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In the Standard Model (SM) of electroweak interaction with' CP invariant
strong interaction, the CP violating effects in flavour-conserving processes are
expected to be very tmy and look beyond the expenmenta.l reach in the near -
decade(s). - :
~ I, however, both the Kobayashi-Maskawa mechanism .and mechamsm of -
spontaneous CP violation work, such a theory allows to have a picture of CP
violation consistent:with existing limits on parameters ¢’ and d, and gives for -
the upper limit of the y — 27 rate a value one order larget than the upper lmnt -
for this rate originated by 8-term of QCD lagra.ngla.n :
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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 flavour-
conserving transitions, such as 7 — 2r 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 {K° K°} system, the different theories predict very different values
for flavor-conserving processes, in particular, for CP violating 7 — 27 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 | Flavour-conserving processes

Standard Model with CP invariant strong interaction (1]

Ny =€e+¢ d, < 107%¢ cm [2]
noo = € — 2¢’ Rygr = %%:—Zl% <2-107% [4]

€' fel®® ~ (3 +6)107* [3]
Superweak interaction [5]

N+ = Moo , Amplitudes ~ gswG7% sin® f¢

Y+ = Yoo = wsw =~ 43.70_ ; In particula.r,

, Ry, ~3-107%

Spontaneous CP violation in theory with natural flavour conservation [6]

|€'/e[™* ~ 51072 [7] d?* ~107%¢ cm [§]

versus versus

[€'/e|®®P = (1.5 £ 0.8)1073 [9] | d®*P < 1.1-10"%e cm [9]

Rr]21r > Rr,21r (SM)

Strong CP violation due to f-term in QCD [10]

dp ~2-107%(0)e cm [11]

Rypr~ 35062 <1.2-10718 [12]

at § < 6-10710 from d¢*?

The Table 1 leads to conclusion that 7 — 27 decay will have a chance
to be observed in future only in the case of breakdown of CP svmmetrv in
strong interaction with magnitude of # not far from the existent upper limit
on this quantity. The other source of Ryo; > Ryo.(SM) - 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-Maskawa mechanism [13] of CP violation
then the picture is changed in a counsiderable way. In such a theory, it turns to
be possible to have [14] '

1) |¢'/e| = (anyvalue) < (1.5 £0.8)107°
2)  df<01dy (1)
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3) Rp.<18.107°

The theory with two sources of CP violation could be especially useful, if
the future experiments will confirm that ., > ¢**(SM).

Let’s now turn to foundation of the results concerning 7 — 27 decay in
different models of CP violation.

2 17— 2x in SM with CP invariant strong interaction

In SM, a violation of CP invariance occurs due to imaginary part of coupling
constants. - But Hermicity of the npmn interaction does not allow a complex
coupling constant for such a vertex if 7 meson and (77) system are the self-
conjugate states. Therefore, n — 27 transition could take place only if  or (7 7)
states have a small admixture of some non-self-conjugate states, for instance,
K°(K®) or (Kr) respectively. In other words, n — 27 transition must be the
two-step transition 2

n— {K° K% - 2r, or n —» {Kn,K7} — 2x (2)

and 7 — 27 transition becomes allowed if the phase A and & of first-step and
second-step transition, defined as

<K'n>=| <K >l|e" and <27|K°>=]|<2x|K"> e (3)

are different, that is, A # 6.
A calculation of the matrix elements in egs. (3) can be performed using the
effective non-leptonic lagrangian for AS = +1 transition given in ref. [15].

L(|AS| = 1) = V2Gpsinfc cosbc 3 (c;0; + ¢O)) (4)
j=1 "
where
Or = (5rvudr)(rvaur) — Bryuur)(@rvedr), ({85}, AI=1/2), (5)
Oy = 2(5rvudr) Y (Gryuar) — On, ({85}, AI=1/2),

=u,d,§
O3 = O —5(8.vd1)(51vus1), ({27}, AT =1/2),
Oy = (Grydo)(uryudr)aryur) + (50vUr)(dpy.dr) —

2The intermediate states with non-zero charm, or beauly give considerably smaller contribution to n — 27
transition.
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- (gL'Y#dL)(‘IL’YudL): ({27}, Al = 3/2),
O5 = (BryXdr)( X drvXer)({8), AI=1/2),

q=u,qd,s
Os = (Bryudr)( Zd, drvuar)({8}, AI=1/2).
g=u,d,s

The above set of operators is not sufficient for calculation of the ratio-¢'/e
in K; — 27 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]

finds = @YV - V@) - Tim@V -V s ©

Tads = — 37201V — 30"V ™
where
e 2m? '
V = exp(iV2i/fr) , r = epripl A~1GeV | fr = 93MeV (8)
- and
Arara K
= L %Z+2-% K (9)
K- K?° % - 2%

