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In this paper we study the contribution of a dimension six four quark operator
to the neutron electric dipole moment. We find that this contribution dominates
over other contributions by at least one order of magnitude in Left-Right symmetric

models and two orders of magnitude in di-quark scalar models.




In this paper we study possible large contribution to the neutron electric dipole
moment (EDM) due to a dimension six four quark operator in several models. Using
the vacuum saturation and factorization method, we find that such a contribution
is the dominant one in Left-Right symmetric and di-quark scalar models. Among
several dimension six four quark operators we find the following one dominates over

the others,

CoQq = Ceqaq'1s¢’ (1)

where ¢ is one of the six quarks and ¢’ = u, or d. The coefficient C, is model

dependent. We will calculate the contribution of the above operator to neutron EDM

- by first calculating the CP violating coupling fynn of * NN vertex induced by @, and
then evaluating the one loop diagram shown in Fig. 1 to obtain the neutron EDM.

Let us first evaluate < N7|dqq'vs¢'|/N >. In the vacuum saturation and factor-

ization approximation, we have
< TN|QuyN >=< rla(d)ysu(d)|0 >< N|gg|N >. (2)

The CP violating coupling fr- s, of the charged pion to nucleons due to four quark
operators has been calculated in Ref.[1] and we will not repeat it here. We evaluate

\\\\\\ the CP violating coupling fxn, of the neutral pion to nucleons. We use
2m, < 1uysul0 >= ~2my < 71%d7sd|0 >= -1 F,m? . (3)

For the matrix element < N|gq] >, we use the pion-nucleon Sigma-term, o,n =
m < Nlau + dd|N >= 45MeV extracted from experiments and calculations of the

nucleon mass shift due to SU(3) breaking quark masses[2]. For heavy quarks, we use

- 2
< Nimphb|N >= = < N|=2G,,G*IN > +0(-"7‘1—’2.) . (4)
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. The second term in the above equation will be neglected. Using m, = 4.2AM eV,
my = 1.5MeV and m, = 150M eV, we obtain
m, < nluuin >=14MeV ,my < n|ddjn >= 32MeV , (5)
m, < nfssjn > =24TMeV ,< n| - 1‘;’ G, G*|n >= 48MeV .
n
There are also other four quark operators. However, if the coefficients of all operators
are of the same order of magnitude, the operator @}, dominates the contribution to
f~nn because this operator has enhancement factors like 1/m, 4. Also this operator
can be easily generated at the tree level in many models.
Using the above informtion, for a given model f,,, can be calculated. Evaluating
- the one loop diagram in Fig. 1, we have[3]
eGunnfrnn Kkn . M3
d, = ——— Fol— 6
n 87"2 2mn (m?l) b ( )
where k, = —1.91 is the anomalous magnetic dipole moment of the neutron and
g-n~N = 13.26 is the w-nucleon strong interaction coupling. The function F,(s) is
from the loop inwcgral and is given by
3 3s ~ s?
Fa(s)=5-s- 227 Ins
s(5s — s2) — 4. s —s2/4
\\\\ + s(5s — s*) Mtan" V / . (7)

2\/s — s?/4 s/2
In many models, the operator @, with a relatively large coefficient C; can be
generated and therefore induce a large value for fr,n. C, is extremely small in the
minimal standard model. In order to have a sizable effect, we need to go beyond
the standard model. In the following we will calculate the neutron EDM in several
models using this mechanism.
In Left-Right symmetric models, there are new CP violating interactions in the

charged current due to the existence of the right-handed gauge boson Wq of SU(2) 5.
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The interactions of mass eigenstates of the charged gauge bosons, W, ,, with quarks

have the form

l r } X -
Lw,= 75[9LUL‘7;4VLDLCOSC + grUR7,.VrDrsin(|W{
1 ] _ )
+7—'2‘[—9LUL‘7pVLDLsmC + grUg7,VaDreos(|Wy . (8)

where all fields are in their mass cigenstates, ( is the mixing angle between W;, of
SU(2)r and Wg of SU(2)r. V. is the KM matrix for the left-handed charged current
and Vp is an analogous KM matrix involving the right-handed charged current. For
simplicity we will set g1 = gn.

The four quark effective Lagrangian which contains the CP violating interaction

is induced at the tree level by exchange of W,. We have

G . i ) i
Lir= 4‘\/—;—COSC81"C[UL%VLDLDR‘Y;‘VEURUR7pVRDRDL‘YuVL+UL] . (9

After a Fierz rearrangement, we obtain the operator which gives the dominant con-

tribution to fryn

L=- '&cosCsinC[lm(VLudV,;ud)(ﬁ'yqud — audysd) + Im(Vyu, Vi, )ivsuss] .

