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Abstract

A search for chargino and neutralino pair production in e "¢~ collisions at center-of-mass energies between 161 GeV and
183 GeV is performed under the assumptions that R-parity is not conserved and that only purely leptonic or hadronic
R-parity violating decays are allowed. No signal is found in the data. Limits on the production cross sections, on the
Minimal Supersymmetric Standard Model parameters and on the masses of the supersymmetric particles are derived. © 1999

Published by Elsevier Science B.V. All rights reserved.

1. Introduction

The most general superpotential of the Minimal
Supersymmetric Standard Model (MSSM) [1], which
describes a supersymmetric, renormalizable and
gauge invariant theory, with minimal particle con-
tent, includes the term Wy [2]:

Wy = AL LE, + X, L.QD,+x]

ijk iDjDk >

(1)
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where A, ;, A, and X7, are the Yukawa couplings
and i, j and k are the generation indices; L; and Q;
are the left-handed lepton- and quark-doublet super-
fields; E,, D, and U, are the right-handed singlet
superfields for charged leptons, down- and up-type
quarks, respectively. In order to prevent the simulta-
neous presence of identical fermionic fields, the
following antisymmetry relations are required: X,
= — A, and X, = — A7, so that there are in total
9 + 27 + 9 independent Yukawa couplings.

The A, and X, couplings violate the leptonic
quantum number L, while the A7, couplings violate
the baryonic quantum number B. Their simultancous
presence would lead to a fast proton decay [3], which
is experimentally excluded [4]. This can be avoided
by imposing the conservation of R-parity, a multi-
plicative quantum number defined as:

R:(_1)3B+L+ZS, (2)

where S is the spin. R is +1 for all ordinary
particles, and — 1 for their supersymmetric partners.
As a consequence, if R-parity is conserved, super-
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Table 1
Allowed R-parity violating direct decays of the neutralino and
chargino. Charged conjugate states are implied

Coupling Neutralino decays Chargino decays
Ak /;Vj/;’ Vi/;/l; ViVj/l:r’ /i+/j+/l;
X;jk u;d]vd; d,‘-d]'-d;, u,-ujdk, u,-djuk

symmetric particles can be produced only in pairs
and they decay in cascade to the lightest supersym-
metric particle (LSP), which is stable. However, the
absence of either the B-violating or the L-violating
terms, or of a subset of them, is enough to prevent a
fast proton decay, while allowing the LSP to decay
into Standard Model particles via scalar lepton or
quark exchange.

In this paper, we search for pair-produced neu-
tralinos (e'e” =} x’. e'e = ¥ ’X.i>2) and
charginos (e "¢~ — ¥; ¥; ) with subsequent R-parity
violating decays, assuming that one of the A,; or
A}, coupling constants is non-negligible. The A,
couplings are not considered. In all processes stud-
ied, the lightest neutralino is assumed to decay into
three fermions according to the dominant A, or A7
interaction term, as detailed in Table 1. When the
chargino is the LSP or when the R-parity violating
coupling is strong enough, direct decays of charginos
into three fermions can also occur via the dominant
R-parity violating term, as listed in Table 1. If the ¥
is the LSP, charginos can also decay indirectly into
XYW *, orinto YW * for chargino heavier than the
next-to-lightest neutralino. Similarly the heavier neu-
tralinos (X9, > 2) can decay indirectly into Z “¥; or
directly into fermions. When the lightest scalar lep-
ton is the LSP, the process ¥ —// is taken into
account for the A, analysis.

In the present analysis, the dominant coupling is
assumed to be greater than 107> [5], corresponding
to decay lengths smaller than 1 cm. Searches for
R-parity violating decays have also been performed
by other LEP experiments [6].

2. Data and Monte Carlo samples
The data used corresponds to an integrated lumi-

nosity of 55.3 pb~! collected by the L3 detector [7]
at the center-of-mass energy (Vs) of 182.7GeV,

hereafter referred to as 183 GeV. For the indirect
A analysis, 21.1 pb ™' of data collected at 161
172 GeV are also used.

