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Pairs of charged heavy fermions from an S{3), ® U(1)y model ate*e™ colliders
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We investigate the production, backgrounds, and signatures of pairs of charged heavy fermions using the
SU(3). ®U(1)y electroweak model ie*e~ colliders (Next Linear Collider and CERN Linear CollidetWe
also analyze the indirect evidence for a boZdn
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I. INTRODUCTION The outline of this paper is the following. In Sec. Il we
describe the relevant features of the model. The luminosities
Although the standard electroweak model is very succesf yy, yZ, andZZ for e"e™ colliders are given in Sec. lIl.
ful in explaining experimental data up to order 100 GeV,In Sec. IV we study the production of a pair of exotic lepton.
there are experimental results on the muon anomalous magy¥e summarize the results in Sec. V.
netic momen{1] and (solar and atmosphejpiceutrinos|2]
which suggest no standard interpretation. Some other known Il. BASIC FACTS ABOUT THE 3-3-1
experimental facts, such as the proliferation of the fermion HEAVY-LEPTON MODEL
generation and their complex pattern of masses and mixing
angles, are not predicted in the framework of the standard The most interesting feature of this class of models is the
model. There are no theoretical explanations for the exisoccurrence of anomaly cancellations, which is implemented
tence of several generations and for the values of the masse®)ly when the three fermion families are considered together,
It was established at the CER& e~ collider LEP that the and not family by family as in the standard model. This
number of light neutrinos is thrg@]. implies that the number of families must be a multiple of the
Many models, such as composite moddi$], grand uni-  color number and, consequently, the 3-3-1 model suggests a
fied theorieg6], technicolor model§7], superstring-inspired route towards the answer of the flavor questjdd|. The
models[8], and mirror fermiong9], predict the existence of model has also a great phenomenological interest since the
new particles with masses of the scale of 1 TeV. All these'elated new physics can be expected in a scale near the Fermi
models consider the possible existence of a new generatig#e[15,16].
of fermions. Let us summarize the most relevant points of the model
Heavy leptons are usually classified in four types: sequendor details, see Ref[11]). The left-handed leptons and
tial leptons, paraleptons, ortholeptons, and long-lived penquarks transform under the SU(3yauge group as the trip-
etrating particlg[10]. In this work we will study the type of lets
heavy leptons which does not belong to any one mentioned
above. Consequently, the existing experimental bounds on vy
heavy-lepton parameters do not apply to them. Particular | ¢ | q 2
kinds of heavy leptons considered here are predicted, for Ya= a| ~B0), Qu=|d| ~ 3'§ '
instance, by an electroweak model based on the SU(3) P, Jq
®SU(3), ®U(1)y (3-3-1 for short semisimple symmetry
group[11]. In this model we have only three generations,

!
u;

differently as we have in most of the heavy-lepton models Ja 1

[12,13. It is a chiral electroweak model whose left-handed Q.= v, ~(3*,— 5), (1a)
charged heavy leptons, which we denoteRy= E, M, and d’

T, together in association with the ordinary charged leptons “ L

and its respective neutrinos, are accommodated in SU(3) , o,
triplets. So, we will study the production mechanism for WhereP,=E’, M", T" are the new leptons,,=e’, u', 7',
these heavy-exotic leptons, together with the exotic quarknda =2, 3. TheJ, exotic quark carries 5/3 units of elemen-
and exotic neutrinos, ire e’ colliders such as the Next tary electric charge, whild, andJ; carry —4/3 each. In Egs.
Linear Collider (NLC) (y/s=500 GeV) and CERN Linear (1) numbers 0, 2/3, and-1/3 are the U(1) charges. Each

Collider (CLIC) (ys=1000 GeV). left-handed charged fermion has its right-handed counterpart
transforming as a singlet in the presence of the SUJ(3)
group, i.e.,
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Di~(1,—1/3), Jig~(1,5/3), Iy~ (1,—4/3). appear in Eq94), can be transformed into the corresponding
’ physical eigenstates by appropriated rotations. However,
(1o since the cross-section calculations imply summation on fla-
We are definingJ =u,c,t andD=d,s,b. In order to avoid yors (see Sec. 1Y and the rotation matrix must be unitary,
anomalies, one of the quark families must transform in ahe mixing parameters have no essential effects for our pur-

different way with respect to the two others. In E¢bl all  pose here. So, hereafter we suppress the “prime” notation
the primed fields are linear combinations of the mass eigenfor the interaction eigenstates.

