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We study the pair production of right selectrons at a 500 @e¥" collider followed by their decay into an
electron and a lightest neutralino. This lightest neutralino decays into multifermion final states in the presence
of R-parity-violating couplings. A detailed analysis of possible signals is performed for some important regions
of the parameter space. The signals are essentially free from the standard model backgrounds.
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[. INTRODUCTION been considered. Such scenarios can be studied by general-
izing the MSSM superpotential to the following forfd]:

SupersymmetrySUSY), as one of the most attractive op-
tions beyond the standard mod&M), has been studied for W=WyssmtWg, 1
the past few decad¢4]. From the theoretical point of view
it offers a solution to the hierarchy problem. On the otherwith
hand, a lot of effort has been devoted to looking at the phe- L o o o
nomenological consequences of SUSY both in low-energy Wyssy=uH1Ho+ h!jLiHlchJr hidj QiHleCjL hi‘}QiHZUjC
processes and at high-energy collidgg One of the candi- )
dates for a realistic model is the minimal supersymmetric
extension of the SM. In the SM, it is not possible to write and
down interactions which violate baryon numiBj or lepton o o o o
number (). In the SUSY version of the SM, the particle ~ Wg=X\LiL;Eg+\j LiQ;Di+ € LiH,+ N[}, UTDDx.
spectrum is doubled and baryon number and lepton number (©)]
are assigned to the supermultiplets, leadingAtB=1 or
AL =1 interactions in the Lagrangian. In the minimal super-Here,|3|1,|:|2 are the SW2) doublet Higgs superfields which
symmetric standard mod@ISSM) it is assumed theB and  give rise to the masses of down-type and up-type quark su-

L are conserved quantum numbers. This is ensured by imserfields, respectively, arid (Q) denote leptoriquark dou-
posing a discrete multiplicative symmetry callBgarity [ 3] blet superfieldsE<, B¢, (¢ are the singlet lepton and quark

which is defined as superfields.,j,k are the generational indices and we have
suppressed the §P) and SU3) indices. The;; are anti-
symmetric ini andj while the){), are antisymmetric i and

k. The first three terms iV violate lepton number and the
last term violates baryon number. It is obvious that both the
L and B violating terms cannot be present if the proton is
stable. In order to get a large proton lifetime {0%° s) [6] it

is sufficient to demand that eithkeror B be violated which in
d‘#jrn breaksR parity. R-parity violation leads to considerable

to the fact that the lightest supersymmetric partilsp) is ~ cnanges in ;c]he r;]henomenolo%y. The most ilmpor';]antl_Cﬁnse-
stable. The interactions of the LSP must be of weak strengtfU€nce is that the LSP can decay now. Also, the lightest

because they are mediated by virtual sparticles which argeutralmo .need not be the LSP because it is no Ionger a
known to be quite heavyof the order of the electroweak sta_lble particle. The lepton number and'baryon number vio-
; éatlng terms mentioned above have received a lot of attention

lightest neutralino and the search strategies for supersymm@nd constraints have been derived on these new couplings

try guided by the principle oR-parity conservation are to TOM Present experimental dafd]. Prospects ofR-parity

look for signals with large missing energy and momentumviolation have been studied in the context of following
present and future colliders: CERN'e™ collider LEP,

carried by an undetected neutralifi®]. Also the LSP is a =
good candidate for the cold dark matter of the univédlde ~ DESY ep collider HERA, pp at Fermilab Tevatron, CERN
The conservation oR parity, however, is not prompted Large Hadron CollidefLHC), e"e” and ey Next Linear
by any strong theoretical reason, and theories wRgparity ~ Collider (NLC) [8-10. Here we investigate the signatures of
is violated through nonconservation efther B or L have  R-parity breaking at future™ e~ linear colliders. Our aim is
to study the pair production of right selectrorsg) which
will then decay into an electron and a neutralino. Finally the
*Email address: dghosh@theorytifr.res.in neutralino will decay into multifermions through different
"Email address: sourov@theory.tifr.res.in R-parity-violating couplings.

Rz(— 1)L+SB+25

whereS s the intrinsic spin of the particle.