The signal events are generated with SUSYGEN
[8] for different values of neutralino and chargino
masses, for all possible choices of the generation
indices.

The following Monte Carlo generators are used to
simulate Standard Model processes: PYTHIA [9] for
ete > qq, ete > Ze'e ande'e — ZZ, BHA-
GENE3 [10] for efe”"—>ete”, KORALZ [11] for
e'e > pn'pu andete — 77, PHOJET [12] for
e'e > e'e qq DIAG3s [13] for e'e —
ete //” (/=epn.1)and KORALW [14] fore'e”
— W'W . The number of simulated events corre-
sponds to at least 100 times the luminosity of the
data, except for Bhabha and two-photon processes,
where the Monte Carlo samples correspond to ap-
proximately 5 times the luminosity.

The detector response is simulated using the
GEANT package [15]. Tt takes into account effects of
energy loss, multiple scattering and showering in the
detector materials. Hadronic interactions are simu-
lated with the GHEISHA program [16]. Time depen-
dent inefficiencies of the different subdetectors are
also taken into account in the simulation procedure.

3. Analysis procedure

3.1. A topology and preselection

When the A, couplings dominate, the LSP de-
cays into three leptons. The possible topologies aris-
ing from the different final states are listed in Table
2. Sclections for the different topologies are devel-
oped.

The decay products of the ¥ pair are four
charged leptons and two neutrinos. If the \,;; cou-
pling dominates, each neutralino can decay into
vt vetr v, tTorve 7, and the final
state contains at least two T leptons, which are
selected with lower efficiency with respect to elec-
trons and muons. If the neutralino mass is high
(M)?P > 50 GeV) the event topology consists of four
charged leptons, isotropically distributed, and miss-
ing energy (F). On the contrary, for low neutralino
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Table 2
Processes and topologies considered in the A, coupling analysis
Process Topology
ete > X} o £/ vy 4/ + K
ete > ¥ > XX 27 - 70 g 4/ + 2jets + H
(iz2) L5 vy £ 6/ +1
Ll vy vy 4/ + K

efeTo X = XK WIWT = A4 v qq'aq’
Ll vy qq v
Ll vy Svly

ete > X5 Xy = LY
Ll vy
L vvvy

44 + djets + B
574 2jets + H
6/ +E

6/
4/ + K
2/+4

masses (Mo <20GeV) the events consist of two
back-to-back lepton pairs and missing energy. In this
case, there is a large background from Standard
Model lepton-pair processes.

In the case of the process e'e™ —= ¥ X’ —
X Z*%_. three possible final states are present, cor-
responding to the Z* decays into hadrons, charged
leptons or neutrinos. As is shown in Table 2, the
topologies arising from this process include leptons
and missing energy or leptons plus hadronic jets and
missing energy. These topologies are covered by
combining the neutralino and chargino pair selec-
tions, described below.

In the case of chargino production, the signal
topologics depend not only on the values of the
chargino and neutralino masses, but also on the
chargino decay modes. For small values of the mass
difference AM =M. — My (AM <10GeV) the
event energy is mainly carried by the neutralino
decay products, almost independently of the different
chargino decay channels. Therefore, a common se-
lection is developed for all chargino decay modes.
On the contrary, for medium and large AM values
(AM > 10GeV), different selections arc developed
for each possible configuration. As the process e'e”
— qq and hadronic W W~ decays are the main
background for the hadronic mode, a relatively low
multiplicity is required.

In the case of chargino R-parity violating direct
decays, three possible topologies can occur. When

both charginos decay into three charged leptons, the
final state is almost background free. If the decay
products are two charged leptons and four neutrinos,
the main background contributions come from lep-
tonic W and 7 decays and two-photon interactions.
The last topology, four charged leptons plus missing
energy, is already taken into account by the necu-
tralino pair selection.

Events are preselected by requiring at least 3
charged tracks and 4 calorimetric clusters in order to
remove e'e —e’e ,wtp” and purcly leptonic
777~ and W*W ™ decays. Events have to contain at
least two charged leptons. The visible energy has to
be smaller than 90% of Vs in order to remove high
multiplicity qq events and hadronic W*'W ™~ and ZZ
decays. The missing momentum vector is required to
be in the polar angle range between 5° and 175°. In
order to reject cosmic ray interactions, at least one
time of flight measurement is required to be consis-
tent with the beam crossing.

