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Abstract—The SU(3) ® SU(3); ® U(1)y gauge model with two Higgs triplets (the economical 3—3—1 model)
is presented. The minimal Higgs potential is considered in detail, and new Higgs bosons with the mass propor-

tional to the bilepton mass are predicted. In the effective approximation, the charged Higgs bosons H;L are sca-

lar bileptons, while the neutral scalar bosons H° and H? do not carry a lepton number. The couplings of the

charged Higgs bosons to leptons and quarks are given. We show that Yukawa couplings of H;‘r to ordinary lep-

tons and quarks are lepton-number violating. The pair production of H;’r at high-energy e*e colliders with the

polarization of the e*, ¢~ beams is studied in detail. A numerical evaluation shows that, if the Higgs mass is not
too heavy, then the reaction can give an observable cross section in future colliders at a high degree of polar-

ization. The reaction e*e™ — H;W¥ is also examined. We show that the production cross sections of H;IWJ

are very small, much below the pair production of H ;‘r , and, therefore, the associated production of H ;L and W*

is, in general, not expected to lead to easily observable signals in the e*e™ annihilation.
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1. INTRODUCTION

Recent neutrino experimental results [1] established
the fact that neutrinos have masses and the standard
model (SM) must be extended. Among the extensions
beyond the SM, the models based on the SU(3). ®
SU@B), ® U(l)y (3-3-1) gauge group have some
intriguing features. First, they can provide a partial
explanation of the generation number problem. Second,
the third-quark generation has to be different from the
first two, which leads to a possible explanation of why
the top quark is uncharacteristically heavy.

There are two main versions of the 3-3—1 models. In
one of them [2], the three known left-handed lepton
components for each generation are associated with
three SU(3), triplets as (v,, [, [);, where [; is related to
the right-handed isospin singlet of the charged lepton [
in the SM. The scalar sector of this model is quite com-
plicated (three triplets and one sextet). In the second
version [3], three SU(3); lepton triplets are of the form
(v;, I, v;);, where Vv; is related to the right-handed
component of the neutrino field v, (a model with right-
handed neutrinos). The scalar sector of this model

requires three Higgs triplets, and we, therefore, call this
version the 3-3-1 model with three Higgs triplets

! The text was submitted by the authors in English.

(331RH3HT) in what follows. It is interesting to note
that, in the 331RH3HT, two Higgs triplets have the
same U(1)y charge with two neutral components at
their top and bottom. Allowing these neutral compo-
nents to have vacuum expectation values (VEVs), we
can reduce the number of Higgs triplets to two. Based
on these results, a model with two Higgs triplets, the
economical 3-3—-1 model, was recently proposed [4].
This model contains a very important advantage: there
is no new parameter, but its Higgs sector is very simple,
and, hence, a significant number of free parameters are
reduced. In the Higgs sector of this model, there are
four physical Higgs bosons. Two of them are neutral

physical fields (H° and H(l) ), and the others are singly

charged bosons H;‘r.

The Higgs boson plays an important role in the SM,
being responsible for the generation of the masses of all
elementary particles (leptons, quarks, and gauge
bosons). The experimental detection of them will be a
great triumph of the electroweak interactions and will
mark a new stage in high-energy physics. However, the

mass of the Higgs boson is a free parameter.2 The trilin-
ear Higgs self-coupling can be measured directly in the
pair production of the Higgs particle at hadron and

2 For a review on the Higgs sector in the SM, see [5].

1107



1108

high-energy e*e linear colliders [6—9] or at photon col-
liders [10]. Interactions among the SM gauge bosons
and Higgs bosons in the economical 3-3—1 model were
studied in detail in our earlier work [11]. The trilinear
gauge boson couplings in the 3-3—-1 models were pre-
sented in [12]. Production of bileptons in high-energy
collisions [13] and the single Z' production at CLIC
based on e—y collisions were studied in [14]. The discov-
ery potential for doubly charged Higgs bosons and the
possibility of detecting neutral Higgs boson in the mini-
mal version at e*e” colliders was considered in [15, 16].
The production of the Higgs bosons in the 331RH3HT at
the CERN LHC was studied in [17]. The distinguishing
little-Higgs production and simple group models at the
LHC and ILC were also recently discussed [18].

