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Chargino and neutralino production in the 3-3-1 supersymmetric model ine”e™ scattering
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The goal of this article is to derive the Feynman rules involving single charginos, neutralinos, double
charged gauge bosons, and sleptons in a 3-3-1 supersymmetric model. Using these Feynman rules we calculate
the production of double charged charginos with neutralinos and also the production of a pair of single charged
charginos, both in an electron-electron linear collider.
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[. INTRODUCTION The last exciting prospects have prompted a growing
number of theoretical studies devoted to the investigation of
The standard model is exceedingly successful in describthe physics potential of suadi e~ accelerator experiments.
ing leptons, quarks, and their interactions. Nevertheless, th@f course, in the realm of the standard model this option is
standard model is not considered as the ultimate theory sing®ot particularly interesting because /Mw scattering and
neither the fundamental parameters, masses and couplinggemsstrahlung events are mainly observed. However, it is
nor the symmetry pattern are predicted. Even though manjust for that reason tha e~ collisions can provide crucial
aspects of the standard model are experimentally supportedformation on exotic processes, in particular on processes
to a high degree of accuracy, the embedding of the modehvolving lepton and/or fermion number violation. Therefore,
into a more general framework is to be expected. The possinew perspectives emerge in detecting new physics beyond
bility of a gauge symmetry based on the symmedty(3).  the standard model in processes having nonzero initial elec-
®SU(3) ®U(1)y (3-3-1) [1] is particularly interesting, be- tric charge(and nonzero lepton numbelike in electron-
cause it explains some fundamental questions that have netectrone™e™ process.
been eluded in the context of the standard m¢agl In this paper we will explicitly work out twae e~ pro-
Recently one of us proposed the supersymmetric exterzesses and we will show the difference between the MSSM
sion of the 3-3-1 mod4gl2]; in this kind of model if we want and the 3-3-1 supersymmetric model in the chargino produc-
to remain in a perturbative regime at all energies, then weion. This paper is organized as follows. The model is out-
need, in a natural way, a broken supersymmetry at a TeVined in Sec. Il, where leptons, sleptons, scalars, higgsinos,
scale, and the lightest scalar boson has an upper limit, whichauge bosons, and gauginos are defined. We derive the mass
is 124.5 GeV for a given set of parameters at the tree levekpectrum in Sec. lll, while the interactions are in Sec. IV. In
We must remember that in the minimal supersymmetric stanerder to calculate cross sections, we derive the Feynman
dar model(MSSM) the bound using radiative corrections to rules in the Sec. V, while the productions of charginos and
the mass of the lightest Higgs scalar is 130 G8Y On the  neutralinos are worked out in Sec. VI. Our conclusions are
other hand, no direct observation of a Higgs boson has beeagiven in Sec. VII.
made yet, and current direct searches made at the CERN The Lagrangian is given in Appendix A, while in Appen-
ete” collider accelerator leads to the conditionl,  dix B we show the mass matrices of the charginos and neu-
>113 GeV[4] in the MSSM. tralinos. The procedure to write two-component spinors in
Linear colliders would be most versatile tools in experi-terms of four-component spinors is given in Appendix C.
mental high-energy physics. A large international effort isThe differential cross sections of the processes we have cal-
currently under way to study the technical feasibility andculated are given in the Appendix D.
physics possibilities of lineae*e™ colliders in the TeV
range. A number of designs have already been proposed
[Next Linear Collider(NLC), Japan Linear Collide(JLC), Il. PARTICLE CONTENT
DESY TeV Energy Superconducting Linear Accelerator

i . First of all, let outline the model, i -
TESLA, CERN Linear Collider CLIC, VLEPP . .]and sev- s us out el, following the nota

tion given in[2]. We are writing here the particle content that

eral workshops_ have recently bee’? _devoted to_this supjec\;ve are using in this study, so it means that we are not going
They can provide not onlg*e™ collisions and high lumi- to discuss quarks and SQL’JaI’kS

nosities, but also very energetic beams of real photons. One The leptons and sleptons are given by
could thus exploityy, e vy, and evene e~ collisions for
physics studies.

Li=(pll9t, T=0119t, l=eu,r. (2.0

*Permanent address: Instituto dsiEa Teéoica, Universidade Es-
tadual Paulista, Brazil. The scalars of our theory are

0556-2821/2001/63)/03500116)/$20.00 65 035001-1 ©2001 The American Physical Society



M. CAPDEQUI-PEYRAN‘ERE AND M. C. RODRIGUEZ PHYSICAL REVIEW D65 035001

7° pt X nos, are\a, with a=1, ... ,8. For theJ(1)y symmetry, we
- B 0 I have the bosoWV and its superpartner written ag (which
7= T pEL P XELX we call gaugino top
7 ptt x° In the usual 3-3-1 modélL] the gauge bosons are defined
as
o hsoohg )
EE——
V22 Wa(3)= = (Va0 FIVE(0)
s hs HE+ O'g 2.2
= R 1 —— .
V2 V2 i 1,
oo, Vi(x)= = 5 (Va0 £iVR(00),
2 2 7
+ + 1 .
the higgsinos, the superpartners of the scalars, are defined as Uy, ™ (X)=— E(Vﬁq(x)i V(X))
G o X L 8
~ ~ ~ ~ ~ ~__ An(X)= Vi (X) = V3V(X)t+ V],
7= 71 . p= pO .ox=| x , m( ) \m[( m( ) \/— m( )) m]
P ptt x°
1 \/3t2
= = Z2(x)=— ——| V1+3tV3(x)+ Ve (x
~o hz hy N T W0t e
0-1 — ——
V22 .
e 50 V(X |,
| " ope 2| (2.3 Jrrae
J2 2
hy o3 - 0 1 8
— —= H, Z'(X)= Vo (X)+ 3tV (X)), 2.
% B m<>m(m<>fm<>> (2.5

