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Pairs of charged heavy fermions from an SU„3…L‹U„1…N model at e¿eÀ colliders
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We investigate the production, backgrounds, and signatures of pairs of charged heavy fermions using the
SU(3)L ^ U(1)N electroweak model ine1e2 colliders ~Next Linear Collider and CERN Linear Collider!. We
also analyze the indirect evidence for a bosonZ8.

DOI: 10.1103/PhysRevD.67.075022 PACS number~s!: 12.60.Cn, 13.66.Hk, 13.85.Dz, 13.85.Lg
s
V
a

ow
io
xin
a
xi
ss

f
s
ti

e
en

ne
o

ul
f
3

s
el
ed

on
(3
or
rk
t
r

e
ties

n.

the
ted
her,
is
he
ts a

the
ermi

del
d
-

-

part
3)
I. INTRODUCTION

Although the standard electroweak model is very succe
ful in explaining experimental data up to order 100 Ge
there are experimental results on the muon anomalous m
netic moment@1# and ~solar and atmospheric! neutrinos@2#
which suggest no standard interpretation. Some other kn
experimental facts, such as the proliferation of the ferm
generation and their complex pattern of masses and mi
angles, are not predicted in the framework of the stand
model. There are no theoretical explanations for the e
tence of several generations and for the values of the ma
It was established at the CERNe1e2 collider LEP that the
number of light neutrinos is three@3#.

Many models, such as composite models@4,5#, grand uni-
fied theories@6#, technicolor models@7#, superstring-inspired
models@8#, and mirror fermions@9#, predict the existence o
new particles with masses of the scale of 1 TeV. All the
models consider the possible existence of a new genera
of fermions.

Heavy leptons are usually classified in four types: sequ
tial leptons, paraleptons, ortholeptons, and long-lived p
etrating particle@10#. In this work we will study the type of
heavy leptons which does not belong to any one mentio
above. Consequently, the existing experimental bounds
heavy-lepton parameters do not apply to them. Partic
kinds of heavy leptons considered here are predicted,
instance, by an electroweak model based on the SU(C
^ SU(3)L ^ U(1)N ~3-3-1 for short! semisimple symmetry
group @11#. In this model we have only three generation
differently as we have in most of the heavy-lepton mod
@12,13#. It is a chiral electroweak model whose left-hand
charged heavy leptons, which we denote byPa 5 E, M, and
T, together in association with the ordinary charged lept
and its respective neutrinos, are accommodated in SUL
triplets. So, we will study the production mechanism f
these heavy-exotic leptons, together with the exotic qua
and exotic neutrinos, ine2e1 colliders such as the Nex
Linear Collider ~NLC! (As5500 GeV) and CERN Linea
Collider ~CLIC! (As51000 GeV).

*Email address: cieza@uerj.br
†Email address: tonasse@fis.ita.br
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The outline of this paper is the following. In Sec. II w
describe the relevant features of the model. The luminosi
of gg, gZ, andZZ for e2e1 colliders are given in Sec. III.
In Sec. IV we study the production of a pair of exotic lepto
We summarize the results in Sec. V.

II. BASIC FACTS ABOUT THE 3-3-1
HEAVY-LEPTON MODEL

The most interesting feature of this class of models is
occurrence of anomaly cancellations, which is implemen
only when the three fermion families are considered toget
and not family by family as in the standard model. Th
implies that the number of families must be a multiple of t
color number and, consequently, the 3-3-1 model sugges
route towards the answer of the flavor question@14#. The
model has also a great phenomenological interest since
related new physics can be expected in a scale near the F
one @15,16#.

Let us summarize the most relevant points of the mo
~for details, see Ref.@11#!. The left-handed leptons an
quarks transform under the SU(3)L gauge group as the trip
lets

caL5S n,a

,a8

Pa8
D

L

;~3,0!, Q1L5S u18

d18

J1

D
L

;S 3,
2

3D ,

QaL5S Ja8

ua8

da8
D

L

;S 3* ,2
1

3D , ~1a!

wherePa85E8, M 8, T8 are the new leptons,,a85e8, m8, t8,
anda52, 3. TheJ1 exotic quark carries 5/3 units of elemen
tary electric charge, whileJ2 andJ3 carry24/3 each. In Eqs.
~1! numbers 0, 2/3, and21/3 are the U(1)N charges. Each
left-handed charged fermion has its right-handed counter
transforming as a singlet in the presence of the SU(L
group, i.e.,

,R8;~1,21!, PR8;~1,1!, UR8;~1,2/3!, ~1b!
©2003 The American Physical Society22-1
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DR8;~1,21/3!, J1R;~1,5/3!, J2,3R8 ;~1,24/3!.

