
I I 

ASITP 

INSTITUTE OF THEORETICAL PHYSICS ACADEl\fIA SINICA 

10 -

.J:I 

_.J:I 
-ru 

·~ru 
~_U'1_c 
, C 

II. C 
_.J:I 
-,-II 

,-II 

C 

AS-ITP-94:-22 
-- JUly 1994: 

Neutron Electric Dipole Moment in 

SU(3)a x SU(3)LX U(l)x Model 

. Tian-lun Li 


r"j l't fVlf C lOr·, ~ :) ~ r" s 
_~~_.~ VI •• 

-'--'---'-'-~-"r~'--"~'T-'-' 
.--<,._-_.__.__._._-.- ~·····---··r I 
----v,-··-·--·--"}----'r '" 

==--=~~-==r==t~
L----.--'--.-.. ---·--i J--... 
L__._-_w.--.---l ..1._ 
I-'-'~~'--'-'---"-"--{~---'-I---l 

·---·~---~- ==J
___=t_-~-
~1ETUri~!C _~{ :1IJilLf~~ unH.',;;~ 

P.O.Box 2135, Beijing 100080, T.he People's Republic of China 

Telefax: (86)-1-2562587 Telephone : 2568348 

Telex: 22040 BAOAS CN Cable: 6158 



Neutron Electric Dipole Moment in 


SU(3)c x 8U(3)L X U(l)x Model 


Tian-Jun Li 

Institute of Theoretical Physics, Academia Sinica 

P. O. Box 2735, Beijing 100080, China 

Abstract 

We show that in SU(3)c X SU(3)c, x U(l)x model, with the values of relative phases of the 

vev's such that CP violation is nonzero, the leading contribution to the electric dipole moment 

of neutron is due to the one-loop diagrams which come from exchanging the charged Higgs 

bosons and the new quark D in the first family. The estimated result together with current 

experimental bounds on d,.~i shows that CP violation is very small. 
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PACS number(s): l3.40.\Em, l2.60.Cn, l2.60.Fr, l4.65.Bt 

1 Introduction 

Recently, an interesting model based on the gauge group SU(3)c X SU(3)c, x U(l)x has been 

proposed(1,21 as a possible explanation of the family replication question and its some phe­

nomenological implications have been investigated{3,4,5.6!. Comparing with other electroweak 

models of SU(3) x U(l) suggested some years ago with different choices of particle content(Tl, 

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 anomaly cancetiation 

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'J is bounded to be less than 1.7 Tev and the mass upper bound for the new 

charged gauge bosons (y:l::I: and y:l:) is 330 Gev(31. 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 realized or ruled out in the future high energy colliders. 

In this paper, we estimate the size oBhe electric dipole moment (edm) d" of the neutr~n 

in this modeL It is well known that the neutron electric dipole moment can play an important 

role in helping us to identify the sources of ·CP violation{81. In particular, any positive result 

of'EDM around the experimentallimit(9) (d,. = -(3 ± 5) x 10-20 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(lOl (whether involving spontaneous 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)c, x U(l)x model, there are severa.! Higgs multiplets and spontaneous CP 
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OJ. 

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. 

Description of the Mod~l 

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

SU(3)L x U(I)x according to 

'.,2,3 = [ ::} [:: J. [:: ] : (1,3",0) 

(2)
Q'.2= [;].[;] :(3,3,-1/3) 

b J ° 

'13 = ~ : (3,3:,2/3) (3) 

[ 

C cC tC
U , , : (3-,1, -2/3) (4) 

tr,sC,bC: (3-,1,1/3) 

DC,S: : (3-' 1,4/3) 

TC : (3-,1, -5/3), (7) 

3 

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 

9++ ] 
(8)~= :: :(1,3,1) 

[ 

6.t ] 
(9)6. = : : (1,3,0) 

[ 

(10) .~/=( :: ] :(1,3,-1) 

6./-­

and 
qt+ qt/~ qo/v'2]0 

q= qt/~ q,o qi/v'2 :(1,6,0). (11) 
[ 

qO/vf:2 qi/vf:2 qi-
The non-zero vacuum expectation value (VEV) of tP° breaks $U(3)L x U(I)x into SU(2)L x 

I 

U(I)y and electroweak breaking is achieved by VEVs of 6.0 ~d 6.10
, The sextet q is needed 

I 

to obtain a realistic lepton mass spectum. 

