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We estimate masses of the b and t quarks as m, =4-6 GeV and m, = 16-19 GeV, assuming the

horizontal gauge symmetry, SUz(3).

The idea of unifying electronic and muonic
matter by adding the horizontal symmetry SUg(2)"2
to the weak and electromagnetic group SU(2)

X U(1)® has recently been suggested. As a con-
sequence of gauging the symmetry, the conserva-
tion of muon number is violated. Exchange of
extra gauge bosons S¢ (a =1-3) also induces a
superweak type of CP nonconservation.*! From
the data on CP violation in K § - 27 decay, the
effective coupling constant G of S§ to leptons and
quarks is determined! as Gg~107!® GeV "2 unless
an accidental cancellation occurs. The strength
is weak enough to avoid unwanted flavor-changing
transitions.

If six leptons and six quarks exist, it is natural
to extend the horizontal symmetry SUx(2) to
SUF(3). All fermions are assumed to transform as
SUr(3) triplets. The triangle anomalies® in the
J

lepton sector can be removed by introducing right-
handed neutrinos.® Another possibility of as-
signing the fermions to SUR(2) triplets has been
studied by Wilczek and Zee.?> In this case the
anomalies are not generated even without right-
handed neutrinos. However, the former assign-
ment seems more natural from the viewpoint of
the composite model of leptons and quarks pro-
posed by Terazawa’ and Ne’eman.® ‘

The purpose of this short note is to estimate
masses of the b and ¢ quarks on the basis of the
SUr(3) XSU(2) X U(1) gauge model. In order to
calculate the effects of the mass renormalization,
we will also assume an asymptotically free Yang-
Mills gauge theory of color SU(3) for strong inter-
actions.®

The assignment for leptons and quarks is as
follows
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Here the first two values in each pair of paren-
theses are the representation dimensions of
SUR(3) XSU(2) and the last one the U(1) hyper-
charge.

We introduce a Higgs scalar x® =(6, 1, 0) to give
large masses to the horizontal gauge bosons,
S% (@=1-8). This scalar has a Yukawa coupling
with right-handed neutrinos and their charge-con-
jugated fields.® Therefore, it may be attributed
to large vacuum expectation values (x“") that the
right-handed neutrinos have not been found at
energies so far explored. We assume, further-
more, a Higgs scalar ¢°=(8, 2, 1) to break the
symmetry SU(2) X U(1) down to the electromag-
netic one,

r

Masses of fermions are generated by the Yukawa
intéractions of ¢* as follows (neglecting the neutri-
no sector):

‘cmaxs = _GIZ—R<£>TZL - Gd 3R<£>lel
-G Tg(®)uy +H.c., 3)

where & =2 A% If all vacuum expectation values
{(¢% are not in phase, we have nonvanishing weak
mixing angles. The weak mixing matrix U,

is defined in terms of the quark-rotation matrices
as U e =UPT UM The fermion-rotation matrices
have the following relations to each other:

U}i:pton - Ugown: U;P s (4)
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U}lzepron - U}:Izown= UIl:P . (5)

The lepton-mixing angles are of interest in dis-
cussing neutrino oscillations, since the left-
handed neutrinos have small masses in general
through Yukawa couplings to heavy Majorana neu-
trinos (right-handed neutrinos).b

The mass matrices, Eq. (3), lead to relations
among the diagonalized masses,

mg/my, =mg /m3 =m /m3, (6)
mg,/m3=m3 /mg=m2/m§. (7

Equation (7) has recently been derived in a dif-
ferent context by using a permutation symmetry
for Higgs couplings.!® The first equalities in
Egs. (6) and (7) also hold in the SU(5) model.*
The N-quark mass may be underestimated as in
the SU(5) model,'? since we usually take m,, /m,
> m,/m,, me/m, at short distances.'®> A detailed
discussion on such a problem will be given else-
where.'*

In this note we pay attention to the heavy-quark
masses. The most significant part of the mass
renormalization comes from the strong interac-
tions. Taking into account only the color SU(3)
term without mass corrections for simplicity,
we find'?

my\ ﬂ) 12 (as(zml))
1n'<m,,> m(m, +33—211,ln a,(2m,) /)’

mg\ _ 1@_) 12 (as(ch)>
“‘(m,) ‘“(m, * 352, "\ a,@my) ) °

(8)

9

Here we have defined the quark masses, m,, m,,
my, and m,, to be half of the threshold energies

of producing the pairs of quarks.'® The gluon
coupling constant a,(Q?) is assumed to be in a form
motivated by the renormalization group,

2\ _ 127
(Q )f 25 In(Q%/A%)"
The results of Eqs. (8) and (9) for the b and ¢
quark masses are shown in Table I for the six-
quark scheme (z; =6). We have used m, =0.106
GeV, m,=1.8 GeV, m,=0.5 GeV, m, =1.5 GeV,
and values of ,(Q*=10 GeV?), 0.2-0.4, which
are suggested by quantum chromodynamic analyses
on charmonium!® and deep-inelastic electropro-

(10)

TABLE I. Masses of the quarks. A is defined by
ag(Q%)=121/[251n(Q2/A?)]. Inputs in the calculations
are m, =0.106 GeV, m,=1.8 GeV, m,=0.5 GeV, m,=1.5
GeV, and o (Q?) at Q2=10 GeV2.

@ (@2=10 GeV?) A (GeV) my, (GeV) my; (GeV)
0.4 0.48 4.0 16
0.3 0.26 4.8 17
0.2 0.07 5.8 19

duction.'”

Our model can be extended to more flavors
by considering the horizontal SUz(z) symmetry
(n=4). The weak SU(2)-doublet and -singlet
fermions are assigned to the n-dimensional rep-
resentation and the Higgs scalars x®® and ¢° to
n(+1)/2 and #? - 1) under SUx(), respectively.
As a straightforward extension of Egs. (6) and
(7), we obtain

md:md i mdimSi e =mGimy i mY i mYes oo

o

=m@ : mQ: m?

tmQimQuzeee .
(11)

If m$. is known, we can predict the masses of
quarks in the next generation.

Finally we note that the present model is a pos-
sible candidate for the spontaneous mass genera-
tion by dynamical symmetry breaking.'® The
Higgs scalars x® and ¢° may be regarded as bound
states of two right-handed neutrinos and of anti-
fermion and fermion (dgA%, ++++), respectively.
The large masses of the right-handed neutrinos
(in the sense of Majorana particles) are therefore
correlated with a large breaking of the horizontal
symmetry.

Note added. In the SUp(3)-model we predict
large weak-mixing angles among (¢b) and (cXA) or
(®1). If the mixing angles turn out to be small,
the horizontal group SUx(3) would have to be
enalrged to SUx(4). In this case the large mixings
may be caused among the heavy quarks, (¢'d’)
and (tb). We have restricted ourselves to the
case SUg(3) in this note, since the result on the
b and ¢ quark masses is not sensitive to the num-
ber of generations.

We would like to thank M. Yoshimura for a
discussion.
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