states. The charge operator is defined by The gauge bosons consist of an odm';(i =1,...,8)
0 1 associated with SU(3)and a singletB,, associated with
e 5()\3_ V3Ng) +N, (2 U(1)N- The covariant derivatives are
, ) . . g - . .
where \'s are the usual Gell-Mann matrices. We notice, D,¢a=d,0at+i5 (W .)\)g%ﬂg N,@aB,.. (5)

however, that sinc€,, in Egs.(1a are in antitriplet repre-

sentation of SU(3), the antitriplet representation of the

Gell-Mann matrices must also be used in E2).in order to  Whereg=7,p,x. The model predicts single-charged),
get the correct electric charge for the quarks of the secongouble-charged{=*) vector bileptons and a new neutral

and third generations. gauge bosonZ') in addition to the charged standard gauge
The three Higgs scalar triplets bosonsW™= and the neutral standa@l We take from Ref.
0 N [15] the trilinear interactions oZ’(k,) with V(k,)* and
7 p U=*(ks), in the usual notation that all the quadrimoments
n=| 7 | ~(3,0), p= p° ~(3,1) are incoming in the vertex:
+ ++
72 p 9 3
v Vrpr= —1 5 143t w[( 1~ K2)\G T (Ka—K3) .0,
S R R ® + (ke k) G, ®)
XO
, ) where
generate the fermion and gauge boson masses in the model.
The neutral scalar fields develop the vacuum expectation val- Sirko
ues (VEVs) (71°%)=v,, (p°)=v,, and(x*)=v,, with v? 2=—— @)
+v2 —vW (246 GeVY. Neutrinos can get their masses 1-4sirf 6y

from 7° scalar. A deta|led scheme for Majorana mass gen-

The pattern of symmetry breaking is

w0 () L=~ 5 ospLaDTr (1= o)t
SUE)L® U(L)y—>SU2), @ U(L)y = U(D)en costw
and so, we can expect>v,,v,. The 7 andp scalar trip- +ar(H)fy*(1-y5)f1Z,, (83

lets give masses to the ordinary fermions and gauge bosons,
while the y scalar triplet gives masses to the new fermions

and new gauge bosons. Lz==73 cosaw[aﬁ(f)f (1= ys)f
Due to the transformation properties of the fermion and o
the Higgs fields under SU(3)[see Egs.(1) and (3)] the +ag(Hfy*(1-v9)flZ,, (8b)
Yukawa interactions in the model are
i ’ ' ’ —— D M
‘Cz: —GapaLlpre — Gap¥a Porx tH.C., (49) Lap ePay PaA’“ (80
— L=, Lyp=—gsinOutanoyP,v*P.Z,, 8
‘ngz Q11(G1aUar7t G1aDarp) zp= g SINOWiANOwray Fasy (8d)
_gtan W—
~ ’ = ’ E rp= 3t _1
+E QaL(FaaUaRp*+FaaDaR77*) ZP 2\/— W ay [ "
_ _ +(3ty+1)ys]P.Z,,, (8e)
+2, FogQuudprx* +G'Quipx+H.c. (4b)
‘ g
~ Lo = - yn a+aa 5 ’
G's, F's, andF’s are Yukawa coupling constants withb 247 4 cosfy, 2 day"(v V) aZy
=1,2,3 anda,B8=2,3. The interaction eigenstates, which (8f)
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exotic particles different from the heavy-lepton classes usu-

2 Qay*(v % a ay5 )daZ,, ally considered in the literature. Thus, the present experimen-
89) tal limits do not apply directly to theml0] (see also Ref.