We need to know the masses of the charged Higgs boson! iand their quark c;ouplings in the 
I 

model in order to calculate the edm of neutron. Thereforel we present the relevant masses 

a.nd mass eigenstates of the charged Higgs bosons investiga.~ed by C. S. Huang and me (6) as 

following ( we have set w=O for the sake of simplicity in rEllerence The mininum of the 
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potential is achieved for 3 The edm of the Neutron 

<t>= 0 (12) The EDM of a particle is defined by one of its electromagnetic form factors. In particul, 01[ 
a spin-! particle f, the form factor decomposition of the matrix element of the electroma! tHixp(iex.)/~ 

current Jp, is: 

< f(p')IJp,(O)lf(p) >= ii(p')rp,(q)u(p),
(13)<d>= [ .ap(iO;PlM1 

where 

r,,(q) =Fl(q2)-yp,+F2(q2)iup,l'qv/(2m) +FA(q2)(ip,isq2-2misqp,)+F3(q2)up,l'isql'/(2m), 

[VI'~l< 6,' >= 0 (14) 
where q =p' - p and m denotes the mass of f. 

o . The EDM of f is then given by: 
The phases ex. and {3 are measure of CP violation. 

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

d, = -F3(O)/2m 


are 

Thus in the SU(3)c x SU(3)L X U(I)x model, the lowest order non-zero du(d4) can 

through the one-loop graphs Fig.(a). The relevant terms of quark-quArk-Higgs boson couJ:Hr b 
I 

exp(±i(2Q +{3»sin026.r +cos024>± (15) 

• I in Lagrangian after the spontaneously symmetry breaking are: 
with a common mass given br! m~f = fv'(u 2+ v2)/(~uv), 

C = EIr[u(a~~ + isb~~)u + J{a~~··+ isb~~· )d)hlr 

= exp(±iex.)sinOl4>±± +oosOI6.'±± (16) +Eir E~=2{[ii(a~r + i5b~nuj + J(a~~· + isb~~·)~h. + H.C.} 

with a mass given by mhu = {[ 3 - 3:r', ) 'l ­+ .E'=l d'(ail.+ b'1is)U + E i=2 a(ali + isb~i u H2 
\ 

where tgOI = + E~l[Ni(Csl +isdil)dHi +Ni(e'l +isfil)ullt-] +H.C.}, 

where u =(u, c, t), d = (d, s, b), N = (D, S) and AP" h., Hi', Hi, ~-- are the photon, ne 

Higgs bosons and charged Higgs b080ns respectively. 

)v(u2+vf2 )/(V2uv'), 

v'/u and tg02 
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The parameters aih bil etc. are proportional to the coefficient of the Yuka.wa coupling. In 

particular, the parameters au, bil etc. with i=1 are proportional to the mass of the corre­

sponding quarks. The contributions to d" and dd, of Fig.(a) are proportional to m;Im(ai;b'i;), 

therefore, the dominant contributions are the ones where H++(Ht) is exchanged hetween 0 

andu quarks for charged Higgs boson-quark couplings ( We do not consider the diagrams 

that 0 quark is replaced by S quark beca~se the coefficient of the Yuka.wa coupling in the 

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

(b), (c), (d) and (e». 

First,eaeulating the diagr~s in Figs. (b) and (e), we obtain: 

d" = 16 2:nq Im(en/;I){-~QH++I~t)(mH++,mD,mu) +eQoI!:Z.'(mH++,mo,m.. )}, 
'lI" mH++ 

(21) 

where Q D = -4/3 and QH++ =2, 


rt . z(l-z) 

(22)I!t)(mH++,mo,mu ) = 10 dz 1- z +Pbz - p:z(l- z) 

and 

t z2 

I!2)(mH++, mo, m,,) =10 dz 1 _ z+ Pb _ p:z(1 - z) (23)
z 

where Pi = mi/mH++, i:=D,u. In Eq.(21) 

en = J[hbcos(a)sin(Ot) +h!eos(Ol) +ihbsin(a)sin(Ot)J, (24) 

I 

In = ~[-hbeo.s(a)sin(Od +h!eos(Od - ihbsin(a)sin(OdJ, (25) 

I 
where h! and hb are the coefficients of the Yuka.wa interactions which are related to the 

I 
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masses of u quark and D quark re.speetively(3). From Eq.(24), Eq(25), one has 

Im(ell/it) = thbh!sin(Ol)eos(Odsin(a) 
(26) 

= !g:zm,mosin(a).
" my++ 

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

diagram in Fig.(d) and (e), we obtain: 

dd .,.21'02 Im(elldit}{-eQH+I~t)(mH+,mo, md) + eQo/~:Z)(mH+,mo,md)}' (27) 
'lI"m~ . 

where QH+ = I, 

I~t)(mH+,mo,md) =Ii1)(mH+,mo,md), (28) 

and 

I~2)(mH+,mo,md) I!2)(mH+,mo,md). (29) 

In Eq.(27) 

en = t[hhcos(O:z) + h~.sin(02)cos(2a +P) +ih~sin(2a +p)sin(02)J, (30) 

dll = l[-hbeos(O:z) +hlsin(02)cos(2a+ P) +i~lsin(2a +p)sin(O:z)J, (31) 
I • 

I 

where h~ is the coefficient of the Yukawa interactions whichlis related to the mass of d quark[31• 
I 

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

/",(elldit) = _~g:zm4rD sin(~a +P) (32)
my+ r 

I 
where my+ is the mass of the new charged gauge bospn Y+. 

