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The SU(3)c @SU(3)L @U(1)x 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 proportional to the
bilepton mass are predicted. In the effective approximation, the charged Higgs bosons H2i are scalar bileptons,
while the neutral scalar bosons H° and HY do not carry lepton number. The couplings of the charged Higgs
bosons to leptons and quarks are given. We show that Yukawa couplings of H2i to ordinary leptons and quarks
are lepton-number violating. Pair production of H2i at high-energy eTe™ colliders with polarization of the
T, e~ beams is studied in detail. Numerical evaluation shows that if the Higgs mass is not too heavy then
the reaction can give observable cross section in future colliders at high degree of polarization. The reaction
ete™ — HFWT is also examined. We show that the production cross sections of HEXWT are very small,
much below the pair production of HQi, and therefore the associated production of H2i and W7 is in general
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CHARGED HIGGS BOSON IN THE ECONOMICAL 3-3-1 MODEL

not expected to lead to easily observable signals in e™
PACS: 12.60.Fr, 14.80.Cp, 12.60.Cn, 14.80.Mz

1. INTRODUCTION

Recent neutrino experimental results [1] establish
the fact that neutrinos have masses and the stan-
dard model (SM) must be extended. Among the ex-
tensions beyond the SM, the models based on the
SU3)c @ SU3)r, @ U(1)x (3-3-1) gauge group have
some intriguing features. First, they can give partial
explanation of the generation number problem. Sec-
ond, 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 lep-
ton components for each generation are associated with
three SU(3), triplets as (v,1,1°) 1, where [§ is related
to the right-handed isospin singlet of the charged lep-
ton [ in the SM. The scalar sector of this model is
quite complicated (three triplets and one sextet). In
the second version [3], three SU(3)z, lepton triplets are
of the form (v, 1, ), where vf is related to the right-
handed component of the neutrino field v; (a model

* . .
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e~ annihilation.

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 (331RH3HT) in what follows. It is interesting
to note that in the 331RH3HT, two Higgs triplets have
the same U(1)x charge with two neutral components
at their top and bottom. Allowing these neutral com-
ponents 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 proposed recently [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 HY), others are singly charged
bosons Hj .

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
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mark a new stage in high-energy physics. However, the
mass of the Higgs boson is a free parameter'). The
trilinear Higgs self-coupling can be measured directly
in pair production of the Higgs particle at hadron and
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 to detect the neutral Higgs boson in the min-
imal version at eTe ™ colliders was considered in [15, 16].
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 discussed recently [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 po-
larization is also an indispensable tool in identifying
and studying new particles and their interactions. In
this paper, we consider some properties of H2jE in the
3-3-1 economical model and the future perspective ex-
periment, the production of the singly charged Higgs
boson in high-energy collisions with polarization of et
e~ beams.

This paper is organized as follows. In Sec. 2, we
give a brief review of the economical 3-3-1 model. Sec-
tion 3 presents the minimal Higgs potential in detail. In
Sec. 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 H pair
production with polarization of e*, e~ beams. The as-
sociated production of H3 and W¥ via neutral bosons
Z and Z' is given in Sec. 6. We summarize our result
and make conclusions in Sec. 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
al — \Va 7la 7Na TN 1, sy T
Yar = (Varslars NaL) ( .3 3>, 1)

laR ~ (1, ]-7 _1)7

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

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

1
Qi1 = (U1-,d1-,U)f ~ <37§> ;

Qar = (da, —ta, Do)} ~ (3%,0), a=2,3,

2 1
UgR ~ <17 g) 3 daR ~ <17 _§> )

2 1
URN <1a§>7 DQRN <17_§>

Electric charges of the exotic quarks U and D, are
the same as for the usual quarks, i.e., gy = 2/3 and
qp, = —1/3. The SU(3);, @ U(1)x gauge group is bro-
ken spontaneously in two steps. In the first step, it is
embedded into the SM group via a Higgs scalar triplet

1
X = (X?XEan)T ~ <37_§> 3 (3)

endowed with the VEV

(2)

() = % (1.0,0)" (4)

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

6= (ot ben)" ~ (5.3) )
is needed with the VEV
(6) = — (0,0,0)" (6)

