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We consider the reactioazfef-»qqﬁ as a test of lepton number nonconservation in the framework of the
left-right-symmetric electroweak model. The main contributions to this process are due to Majorana neutrino
exchange in thé channel and doubly charged Higgs bosan (') exchange in the channel with a pair of
right-handed weak bosond\g) as an intermediate state. We show that in a lineae™ collider with a
collision energy of 1 TeM1.5 TeV) the cross section of this process is 0.01(1bfb), and it will, for the
anticipated luminosity of 13 cm™2s™1, be detectable below th&/ threshold. We study the sensitivity of the
reaction on the masses of the heavy neutritg, andA ™. [S0556-282(199)05813-(

PACS numbegps): 12.60.Cn, 13.106:q

[. INTRODUCTION production for electron-positron and electro-electron collid-
ers[7-9], have been investigated.
The electroweak model with left-right R) gauge sym- In the present paper we will study the lepton-number-

metry SU(3)®SU(2), ®SU(2)z@U(1)g_,, proposed in Violating process

[1], is one of the most popular extensions of the standard

model (SM). It gives a better understanding of parity viola- e‘e‘—>qqq_q, (1.2
tion than the SM and it maintains lepton-quark symmetry in

weak interactions. Parity is broken spontaneously in it, andyith various quark flavor combinations. This process, as it
embedding of the model into the &) grand unified preaks lepton number, is forbidden in the SM. One would
schemg 2] can be implemented consistently when the scalexpect to obtain indirect evidence of the LR model via this
of the discrete LR symmetry breaking is more than 1 TeV orprocess well below the threshold Wt , the gauge boson of

SO. the right-handed interactions, and other new particles pre-
Perhaps the most important property of the LR model isdicted by the model.
its ability to provide, in terms of the seesaw mechani8ip According to existing plans the Next Linear Collider

a simple and natural explanation to the smallness of theNLC) will operate at energies up tgs~1—-2 TeV, and it is

masses of the ordinary neutrinos. This results from the mixassumed to have a luminosity of the order of>1@m 2s?

ing of the ordinary left-handed neutrinos with right-handed[10]. We will show in this paper that with this kind of equip-

neutrinos, which quite naturally achieve a Majorana mass ofment it will be possible to detect the reacti¢h.1) for a

the order of 2—3Ng masse$4]. The ordinary neutrinos are reasonable choice of the parameters of the LR-symmetric

predicted by this model to be very light, but—in contrastmodel and obtain quite strong mass constraints for the new

with the SM—not exactly massless, Majorana patrticles. Thggauge and Higgs bosons of the model.

recent observation by the SuperKamiokande experiment of The organization or this article is as follows: in Sec. Il we

atmospheric neutrino oscillations] confirmed that at least give the description of particle content, Lagrangian and gen-

some of the neutrino species do have mass, giving an addéral properties of the LR model; in Sec. Ill we derive the

tional argument in favor of the LR-symmetric model. amplitudes of the reactio(l.1) and discuss the correspond-
An essential ingredient of the LR model are the tripleting reactions with a leptonic final state; in Sec. IV we present

scalars. They are needed to break the LR symmetry in the numerical results of our calculations; in Sec. V we dis-

consistent way so that at low energies the model reproducegiss the SM background; and Sec. VI is devoted to the con-

the SM interactions and at the same time gives rise to thelusions.

seesaw mass mechanism of neutrinos. Their interactions with

fermions break the lepton number by two unjtsL.|=2, as

do the Majorana mass terms of neutrinos they give rise to.

