Eur. Phys. J. C 34, 285 289 (2004)
Digital Object Identifier (DOI) 10.1140/epjc/s2004-01725-5

THE EUROPEAN
PHYSICAL JOURNAL C

Bilepton production in e~ collisions

Dang Van Soal*, Takeo Inami', Hoang Ngoc Long?**

! Department of Physics, Chuo University, Kasuga 1-13-27, Bunkyo, Tokyo 112, Japan
2 The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy

Received: 5 August 2003 /

Published online: 23 March 2004 — (© Springer-Verlag / Societa Italiana di Fisica 2004

Abstract. We study the production of bileptons, new gauge bosons of lepton number two, in the minimal
3-3-1 model in high energy e™~ collisions. If the bilepton masses are in the range of 300 GeV the reaction

will give observable cross-sections in future colliders.

1 Introduction

All models of physics beyond the standard model (SM)
predict the existence of new particles. One of the more
exotic of these is the bilepton, a particle of lepton number
2. Bileptons occur in a few of the models of new physics.
One of them is the gauge model based on the SU(3), ®
SU3);, ® U(1)y (3-3-1) gauge group [1-5]. These models
contain a number of intriguing features: First, the models
predict three families of quarks and leptons if the anomaly
free condition on SU(3); ® U(1), and QCD asymptotic
freedom are imposed. Second, the Peccei-Quinn symmetry
naturally occurs in these models [6]. The third interesting
point is that one generation of quarks is treated differently
from two others [7]. This could lead to a natural explanation
for the unbalancingly heavy top quark.

It has recently been argued that the 3-3-1 model arises
naturally from gauge theories in spacetime with extra di-
mensions [8], where the scalar fields are the components in
the extra space dimensions of a higher dimensional gauge
field [9]. A few different versions of the 3-3-1 model have
been proposed [10].

The production of doubly charged vector bileptons in
high energy collisions has been widely discussed both in the
generic model [11] and in the minimal model [12]. Recent
investigations have indicated that signals of new gauge
bosons in these models may be observed at the CERN
LHC [13] or Next Linear Conllider (NLC) [14]. The pro-
duction of scalar leptoquarks [15] and constraints on the
extra gauge bosons [16] in ey collisions were studied. The
potentiality of the projects of TESLA and CLIC based evy
colliders were discussed in [17].

In [18] the trilinear gauge boson couplings were pre-
sented and production of bileptons in eTe™ collisions was
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calculated. In this paper we turn our attention to a future
perspective experiment, namely the e~y collision. This pa-
per is organized as follows. In Sect. 2 we summarize the basic
elements of the minimal 3-3-1 model. Section 3 is devoted
to single bilepton production in v e~ collisions. Finally,
the conclusions are presented in Sect. 4.

2 A review of the minimal 3-3-1 model

To frame the context, it is appropriate to recall briefly
some relevant features of the minimal 3-3-1 model [1,2].
The model treats the leptons as SU(3), antitriplets [2,5]
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where a = 1,2, 3 is the family index.

Two of the three quark generations transform as triplets
of the SU(3), and the third is treated differently. It belongs
to an antitriplet. We have
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The nine gauge bosons W (¢ = 1,2,...,8) and B of
SU(3);, and U(1), are split into four light gauge bosons



286

and five heavy gauge bosons after SU(3); @ U(1) 5 is broken
to U(1) o The light gauge bosons are those of the standard

model, A, Z; and W*. The new heavy gauge bosons are
Z>, Y% and the doubly charged bileptons X**. They are
expressed in terms of W% and B as [5]
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where we use the notation cw = cos fOw, sw = sin fyw and
tw = tan 6w . The physical states are mixtures of Z and Z':

Z1=Zcos¢p— Z'sin ¢,
Zy = Zsing + Z' cos ¢,
where ¢ is a mixing angle.
The desirable symmetry breaking SU(3); ® U(1)y —
U(l)Q and fermion mass generation can be achieved by

introducing three SU(3), scalar triplets ¢, A, A’ and a
sextet 1 [5]
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where the scalar multiplets are expressed as
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The sextet 7 is necessary to give masses to the charged
leptons [5]. The vacuum expectation value (VEV) (#T) =
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(0,0,u/+/2) yields masses for the exotic quarks, the heavy
gauge bosons Zy and X** Y+, The masses of the stan-
dard gauge bosons and the ordinary fermions are related to
the VEVSs of the other scalar fields, (A%) = v/v/2, (A") =
v'/v/2 and (n°) = w/v/2, (n'°) = 0. In order to be consis-
tent with the low energy phenomenology the mass scale of
SU(3);, ® U(1) 5 breaking has to be much larger than the
electro-weak scale, i.e., u > v, v/, w. The masses of the
gauge bosons are explicitly