~1c!
We are definingU5u,c,t andD5d,s,b. In order to avoid
anomalies, one of the quark families must transform in
different way with respect to the two others. In Eqs.~1! all
the primed fields are linear combinations of the mass eig
states. The charge operator is defined by

Q

e
5

1

2
~l32A3l8!1N, ~2!

where l ’s are the usual Gell-Mann matrices. We notic
however, that sinceQaL in Eqs.~1a! are in antitriplet repre-
sentation of SU(3)L , the antitriplet representation of th
Gell-Mann matrices must also be used in Eq.~2! in order to
get the correct electric charge for the quarks of the sec
and third generations.

The three Higgs scalar triplets

h5S h0

h1
2

h2
1
D ;~3,0!, r5S r1

r0

r11
D ;~3,1!,

x5S x2

x22

x0
D ;~3,21!, ~3!

generate the fermion and gauge boson masses in the m
The neutral scalar fields develop the vacuum expectation
ues ~VEVs! ^h0&5vh , ^r0&5vr , and ^x0&5vx , with vh

2

1vr
25vW

2 5(246 GeV)2. Neutrinos can get their masse
from h0 scalar. A detailed scheme for Majorana mass g
eration for the neutrinos in this model is given in Ref.@17#.

The pattern of symmetry breaking is

SU~3!L ^ U~1!N°
^x&

SU~2!L ^ U~1!Y °
^h,r&

U~1!em

and so, we can expectvx@vh ,vr . Theh andr scalar trip-
lets give masses to the ordinary fermions and gauge bos
while thex scalar triplet gives masses to the new fermio
and new gauge bosons.

Due to the transformation properties of the fermion a
the Higgs fields under SU(3)L @see Eqs.~1! and ~3!# the
Yukawa interactions in the model are

L,
Y52Gabc̄aL,bR8 r2Gab8 c̄aL8 PbR8 x1H.c., ~4a!

L q
Y5(

a
F Q̄1L~G1aUaR8 h1G̃1aDaR8 r!

1(
a

Q̄aL~FaaUaR8 r* 1F̃aaDaR8 h* !G
1(

ab
Fab

J Q̄aLJbR8 x* 1GJQ̄1LJ1Rx1H. c. ~4b!

G’s, F ’s, and F̃ ’s are Yukawa coupling constants witha,b
51,2,3 anda,b52,3. The interaction eigenstates, whic
07502
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appear in Eqs.~4!, can be transformed into the correspondi
physical eigenstates by appropriated rotations. Howe
since the cross-section calculations imply summation on
vors ~see Sec. IV! and the rotation matrix must be unitar
the mixing parameters have no essential effects for our p
pose here. So, hereafter we suppress the ‘‘prime’’ nota
for the interaction eigenstates.

The gauge bosons consist of an octetWm
i ( i 51, . . . ,8)

associated with SU(3)L and a singletBm associated with
U(1)N . The covariant derivatives are

Dmwa5]mwa1 i
g

2
~WW m•lW !a

bwb1 ig8NwwaBm , ~5!

wherew5h,r,x. The model predicts single-charged (V6),
double-charged (U66) vector bileptons and a new neutr
gauge boson (Z8) in addition to the charged standard gau
bosonsW6 and the neutral standardZ. We take from Ref.
@15# the trilinear interactions ofZ8(k1) with V(k2)6 and
U66(k3), in the usual notation that all the quadrimomen
are incoming in the vertex:

Vlmn52 i
g

2A 3

113tW
2 @~k12k2!lgmn1~k22k3!mgnl

1~k32k1!nglm#, ~6!

where

tW
2 5

sin2uW

124 sin2uW

. ~7!

The relevant neutral vector current interactions are

LZ52
g

2 cosuW
@aL~ f ! f̄ gm~12g5! f

1aR~ f ! f̄ gm~12g5! f #Zm , ~8a!

L Z852
g

2 cosuW
@aL8~ f ! f̄ gm~12g5! f

1aR8 ~ f ! f̄ gm~12g5! f #Zm8 , ~8b!