To cancel chiral anomalies generated by these higgsinos weheret=tan§=g’/g whereg’ andg are the gauge coupling

have to add the fields’, p’, ', andS’ and their respective constants ofU(1) andSU(3), respectively. We can define

scalars, seg?]. the charged gauginos, in analogy with the gauge bosons, in
When we break the 3-3-1 symmetry to ti®&U(3)c  the following way

®U(1)gm, the scalars get the following vacuum expectation

values(VEVs): R T
) . . xw<x>——E<AA(x>+uxA<x>>,
(m=| 0], (p={u], (=|0], )
0 0 w Ai(x)=—ﬁ<xi<x)rixi(x>),
0 O 0
o 0o Z x5i<x>=—i<x2<x>tixz\<x>>. (2.6)
(S)= V2 2.4 V2
V4
0O — O
\/E I1l. MASS SPECTRUM

The higgsino mass term comes fraipy 1, see Eq(A7),
the gauginos mass term is given By 1, see Eq(A8) and
the mixing term between gauginos and higgsinos is given by

and similar expressions to the primed fields, where
=v,7/\/§, u=vp/\/§, W=vX/\/§, Z=002/\/§, v’
=v, N2, U =v, 2, W =v,. 12, andz’=vgé/\/§. £SH°§'—€', Eq. (AB). After the mixture the physical states are

In the 3-3-1 supersymmetric model the bosons of thedouble charged charginos, single charged charginos, and
symmetrySU(3), areV@ and their superpartners, the gaugi- neutralinos. Now we will discuss these states.
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A. Double charged chargino
Doing the calculations we obtain the mass matrix of the double charged charginos in the follaing

__ Mo~ ~ My~ _ MS ~, __~ ~
L= —m\y A = P++_7X;( X++_7(H1 Hi"+H," "H'3T)

2
~ zZ . z' ~ zZ . z' .
—ig| up** W’)(’**—7Hl+ +TH’++>)\U —|g(wx *—u’p’"—EHZ”JrEHi" NG
f]_U~ f3 f f:II_U’ é
= - ++_ _° - — ++__ -—— _++ P+ - P+t
+3x P -zu \/—pr WH,™ Tp" "+ X Fux' "H
fa - - fa ~
- 2gz'x'“p’"—gw’H';+p’"+H.c., (3.1

which can be written in analogy with the MSSMsee Ap-  the matrixT is defined in Eq(B3). To determineA andB, we
pendix B 1, as follows note that

M2cc=ATLTA I=B*T.T(B*)"!, (35
Edouble (\I’ii)tY:i\lfti‘FH.C. (32) DCC

mass
which means thaf diagonalizesT'- T while B diagonalizes

The double chargino mass matrix is diagonalized usmg
two rotation matricesA andB, defined by We define the following Dirac spinors to represent the
mass eigenstates:
T=AYIT D YT T=BV T, i,j=1,...,5, ~ —~ = _~ =
v Y 33 YO OH=0d"x )Y PG =(x xi**r,( )
3.6

whereA andB are unitary matrices such that ~ ] -~ o
wherey; " is the particle angy; ~ is the antiparticldwe are

Mpcc=B*TA™ Y, (3.4  using the same notation as|[if]).

B. Single Charged Chargino
We can write the mass matrix of the charged chargino in the following way
My~ _~

- - Ky ~_~, ~r =" M r== ’ Hs = TR
Lade= =M Ak — S (e ) = S e =S X T - 5 (AR +Ry TRy

!

~ ~ z. ~ ~ zZ'. ~ ~ z'
+ig(an—W’X’+—§hz+ Ay +ig WX—v’n’2+§hé)W—ig(w*—v’n’ﬁghi* N
o~ el Z fiue ~ flw,, ~ fiu'o - ey fw’,,rf.,,+ fau~ i — f3w~ ~
_|g(v771_UP _Ehl))\w 33X 7+ 3 P 3 =1 X' 3P _3\/— 3\/— hip*
o'~ X' Thy - f,W,”h o'~ +H (3.7
""h, 1 p' ~+H.c, .
3\/— 2 3\/5 1P
but Eq.(3.7), see Appendix B 2, takes the form
single_ 1 Nty I+
Lode=—=(TH)'Y"¥=+H.c. (3.9

2

'Here we are considering the conservation of the quantum nugBbdefined asF=L+ B, wherelL is the lepton number anB is the
baryon number, thef,,f;=0 [2].
2In the Appendix B we show the mass matrices of the charginos and neutralinos.
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The chargino mass matrix is diagonalized using two rota-
tion matricesD andE, defined by

X =Dy¥/, Xxi=Ey¥;, ij=1,...,8 (39

v =G

Then we can write the diagonal mass matrix &nd E are
unitary) as

where ;"

Mgcc=E*XD1, (3.10

the matrixX is defined in Eq(B8). [5].