I 
One may then use either the nonrelativistie-quark-mPdel result d,. = idd - idu or "naive 

dimentional analysis"(ll) wh:ieh gives dn ~ d..,. Therefor~! we can obtain the neutron electric 

dipole moment. 
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4 Results 

First, let us define d" = O;::G:r:sin(a) and dd = ~sin(2Q +Pl. 

0;::" and J:;4S are numerically computed in terms of the charged Higgs bosons mH++ and 

mHt, the D quark mass mD and the new charged gauge bosons my++ and my+ respectively. 

By matching the coupling constants at the symmetry breaking scale and using sin2Ow(mz) = 

0.2333, it is found that the breaking sca.le is less than 1.7 Tev[3,llJ. Therefore, the mass of the 

new quark D is expected to be less than 10 Tev and the mass upper bound for the new charged 

ga.uge bosons (Y++ and Y+) is 330Gev(3). From the collider experiments(131and muon decay(14), 

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 Higgs masses, namely mH,j:,j:, ":H2= S O(lTev)["I, which leads to myt S 300Gev. In 

our computation, the following ranges are assumed: 0.8Tev S mD S 10Tev,50Gev S· mH++ S 

1000Gev,50Gev S myt S :J00Gev,2l0Gev S my++ S 350Gev,270Gev S my+ S 350Gev 
• 	 I 


: 


and fixed masses mu =md =\0.3Gev. The results are given in Fig.(1)-(6). 
\ 

, 


. From the Figs., we can s~ that 10000"1(J:;GS) decreases slowly when the D quark mass 
I 

, 	 \ 

mD decreases and the charged\Higgs mass mH++(mH+) increases. But obviously, lo.::"l(dTGS) 
\ 	 1 

decreases quadratically when '\e charged gauge boson mass my++(my+) increases. In ad­

dition, 10;::4:r:\ is slightly large than tid" and they are of the same order of magnitude 

(10-22 e-cm) in the range of leasanahle values for model parameters. It is easy to see 
I. 

from Figs. . that d!:'4:r: = H4dT'~- 0.::") is about 2 x 10-'2 e-cm which exceeds the ex­

perimental limit(9) by 3 orders 0 magnitude. In order to let d" within the experim. ental 

limit, if we know the exact value. of mD, mH++, mH+, my++, my+, m" and md, we can let 
1 

\ 9 

Id,,1 = 1!(4dT4 :r:sin(Q) -0;::"sin(2a+p))1 < 10-25 e-cm by the way of exactly selecting value 

of P(fJ =arcsin(~:: sin(Q) - 201 +ed when we use the nonrelativistic-quark-model result 

~ = (l(4dct-du), obviously, this way is not natural; When we consider the "naive dimensional . 

analysis" which gives d" ~ d" we must let a = kr + f, and P= mr + (3 (where fi < 10-3 

with i=I,2,3 and k, m =±l, ±2, ±3, ... ). Therefore, C~ violation is very small. 

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

U(l)x model. Different form the other models, the dominant contributions too 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 conHict with the experiment ,bound tin = -(3 ± 5) x 10-25 e-cm(9), one can resort to 

small enough CP-violating phases or even postulate some definite phase re.1ation to produce 

cancellations between du and dd. 
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Figure Captions 

Fig.(a) The one-loop contributions to the neutron electric dipole moment. Figs.(b) and 

(c), the dominant one-loop contributions to the duo Figs. (d) and (e), the dominant one-loop 

contributions to the dtl • 

Fig.l ,;:tu: (in the unit of 10-22 e-cm) versus mH++, we have taken my++ =300 Gev and 

11 

mD =5 Tev. 

Fig.2 tF.ta (in the unit of 10-22 e-cm) versus mo, we have taken my++ = 300 Gev and 

mH++ = 250 Gev. 

Fig.3 ,;:ta (in the unit of 10-:.12 e-cm) versus my++, we have taken mo = 5 Tev and mH++ 

= 250 Gev. 

Fig.4 d;;CI: (in the unit of 10-22 e-cm) versus mH+' we have taken my+ = 300 Gev and 
1 

mo = 5 Tev. 

Fig.5 d;;ta (in the unit of 10-22 e-cm) versus mD, we have taken my+ =300 Gev and mH+ 
1 

=80 Gev. 

Fig.6 d;;4: (in the unit of 10-22 e-cm) versus my+, we have taken mD =5 Tev and mH+ 
.. 1 

=80 Gev. 
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