LAP52eP̄agmPaAm , ~8c!

LZP52g sinuWtanuWP̄agmPaZm , ~8d!

L Z8P52
g tanuW

2A3tW

P̄agm@3tW
2 21

1~3tW
2 11!g5#PaZm8 , ~8e!

LZq52
g

4 cosuW
(

a
q̄agm~va1aag5!qaZm ,

~8f!
2-2
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L Z8q52
g

4 cosuW
(

a
q̄agm~v8a1a8ag5!qaZm8 ,

~8g!

whereuW is the Weinberg mixing angle,f is any fermion and
qa is any quark@11,14#. The coefficients in Eqs.~8a!, ~8b!,
~8f!, and~8g! are

aL~na8!5
1

2
, aR~na!50,

aL8~na8!5
1

2
A124 sin2uW

3
, aR8 ~na8!50, ~9a!

aL~ea8!52
1

2
1sinuW , aR~ea8!5sinuW ,

aL8~ea8!5aL8~na8!, aR8 ~ea8!52
sinuW

2aL8~na8!
, ~9b!

aL~Ea8!5aR~Ea8!52sinuW ,

aL8~Ea8!52A124 sinuW

3
, aR8 ~Ea8!52aR8 ~ea8!,

~9c!

vU5
314tW

2

f ~ tW!
, vD52

318tW
2

f ~ tW!
,

2aU5aD51, v8u52
118tW

2

f ~ tW!
, ~9d!

v8c5v8t5
122tW

2

f ~ tW!
, v8d52

112tW
2

f ~ tW!
,

v8s5v8b5
f ~ tW!

A~3
, a8u5

1

f ~ tW!
, ~9e!

a8c5a8t52
116tW

2

f ~ tW!
, a8d52a8c, a8s5a8b

52a8u v8J15
2~127tW

2 !

f ~ tW!
, ~9f!

v8J25v8J352
2~125tW

2 !

f ~ tW!
, a8J25a8J25a8J2

5a8J1

52
2~113tW

2 !

f ~ tW!
, ~9g!

with f 2(tW)53(114tW
2 ). As we have commented in the in

troduction and by inspection of Eqs.~1!, ~8d!, and ~8e!, we
conclude that the heavy leptonsPa belong to another class o
07502
exotic particles different from the heavy-lepton classes u
ally considered in the literature. Thus, the present experim
tal limits do not apply directly to them@10# ~see also Ref.
@11#!. Therefore, the 3-3-1 heavy-leptons phenomenolo
deserves more detailed studies.

III. LUMINOSITIES

Let us now analyze the case of elastice2e1 scattering.
The gg differential luminosity is given by

S dLel

dt D
gg/,,

5E
t

1 dx1

x1
f g/,~x1! f g/,~x25t/x1!, ~10!

wheret5x1x2 and f g/,(x) is the effective photon approxi
mation for the photon into the lepton, which is defined by

f g/,~x!5
a

2p

11~12x!2

x
ln

s

4me
2

,

wherex is the longitudinal momentum fraction of the lepto
carried off by the photon,s is the center-of-mass energy o
the e2e1 pair, andme is the electron mass.

TheZZ differential luminosity for elastice2e1 scattering
is given by

S dLel

dt D
ZZ/,,

5E
t

1 dx1

x1
f Z/,~x1! f Z/,~x25t/x1!,

wheref Z/,(x) is the distribution function for finding a boso
Z of transverse and longitudinal helicities in a fermion wi
energyAs in the limit As>2MZ and which has the following
forms:

f Z/
6T,~x!5

a

4px sin2uWcos2uW

@~g
V
,7g

A
, !2

1~g
V
,6g

A
, !2~12x!2# ln

s

MZ
2

,

f Z/
L ,~x!5

a

p sin2uWcos2uW

@~g
V
, !21~g

A
, !2#

12x

x
,

where gV
, and gA

, are the vector and the axial-vector co
pling, respectively.

For theZg differential luminosity for elastice2e1 scat-
tering we have the expression

S dLel

dt D
Zg/,,

5E
t

1dx1

x1
f Z/,~x1! f g/,~x25t/x1!.

