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_Abstract

We show that in SU(3)¢c x SU(3)r x U(1)x model, with the values of relative phases of the
vev's such that CP violation is no.rizero‘ the leading contribution to thé belectric dipole moment
of neutron is due to the one-loop diagrams which come from exchanging the charged Higés
bosons and the new ql;atk D in the first family. The estimated result tégether with current

experimental bounds on d,. shows that CP violation is very small.
|

.i,
-
PACS number(s): 13.40.Em, 12.60.Cn, 12.60.Fr, 14.65.Bt

1 Introduction

Recently, an interesting model based on the gauge group SU(3)¢ x SU(3), x U(1)x has been
proposed™¥ as a possible explanation of the family replication question and its some phe-
nomenological implications have been investigated®*%8. Comparing with other electroweak
models of SU(3) x U(1) suggested some years ago with different choices of particle content!”!,
this model has minimal particle content and some new interesting features. In this model,
the third quark family is treated differently from the first two, and the a.noma.ly'ca.ncala.tion
requires that the number of families be equal to the number of quark colours. By matching

the gauge coupling constants at the electroweak scale, the mass of the new heavy neutral

gauge boson Z; is bounded to be less than 1.7 Tev and the mass upper bound for the new

1 charged gauge bosons (Y** and Y*) is 330 Gevldl. Unlike most extensions of the standard

model, in which the masses of the new gauge bosons are not bounded from above, this model
would be either ;ealized or ruled out in the future high energy colliders.

In this paper, we estimate the size of the electric dipole moment (edm) d,, of the neutron
in this model. It is well known that the neutron electric dipole moment can play an important
role in help-ing us to identify the sources of ‘CP violation®™. In particular, any positive result
of EDM around the experimental limit® (d, = —(3 £ 3) x 10~® e-cm) will demonstrate
the presence of a CP-violation source above and beyond the standard KobayaShi—Maskawa.
mechanism. In such an eventuality, models in which the CP-violation is brought about by the
exchange of Higgs bosons!!® (whether involving spont:.meous breaking of the CP symmetry

or not) are likely to receive even closer scrutiny as candidate theories of CP violation. In the

SU(3)c x SU(3)L x U(1)x model, there are several Fliggs multiplets and spontaneous CP
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violation occurs via complex vacuum expectation values.
This paper is organized as follows. Section 2 outlines the model and in particular, its

relative Higgs sector. Section 3 calculates the edm of neutron. The numerical results and

discussions are presented in the section 4.

2 Description of the Model

We outline the model presented by Frampton(!l. The fermions transform under SU(3)¢ x

SU(3)r x U(1)x according to
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where new quarks D, S, and T carry electric charge Q=-4/3, -4/3, and 5/3 respectively.The -

Higgs multiplets required for the symmetry breaking and fermion masses are given by

P
= 4+ |:(1,3,1) (8)
¢ )
At\
A=| a0 [:(1,3,0) (9)
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The non-zero vacuum expectation value (VEV) of ¢° breaks SU(3). x U(1)x into SU(2)g, x

U(1)y and electroweak Brea.king is achieved by VEVs of A° Ja.nd A", The sextet 7 is needed
to obtain a realistic lepton mass spectum. ‘

We need to know the masses of the charged Higgs bosons and their quark couplings in the
model in order to calculate the edm of neutron. Therefore{ we present the relevant ma.sées
and mass eigenstates of the cﬁaxged Higgs bosons investigaged by C. S. Huang and me 1 as

following ( we have set w=0 for the sake of simplicity in rq&erence [6]): The mininum of the



potential is achieved for

0
<®>= 0 (12)
uexp(ia)/v2
0
<A>= vexp(ia + 8)/v2 ; (13)
0
v’/\/f
<A'>=| g - (19)
0

The phases « and B are me'asure of CP violation.

" In addition, the relevant masses and mass eigenstates of the charged physical Higgs bosons
are

HE = exp(+i(2a + B))sind, A% + cosbygt

(15)
with a comrﬁon mass given by} mie = fo'(u? +v%)/(V2uv),
1

‘H "’”% = exp(tia)sind ¢** + cosh A'EE
§

(16)
|
with a mass given by mys. = fo(u® + v?)/(v2ur"),

where tg6) = v'/u and tgd, -t ufv.

