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In a framework of the renormalizable theory of weak interaction, problems of CP.violation
are studied. It is concluded that no realistic models of CP.viclation exist in the quartet
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When we apply the renormalizable theory of weak interaction® to the hadson
system, we have some limitations on the hadron model. It is well known that
the.e sm,iﬁm%dMWMMaﬁm&&sﬁéﬁmM-
ing neutral curreat and that the quartet model is free from this difficulty, Fur.
thermore, Maki and one of the present authors (T.M.) have shown® that, in the
latter case, the strong interaction must be chiral SU(4) x SU(4) invariant as
precisely as the conservation of the third component of the ise-spin L. In addi.
Hon to these arguments, for the theory to be realistic, CPuyiolating interactions
should be incorporated in a gauge invariant way. This requirement will impose
further limitations on the hadron medel and the CPuwiolating interaction itself.
The purpose of the present paper is to investigate this problem. In the following,
it will be shown that in the case of the above-mentioned quartet model, we cannot
%&CB&M@@M without introduc ing any other new fields when
we require the following conditions: a) The mass of the fourth member of the
quartet, which we will call ¢, is sufficiently large, b) the model should be con-
sistent with our well-established knowledge of the semi-leptonic processes. After
that some possible ways of bringing CP.viclation into the theory will be discussed.

We consider the quartet model with a charge assignment of Q, 0 -1, Q-1
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Next we consider a 6-plet model, WMMQ‘Q?MQQ
Supgose that €-plet with charges (2,2, Q,2~1,0-1,0-1) is decomposed iato -
SUseax(2) multiplets as 2+2+2 and 1+1+1+14141 for left and right com-
ponents, respectively. Just as the case of (4,C), we have a similar expression
for the charged weak current with a 3x 3 instead of 2x2 unitary matrix in Eq.
(8). As was pointed out, in this case we cannot absorb all phases of matrix
elements into the phase convention and can take, for example, the following
[ cos 6 —sir §, cos b; =sin 6, sin 6,

sind; cos sy cos s cos §; cos §y—sin s sinfe® cos 6; cos 6, sin 6+ sin §, cos Gue® |.
sind,sind, cos 6, sin 0, cos O3+ cos f;sin @™ cos 6, sin 6; sin f,—cos 6, sin f*
(13)
Then, we have CPviolating effects ' rough the interference among these different
current components. An interesti g leature of this model is that the CPyiolating
effects of lowest .order appear or  a 45+0 non-leptonic processes and in the
semi-leptonic deca; of neuiral sira  mesons (we are not concerned with higher
states with the new quantum number) and not in the other semileptonic, 4S=0
non-leptonic and pure-leptonic processes.

So far we have considered only the straightforward extensions of the original
Weinberg’s model. However, other schemes of underlying gauge groups and/or
scalar fields are possible. Georgi and Glashow’s model® is one of them. We
can easily see that CP.violation is incorporated into their model without introduc-
ing any other fields than (many) new fields which they have introduced already.
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e -1 indicates that this error is not used

e crry is a gausian pdf; erry 1S a square shaped pdf.

e Ifboth are on they are muluiplied if iconv=0 and convoluted if iconv=1
o () ~ gy, = 9

o Amgg is derived from z4

e Amg, is a bound

0,
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e iconv =1

e blob contour(rat_b) = 0.68 and also: 0.95
o histogram intervals = 0.68; 0.95

e plot clements(dots,curves,blob) =( 0, 1, 1)
e iseed= 334567

e iter= 13000

e iswbs=1, B, data used

e tag =pominal-Bs

e color=1

e graph title =Nominal input with B

Stabisti

e sin(28) = 0.692 [0.6032,0.7776] [0.5195,0.8521]

o Br(Kp — 7'wp) = 0.2033 [0.155,0.2673] [0.118,0.3463] (x107%)
e Br(K+ — wtwi) =0.6589 [0.5725,0.762] [0.5024,0.8754] (x107%)
e sin(2a) =-0.633 [=0.8506, —0.3666] [—0.9704, —0.118|

o ¥(°) = 43.3483 [36.2922,50.0473] [30.,55.9224|

o Jop = 123 [1.0753,1.4135 [0.9395,1.6074] (x107°)

e 5=02584 [0.2069,0.316] [0.1638,0.3733]

e 7= 02867 [0.2422,0.3358] [0.2033,0.3853]

o |Vig/Vis| = 0.1784 [0.1655,0.1896] [0.1524,0.1993]

o Im()\) = 11005 [0.961,1.2643] [0.8387,1.4391] (x107%)
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