C. Neutralino

For the neutralino case we have

Mo~ Mo~og~r0_ Mx~o~

is the particle andy;
structure is the same as in the chargino sector of the MSSM

PHYSICAL REVIEW D65 035001

As in the previous subsection we will define the following
Dirac spinors:

Ve )=Ga xiHL (3.1

is the antiparticle. This

!

Ms

| my ~ ’ ’ ' g
L™= = = (VANRF NN — 5 hehe = - 777 0= Sp% O =S X 0= S (01 %0+ 05 %0) — \/—(Wx —up®
+u'p 0wy ONg— 9 up’—v 7% +o' ' 0—u'p O+ —0'0——’0' A g 2wx°—up®—v 7’ +u’p’®
B \/E 2 2 2 2 AT \/E
110 1710 Z'"'O I"’I 8 fl ~070 T070 070 f, 107 /0 107 /(T'rO
iy T 2wWix T 50— 507 +g(ux 7 —ux'p _W7]P)+_(UX —v'x' %' %~w'y )
fa f3
— 2 (UX% 9+ Wp T+ 22%%p%) — —= (u' ¥ %0+ w'p o0+ 22 ' %p0) + H.c. (3.12
3\/5 2 p oy 3\/— 2 p 03
|
Equation(3.12 can be put in the following form, see Appen- D. Sleptons
dix B3: We can write the slepton mass term as
1 Eslepton_ﬁ ﬁslepton+£slepton
L st = S (PO)'YOW O+ Hee. (3.13 e ~F °
=—Myy
The neutralino mass matrix is diagonalized by ax13 4m?2 am?2
rotation matrixN, a unitary matrix satisfying - FnE+TI>T*T_ o §+T'>TC*|C
— N*VON—1 ~
MN—N Y*N y (314) +mER(”C |c*|*)' (317)
and the mass eigenstates are where
Y=N;®0, j=1,...13 3.1 co_ o ZH207-utw?
XI_ ij j’ J—,..., . (5) V:rn,;_l_ 6 ,
We can define the following Majorana spinor to represent 2 2(W—v?—12)
the mass eigenstates 2= m2+\2p2+ v '
L | 2 12
W)= (3.16 P2 2w oY)
ma= mc+ \3v? 7 ,
In supersymmetric left-right models, there are double
charged higgsinos td®]. There and in the present model the 9 f 4
diagonalization of the chargino and neutralino sectors are “ER:ﬂ ﬁJrﬂv - —{oz|. (3.18
numerically performed. 4 1\\J2 9z 9
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Performing the diagonalization we find the following

PHYSICAL REVIEW D 65 035001

Substituting the diagonal slepton states, given in Eg.

states: (3.19, in Eqg. (3.17), we obtain the following diagonal La-
_ 5 grangian:
(Il‘) ( cOos6s sinaf)( I )
T, \=siney cosey/\Tes ) L3900 — i T~ T T, -milT, . (3.22
cosf; —siné; We wish to stress that the slepton sector of this model is the
5 TH=0* Te same as in the MSSNB].
(1= ) sing;  cosb; el
(3.19
E. Neutral gauge bosons
where the mixing angle is given by The gauge mass term is given B33 | see Eq.(A6),
om2 which we can divided inC&"29¢9gnd £eutral
tan 26;== sz , (3.20 The neutral gauge boson mass is given by
L~ Mg m
\&!
and the masses of these states are
L= (Vam Vem Vm)M2| Vg'|, (323
4m| ym
mi2=—9 += [m,_+ M2+ (M2 —m2)2+4mée].
(3.2)  where
|
2 2 2 1 2 2 2 2
(vo+u+2z9) ﬁ(v —u?+7?) —2tu
2
g 1 1 2t
22 | 02U+ 72 (02Ul AnRE72) (U2 2w? _
M 5 \/§(U uc+z°) 3(v uc+4w+z%) 3(u 2w9) |, (3.29
2 2t 2 2 2002 2
—2tu —(u?+2w?) 4t (U +w?)
3
|
with t=g'/g. 2 9° 2, 2 2 2 2 2
In the approximation thaw?s>v?, u?, andz?, the masses M= (vy+up+ 2002+U,]r+v,,/+20(,é),
of the neutral gauge bosons are: Mé, and M;, and the
masses are given by 9°
2 2 2
2 M\Z/:Z(U3]+u§+20§2+u,],+UX,+2UU£).
1 g®+4g’
% g 9 2(U2+u2+22+vr2+u72+zr2), (327)
2 g’+3g’

1
|v|§,~§(gz+3g'2)(2wz+2w'z). (3.25

F. Charged gauge bosons
The charged gauge boson mass teffffi@, is
£eharged MWW M+ MEV, VI M+ MU u**(m 5
3.2

where

2

Ma=g—(vz+vz+4v

2,2, 2 2
7 (v tuy 02+vp’+vx’+4va§)’

Using My given in Eq.(3.27) andMy in Eq. (3.25 we get
the following relation:

MZ 1+4t* 1 (3.2
M2, T1t3 1-sirf6y '
therefore we obtain
St 6
2= (3.29
1—4 sirf 6y

We want to mention that the gauge boson sector is exactly
the same as in the nonsupersymmetric 3-3-1 mftel
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IV. INTERACTIONS

In the previous section we have analyzed the physical spectrum of the model. Now we are going to get interactions between
these particles. The procedure to write two-component spinors in terms of four-component spinors is given in Appendix C.