It can be checked very easily thRtequals+1 for stan-
dard model particles and 1 for the superpartners. An im-
mediate consequence &parity conservation is that the
sparticles appear in pair at each interaction vertex. This lea
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In this paper we shall discuss thHe violation in three ¢ —7 —————F1 -~~~ ~~~~7° é
separate categories for the convenience of the analysis. W
will consider, in turn, Wy, with either thex, N, or A" terms
existing in the superpotential at a time. The bilinear term @ + crossed diagram
&L;H, is also a viable agent fd®-parity breaking which can
induce vacuum expectation values for the sneutrino field:
and generates a tree-level mass for one of the neutrinc _ _,
[11,12. This scenario has been studied by several authors in FIG. 1. Feynman diagram f& e —e e.
the context of recent results from SuperKamiokari8&)
data on atmospheric neutrin$3] and attempts have been
made to find the correlation between the given pattern ?J
neutrino masses and mixings and collider signatures of s
persymmetnf14]. So far, no work has been reported which

includes the study oR-parity violation through the bilinear . .
y or-partty 9 larger compared to the* e~ mode. This cross section can be

term in the context oé e~ colliders and we wish to discuss further | 4 by choosing the initial elect b I
it in our future work which requires a separate analysis alto;|'1ef INCréased by choosing e initial €lectron beam polar-

gether[15] ization properly. It has been showWh9] that the right selec-

The paper is organized as follows. In Sec. II, we describdron pair production cross section is largest for the right-

- - : - larized initial electron beam. This can be explained from
the physics goals & e~ colliders and their advantages and PO )
disadvantages from the point of view of a supersymmetr)}he fact that in most of the MSSM parameter space the LSP

search. In Sec. Ill we will discuss the numerical results fol-iS B-ino dominated, which has a larger coupling wéker

-channel diagrams is always destructive {&>m, [20]. In
hee”e™ mode, since the-channel diagram is present along

with the t-channel diagram and the interference between
them is constructive, the production cross section is always

lowed by our conclusions in Sec. IV. compared toe, e, . Furthermore, it turns out that the selec-

tron pair production cross section for the unpolarized initial

Il. SEARCH FOR SUPERSYMMETRY AT e e~ state is smaller than that of right-polarized electron beams.
COLLIDER Another important feature of the e~ collider is its be-

_ ) havior near threshold which shows a sharp rise in the selec-
As we know, the currene”e™ collider at LEP is at the tron pair production cross secti¢@1]. This enables one to
verge of its closing. Apart from putting some lower boundsmeasure the selectron masses very accurately. In contrast, at
on different SUSY particles, there has been no sign of newyn e*e~ collider the threshold measurement is rather poor,
physics beyond the SM from LEP. Perhaps one can hope hich compels one to determine thenass(with an error of

see some signals beyond the SM at run |l of Tevatron and, bw Ge\V) from the measurement of the electron end point

course, tfe,LHC’ but the Cleqn env_wgnment of the next genénergy[Zl]. The study of slepton flavor violation can also be
eratione™ e~ linear collider will definitely complement the done very effectively in ae—e~ collider

signatures from hadron colliders. Even if SUSY is discov- In Fig. 2, we present contours for the cross sectiorib)

ered at LHC, NLC can be used as a machine for precision i — _
measurements for different SUSY parame{d). for the production ok ey final states in the 4,M,) plane

Before going on to the discussion of the supersymmetryOr tanB=2,20,40 andy/s=500 GeV. The mass of the right
search, let us first mention in brief the unique features of ar$electron is assumed to be 150 GeV for the plots in the left
e~e~ collider which establishes its importance in order tocolumn and 200 GeV for the plots in the right column.
make model independent measurements at future high- The explanafuon of the variation of cross section Wlth_ the
energy physics experimenfd7]. First of all, it should be parame.ters. whlch appear in the neutralino mass matrix, as
emphasized that at linear colliders the replacement of a beafflown in Fig. 2, is as follows. The arealed out by LEP-2
of positrons with a beam of electrons can be achieved in &Presents the region which is disallowed by the chargino
rather straightforward manner and can lead to the option ofearch at LEP-2 and corresponds to a mass of the lighter
colliding electron beams. chargino ;) less than 98 Ge\[23]. This limit comes