The polarization of electron and positron beams
gives a very effective means to control the effect of the
SM processes on the experimental analyses. Beam
polarization is also an indispensable tool in identifying
and studying new particles and their interactions. In this
paper, we consider some properties of H§ in the 3-3-1
economical model and future experiments on the pro-
duction of singly charged Higgs boson in high-energy
collisions with the polarization of e*, e~ beams.

This paper is organized as follows. In Section 2, we
give a brief review of the economical 3-3—1 model. Sec-
tion 3 presents the minimal Higgs potential in detail. In
Section 4, we consider the coupling of the charged Higgs
boson with leptons and quarks. Section 5 represents a
detailed calculation of the cross section of the H, pair
production with the polarization of e*, e~ beams. The

. . + F .
associated production of H, and W via neutral bosons
Zand Z'is given in Section 6. We summarize our results
and make conclusions in Section 7.

2. A REVIEW OF THE ECONOMICAL
3-3-1 MODEL

The particle content in this model, which is anomaly
free, is given by [4]

1
VY = (Vab laL’ NaL)T - (17 37 _g),

lg~(1,1,-1),

where a = 1, 2, 3 is a family index. The right-handed
neutrino is denoted by N, = (Vg)¢ and

1
Q. = (uy, d, U)Z”‘ (3’ 3)’

ey

Qur = (dgs —Ug, Do) ~ (3%,0), o = 2,3,
2 1 (2)
uaR - (17 5)’ daR - (15 _g)’
2 1
0e-(12) D= (1-)
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Electric charges of exotic quarks U and D,, are the same
as for usual quarks, i.e., gy =2/3 and g, =-1/3. The

SU@3);, ® U(1)y gauge group is broken spontaneously
in two steps. In the first step, it is embedded in the SM
group via a Higgs scalar triplet

- 1
%= o ~(3.-5) G)
endowed with the VEV
1
(0 = —=(u,0,0)". (4)

2

In the second step, to embed the gauge group of the SM
in U(1),, another Higgs scalar triplet

+ + 2
0 = 910 01" ~(3.3) )
is needed with the VEV
(@) = —=(0,v,0)". ©)

2

The Yukawa interactions that induce the fermion
masses can be written in the most general form as

Ly = (Fi+ )+ L7, %)
where
(58)16/ + DCB?') = h'anLXUR + thBQaLX*DBR
+ hfj\TIiLq)ejR + hiejepmn(\T]?L)p(\lij)m(q))n (8)
+ h(liiQILq)diR + héi@(xL(b*l/l,-R +H.c.,

g?fﬂx = 1Y,Quxuig + h Qo)X *dig

_ _ ©)
+ 1\ 01.0D ok + iy Qar0* Uy + Hec.

The VEV o gives mass to the exotic quarks U and D,
and the new gauge bosons Z', X, and Y, while the VEVs
u and v give mass to the quarks u, and d,, the leptons
l,, and the ordinary gauge bosons Z and W. To preserve
the correspondence with the effective theory, the VEVs
in this model must satisfy the constraint

u< v <o (10)
The masses of the gauge bosons are

P

= &, (1)
2
M = %(u2+ vi+ oY), (12)
2
My = %(m%;ﬁ), (13)
Vol. 105 No. 6 2007
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and
2
My, =~ Lo (v -3, (14)
4dcy
2C2 0)2
M= 8V (15)
3-4sy,

Relations (11), (12), and (13) imply the splitting
between the bilepton masses similar to the law of
Pythagoras

M, = My + M,,. (16)

Therefore, the charged bilepton Y is slightly heavier
than the neutral one X. We recall that a similar relation

in the 331RH3HT is |M} — My| < m, [3].

3. HIGGS POTENTIAL

In this model, the most general Higgs potential has
the very simple form

VO 0) = mix x+ 150 0+ A, (0 + Aa(0'0)’ -
+ (007 0) + A 9) (9™ ).

We note that there is no trilinear scalar coupling, which
makes the Higgs potential much simpler than that in the
331RH3HT [19] and closer to that of the SM. The anal-
ysis in [20] shows that, after symmetry breaking, there
are eight Goldstone bosons and four physical scalar
fields. One of two physical neutral scalars is the SM
Higgs boson.