Tagged two-photon interactions are rejected by
requiring the sum of the energies measured in the
small angle calorimeters between 1.5° and 9.0° to be
less than 10GeV. In addition, the visible energy
must be greater than 15% of Vs . Background from
two-photon collisions is further reduced by requiring
the transverse missing momentum to be greater than
5GeV.

After the preselection is applied, 337 events are
selected in the data sample and 334 cvents are
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Fig. 1. Distributions of a) the number of tracks, b) the number of
leptons, ¢) the normalised visible energy and d) In(y;,) after the
X\, preselection. The solid histograms show the normalised sum
of Standard Model processes. The dotted and dashed histograms
show two examples of signal, with dominant coupling A;5;. The
dotted histograms represent the process e e™ — ¥P %}, for Mo
=91 GeV, corresponding to one hundred times the expected cross
section. The dashed ones represent e e — ¥/ %, , with M; . =
91GeV and AM = 50GeV, corresponding to four times the ex-
pected cross section.

expected in total from Standard Model processes.
The signal preselection efficiency for e*e™ — %7 ¥
is about 85% for M. =91GeV, at Vs = 183GeV.
Fore*e™ — ¥/ %! the efficiency is greater than 80%
for M;»> 50GeV and between 35% and 60% for
5GeV < Mo < 20GeV. Fig. 1 shows the number of
tracks, number of leptons, normalised visible energy
and In(y,,) distributions after the preselection. The

jet resolution parameter y,, is defined as the y,
value at which the event configuration changes from
n to m jets, when using the DURHAM [17] cluster-
ing scheme. The data are in good agreement with the
Monte Carlo expectations.

3.2. X} topology and preselection

If N, couplings dominate, the LSP decays into
three quarks, with a flavour composition given by
the generation indices of the dominant A7, coupling.
The possible topologies arising from the different
final states are summarized in Table 3.

In the case of ¥, pair production, the final state
contains six quarks, and three different topologies
can occur, depending on the value of M;o. For low
and medium neutralino masses (M)?? < 50GeV) not
all the six jets in the event can be resolved, while for
high masses (M;o > 50 GeV) they can be well sepa-
rated. Therefore, the signal topology is two-jet like
for small values of the neutralino mass. For interme-
diate neutralino masses the events are more similar
to four jets, while for large neutralino masses the
events can contain six isolated jets, isotropically
distributed. For small neutralino masses the main
background contribution comes from e*e” — qq.
When the signal topology is four-jet like, qqgg and
hadronic W*W ™ decays contribute. For high neu-
tralino masses, the most important background source
is WHW~ events.

The same multi-jet topology occurs when
charginos decay directly into three quarks, or when
the mass difference AM is sufficiently small, so that

Table 3
Processes and topologies considered in the X;I,( coupling analyses for events containing two, four or six resolved jets
Process Topology
ee > XX o XX —q9ddqq 2 jets
4 jets
6 jets

ete - X% - X%’ 2" — qqqqqq ff
(i=2)

e+ef_) )?rr)?; N /?10/?10 W*W* = qqqqqqffvfnfn

4 jets or 6 jets
(4 or 6) jets + leptons
(4or6)jets + E

4 jets or 6 jets
(4 0r 6) jets + lepton(s) + &
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the decay products of the W™ pair carry only a
negligible fraction of the event energy. Since
charginos of masses up to 45 GeV are excluded by Z
lineshape measurements [18], the two-jet topology is
not addressed in this case. Analogous considerations
apply for the processes X5 ¥, and X$ ¥). When AM
is large, leptons and neutrinos from W * decays can
carry a relevant fraction of the event energy, leading
to lower selection efficiencies.

In this analysis no attempt is made to identify
quark flavours. However, the efficiency is found to
be slightly higher for events containing b-quarks
than for events with light quarks. Therefore, only the
results obtained by the choice X, = A7), will be
quoted in the next sections.