At e"e” colliders, the initial energy is well known and purely from kinematic considerations and does not depend
both e~ beams can be highly polarized so that the initialon whethelR parity is conserved or violated. The area which
states are specified. The backgrounds are, in general, el marked as< in the figure is not allowed because here the
tremely suppressed and they can be reduced further with speelectrons become lighter than the LSP and hence the selec-
cific choices of the beam polarizations. However, the totatron decaying to the lightest neutralino is forbiddesince
electric chargeQ and total lepton numbedr of e e~ collid-  we are considering right selectron pair production, the con-
ers forbid the pair production of most of the superpartners byribution to the cross section comes mainly from the lightest
virtue of total charge and lepton number conservation. Thisieutralino which is dominated byBxino over a large part of
is one disadvantage ef e~ colliders where only selectrons
can be pair produced through the exchange of a Majorana—
neutralino in thf :{ndu qhannels{ls,lsﬂ as S_hown n F,'g' L. Yn R-parity-violating models, it is also possible that smlectron
In contrast, ae e colliders, selectron pair production oc- rather than the lightest neutralino, is the LSP, and can decay di-
curs thrOtighsrchanner andZ exchange as well as through rectly into two leptonsiquarks through the ; (\f;) couplings,
t-channel)(iO exchange. The interference between ¢hand  respectively.
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the parameter space. Here we assume the grand unififithis will give rise to two like-sign electrons and large
theory (GUT) relationship between the %P} and Ul)  signature. This kind of a signal as shown in E4). and the
gaugino soft mass parameter$!, and M;, M; relevant backgrounds have been well studitg.

=35tarf 6yM,. As the value ofM, increases, the lightest  n light of the above discussion, the next question which
neutralino starts becoming more and m&éno dominated comes to mind is what could be the potential signatures at an
and hence the strength of tbﬁ—ER—}g coupling increases e~ e collider whenR parity is violated. Recently, the effect

at the same time. Also, the amplitude in this case requires af R parity violation has been studied for the production

t-channel neutralino mass insertion. These two effects COMpyrocess] e; — &, €x [22]. In this work we will consider the
binqd 'Fogether lead to an increase in the cross section. Wh%ir production of right selectrons assuming 90% right-
M, is increased for a fixed value of [18]. This feature is 541704 electron beams because of the larger cross section

evident from Fig. 2. For lower values @i, the B-ino com- in this case. The subsequent analysis will not depend on the

ponent in the lightest neutr.allno starts dgcreasmg WhlcrEhoice of initial electron polarization. As we will see in the
means a fall in the cross section and hence in order to get tt}e

same cross section the value M, (consequently the value Ollowing section, since the lightest neutralino will decay, it

of M) must be increased. With the increase in Selectror¥vi|l lead to multilepton final states with missing energy al-
masslthe available phase épace reduces and in order to &])st free from standard model backgrounds. However, right
the same cross section as in the left column one must go electrons can also decay into heavier neutralino states, if it
higher values oM, Is allowed by kinematics. In that case, the cascade decays of

The decay of right selectron yields following final state: heavier neutralino will produce more complex signals. For

the simplicity of our analysis, we will not consider such de-

e e —erer—e e Nl (4)  cay patterns here.
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IIl. DECAY OF }(1) AND ASSOCIATED SIGNALS 100 T

In this section we will discuss the possible signatures aris- 90|
ing from the decay of the LSP through differeRtparity-
violating interactions, through sfermior(sleptons and 8oL | |6
squark$ exchange diagrams. These Feynman diagrams and
the amplitudes can be found in the literat(ii®,24]. Here, 70} .
we make the assumption that of all the couplings which vio- >
late R parity, only one is dominant at a time, which is moti- 60}
vated from the fact that in the SM top quark Yukawa cou- -
pling is much larger than the others. Furthermore, we assume €50} o
these couplings to be much smaller than the gauge couplings, 3
though we require them to be large enough to make the LSP 40+ ,
decay inside the detector. A geneReparity-violating cou-
pling should be larger than 16 to satisfy the above require- 30
ment[25,7]. In our subsequent analysis we take these cou- $2
plings in the range 10'—10 2. If the R-parity-violating 20
operator is of the typ& LE®, the final states will have two el
charged leptons and a neutrino. The flavor of these leptons 10,
are determined by the type afj, coupling. If theR-parity- 0

violating operator is of the typeQD?¢, the final states will 50 T00 50 200
have either one charged lepton or a neutrino associated with P, (GeV)

two quarks. Finally in the presence of baryon number violat-

ing couplingU°D®DC, the final state will have three quarks.  FIG. 3. py distribution of leptons for tha;; case. The MSSM
Throughout this analysis we assume 250 GeV left-sleptofiput parameters arq.=—450 (GeV), M,=200 (GeV), and
mass[sneutrino mass is related to left-slepton mass througfnS=2. The number adjacent to each curve represents leptons
the SU2) relation] and 500 GeV squark mass. All the With the following energy orderings, >E, >E >E, >E, >E,.