We shift the Higgs fields into physical ones,

0 u +
x1+72 q)l
0 \%
t=| w e[ E 0
2
0 (0] +
X3+ = 03

2

With (18) substituted into (17), the potential becomes
v =l )5
1 1 ﬁ 1 ,\/5
A+ (xg* i 3)@(3 - 3)}
J2 J2
+uifor0+ (69" + ﬁ)(qﬁ . %) + 030!

afl e )
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A+ (xé’* + %)(x? + %ﬂz
#2077+ (01" + %2)(63 + ﬁ) + 0301
w2 (1* + %)(x? + %) (19)

XA+ (xé’* B %)(X? + %ﬂ

x[or07+ (077 + %)((bg ¥ —["E) + 050!

- 7»4[(x?* - %)dﬁ - xZ(ch - %2)

(e 2]
X [¢I(x? + %) - (tbé’* - %2)96

(.0, @
+ ¢3(X3 + —)}
2
From the above expression, we obtain constraint equa-
tions at the tree level

2
u§+x1(uz+o)2)+k3"7 =0, (20)

(u’ + %)
2
which imply that the Higgs vacua are not SU(3); ®
U(1)y singlets. As a result, the gauge symmetry is bro-

ken spontaneously. The nonzero values of x and ¢ at the
minimum value of V(), ¢) can be easily obtained as

W+ A, v+ Ay 0, 21)

iy = o’ | A= 2hol

2 AN, -2

2 ui-2nul 22
0’0 = L = Astt = <My

2 40, - A

It is worth noting that any other choice of u and ® for
the vacuum value of  satisfying (22) gives the same
physics because it is related to (4) by an SU3);, ®
U(1)y transformation. Thus, in general, we assume that
u#0.

Because u is the lepton-number violation parameter,
the terms linear in u violate the lepton number. Apply-
ing constraint equations (20) and (21), we obtain the
Vol. 105
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minimum value, mass terms, lepton-number conserv-
ing, and lepton-number violating interactions:

V(O 0) = Viin + Vﬁass + Vriass + Vinve+ Viyys (23)

where
A a4 1,2 2 2 2 2
Viin = -7V _Z(u + )M (" + o)+ Av7],
Viass = A (uSl+coS3) +7\,2v 52 (24)
+ A v(uS; + ©S5)S,,

A + + +

Vﬁass = _4(u¢l + VXZ + 0)(1)3)
2 (25)

X (uf; + vt + 003),
Vive = MR +1a(070)°
+ 03000 (070) + Ay (X T0) (07%)
+ 20, 085(X %) + 20, vS,(070) + A vS,( x)  (26)

+kwwxwm+&hvm+mmxfm
J2
+5i(vx§+om£>@fxx
2

Viny = 27\'11451(X+X) + 7¥3MS1(¢+¢)

}"4 -+ +, 0+ (27)
+ j_iu[tbl(x O)+0,(¢ )]
We here expanded the neutral Higgs fields as
Xl = ] X3 = ]
2 2
N2 N2 28)

q)0+Sz+iA2
2 ﬁ .

In the literature, the real parts (S;, i = 1, 2, 3) are also
called CP-even scalars and the imaginary parts (4,,
i=1,2,3) are called CP-odd scalars. In this paper, we
call them scalar and pseudoscalar fields, respectively.
As expected, the lepton-number violating part V;yc is
linear in u and trilinear in the scalar fields.

In the pseudoscalar sector, all fields are Goldstone
bosons: G, = A;, G, = A,, and G5 = A; (see Eq. (24)).
The scalar fields §,, S,, and S5 acquire masses via (24),
and we, therefore, obtain one Goldstone boson G, and
two neutral physical fields: the SM H° and the new H) 1
with the masses

2 2 2. 2
mo = MV + A+ o)
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—J[?»zv —l(u +(o)] +7\.3v(u +co) (29)
AN AT
Sy v
Milo = 7\.2V2+7\,1(M2+(l)2)
(30)

+«/[7\'2V —l(u +0))] +7»3v (u +(0) 27\.1(1)

In terms of the scalars, the Goldstone and Higgs fields
are given by

1
G, = (Sl —1453), (31)
NAE:
H® = ¢S, — —2— (165 + 55). (32)
1+te
Hl = S(;S2+ (teS1+S3) (33)
A/I +te
where
MMM
S T Gd
1 X~ "2 w

It follows from Eq. (30) that the mass of the new Higgs
boson M is related to the mass of the bilepton gauge

X° (or Y+ via the law of Pythagoras) through

8 M,
MIZ‘IU = _21M§(|:1 + 0[—ZV]:|
: 8 My

20,55 M;
- ISWMi[l + 0(—Wﬂ ~ 18.84, M.