A. Lepton gauge boson interactions

We will define the following Dirac spinors for the leptons:

(=19,  w)=(),  W(r)=(»0)". 4.

The leptons and the gauge bosons are defined in the(Edsand (2.5 and using Eqgs(4.1), we can rewrite Eq(A3) as
follows:

rlee— _ i[q_;c“)ymup“)U;++§°(|)ymL\If(y,)Vr;+\I_f( 1) y"LW (1)Wo +H.c.]

v — \/E
of V(1) Y™ (1)A g\/1+4t2«17( )Y LW ()
- - = E— 14 14
Jiraz 7 "2 N2 '

[1+ 4t2

1+ 3t?
— — 1 1
W‘I’(U?’m‘l’(')—ﬁ \/ﬁq’(l)ym'}ﬁq’(l))zr’n

=LN+LES, (4.2)

11
Zn— = ———7]
"B \1+4r? m]

13 m W m,. 5 )
(1+4t2‘1’(|)7 V() +P(1)y™y ¥ () | Zp,

~@

—+

wheret is defined in Eq(3.29, andL andR are the usual chiral projectors, see EQ2).
Let us define also the following parameters:

going h(t)=1+4t !
e:—! = H U:__’
J1+3sirfg " h(y
3 v, 8G-M?

N3 v, 8GeMj 4.3

a=1, v|=—m, a=3. 9 "

Then we can now rewrite the neutral part of £4.2):

— g Mz_—
L= =W (1) Y™ (DAn—5 1V (1) YL (v)
w

1 1
Zo———=2}
V3 vh(t)

X‘lf(I)Zm—i—‘l_f(l)ym(v(+a,’y5)\lf(l)2r'n]. (4.9

g My

> —Zm[‘l_’(l)ym(vﬁaws)

The charged part of Ed4.2) is

L5G=— i[@u)yqufu)u,;++\f°(|)ymu1r(y,)v;+«f( )Y LW (HW +H.cl, (4.5

V2

whereg is defined in Eq(4.3). The Lagrangian in the Eq$4.4) and (4.5 is the same that was shown in RET].

B. Chargino (neutralino) U™~ interactions

Using Eq.(C2) in the Egs.(A5) and (A6), we can write the interaction between the double charged vector field with the
double charged charginos and the neutralinos, in the following way:
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Ly +50=— g{[vzvgl_ y"RU—U°L y"RW;+ y3( UL y"R Wy — WelL y"RU)

+ V2T "R T+ TRy ™RT; T+ T3 Ly R+ T8 T Ly™RTY + &5 " Ly"RE+ 8" Ly™RY
+ SRS+ YLy RS T1U, T +H.c)
_ g * * * * * * Tr/—0 m ~ 4+ 4
__E{{[(Nil_ﬁNiz)le"_\/E(NiSBjS—’_Ni7Bj2)+NilZBj5+Nil3Bj4]\P(Xi)L'y RV (x; ")
+[ A (V3N = Nj) + V2(A%N o+ AlNje) + AfsN 13+ ASN; 11y ILY™RY (X)}U, ~ +H.cl.

(4.6
In a similar way we get for the charginos

= ~ = ~ = ~ = ~ 1 = ~ 1 = ~
L‘U;(+;(+=—% \/\/CLymRV—VCLymRW+Tg+LymRTl++T§+LymRT2++§s§+LymR$+§sg+LymRsf)u,;‘+H.c.
g * * * * 1 * 1 * grc/ — m ~ 4 I
-5 D\ Ej2—DJ5E1+Di4Ejs+ DsEja +5 D 7E s+ 5DIE 7 | W°(xi )LY™RY (x;)Up, +H.c.|. 4.7

C. Lepton slepton chargino(neutralino) interactions

The interactions between lepton slepton chardimeutraling are given by
Liry={~g cosg AV (X))LW (1) = gsin A W (NRY(xi ~)+2Ngsin oL ALY (x; LW+ NP ALY ()]
+{g singAF W (X)L (1)~ g costeA W (DRPE(x; ~)+2h5 cost[ AT ILWE() +NGP (DLW (DTS
2Ny — — _ -
+ —gﬁ[Efg‘P(Xf)L\P(I)JrD;"7\I’°()(i LW+ V2N5W (X)L W (v)]{ m+H.c., (4.8

whereA; = (N¥/\2+ N/ /6).