V2

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

Ly = (LY + L£Y) + £, (7)

where

(LY +£3) = 1, Qi XUr + hisQar X Dsr +
+ hijiL‘ﬁejR + hgjfpmn(ajL)p(lﬁjL)m(fﬁ)n +
+ Q1 0dir + hE, Q¢ uir + Hee.,  (8)

LY = hLQ  xuir + heQur X dir +
+ hlllaalL(bDaR + hglaanﬂ* UR + H.c. (9)
The VEV w gives mass to the exotic quarks U and D,

and the new gauge bosons Z', X, and Y, while the
VEVs v and v give mass to the quarks u, and d,, the
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leptons [,, 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? € 0v? L W (10)

The masses of the gauge bosons are

gv
my =4 (11)
g2
My == (0 + 0% +0%), (12)
g2
My =L@ ), (13)
and
2 g’ 2 2
le ~ F(U _3U )./ (].4:)
w
292 2
g eyww
M2, o 2V (15)
257 3 —4sy,

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

My = M% + My, (16)

Therefore, the charged bilepton Y is slightly heavier
than the neutral one X. We recall that a similar rela-
tion in the 331RH3HT is |M2 — M%| < m%, [3].

3. HIGGS POTENTIAL

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

Vx,8) = uix"x+u3o o+ (x'x) 2+ A2 (6T 6)% +
+ A (") (678) + M(xXTo) (8T x).  (17)

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
analysis in Ref. [20] shows that after the 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,

8+ —= of
= v ) P 18
X = 0X2 w ) QS— 2 \/i . ( )
Xzt 75 ¢F

With (18) substituted in (17), the potential becomes

V(x.¢) = p Kx?* + \%) <x? + %) +
+x3 x5 + (xg* + %) <Xg + %)] .
+ 1 {¢I¢T+ <¢3*+\/%> <¢3+\/%> +65 0
) (o05)
i (3) (03]

o [mﬁ (¢8*+%)

_|_

+x3xs + <x§*+i> x§+i>] X
x [¢I¢T+< 3*+%> <¢3+%) + 65 6F
<x9*+%> oF +x3 <¢3+%)+
+ <x§*+\%> o

x {qﬂf <x?+%>+<¢3*+%> Xz +
+65 <x§+%>]- (19)

From the above expression, we obtain constraint equa-
tions at the tree level

+

+ M\

X

2
12+ A (0 + w?) + Ag% — 0, (20)

(v? +w?)

M% +)\2U2 -|-)\3 2

—0, (21)
which imply that the Higgs vacua are not SU(3); @
@ U(1) x singlets. As a result, the gauge symmetry is
broken spontaneously. The nonzero values of y and ¢
at the minimum value of V'(, ¢) can be easily obtained
as

+yx = u? +w? _ Aspiy = 2Xop3
> Dide — A2

(22)

¢+¢ _ v’ _ )‘3M% — 2/\1M%
2 AN -2

It is worth noting that any other choice of u and
w for the vacuum value of x satisfying (22) gives
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the same physics because it is related to (4) by an
SU(3);, @ U(1)x transformation. Thus, in general, we
assume that u # 0.

Because wu is the lepton-number violation parame-
ter, the terms linear in u violate the lepton number.
Applying constraint equations (20) and (21), we ob-
tain the minimum value, mass terms, lepton-number
conserving, and lepton-number violating interactions:

VX, 0) = Vinin+Vh s Vo ss HViNe+ViNy,  (23)

where
A 1
Vinin = _ZQU4 - Z(U2 + W) M (U +w?) + Ag0%),
VmNass = A1 (usl + w53)2 + )\2U2S§ =+

+ /\3U(U51 + w83)82, (24)

A4
Vn?ass = E(U(ﬁj— + UX;_ + W(ﬁ;—) X

X (ugy +oxy +wdy), (25)

Vine =M (xTx)? + X (61 9)” +
+A(x ") (0T ) + M(xT o) (6T x) +
+ 201w S5 (X T X) + 2A2052(¢7 @) + A3vSa(xTx) +

T MwSa(676) + 2 (oxs +wdi) (o) +

V2

+ M ond w6, (26)

V2

Vinv =2MuS1(xTx) + AsuSi (¢t ¢) +

4 % [67 (") + 6F (6*0)] . (27)

We here expanded the neutral Higgs fields as

o Si+idl o Sy+ids
Xl \/5 ’ XS \/§ ’ (28)
¢0 _ So +iAs
2 \/5 .