(35)

1104 2
X

Here, we use oo = 1/128 and sa, =0.231.

In the charged Higgs sector, the mass terms for
(01, %2, 93) are given by (25), and, hence, there are two
Goldstone bosons and one physical scalar field:

1

H;= ——2——2—'—2(”4)? + vy + 003) (36)
N + v+ o
with the mass
}\’ 2
M, = f(u% v+ = 20—
8 (37)
S€v7‘4 2 2
= M, =4 ThM
2o 7
Vol. 105 No. 6 2007
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The remaining two Goldstone bosons are

+ 1 + +
Gs = ﬁ(% —1903), (38)
— 1
-
JA+2)W+ v+ @) (39)

X [v(ted} +03) — (1 + 1)%31.

Thus, all pseudoscalars are eigenstates and are
massless (Goldstone). The other physical fields are
related to the scalars in the weak basis by the linear
transformations

0
H —S¢S¢ C¢ —S¢Cy M
H) | = | ccSe S¢ ccco S, | (40)
G, ce 0 —s¢ S3
H;
G: | = 1
| e
G
41
s, Ve Wcy o
1
% CGA/w2+cév2 0 —seA/m2+cév2 w0
2
vs
—2—2—9 —-® vee o3

From (29) and (30), we reproduce the result in [20]:
A >0, A,>0, 4hA,>A5 (42)

Equation (37) shows that the mass of the massive

charged Higgs boson H;j is proportional to the mass of

the charged bilepton Y through the Higgs self-coupling
constant A4 > 0. The same is true for the SM Higgs

boson H® (M, ~ My) and the new H) (MH? ~ My).

Combining (42) with constraint equations (20) and
(21), we obtain that A; < 0.

To finish this section, we comment on our physical
Higgs bosons. In the effective approximation w? > v?,
u?, it follows from Egs. (40) and (41) that

HO""S2, H?~S3, G4""Sl,
H;~ 03, G5~01, Go~x.

This means that, in the effective approximation, the

(43)

charged boson H, is a scalar bilepton (with lepton

number L = 2), and the neutral scalar bosons H° and H (1)
do not carry a lepton number (L = 0).

JOURNAL OF EXPERIMENTAL AND THEORETICAL PHYSICS
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4. INTERACTION OF H, WITH LEPTONS
AND QUARKS
Substituting Eq. (41) into Egs. (8) and (9), we obtain
the couplings of H§ to leptons and quarks as

0H,

lepton e — €—c
Ly = ——;-T—z[se(hijviLejR ~2h;Vie;r)
NO + cgv (44)
e =c € —C
+co(h;Vigeg + 2h; Vi e;) 1 + He.
and
cprlquark) VCq

v = —

2, 2 2
NO + gV (45)

X [\ Hyd LU g = hogHy ity Dl + Hoe.,

uark w _ _
A Z—H[hi‘H;(SeulL +coUp)d g
NO + v (46)
+ hiil—G(seaaL + CeﬁocL)uiR] + H.c.,
g)}c}(miX) _ VCq
Jo' +cgv’ (47)

X [hY;Hyd ;g — hoHyltg dig) + Hee.,
e(£¢(mix) - (O]

! 2 2 2

JO + cev

+ hvl'ocH;(seaozL + Cel_)aL)DR] +H.c.

From Egs. (44) and (46), we see that the Yukawa cou-
pling of H ; to the ordinary leptons and quarks violates

[h'l'(xH;(seﬁlL + CGUL)DaR
(48)

the lepton number, because L(H;) = 12. In this case,
the coupling coefficients are proportional to sg, which
means that the Yukawa couplings are very weak. Inter-
actions among the SM gauge bosons and Higgs bosons
were studied in detail in [11]. From these couplings, all
scalar fields including the neutral scalar H° and the
Goldstone bosons were identified and their couplings to
the usual gauge bosons such as the photon, the charged
bosons W*, the neutral Z, and also Z' were recovered
without any additional conditions. We note that the CP-
odd part of the Goldstone boson associated with the

neutral non-Hermitian bilepton gauge boson G

decouples, while its CP-even counterpart is involved in
mixing in the same way as in the gauge boson sector.