squarks have been assumed to be degenerate in mass. In Qui,or one must multiply the signal cross section with the
parton level Monte Carlo analysis we treat quarks/partons asgiciency of the corresponding lepton flavor identification.
jets, and the direction of jets is same as that of the initial  gjnce” there are two neutrinos in the final states, recon-
quarks/partons. We impose the following selection criteriagircting the mass of the LSP in such a case is not possible.
for these leptons and jets: However, the kind of final state mentioned above is spec-
tacular in the sense that it is free from standard model back-
ground and permits easy detection at a 500 @e¥  col-
lider.

In Fig. 3, we have shown the transverse momentpr) (
distribution of the charged leptons produced in the final state

pr>5 GeV, |n|<3, ®

pt>15 GeV, |7|<3. (6)
We merge two jets into a single jet if their angular separatio o ) . i
AR;;<0.7, where (&R”)ZE(A 7})]-2]-+(A¢>”)2, Ay and "or M3,=150 GeV, and the following the set of input pa

Agy;; being the difference of pseudorapidities and azimutha[2Metersw=—450 GeV,M,=200 GeV and tagg=2. For
angles, respectively, corresponding to two jets. The lepton i§iS Set of parameter pointd30=103 GeV andM79=206
isolated from a jet iAR;;>0.4, whereAR;, is defined in the GeV. For later studies of the distributions we will use this set

same way as above. of input parameters. It is easy to see from this distribution
that all six leptons survive thp'T>5 GeV cut. Out of six
A. Signals from \-type couplings leptons, two come from the decayzﬁ; the remaining four

Let us now discuss the signals which can be looked fofeptons come from the decay f.
when R parity is violated through the terms of the type  We display in Table | some representative values of the
\ LLE®. The pair-produced LSPs from the decay of the twoCross sections in order to get an idea about the strength of the
right selectrons will lead to the final state consisting ofsignal. In obtaining these numbers, we required six leptons
e e~ +4l" +pr. The flavor of the leptons coming from the satisfying the criteria given in Eq5), and in addition im-
neutralino decay will depend on the particular type of cou-Posed thap;>15 GeV. Thepy requirement ensures that the
p||ng involved. For examp|a123 Coup”ng gives Signal is SM baCkgrOUnd free. Two values of the rlght selec-
B B tron mass, namelyngz 150 (GeV) and ”ERZZOO (GeV),
W7 Ve T e T (7)  have been considered for the calculation of the cross sec-
tions. We have considered the actual branching ratios of the
with equal probabilities. Here, for simplicity we have con- decays of right selectrons including the direct decays through
sidered a common value for alktype couplings taken to be R-parity-violating couplings as well as decays into heavier
0.07(nz/100 GeV, close to the existing indirect bounds rel- neutralinos. It has already been mentioned that if the decays
evant for most of those couplings. In order to tag the leptorinto heavier neutralino states are allowed kinematically, they

X3—ven Th.e7w
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TABLE I. Signal (e"e” +4I*+pq) cross section assuming

LSP decays throughk;; coupling for some representative values of
the input parameters. Far;, with k+ 1, these cross sections would
be larger by at least a factor of 2 since, in that caseethenly has
R-parity-conserving decay modes.
.= 150 (GeV) e =200 (GeV)

M M, e
(GeV) (GeV) tanpg (Ge\/) o (fb) o (fb)
—450 200 2 1031 537.40 407.0
—-375 250 2 1284 163.22 380.86

400 250 2 1189 334.86 410.11
-500 280 20 140.2 11.93 325.05

375 200 20 985 564.31 398.30

475 265 20 131.6 107.16 372.35
—-480 300 40 1498 0.0 252.30
—-350 225 40 1115 448.23 413.10

400 200 40 99.0 563.24 400.41

0 50 100 %0 200 250
will lead to more complex signals which we have not con- Py 1€

sidered in this work. For a fixed value of and tans, with FIG. 4. p, distribution of jets for bothy?—1%jj channels

increasingM,, the LSP mass increases; hence the MSSN{hrough)\’]k coupling. The number adjacent to each curve repre-
decay ofer decreases because of phase-space suppressi@@nts jets with the following energy orderirig; >E; >E; >E;,
favoring the direct decay oég through R-parity-violating  The input parameters are the same as in Fig. 3.