[11]). Therefore, the 3-3-1 heavy-leptons phenomenology

where#,, is the Weinberg mixing anglé s any fermion and deserves more detailed studies.

g4 is any quark11,14. The coefficients in Eq98a), (8b),
(8f), and(8g) are IIl. LUMINOSITIES

Lz1q=~ 4 cosbyy cose

1 Let us now analyze the case of elastice’ scattering.
a(vy)= > ar(va)=0, The vy differential luminosity is given by

dLeI
., 1 [1-4sin®6y (
aL( Va) = 5 Tl aR( Va) = 01 (9a)

dr
! 1 H ! H
aL(ea)=—§+sm0W, ag(ey)=sinby,

1dxq
Zf X_lfylf(xl)fyM(XZ:T/Xl)a (10)

)yy/€€

where 7=X;X, and f ,,(X) is the effective photon approxi-
mation for the photon into the lepton, which is defined by

0 a 1+(1—x)2I s
’ ! I i ! ! Slnew ’}//6 X :E X n 2,
aL(ea):aL(Va)a aR(ea):_ NG (9b) 4me
2a/(v))

wherex is the longitudinal momentum fraction of the lepton
carried off by the photons is the center-of-mass energy of

a, (E))=agr(E))=—singy, . .
L(Ea)=ar(Ea) W thee e’ pair, andm, is the electron mass.

A The ZZ differential luminosity for elastie e* scattering
A 1—-4sinby L L !
al(B)=—\—3 arE)=—ag(ey), is given by
(99) dLe 1
dr = X_fZ/€(Xl)fZ/€(X2:T/Xl)1
3+4t5, 3+8ts, zzee I %1
oY= . pP=— ,
f(tw) f(tw) wheref,,(x) is the distribution function for finding a boson
’ Z of transverse and longitudinal helicities in a fermion with
o U_.D_ u_ _ 1t8ty energyys in the limit \s=2M, and which has the following
a“=a-=1, v''=——r—, (90 ;
f(tw) forms:
1-2t3, 1+2t3, a
plemyt=s W T W f27e(x t5g,0)?
f(tw) f(tw) o 0 P tucog oy v T 9aY)
f(tw) 1 2 29>
v'S=p'P= all=—r, 9¢ +(9,6+9,0)(1-x)]In—,
\/—3 f(tw) (%9 v A M2
1+6t3, a 1-x
a't=a'l=—_—— = a'9=_a’¢, a’'s=a’'P fL0(x)= ———[(g. €)%+ (g €)2]—,
f(tw) 2t wsinzewcos?ew[(gv HE,07
o 5 2(1-7t%) where g{, and g are the vector and the axial-vector cou-
L T 9f)  pling, respectively.
For theZy differential luminosity for elasti@ e™ scat-
_t2 tering we have the expression
v/JZ_UrJ3:_2(1 5tW), a/Jz_arJz_arJz
(tw (dLel fd L () ye(Xa= 7I%y).
= — X Xo= 7/X
:a/Jl dr - ;X ZIe\AL) Tyl e\ A2 1
2
__ 2(1+3ty) IV. CROSS SECTION PRODUCTION
R 09

A e etSpPPT

with f2(ty) =3(1+4t3). As we have commented in the in-  Pair production of exotic particles is, to a very good ap-
troduction and by inspection of Eqgl), (8d), and(8e), we  proximation, a model-independent process, since it proceeds
conclude that the heavy leptoRg belong to another class of through a well-known electroweak interaction. This produc-
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tion mechanism can be studied through the analysis of thplace through the exchange of a photon, a bagbandz%’
reactionse"e”—P~P™", provided that there is enough in theschannel, while the other processes take place through
available energy(s=2Mp;). We will analyze the following the exchange of heavy lepton in thandu channels.
processes for pair production of exotic heavy leptons: Using the interaction Lagrangiaf®a), (8b), and(80), itis

e et=P P, e e"—yy—=P PT, e e"—Zy easy to evaluate the cross section for the proass-

—P P", ande e"—=ZZ—P P", the first process takes —P* P, involving a neutral current, from which we obtain

1
2 SIFF@WCOS20W(S— M;,Z’ + | M lerrzvzr)

dO' Bazﬂ-
(dcoso) B [2sMZ+(ME—1)2+(MZ—u)?]+ [2sM2g'PPg!,
PP

+g'SPgi[(ME—1)2+ (M3—u)2]+g' R ga[ (M3 —u)2— (M3 —1)2]}

. Bma? 1
16 co$ 6,,sin’ Oy s(s— M;Z, +iMz 7 L770)?

