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In the Standard Model (8M) of e1.ectroweak interaction with' CP inv&rla.nt ',,-1".
strong interaction, the CP violating effectf!J in flavour-eonserviJlg pr~-are 

, e:xlpected to be very tiny and look beyond the experimental reach'in thenea.r 
deca<le(s). 

If, however, both the Kobayashi-Maskawa mech1lilliem ,audJDechanj,sInof ' 1 
spontaneous CP violation work, suCh a t~eorY allows to have a~icture"of CP ~ 
viola.tion consistent:·;with e:x:isting limits on puameters,~,&Ud'dllandgiveS'fOt·~ " J 
the upper limit of the 'fJ -'+21(' r~tt! a value one order iarger than theu~~t:,' ';', ~ 
ror this rate originated by 8..tean of QeD l&grangian.' "._~ 
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1 Introduction 

In order to clarify the nature of CP violation it is very important that in addition 
to studying flavour-changing processes also to look for CP effects in fiavour
conserving transitions, such as "l --+ 21r decay or interaction of baryons with 
electromagnetic field through their electric dipole moment. The reason is that 
predicting more or less the same picture of CP violation in strangeness-changing 
decays of {KO, I?O} system, the different theories predict very different values 
for flavor-conserving processes, in particular, for CP violating 17 --+ 21r decay. 
The table 1 illustrates the situation. 
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Table 1.
 
Expected values of CP violating effects in flavour-changing and
 

flavour-conserving processes originated by different sources of breakdown of
 
CP symmetry.
 

Strangeness-changing processes IFlavour-conserving processes 

Standard Model with CP invariant strong interaction [1] . 
TJ± = £ + c1 dn :c:.; 10- e cm [2] 

- 2 ' R - r(!J-2·n'} < 2.10-27 14]"100 - £ - £ 1J2'11" - r(1J-al1) 

IE:' /£I th ~ (3 -;- 6}10-4 [3] 
Superweak interaction [5] 

Amplitudes '" 9swGF sin Oe 

'P± = 'Poo= 'Psw ~ 43.7° 
TJ± = "100 

In particular, 
RYJ21r ~ 3.10-49 

Spontaneous CP violation in theory with natural flavour conservation [6] 
h\£'/£It ,..., 5.10-2 [7] atn R: 10-24e cm [8] 

versus versus 
Ie'/£/exp = (1.5 ± 0.8)10-3 [9] d~xp ~ 1.1 . 10-25e em [9] 

RTJ21T > l4,21r (SM) 
Strong CP violation due to 8-term in QCD [10] 

dn R: 2 . 10- [Ole cm [11J 
RTJ2'11" R: 350· 02 ~ 1.2 . 10-16 [12J 
at () ~ 6.10-10 from d~;r:p 

The Table 1 leads to conclusion that "1 ---+ 27T" decay will have a chance 
to be observed in future only in the case of breakdown of CP svrnmptry in 
strong interaction with magnitude of () not far from the existent upper limit 
on this quantity. The other source of R1J21r ~ R7]21r(S M) - the spontaneous 
CP violation in Higgs sector, seems to be excluded by experimental data. But 
the last conclusion relates to the situation when the spontaneous CP violation 
is the only source of breakdown of CP symmetry. If, instead, this mechanism 
works simultaneously with Kobayashi-11askawa mechanism [13J of CP violation 
then the picture is changed in a considerable way. In such a theory, it turns to 
be possible to have [14] 

1) IE' /EI = (anyvalue) ~ (1.5 ± 0.8)10-3 

2) (1) 
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3) RTJ27r ::; 1.8· 10-15 

The theory with two sources of CP violation could be especially useful, if 
the future experiments will confirm that E~;rp > E'th(SM). 

Let's now turn to foundation of the results concerning "I ~ 27i" decay in 
different models of CP violation. 

2 'TJ ~ 27r in 8M with CP invariant strong interaction 

In 8M, a violation of CP invariance occurs due to imaginary part of coupling 
constants. But He'l-micity of the 'TJ7i"7i" interaction does not allow a complex 
coupling constant for such a vertex if "I meson and (1T1T) system are the self
conjugate states. Therefore, "I ~ 2Jr transition could take place only if "I or (JrJr) 
states have a small admixture of some non-self-conjugate states, for instance, 
KO(kO) or (I{Jr) respectively. In other words, "I --t 27T transition must be the 
two-step transition 2 

(2) 

and "I --t 27T transition becomes allowed if the phase A and {j of first-step and 
second-step transition, defined as 

are different, that is, A i=- 6. 
A calculation of the matrix elements in eqs. (3) can be performed using the 

effective non-leptonic lagrangian for AS = ±1 transition given in ref. [15]. 
,. 

