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Abstract

At natural values of parameters of the model dicussed, the contribu-
tion of the chromoelectric dipole moment of the s-quark to the neutron
electric dipole moment (EDM) exceeds considerably the experimental
upper limit for the neutron EDM. As strict bounds on the parameters
of the model are derived from the atomic experiment with '*°Hg.
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1. The possibility of CP-violation being generated by the spontaneous
symmetry breaking in the Higgs fields interaction was pointed out in [1]. A
more realistic model based on this idea was suggested later [2] and contains
at least three doublets of complex Higgs fields.

In the most ambitious approach one may try to ascribe to this mechanism
the CP-odd effects observed in K-meson decays. In this case, however, not
only the masses of charged Higgs bosons would be rather low [3, 4]. Var-
ious estimates for the neutron EDM in this version [, 6, 7, 8] lead to the
predictions:

d(n)/e ~ 107%* — 10723 cm, (1)

well above the experimeﬁta.l uppér limit [9, 10]:
d(n)fe < 7-107*®cm, (2)

But then one can pass over to a more "natural” version of this model,
with heavy Higgs bosons. Of course, in this case the model is responsible
for only a small portion of CP-violation in kaon decays. It would be new
physics, a new source of CP-violation, supplemental to that generating the
effects already observed. _

The dominant contribution to the dipole moments in this model is given
by diagrams of the type 1 with a heavy particle (¢-quark, W-boson or Higgs)
propagating in the upper loop [11]. For the neutron dipole moment this ap-
proach is further elaborated upon in [12, 13, 14]. In particular, it is pointed
out there that, in the model discussed, the neutron EDM is controlled by di-
agram 2 with the t-quark propagating in the upper loop, but both wavy lines
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corresponding to gluons. The effective operator generated by this diagram is

1
H.= 5 d" Grsomta Gl 3)

where t* = A%/2 are the generators of the colour SU(3) group. The con-
stant d° in expression (3) is called the quark chromoelectric dipole moment
(CEDM).

The value of the d-quark CEDM, as obtained directly from diagram 1, is
(12, 13]

& = G oy

= s -\/Emd 1673

In this expression g, is the quark-gluon coupling constant, o, = g7/4r, G

is the Fermi weak interaction constant, my is the quark mass, ImZ; and

ImZ, are C P-violating parameters of the model. Functions f and g describe

the CEDM dependence on the ratio of the {-quark mass to the mass of the

lightest neutral Higgs boson, z = m?/M7?.. At z ~ 1 both functions are

close to unity. Their general z dependence is given in Refs. [11, 13]. An
analogous expression was derived in Refs. [12, 13] for the u-quark CEDM.

To investigate the CEDM contribution to the observable effects, we have

to bring the expressions (3), (4) down from the scale of M ~ 200 GeV to

the usual hadronic scale m ~ 1 GeV. In particular, to substitute for mg the

usual current mass value 7 MeV, we have to introduce the renormalization

group (RG) factor
[&s(M)] 12/23

as(m)

{ImZo[f(2) +9(2)] — ImZo[f(2) — 9(2)]}. (4)

Now, the QCD sum rule technique, used below to estimate the CEDM con-
tribution to observable effects, is applied directly to the operators of the

type
0]

gs& Tﬁﬂ-pt!tﬂq Gpp' ’
which include g, explicitly. This brings one more RG factor [15]

[a,(M)r”" |

as(m)

On the other hand, as distinct from Refs. [12, 13], we see no special reasons
to bring the explicit «, factor, entering the expression (4), down from the

high-momenta scale M, where it is defined at least as well as at m ~ 1 GeV.
The overall RG factor, introduced in this way into formula (4), is

14/23
] ®
Now, assuming
ImZo[f(2) + 9(2)] — ImZo[f(2) — 9(2)] ~ 1,
we arrive at the following numerical estimate for the quark CEDM:
df o~ 3 IDT S e (6)

2. However, the most serious problem is to find the CEDM contribution
to the neutron dipole moment. Here our conclusions differ from those of Refs.
[12, 13]. The simplest way [16] to estimate this contribution is to assume,
just by dimensional reasons, that d(n)/e is roughly equal to d° (obviously, the
electric charge e should be singled out of d(n), being a parameter unrelated
to the nucleon structure).

In a more elaborate approach [16], the neutron EDM is estimated in
the chiral limit via diagram 3, according to Ref. [17]. For both u- and d-
quarks, the contribution of operator (3) to the CP-odd 7NN constant gz=nn
is transformed by the PCAC technique to the same expression:

< 77 p|gsqvsout®q Gy n >= g P | 9: 00t d Gl > s
T
We include the quark-gluon coupling constant g, explicitly into the above
relation since the corresponding estimate based on the QCD sum rules refers
directly to the last matrix element. This estimate gives a value close to
—1.5 GeV?. For momenta ~ 1 GeV in this estimate, we take ¢ & 2. Then
the result for the neutron EDM is:

d(n)/e ~ 2-10"%%c¢m, (8)

which exceeds the experimental upper limit (2).
Let us introduce the ratio of the neutron dipole moment, as induced by
a CEDM, to d¢ itself:
__d(n)/e

3(q) 9)
D




Its value obtained in this approach, p = 0.7, is quite close indeed to umity.
In our opinion, this good agreement with the above simple-minded result
enhances the reliability of both estimates. '

* A quite essential contribution to the neutron EDM can be induced by
the chromoelectric dipole moment d°(s) of the s-quark [14]. The gain in the
magnitude of d°(s), as compared to the d-quark CEDM, is the large ratio of
the quark masses, m, /mg ~ 20.