—)%+2sM3[(9'V") = (9'RN)2I1(99)°+(90)°1+49'V7g kP9, Lgal (M —u)® = (M5~ 1)°]}

{L(g' 572+ (9" D299 2+ (gR) I[(MB—u) 2+ (M3

Bma?

_l’_
8 sirf'6,cog ys(sS—M2+iM ;I 2)(s— M3, +iM . T'z))

+(Ma—t4[(9\)*+(90)°197"9' v+ 9579’ """~ 29, €9,€97 "9’ A"~ 29vgaga 9'V"}

(2sM3(gy+940)(gv7 g’ {P—gRTg' k"

+(ME—WH(gv)*+ (g0 ?1(9y 79"V +0a 9" A7) + 290900 "9’ AF+294gada 9"V, (11)
|
where cessesyy—P P", Zy—P P", and ZZ—-P P*, with
the two photon, & and ZZ luminosities in these collisions,
pp  ALFaR pp ALTaR that is,
Gv,a= 2 9 va~= 2

1.dL ..
U:f Edrc’(slexzs)

The prime () is for the case when we take a bosth I'; 7
are the total width of boson Z andZ’ [15], B
= \/1—4M2P/s is the velocity of the heavy lepton in the c.m. 1 ind

. . . -V dXx,
of the processgy is the fine structure constant, which we take = j J —fV/e(Xl)fv/e(Xz)f
equal toa= 1/128,gf,’A are the standard coupling constants, Tmind V() X1
M; is the mass of th& boson, s is the center of mass
energy of thee”e" systemt=M2—(1—Bcosf)s/2 andu  WhereV=y,Z. The subprocess cross section for two photon
= M,%—(l+,8cos€)s/2, where d is the angle between the P~ P™" production via elastic collisions of electron-positron
heavy-lepton and the incident electron, in the c.m. frame. Fols
Z' boson we takéM ;= (0.6—3) TeV, sinceM, is propor-

Tmin

do
d cosd

d cosé

tional to the VEVv , [14,18. For the standard model param- /¢ Balm 1
eters we assume Particle Data Gro(RDG) values, i.e., = (—M%—3M3t—M2u+tu)
. d cosé s —M2)2 P P P
M,=91.02 GeV, sif#,=0.2315, and M,,=80.33 GeV y (t=Mp)
[10]. In Figs. 1 and 2, we show the cross sectiof{e e* 1
—P~P*) for the NLC and the C|__|C. _ _ +—2(—M‘F‘,—M,23t—3M,23u+tu)
Another way to produce a pair of heavy-exotic leptons is (u—M3)2

through the elastic reactions of typese* —yy—P P*,
e et—=Zy—P P", ande e*—ZZ—P P". These three
processes take place through the exchange of the exotic lep- * (t—M2)(u—M2)
ton in thet and u channels. So the cross section for the P P
production of a pair oP"P* in thee e™ collision can be

obtained by convoluting the cross section for the subpro- —Mf,u)

(—2Mp—M3t

: (12
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107 T T T ; T T E 107 i T T T T T

] g e-et —>P-P* (Z°'=1,2 TeV)
e-et —>P-P+ (2= 1,2 TeV) ] - — — - e-e* —>P-P+(Z'=2 TeV)

— — - e-et —>P-P+(Z'=2 TeV)

\

10-2 E E L I h

-/ s =500 GeV : !
: _ [\ s = 1000 GeV
’0_3 L L " L L L L 10-3 L L L ] L L L L L
100 150 200 250 300 100 200 300 400 500 600
M (GeV) M (GeV)

FIG. 1. Total cross section for the processe™ —P~P* as a FIG. 2. Total cross section for the processe™ —P~P* as a
function of Mp at 's=500 GeV:(a) M, =1200 GeV(solid ling),  function of M at /s=1000 GeV:(a) M, = 1200 GeV(solid line)
and (b) 2000 GeVY(dashed ling and(b) M, =2000 GeV(dashed ling
where M5 is the mass of the exotic lepton=M32— (5/2) B.e"e*—QQ

(1—Bcosd) andu=M2—(/2)(1+ B cosé) refer to the ex- _ . .