V. FEYNMAN RULES In Table 1l we shown two different solutions got in
MSUGRA[7], and they are the values that we used in our

In the previous section we got the mteractloncalculaﬁons_

Lagrangians, mainly the following vertices: lepton-lepton-
gauge boson; chargino-chargirfoeutraling-gauge boson;
slepton-lepton-charginmeutraling. VI- APPLICATIONS

_ Inthe Table | we give the Feynman rules for the interac- |n this section, we will perform the calculation of differ-
tions mentioned above, and we have defined the followingntial and total-cross-sections of the lightest single charged

operators: chargino, double charged chargino, and neutraline@ e~
1 aa . N . scattering. First we present the chargino production.
Ojj =Ai( \/§sz_le)+\/E(Aiij9+Ai2N16)+Ai5les In the two subsections below, we neglect the electron
FA% N (5.1) mass and we assume that electrons have erE/@WVe_ will
a1z ' consider thaP; andP, are the four momenta of the incom-
1 ing electrons whileK; andK, are the four momenta of the
Of=- ( D\ Ej,—D{5E;1+DyEja+ DsEjs +5D%Eg outgoing particles.
1 A. Charginos production e"e"—y x~
- ED‘*BE”) ' (6.2 Considerin ive di
g the Table I, we have five diagrams at the tree

level corresponding to this process, see Fig. 1. The first and
To derive the differential and total cross sections, we willthe third diagrams that appear in Fig. 1 exist in the MSSM,
assume that the mass of the lightest particle of this modabut the other ones are new contributions coming from the
coincides with the mass parameter coming from the MSSM3-3-1 supersymmetric model.
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TABLE I. Feynman rules derived from Eg&t.5), (4.6), (4.7),

and (4.8, ¢ . X
) v, v} :
Vertices Feynman rules v
|
u— ! -
o ig € 1 X
I71"U - —=Cy"L
V2
X; XU —olcy“R
-
Xi Xj U™~ —OZCV“R
To % —2iN3Ai5Sin6R
T;r;(i" —2iN3Ai5 COSHR X~
-~ 2
17 x? ilg —+ —= | cos;R—N\3—=sin fN;gR
2
2 f S . -
~_ . _~0 1 [Nz . 2
1517 xi ilg EJF % sin &RHWE cosé:N;gR e
] U—-
- NG NA 2 |
717X ilg \/—§+ %) cos@L—Mﬁsin O:NKL e X~
| FIG. 1. Feynman diagrams for the proces®e™ —y x .
5% ilg EJr%>sim9f|_+x3[cos¢9f ,8|_ y g P XX
T —igAi; singRC left-right model [6] the production of a double charged
TH %~ —igA;; coséRC higgsino occurs via a selectron exchange in ttuhannel,
o 5 like in the third diagram of Fig. 5.
vl xi —iNg—=DXL As in the previous subsection, we have calculated the dif-
V2! ferential cross section, see Hip2), and the total cross sec-
e~ 2 tion. We have done several plots usiNgo, M7 , andM7,
Vil X —iN3—=Dj7/R 1 2

2

given in Table Il, andM ;=0.5 TeV. Some of our results are
shown in Figs. 6, 7, and 8.

VIl. CONCLUSIONS

We have calculated the differential cross section, see Eq.

(D1), and the total cross section, and we have displayed sev- Because of the low level _Of standard TOdel backgrounds,
eral plots of the total cross section wikh,=0.5 TeV and € total-cross-sectiom=~ 10°% nb at \/g_, 500 Gev[9],

Js=0.5,1.0, and 2.0 TeV. e e collisions are an appropriate reaction for discovering

The plots show that outside tHé resonance, the total-
cross-section is of the order of pb, like in the MS$BI.

. . o = .
This result is displayed in Figs. 2, 3, and 4. & ]
B. Double chargino and neutralino productione™e™—x ™~ x° S s0 _

X 4

Considering the Table I, we have at the tree level nine ™ ~
diagrams for this process, see Fig. 5. In the supersymmetri |: 100 _

TABLE Il. Mass values of the lightest chargino and neutralino, % ]
sleptons, and of the sneutrino at electroweak scale corresponding 5 5, [ A
the mSUGRA solution. 1
M [GeV] RR1: tang=3 RR2: tan3=30 200 |- -
X1 128 132 ]
X 70 72 o et b b ey

1 176 217 500 750 1000 1250 1500 1750 2000
e My (GeV
o 132 183 v (GeV)
3 166 206 FIG. 2. Total cross sectioa”e”—y y~ at/s=0.5 TeV and

02: 1, Ailz 1071.
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| R R F B R A S L L

500 —

- ——
PR

olee-x"x )x10'°GeV?

400 —

300 —

200

S P I R B

P IR I SR

500 750 1000 1250 1500 1750 2000
=
My (GeV)

FIG. 3. Total cross sectioa e —x y~ atys=1.0 TeV and
Di7=10"", 0,=10"". FIG. 5. Fe di f se % X°
. 5. Feynman diagrams for the procese™— xy~ ~x° and
i=1,2.
and investigating new physics at linear colliders.