On the other hand, for the s-quark, the ratio

ps = d{gi‘()s‘;ﬂ . (10)

should be much smaller than unity. Indeed, according to the QCD sum rule
calculations of Ref. [8], it is about 0.1. One should mention that other
estimates [5, 18] predict for the ratio (10) a value an order of magnitude
smaller, and this smaller prediction was used in Ref. [14].

Then, how reliable is the estimate p; = 0.17 There are strong indications
now that the admixture of the 5s pairs in nucleons is quite considerable. In
particular, it refers to the spin content of a nucleon. And though these
indications refer to operators different from 5ys0,, 15 GY,, they give serious
reasons to believe that the estimate

Py = 0,1 (11)

is just a conservative one.
At this value of p, the resulting contribution of the s-quark CEDM to the
neutron dipole moment

d(n)/e = 6-10"**cm (12)

is larger than the experimental upper limit (2) almost by an order of magni-
tude.

3. At last, let us compare the predictions of the model discussed with
the result of the atomic experiment. The measurements of the EDM of the
mercury isotope °°Hg have resulted [19] in

d(**°Hg)/e < 9-10~**cm. (13)

According to calculations of Ref. [20], it corresponds to the upper limit on
the d-quark CEDM _ .
d® <'24:107*em (14)
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The prediction (6) exceeds this upper limit by an order of magnitude.

Qur analysis demonstrates that very special assumptions concerning the
parameters of the model of spontaneous CP-violation in the Higgs sector
(such as large mass Mpo of the Higgs boson, small values of the C' P-violating
parameters ImZo, ImZ0, etc) are necessary to reconcile the predictions of this
model with the experimental upper limits on the electric dipole moments of
neutron and *?Hg.

Such fine tuning will change as well the prediction of the model for the
electron EDM. It will make much smaller the accepted now prediction
d(e)/e ~ 10~27 em [11, 21, 22], which is only an order of magnitude below
the present experimental upper limit [23].

I am grateful to J. Ellis, P. Herczeg and 5.K. Lamoreaux for the discus-
sions of results. The investigation was supported by the Russian Foundation
for Basic Research through grant No.95-02-04436-a, and by the National Sci-
ence Foundation through a grant to the Institute for Theoretical Atomic
and Molecular Physics at Harvard University and Smithsonian Astrophysical
Observatory.




References

[1] T.D. Lee, Phys.Rev. D 8 (1973) 1226
[2] S. Weinberg, Phys.Rev.Lett. 37 (1976) 657
[3] A.A. Anselm, D.I. Dyakonov, Nucl.Phys. B 145 (1978) 271

[4] A.A. Anselm, N.G. Uraltsev, Yad.Fiz. 30 (1979) 465 [Sov.J.Nucl.Phys.
30 (1979)]

[5] A.R. Zhitnitsky, I.B. Khriplovich, Yad.Fiz. 34 (1981) 167
[Sov.J.Nucl.Phys. 34 (1981) 95]

[6] I.B. Khriplovich, A.R. Zhitnitsky, Phys.Lett. B 109 (1982) 490

[7] A.A. Anselm, V.E. Bunakov, V.P. Gudkov, N.G. Uraltsev, Pis’ma
Zh.Eksp.Teor.Fiz. 40 (1984) 310 [Sov.Phys.JETP Letters 40 (1984)];
Phys.Lett. B 152 (1985) 116

[8] V.M. Khatsymovsky, I.B. Khriplovich, A.R. Zhitnitsky, Z.Phys. C 36
(1987) 455

[9] K.F. Smith et al, Phys.Lett. B 234 (1990) 191
[10] LI.S. Altarev et al, Phys.Lett. B 276 (1992) 242
[11] S.M. Barr, A. Zee, Phys.Rev.Lett. 65 (1990) 21; 65 (1990) 2920(E)
[12] G.F. Gunion, D. Wyler, Phys.Lett. B 248 (1990) 170
[13] D. Chang, W.-Y. Keung, T.C. Yuan, Phys.Lett. B 251 (1990) 608
[14] X.-G. He, B.H.J. McKellar, S. Pakvasa, Phys.Lett. B 254 (1991) 231

[15] M.A. Shifman, A.I. Vainshtein, V.I. Zakharov, Phys.Rev. D 77 (1978)
2583

[16] V.M. Khatsymovsky, I.B. Khriplovich, Phys.Lett. B 296 (1992) 219

[17] R.J.Crewther, P.Di Veccia, G.Veneziano, E.Witten, Phys.Lett. B 88
(1979) 123; E B 91 (1980) 487

[18] X.-G. He, B.H.J. McKellar, S. Pakvasa, Int.J.Mod.Phys. A 4 (1989) 5011

[19] J.P. Jacobs, W.M. Klipstein, S.K. Lamoreaux, B.R. Heckel, E.N. Fort-
son, Phys.Rev. A 52 (1995) 3521

8

[20] V.M. Khatsymovsky, I.B. Khriplovich, A.S. Yelkhovsky, Ann.Phys. 186
(1988) 1

[21] J.F. Gunion, R. Vega, Phys.Lett. B 157 (1990) 157
[22] R.G. Leigh, S. Paban, R.-M. Xu, Nucl.Phys. B 352 (1991) 45

[23] E.D. Commins, S.B. Ross, D. DeMille, B.C. Regan, Phys.Rev. A 50
(1994) 2960




Fig.1. Two-loop contribution to an electric dipole moment.

Fig.2. Two-loop contribution to the quark CEDM.
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Fig.3. Chiral contribution to the neutron EDM.
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