5. PAIR PRODUCTION OF H;
IN e*e” COLLIDERS

High-energy e*e” colliders have been essential
instruments to search for the fundamental constituents
of matter and their interactions. The possibility of
Vol. 105
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Table 1. Trilinear couplings of the pair H; to the neutral
gauge bosons in the SM

W57t W57t
Vertex A"Hy0, H, Z"H,0,H,
Coupling ie —igSwitw

detecting the neutral Higgs boson in the minimal ver-
sion at e*e” colliders was considered in [16] and the
production of the SM-like neutral Higgs boson at
CERN LHC was studied in [17]. This section is devoted

to the pair production of H; at e*e” colliders with the

center-of-mass energy chosen as /s < 1000 GeV

(CLIC) [15, 16]. The trilinear couplings of H§ to the

neutral gauge bosons in the SM are given in Table 1
[11].

From Table 1, we can see that the production of H §

in e*e” colliders occurs through the neutral gauge
bosons in the SM. We now consider the process in
which the initial state contains an electron and a

positron and the final state contains a pair of H; :

e (p1)+ e’ (py) —= Hy(ky) + Hy(ky). (49)

Straightforward calculation yields the following differ-
ential cross section (DCS) in the center-of-mass frame
with the polarized e*e~ beams:

. _ +
Fig. 1. The total cross section of the process eTe™ —> H

as a function of the polarization coefficients. The collision
energy is taken to be /s = 1 TeV and the Higgs mass
ms = 200 GeV.

2
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dG(PPP,) K;ZHng:Otz 1
= S0 -pp)

dcos© ds

_gz[ve(l _P+P—)_ae(P7_P+)]

2chWs(s—m§)

2 2 2 (50)
L &l(ve+a)(l —PP+>—2veva(P—P+>]}
16c$vsa,(s - mé)2
X (1- cosze),
where 6 is the angle between p, and k|,
e 2(1)2s€V— V2(4C%V— 1)
8= 8z = 2 2
Sw 2syew(@ +v7)
v, = —1+4s‘24,, a, = -1,
2 2 2 2 2 12
KH;H; = [(s—mHg—mH;) —4mH;mH£] , (51)

and P, and P_ are the respective polarization coeffi-

cients of the et and e~ beams. The total cross section is
given by

2

K. o
HYH, 1
O, p) = —3s2 L—z(l -P,P)

glv.(1-P.P)-a,P.—P,)]

2chWs(s—m§)

(52)

RACATAN —PP+)—2veva<P—P+>]}
16c%vsa,(s—m§)2 ’

where we take m, = 91.1882 GeV, v = 246 GeV, and
o=1TeV [4].

Based on Eqgs. (44) and (46), we analyze the behav-
ior of the cross section for some high energies of e*e”
colliders. In Fig. 1, we plot the cross section Gp_p ) as

a function of the polarized coefficients (P,, P_). The

collision energy is taken to be /s = 1 TeV and the
Higgs mass is chosen as m . = 200 GeV. The figure

2
shows that the cross section has the maximum value

O, py=6x107pbat P_=—1 and P, = 1, while 5, =

2.1x 102 pbat P. =P, =0. The DCS as a function of
cos0 is shown in Fig. 2 (curve / for P_= P, = 0 and
curve 2 for P_=-1, P, = 1). We see from Fig. 2 that the
DCS has a maximum value at cos© = 0, similar to the
process ete” — Zh in the SM (while the DCS of the
reactions ete- —> ZZ, ZA has the minimal value at
cosO = 0) [9]. The results show that the cross section
with highly polarized e*, e~ beams is approximately
Vol. 105
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three times larger than those with unpolarized e*, e~
beams. The dependence of the total cross section on the

Higgs mass for fixed collision energies, typically Js =
0.7, 0.85, 1 TeV, is also shown in Fig. 3 for P_ = —1,
P, =1 and in Fig. 4 for P_= P, = 0. The Higgs mass is
chosen as 200 < my <500 GeV. As we can see from the
figures, at high energies, the cross section decreases as
my increases. It is worth noting that there is no differ-
ence between two lines at my = 240, 260, and 300 GeV,

with the respective cross sections given by Gp p, =

6 x 1072, 5% 1072, and 4.2 x 1072 pb. With the high inte-
grated luminosity 500 fb~' [8] and the Higgs mass cho-
sen at a relatively low value of 200 GeV, the number of

events with different values of /s is given in Table 2.
From these results, we can see that, with the high inte-
grated luminosity and at the high degree of polarization
of electron and positron beams, the production cross
section may have observable values at moderately high

energies. At the CLIC (A/E = 1 TeV), the number of
events is approximately N = 30500, as expected.