L(IASI = 1) = ~GFsinBccosBc t(cjOj + cj9J) (4) 
j=1 

where 

0 1 (sL/pdL)(UL/pUL) - (SLIpud(uL,pdd, ({8f}, AI = 1/2), (5) 
O2 = 2(sL1pdL ) E (qL/pqL) - 0 1 , ({8f}, AI = 1/2), 

q::'U,d,6 

0 3 O2 - 5(sL1pdd(SLIJlsL), ({27}, AI = 1/2), 
0 1 = (Sf,IJ£dL) ( ilLJpdL)(UL/pUL) + (SLJjlUr,) (ilL1pdL ) 

2The intermediate states with non-zero charm, or beauty give conSIderably smaller contribution to TJ -. 271" 
transition. 
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(sLlpdL)(dLlpdL), ({27}, III = 3/2),
 

Os = (sL'YwxadL)( E iiR'YpAaqR) ({8}, 6.1 = 1/2),
 
q=u,d,s 

0 6 (sLlpdL) ( E iJ.R'YpQR) ({8}, AI = 1/2). 
q=U,d,B 

The above set of operators is not sufficient for calculation of the ratio.E'/ e 
in K L --+ 211" decay [3, 16] but, as it will be seen later, is quite sufficient for our 
purpose. 

The diquark operators can be expressed through the· physical mesonic field 
using the relations [17] 

"/2
q{'Ypq~ = ~ 4'" {(8pY)Y+ - Y(8pY+) - ~2[m(apY+ - 8JiY)]hi (6) 

;;11: 1 2 1 2 ]
iiRqL = -if."r[Y - AS8 V I:i (7) 

where 

v = exp(iV2ir/I.,,) , r = 2m; ,A 'V IGeY , Iff ~ 93MeY (8)
mu+md 

and 

~+~+~ 11"+ K+)
1r = 11"- ~ +~ - ~ KO (9)( K- KO ~-2~
 

The result for 11 -+ 211" matrix element is
 

- 15 lmcs J;;.< 11"+11" 11] >= 6.02 ·10- /3Recs- [-v3smBp (cl + C2)+
ReCfi 

10 cos {}p + 2V2 sin8p (2 sin{}p cos Op) i(cS,-6o)]G Y + .IC C3 + f<) + IC C4e e (10)
v6 v3 v6 .' 

Using then the numerical values of Ci obtained in ref. [18] and [19] and 
estimate [20] giving 11mcs/Recsl = (I±OA)ls2s3sin61 and taking8p = -19,47u~ 
we come to result 

R = r(1] -+ 11"+11"-) < (066+0.63)10-21 sin2 6 (11)
+- r(1] -+ all) - . -0.32 

where 6 is the Kobayashi-Maskawa phase. The rate of'Tf -+ 11"011"0 is half as big. 
As it follows from eq. (10), the amplitude of 1] -+ 211" decay is determined 

mainly by AI = 1/2 part of intermediate K -+ 211" amplitude and for this 
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reason is not practically sensitive to corrections introducting by the operators 
corresponding to so-called electroweak penguin and box diagrams. 

The result (11) does not leave a hope to observe this decay if th~ phase {) is the 
only source of CP violation. But importance of this result consists in possibility 
to affirm that the observation of such decay would be the evidence for other 
sources of CP violation, such as 8-term in QCD lagrangian, or spontaneous CP 
violation in Higgs sector of the theory. 

