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Abstract

Exact expressions for the mixing parameters are obtained

“in terms of mass ratios in the standard Weinberg-Salam model

with permutati i
) ion symmetry S3 for six quarks. The CP violating

phase is_ignored‘and there are no arbitrary parameters except

for the quark masses. 1In the lowest order, theA angles defined

py Kobayashi-Mas%cawa are sing, = sing, = (md/m'd +ms)%;

. . "2, 2 - '
_sin92 —‘-s:’.ne3 = -ms/mb and ™ m zmcmb =7.2 GﬁeV? or

'mtié 24 Gev for ms=0.3 GeV.
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Recently,'severai authors have computed the mixing angles‘;n gauge models
for six quarks.in terms of querk mass ratios.l_7 TﬁeASU(Z)leSU(Z)R><U(1) gaege
models are'uéually supplemented by discrete éyﬁmetries and left-right symmet:ryz-5
- whereas tﬁe_standard Weinberg-Salam SU(2)L>(U(1) gauge models8 are supplemeeted,.
'by permutation symm.etry6 and sometimes also by an additional discrete symmetry.7
Qur purpose 15 to suppiemene theASU(Z)L>(U(1) gauge model with permutation
symmetry 33,‘e ei@ple extension that enables one to compute all three mixing
angles. The CP violatihg phase is ignored.

In the present model the quark masé'matrices.are generated by a quark Higgs-

Yukawa interaction,

£=) ek, (Q1L¢knJR)+h RG-S IR W
i,j,k=1,2,3 :
where Qi ‘represent the quark doublets Q1L (u ,d )L’ Q2L (co,so)L

Q L= (to,bo)L, and an and P'R

. The coupllng constants gkj and hkj:are taken to be real.

' represent the quark singlets anf=(d°,so,bo)R
and-p, iR- (uo co,tQ)R
Three Higgs fields (¢1,¢2,¢3) w1th vacuum expectatlon values (Vl’VZ’v3) are required
to implement S3 symmetry, and ¢k—-1cz¢k

Let each combinatlon Q couple to only ‘one Higgs field and the Higgs

JR
field that couples to QlL“lR is defined to be‘¢1. The applicationAof S3
symmetry that we use is the permutatidns 12 ~21, 13-31, and 23-»52. .Tﬂis

leads to only three types of down quark mass matrices mg (and also similarly

for the up quark mass matrix, m?) after spontaneoue symmetry breakdown, depending
on whether the term 61Ln2R is.coupled to ¢1, ¢2, or ¢3. For the case ¢2, we AO
not obtain a non-trivial unitary transformetion to diagonalire the mass matrix.
The quark mass terms takes the form

-0 0. 0
:ﬂ + h.c.,
2 VitMVir




fv1 :gvs'“ gV, JYl 1
.0 : o _ . .
m, = gV, fv2 A s m =f .kvz jv, e | (2)
gv, -8vy fv3 Jvg  kvg,

The alternative assignment of the mass matrices, namely, taking the down-qﬁark -

- o o ' ° » .
mass matrix to be my and the up quark mass matrix to be m, does not lead. to
interesting physical results. We adjust the parameters in the Higgs potenfial

so that,v1=¥0 and divide all matrix elements as well as the quark masses_bygv3

and obtain

0 g gr Y AY 0 0

o o] , .
m, = g fr o1 ., m, =| jr- kr jr ], (3)

gr 0 j j k

where r==v2/v3. From mﬁ of Eq.(2), we find that muE=0 is the necessary.and

sufficient condition for v = 0, pfovided r #0 and m, >0.