1113

6. ASSOCIATED PRODUCTION OF H;: AND W7
IN ete COLLIDERS
Similarly to Section 5, in this section, we evaluate

the associated production of H§ and W™ at e*e” collid-

ers via a Z Z' exchange, which is lepton-number violat-
ing with AL = 2. The trilinear couplings of the pair

HfW¥ to the neutral gauge bosons in the economical
3-3—1 model are given in Table 3 [11]. Here, U, (c, B=
1, 2, 3, 4) is a mixing matrix of neutral gauge bosons
given in the Appendix. The angle 0 is the mixing angle
between charged gauge bosons W and Y, which is
defined by [4]

tan® = u/o. (53)

The decay of the charged gauge boson W into leptons
and quarks analyzed in detail in [4] gives the upper
limit sy < 0.08. We can see from Table 3 that the associ-

ated production of H; and W™ at e*e” colliders occurs

through the neutral gauge bosons Z and Z' in the
s-channel

e (p)+e(py) — Hy(k)+Wi(ky).  (54)
In this case, the DCS is given by
2 3
dop, py Ky {eé[(vi +a))(1-P_P,)-2v,a,(P_-P,)]
- 2 2
dcos® 2s 16C2,S% (s — m2)
LGl +a)(1 =P P) - 2via (P~ P,)]
16C% 82 (s —m>)’ )
+ eZe'Z[(VeV; + aea;)(l - P—P+) - (Vealz + V;ae)(P—_ P+)]
8ciysy(s —my) (s —my)
K. .
X {— 25+ HZZV (1- cosze)}
2my,
and the total cross section is
23
Koy O ([ (vi+al)(1-P.P,)—2v,a,(P.—P,)]
O, p) = 2 2 2 2,2
2s 16Cy Sy (s —my)
2 2 2 [
+eZ[(Ve +ae )(I_P—P+)_2veae(P—_P+)] (56)

16C%S% (s —m>)’

+ eZe'Z[(VeV'e + aea;)(l _P7P+) B (Vea'e +

2
via)(P_—P,)] 2K

8Cy Sy (s — m3)(s —my)
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do/cos6(e*e” — HyH,), 107 pb
T T T

T T
4 i
3_ .
2_ .
1_ .
O |
-1.0 -0.5 0 0.5 1.0
cos0

Fig. 2. The DCS of the process ete™ — H;‘r as a function

of cos 0. The collision energy is taken to be s =1TeV and
the Higgs mass ms = 200 GeV. Curve / isfor P_=0, P, =
2

0 and curve 2isfor P_=-1, P, =1.

o(e'e” > HiH,), 107 pb
T T T T
3 L -

1
450 500
my

1 1 1 1
200 250 300 350 400

. _ +
Fig. 4. The total cross section of the process Te” —» H

as a function of Mmoo for P_= P, =0. The collision energies

2

are chosen as in Fig. 3.

where
v, = —1+48%, o, = -1, v, = Vz ,
4C, -1
1 aE
ae = '—/\/—2'7—,
4C3 -1
" (57)
v

ez—

2 2 2 2
2SN O + cov

X [sgcg(Uyp + «/gUzz) + CUsl,
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o(e’e” — HyH;), 107 pb
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1
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OI 1 1 1
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. . _ +
Fig. 3. The total cross section of the process eTe™ — H,

as a function of m s for P_=-1 and P, = 1. The collision
2

energies are chosen as Js =0.7(1),0.85(2), and 1 (3) TeV.

20
Na)
=% |
T
<10 “1.0
© % 0.5
0 - s e
L7 AT 0
-1.0 P
-05 " *

Fig. 5. The total cross section of the process ete” —
H, W as a function of the polarization coefficients. The

collision energy is taken to be /s = 1 TeV and the Higgs
mass m . = 200 GeV.