changed momenta squared, corresponding to the direct and The production of exofic quarl_<s was already stud|eo! by

crossed diagrams for the two photons, wihbeing theP bothlof 'Fhe authorfl3,19, so that in thls subsectlon_vi/el/vnl

velocity in the subprocess c.m. afidts angle with respect to restrict its study through the analysis of the reactore

the incident electron in this frame. —QQ in the case that there is enough available energy
The contribution of the subprocess cross sectionsZfor (Vs=2M o) This process takes place through the exchange

andZZ luminosities to the total cross section can be showrof a photon, Z an&’ in the s channel.

to be very small; therefore, we do not show here the explicit Using the interaction Lagrangians given in Sec. I, we can

calculation for them, but we present their results in Fig. 3 forevaluate the cross section involving a neutral current to ob-
the CLIC. tain

B NC,BQaZﬂ'

_ 3
QQ S

d
T P —

Cq

+
2 sirf 6y, CoS (5= M3 5, +iM 7z 2 T2 7/)

{2sMag' V9 +9' VgL (Mg— )2+ (MG —u)?]

Bmra? 1

+9'9gL[(ME—u)2— (M3 —1)2]} +
9 A70al Mo Q 16 cod Bysirt Gy S(S—M2 5, +iM 77 T'7 ;)2

{[(g'392+(g'29)?]

X[(90)2+ (9521 (M= )2+ (M3—1)2]+ 25 M2 (9’992~ (' Y211 (g2 + (g4)2]
+4g'9%" 99 g4 (M —u)2— (M2 - 1)2]}
Bmra?

+
8 sirf 0,co Bys(s— M3+iM ;7)) (s— M3, +iM 2 T'2))

(2sMR(9y+9a)(97°9" - gR% 'R +(MG

—H[(99)*+(90)%197°g’ §°+ 98 %9’ R % 29v9497 %9’ R °— 299, €9R°g' {2} + (MG—w){[(gV)?

+(90)21(99%'9°+gR% ') + 2949499 %0’ 22+ 2909495 %0’ ), (13)
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where 8o=+/1—4M3/s is the velocity of the exotic quark C.e"e"=NiN,
in the c.m. of the process, is the charge of the quark is
the exotic quark and?the exotic antiquarky/s is the center Given the recent indications of the existence of massive
of mass energy of thee"e® system,t=M$—(s/2)(1  neutrinos, in this section we will also study them. Some
— B cosh) and u:[\/|é-(3/2)(1+,3(3059), where ¢ is the examples of the relevance of their study are the deficit
angle between the exotic quark and the incident eletron, i®f Solar electron neutrinos whose flux falls below that pre-
the c.m. frame and the coupling§® andgX® are given in  dicted by the standard solar modD], the neutrino oscilla-
Sec. Il. tions, where the electron neutrinos partially convert to
In order to analyze the indirect evidence for a bo&n  muon neutrinos within the interior of the sl] and the
we compute the production of the quarks as in the standardeed for explications concerning hot dark matter in cosmol-
model as in the 3-3-1 model. As a result we find that in theogy [22].
3-3-1 model at high energies there will be many more dijets We study the production of massive neutrinos through the

than expected in the scope of the standard model. In Fig. 4nalysis of the reactioe e —N;N,. This process takes

we show the result for the cross section[e e’

—>qE(Q6)] as a function of center of mass energy for dif-
ferent values of the boson makk;, .

do Byl 1

place through the exchange of the bos@na’ in thes chan-
nel. Using the interaction Lagrangians given by E&s) and
(8b), we evaluate the cross section, obtaining

(acs,,,

dcosé 32 sin*6,, cos oy

2 .
(S_ MZ'Z’+IMZ,Z’FZ,Z/)

[2M{(g,€°+9a?) —2M{t(gy—gp) >~ 2MTu(gy+ga)?

2 €0 [

112t — g9 2+ u2(gl + g) 2T+
(9v—9n) (gv+9a)°] (S—M%—i—i

—2MZgy(gy’ —gh')(t—u)+2M3ght(g!’

+u2<g€’+g£'><g€+g£)]),

where By= \/1—4M2N/s is the velocity of exotic neutrino in
the c.m. of the process arM; ;, is the mass of the boson
Z(Z").