In the literature, the real parts (S;,7 = 1,2,3) are
also called CP-even scalars and the imaginary parts
(A;,i = 1,2,3) are called CP-odd scalars. In this pa-
per, we call them scalar and pseudoscalar fields, respec-
tively. As expected, the lepton-number violating part
Vi nc is linear in u and trilinear in scalar fields.

In the pseudoscalar sector, all fields are Goldstone
bosons: G; = Ay, G2 = As, and G35 = Aj (see

Eq. (24)). The scalar fields Sy, S, and S3 acquire
masses via (24), and we therefore obtain one Goldstone
boson G4 and two neutral physical fields: the SM H°
and the new H} with the masses

mip = Aov® + A (u® + w?) —
- \/[)\2'[}2 — A (u? +w?)]2 4+ Mo (u? + w?) &

AN = A3 .2
- 20 ’

(29)

M;I? = /\21)2 + )\1 (u2 + w2) +

+ \/[)\QUQ — A (u? +w?2))2 + A2 (u? + w?) &
~ 20w (30)

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

1
Gy = ———— (S — t9S3), 31
4 —1+t§( 1 —tgSs3) (31)
H® = c:Sy — 3¢ (teS1 + S3), (32)

Vits

C
H? =5:5 + ¢

Vit

(tgS1 + S3), (33)

where
Az Mw Mx

_ . 34
NIE - (34)

tac =

It follows from Eq. (30) that the mass of the new Higgs
boson Mpo is related to the mass of the bilepton gauge
X0 (or Y* via the law of Pythagoras) through

M2
Mo = 8/\1M§( {1+O <—W>} =

2 M3
22 2 ]\4'2
_ %M% [1 +0 <M_‘g’>] ~ 18.8\; M%. (35)
X

Here, we use o = 1/128 and s%, = 0.231.

In the charged Higgs sector, the mass terms for
(¢1,x2, ¢03) are given by (25), and hence there are two
Goldstone bosons and one physical scalar field:

1
Vu? + 0?2 + w?

with the mass

Hyf

(ugy +ox3 +woy)  (36)

A4 2

M;;r = E(u2 +0? 4+ w?) = 2)\49—2)/ =
2

Sy o 2

= My ~ 4. T\, M5. (37

2o Y 4y ( )
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The remaining two Goldstone bosons are

1
Gy = ﬁ(fﬁ —tggd), (38)
+ 1

Gy = X
O O+ )+ o +w?)

x [ulted) +0f) —w(l+ N3] (39)
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

H° —8¢89 Cc  —S¢Co S
HY | = ccSe S¢ Cccp Ss |, (40)
G4 Co 0 —Sg S3
Hy
Gi Vw? + civ?
6
WSy VCy Wwcey
x | o/ 0 —sp/w?+ v | x
U529 —w el
9 6
of
X X;r . (41)
+
o3

From (29) and (30)
Ref. [20]:

we reproduce the result in

3

A >0, A>0, 44X A > )\g (42)

Equation (37) shows that the mass of the massive
charged Higgs boson H2jE is proportional to the mass of
the charged bilepton Y through the Higgs self-coupling
constant Ay > 0. The same is true for the SM Higgs bo-
son H° (Mpo ~ Myy) and the new HY (Mpo ~ Mx).
Combining (42) with constraint equations (20) and
(21), we obtain that A3 < 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

H® ~ Sy, H)~S3; G4~ S,

HY ~¢f, G ~df, Gi~x;.
This means that in the effective approximation, the
charged boson Hj; is a scalar bilepton (with lepton

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

(43)

4. INTERACTION OF sz: WITH LEPTONS
AND QUARKS

Substituting Eq. (41) in Egs. (8) and (9), we obtain
the couplings of HZi to leptons and quarks as

1 lepton _ i[s (he.Tire;r—2hS TS, e1) +
Y W O\ ViLEGR ijViL€jL
and
(quark) _ ___Cp
‘C%(/ quark) _

-7 x
Vw? + c3u?

x [hyyHy di Uk — hiygHi Tar, Dag] + Hee.,  (45)

Etb(quark) _ w
Y Vw2 +ciu?

