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ABSTRACT

The experimental upper limit on the neutron electric dipole moment
(NEDM) allows one to bound the parameters of CP-violation in the
system of light quarks. New strict upper limits on these parameters
are obtained within the chiral approach where the long-distance,
logarithmic in m, contributions to NEDM are considered.
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1. Up to now CP-violation has been observed only in the decays of
neutral K-mesons [1]. One more important source of the information on
this phenomenon are the searches for the NEDM. Although it has not been
discovered up to now, the experimental bounds on the NEDM are extremely
important: due to them a lot of models of CP-violation have become obsolete.
The most strict upper limit on the NEDM d, has been obtained in refs. 2, 3].
It constitutes

d,/e] < 107 *°cm. (1)

Since the origin of CP-violation is still obscure, it looks quite reasonable to
interprete this result in terms of limits on the effective coupling constants of
the phenomenological CP-odd quark-quark and quark-gluon operators. Such
an approach was applied previously in ref. [4] where quite essential bounds
on these constants were obtained by means of the QCD sum rules technique
and the factorization approximation. In the present article these bounds are
revised and most of them considerably improved in the chiral approach where
the contributions to the NEDM singular in the 7-meson mass are considered.

For the first time this approach to the NEDM calculation was used In
ref. [5] to obtain the contribution of the f-term to the dipole moment. It
was shown in that paper that the only diagrams singular in m,, in fact
proportional to logmy, are those in Figs. la,b. Here one 71NN vertex,
g-v/2i7s, is the strong one, and the second, §v/21, is CP- and P-odd. The
strong TN N constant, g,, equals 13.6, and CP-odd one, §, is induced by the
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Fig.1. Chiral contribution to d,,.

discussed CP-odd interaction, f-term in ref. [5], or quark-quark and quark-
qluon interactions in this paper. The NEDM induced in this way equals

I .0 m
Byt i L lo : ;
1’1[/ ?np 4ﬂ_2 g mﬂ_ 1 (2)
where my is the proton mass. The choice of the p-meson mass m, as the
typical hadronic scale at which the logarithmic integral is cut off, is of course
'somewhat a matter of convention. It is proper to recall here the relativistically

invariant definition of a dipole moment d as the coefficient in the effective
interaction

1,-
V= "ﬁdw‘fﬁﬂ'qupu@ (3)

of a particle with an electromagnetic field F,,.
Expression (2) for the NEDM allows us to reformulate the experimental

?esult (1) as an upper limit on the CP-odd constant of the charged pion
interaction with a nucleon:

§ 0Tty (4)

In fact, the chiral parameter, log(m,/my), is not large, 1.7 only. However,
due to the absence of other logarithmic terms, mutual cancellation between

~ this contribution and other ones looks quite unnatural. So, expression (2) can

serve as a rather conservative estimate for the NEDM.

9. Following ref. [4], let us write the CP-odd Hamiltonian of quark-quark
interaction as

-
I

H = 7 > kO; (5)
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Os = 1175910292

O; = qirst®niat®e (6)
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The summation in the first line is performed over the operators with different
Lorentz and colour structures enumerated in the next lines. The operators O,
and O¢ refer to the cases of the same quarks (¢1 = ¢2 = u, d) and different ones
(g1 # g2). Our results will be formulated as upper limits on the dimensionless
constants k; characterizing the magnitude of corresponding interaction in the
units of the Fermi constant G = 107> /m;.

The CP-odd vertex of interest to us can be transformed by means of the
PCAC technique as follows: '

< 1 p|Ciln >= B p|[0;, utysd]in > (7)

where fr = 130 MeV. In the case of the quark-quark operators the arising
matrix element is reduced by the vacuum factorization to

< p|[0;, uTysd]|n >= i < gg >< plid|n > C; (8)

where C; are numerical factors dependent on the concrete form of the operator

O;. They are
R et Akt et tr &
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For the quark vacuum condensate we will assume the numerical value
< §q >= —(0.25 GeV)3. For the nucleon matrix element the SU(3)-symmetry

arguments give [5]:

(9)

g e
< plid|n >= Upunp, p= m—“r;l—wg a1 (10)
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At last, using the limit (4) we get the following results:

[Eafeg 3:1078,, (k8] £ 1.0-007 % Jkilied.2:.005 0, (k) < 0951053, (11)

The presented upper limits on the constants k$ at ¢1 # g2, ki, kf were
obtained previously in the chiral approach in ref. [6]. (The explanation of some
difference in the numbers is that here we use the value 1.7, but not 1, for the
chiral logarithm.) However, the method of treating the vertex < pm~|O;|n >
by the direct factorization of the matrix element < 7~ |ud|0 > used in ref. [6],
naturally is not operative for identical quarks, and does not allow therefore
to get the limits on ks, k¢ at ¢ = ¢2. As to the constants k, at q1 # g2, that
method gives a limit much weaker than (11). The same situation holds for the
vertex < m°N|O|N > dominating CP-odd nuclear forces. PCAC technique
with the consequent vacuum factorization leads to the limits on k, by a factor
of 2 better than the direct factorization of 7°-meson used in ref. [4].