1 / 1
miy = 970" + v+ W), My = 2¢%(u® + 07 + 07,

1 /
M3 = 192(u2+v2+4w2), (6)
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Expressions in (6) yields the splitting between the bilep-
tons masses [7]:

|M% — M| <3 miy. (8)

By matching the gauge coupling constants we get a rela-
tion between g and g — the coupling constants associated
with SU(3),, and U(1) 5, respectively:

92 1 _43\2}\/(]\422)7

where e = g sw is the same as in the SM.

We now discuss the previous empirical estimates of the
new gauge boson masses. Combining constraints from di-
rect searches and neutral currents, one obtains a bound
for the mixing angle ¢ [5] and a lower bound on the mass
of Mz,: =16 x 1072 < ¢ <7x107* and Mz, > 1.3 TeV,
respectively. Such a small mixing angle can safely be ne-
glected. Adding the constraints from “wrong” muon de-
cay experiments one obtains a bound for the mass of Y T:
My + > 230 GeV. By computing the oblique parameters .S
and T, a lower bound of 370 GeV for Y is derived [20].
Combining this with the mass splitting given in (8) one
obtains a lower bound around 340 GeV for the mass of
X, With the new atomic parity violation in cesium, one
gets a lower bound for the Zs mass [21]: Mz, > 1.2 TeV.
From the symmetry breaking it follows that the masses
of the new charged gauge bosons Y+, X** are less than
half of Mz, , and the allowed decay Zy — X X~ with
X*++ 5 21* provides a unique signature in future colliders.
Considering these results it is not inconceivable that the
3-3-1 models manifest themselves already at the scale of
O(1) TeV.
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3 Single bilepton production in e~ collisions

In this paper we are interested in the production of new
gauge bosons which exist in the 3-3-1 model in future high
energy colliders. We focus on the single bilepton production
in the electron—photon collision:

Y(p1, ) + e (p2, N) = X (ko,7) + e (ki,7'), (10)

v(p1, N) + e (pa, N) = Y (k2,7) + De(ky, 7).  (11)
Here p;, k; stand for the momenta and A\, X', 7, 7/ for
the helicities of the particles, respectively.

3.1 Production of doubly charged bilepton

First, we cosider the production of the doubly charged
bilepton (10). The amplitude for this process can be writ-
ten as

MX T = i%}6;(kz)ey(pl)ﬁ(kl)AWu(pQ)’

where €,(p1), €),(k2) are the polarization vectors of the
photon « and the X~ ~ boson, respectively. At the tree
level, there are three Feynman diagrams contributing to
the reaction (10), representing the s, u, t-channel exchange
depicted in Fig. 1.

The A*¥ for the three diagrams are given by

(12)
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A=t (15)
LT g m)
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Here, gs = p1 + p2 = k1 + ka, qu = p1 — k1 = ka2 — po,
q; = p1—ko = k1 —ps,and s = (p;+p2)? is the square of the
collision energy. We work in the center-of-mass frame and
denote the scattering angle (the angle between momenta
of the initial electron and the final positron) by 6.

We have evaluated the 6 dependence of the differential
cross-section do/d cosf and the energy and the bilepton
mass dependence of the total cross-section o.

(i) We show in Fig.3 the behavior of do/dcosf at fixed
energy. We have chosen a relatively low value of the bilepton
mass, Mx = 350GeV. The differential cross-section in
Fig.3 is at /s = 1000 GeV, but the behavior is similar
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Fig. 1.
ey7y—=>X " e

Feynman diagrams for
+

at other values of /s. Note that do/dcos@ is peaked in
the backward and forward direction. This is due to the e~
pole term in the u-channel and the X ™ pole term in the
t-channel, respectively, in (14) and (15).