+ hiiHQ_(SG'EaL + cﬂﬁaL)uiR} +H.c., (46)

[hileSL (seU1p+caUp)dir +

Ex(mzz) _ VCy %
v - v
Vw? + civ?

x (hY;Hy diguig — b Hi Uardig) + Hee.,  (47)

mix w U U
E?i( ) ¥ [h’l’aH;(Sf)ulL-l-CeUL)DaR +

Vw2 +cqu?

+ Hyy Hy (s9dar, + coDar)Dr| + He.  (45)

From Eqs. (44) and (46), we see that the Yukawa cou-
pling of Hzi to the ordinary leptons and quarks vio-
lates the lepton number because L(H;) = +2. In this
case, the coupling coefficients are proportional to sg,
which means that the Yukawa couplings are very weak.
Interactions among the SM gauge bosons and Higgs
bosons were studied in detail in [11]. From these cou-
plings, all scalar fields including the neutral scalar H°
and the Goldstone bosons were identified and their cou-
plings to the usual gauge bosons such as the photon,
the charged bosons W+, and the neutral Z, and also Z'
were recovered without any additional conditions. We
note that the CP-odd part of the Goldstone boson asso-
ciated with the neutral non-Hermitian bilepton gauge
boson G xo decouples, while its CP-even counterpart
is involved in mixing in the same way as in the gauge
boson sector.

5. PAIR PRODUCTION OF Hi IN ete™
COLLIDERS

High-energy eTe™ colliders have been essential in-
struments to search for the fundamental constituents of
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Table 1. Trilinear couplings of the pair H2i to the

neutral gauge bosons in the SM

Vertex | AMH, O, Hy | ZWH; 8, Hy

Coupling ie —igSwitw

matter and their interactions. The possibility to detect
the neutral Higgs boson in the minimal version at eTe™
colliders was considered in [16] and production of the
SM-like neutral Higgs boson at the CERN LHC was
studied in [17]. This section is devoted to the pair pro-
duction of Hy at ete™ colliders with the center-of-mass
energy chosen as /s < 1000 GeV (CLIC) [15, 16]. The
trilinear couplings of H2i to the neutral gauge bosons
in the SM are given in Table 1 [11].

From Table 1, we can see that the production of
Hjt in eTe™ 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 HJ:

e (p1) + et (p2) = Hy (k1) + Hy (k). (49)

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

-3 2
dop,py _ Rrpm™ i(1 - PP )-
dcosh 452 s o
_gz[ve(l — P+P_) — ae(P— - P+)]
2ew sws(s —m3)
gz1(v + ag)(1 — P_Py) — 20,04 (P — P)]

16c3, 53, (s — m%)?
x (1 —cos’6), (50)

_|_

X

where 6 is the angle between p; and ky,

b= - 2w?sy, —v2(4ey, — 1)
sw 2swew (W2+v2) 7
ve = —1+ 45%[,, a. = —1,
and
- 2 2 y2 2 o V2
Kpysps = (s—mH;—mH;) —4mH2+mH2_ . (51)

P, and P_ are the respective polarization coefficients
of the et and e~ beams. The total cross section is
given by

B Ty oo e o
A 9 0 A o o
L7 77 7 I TFIRH

Fig.1. The total cross section of the process

ete™ — HZ as a function of polarization coefficients.

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

do/cos0 (ete™ — HFHy), 1072 pb

4L
3|
2 -
1L
0
—1.0 —0.5 0 0.5 1.0
cos 0

Fig.2. The DCS of the process ete™ — H as a
function of cosf. The collision energy is taken to be
/s = 1 TeV and the Higgs mass Myt = 200 GeV.