IV. CROSS SECTION PRODUCTION

A. eÀe¿\PÀP¿

Pair production of exotic particles is, to a very good a
proximation, a model-independent process, since it proce
through a well-known electroweak interaction. This produ
2-3
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tion mechanism can be studied through the analysis of
reactions e2e1→P2P1, provided that there is enoug
available energy (As>2M P). We will analyze the following
processes for pair production of exotic heavy lepto
e2e1→P2P1, e2e1→gg→P2P1, e2e1→Zg
→P2P1, and e2e1→ZZ→P2P1, the first process take
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place through the exchange of a photon, a bosonZ0 andZ08
in thes channel, while the other processes take place thro
the exchange of heavy lepton in thet andu channels.

Using the interaction Lagrangians~8a!, ~8b!, and~8c!, it is
easy to evaluate the cross section for the processe1e2

→P1P2, involving a neutral current, from which we obtai
S ds

d cosu D
P1P2

5
ba2p

s3 S @2sMP
2 1~M P

2 2t !21~M P
2 2u!2#1

1

2 sin2uWcos2uW~s2MZ,Z8
2

1 iM Z,Z8GZ,Z8!
$2sMP

2g8V
PPgV

,

1g8V
PPgV

, @~M P
2 2t !21~M P

2 2u!2#1g8A
PPgA

, @~M P
2 2u!22~M P

2 2t !2#% D
1

bpa2

16 cos4uWsin4uW

1

s~s2MZ,Z8
2

1 iM Z,Z8GZ,Z8!
2
$@~g8V

PP!21~g8A
PP!2#@~gV

, )21(gA
, )2][( M P

2 2u)21(M P
2

2t)2] 12sMP
2 [(g8V

PP)22(g8A
PP)2][( gV

, !21~gA
, !2#14g8V

PPg8A
PPg

V
,gA

, @~M P
2 2u!22~M P

2 2t !2#%

1
bpa2

8 sin4uWcos4uWs~s2MZ
21 iM ZGZ!~s2MZ8

2
1 iM Z8GZ8!

„2sMP
2 ~gV

, 1gA
, !~gV

PPg8V
PP2gA

PPg8A
PP!

1~M P
2 2t !2$@~gV

, !21~gA
, !2#gV

PPg8V
PP1gA

PPg8A
PP22g

V
,g

A
,gV

PPg8A
PP22gV

, gA
, gA

PPg8V
PP%

1~M P
2 2u!2$@~gV

, !21~gA
, !2#~gV

PPg8V
PP1gA

PPg8A
PP!12gV

, gA
, gV

PPg8A
PP12gV

, gA
, gA

PPg8V
PP%…, ~11!
,

on
n

where

gV,A
PP 5

aL6aR

2
, g8V,A

PP 5
aL86aR8

2
.

The prime (8) is for the case when we take a bosonZ8, GZ,Z8
are the total width of boson Z andZ8 @15#, b
5A124M P

2 /s is the velocity of the heavy lepton in the c.m
of the process,a is the fine structure constant, which we ta
equal toa51/128,gV,A

, are the standard coupling constan
MZ is the mass of theZ boson,As is the center of mass
energy of thee2e1 system,t5M P

2 2(12b cosu)s/2 andu
5M P

2 2(11b cosu)s/2, whereu is the angle between th
heavy-lepton and the incident electron, in the c.m. frame.
Z8 boson we takeMZ85(0.623) TeV, sinceMZ8 is propor-
tional to the VEVvx @14,18#. For the standard model param
eters we assume Particle Data Group~PDG! values, i.e.,
MZ591.02 GeV, sin2uW50.2315, and MW580.33 GeV
@10#. In Figs. 1 and 2, we show the cross sectionss(e2e1

→P2P1) for the NLC and the CLIC.
Another way to produce a pair of heavy-exotic leptons

through the elastic reactions of typese2e1→gg→P2P1,
e2e1→Zg→P2P1, ande2e1→ZZ→P2P1. These three
processes take place through the exchange of the exotic
ton in the t and u channels. So the cross section for t
production of a pair ofP2P1 in the e2e1 collision can be
obtained by convoluting the cross section for the subp
,

r

s

p-

-

cessesgg→P2P1, Zg→P2P1, and ZZ→P2P1, with
the two photon, Zg and ZZ luminosities in these collisions
that is,

s5E
tmin

1 dL

dt
dtŝ~ ŝ5x1x2s!

