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In conclusion then we have a reasonably well-defined theory of weak interactions
which I summarized at the beginning. Were it not for CP-violation we would have no
compelling reason to modify the theory. On the other hand the verification of the

theory is still quite limited so that there may well be new surprises for us in the con-
ferences to come.
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Next we consider a 6.plet model, another interesting model of CP.violation.
Suppose that 6.plet with charges (Q,Q,0,0—1,0-1,0-1) is decomposed into
SUvaax(2) multiplets as 2+2+2 and 141+1+1+1+1 for left and right com-
ponents, respectively. Just as the case of (A4, C), we have a similar exptression
for the charged weak current with a 3x3 instead of 2x2 unitary matrix in Eq.
(5). As was pointed out, in this case we cannot absorb all phises of matrix
elements into the phase convention and can take, for example, the following
expresston:

cos &, —sin 8, cos @, —sin §, sin 8,

sin#, cosf, cos 8, cosf, cos §,—sin 6, sin B cos B, cos &, xin €+ sin & cos ™ 1.

sin#,5in 0, cos @, sin 0, cos f,+ cos 6. 8in 0™  cos 8, sin &, sin 8, —cos &, sin €™
QQ3)

Then, we have CF.violating effects through the interference among these different
current components.” An interesting feature of this model is that the CPeviolating
effects of lowest order appear only in 450 non-leptonic processes and iu the
semi-leptonic decay of neutral strange mesons (we are not concernmed with higiver
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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A. The CKM matrix

In the standard electroweak model, the interactions .
the quarks with the charged gauge bosons W are given't

gif; Vv, (1 =y}, W +H.c. (3.

Here u;=={u,¢,1) are the up-type quarks and d;=(d,s,.
are the down type. V is the unitary CKM (Cabibb
Kobayashi-Maskawa) matrix, the 3X3 generalization
the Cabibbo mixing matrix. A convenient parametriz
tion of ¥ due to Matani (1977} is

Vs C,Cq C_S; S, e 7

Vud Vlts

VeV, V., Vull1-C,Sg~CeS,S.e'7 C,Ce—5,5,5.eT  C,S. 1, (3
V‘d V'—‘ V"b ‘g381 7-C9Cr‘gaeiy o COST'_(:TSGSUEJ-}’ CTC(I

e Ce=cos8 and S,=sinfl. As onginally noted by The analysis of expernimental data from decay rates d
wyashi and Maskawa (1973}, it is possible by defining cussed tn Sec. 111.C is summarized by

hase of the quark fields to eliminate all but one of

hases in ¥. Thus all CP violation in this model de- -

s on the phase y. Experimental data on strange- A - 99401 | | f i:‘i = .C‘-T (3
cle and B decay rates can determine the magnitudes

o» Ves» and V.. Given these magnitudes, there 1s _ .

smpirical observation (Wolfenstein, 1983) that the (p?+ 771 7 O o, ,q i. ‘5 (3.
ag angles have a hierarchical structure allowing ex-

ion in powers of A =sin0=0.22 with
where the ervors are primarnily theoretical.

. — 2
sint= A4 A1°, (3.3a) Expanding V in powers of A 10 order A7, we sce t}
since Y= AANp—in) . (3.3h) the matrix has the simple form

N 3l ) ‘ _ The CP-violating part of the (K%K ?) mass m
) A AXp--in) be calculated (Elhis e al., 1976} from the sccc
g box diagram {Fig. 2). The result of the calculatic
V= —2 | — j_ A1 _ (3.6) and lam, 198%; Buras ef al., 1984), mncludi
) corrections {(Gilman and Wise, 1983; Buras ef ¢

AV N —p—in) — AN ] Flynn, 1990), 1s well represented for m, > m, by

We have chosen a phase convention {that is, a definition —ia _ m
of the phases of quark fields) in Eqs. (3.2) and (3.6) such ¢~ »4X107 4™ B | 1+1.34%(1—p) |~

hat V is manifestly CP invarian to order A%, and CP
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e 68% and 95% C.L. contours fits of |V,s/Vas|, AMp, and AMp, in the p/7
standard model. The curves correspond to comstraints obtained from mea-
Vas/ Vsl AM, and AMsp,. 5= p(1 — X2/2),7 = n(1 — X*/2).

JKM matrix. Comparing Figures 1 and 2 at low 5, one sees that the new
nixing has excluded superweak theories with negative p. This has important

cortmnl mmnmcannancas fAar nuaroe Q‘l‘lﬁﬂf‘WPﬂl{ thm‘l“ies‘._
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titative prediction because of the uncertainty in going trom qUAarks

TABLE |
Selection Rule Scalar
Violated Observabie Gewl/Gr
AS = 2 Am,; 10-°
Ab =2 Amy, 10-?
AS = 2, CP € -4
AS = 1, CP e'fe ~ 1077 10-*
AS = i, FCNE. CP P (K, — ')~ 10-2 10
Ac =2 am, /17, ~ 1073 10-¥
ab = 2,CP AWWK,) ~ 0.1 ~ 10—
Ab = 1, FCNE B(B,— p*p")~ 10-¥ 10-*
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