Curve 1 is for P~ = 0,P+ = 0 and curve 2 for
P.=-1,P, =1

-3 2
K S Ta

1
O-(PJr’P*) - _2

3s2 s
_ gz[ve(]- - P+P7) B ae(P* — P+)]
2cw sws(s —m%)
92[(vi+aZ)(1—P_Py)—20.04(P_—Py )]
16¢3, 83 (s —m%)? '

(1-PyP)—

+

(52)

where we take myz = 91.1882 GeV, v = 246 GeV, and
w=1TeV [4].
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)

o(eTe” — HFH;), 1072 pb

Table 2.

minosity 500 fb™" and mx = 200 GeV

Number of events with the integrated lu-

Vs, GeV

700

850

1000

O(P;,P_)> pb

8.7-1072

7.4-1072

6.1-10°2

Number of events N

43500

37000

30500

s L 4
6 L 4
4L 4
2 L J
0 L | | | |
200 250 300 350 400 450 500
my
Fig.3.  The total cross section of the process
ete™ — HF as a function of mpy for P~ = —1 and

Py = 1. The collision energies are chosen as /s = 0.7
(1),0.85(2),1(3) TeV

o(eTe” — HFH;), 1072 pb
3 -l T T T T T |-
2L 4
1L 4
200 250 300 350 400 450 500
mHp
Fig.4. The total cross section of the process
+

e

e~ — Hi as a function of mpy for P~ = P, = 0.

The collision energies are chosen as in Fig. 3

Based on Eqs. (44) and (46), we analyze the behav-
ior of the cross section for some high energies of eTe™

section with highly polarized e*, e~ beams is approxi-
mately three times larger than those with unpolarized
et, e beams. The dependence of the total cross sec-
tion on the Higgs mass for fixed collision energies, typ-
ically /s = 0.7, 0.85, 1 TeV, is also shown in Fig. 3 for
P_=-1,P; =1 andin Fig. 4 for P = P, = 0. The
Higgs mass is chosen as 200 GeV < mpy < 500 GeV.
As we can see from the figures, at high energies, the
cross section decreases as mpy increases. It is worth
noting that there is no difference between two lines
at myg ~ 240, 260, and 300 GeV, with the respective
cross sections given by op, p_y) = 6- 1072, 5- 1072,
and 4.2-102 pb. With the high integrated luminosity
500 fb~! [8] and the Higgs mass chosen at a relatively
low value of 200 GeV, the number of events with dif-
ferent values of /s is given in Table 2. From these
results, we can see that with the high integrated lumi-
nosity 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 (y/s = 1 TeV), the number of events is ap-
proximately N = 30500, as expected.

6. ASSOCIATED PRODUCTION OF HF AND
WTF IN ete™ COLLIDERS

Similarly to Sec. 5, in this section we evaluate the
associated production of Hy and W¥ at ete™ collid-
ers via a Z 7' exchange, which is lepton-number vio-
lating with AL = +2. The trilinear couplings of the
pair H;W¢ to the neutral gauge bosons in the eco-
nomical 3-3-1 model are given in Table 3 [11]. Here,

colliders. In Fig. 1, we plot the cross section o(p, 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 My = 200 GeV. The figure
shows that the cross section has the maximum value
op, p.y=6-10"2pb at P. = —1 and Py = 1, while
o9 =2.1-1072 pbat P. = Py = 0. The DCS as a func-
tion of cos f is shown in Fig. 2 (curve 1 for P_ = Py =0
and curve 2 for P_ = —1, P = 1). We see from Fig. 2
that the DCS has a maximum value at cosf = 0, sim-
ilarly to the process ete~™ — Zh in the SM (while the
DCS of the reactions ete™ — ZZ, Z A has the minimal
value at cosf = 0) [9]. The results show that the cross

Uap (o, = 1,2,3,4) is a mixing matrix of neutral
gauge bosons given in the Appendix. The angle 6 is the
mixing angle between charged gauge bosons W and Y,

which is defined by [4]
tgh = u/w.