5E
tmin

1 E
lnA(t)

2 lnA(t)dx1

x1
f V/,~x1! f V/,~x2!E dŝ

d cosu
d cosu

whereV5g,Z. The subprocess cross section for two phot
P2P1 production via elastic collisions of electron-positro
is

S ds

d cosu D
gg

5
ba2p

s S 1

~ t2M P
2 !2

~2M P
4 23M P

2 t2M P
2u1tu!

1
1

~u2M P
2 !2

~2M P
4 2M P

2 t23M P
2u1tu!

1
2

~ t2M P
2 !~u2M P

2 !
~22M P

4 2M P
2 t

2M P
2u!D , ~12!
2-4
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where M P is the mass of the exotic lepton,t̂5M P
2 2( ŝ/2)

(12b cosu) andû5M P
2 2( ŝ/2)(11b cosu) refer to the ex-

changed momenta squared, corresponding to the direct
crossed diagrams for the two photons, withb being theP
velocity in the subprocess c.m. andu its angle with respect to
the incident electron in this frame.

The contribution of the subprocess cross sections forZg
andZZ luminosities to the total cross section can be sho
to be very small; therefore, we do not show here the exp
calculation for them, but we present their results in Fig. 3
the CLIC.

FIG. 1. Total cross section for the processe2e1→P2P1 as a
function of M P at As5500 GeV: ~a! MZ851200 GeV~solid line!,
and ~b! 2000 GeV~dashed line!.
07502
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B. eÀe¿\QQ̄

The production of exotic quarks was already studied
both of the authors@13,19#, so that in this subsection we wil
restrict its study through the analysis of the reactione2e1

→QQ̄ in the case that there is enough available ene
(As>2MQ). This process takes place through the excha
of a photon, Z andZ8 in the s channel.

Using the interaction Lagrangians given in Sec. II, we c
evaluate the cross section involving a neutral current to
tain

FIG. 2. Total cross section for the processe2e1→P2P1 as a
function ofM P at As51000 GeV:~a! MZ851200 GeV~solid line!
and ~b! MZ852000 GeV~dashed line!.
S ds

d cosu D
QQ̄

5
NcbQa2p

s3 S $cq
2@2sMQ

2 1~MQ
2 2t !21~MQ

2 2u!2#%

1
cq

2 sin2uW cos2uW~s2MZ,Z8
2

1 iM Z,Z8GZ,Z8!
ˆ2sMQ

2 g8V
QQ̄gV

, 1g8V
QQ̄gV

, @~MQ
2 2t !21~MQ

2 2u!2#

1g8A
QQ̄gA

, @~MQ
2 2u!22~MQ

2 2t !2#J 1
bpa2

16 cos4uWsin4uW

1

s~s2MZ,Z8
2

1 iM Z,Z8GZ,Z8!
2
$@~g8V

QQ̄!21~g8A
QQ̄!2#

3@~gV
, !21~gA

, !2#@~MQ
2 2u!21~MQ

2 2t !2#12sMQ
2 @~g8V

QQ̄!22~g8A
QQ̄!2#@~gV

, !21~gA
, !2#

14g8V
QQ̄g8A

QQ̄gV
, gA

, @~MQ
2 2u!22~MQ

2 2t !2#%

1
bpa2

8 sin4uWcos4uWs~s2MZ
21 iM ZGZ!~s2MZ8

2
1 iM Z8GZ8!

„2sMQ
2 ~gV

, 1gA
, !~gV

QQ̄g8V
QQ̄2gA

QQ̄g8A
QQ̄!1~MQ

2

2t !2$@~gV
, !21~gA

, !2#gV
QQ̄g8V

QQ̄1gA
QQ̄g8A

QQ̄22gV
, gA

, gV
QQ̄g8A

QQ̄22gV
, g

A
,gA

QQ̄g8V
QQ̄%1~MQ

2 2u!2$@~gV
, !2

1~gA
, !2#~gV

QQ̄g8V
QQ̄1gA

QQ̄g8A
QQ̄!12gV

, gA
, gV

QQ̄g8A
QQ̄12gV

, gA
, gA

QQ̄g8V
QQ̄%…, ~13!
2-5
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wherebQ5A124MQ
2 /s is the velocity of the exotic quark

in the c.m. of the process,cq is the charge of the quark,Q is
the exotic quark andQ̄ the exotic antiquark,As is the center
of mass energy of thee2e1 system, t5MQ

2 2(s/2)(1
2b cosu) and u5MQ

2 2(s/2)(11b cosu), where u is the
angle between the exotic quark and the incident eletron
the c.m. frame and the couplingsgV