2

' vQ®
eZ = - —
2SO + v’ (58)
X [sgce(Uys + A/§’U23) + 20U,
and
2 12
Kﬁwrz[@—né{—m%)—4m%m@] . (59)

We here use data as in the previous section, with m, =
800 GeV [12]. For the convenience of the calculations,
we take the upper value of the mixing angle (sg)n.x =
0.08.
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Table 2. Number of events with the integrated luminosity
500 fb~! and my; = 200 GeV

Js, GeV 700 850 1000
O(p, p)>Pb 8.7x 1072 | 74x1072 | 6.1 x 1072
Number of events N 43500 37000 30500

We now evaluate the cross section in detail. In
Fig. 5, we plot the total cross section Gp_p , as a func-
tion of the polarized coefficients. The status is as in
Fig. 1, the total cross section Gp_p, takes the maxi-

mum value G, p, = 2.5 x 10 pb at P_ = -1 and

P, =1, while, if the e*, e~ beams are not polarized, then
0, = 0.8 X 107 pb. In this case, the cross section is
approximately 2.4 x 10* times smaller than those of the

pair production H; under the same conditions. The

DCS as a function of cos© at ﬁ = 1 TeV is shown in
Fig. 6 (curve / with P_= P, =0 and curve 2 with P_=
-1, P, =1). We see that the behavior of the DCS is sim-
ilar to that in Fig. 2. The Higgs mass dependence of the
total cross section is shown in Fig. 7 for P_.=-1, P, =1
and in Fig. 8 for P_. = P, = 0. The mass range is

200 <my < 800 GeV, and the collision energies are

chosen as above, ﬁ = 0.7, 0.85, and 1 TeV, respec-
tively. We can see from the figures that the total cross
section decreases rapidly as my increases. Figure 7
shows that, at the lower bound of my, the respective

cross sections are given by 6, ), = 17.5 x 107,

4.8 x 107, and 2.5 x 107° pb. We can see that Fig. 8 is
the same as Fig. 7, but the cross sections are approxi-
mately three times smaller.

For comparison with the behavior at higher collision
energies, we present the cross section as a function of

my for the fixed energies A/E =1,1.2,and 1.4 TeV in

Fig. 9. It follows that, at higher values of ﬁ , the total
cross section decreases slowly, while at a lower energy

(s =1 TeV), the total cross section decreases rapidly
as my, increases. This shows that the cross section of the

pair H §W¢ production is much smaller than that of the

1115

pair production of H;*r under the same conditions. We

deduce that the associated production of H; and W*
is, in general, not expected to lead to easily observable
signals in e*e” collisions.

In the final state, H, can decay with modes as

PIi - liV 9 f]da, D i:ta’
2 I o (60)

ZWE, Z'WE, XWE, ZY"
We note that H;‘r is a bilepton in the effective approxi-
mation. Assuming that the masses of the exotic quarks

(U,D,,) are larger than M gt We conclude that the had-
ron modes are absent in the decay of the charged Higgs

boson. Because the Yukawa couplings of H;‘rl;v are
very small, the main decay modes of H; are in the sec-

ond line of (60). Because the exotic Hy W' Z' gauge
bosons are heavy, the coupling of a singly charged

Higgs boson with the weak gauge bosons, H,W'Z,
may be dominating. The decay width is given by

2 2
. . no e, K e
T(H, —W'Z) = -
. 61)

2

2
{2 (= mz = myy) }
X + .

2 2
4dmymy,

Taking 200 < m . <800 GeV, we have the decay width

21x10B<T(H, — WZ)<3.4x 103! s Tt is inter-
esting to note that the decay width of the main mode is
also very small, because the considered process is lep-
ton-number violating (AL = £2).

It is worth mentioning that the neutrinoless double-
beta decay requires the violation of the lepton number.
This can be useful in probing new physics beyond the
SM [21]. Neutrino decay and neutrinoless double-beta
decay in the 3-3—1 model were recently studied [22].
The results show that the relevance of the new contribu-
tions is determined by the mixing angle 0 and the bilep-

Table 3. Trilinear couplings of the pair H;‘r W to the neutral gauge bosons in the economical 3-3—1 model

Vertex ZH,W* ZHW
g vo g vo
Coupling ﬁ[SGCQ(UIZ+ABU22)+C29U42] ﬁ[seCe(U]3+/\/§U23)+czeU43]
2,0 +cyv 2,0 +cyv
JOURNAL OF EXPERIMENTAL AND THEORETICAL PHYSICS  Vol. 105 No. 6 2007
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o(e’e > WH;),10° pb
2.0 T T T