The e e collisions give the most pure environment to In the LR model quarks and leptons are assigned to the

study the|AL|=2 interactions, because the correspondingfollowing SU(2), X SU(2)gxX U(1)g_, representationgl1]:

SM background is suppressed as the lepton number is con-

served in the SM. In the literature different observable u 1

lepton-number-violating processes, including doubly charged QiL:[d} = ( 2,15), Qir=

Higgs boson productioh6], vector-boson pair, and triple iL

II. DESCRIPTION OF THE MODEL
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v, =k,=0 satisfies these bound$2], we will restrict our-
=(1,2-1), selves in this paper to this case. This choice means in par-
iR ticular that we do not allow any mixing between charged
(22 vector boson fielddV, and Wg. Then the masses of the
charge vector bosons are given by the expressions

Wi =

} (21-1), W=
= 111_1 1] |R:
el e

wherei is the flavor index. In addition to the SM patrticles,
each family contains a right-handed neutrino. The gauge sec-

tor differs from the SM due to presence of right-handed M2 :Egzkz 2.7
gauge boson®Vg andZg. The scalar sector should contain Wi g4I '
essentially more particles than in the SM. In order to gener-

ate fermion masses one needs the Higgs bidoublet with the , 1, o,
following quantum numbers: M= 79r(2VRT kD). (2.8
0 +

q):( $1 4 ) =(2,2*,0) In the case of explicit left-right symmetry the gauge cou-

b, PO T plings of both SW2) groups should be equalgg=g,
. . =0.64). Without this symmetry the internal consistency

and with the vacuum expectation val&EV) within the model requires neverthelags=0.55g, [13]. The

experimental value of the left-handed charged boson mass is
(@)= i( ki O ) My, =81 GeV, while the lower bound from the Tevatron is
V210 kp My, > 650 GeV[14].

As for the fermion masses, they come from the Yukawa

This is, however, not enough to accomplish the spontaneoy§aractions of quarks and leptons:

symmetry breaking of the gauge group SU(RX)SU(2);
XU(1)g_, into the SM symmetry, but some other Higgs

- =l (f. VWL O (4 ¥ ¥Ye)
field with nonvanishingB—L is needed. There are several Lyu=V(f;;@+9; @) Wr+QL(fjjP+0;;P)Qr

alternatives for the additional Higgs multiplét2], but if one +hg i PCoARY in+h W] CopA Wi
wants to generate neutrino masses through the seesaw Het ’ Wt !
mechanism, the triplet Higgs fieldly, sometimes also called +H.c., (2.9

a Higgs-Majoron field, is needed:
where ®=,®* o, andi,j are flavor indices. This yields

+ ++
— ArIN2 g _ the usual quark 33 mass matrix and charged lepton
R™ 0 + _(11312)1 (23) hl f h . b . h
AS —ALN2 masses, while for the neutrino one obtains the seesaw mass
matrix
with the vacuum expectation value
(mL mD) 210
ARy= — . (2.4 Mp Mg
< R> \/E(VR 0

The entries are 83 matrices given by mp=(fk;
!f one imposes an_explicltf—>R symmetry, the correspc_)nd— +gky)/\2, m =+2h,v, andmg=2hgvg. We will also
ing left-handed Higgs-Majoron field should also be intro-ignore possible mixing between the lepton families, so that
duced: these matrices are assumed diagonal. The natural seesaw
4 s condition impliesmp;~m;; , wheremy; is the charged lepton
_(AL/\/E AL mass, while the evident phenomenological left-right hierar-
L

) =(3,1,2), (2.5

AE —Af/\/f chy impliesvg>k,; and henceng;>mp;. The ensuing neu-
trino masses armylizszi/mRi andiZiszi. The mixing
with the vacuum expectation value anglez between left-handed and right-handed neutrino states
is given by
w7 ) 2
L - . .
V2ive 0 tan zni:ZrTD'. (2.1

As far as masses of neutrinos and gauge bosons are con-

cerned, the presence of the left-handed Higgs-Majoron fielgince it is natural that the scale of the right-handed neutrino

is not, however, essential. - _ _ masses be of order 148, [4,7), the following values of
The most general potential describing self-interactions OEhe mixing angley are reasRonabIe'

the scalar fields introduced above can be found, e.¢12h
There exist severe phenomenological bounds on the param-

eters of this potential, particularly from the limitations on the i~ Me _ 0.5x 10,
flavor-changing neutral curredECNC). Since the choice Mg
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FIG. 1. Feynman diagrams f@ e —u~u " u~ u” in the LR model.
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We will use these values in the following calculations.