3. Now we address the quark-gluon operators

O = mpqgoGysq, oG =o,Gyt° (12)
Let us note that the combinations
G

& Zkﬂrdmpg (13)

u,dzﬁ

could be called chromoelectric dipole moments of u- and d-quarks. In this case
matrix element (7) reduces to < pluigeGd|n > /fr. Applying the technique
used previously in refs. [7, 8] and based on the QCD sum rules, the last matrix
element can be expressed via vacuum expectation values:

mt
uigeGd|n >0 —L2—K. 1
< plaigeGdln > s (14)
The nonperturbative correlator in this formula
K=i f d*z < Tdu(z), uigeGd(0) > (15)

is transformed by means of motion equations fo

2 < u — dd jigoGq >
I{:_T{uu .‘::-f:ngfr q + (16)
3 my —mg < qq >

Let us note that in this way the breaking of the isotopic symmetry in the
quark-gluon condensate < gigoGg > is related to its breaking in the quark
one < §g > [8]. To estimate the last breaking we use the relation [9, 10]

S5 gq > (my —myg) ™

A= _
< uu —dd > m

2
£ (my +mg) ~ 330 MeV. (17)

Finally, we need one more estimate [11]:

< qigaGq >
< qq >

P ~ 0.8 GeV?. (18)
In result, we get
< plaigeGd|n >~ —1.5 GeV>. (19)

At last, for the constants of interest we get the following limit:
k| < 2.4-1077. | (20)

This result differs from the recent one of ref. [12] which is obtained
within the QCD sum rules technique and exceeds ours by a factor of ten.
The disagreement is due to different approaches adopted and to a numerical
error made in ref. [12].

Let us compare these approaches. The QCD sum rules used in refs. [4], [12]
lead (without numerical errors) to the result for the NEDM, as induced by the
quark chromoelectric dipole moment, which is roughly an order of magnitude
smaller then the present one obtained in the chiral limit. We believe that
the explanation of this difference is as follows. Being treated via the direct
application of the sum rules technique, our problem consists in calculating
the 4-point amplitude of the nucleon interaction with a photon and spurion
coupled to the CP-odd quark-gluon operator. Meanwhile, the QCD sum rules
are well-known to be unreliable when applied to multiparticle amplitudes.

In the present paper we reduce the problem via the chiral approach to
that of the 3-point vertex of the nucleon interaction with a spurion coupled
to CP-even quark-gluon operator. Its evaluation by the QCD sum rules is
more reliable than that of a 4-point vertex.

An argument of a more qualitative nature in favor of the present estimate
is perhaps proper here. Let us turn to the ratio of the NEDM to the quark
chromoelectric dipole moment. Since the electric charge e is a parameter
unrelated to the nucleon structure, it is reasonable to expect that the ratio of
dn /e to df should be about unity. Therefore, being formulated for this ratio,
our present result 0.8 looks extremely natural.

74




4. Thus, the use of the chiral approach allowed us to improve considerably
the limits, following from the experimental searches for the NEDM, on the
effective constants of the CP-odd quark-quark and quark-gluon interaction
(see Table). On the other hand, it is clear from the same Table that the
main conclusion of ref. [4] remains valid (to a considerable degree, due to the
essential progress in the experimental searches for the electric dipole moment
of Hg'% atom [13]): the upper limits on the constants discussed following
from the neutron and atomic experiments, are quite comparable.

Table
k:O; dnfe] <10 2cm | [d(Hg " )/e| < 2.5-10"*'cm
ks (@1i7591)(292) k| < 3-107° k< 0.5-107°

ke(q1tvst®q1)(G2t"g2)

g1 = g2 ol 10107 |k < 2:107°

q1 ¥ §2 RS} <l 1077 k¢ < 3-.107°
ke € uvap(@0,,t)(doapd) |ke| < 1.2-107° k] <4-107°
kfleuap(io,t®u)(doast®d) | [kf] < 0.9.107° EE[<4-10—°
kSmp§vsougGh tty k% < 2.4-107" | |k9] <1077

We are grateful to I. Kogan and D. Wyler for attracting our attention
to ref. [12] and for the discussions which elucidated the causes of the
disagreement.
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