(ii) The energy dependence of the cross-sections is shown
in Fig.4. The same value of the bilepton mass as in (i),
Mx = 350GeV, is chosen. The energy range is 600 GeV
< /s £ 2500 GeV. The curve a is the total cross-section
o, the curves b, ¢, and d representing cross-sections of the
s-, t- and u-channels only, respectively. We see from the
figure that the curve a goes through the minimum value,
and then it increases smoothly with /s. At the minimum
value, we get 0 ~ 18.3 pb, which is large enough to measure
the X+ production. At TESLA based ey colliders, with
Vs = 911GeV [17] the measurable value of the cross-
section is o > 18.8 pb. We emphasize that at high energies
the s, t-channels give main contributions to the total cross-
section. This is due to o, ~ -5, 0y ~ -3 X Log(s/m?),
while o, ~ 1

(iii) The bilepton mass dependence of the cross-section for
fixed energy, typically y/s = 2000 GeV, is shown in Fig. 5.
The mass range is 300 GeV < Mx < 700 GeV. The total
cross-section decreases rapidly as M x increases from 26 pb
for Mx = 300 GeV to 4pb for Mx = 700 GeV.

In [23] the signature of the doubly charged Higgs boson
in ey has been investigated, and this paper demonstrated
that the H1 observation at SUSY02 of a doubly charged
object was inconsistent with LEP.

3.2 Production of a singly charged bilepton

Next, we consider the production of a singly charged bilep-
ton and antineutrino. There are two Feynman diagrams
contributing to reaction (11), representing the s, t-channel
exchange shown in Fig. 2.

The corresponding amplitude A* is given by

s

AL =9"1=7") 537", (16)
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Fig. 2. Feynman diagram for e”y — Y v,
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Fig. 3. Differential cross-section of the process ey — X~ "e™
as a function of cosf@. The collision energy is taken to be
v/s = 1000 GeV and the bilepton mass Mx = 350 GeV
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Fig. 4. Cross-section of the process e”y — X ~ e as a function
of the collision energy +/s. The bilepton mass is taken to be
Mx = 350 GeV. The curve a is the total cross-section o, the
curves b, ¢, and d represent cross-sections of the s-, t-, and

u-channels, respectively
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Fig. 5. Cross-section of the process e "y — X~ e as a function
of Mx. The collision energy is taken to be 2000 GeV
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Fig. 6. Different cross-section of the process e~y — Y I as
a function of cos 6, the collision energy /s = 1000 GeV
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Fig. 7. Cross-section of the process e~y — Y ™ I, as a function
of /s, bilepton mass is taken to be 300GeV. The curve a
is the total cross-section o, the curves b and c representing
cross-sections of the s- and t-channels, respectively

The notation used here is the same as in the previous
case. We give some estimates of the cross-section as follows.
(i) In Fig.6 we plot do/dcosf as a function of cosé for
the collision energy /s = 1000 GeV and the bilepton mass
My = 300 GeV. It is shown that do/d cos@ is peaked in
the forward direction, due to the Y+ pole term in the t-
channel, but it is flat in the backward direction.

(ii) Figure 7 shows the dependence of the total cross-section
o as a function of 1/s. The energy range is 600 GeV < /s <
2500 GeV. The curve (a) is the total cross-section o, the
curves (b) and (c) representing cross-sections of the s- and
t-channels, respectively. We can see from Fig. 7 that if the
bilepton mass is the same as Fig. 6, My = 300 GeV, then
the o varies smoothly increasing from 6 pb to 15.8 pb, values
which are easily measurable in future colliders. At TESLA
based ey colliders we get o > 9 pb.

(iii) The bilepton mass dependence of the cross-section at
the energy /s = 2000 GeV is shown in Fig. 8. Similarly to
Fig. 5, the total cross-section decreases as My increases.
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Fig. 8. Cross-section of the process e v — Y~ 1, as a function
of My . The collision energy is taken to be 2000 GeV

The background process of a single W production plus
missing energy (neutrino) was in detail investigated in [24].
It is to be noted that the W boson decays into both leptons
and hadrons, while the bileptons can decay only into lep-
tons.

4 Conclusion

In conclusion, we have presented the minimal 3-3-1 model
and the production of the doubly charged bilepton X ~~ and
the singly charged one Y~ in the e ™+ reaction. We see that
with the first process, the differential cross-section is peaked
in both the backward and forward directions, while in the
second one the reaction mainly occurs at small scattering
angles. Based on this result it is shown that if the mass of
the bilepton is in a range of 300 GeV, then single bilepton
production in e~ 7 collisions may give an observable value
at moderately high energies. At TESLA and CLIC based &y
colliders, with the intergrated luminosity L ~ 9 x 10* fb~
one expects several thousands events.

Finally, we note that the second process is common
for both the minimal version and the version with right-
handed neutrinos, while the first one is characteristic for
the minimal version. In this paper we have focused on bilep-
tons as of particular experimental interest and their single
production at the ey mode is by far the most promising.
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