IIl. FEYNMAN AMPLITUDES

action well below theWpg threshold. The same is true, of
course, for the leptonic final states, for example, for the re-
actione e —u~ u~ u~ u'. Reactions with ordinary neu-
trinos in the final state are not very useful as invisibility of
neutrinos makes them not easy to distinguish from the back-
ground processes. Also, reactions with final state electrons
are not that good because of the possible mix-up of the initial
and final state particles.

In Figs. 1 and 2 we show Feynman diagrams for the re-
actionse e —u~ u~ u” ut ande" e —bbtt, respec-
tively. The reason for our studying the four-quark final states

Let us first give the arguments that make us to consideinstead of the four-lepton final states becomes evident from
the reaction(1.1) particularly suitable for testing the LR these diagrams. One can see that the reaction with leptons in
model. First of all, the final state particles are all light, so thatthe final state does not involve charged vector bosons as
there is no kinematical suppression for the process, in conntermediate states but is quite sensitive to the structure of
trast with, e.g.Wg pair production. Consequently, one may the neutral current sector, while the reaction with quarks in
expect to detect evidence of the LR model through this rethe final state involves charged vector bosons, particularly
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FIG. 2. Feynman diagrams fer e —bbt t in the LR model.

the right-handed bosowpg, but not the neutral ones. There diagram 9, an extra overall factor of, /m,, or m,,l/\/§ due

has extra neutral gauge boggin such as the superstring- may be therefore ignored. Diagrams 4, 5, and 8 contain, due
inspired E6) models{15], but no new charged gauge bosons, 15 neytrino mixing, a small parameter sinin the ev,W,"
in contrast with the LR-model. Hence the reactions like, ortex
e e —bbtt that involve charged currents but not neutral
currents offer a more unambiguous test of the LR-symmetric g -
model than the leptonic processes. Loy w, =Sin nl—LWfﬂ\lfeLyﬂ\IfV +H.c., (3.0
Consequently, we have chosen the processes™ 2t \/E 2
q Y, p

—q qﬁfor our further investigation. We prefer final states . o

with b quarks as thd jets are relatively easy to identify in @nd also their contribution can be neglected. Hence there are
experiment(the same should be expected fojets [16].  ©nly two amplitudes, corresponding to diagrams 1 and 9,
From this point of view, the best process for a study wouldhich are relevant.

be e-e—b b tL. However, as will be seen from our nu- The following Lagrangian vertices give rise to diagrams 1

. S . .and 9:
merical results, it will possible to measure the cross section

also for the four-jet reactions with riojets, as well as for the
reactions with a singlé jet.

The Feynman graphs for the processe™—bbtt are
presented in Fig. 2. Some of these diagrams may be safe
neglected without any substantial effect on our numerical 5
results. First of all, since the left-handed electron neutrino is O9r

very light (m, <1 eV) compared with the right-handed one B EVR'A"W@N%JF H.c., 33

(for which the seesaw mechanism in its simplest form im-
pliesm, =1-2 TeV) and with the collision energy, ampli- which originates in the kinetic term of the Higgs-Majoron
tudes 2, 3, 6, and 7 in Fig. 2 have, in comparison with, sayfield, and

hr1A ™ W1 C¥, +H.c, (3.2

Y)\//herehRy11 is defined in Eq(2.9),
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We estimate the width of the right-handed boson to be

- g—évmszt_Ry#bR. (3.9 FWR%FWLMWR/MWL and that of the doubly charged Higgs-
Majoron field T'y--~0.053M,--. For the right-handed

neutrino we assumEVR~7—70 GeV for m,,~ 1-2 TeV,

but the width has not much effect on our results since the
right-handed neutrinos are far from their pole in our case.

