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We compare the magnitudes of CP effects in K* — n*n®n® decays caused
by different combinations of the superweak, Kobayshi-Maskawa and sponta-

neous CP violation. It is found that the last mechanism could be the main
source of these effects.
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1 Introduction

In the Standard Model (SM) CP violation arises due to Kobayashi-Maskawa
(K-M) [1} mechanism producing CP-odd parts of transitions K% — A (in-
direct CP breakdown) and CP-odd parts of transitions with |AS| =1 (direct
CP breakdown). In the case of the {K°K?} system decaying in 27. a mag-
nitude of the direct CP violation is characterized by the parameter €. The
existing data
(23+07)107° |2
€le= (1)
(0.6 £0.7)1073 [3]
do not exclude that ¢’ = 0, of very small, as it takes place when the mechanism
of superweak interaction [4] is the main source of CP violation. As the modern
calculations in the framework of SM give
€fe= few x 1074 (2)
and a sensitivity of the planned experiments for measurement of €' /e is ex-
pected at the same level, it may occure that we shall not be able to distinguish
between the above mentioned mechanisms of CP breakdown.

But if it will be confirmed that €'/e is as large as few x 1079, it wonld
be an evidence [5] of existence of one more mechanism of CP breakdown -
spontaneous CP violation in sector of the scalar fields incorporating more
than two Higgs doublets [6].

Such a mechanism could originate the direct CP violation with a magni-
tude considerably larger than of SM [5], and it is interesting to understand
how large could be CP effects in A* — 37 decays where only the direct CP
violation takes place. These effects are

AT/T = [[(A* — ntnta”) = T(K~ — n-a~ o ") /T(KT — n¥atn™) (3)
and
Aglg = (g - g) /g (4)
where ¢(*) are defined by the relation
|M(E*(k)) — w*(p1) 7 (p2)w™ (ps)| ~ 1+ g™ (53 — s9) /mE + ...
and .
s3=(k—p3)% so= —gmf +m?.

Their magnitudes originated by K-M mechanism were estimated in refs. [7.
8. 9]. Here we investigate the role of mechanism of spontaneous CP violation.
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2 CP effects in presence of K-M and Weinberg mech-
anisms of CP breakdown

To calculate the effects arising in SM we shall use the effective lagrangian for
|AS| = 1 non-leptonic transitions in the form proposed in ref. [10]:

L(AS = —1) = —V2GFsin 8, cos 8.3 ciO; (5)

where O;_g are the different four-quark operators represented in [10] and
Or ... correspond to so-called electroweak penguin diagram "ewp”, box dia-
gram and so on [11]. Of all ¢;, only ¢; > 5 have the imaginary parts arising
due to complex couplings of c-and t-quarks inside the loop diagrams. In this
paper we confine ourself by consideration of the role of operators O;_g en-
tering eq.(5), not neglecting, however, a contribution of the other operators
when they play a considerable role.

The spontaneous CP breakdown in the Higgs sector of the theory origi-
nates the additional operators [12]

— s B iy - - N
Oy, = g—mé [M,5(1 = 95)q - G(1 +75)d + Ma3(1+5)q - AL — 75)d] (6)

and
: ——1 _ gsBI¢
T 3m%
These operators incorporate the short-distance and long-distance interac-
tions, so that , a question on their renormalization is not simple. A possible
renormalization is taken into account by introduction of the parameters ¢
and ¢ which can be different due to long-distance effects.
In eqs.(6) and (7}, M; and My are the constituent masses of s-and d-
quarks, B is the imaginary part of the effective coupling constant in 5dG*®
vertex

;4 (G%,)*5(1 + 75)d. (7)

[

. < A
V(sdG) = B5(1 + 75)0#"?61(;1114 (8)
I~ 154 and mi =0.64m% (see [12]) (9)

The diquark combinations can be replaced by the mesonic fields using the
relations [13]

1 R P
G+ )ar = = far (U = 50U, (10)
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‘71'7/:(1 +95)qe = ¢ {(O/JU)E+ - F(a#UJr) h \;gfb[m(a”[/”f) - (OPU)'”]}

kj

(11)
where f; &~ 93 MeV, r = 2m2/(m, + mq) = 3.25 GeV. A? = 0.94 Gel?,
T (7) venlGag) e (7)o
U= ( ) + 2(az — 1
\C fr Vo I T
(12)
and
To T8 T8 + K+
BTwtAE T '
_ T Ve m3 -
F | At s X (13)
27
K- J Mo =T
' ' V3~ Ve

As the results for the mesonic amplitudes on mass shell do not depend of
a3, it is convenient to take a3 = 0. Such a choice corresponds to the simple
form of PCAC relations [14]. Then we get

7t (p1) 7t (p2)7 (p3)|L(AS = —1)|K (k) >=

= %sin f¢ cosbc [(cl — 0y — c3 — ca + 4085)(51 4+ 53 — 2m2) + 9cq(sp — 53)] .

e (14)
where & = 5 + S5, [ = 2mi/[(m, + ma)’A?].

In eq.(14), the part proportional to (¢; — ¢co — c3 + 46 Reés) corresponds to
CP-even ReA,;/, amplitude, the part proportional to ¢4 corresponds to ReAs/;
amplitude and the part 43Imcs corresponds to CP-odd ImA,/, amplitude.