We have shown in this work that the production of singleframework. Therefore, it is a very useful way to distinguish
charged charginos have more contributions in this modejhe 3-3-1 supersymmetric model from the MSSM, and also
than in the MSSM. Although in the MSSM the chargino from the usual 3-3-1 model because in this case we do not
pairs can be only produced through e™ collisions by  have double charged leptons. We have considered the double
sheutrino exchanges in theandt channels, in the 3-3-1 chargino mass in the range 700/5++<800 GeV, and we
supersymmetric model we also have ehannel contribution ¢cgould get cross section of the order of pb outside the
due to the exchange &f ™. This new contribution induces resonance, while in the resonance we have an enhancement
a peak at/s=M,, whereM is the mass of this boson, and in the cross section. We believe that these new states can be
gives a clear signal. Near the resonance the dominant term iliscovered, if they really exist, in linear colliders like NLC,
the total-cross-section is given b1102|2(m~+—85:rrr+ JLC, TESLA, CLIC or VLEPP.
+4s?) coming from theU contribution. The total- cross—
section outside th& resonance has the same order of mag-
nitude than the cross section in the MSSM, as we should 5 .
expected, because in this case we do not have an enhance-This research was financed by Fupaacle Amparo a
ment due to thes- channel contribution. Pesquisa do Estado de &#@aulo (M.C.R). One of us

It was also shown that in this model we have double(M.C.R) would like to thank the Laboratoire de Physique
charged charginos, which are not present in the MSSMVathematique et Therique (Montpellien for its kind hospi-

tality and also G. Moultaka for useful discussions.
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APPENDIX A: LAGRANGIAN

Llf@%ﬁmxawﬁ], (A3)
With the fields introduced in Sec. I, we can built the
following Lagrangian 2]

where\? are the usual Gell-Mann matrices.The next parts

we are interested in are lepton-slepton-gaugino interactions:
L3315 LsusyT Lsoft (A1) P pton-gaug
| ig — ~—— =
where cﬁ%:—ﬁ(mu;‘;— LAZLAR). (A4)
LSUSY: ﬁlepton‘*’ Egauge+ £scalary (AZ)
is the supersymmetric part whilg,.; breaks supersymmetry. 2. Gauge Lagrangian

Now we are going to present all terms in the Lagrangian of The part we are interested ffy,,4eiS the interaction be-
the model, which we have used in this work. tween higgsino and gauge boson; that is

- Say b
1. Lepton Lagrangian LEYE—igfPAINe™VE,, (A5)

In the £, ¢pron term, the interactions between leptons andwhere f2°¢ are the structure constants of the gauge group
gauge bosons are given in components by SU(3).

3. Scalar Lagrangian

In the scalar sector, we are interested in the following three terms:

i — —_ —_— o~ — —_ —_— ~ — —_ —_—  ~ = —_— —_— o~ — —_—
L — %[ INEPAE— NN E+ SN2 E — pATDAE + YNNG — AT A A+ SNASNEA— SATSN A — 7/ A * 3y A2

_l_;/)\*a';]/)\i_5/)\*ap/ri_l_;/)\*a’ﬁ/)\i_;/)\*ax/yi_}_;/)\*a';(:)\i_ér)\*aslri

o &7 Ig’ =3 = 5 =N 1T oy T
+S'\*ES ki]—E[ppks—ppks—xxhﬁxxhs—p p'Ngtp p At x" X' Ng—x'x"Ngl,

Eac_sl\?r:g[ Z;m)\a;‘?_,_ﬁ;m)\az_i_;;m)\a‘)‘(_i_ §;m)\a‘s_ ;r;m)\* a‘7’7/ _Er;m)\* a"'r_)?;m)\* a");r _ §/;m)\* a‘é/]\/%
+ g_,[50'm~ _)?;m’“ _E/Fm”‘/_’_)?r;m” /]V
2 m?
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‘Ca(l:-?\lla\r/ 4[QZVavbmn)\a)\bn+QZVavbmp)\a)\bp+92Vavbmx)\a)\bx+92vavbm /)\*a)\*b ’

4 QZVﬁvbm;! AF a)\* bpr + gZV%Vb

T NEENF Py 4+ gPVEVET(NG S+ A5 Sii) (M S+ A Si)

+ GRVAVOTOAAS, + NS (VEASE + N E2S) + 072V ™ pp+ 9 V™V o+ 299 VAV (oA %)

=299 VEVTOTX) +9' V™V p’ 9" V™V iy X' + 299 VEVT(p' N ) 299 VRV (X Ny )]

4. Superpotential
The terms of interest in this case are

P ~, P ~, Ky~ ~

LHMT:—?”;]im_?PiPi, 2X|X| ZS”SJ'I-l-HC

1 ~— ~ ~
LF:§[3)\16FLLL+)\2€(2FL7]+ FWL)L

+N3(2F S+ FL)L+f1e(F xn+pF, n+pxF,)
+f2(2F,7778+ 7;7;FS)+f3(Fp)(S+pFXS+p)(FS)
+fe(Fox'n'+p'Fyn' +p' x'F )
+f5(2F, 'S + 7' n'Fg)
+fé(Fprx’S'+p’FXrS'+p’)('FS,)]+H.C.,
1 e
Luin=— 3l frelpxntpxn+pxm)