The total amplitude is then

2
Mg rr "qq’ = e;;r( pl)Tp.,u’es’(pz)

IV. NUMERICAL RESULTS

1 by b T b A v v o b By means ofcomPHEP[17] we have derived the squared
ﬁ[t”’ YRDq L v* YD + 1y ¥Rbg: L v* ¥RDq]. matrix elements foe~e~—bbt t and computed the ensu-
(3.5 ing the cross sections at the collision energi@s=1 TeV
o o and Js=1.5 TeV. The results depend on a number of un-
Herees,by,t, denote the electrom andt four-spinors with ~ known parameters of the LR model, the most important ones
the corresponding spin indicesgr=(1+ v5)/2, V,, is the being the masses of the right-handed bo¥gnand doubly
element of the right-handed Kobayasi-Maskawa matrix.charged Higgs-Majoron field ™. As was discussed before,
T, contains the contributions from different channels: ~ we consider theory withow/, -Wg mixing and neglect small
effects of the seesaw mixing. We restrict ourselves to the
TW,=TS AT AT (3.6 manifestly left-right symmetric case, implying that the left-
and right-handed interactions have the same coupling
Thes,t,u indices correspond to the Mandelstam variables ifstrength, i.e.g, =ggr, and that the Kobayasi-Maskawa mix-
one treats charged bosons involved in the considered Feyimgs of the right-handed charged currents are exactly the
man diagrams as a final state particlgsother words, each same as those of the left-handed ones, in particMZr

of the twob,t clusters is treated as a single particl€hen, =VtLbEth.
in correspondence witfi7], we have We evaluate the values of the gauge coupling constants at
the linear collider energy scalés through one-loop massless
s iC-i renormalization group equations of the SM without the
T =Nrua(1+ Vs)m Higgs boson contribution:
P
2/\ 12 -1
2 g“(M3) 10 S
L O9r 20 ) — n2( M 2 Y
X(=2) Zo" (kM) (37 G(=g M| 1+ = e o 3 1%z
2 (M3 20 s |7
t B 10R ’ L p-i—m rZS: 12 MZ l—g—z—|0
4.9
Xy Il ()T, i(Ky), (3.8
7" el kol (ke which are related t@ and siré,y, as
2
I9r I ¢+m ’ 2412 2
k ':(_) YrRiCT Sy e g’g’ g’
i 2 p2—m?2 e2= ., Sir 6= . (4.2)
92+972 92+972
XH,U,V(kZ)H,u,’V’(kl)- (39)

Here M is the neutralZ-boson mass. We do not take into
Herek is the four-momentum of the doubly charged Higgs, account in these equations the additional particles of the LR
is the four-momentum of the Majorana neutritkg, are the  model, making the assumption that they are effectively de-
four-momentum of the charged bosons, and coupled due to their large mass. The effects of any possible

light Higgs particle are also neglected since they are anyhow

=i d,0n relatively small. At the energy scale of order of the SM neu-
I\ (q)= i 9™ M2 tral Z boson mass(s=M,=91 Ge\} we use the standard
q’— M\ZNR+ STw Mg W electroweak inpuf18—20.

In Fig. 3 we show the energy dependence of the total

is the Breit-Wigner form of massive vector boson propagato£0ss section of the processe™ —bbt t for various values
(this is the form form the propagators are useddompHep ~ Of masses of the triplet Higgd ™~ and the right-handed
[17]). For the ‘t-channel” amplitude one hap=p, Neutrinov,. In all the cases the right-handed boson mass is
—ky, p+p,=ky, while for the “u-channel” amplitude the taken to beMy, =700 GeV. We remind that the present
momentum conservation law impliep=p;—k,, p+p,  experimental lower bound from the Tevatron measurements
=kj. is My, ~650 GeV[14].
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The plot Fig. 3a presents the cross section for the case &a. On the whole, the intimate relation of the neutrino mass
the right-handed neutrino mass,,=1 TeV and for three and lepton-number-violating couplings in the LR model is
different values ofVl,- - (600, 1000, 1500 Gelas indi-  directly reflected in the behavior of the cross sections.
cated in the figure. The characteristic behavior of these In Fig. 3c we present the cross section fof, =2 TeV
curves is that they all have a resonancilat - =\/sand the  for three different values of the triplet Higgs mads, - -
cross section grows by several orders of magnitude above the 800, 1200, 1600, 2000 GeV. In all cagms,vR:mo GeV.