V. RESULTS AND CONCLUSIONS

In the following we present the cross section for the pro-

cesse’e"—P*P~,(QQ),(N;N,) for the NLC and CLIC.
In all calculations we take stA,=0.2315, M,

=91.188 GeV, and the mass of the heavy exotic lepton

equal to 200 GeV.

In Fig. 1, we show the cross sectioffe e* —P~P™") as
a function of Mp. Taking into account that the expected
integrated luminosity for the NLC will be of the order of 6
X 10* pb~Y/yr, there will be a total of=2.5x10* heavy-
exotic lepton pairs produced per year, considerivig
=1200 GeV, while forM 2, =2000 GeV the production will
be of the order of 2.2 10%,

In Fig. 2, taking into account that the integrated luminos-
ity for the CLIC will be of the order of X 10° pb~/yr, then
the statistics that we can expect for this collider is a little
larger. So for the process e —P~P*, considering the
mass of the bosoA’ equal to 1200 GeV, we will have a total
of =2x 10 lepton pairs produced per year, while figt,,

[2MR(9V9Y’ +9aga")

M ZFZ)(S— M§,+iMzrrzr)
ga')—2M{gau(gy’ +9a") +t3(9y —ga ) (9y—9a)

(14)

=2000 GeV the production will be=3x 10*. For both Figs.
1 and 2 we consideretMJl=300 GeV, M;,=400 GeV,

M,,=600 GeV, andVl,=800 GeV.

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

70, ; T T T T T ;
F e—e+ —> ZZ —> P- P+ ]

L IR ——- e—e+—>Zy —>P-Pt3
.. c—— e—e+ —=Dyy —> P~ P+]

10-1 f N 3
K - ]

10-2 5~ _ ~ 3

:o\ \\ -\'.\

-3 L ~ . i
S0t . N
©r0-4 T~ LA

10-5 & RS
10-6 ;’\/ \\ E
E s = 1000 GeV N
10-7 L L L 1 1 L
100 180 260 340 420 500
M (GeV)

FIG. 3. Total cross section for the processe” =P P™* as a
function of Mp at s=1000 GeV for different elastic production
mechanisms(a) yy (dot-dot-dashed line(b) Zy (dashed ling (c)
ZZ (solid).
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102 —— Standard Model E
AN ——- 3-3-1(Mz=800GeV) 1 _
e T 3-3-1 (Mz = 1200 GeV) ] 101 T T T —e g
o1 SO mm 8-8-1 (M = 2000 GeV) | g ~
- ~ - E ~.
3 AN
) 100 E
S ’00 3 F ]
o
& Vs = 1000 GeV
- o
10-1 L 10-1 | _ .
: F—-— ete— —> Q Q(Z’= 1200 GeV)
; - e—e+ —> Q Q (Z°= 2000 GeV)
10-2 " I I I I 2 I ‘ ‘ ‘ | . | . |
500 1400 2300 3200 4100 5000 70
100 200 300 400 500 600
V's M (GeV)

FIG. 4. Total cross section vs the total c.m. enet;@_;/for the
following masses of the gauge bosdi: (a) M, =800 GeV
(dashed ling (b) Mz, =1200 GeV(dot-dot-dashed ling (c) My,
=2000 GeV(dot-dashed ling (d) standard mode(solid line).

FIG. 6. Total cross section for the proces§e+—>Q6 as a
function of Mg at \s=1000 GeV: (8 M =1200 GeV (dot-
dashed ling (b) Mz, =2000 GeV(solid line).

and CLIC. We see from these results that we can expect for
the first collider a total of=3.6x 10° heavy quark pairs pro-
duced per year, considering the mass of the b&&oerqual

can expect for the CLIC collider, for photon-phot&T P™*
production, will be of the order of=2x10* lepton pairs
produced per year, while faZy the production will be of to 1.2 and 2 TeV. We see that the cross section for both
=200 events per year and f@&Z it will be very small. It  masses of the bosd& is not different from one another. For
should be noted that here we have taken only the transvershe second collider, the CLIC, we expect a total-eR.4
helicity of the boson Z, since the longitudinal one gives ax 10° exotic quarks for the mass of the bosdhequal to 1.2
small contribution. TeV, while for M,=2 TeV we obtain 4 10° events per