1.5F

1.0r

0.5r

1
-0.5 0 0.5 1.0
cosO

-1.0

Fig. 6. The DCS of the process e*e” — H, W* as a func-

tion of cos@. The collision energy is taken to be /s = 1 TeV
and the Higgs mass mys = 200 GeV. Curve [ is for P_=0,

2

P,=0andcurve 2isfor P_=-1,P = 1.

o(e'e > WH;), 10 pb
T T T T

1 1 1
200 300 400 500

Fig. 8. The total cross section of the process ete” —

H, W* as a function of my for P_= P, = 0. The collision
energies are chosen as in Fig. 7.

ton mass my The order of magnitude of the new contri-
butions is proportional to #;, which means that these
contributions must be much smaller than the standard
contributions.

7. CONCLUSIONS

We have presented the economical 3-3—-1 model
with two-Higgs triplets. The minimal Higgs potential is
considered in detail, with the prediction of a new Higgs
bosons with the mass proportional to the bilepton mass.
In the effective approximation, the charged Higgs

bosons H, are scalar bileptons, while the neutral scalar

bosons H,, and H(l) do not carry a lepton number. The
couplings of charged Higgs bosons to leptons and

JOURNAL OF EXPERIMENTAL AND THEORETICAL PHYSICS

SOA et al.

o(e’e > WH;), 10 pb
T T T T

T T T
15F 1,P_.=-1 i
10 R
5 - .
1 1 L ,
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my

. . _ +
Fig. 7. The total cross section of the process e*e” —> H,

as a function of my for P_=-1 and P, = 1. The collision ener-
gies are taken to be ﬁ =0.7(1),0.85(2),and 1 (3) TeV.

o(e’e > WH;), 10° pb
251 ' '

2.0

1.0F

0.5

| | |
200 400 600 800 1000

my

Fig. 9. Same as Fig. 7, but Js = 1.0 (1), 1.2 (2), and
1.4 (3) TeV.

quarks are given. It follows that the Yukawa coupling of
the charged Higgs boson to ordinary leptons and quarks
are lepton-number violating. The pair production of

H; at high-energy e*e™ colliders with the polarization

of the e*, ¢~ beams was studied in detail. Numerical
evaluation shows that, if the Higgs mass is not too large,
then the production cross section may give observable
values at moderately high energies at a high degree of
polarization. We have also evaluated the associated pro-

duction of H§ and W' at high-energy e*e” colliders. It
follows that the production cross sections are very
small, much below the cross section of the pair produc-

tion of H ;*r , and, therefore, the associated production of

Vol. 105 No. 6 2007
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H ;*r and W7 is, in general, not expected to lead to easily

observable signals in e*e™ annihilation. This is because
the considered process is lepton-number violating
(AL = 12).

1117

APPENDIX
Mixing Matrix of Neutral Gauge Bosons

For convenience in practical calculations, we use the
mixing matrix

Finally, we emphasize that the associated produc- W A
3
tion of the charged Higgs boson and W™ at high-energy W 7!
e*e” colliders in the minimal supersymmetric SM was S|=U , | (A.1)
recently studied in [23]. However, this reaction first B A
arises at the one-loop level, while the considered pro- W, W,
cess in the economical 3-3—1 model exists at the tree
level. where
SW C(pce'CW s(pceycw Se.CW
Sy c(P(siv— 3c$‘,sgy) - s(pRle s(p(sév - 363‘,53) + S(PRIR2
—_— «/ésevcw
U= A3 ﬁcwce' ﬁcwce' ;
& JW(Cq)Rz + s(pRl) 7tW(s(pR2 - c(pRl) 0
NE g Jicy
0 —tey(c(pR1 - s(DRZ) —te.(s(pR1 + C(PRz) R,
R, = A/1—4s§.c€‘,, R, = A/4C€V—1,
and set R. Foot, O. F. Hernandez, F. Pisano, and V. Pleitez, Phys.
. Rev. D 47, 4158 (1993).
260

Se‘ = ——
Cunll + 455

In the approximation that we consider, the angle ¢
has to be very small [4]:

J3 —dsi v+ (11 = 14s53,)u’]

(A.2)
2C3V(1)2

IZ(Pz_
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