No31, Which in turn reduces our signal. As is evident from

this table, large cross sections may be obtained for a consigdhown in Fig. 4. These jets and charged leptons are also
erable region of the parameter space and with a projectesissociated with largp; arising from neutrinos for channels
integrated luminosity of 50 fo' at ane e~ collider one  (2) and(3) listed above. The distribution is shown in Fig.
could see some thousands of events. It must be noted at this The distributiona corresponds to the case when both the
point that if taus are produced in the final state, they would_SP decays into thejj channel, where ab represents the
decay mainly into hadrons, but that requires a separate

analysis. 6 ; : .

B. Signals from \’-type couplings

The decay pattern of the LSP changes as we go on to the
R-parity-violating couplings of the typa’ LQD®. For ex-
ample,\ 1,5 coupling gives

X2— vesb,e~ch,vesh,e*ch. (8)

As before, we again consider a common value fohaltype
couplings. To identify the final state flavors one has to take
into account the reduction in cross section due to flavor tag-
ging efficiency. It should be mentioned at this point that
unlike the\ case here all final states are not equiprobable.
We categorize the signals in the following manner. All these
states are assumed to be accompanied by two like-sign di-

electrons arising fromer decay: (1) 2| +jets; both x?
—I1%jj; (2 jetstpr; both x9—vjj; (3) I* +jetst pr, one

X2 17ij, the othery?— vjj. 02040 8080 100 120 140
The last channel will be enhanced by a combinatoric fac- P (GeV)
tor of 2. We have folded the cross section with the branching
fraction of the LSP. The selection cuis discussed earljer FIG. 5. pr distribution for thex |, casea: bothx?— vjj. b: one

are applied to the leptons and jets. After the energy ordering?—1=jj, the other onex?— vjj. The input parameters are the
(Ej1> Ei,>Ej,> Ej4), we study the jetp distribution as  same as in Fig. 3.
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TABLE II. Signal cross section assuming LSP decays throughand, respectively, four, three, or two leptons satisfying the

’

\jjx coupling for some representative values of the input paramcriteria given in Eqs(6) and (5), for channels(1), (2), and

eters. In each row, the first, second, and third numbers correspon@) listed above. In additionp;>15 GeV is imposed for
to cross sections for the following final states:e™ + 2| +jets,

e e +I+prt+jets, ande” e +jetst+ pr, respectively.

Mg, = 150 (GeV) M, = 200 (GeV)

M M, m}‘;
(GeV) (GeV) tang (GeV) o (fb) o (fb)
184.40 130.01
—450 200 2 103.1 214.54 150.20
126.85 89.43
234.20 180.47
—-375 250 2 128.4 322.0 245.66
180.80 137.70
58.68 43.46
400 250 2 118.9 239.80 175.72
137.00 100.50
120.26 125.81
—-500 280 20 140.2 277.60 289.10
152.91 158.83
73.95 51.71
375 200 20 98.5 184.42 128.8
110.64 77.31
126.84 100.50
475 265 20 131.6 321.33 253.00
179.23 140.38
2.79 130.48
—480 300 40 149.8 7.23 320.20
4.25 173.53
101.20 72.85
—-350 225 40 1115 246.40 176.07
142.30 102.0
82.48 57.60
400 200 40 99.0 190.30 132.70
114.06 79.80

p+ distribution when one of the LSP decays through i
mode and the other one through tgj mode.

Finally in Table Il we give cross sections for signals for construct the selectron mass in this way, but a more precise
two eg masses 150 GeV and 200 GeV. We required four jetsletermination can be done by threshold sg2H.