In Fig. 4, we compare the standard cross sectiofyear. Here the cross sections are different from one another,
o(e"e"—qq) with the production cross sectiom(e e*  which is not the case for the NLC; this is due to the propa-
—qg+QQ), when the 3-3-1 model is applied. We see fromdator, that for the CLIC is larger than for the NLC.
these results that using the 3-3-1 model we will have more [N Figs. 7 and 8 we show the cross sections for the pro-
dijets than using the standard model at high energies. Thiduction of exotic neutrinose”e” —N;3N,, in the colliders
figure was obtained imposing the cuios#<0.95 and as- NLC and CLIC. We see from these results that we can ex-
suming three bosor’ with masses equal to 800, 1200, and Pect, in the NLC, a total of around 1:6L0°> heavy neutrino
2000 GeV. This figure still show the resonance peaks assd@irs produced per year for the mass of the basoequal to
ciated with the bosoZ’. We have also considered for this 1.2 TeV, while for the mass equal ;=2 TeV, the total of
figure Mlezoo GeV, szzzzo GeV, M33=245 Gev, eventsis 1.X 10°. We see that the cross sections are nearly
whose masses would be accessible to the NLC. equal. We also have that the CLIC can produce a total of 2

In Figs. 5 and 6 we show the cross sections for the Ioro_>< 10* pairs of exotic neutrinos for the mass of the boZdn
equal to 1200 GeV, while foM;=2 TeV the number of

. . + —_ — - .
duction of exotic quarke” e —QQ, in the colliders NLC events will be 5.8&10°. The discrepancy between these

101 —— : . ‘ . : ‘ :
-~ =
el
&
2
S
00 |~ s=5000CeV ! &
I ] b
[— = e—e+->Qq(2=1200 GeV) F—-— e—e+ —> Ny Nz (Z'= 1200 GeV)
e—e+ —> Q Q (Z°= 2000 GeV) e—e+ —=> Ny Nz (Z’= 2000 GeV)
’0_1 I L L 1 L ’0_3 Il 1 1
7100 150 200 250 300 100 150 250 300

M (GeV)

200
M (GeV)

FIG. 5. Total cross section for the procesée*—»Qa as a
function of Mg at Js=500 GeV:(a) M, =1200 GeV(dot-dashed
line), (b) Mz, =2000 GeV(solid line).

FIG. 7. Total cross section for the processe™ —N;N, as a
function of My at Js=500 GeV:(a) M, =1200 GeV(dot-dashed
line), (b) Mz, =2000 GeV(solid line).
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—wuJ;(rudy), can be found, e.g., in Refl5]. The back-
grounds for the signag e* —QQ—qf ¢ (q¢*¢"), are
4 shown in Ref[19], and the backgrounds for heavy neutrinos
] are determined in Ref23]. Here it is to remark that even so
a detailed simulation of Monte Carlo must be done in all
cases to extract the signal from the background, due to the
3 possibility of production of additional jets, the balances of
] energy that may occur if the missing energy may be averaged
out, and other small backgrounds, for example, for the signal
g¢ € (q€*¢"), such as HZZ, WZZ, andqZZ.

In summary, we have shown in this work that in the con-

-
=]
&102E /s =71000 GeV
o]
. —-— e—e+ —> Ny N2 (Z’= 1200 CeV)
170-3 e—e+ —> Ny N2 (Z’= 2000 GeV)
100 200 300 400 500

M (GeV)

FIG. 8. Total cross section for the processet —N;N, as a
function of My at /s=1000 GeV: (a) My, =1200 GeV (dot-

dashed ling (b) Mz, =2000 GeV(solid line).

cross sections in both colliders has the same reason as aboy
Here, for both figures, we considerMJ1=300 GeV,M,,

=400 GeV, M33=600 GeV, andM,,=800 GeV.
The main background for the signag e*—P P™*

text of the 3-3-1 model the signatures for heavy fermions can
be significant in both the NLC and in the CLIC colliders.

Our study indicates the possibility of obtaining a clear signal
of these new particles with a satisfactory number of events.
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