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Abstract

The neutron electric dipole moment, nucleon-nucleon CP-
-0dd interaction and B°-E° mixing are considered in the model
of CP=-violation with coloured scalars.

1« CP-0dd effects in the stendard model are due %o non-
-zero phase in the quark mixing matrix [1]. The ratio E}E}
which characterizes a deviation from the superweak mechanism
predictions [2] in K-meson decays was estimated in the stan-
dard model to be ~ 1% [3]. The results of the last measure-
ments
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are close to contradiction with the standard model's predicti-
onss This fact has inspired great amount of alternative models
of CP-violation. One of them has been proposed in Ref., [6].
It's main idea is as follows. CP-symmetry is violated spontane-
ously in the sector of scalar particles. Due to the exactness
of the colour symmetry coloured scalar fields cammot develop
non-zero vevs and lead to a complex quark mixing matrix. Hence
CP-odd effects in quarks interactions are the result of the
coloured scalars exchange. These effects are suppressed by the
large mess of the coloured scalars and the smallness of quarks-
~coloured scalars interaction constants.
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In Ref. [1] the induced D -term is estimated in the mo-
del with coloured scalars. The present paper is devoted. to the
analysis of CP-odd effects not connected with the O -term,

2. Before pagsing the calculations, we present the short
desgcription of the model and necessary parameters estimates.
The particle content of the standard model with the real
Kobayashi-Maskawa matrix is enlarged with new scalars. Some of
them are transformed as the 6 representation of SU{}}G group.
The rest are singlets which develop non-zero vacuum expectati-
on values. As a result, an interaction of the AMG““ESE’EC*’P {
kind makes a coloured scalar propagator CP-violating.

For simplicity consider the case of only two coloured |
scalars, ¢ and ¢, with bare masses M and M’ corresponding- '
ly. Due to the interaction with vacuum condensate the physical i
scalars #ﬁ and <, ere the linear combinations of ¢ and ¢’ :
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Their masses M,1 and M:l are quite large (in the TeV region).
Hence, when discussing low-energy phenomena we can treat the
coloured gcalars exchange in the local limit.
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Begin with the Lagrangian

1, -3, (4h + £W)Cq +He

where Q.= ji(TL]fE:)q, q : is the column of quarks in
the generation space, and W are real symmetric matrices

in the same space, C is the charge conjugation operator. As
4:4'2: and cI:-’ are the singlets of the weak isospin group, they
interact with the right-handed quarks only. Suppose that the
electric charge of coloured scalars is - % le| and hence thg
interact with down quarks only. This restriction is sufficient
to describe C(P-odd effects in the neutral kaon system, the
only CP=-odd effects experimentally seen up to date.

The effective CP=odd four-quark Lagrangien is
LR HCY RN (SR

where N = \Im Acb< ‘1C>*<1D>\/Ma', Ml—“-“ M*t M‘,‘._ , &nd

summation over down quark flavors a,b,c,d and colour indices
iy J z k S el implied. Sometimes we shall use the other
form of this Lagrangian:
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(tE' s are the colghur group generators, normalized by the condi-
tion Tr*-f;" e -k@. )« It can be derived from (1) with the
help of the Fierz transformations.

To estimate a value of M consider CP-odd mixing of neut-
rel kaons {6]. It follows from (1) that |AS|= 2 transition
K° > K° takes place in the first order of the perturbation the-
ory. Parameter £ of superweak mixing cen be estimated using
the formula [2] 3
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Vacuum insertion method gives

(RS G+ & G K9 =L

So,
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Assume that parameter /A is of the order 101, There is no

gense in making this parameter very smell. Smgll A leads to
small scalar mas3ieg and large CP-even effects which contradict
experimental data. Choose h and hJF to be of the same order
as the Yukawa couplings of the stendard model: hq;* h;b”fnf";a; /v ’
V = 250 GeV. Substituting in (2) experimental values for the
other parameters, one obtains the estimate for scalars masses:

M~id =15 eV

It's order of magnitude coincides with that in Ref. [e] .
Uncertainty of the estimate results from the rough estimate of
the matrix element.

Note that due to the fact that the model under considerati-
on treats CP-odd effects with |ﬁ.51 = 2 and |ﬁ3|- = 1 in the sa-
me order of the perturbation theory the rafio E'/ € is many ti-
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meg smaller than in the standard model.

3. Pass now to the calculation of the neutron electric di-
pole moment (EDM). First of all, consider Ci-quark EDM (
that of W -quark is negligibly small because up quarks do not
interact with the coloured scalars).

The interaction of a fermion EDM Ci with external field
anis described by the Lagrangian
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. It is eamsily seen from (1) that in the model a quark EDM
cannot appear on a one-loop level due to the hermiticity of a
Lagrangian. The only way to get the (P-odd effect is to change
one of the virtual quarks flavor with the help of the standard
weak interaction (which can also be considered in the loecal li-
mit). Corresponding diagrams are depicted at Fig. 1. Here a
quark propagator in the external electromagnetic field is deno-
ted by a solid line, D,D'=d,s,b; U=u,c;t and cP-violating
vertex is denotfed by a point. Basily seen, however, that these
diagrams cannot generate the quark EDM. As a matter of fact, s
one~-vertex loop is equal to zero., If we connect the external

field photon to the lower loop at Fig. 1b, we'll get the polari-

zation operator which is zero for a constant field.