12

10}

do (fb)

n =-450 (GeV)
My = 200 (GeV)

tan B=2

M= 103(GeV)

ks

(a)

0O
70

30

90

100

110 120
M (GeV)

130 140

do (fb)

1.8

1.6

channels (2) and3). Cross sections for heavier right-
selectron mas$=200 Ge\} are lower than the correspond-

ing quantities for 150 Geé mass, just because of a lack of
enough phase space. The difference in the three cross sec-
tions in each row can be explained from the branching ratio

of X¥ in two different channel$*jj and vjj. The inputs
remain the same as in Table I. The cross sections for these
various channels are fairly large over a wide region of pa-
rameter space which is accessible in a 500 @e¥~ col-

lider. Signals corresponding te" e +jets+pr ande e~

+1* +jets+ pr final states may have the standard model
background coming fromW~W~ZZ production. But this
cross section is found to be too low<@0 fb) and does not
affect the signal in a significant way.

If the produced LSP is highly relativistic, then its decay
products will be confined within a narrow cone around the
direction of the LSP. In that case, the lept@®caying from
LSP) in a particular hemisphere is identified and its invariant
mass is constructed with all jets in the same hemisphere. A
similar thing is done in the opposite hemisphere. Then we
demand that these two invariant masses should lie within 10
GeV of each other. If these two invariant masses are equal or
nearly equal, we can say that they arise from the same parent
particle. In Fig. ®a we represent such an invariant mass
distribution, which shows a distinct peak at the LSP mass
(=103 GeV. In order to get an estimate of the mass resolu-
tion, we have used Gaussian smealfidg] of the energies of
jets and leptons to “mimic” the response of a detector:

AE;/E;=0.4\E;+0.02, AE,/E =0.15A/E,+0.01.
)

In Fig. 6(b), we show the mass distribution after energy
smearing. The LSP mass determined in this way has resolu-
tion AM/M =4%. It should also be noted that for about 80%
of the total events the mass reconstructed in both sides lies
within 10 GeV of each other. In principle one can also re-

(b)

W =-450 (GeV)
M= 200 (GeV)

Fan B=2

Mg= 103(GeV)

FIG. 6. Distribution in invari-
ant mass reconstruction from the
lepton and all jets in the same
hemisphere: (a) without lepton
and jet energy smearing ar(t)
with lepton and jet energy smear-
ing. Both x{ decay into the *jj
channel through.i’jk coupling.

80 90 100 110 120 130 140
M (GeV)
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FIG. 7. py distribution of jets for therfj, case. The number

adjacent to each curve represents jets with the following energy £ 8 Number of jets e When;(‘f

ordering:E; >E; >E; >E; >E; >E; . pling.

C. Signals from N"-type couplings

PHYSICAL REVIEW D63 055005

Njet

U

—]jj through\{, cou-

the following strategy: selecting the hardest jet in the final
Finally, the presence of” in the superpotential can in- state, its invariant mass is then constructed with all other jets
duceB number violating decay of the LSP. In this case, thein that hemisphere. A similar thing is done in the opposite
LSP will simply decay into three hadronic jets: hemisphere. Then we demand that these two invariant
masses should lie within 10 GeV of each other. If these two
invariant masses are equal or nearly equal, we can say that
they arise from the same parent particle. Though we will not

resent here the invariant mass distribution, similar kinds of

where the sets of three je_ts hav<_e invariant mass peaking fudies have been done by other authors and also by the
the neutralino maséassuming all jets are seers before, ALEPH Collaboration in their study of thénow defunct

we impose the selection cuts on leptons and at least four je%ur—jet anomaly{9,10,27

From thepy distribution of six jets in Fig. 7 it is clear that Before we conclude. we would like to mention the
. _ , pos-
for this value of the LSP mags-103 GeV}, most of the jets g 10 g\ backgrounds in this case. We have earlier found

are hard eno_ugh to satisfy th? Jet trigger requirement as (.j'sthat most of the time the signal cross section prefers to peak
cussed previously. From the jet number distributions in Fig

. . around five and six jets, free from any SM background.
8, we see that most of the time the cross section prefers to

peak at the five-jet chann&t4.69% of the evenjisfollowed

by the six-jet (42.86% of the eventand four-jet (11.83% of
the eventschannels. The three-jet fraction of the cross sec
tion is less than 0.5%. Imposition @&>15 GeV and| 7|

<3 cuts on the jets reduces the jet number. Finally we also

e e —egter—e +e +xl+x0—e e +6 jets,
(10

TABLE lll. Signal (e”e™ +jets) cross section assuming LSP
decays througmi”jk coupling for some representative values of the
input parameters.