3v2

(10}
The CP violating 7nn vertex is
4
fran =< mn|lpgln >= —ia%cosc sin(
x [Im(ViuaVi,g) < 7°2m,uysul0 >< nj u + —(ﬁ-ln > (11)
Y Zmu de

+ Im(Viw, Vi) < 7°avysuld >< njssin >

Gr

~ —-90ﬂmiros('sinCIm(VLudVﬁud) .

From this we obtain
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|dn] = 6.3 x 107%|cos(sinCIm(ViwaVa.q)l €cm . (12)

In the case where mixings of the first two generations with the third one are neglected,

we have
|da] = 6.3 x 10°|cos(sin(sin(y — 82)| ecm . (13)
The experimental upper bound[4] |d,(ezp)] < 1.2 x 10~ ecm implies
|cos(sinsin(A — 62)] <2 x 107° . (14)

This is to be compared with the total contribution d, ¢o.; from the valence quark

EDM, the quark colour dipole moment and the hadron loop centributions[3, 5],

dy totat = 2c05(sin([4.5sin(y — &) + Tdsin(y + 6;) — L.1sin(y ~ ;)

+ 11.2sin(y + 63)) x 10" Becm . (19)

We see that the new contribution is bigger by at least one order of magnitude. Of
course if some delicate cancellation occurs, in particular if sin(y — 6;) = 0, *he new
mechanism will give zero contribution to the neutron EDM, but the other mechanisms
will still contribute.

Let us now consider the situation in di-quark scalar models. Di-quark scalars
are potential sources for large CP violation in flavour conserving processes. A list of
possible di-quark scalars which couple to standard model quarks and some of their
phenomenological implications can be found in Ref.[6,7]. There are two di-quark
scalars which can induce CP violation at the tree level. These are Hg and H,q in the
notation of Ref.[6]. They transform under the standard model group as (3,1, -2/3)
and (6,1, —2/3) respectively. In the following we consider the contribution to d, from
Hy. The contribution of Hy, can be similarly worked out. The couplings of Hs to up

and down quarks are
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.h _ A'_ . ﬁf‘r:r o «ll -vw,,

L = (Agulydr; + Nyt d;)e"*Hoe + H.C. , (16)
where 1, 7,k are colour indices, ¢ indicates charge conjugation, and Ag and Aj are

complex numbers. Exchange of Hy will generate a four quark interaction

I ‘-c
L ae = ~——5(Aotipdr; + Agtif;dL;)
my

X (A;JR,'“;“' + A;JLi'uZi,)Cijkfi’j'k . (17)

The dominant terms which contribute to f,,., are

2

Line = — = Im(As)g)iudysd + ddiiys ] + ... (18)
m" 3

Here a Fierz rearrangement has been performed. We obtain

' 1002GCV2
lfﬂml =3.5x 10_°|Im(/\9/\9')|—-7n-2—- . (19)
H
and thus
1o . 100°GeV?
ol = 16 x 107 Im (o) — 2 — . (20)

Requiring d,, to satisfy the experimental upper bound on the neutron EDM, we have

100%GeV?

Im( oA
lm(99)| m;’

<107%. (21)

This constraint is about iwo orders of magnitude stronger than the one obtained from
the valence quark EDM constraint|6].

In multi-Higgs doublet models, exchange of the charged and the neutral Higgs
particles at the tree level will also generate the operator @,. It turns out that the
neutral Higgs contribution is much bigger than the one from the charged Higgs. The

contribution to fy,, from neutral Higgs exchange is

GF‘ mz 4 2 Yy
frrm = 72‘ 2 X [OOG(GCV) (Imde - Imld.,
H

+0.02(GeVH(ImZy, — ImZy,)], (22)
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where ImZ,» = 2a,8,. a4, B, are the couplings of the neutral Higgs particles to

quarks and are defined by
Lo = (2V2GE) " au DMpD + BuDiMpysD + o U MyU + B.UiMyvysU)H?

(23)

The contribution to the neutron EDM is typically

100°GeV?

|da] 2 0.45 x 107%°|Im Z,.| — (24)
H

This contribution is comparable with contributions which have been discussed in the
literature[8}.

In conclusion we have found a new contribution to the neutron EDM which dom-
inates over other contributions in Left-Right symmetric and di-quark scalar models.

Some other implications of the operator @, have been discussed in Ref.[9, 10].
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Fig.1 The one loop diagram contribution to the neutron EDM.
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