM COLOR

In order to avoid the burst of the U~1! gauge coupling
constant, we consider that the U(1)Y3SU(3)c symmetries
are embedded into the Pati-Salam SU~4! symmetry @12#
abovem5LS . In other words, the SU(4)PS gauge symmetry
is broken into SU(3)c3U(1)Y at m5LS . Indeed, the
structures of the heavy fermion mass matricesMF are
flavor dependent. The fermionsf and F belong to f L
5(2,1,4), f R5(1,2,4), FL5(1,1,4), andFR5(1,1,4) of
SU(2)3SU(2)R3SU(4)PS at m>LS .

In region III (LS,m<LX), aL(m) and aR(m) are
evolved with the coefficientsbL

III andbR
III given in Table IV,

but a1(m) and a3(m) are replaced witha4(m) which is
evolved with the coefficient

b4
III 520/3, ~4.1!

where the boundary condition atm5LS is

a1~LS!5a3~LS!5a4~LS!. ~4.2!

Sincea1(LS) anda3(LS) are given by

FIG. 2. Behavior ofLYU versusLR . The bold and thin solid
lines denote the cases of the input valuesaR(LR)5aL(LR) and
aR(LR)51/4p, respectively. For reference, the behaviors ofL1

` for
the cases of the input valuesaR(LR)5aL(LR) ~bold dashed line!
andaR(LR)51/4p ~thin dashed line! are illustrated. The physica
value ofLYU must beLYU,L1

` .
05300
t

-

a1
21~LS!5

5

2Fa1
21~LL!1

b1
I

2p
ln

LR

LL
G

2
3

2FaL
21~LL!1

bL
I

2p
ln

LR

LL
G1

b1
II

2p
ln

LS

LR
,

~4.3!

a3
21~LS!5a3

21~LL!1
b3

I

2p
ln

LR

LL
1

b3
II

2p
ln

LS

LR
, ~4.4!

respectively, the values ofLR andLS are fixed at

LR55.4631012 GeV, LS52.7331014 GeV,
~4.5!

under the conditions~2.6! and ~4.2!. The unification scale
LGUT is also fixed at

LGUT55.8431017 GeV ~4.6!

by the condition

aL~LGUT!5aR~LGUT!5a4~LGUT!, ~4.7!

for example, for the embedding into SO~10! @8,9#. In Fig. 3,
we illustrate the behaviors ofa i

21(m). Roughly speaking,
the valueLR;1012 is favorable to scenario B for the neu
trino mass generation.

On the other hand, the evolution ofR(m) defined by Eq.
~3.6! is almost constant atm>LS , i.e., R(LS).R(LYU),
because there is no difference between quarks and lepto
region III (LS,m<LYU). Therefore, we obtain

R~mZ!/R~LYU!.R~mZ!/R~LS!52.3, ~4.8!

and we fail to obtain our desirable relationR(mZ)/R(LYU)
.3. If we adhere to the unification of the gauge symmetr
SU(3)c3SU(2)L3SU(2)R3U(1)Y into a Pati-Salam type
unificationG, we must abandon the idea that the discrepa
R(mZ).3 between quarks and leptons in the model given
Ref. @2# comes from difference of evolutions between qua

FIG. 3. Behaviors ofa3
21(m) @a4

21(m) for LS,m<LGUT#
~dot-dashed line!, aL

21(m) @5aR
21(m) for m.LR# ~dotted line!,

and a1
21(m) @a18

21(m) for L,m<LR# ~solid line! in the case of
Pati-Salam type unification, whereLR55.4631012 GeV, LS

52.3731014 GeV, andLGUT55.8431017 GeV.
8-5
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and leptons, or we must consider that the magnitudes of
Yukawa coupling constants are different between quarks
leptons from the beginning atm5LGUT .

V. CONCLUDING REMARKS

In conclusion, we have investigated the evolution of t
universal seesaw mass matrix model under the gauge s
metries SU(3)c3SU(2)L3SU(2)R3U(1)Y . The symme-
tries can be embedded into a unification symmetry of
Pati-Salam type atLGUT55.8431017 GeV. Then, the value
LR55.4631012 GeV is favorable to scenario B for neutrin
mass generation. However, we cannot explain the disc
ancyR(mZ).3 between quarks and leptons by the evolut
of R(m) starting fromR(LGUT)51.

On the other hand, if we abandon the grand-unificat
scenario, the model has the possibility that the va
R(mZ).3 can be understood by the evolution of t
Yukawa coupling constants. As seen in Fig. 2, we requ
aL(LR)5aR(LR), and the valueLR for the case which
gives R(mZ).3 must beLR<104 GeV. If we accept a
model with a strong SU(2)R force atm5LR , for example,
aR(LR)51/4p, the regionLR<1018 GeV also becomes al
lowed. We consider that the model withk;10 is likely.
Although this case rules out scenario B for neutrinos, p
nomenologically we can expect an abundance of new ph
s
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e
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ics effects@8#, t8 production, FCNC effects, and so on, in th
near future colliders.

Our numerical results have been obtained by the c
straintLR /LS50.02 which has come from the observed r
tio of mc /mt under the special model with Eqs.~1.5!–~1.7!.
Since the ratioLR /LS is fixed by the ratiomc /mt ~or
mb /mt) as far as a universal seesaw model with detMU50
is concerned, the value of the ratioLR /LS is, in general, of
the order of 1022. Therefore, our conclusions will be un
changed as far as the orders are concerned.

In the present paper, we have not discussed a supers
metry ~SUSY! version of the present model, although th
case is attractive from the point of view of grand unificatio
In such a SUSY version, since the coefficient 8a3 in G terms
in Eq. ~3.8! ~also in Table V! is changed for (16/3)a3, the
case pushes the energy scaleLYU to an unlikely ultrahigh
energy scale (.1023 GeV). If we want to adopt a SUSY
version of the present model, we must abandon the ide
the unification of the Yukawa coupling constants.
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