Thus, we need to take into account strong interactions.
The gituation is similar to that in the standard mndel.[?]. To
escape turning to zero the one-~-vertex loop a gluon should be

emitted from it. At diagram 1b it should terminate at the exter-

nal fermion line, al diagram 1a virtual gluon commects two quark
loops (Fig. 2; dashed line denotes a gluon propagator).

crucial difference between the standerd model and that un-
der consideration is in the fact that in the latter the Ci-qu-
ark EDM Has a non-zero value even in the chiral limit my = 0.
Indeed, consider diagram 2a. Central quark line here begins in
a vertex with, say, right-chirality currents and ends in the
vertex with currents of left chirality. Hence, only ﬂm/tﬁﬁ_nf"
part works in the central quark propegator. If characteristic
- momenta p exceed all down-quark masses, diagram 2a with b
~quark in the central line gives the main contribution to the

EDM. As for the diagram 2b, it's contribution is proportional
toiTu and we shall not consider it in what follows.

Trace now, what quarks (D' and U) give the main contribu-
tion when calculating quark loops. Due to assumed hierarchy of
h constants ( Rey ~ m.m, /V ) b -quark contribution do-
minates in calculation of the loop with CP-violating vertex. In
the rest loop it's enough to restrict onesel? with C- and 4.: =
—quark contributions because, as we know from experiment, lK

Ko l< KK ol K K | ( K is the Kuba;r,r&shl—
~Maskawa matrix).

The external field photon can be attached either to the
central quark line, or to one of the quark loops. To calculate
corresponding contributions to the EDM we should lmow expressi-
ons for the subdiagrems (Fig. 3 and 4). The polarization opera-
tor (Fig. 3) in the euclidean region for kZ is

1
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where & is the mass of a heavy particle (coloured scaler or
»J-baann}, which provides an ultraviolet cut=off,

The expression for the quark loop in the extermal field
(Fig. 4) have been obtamined in Ref. 7 :
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Here €, is the external field polarization vector. Simple es-
timate with the help of (4) and (5) shows that typical momenta
of integration lie in the region mi « kP« mi, « So, when
the external field photon is attached to the central quark li-
ne, we have '

{a}
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Here G is the Fermi constant, hh = hdbhbb _h&b hbb
= gp/z]un-, g is the strong interaction constant.

llow let the extermal field interact with one of the quark
loops. If the loop is that of the b -quark, corresponding con-
tribution to the LDI is

o4 hW%JWKK

s

Q o4r X O

:fdk (163) -168)

Finally, if the photon is attached to uP-quark loop, the
total contribution from t=-end ¢ -quakrs is

A hh’
‘T’ ~ 5o MR 7 m KKy
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It's easy to see that d is quite small as compared with

@) )
d and d*because it does not eontain the large logarithm.
With logarithmic accuracy
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The value of 3 can be calculated numerically. It equals
to =0.85. So, we find

IS W [ it (6)

For numerical estimate we assume for :al the value ~ 0.1
and for lK Kﬂ,l the value ~~ 10

Thus, in spite of "superweakness" of the CP-violating in-
teraction ( hh ~ (h\,@/{i)") , d-quark EDM is of the
same order as in the standard model [7]. This is, in fact, the
congsequence of the two features of the model. First of all,
the right-chirality currents teke off chiral suppression in CP-
-0dd effects (this gives factor w /My, as compered %o the
standerd model). And secondly, abscence of the GIN mechanism
,leads o integration momenta, which exceed the masses of all
down—qua.rka (corresponding enhancement factor is Lt e e

In the simplest quark model d-qua.rk EDM contributes to
the neutron EDM as follows:
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D.(d)=3d.

Considered mechanism gives other contributions of the sa-

nme order as (6). Indeed, placing diagram 2a in the constant

gluonic field, one can find the colour dipole moment (com)of d-
—-quark:

<4 144yt ME 2 w
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Quark CDM contribution to the neutron EDM in the nonrela-
tivistic quark model was found in Ref. [B]:

D(d)=Gek,

If we change external d—-qua:rks to s-quarks in diag-
ram 2a, placed in the external gluonic field, we'll get the in-
teraction, described by the Lagrangian

2 rd ) a4
L,=-%25 G fouys

where d: (2) is the S ~querk CDM. This interaction leads to

the contribution to the neutron EDM due to the diagram depicted
at Fig, 5 [8]:

Dn (S) A (2o - ‘f)E S i m*(mh- th : de () In m:_‘?

2= f g =~ M

Here o = 2 ig relative weight of the L) -coupling, e~

~ 300 HMeV is the quark effective meass and ann R 135 is
the nucleon- W -meson coupling constant.
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Summarizing all the contributions, we arrive to the esti-
mate for the neutron EDM in the model with coloured scalars:

D, =D (d) + D,(d) + D, (s)~-7-10 "e.cm

It is spproximastely an order smaller than in the standard
model [9].

4. Having the value of the quark CDM at hail&s, we can egti-
mate the constant of CP-o0dd nucleon-nucleon interaction in the
model of nonrelativistic quarks [8). Assuming that the interac-

tion gu G:;hncirpd is responsible for the nucleon-isodar
mass splitting, we get

B o~ T MM e 6407
m

CP-odd nucleon-nucleon interaction constant is defined by
the formulsg :

s gtﬂﬂ%mgﬁ.
e g o Py

and constitutes numerically

rg~6-1(fIE

5. Relatively large constant of D —quark interaction with
coloured scalars enables fo presume a noticeable CP-odd mixing
of neutral B -mesons. Indeed, similar fto the K -meson case,

h p2
Im MBEE' & %&b@ B s (72

Here hh'= hhbhftﬁ”hbbhqﬁ for 6q—mescns. To estimate
the CP-odd mixing parameter

R€E=‘%% (8)
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