The operators (6) and (7) give the additional CP-odd part of A;/, ampli-
tude:

igs BE r¥ (M, + M)
6mZ A

(s1459—2m?2)
(15)

<7t (p)7* (p2)7 ™ (p3)| Oy~ [ K (k) >= ~

_Am0.BIrC (v si—am?) (16)
2

< mt(pr)mt(pa) 7 (p3) 0GR~ R H(K) >= 27 a,m?
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To get the last relation, we have used the result of ref.[15]:
+ —r. ¥ ~a e 8, \2 ~
<m (p)ﬂ’ (p )I?G;WG;“/'O >= _§(p +P) (1‘)

improved by replacement (p + p')? = [(p + p')? — m?] required by the Adler
* selfconsistency rule [16]. The CP-odd part of 4;/, amplitude in presence of
K — M and Weinberg’s CP violation acquires the form

%(1 + (:mf/()] (51+32—‘27'71.;2r)
(18)
To estimate a magnitude of CP effects in At — 37 decay one needs to
use the known data on K — 27 decays.

Our technics gives

ImA, ;= 5(—;\;—3 sin ¢ cos 8¢ - 43Imés —

< 7tr7|L(AS = £1)|K, >= k(aye™ + a3/2e'?)

< WOWO,L(AS = il)']‘i’s >= K(al/gei% - 2&3/2€i62) (19)
3 )
< 7T+7T0‘L(AS = —1)|K+ >= —Ké—ag/gﬁ"sz)
where k = % sin 6 cos O¢ fr(m% — m2) and

ay/g = c1 — ¢y — c3+ 43¢5

(20)
3/2 = —C4
The data on K — 27 decay probabilities give us:
ajjp = —10.295; ag;p = —0.335; 6 — by = 53.7° (21)
Using also the estimates
g =-2.75; c=006; c¢3=008 (17] (22)
we find
438 = —-T.4 (23)

Now we are able to estimate the relative contribution of two mechanisms of
CP violation basing on the data on K — 2x decays. Experimentally (18]

(€/€)ezp = (1.5 £0.8)107° =2 .107%p, p<1 (24)
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The theoretical prediction is

S th 93/2 3( Ime=Yn—
(6 /6) 223 . 10_3(01/2)2 {4/3( ”“‘D)T]

B 2/2 4rgsBIr( g, Bri(M, — M,) ¢
Grsinfgcos b | 27asm3 6AZm% n

The parameter 5 in (25) takes into account the effects of "ewp” and box
diagrams not. considered above, but significant for K — 27 decay. It is of

the form I
—1dmago
=[1—-w 120
K ( w Ima.l/g) (26)

(25)

where -
ol e-at 43¢5 ~ 31 (27)
(—ca)

and Imagjs/Imayjg ~ dem /.
As it was first noticed in [19], at m; ~ 180 GeV the second term in r.h.s.
of eq.{26) is big enough to produce 5 ~ 0.1. Then, in SM

a3 ~ _
(/e = ~393 Tl()‘}—/ile/z)iﬂtw(Im%)” = (few)sy x 1074 (28)

where

6.7+0.7 [20]
(few)syy =4 3.1+25 [21] (29)
4+5 [22]
Using eq.(24) and neglecting the contribution (28) we come to the result

—2V2 - 4ng,BIr( . .. 3
IRt Lindall 1 4 0.19a,¢: ~1.4-10
270G F sin ¢ cos fpm? [ +A astn/c] g (30)

where the magnitudes of the parameters were taken from ref.[12].
From eq. (23) and (28), it follows too that

—ImE5
RF.’E5

= (few)sy - 107°p7 1 ~ (few) - 107* (31)

Now we are able to estimate a value of CP effects in A* — 37 decays
cansed by N — M and Weinberg CP breakdown using eq.(18) and the results
{30) and (31). But first of all let’s notice that eq.(18) does not affected by
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the "ewp” and box contribution in any considerable way. The reason is that
the parameter w™! in eq.(26) is replaced in this case by the parameter
61—62—03—04—4ﬁé5

wid = o = 3.6 (32)

and the related effect is negligible.

Then, a magnitude of CP effects in A'* — 7*71*7¥ decays produced by
KM and Weinberg mechanisms of CP violation can be evaluated using the
results [7, 8] for SM and making the replacement

Imés Imés 3 _1140.985( /€
Reds| ‘ ol 0 P 15240 fankn )
¢ 1
_|Emes| | 1 g8 1071 LT @E/C
Reéy 14 0.19a:én/¢

In the case of combination of the superweak and Weinberg CP violation, the
part Imés/Reés = 0.

The parameter a; is related to the momentum region of order p = pp ~ m;
and can be estimated inserting the value é = —0.33 following from eq. (23)

into the relation o
s A2 —E‘:? In(me/p) (17] (34)

giving then a,(p) = 2.7 at p = m,.

It should be stressed that a non-coincidence of our magnitude of é; with the
values obtained with the aid of group-renormalization technics [10, 11] means
only that this technics misses a considerable contribution into ¢; arising from
the regin p < 1 GeV where such technics is not applicable.

The replacement (33) can be represented in the form

1.88p
[1 * (few)sn

Im55
Reé5

Imey

Reé‘rj

(1 +2.5¢/¢) (35)

showing that even at £/ = 1 and (few)sy = 4, the spontaneous CP violation
doubles the effect, if p = 1.

At £/¢ > 1 and p ~ 1, the CP effects could be considerably larger than
that predicted by SM. The last ones are [7, 8]

|AT/T |sy = 2.5 - 107 Z(SM) (36)

|Ag/glsy = 3.8-1072Z(SM) (37)




where
Z(SA/[) = |]W155/R€55| = (felu)sgu . 10_4 (38)
As it follows from eq.(33),the largest increasing of CP effect by the Wein-
berg mechanism takes place at /¢ — 0.

Then
Z=10"pp ' ~ 107 p, p<1 (39)

and |Ag/g| could by of order 4 - 10~* instead 2 - 107° in SM.
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