Mg, = 150 (GeV) Mg, = 200 (GeV)

merge two jets into a single jet if their angular separation

m-o

AR;;<0.7. The probability of jet mer_ging is high!y deper_1- (GeV) (GMei/) tang (Gg{/) o (fb) o (fb)
dent on the mass of the parent particle from which the jets
originate and also or's. The larger the boost of the parent —450 200 2 103.1 645.65 447.14
particle, the higher the probability of jet merging. In this =375 250 2 1284 925.61 714.22
case, a 103 GeV LSP is produced from the decay of a 150400 250 2 1189 859.80 634.50
GeV right selectron. Each of these LSPs then decays into-500 280 20 140.2 803.53 842.07
three jets with a reasonable boost, leading six jets to merge375 200 20 985 588.11 404.50
into five jets and occasionally into four and three jets. 475 265 20 1316 953.10 758.86

In Table Il we give signal cross sections for some repre-—480 300 40 149.8 45.0 929.10
sentative values of parameters. In this case, we assume thessp 225 40 1115 758.20 540.92
squark mass to be 500 GeV, which enters as a propagator impo 200 40 99.0 595.21 409.54

the decay LSP. One can also reconstruct the LSP mass usiag

055005-7
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However, there is a small fraction of cross section that goetralinos in the final state. We have assumed Ratarity is
into four-jet channels, which is less important for our pur-weakly violated and thus only the LSP will decay into mul-
pose as far as the SM backgrounds are concerned. This pdifermion states. Different possibilities have been considered
ticular signal has SM backgrounds fronfa) e e~ and it seems that rather optimistic signals can be seen for this
—e e ZZ (b)) e e —eeZZ and (c) e e kind of model. The decay of the LSP gives charged leptons,
—e~ e Z*Z*, with hadronic decay o (assuming all jets jets, and neutrinos in the final state. The behavior of these
are seen leptons, jets, and missing transverse momenfunainly due
One can make a rough estimate for this background. Afteto neutrino$ has been analyzed using a parton level Monte
putting the selection cuts and including the relevant branch€arlo event generator. This also enables us to study the ap-
ing ratios the cross section fere”—e~e~Z is of the order  proximate distributions for different kinematic variables of
of 100 fb. This cross section will get electroweak suppresieptons and jets. The decay of the LSP throlighumber-
sion if anotherZ boson is radiated; moreover, the Br( violating coupling §) leads to a very distinct signal with
—qq) will further reduce this. After all these, if this back- hard isolated leptons and large missing transverse momen-
ground is still comparable to the signal, then this can bdum. There are no SM processes which can mimic this sig-
eliminated by imposing the condition that the pair of dijet nal- Similarly, for Ajj, couplings, the signal basically con-
invariant massM;; should not peak arountl,. However, ~Sists of charged leptons, multiple jets, and/or missing
this may reduce the signal cross section in the region ofransverse momentum. In addition to this, the Majorana na-
parameter space where the LSP mass is nearly degenerdgse of the LSP gives rise to like-sign dilepton signals with
with M. The detailed calculation of the other two back- Practically no SM backgrounds. It has been demonstrated
grounds[(b) and (c)] is very cumbersome and we will not that the reconstruction of the lepton-jet invariant mass can
perform this here. In this case, our main thrust will be togive a rough estimate for the LSP mass. K¢y coupling,
count the jets in the final stat@ssociated with two elec- the final state will have multiple jets associated with like-
trong to distinguish it from the background. sign dielectrons. We have shown that proper jet counting is
required to distinguish the signal from the SM backgrounds.
In this case also it might be possible to determine the LSP

mass from the jet invariant mass reconstruction.
We have discussed the pair production of right selectrons

at a 500 GeVe™ e linear collider in theR-parity-violating
supersymmetric model. The decay of right selectrons can
yield a final state with an electron and a neutralino, mostly The authors are grateful to Biswarup Mukhopadhyaya and
the LSP. Hence, we have two like-sign dielectrons and neuSreerup Raychaudhuri for helpful discussions.

IV. CONCLUSIONS
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