QQ andgA
QQ are given in

Sec. II.
In order to analyze the indirect evidence for a bosonZ8,

we compute the production of the quarks as in the stand
model as in the 3-3-1 model. As a result we find that in
3-3-1 model at high energies there will be many more dij
than expected in the scope of the standard model. In Fig
we show the result for the cross sections@e2e1

→qq̄(QQ̄)# as a function of center of mass energy for d
ferent values of the boson massMZ8 .
n

ro

to

d
6

s

tle

l
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C. eÀe¿\N1N2

Given the recent indications of the existence of mass
neutrinos, in this section we will also study them. Som
examples of the relevance of their study are the defi
of solar electron neutrinos whose flux falls below that p
dicted by the standard solar model@20#, the neutrino oscilla-
tions, where the electron neutrinos partially convert
muon neutrinos within the interior of the sun@21# and the
need for explications concerning hot dark matter in cosm
ogy @22#.

We study the production of massive neutrinos through
analysis of the reactione2e1→N1N2. This process takes
place through the exchange of the bosonsZ,Z8 in thes chan-
nel. Using the interaction Lagrangians given by Eqs.~8a! and
~8b!, we evaluate the cross section, obtaining
S ds

d cosu D
N1N2

5
bNa2p

32s sin4uW cos4uW
S 1

~s2MZ,Z8
2

1 iM Z,Z8GZ,Z8!
@2MN

4 ~g
V
,21gA

, 2!22MN
2 t~gV

, 2gA
, !222MN

2 u~gV
, 1gA

, !2

1t2~gV
, 2gA

, !21u2~gV
, 1gA

, !2#1
2

~s2MZ
21 iM ZGZ!~s2MZ8

2
1 iM Z8GZ8!

@2MN
4 ~gV

, gV
, 81gA

, gA
, 8!

22MN
2 gV

, ~gV
, 82gA

, 8!~ t2u!12MN
2 gA

, t~gV
, 82gA

, 8!22MN
2 gA

, u~gV
, 81gA

, 8!1t2~gV
, 82gA

, 8!~gV
, 2gA

, !

1u2~gV
, 81gA

, 8!~gV
, 1gA

, !# D , ~14!
vy
t we
wherebN5A124MN
2 /s is the velocity of exotic neutrino in

the c.m. of the process andMZ,Z8 is the mass of the boso
Z(Z8).

V. RESULTS AND CONCLUSIONS

In the following we present the cross section for the p
cesse1e2→P1P2,(Q̄Q),(N1N2) for the NLC and CLIC.
In all calculations we take sin2uW50.2315, MZ
591.188 GeV, and the mass of the heavy exotic lep
equal to 200 GeV.

In Fig. 1, we show the cross sections(e2e1→P2P1) as
a function of M P . Taking into account that the expecte
integrated luminosity for the NLC will be of the order of
3104 pb21/yr, there will be a total of.2.53104 heavy-
exotic lepton pairs produced per year, consideringMZ8
51200 GeV, while forMZ852000 GeV the production will
be of the order of 2.23104.

In Fig. 2, taking into account that the integrated lumino
ity for the CLIC will be of the order of 23105 pb21/yr, then
the statistics that we can expect for this collider is a lit
larger. So for the processe2e1→P2P1, considering the
mass of the bosonZ8 equal to 1200 GeV, we will have a tota
of .23105 lepton pairs produced per year, while forMZ8
-

n

-

52000 GeV the production will be.33104. For both Figs.
1 and 2 we consideredMJ1

5300 GeV, MJ2
5400 GeV,

MJ3
5600 GeV, andMV5800 GeV.

In Fig. 3, we show the pair production of exotic hea
leptons through the elastic reactions, so the statistics tha

FIG. 3. Total cross section for the processe2e1→P2P1 as a
function of M P at As51000 GeV for different elastic production
mechanisms:~a! gg ~dot-dot-dashed line!, ~b! Zg ~dashed line!, ~c!
ZZ ~solid!.
2-6
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can expect for the CLIC collider, for photon-photonP2P1

production, will be of the order of.23104 lepton pairs
produced per year, while forZg the production will be of
.200 events per year and forZZ it will be very small. It
should be noted that here we have taken only the transv
helicity of the boson Z, since the longitudinal one gives
small contribution.