(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 as-
sociated production of HY and W7 at ete™ colliders
occurs through the neutral gauge bosons Z and Z' in

the s-channel
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e (1) + et (p2) = Hy (ky) + W (k2). (54)

4 2
dop,p) _ Bugwsma

e3[(v2 +a2)(1 = P_Py) = 20,a,(P_ - P,)]

In this case, the DCS is given by
\

3
dcosh 28 { 1602, 52, (s —m3)? *
L RO (1 PPy~ 3al(P— P exeyl(nevs + acal)(1 = P_Py) — (v + via)(P- = P)]\
16C%, 5%, (s —m%,)? 8c2, s (s —m%) (s —m%,)

Kizi w
x { =25+ 272¥(1 — cos? 6) (55)
2miy,
and the total cross section is
U _ Bupwem0® [e3[(02 +a2)(1 = P_Py) ~ 2,0, (P~ P)]
(PP 252 16C3, 53, (s — m%)?
L AW a1 = PPy = 2al(P- = Py)]
16C%, S8, (s —m%,)?
-2
e7€,[(vev] + aeal) (1 — P_Py) — (ved! + vla)(P- — Py)] 2 Nt w=
+ 5 5 5 —4s+ - —>— 1, (56)
8C% Sy (s —m%) (s —m3,) 3 mijy
where approximately 2.4 - 10* times smaller than those of the
14482 I ;o Ve pair production H;t under the same conditions. The
ve =14 &ow, ae =L v = /1C2% -1 DCS as a function of cosf at /s = 1 TeV is shown in
u Fig. 6 (curve 1 with P— = P, = 0 and curve 2 with
a, = +, P_ = -1, P, =1). We see that the behavior of DCS is
VACy — 1 similar to that in Fig. 2. The Higgs mass dependence of
ey = bW the total cross section is shown in Fig. 7 for P_ = —1,

- X
253,/ w? + c3v?

X [8969((]12 + \/§U22) + 629U42] , (57)

, VW
e, = ———  x
Z 25%\/w? + cv?
X [5909(U13 +V3Us3) + 029U43] . (58)
and
- 2 2 2 2 5 112
Kysws = [(s—mH; —miy) —4mH2,mW] (59)

We here use data as in the previous section, with
my 800 GeV [12]. For convenience of calcula-
tions, we take the upper value of the mixing angle
(80)maz = 0.08.

We now evaluate the cross section in detail.
Fig. 5, we plot the total cross section o(p, p ) as a
function of the polarized coefficients. The status is as
in Fig. 1, the total cross section o(p, p_) takes the ma-
ximum value o(p, p y=2.5-107% pb at P_ = —1 and
P, = 1, while if the e™, e~ beams are not polarized,
then og = 0.8-107° ph. In this case, the cross section is

In

P,y =1andin Fig. 8 for P~ = Py = 0. The mass range
is 200 GeV < mpy < 800 GeV and the collision ener-
gies are chosen as above, /s = 0.7, 0.85, and 1 TeV,
respectively. We can see from the figures that the total
cross section decreases rapidly as mpg increases. Fig-
ure 7 shows that at the lower bound of m g, the respec-
tive cross sections are given by o(p, p_ ) = 17.5- 106,
4.8-107% and 2.5-107% 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 colli-
sion energies, we present the cross section as a function
of my for the fixed energies /s = 1, 1.2, and 1.4 TeV
in Fig. 9. Tt follows that at higher values of /s, the
total cross section decreases slowly, while at lower en-
ergy (/s = 1 TeV), the total cross section decreases
rapidly as mp increases. This shows that the cross
section of the pair H?WjF production is much smaller
than that of the pair production of H;C under the same
conditions. We deduce that the associated production
of Hf and WT is in general not expected to lead to
easily observable signals in e*e™ collisions.
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Fig. 5.

The total cross section of the process
e~ — H; W™ as a function of polarization coeffi-
cients. The collision energy is taken to be /s = 1 TeV
and the Higgs mass Myt = 200 GeV

et

g(()e*lef — WJ“ITI;L 107° pb . .
1.5 : :
1.0 : :
0.5 : :

—-1.0 —0.5 0 0.5 l.IO

cos 60

Fig.6. The DCS of the process eTe™ — H, W as

a function of cosf. The collision energy is taken to be

/s = 1 TeV and the Higgs mass Myt = 200 GeV.