The result for 7 — 27 matrix element is

I mC5

7| >=6.02- 10‘15,3Re [ V3sinbp(c; + c2)+

10cos 8p + 2v/2sin Hp 2sin Gp cosfp.  is—5)

— GeV 10
+ e + B+ Gy (10)
Using then the numerical values of c; obtained in ref. [18] and [19] and
estimate [20] giving |Imcs/ Recs| = (1£0.4)|s253 sin §| and taking p = —19,47%

we come to result

I'(n— n¥27)

[(n — all)
where 6 is the Kobayashi-Maskawa phase. The rate of 7 — #%7° is half as big.

As it follows from eq. (10), the amplitude of 7 — 27 decay is determined
mainly by AI = 1/2 part of intermediate K — 27 amplitude and for this

R, = < (0.66+383)10~% sin? § (11)
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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 the 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 #-term in QCD lagrangian, or spontaneous CP
violation in Higgs sector of the theory.

3 17 — 27 decay caused by CP violation in strong inter-
action )

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

ds a Aa |
Loep =—0-GL, G, [10] )
In chiral theory it performs into

m:  Amd
2V2f, Am}+3m?

Loy —2%) = -0 (mtn~+

+ )W+ ) 13

demonstrating the direct dependence of the result on solution of U(1) problem
because Am} is a difference between magnitudes of (m?2,)?*#* and m2, following
from Gell-Mann-Okubo mass relation. In eq. (13), 70 = m3 # mp. At 8 <
6 - 10-10 (from the data on d,) one gets

Rl <12-107% (14)

4 7 — 27 decay in theory with Kobayashi-Maskawa and
Weinberg mechanism of CP violation [6]

If the SM 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 ¢ and
¢ in K — 27 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.

If this last source is considered as the only one, such a mechanism gives too
large values for €' /¢ [7] and d, [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 €. Then the Weinberg mechanism
can contribute considerably to & and can originate a large enough magnitude
of 7 — 27 decay. But to estimate Ry, one needs first to extract a value of
unknown parameter /mA of the Weinberg theory from the data on ¢’. The
important new result in the analysis of the problem concerning & in Weinberg
model consists in the observation [14] that the diagrams in Fig. 3 give by 5 times
larger contribution into £ than the diagram in Fig. 2b considered previously
in literature [7]. The same set of diagram as in Fig. 3 originates the 7 — 27
transition and this allows to express gw‘f (nnm) through ely = €,,y, — (€)8u

From the existing data |¢//¢|**P = (1.5 £ 0.8)102 and theoretical prediction
|€kac /€| ~ 3-10~* [3] one can conclude that |}y /e] < 2-1073. Then calculating
a contribution of diagrams in Fig. 2 and 3 into ¢}y and comparing it with the
experimental limit on £} 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

LM (g — 27) = gwn

the result

—sinfp + V2 cosbp
-)GeV 15
V3 Jce (15)

lgw] < 3.6-107 - (
At 8p = —19.47°

15

Foge < 0.8-50 - (i6)
5 Electric dipole moment of the neutron in theory with
KM and Weinberg mechanisms of CP violation

Our estimate of ImA is
ViaVat

ImA="71- 10-8[(1n -—” -1+ z5-0)] (17)
m2 VeaVee
where " 2 9 9 9
=t LT T, My
Vo mZ mi—mj my -y My
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(g (19

Inserting this ImA into the formulae of ref. [8] one obtains '

2
1+x¥‘,‘
P - . ecm
VaVy

1429V

{Dnf <0.11-107% ( (19)

-

In the above formulae, V;; are the elements of K-M matrix taken at § = 0.

6 Conclusions

1. The minuteness of Rz, in SM with CP invariant strong interaction presents
a golden opportunity for manifestation of the other sources of CP violation.

2. Observation R, at the level 107!® would not be obligatory the evidence of
CP violation due to 6-term in QCD lagrangian. 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 R, with a magnitude few times larger than Rf,‘h would be
the evidence of CP violation in Higgs sector.

4. In K; — 27 decays, it is possible, in principle, that the part €, is
cancelled by ¢},. Therefore, & — 0 would not be inevitable the evidence
of superweak CP violation.

5. Observation (at DA®NE) &' > (&), would be the evidence of CP viola-
tion in Higgs secior!
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