+ oS+ S+ 7S +f2(pxS+ pxS+pxS)

+f1e(p’ X' ' +p' X' 7' +p' X' 7")

+15(n' 'S + 9’ n'S +7'9'S)

+3(p'X'S +p'X'S +p' x'S)]+H.c. (A7)
5. Soft term

The soft term of this model is

8
1
Lowr="5 m*a; (AN3A3)+m'Aghg+H.C.|,

m2n"p—m2pTp—mx x—mZTr(S'S)

Lseata™ —
_271'/_2/1'/_2!1'/
me, ' Ty =mp T’ —mi, xTx
2
—mS/Tr(S'TS')+(k1€ijkPin77k+k277iWJSTJ'
+Kaxip; Sl +Kieijp! x| me+Koml m] ST,

+Kix p/ Sl +H.c),

(AB)

I M w
I_l
I_l
+
T
I
n

3
ESMT: - mEETE+ g 2
(A8)

APPENDIX B: THE MASS MATRICES

In this appendix we display the mass matrices of the
charginos and neutralinos.

1. Double charged chargino

Introducing the notation

¢++:(_i)\a+;++xr++H++H/++)t

and
\I,ii:(lp,++¢,——)t, (Bl)

we can write Eq(3.1) as follows:

L= —5(¥* YW +Hc, (B2
where
oT
Yi::(T o)’ (B3)
with
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z z
—m, —gu gw LLg
2z
, M fiv’ f3 f3
u — R e = 0 LAYy
g > ( 3 2 372 ) 3 W
fiv f3 M f3
T=| —ow ‘(?‘ﬁ?) 2 v 0 (B4
gz fa Ms
_2- 0 U’ —= 0
2 3 2
gz fa Ms
i 23 0 0 ~s
2 3" 2
|
tior]_-he matrixY =~ in Eq. (3.2 satisfies the following rela- g//*:(_i)\\;l_i)\\;n,;];’;]é—;!*}*pﬁ;'ﬁé—)t,
and
+ + _)\ Tt * )
de(Y=*—A)=det| _ | ||=de(\*~T"T), V=Y, (B6)
(B5) Equation(3.7) takes the form
so we only have to calculafé- T to obtain the eigenvalues. P U
SinceT!- T is a symmetric matrix)? must be real, and posi- L mass =~ Z(q' )Y=¥=+H.c., (B7)
tive becausey=* is also symmetric.
where
2. Single charged chargino 0 Xt
Introducing the notation Y= ( N ) (B8)
gt =(=iNg=iINg 71 s X TR with
g7
—m, 0 gu’ 0 —gu o - 5 0
z
O -m 0 -gv O gw 0 - %
Mf] le
- 0 — 0 -— 0 0 0
gv 2 3
o fiu’
0 ! 0 = 0 _ 0 0
gv 2 3
X= frw’ M (B9)
v o0 -1 0 e 0 0
g 3 2
fiu
o -gw o0 -~ o B 9 0
3 2
f
_92 5 0 0 TaW 0 Hs 0
2 32 2
z fau’
o 9 0 o *_ o &
2 3\2 2
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The matrixX satisfies the same properties as the makrq. (B5)].

3. Neutralinos
Introducing the notation

WO (-3 Ihe  R Toa).

Equation(3.12 takes the following form:

r nme;;galino: _ %(\po)tyoxpo+ H.c.,

(B10)
where
—m, 0 0 —% g_vz' ‘% —% 0 0 0 o0 2ng —53'5
0 0 —m' 0 0 —% g’Z’ gg —g'Jg' o 0 0 0
—% —% 0 0 % fl3_w 0 —% 0 0 0 o0 0
% ‘% 0 % 0 0 fgw’ 0 _ 13”' o 0 0 0
‘3_; —‘3_% —% fl3_w 0 0 % A 0 0 0 % 0
o= —gg g;%’ g;;’ o ! 13W' % 0 0 B 0 0 0 ]; gg :
0 %gw g% —% 0 A 0 0 % 0 0 % 0
0 —%gW’ —g’g, 0 - 13”, 0 B % 0 0 0 0 33\75’
0 0 0 0 0 0 0 0 0 0 % 0o 0
0 0 0 0 0 0 0 0 0 % 0 0 0
53'5 2ng 0 0 0 % 0 % 0 0 0 0 %
- ;’35 - ;’3’6 0 0 0 0 ];33% 0 3355' 0 0 % 0
(B11)
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=+ NeES

= ~ 4+ H

h,Z h2

with (
o [=ind —in
We={ — |, 87| 1B |
APPENDIX C: CONNECTION BETWEEN INA I

f fro’ fl
1v+[ leTJrﬁgz'. (B12)