In Fig. 4, we compare the standard cross sect
s(e2e1→qq̄) with the production cross sections(e2e1

→qq̄1QQ̄), when the 3-3-1 model is applied. We see fro
these results that using the 3-3-1 model we will have m
dijets than using the standard model at high energies. T
figure was obtained imposing the cutucosuu,0.95 and as-
suming three bosonsZ8 with masses equal to 800, 1200, a
2000 GeV. This figure still show the resonance peaks a
ciated with the bosonZ8. We have also considered for th
figure MJ1

5200 GeV, MJ2
5220 GeV, MJ3

5245 GeV,
whose masses would be accessible to the NLC.

In Figs. 5 and 6 we show the cross sections for the p
duction of exotic quarkse1e2→Q̄Q, in the colliders NLC

FIG. 4. Total cross section vs the total c.m. energyAs for the
following masses of the gauge bosonZ8: ~a! MZ85800 GeV
~dashed line!, ~b! MZ851200 GeV~dot-dot-dashed line!, ~c! MZ8
52000 GeV~dot-dashed line!, ~d! standard model~solid line!.

FIG. 5. Total cross section for the processe2e1→QQ̄ as a
function of MQ at As5500 GeV:~a! MZ851200 GeV~dot-dashed
line!, ~b! MZ852000 GeV~solid line!.
07502
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and CLIC. We see from these results that we can expect
the first collider a total of.3.63105 heavy quark pairs pro-
duced per year, considering the mass of the bosonZ8 equal
to 1.2 and 2 TeV. We see that the cross section for b
masses of the bosonZ8 is not different from one another. Fo
the second collider, the CLIC, we expect a total of.2.4
3106 exotic quarks for the mass of the bosonZ8 equal to 1.2
TeV, while for MZ852 TeV we obtain 43105 events per
year. Here the cross sections are different from one ano
which is not the case for the NLC; this is due to the prop
gator, that for the CLIC is larger than for the NLC.

In Figs. 7 and 8 we show the cross sections for the p
duction of exotic neutrinos,e1e2→N1N2, in the colliders
NLC and CLIC. We see from these results that we can
pect, in the NLC, a total of around 1.53103 heavy neutrino
pairs produced per year for the mass of the bosonZ8 equal to
1.2 TeV, while for the mass equal toMZ852 TeV, the total of
events is 1.33103. We see that the cross sections are nea
equal. We also have that the CLIC can produce a total o
3104 pairs of exotic neutrinos for the mass of the bosonZ8
equal to 1200 GeV, while forMZ852 TeV the number of
events will be 5.83103. The discrepancy between thes

FIG. 6. Total cross section for the processe2e1→QQ̄ as a
function of MQ at As51000 GeV: ~a! MZ851200 GeV ~dot-
dashed line!, ~b! MZ852000 GeV~solid line!.

FIG. 7. Total cross section for the processe2e1→N1N2 as a
function of MN at As5500 GeV: ~a! MZ851200 GeV~dot-dashed
line!, ~b! MZ852000 GeV~solid line!.
2-7
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cross sections in both colliders has the same reason as a
Here, for both figures, we consideredMJ1

5300 GeV, MJ2

5400 GeV,MJ3
5600 GeV, andMV5800 GeV.

The main background for the signal,e2e1→P2P1

FIG. 8. Total cross section for the processe2e1→N1N2 as a
function of MN at As51000 GeV: ~a! MZ851200 GeV ~dot-
dashed line!, ~b! MZ852000 GeV~solid line!.
a

s

,

l.
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→n̄ūJ1(nuJ1̄), can be found, e.g., in Ref.@15#. The back-
grounds for the signal,e2e1→QQ̄→q,2,2(q̄,1,1), are
shown in Ref.@19#, and the backgrounds for heavy neutrin
are determined in Ref.@23#. Here it is to remark that even s
a detailed simulation of Monte Carlo must be done in
cases to extract the signal from the background, due to
possibility of production of additional jets, the balances
energy that may occur if the missing energy may be avera
out, and other small backgrounds, for example, for the sig
q,2,2(q̄,1,1), such as HZZ, WZZ, andqq̄ZZ.

In summary, we have shown in this work that in the co
text of the 3-3-1 model the signatures for heavy fermions
be significant in both the NLC and in the CLIC collider
Our study indicates the possibility of obtaining a clear sig
of these new particles with a satisfactory number of even
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