3 The edm of the Neutron

The EDM of a p&ticle is defined by one of its electromagnetic form factors. In particul:

a spin-} particle f, the form factor decomposition of the matrix element of the electromay
current J,, is:

where

< fENIL(0)f(p) >=a(p')Tu(q)ulp),

Tu(@) = A1+ Fa(e")iowq”/(2m) + Fa(e®) (1154 ~2m754,) + Fa(¢)) 159" [ (2m),

where ¢ = p' — p and m denotes the mass of f.
The EDM of f is then given by:

dy = ~F(0)/2m
Thus in the SU(3)c x SU(3) x U(1)x model, the lowest order non-zero d,(d;) can

through the one-loop graphs Fig.(a). The relevant terms of quark-quark-Higgs boson coug

in Lagrangian after the spontaneously symmetry breaking are:
i

£ = Tula(art + b0 Yu + dlayy + 15811 ]
+ Ta Tl {(a(alt + 2888 + d(al + bl + H.C}
+H[ZLy e + bays)u + T, d(an + 75”%-')“"] Hy |
(Vi + vsda)dHT + Né(eq + '7sf-'1)qué"] +H.C.},
where u = (u,c, t),d = (d,s,b),N = (D, S) and A%, ke, Hy H{,Il("‘ are the photon , ne
Higgs bosons and charged Higgs bosons respectively.
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The parameters a;y, biy etc. are proportional to the coefficient of the Yukawa coupling. In
particular, the parameters a;;, by etc. with i=1 are proportional to the mass of the corre-
sponding quarks. The contributions to d, and dq4 of Fig.(a) are proportional to m;Im(a;;b3;),

therefore, the dominant contributions are the ones where H++(H;") is exchanged between D

and u (d) quarks for charged Higgs boson-quark couplings ( We do not consider the diagrams

that D quark is replaced by S quark because the coefficient of the Yukawa coupling in the

latter case is relatively small.). Here, we consider only these dominant contributions(see Figs.

(b), (c), (d) and (e)). - \

1}

First,caculating the diagrams in Figs. (b) and (c), we obtain:

dy = J,m%—Im(enfl‘l){—éQyuIﬁ”(myu,mp,mu) +eQpIP(myss, mp,m,)},

167 Myes
(2)
where Qp = —4/3 and Qg++ =2,
' 1 o z(l-3)
(1) =
Iu ‘(mH'l“"ymDymu) /0 1— 3+P§7I "‘P?,:F(l '—.‘5) (22)
and
) 10 my) = [ 'z = (23)
u \TH* D ) = ) 1=z 4 phz — p2z(l —z)
where p; = m;/my++, i=D,u. In Eq.(21)
- en = }[kpeos(a)sin(6y) + hicos(6:) + ikpsin{a)sin(61)], (24)
fu = Y—hbcos(a)sin(8)) + hlcos(8;) — ihhsin(a)sin(6:)], - (25)

!

where Al and A}, are the coefficients of the Yukawa interactions which are related to the
!

masses of u quark and D quark respectivelyPl. From Eq.(24), Eq(25), one has
Im(enfyy) = $hhhLsin(6:)cos(6;)sin(e)
=1g +R"T;:+ sin(a).

where mys+ is the mass of the new charged gauge boson Y**. Similarly, calaulating the

(26)

diagram in Fig.(d) and (e), we obtain:
da= i’é%’nln?tlm(cudh){—c‘?mdu(mmvmoa ma) ¥ eQpl{(my+,mp,ma)}, (27
H] :

where Qg+ = 1,

I (mys,mp,my) - IO(mge,mp,ma), (28)
and
I (mige, mp,ma) = [A(mgs, mp, ma). | (29)
In Eq.(27)
cu = [hbeos(8) + hisin(6;)cos(2a + f) + ikksin(2a + f)sin(63))], (30)
diy = H[—hbcos(8s) + hlsin(8s)cos(2a + B) + ii?n,‘,sin(2a +)siner)], (D

where k) is the coefficient of the Yukawa interactions whiéh;yis related to the mass of d quark®l.

From Eq.(30), Eq.(31), one has f

|

In(endy) = ~4g" T2 sin(fa + ) (3
My+ !
where my+ is the mass of the new charged gauge bosrj')n Y+

| :
One may then use either the nonrelativistic-quark-mpdel result dn = $ds — éd, or “naive
dimentional analysis”!] which gives d, ~ d,. Thereforg, we can obtain the neutron electric

dipolé moment.