Whg threshold. The value of the cross section at the resonanGgq valuem. =2 TeV. whenM.., =700 GeV corresponds
is determined by tha~~ width and depends on the assump- | szh f Ve L .
tion we made on it in the previous section, while the growth!© & value of the coupling constain ,, close to unity. Going

above theéN, threshold is easy to understand since the phasB€yond this to higher neutrino masses would not yield reli-

space above the threshold contains the poles of the charg@@!€ results due to the unitarity bound.

right-handed boson propagator. Given the cross sections, it is interesting to study what
In the plot in Fig. 3b presents the cross section in the cas#ill be the sensitivity of the NLC in testing the central pa-

mV2: 1.5 TeV for the tr|p|et H|ggs boson mass valuesrameters of the LR model thrOUgh the reaCt(d.nl). In the

M- - =400, 800, 1200, 2000 GeV. A comparison with Fig, following we will present the contours in thiely, M.~
3a, shows that the increase in the right-handed neutrino magdane corresponding to various event rates @fe”
makes the cross section larger. The reason for this is obvi=,phbt t. We consider the collision energies 1 TeV and 1.5
ous: the amplitude represented by diagrams 1 and 9 of Fig. eV and the anticipated luminosity of ¥om 2s ! appro-
increases with the growth of Yukawa coupling of the neu-priately scaled with the collision energyve consider the
trino hg 4;. luminosity to be approximately proportional to the collision
As we keepMy,, andgg fixed, also the the VEWg of  energy. At the collision energyys=1.5 TeV the process
the Higgs triplet is fixed, and so the increase of the right-with the cross sectionr=0.01, 0.1, and 1 fb would produce
handed neutrino mass is solely due to a corresponding 30, 300, and 3000 events per year, correspondingly.
crease of the Yukawa couplirig; 1;. This makes the contri- In deriving the contours one cannot use the computed
bution of the diagrams 1 and 9 larger than in the case of Figcross sections as such but has to impose several phase space
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FIG. 4. Cross section for the processe”—bbt t and con- FIG. 5. Cross section for the processe”—bbt t and con-

tours corresponding to the sensitivity levels-0.015 fb(30 events  tours corresponding to the sensitivity levels-0.015 fb(30 events
per yea), 0=0.15 fb(300 events per yepro=1.5 fb (3000 events  per yeaJ, o=0.15 fb(300 events per yegro=1.5 fb (3000 events
per yeay, for the energyfe=1 TeV, and right-handed neutrino mass per yeay, for the energ)f=1 TeV, and right-handed neutrino mass
m,, = 1.5 TeV. m, = 2 TeV.

cuts to make quark jets unambiguously identified. Following™2NCce the process will be sensitive to values/gj, that are
the arguments d:flﬁ] we app|y the fo”owing cuts: Eadb]Jet much above the present lower limit of 650 GeV obtained
should have energy more than 10 GeV; eadet should from direct searches at the Tevatron and that also exceed the
have energy more than 190 GeV; the opening angle betweegpllision energy, assuming that some tens of annual events
two detected jets should be greater than 20°; the angle b&'e enough for the signal. Away from resonance, the bound
tween each detected jet and the colliding axis should b@ne could obtain oMyy,_is about 700 GeV, i.e., no improve-
greater than 36°; the total energy of the event should b&nent to the present bound. The constraint on the mass of the
greater than 400 GeV. doubly charged Higgs fieldh ™~ is generally stronger than

In Fig. 4 we display thel\/IWR-MA” histogram of the that on theMWR.