THE TWO- AND FOUR- COMPONENT SPINORS

=i\
In this appendix we show the procedure to write two- B= _B),
component spinors in terms of four-component spinors. INg
1. Weak eigenstates Fo_ 7’ FOo_ 7'° Fo_ p°
. . . 17\ =0’ 27| =0/ 37| =0}’
The weak interaction eigenstates are: 7 P
—ing " ~ —iNg _ (70 5 70
o P R R =20 T %)
iNg iNg p b%
~ ~ ~0 ~0 ~/0
Frto p Fo++ p’ Tg: )f . D= (Tl , 'ég: (Tl ’
Vi A X' 53 59
~ ~ ~0 ~ 10
r++ - ag o
~ X X =0 2 =0 2
T;+= =__ |>» T(2:++_ :r++>’ Sg_( =0)’ S4_ :70)' (Cl)
X X 02 g2
~ ~ With the states defined in Eq&C1) we get the following
':'1 ot = H_ 1 identities that allow us to write the two-component spinors in
|Z|'1“ ' 1 |S|1++ ' terms of the four-component weak eigenstates

H';+> (H;‘) N o™ 3= —ULy"RW,
e+
> ’ NG T o™ 3= — ULy "R,

SO el D XYV R Bl P WYY Ao = — Wgl y"RUE,
= I_\7v , WC:( Ir\J/rv ++ _my 8 3 \
A ™A= —ULy"RW;,
—iNy —iNy = ~
V= -_V o _+V’ X;++0_mxr0_ T§++LymRTg,
I\y I\y )
X o p++0_mp0_ -I”—i++LymR’=’|-g,
"‘"+_ 1 ~C+_ 771 - _ = -
Tl_( :_>’ Tl _( :,+), Xogmi__:_TgL,ymR-réF+1
1 71
~ ~,_ ;/Oamﬁl——:_?gLymRTrI+,
Fir= Fo+r = 72
2 =7 2 s+ ) ~0 m:/——:_:o mp ot +
2 72 o'50™H'] SILY"RS
‘T+_(;+) '-T—C+_(7),) F"I‘F :_Sc++L'ymR£
3 5/7 ' 3 5+ ! )
'H/;—-Fo_mg_rg:_ég-%—ﬁ—l_,ymRQ’
T+ - -
= X = X
T,="_ | TZ+=(:,+, 730, "= - YRS
X X
- - Ay o™= —VLY"RWE, Aoy = — WELy™RY,
S S P 3
BUETARRY m5 o™ =T Ly"R]
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E,Iromﬁfz— _ §§+LymR~$ ’ 1.e"e"—x x~ (single charged charginos productiof

~,+ m= Zc+ =t do e e ! S | M |2
! mzr— _ m —_— =
Ry oy = - SSTLYRS . (C2) (D1)
where
2. Mass eigenstates 1 1
From Egs.(3.3), (3.9, and(3.19, we can write the in- |IM1|2=|Dj;|* a5+ 5 2)
verse transformations as (t=m)" (u—m)
~ __ ~_ _ ~ 2
V=AY =Bl . W=Dl xi2m?, +2(E—2mé ymé. + 2| [ m, — 2
x*t xt X xt 2
U =Elxi . WR=Nix!. (C3) s 2g°(s—M{)0y|Dj7|?
+s 7™ cosf|;— %) >
. . . . (s—Mp)“+(T'yMy)
EquatiofC2) above does not involve physical particles.
From Egs.(3.6) and(3.16) we can show the following rela- 1
tions: : + +(2mE, +5)
' l-md) (u—m?) -
XTTELY (), @ =R ), u t
X 2 + 2 '
. - - - (t=m;) (u—nm)
X=RYGG, =L ), .
g*|O,|

~ ~ i _ (M, —8snE, +4s?)
V=LY, P=RYGRY), (s=MYZ+(TyMy)*

- - _ - 4s|Dj|?

X =LY (), X =RY(x), T

Xi =R¥(xi), xi =L¥(x;). (Co 2.e”e"—x " x° (double charged chargino neutralino

production)
APPENDIX D: DIFFERENTIAL CROSS SECTIONS do -~ 1 S
. ) . ) d_(eief—’Xfon): > 2 >—|M+|?,
In this appendix we calculate the differential cross sec- Q 64m°s E)(H—mx++
(D2)

tions to the processes we have studied in Sec. VI.

where
X2cog0; X5codl; X3sirfo; X5sirf@; XX, sin6; cosé;

2:
Al ((u—rr»%2>2+<t—nr.22>2 ()2 (w-m ) (-t

X2X3 sin 0¢ cosb¢ 4 4 2 2 2 2
(t—m?)(t—m%) -[2(m s+ +mio) +S(M i +Mio—8)+2t(t—2m7 . 1) +2u(u—2m’o)]
2 1

+2m?, ,m?,0 cosé; X + X2
++
o (u=m; )2 (s=ME)?+(TyMy)?]  (t=m) ) (s=M§)*+(TyMy)?]

+2m?, . m?,0tsing; X3 + Xs
++
oo (t=m{ )2[(s= M)+ (TyMy)?] - (u=m; )2[(s=M§)?*+(TyMy)?]

1

+ 2(m?, L +mPo) +4(2(m% . . +m?y))s+57],
(S_M6)2+(FUMU)2[ (m, o) TA2(m] ) ]
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where
Xi= 2 A AN Xo= 2 Ai1gN
1 \/E isA3Nig, 2 \/E i19Nig,
Niz  Nj Niz  Nj
Xz=Ang| =+ —=|, Xs=Aishs| —=+ —|. (D3)
37 nd NG M RN
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