—



4 Results

First, let us define d, = dT**sin(a) and dg = dJ**sin(2a + B).

d™%% and d7** are numerically computed in terms of the charged Higgs bosons my++ and
M+, the D quark mass mp and the new charged gauge bosons my++ and my+ respectively.
By matching the coupling constants at the symmetry breaking scale and using sin® fw(mz) =
0.2333, it is found that the breaking scale is less than 1.7 Tevi®'?, Therefore, the mass of the
new quark D is expected to be less than 10 Tev a.Ad the mass upper bound for the new charged
gauge bosons (Y‘*‘” and Y'*) is 330Gev. From the collider experiments(' and muon decay*4],
My++ and my+ are greater than 210 Gev ( 95% C.L. ) and 270 Gev ( 90% C.L.) respectively.
Furthermore, from the analyses on oblique corrections , one obtains an upper bound for the
charged Higg‘a masses, na.meiy myss, myx < O(1Tev)M, which leads to m ur S 300Gev. In
6ur computation, the following ranges are assumed: 0.8T'ev < mp < 10Tev, 50Gev < my++ <
1000Gev, 50Gev < Myt < If‘OOGev,ZIOch < my++ < 350Gev,270Gev < my+ < 350Gev
and fixed masses m, = my =%(}.3Ge04 The results are given in Fig.(1)-(6).

From the Figs., we can s‘t-e that |dmes|(dTe*) decreases slowly when the D quark mass
mp decreases and the charged]i\Higgs mass my++(myy) increases. But obviously, |d7*|(dg*)

i .
&he charged gauge boson mass my++(my+) increases. In ad-

;iecreasa quadratically when
dition, |d™%| is slightly large} than d7°° and they are of the same order of magnitude
(10-% e-cm) in the range of 1\easonable values for model parameters. It is easy to see
from Figs. that d** = %(4(1,';‘"\‘ — d™*) is about 2 x 10~%* e-cm which exceeds the ex-

perimental limit!® by 3 orders o magnitude. In order to let d, within the experimental

limit, if we know the exact valuet of D, My 4+, My, My ++,My+, My and my, we can let

e
\

\

[dal = |3(4d7°"sin(a) — d7**sin(2a + B))| < 10-% e-cm by the way of exactly selecting value
of B(8= arwiﬁ(??—gsin(a) —2a + ;) when we use the nonrelativistic-quark-model result
d, = (§C4d4—d“), obviously, this way is not natural; When we consider the “naive dimensional
analysis” which gives d, ~ d,, we must let @ = kr + ¢; and § = m= + ¢ (where ¢ < 1073
with i=1,2,3 and k,m = £1, 42,43, ...). Therefore, CP violation is very small.

In conclusion, we have estimated the edm of the neutron in the SU(3)c x SU(3)p x

U(1)x model. Different form the other models, the dominant contributions to d, come from

exchanging the charged Higgs bosons due to the existence of a new quark D in the first family
with charge -4/3 and a not too heavy mass ( O(Tev)) in this model. In order not to get |
into conflict with the experiment bound d, = —(3 £ 5) x 10~ e-cll, one can resort to
small enough CP-ﬁola.tiug phases or even postulate some definite phase relation to produée
cancellations betwéen d, and dg.
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Figure Captions
Fig.(a) The one-loop contributions to the neutron electric dipole moment. Figs.(b) az;d
(c), the domina.gt one-loop contributions to the d,. Figs. (d) and (e), the dominant one-loop

contributions to the d4.

Fig.1 d7° (in the unit of 107?? e-cm) versus my++, we have taken my++ = 300 Gev and

11

mp = § Tev.

Fig.2 d™ (in the unit of 10?2 e-cm) versus mp, we have taken my++ = 300 Gev and

my++ = 250 Gev.

Fig.3 d7°* (in the unit of 107%? e-cm) versus my++, we have taken mp = § Tev and mpy++

= 250 Gev.
Fig.4 d7°° (in the unit of 107 e-cm) versus my4, we have taken my+ = 300 Gev and

mp = 5 Tev.

Fig.5 d7°* (in the unit of 10~ e-cm) versus mp, we have taken my+ = 300 Gev and m u}

= 80 Gev.

Fig.6 d7°° (in the unit of 107 e-cm) versus my+, we have taken mp = 5 Tev and my;+

= 80 Gev.
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