cross section 0" e"—bbt t and the contour levels corre- ~ As the cross section is proportional to the mass of neu-
sponding too=0.015 0.15, 1.5 fb for the colliding energy trino, the largem, , the more stringent are the ensuing con-
Js=1 TeV and right-handed neutrino mass,=1.5 TeV. straints. This is demonstrated in Fig. 5 whene =2 TeV.
The histogram has the evident resonanse behavibft 4n-, Increasing the collision energy will, of course, lead to
when My, is kept fixed, while the increase of the chargedmore restrictive bounds. In Figs. 6 and 7 we present the
boson mass wittM - =const causes the decrease of theSensitivity contours for/s=1.5 TeV with the masses of the
cross section. This happens because the gauge coupling fé@ht-handed neutrinos 1 and 1.5 TeV, respectively. The
mains fixed and hence the inrease of charged boson madghievable limit forM,y_ is now about 1.5 TeV at the triplet
leads to the increase of the Higgs-Majoron VEV which Higgs resonance and outside the resonance about 1 TeV, a
should be compensatésince neutrino mass is also fixday ~ considerable improvement to the present bound. The order of
the decrease of the Yukawa couplihg 4. magnitude of the cross sections obtained is just the same as
As can been seen from these contours, neaAthe reso-  in Ref.[8] for thee™ e” — W + qq with the summation over
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FIG. 7. Cross section for the"e”—b,b,t,t and its contour
levels ato=0.01 fb(30 events per yearo= 0.1 fb (300 events per
yean, o=1 fb (3000 events per yegfor the energyE=1.5 TeV,

and the right-handed neutrino mass,=1.5 TeV.

all possible quark flavors. This means that taking into acnot more than 12%. Accordingly, we have these approxima-

count full “off-shell” contributions for theWg’s one com-

pensates the decrease factor of order 2—3 coming from the
cuts introduced and factor of 9, relating the cross section
with b,b,t,t final jets to the cross section with all possible
quarks in the final statisee Eq(4.4) and discussion belojwv

In contrast td 8] we claim(as it can be seen from Figs. 4-7 Assuming that the Kobayashi-Maskawa matrix elements for
that away fromA; ~ resonance the cross section is not verythe right-handed currents are the same as for the left-handed

sensitive to the\r = mass and hence, if t, is fixed, the
limitation on theM wy remains the same for a wide range of

MAgf.

checked this bycompHEP calculations and found that the

a(bbtt)~a(ssc)~a(dduu).

tive relationships among the heavy and light quark cases:

4.3

ones, the greatest nondiagonal elemenVjg|~0.221. This
will yield a suppression factor of 4102 to the cross sec-

tion o(ssau) as compared with the cross sections above that

) _ contain only diagonal currents, and for the other nondiagonal
In Ref. [8] all final state fermions were taken to be maSS-processes the Suppression is even Stronger_

less. Let us investigate the influence of the top-quark mass |n addition to the relationship4.3) one can immediately
on results obtained. Consider the case when the final StaWrite down the fo”owing approximative relation:

quarks are light. As one would expect, the results are very
similar to the heavy quark case considered above. We

relative difference in the cross section is of the order of
m/\'s, i.e., 2025 %. If we impose, for the counterparts ofThe factor of 2 in front of the cross section ef e

the top quarks, the quarks in the reactioe” e —ss c c,

2a(bbtt)~o(bstc)~a(bdtu)~o(sdau).

qbbWoriginates in the identity of the final state quarks and

the cutkc, >190 GeV, which is very effective in diminish- antiquarks. We have checked also these relations by
ing the SM backgroundsee beloy, the cross sections differ COMPHER
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FIG. 8. Contour levels atr=0.015 fb(30 events per yearo
=0.15 fb (300 events per yegro=1.5 fb (3000 events per year
for the processes with orejet or with light quarks only in the final
state (see comments in the toxfor energyE=1 TeV, and the state (see comments in the tgxtor energyE=1.5 TeV, and the

right-handed neutrino masses, =1 TeV (top), m,,=1.5 TeV  ant handed neutrino masses, = 1.5 TeV (top) andm, =1 TeV
(middle), andm,, =2 TeV (bottom). (bottom). 2 2

FIG. 9. Contour levels atr=0.01 fb (30 events per yearo
=0.1 fb (300 events per yegro=1 fb (3000 events per yeafor
the processes with orejet or with light, quarks only in the final

In conclusion, we have the following relations between
the cross sections of the reactions with no, one, andhwo
jets in the final state:

jets from each other, the SM processe” —e e bt b t
(and analogously for the other quark combinatjoissan-
other important source of background.