The characteristic equation for m, with eigenvalues (-md,ms,mb) yields4

-my + m, +my = f(L+1),

) 2 2 2
S-m g + mm, - mgm = ffr - g (1-+r.),

mmm = g E(L+), S . @&

~ and for m? with eigenvalues (O,mc,mt) yields

m.(1+q) = k(1+1) w2q = ra - 35, a=m /m (5)
(Lt = RS i a=m/me. ~
‘:‘ When £ and g are eliminated from (4), we obtain to order m;

- : 2 .
r = 61(1+elez‘+elez), , 4 6)




4
where = (m_- )/V "and =mm / 2
€1 Mg Mg/ /My, €2 = Mg/ Mp
The mass matrices (3) are diagonalized by the following unitary tfansformations>"
o B o

: (o]
V= Up¥ps ¥ =00

U2 = )
(7)

where

n, = [1+(g/rqd+fr)2+(gr/md+f)2]-%,

ny = [1+(g/m - £0)° + (gx/m_ - 5715,

ny = [1+(g/mb -fr)2+(gr/mb -f)zl'%,

- . -1 .
Ny = [ -2 +5%17, =l -2 +327E @) -

 Segre, Weldon and Weyers6 constructed a similar unitary matrixlo for U1
- of Eq.(7) and the transformation U2 corresponds to that of Refs. 3 and 6. When

j=0, U1 is the unit matrix in which case the mix'ing angles are determined byl
the down quark mass matrix only. We wish to incorporate the effects of the
up quark mz;ss matrix‘ sib that the form of Ul of Eq.(7) is used. When r=ci is
put into the results obtaj.ned 'below, the caseT wh.en U1 is a unit matrix is re-
covered. | |

' ; : . _ =0 o _ -
The chargg@ current coupled to physical guarks are'JuL"WlLYpWZL-_WlLPYpWZL'

From Eq.(7), we obtain




m -k . m-k.r. ' m -k
] - =N,n rJ)

’ c Tj [d c
g( + ) -N,n,g = + - ) g( — + -
1A m,+fr m,+f 272 \ms fr m f 273 m fr m f

m -k mt-k . m -k

+ N,n,g — = N,n.g ——+
md+fr md+f A 372 m fr I‘-ns ‘f 3.3 m, fr m

This T can be identified with the Kobayashi-—Maskawall form
e $1C3 S48,
T={-sjcy -85,84 +cycycy €Cy84 +s2<.:3 , (10)

3152 ] -czs3 -/c:lszc3 —c152s3+czc3

where cl = CcoS 91’ s1

thé'order, m;)z, we find the following matrix elements I‘ij with vthe aid of

=sinel etc., el, 62’ and 63 are the weak mixing angles. To

Egs. (4)-(10),

P13 =¢» Tpp= 81 T3 = 51853

i
Wl

) . . o4
‘Sl[r/zr'q] ’ . Fzz = cl[r/2r 'q] 3. F23 = '[(r'Q)/(zr' Q)]E,

]

N , .
-sp{lr(r - 1F+ (mgr/m)}, T3y = ¢y {lx(r- L (mdr/mb)}, Ta3=1, (11)°



and from I‘3l—s 82’ Sy = ci(m /mb)2 [for r=q]. From the reality-coﬂditior_i of

FlJ’ one flnds, r2q which. leads to

.‘ R . 2 . ) R . ’
m m p-] %mc = 7.2(GeV) ", ‘ . "."(12)

or m. =24 GeV for ms=0.3 GeV.
The choice of Uy is valld in the limit J/K-e'vo When jlk= evis substituted
.1n Eq. (5), one flnds g=r(l-¢ ) which suggests that q'~r so that m (Mg Amm, must
hold. This gq= r(l- € ) is substituted into F 5,8 2 of Eq.(11), then, for '
e=0 (q=1) 92=0.2° and ez increases with increasing ¢, for éxample; 92= 1.2°
for ¢=0.3. The mixing angles ez.and 93 are predicted to be at most a degreé,

in this application of.s3 symmetry.
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The mass matrix that we obtain in this case (with v1==0) is the hérmitian.

conJugate of m in (3). ' The three eigenvectors are:

1 jr(m-k+3j)/m
01, [J T (m k+3) /m + (m - k) -+J T ] -3 m-k
0 jr
with m=m_ or int. Putting j/k=g¢, these become,
1 e ) 'e-

-1 2. -
o), a++&D [ 1 Yana a+2DHE| ).

er © \1

We see that these three eigenvectors become orthogonal only for ¢=0.
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