Curve 1 is for P~ = 0,P+ = 0 and curve 2 for
P.=-1P =1

In the final state, Hjt can decay with modes as
Hzi—) lil/[./ 0(1&, Daaaa

N (60)
Zw*, Z'w*, Xw*, zZv*E

We note that H2jE is a bilepton in the effective approx-
imation. Assuming that masses of the exotic quarks
(U, D) are larger than Mp+, we conclude that the
hadron modes are absent in the decay of the charged
Higgs boson. Because the Yukawa couplings of H;kﬁy

o(ete” - WTH;), 1075 pb

15 L P =1 P =-1

10 -

200 300 400 500 600 700 800
mp

Fig.7.  The total cross section of the process

ete™ — Hy W7 as a function of mpg for P~ = —1

and Py = 1. The collision energies are taken to be
5=0.7 (1), 0.85 (2), 1 (3) TeV

200 300 400 500 600 700 800

my
Fig.8. The total cross section of the process
ete” — H;WT™ as a function of mp for
P_ = Py = 0. The collision energies are chosen as

in Fig. 7

are very small, the main decay modes of H;t are in the
second line of (60). Because the exotic X,Y and Z'
gauge bosons are heavy, the coupling of a singly charged
Higgs boson with the weak gauge bosons, H;tW*Z,
may be dominating. The decay width is given by

ra?eZ K+
T(Hf - W*2) = #
mo 4
HZ
(m2s —m —miy)?
X |2+ 2 o . (61)
dmzmyy,

Taking 200 GeV < My < 800 GeV, we have the decay
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Charged Higgs boson in the economical 3-3-1 model

Table 3.  Trilinear couplings of the pair H;W* to the neutral gauge bosons in the economical 3-3-1 model
Vertex ZHIWF Z'HFWF
2 2
. W VW
Couphng 97 [8969 (Ulz + \/§U22) + 629U42] 97 [8969 (U13 + \/§U23) + 029U43]
2y/w? + civ? 2\/w? + civ?

o(ete” - WTH;), 1075 pb

25+ -
=1, P_=-1

2.0 1 -
15 | -
1.0 -
0.5 i
200 400 600 800 1000
mu

Fig.9. The same as in Fig. 7, but for /s =1 (1), 1.2
(2), 1.4 (3) Tev

width 2.1.10733 s~ < T(H} — W*Z) < 3.4.10731 g~

It is interesting to note that the decay width of the
main mode is also very small because the considered
process is lepton-number violating (AL = £2).

It is worth mentioning the neutrinoless double beta
decay, which requires violation of the lepton number.
It 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 studied recently [22].
The results show that the relevance of the new contri-
butions is determined by the mixing angle # and the
bilepton mass my. The order of magnitude of the
new contributions is proportional to tg, 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 bilep-
ton mass. In the effective approximation, the charged
Higgs bosons H2i are scalar bileptons, while the neutral

scalar bosons H? and HY do not carry lepton number.
The couplings of charged Higgs bosons to leptons and
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 produc-
tion of H2jE at high-energy ete™ colliders with polariza-
tion of et, 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 high degree of
polarization. We have also evaluated the associated
production of Hi and W7 at high-energy e*e™ collid-
ers. It follows that the production cross sections are
very small, much below the cross section of the pair
production of Hzi7 and therefore the associated pro-
duction of Hy and W7 is in general not expected to
lead to easily observable signals in ete™ annihilation.
This is because the considered process is lepton-number
violating (AL = £2).

Finally, we emphasize that the associated produc-
tion of the charged Higgs boson and WT at high-energy
ete™ colliders in the minimal supersymmetric SM
was recently studied in [23]. However, this reaction
first arises at the one-loop level, while the considered
process in the economical 3-3—1 model exists at the
tree level.

One of the authors (D. V. Soa) expresses his sin-
cere gratitude to the European Organization for Nu-
clear Research (CERN) for financial support. He is
also grateful to J. Ellis for the hospitality during his
visit at CERN, where this work was completed. The
work was supported in part by the National Council
for Natural Sciences of Vietnam.

APPENDIX
Mixing matrix of neutral gauge bosons

For convenience in practical calculations, we use the
mixing matrix
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