To analyze these processes we first note that quark-
antiquark pairs can be produced only fronw,

This relation may be very useful as a test of the LR modeI.Z’ or Higgs lines. Thereforeﬁ one C?n,Start thh ,CO,nS'd'
the processes e e —e e WW, e e

We show the sensitivity contours for the processes with on&"M9 _ T _ T -
final stateb jet and with no final staté jets in Figs. 8 and 9, € € 44 €€ —e e ZH, ee —e e HH, ee
respectively. In correspondence with E4.4) they will yield —vereW W-, which were analyzed if21]. The first reac-
more severe restrictions for tHd,, mass than the heavy tion has the largest cross sectiony/at=1 TeV about 800 fb

. . R S and at\s=1.5 TeV about 1100 fb. All the other processes
quark final state and would give an essential improvement t%re at least 50 times smaller and may be neglected here. If
the present bound. . S '

we use for a conservative estimation the so-cafiedduct
X decay (or narrow width approximation[16], which as-
V. SM BACKGROUND sumes that the intermedia~ bosons are mostly on shell,

. o —— we will get for the background values of the order of 50—70
_ The main SM background of thireac_tlene —bbtt fb, WhiC% is inconvenier?tly high in comparison with our sig-
is due to the process e —vercbbt t, which has the same a). However, if we impose a cut of 50 GeV on the energies
y|S|bIe partlcles in the final statéln the case of light quarks ¢ the final state electronavhose energy we assume to be
in the final state one has the analogous background procesggssible to determine as missing energy allthough particles
Furthermore, since it is not possible to distinguislandb  themselves may not be distinguishable from the beam par-

o(0b)~ o (1b)~4a(2b). (4.4)
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ticles), the cross sectionr(e e —e e W'W") dimin-  right-handed gauge boson one could reachi@Rzlooo

ishes by three orders of magnitude and yields a backgroundey. Near the doubly charged Higgd { ) resonance the
at1TeV on the 0.1 fb level and at 1.5 TeV on the 0.03 fojower bound orM,, may reach, and even exceed, the value

level. There is a further suppression in the case obhet  of the collision energy. As the lepton number violation and

due to the fact the intermediad¥_bosons should actually be neutrino masses are intimately connected through the Mao-

away from the pole as the invariant mass of its decay prOdJ'aran mass terms, the strength of #iee —qqqq process

uctsb,t should be greater tham, . This yields all together increases with the growth of the mass of the right-handed
an eight orders of magnitude suppression of the backgroungeutrino. The “nondiagonal” processes, i.e., the reactions

ma_llf;]ng '.tthItI.y harmlﬁlss. for light ks if i where theEq pair or pairs in the final state mix with fermion
€ situation wilf the same for ight quarks 1 one applies families, are essentially suppressed, while all the “diagonal”

the czorrespondlng cut on the two-jet |r.1var|an-t mass, "e‘processes have approximately the same probability. Process
s>m; . Thus by means of the cut combined with the mea- _ _ — . oo .
e —bbt t being identified ad tagging is possible. Pro-

surements of the missing energy it is possible to make th&

SM background about seven orders of magnitude smallefeS5€s involving only light quarks or containing just awjet

than the investigated process. are approximately related to this cross section by Bdj).

Even without measuring the missing energy associated The SM background can be suppressed to the level of four

with the electrons, imposing just the cut on the invariant.Orders of magnitude below the process rate if the proper cuts

mass, it will be possible to make the SM background four” the phase space are applied, and it can be made even seven

orders of magnitude smaller than the investigated signal. orders of magnitude below the signal I_evel if the full energy
o —= of the event can be reconstructed with an accuracy of 50
Thus we can conclude that tlee e” —qqq q processes

in the LR-symmetric model may be well observed above the
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