3	 1J -+ 21r decay caused by CP violation in strong inter
action 

A complicated topological structure of QCD vacuum state originates CP viola
tion described by O-term 

L8 0 O:s GO G-0 [10]	 (12)QeD =,- 81r 1''' I'll 

In chiral theory it performs into 

8( ) m; .6m~ (+_
L 1] -. 21r = -O~.~ 6. 3 2 'Ir 'Ir +

2v 2jr mp 
2 + 2m1r 

, 02 

+ 1r )(V21ro+ 'irS)	 (13)
2 

demonstrating the direct dependence of the result on solution of U(l) problem 
because Am~ is a difference between magnitudes of (m;o)Ph1l8 and m;o following 
from Gell-Mann-Okubo mass relation. In eq. (13), '}f0 = 11"3 =F 11"0. At 0 ~ 

6 . 10-10 (from the data on dn ) one ~etR 

(14)
 

1J -+ 27r decay in theory with Kobayashi-Maskawa and. 
Weinberg mechanism of CP violation [6] 

If the 8M is complicated by extension of the Higgs sector up to three Higgs dou
blet, the additional source of CP violation appears - the spontaneous breakdown 
of CP symmetry in Higgs sector [6]. Then, in addition to diagrams in Fig. 1 
contributing in Kobayashi-Maskawa scenario to CP violating parameter E and 
E' in K -+ 271" decay, the new set of diagrams shown in Figs. 2 and 3 give 
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a contribution to these parameters originated by Weinberg mechanism of CP 
breakdown. 

H this last source is considered as the only one, such a mechanism gives too 
large values for E! / £ [7] and dn [8] in comparison with experimental data. The 
cardinal solution of the problem consists in assumption that the KM mechanism 
works also and gives the main contribution to e. Then the Weinberg mechanism 
can contribute considerably to t and can originate a large enough magnitude 
of 'TJ -+ 21T decay. But to estimate RfJ271: one needs first to extract a value of 
unknown parameter I rnA of the Weinberg theory from the data on £'. The 
important new result in the analysis of the problem concerning E! in Weinberg 
model consists in the observation [14] that the diagrams in Fig. 3 give by 5 times • 
larger contribution into E! than the diagram in Fig. 2b c'onsideredpreviously 
in literature [7]. The same set of diagram as in Fig. 3 originates the 1] -+ 271" 
transition and this allows to express gUf (1J1T1T) through tw = ~%P - (E!)YlM' 

From the existing data IE!/ele%p = (1.5 ± 0.8)10-3 and theoretical prediction 
IE!KM/elth 

", 3.10-4 [3] one can conclude that lE!wlel ~ 2.10-3• Thencalculating 
a contribution of diagrams in Fig. 2 and 3 into £'W and comparing it with the 
experimental limit on E!w one can extract the value of ImA. Inserting this value 
into diagrams like the ones in fig. 3 but. conserving the flavour one can obtain 
for the coupling constant of effective interaction 

Leff (1J -+ 271") = gw1J1rtr 

the result 

Igwl ~ 3.6 _10-10 - C·in8p -::.fCOS 8p)Gev (15) 

At Up = -19.47° 
(it» 

Electric dipole moment of the neutron in theory with 
KM and Weinberg mechanisms of CP violation 

Our estimate of I mA is 

IrnA = 7.1 '10-8 [(ln m~ _ 1)(1 + x VidVst )t1 (17) 
me ~d~c 

where 
TT m 2 m2 m2 2,. 

x = ~. _t . H (1- H In mt .). 
~8 m~ rn.l - m1 ~ - m1 m1; 
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2 
. (In mH _ 1)-1 (18) 

m2 
c 

Inserting this I rnA into the formulae of ref. [8] one obtains 

1 +x~ )
ID I < 0.11 . 10-25 ~~ ecm	 (19) 

n - ( 1 + xYiA.fu 
Ve., V,Il 

In the above formulae, Vii are the elements of K-M matrix taken at 6 = o. 

6 Conclusions 

1.	 The minuteness of Rf/21r in 8M with CP invariant strong interaction presents 
a golden opportunity for manifestation of the other sources of CP violation. 

2.	 Observation Rf/21r at the level 10-16 would not be 'obligatory the evidence of 
CP violation due to 8-term in qCD la.grangian. The spontaneous CP viola
tion in the Higgs sector could give also such a rate when it is accompanied 
by the Kobayashi-Maskawa mechanism of CP violation. 

3. Observation ~21r with a magnitude few times larger than R:21r would be 
the evidence of CP violation in Higgs sector. 

4.	 In KL ~ 211" decays, it is possible, in principle, that the part CKM is 
cancelled by Cwo Therefore, f! -+ 0 would not be inevitable the evidence 
of superweak CP violation. 

5. Observation (at DA~NE) C > (c')~'M would be the evidence of CP viola
tioll in Higgs Si:Ctor1 ' 
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