The preselection of the X, analysis aims at
selecting well balanced hadronic events. Low multi-
plicity events, like leptonic Z and W decays, are
rejected by requiring at least 13 calorimetric clusters.
At least one charged track has to be present. The
visible energy has to be greater than 50% of Vs . The
energy imbalances, parallel and perpendicular to the
beam direction, are required to be smaller than 20%
of the visible energy.

Above the Z peak a large fraction of background
events contains a hard initial state radiation (ISR)
photon. Unbalanced events with an ISR photon in
the beam pipe are removed by means of the require-
ment on the parallel energy imbalance. In order to
reject events with an ISR photon seen in the detector,
the invariant mass of the hadronic system has to be
greater than 80% of Vs .

In order to remove background contributions from
two-photon interactions, the energy in a cone of 12°
half opening angle around the beam axis must not
exceed 30% of the total visible energy. Furthermore,
the thrust axis is required to be well contained in the
detector with a polar angle between 8° and 172°,

After the preselection is applied, 1953 events are
selected in the data sample and 1949 are expected
from Standard Model processes, mainly coming from
qq and W+ W™ events. The signal preselection effi-
ciency for e*e” — ¥/ %{ is about 85% and for
ete™— ¥T X7 is between 60% and 90%, at Vs =
183 GeV. Fig. 2 shows the In(y,), thrust, In(y,s)
and narrow jet broadening (B,) [19] distributions
after the preselection. There is a good agreement
between data and Monte Carlo expectations.
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Fig. 2. Distributions of a) In(y5,), b) thrust, ¢) In(y,s) and d) the
narrow jet broadening after the A7, preselection. The solid his-

tograms show Standard Model processes at Vs =183GeV. The
dashed and dotted histograms show two examples of signal, with

dominant coupling A[,,. The dashed histograms represent the

process e*e” — ¥ ¥, with Mo =90GeV, corresponding to

five hundred times the expected cross section. The dotted ones
represent the same process, with Ao = 30GeV, corresponding to
twenty times the expected cross section.

3.3. Analysis optimization

After the preselection level, dedicated selections
are performed to maximize the A, and X7, analysis
sensitivities according to the topologies arising from
those couplings.

In the A, case, the best sensitivity is achieved
performing different selections according to the neu-
tralino mass values and decay products. Chargino
selections depend also on W™ decay modes. In total
thirteen selections are performed for which the cut
values of the following variables are optimized si-
multaneously: acollinearity and acoplanarity angles,
thrust, y,, and polar angle of the missing momen-
tum. The acollinearity and acoplanarity angles are
calculated by forcing hadronic and leptonic objects
in every event into exactly two jets with the
DURHAM algorithm.

Fourteen selections are performed for the A7,
analysis. The sum of the di-jet masses is required not
to be consistent with WTW™ pair production. For
the X', neutralino selection, the optimization proce-
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Table 4

Efficiency ranges of ¥{¥_ and ¥ ¥; selections for direct R-parity violating neutralino and chargino decays, at \/s_ = 183 GeV. In case of
the process ¥y ¥1 » the lowest mass value considered is Mgz =15GeV for ;35 and 45GeV for A]},

Coupling Process My =5-25GeV My =125-55GeV My =55-91GeV
Mss Wil 3%-10% 10%-33% 39%-55%
Aiss nx 10%—18% 21%-40% 43%-54%
Mia K M x 19%-22% 23%-24% 21%-32%

dure includes the following variables: thrust, wide jet
broadening variable, y;, and y,s. For the A7,
chargino selection, the cut values of the following
variables are optimized: thrust, B,,, y,, and ..
The optimization procedure uses Monte Carlo
signal and background events and is described in
Ref. [20]. For two-photon interactions, which repre-
sent an important background source for the A,
analysis, the optimization and the background esti-
mation are performed on two independent samples to
avoid potential biases from statistical fluctuations.

3.4. Efficiencies

Here we discuss only the results obtained for
Ak =33 and A7, = X{;,, since these choices of
the generation indices give the lowest selection effi-
ciencies. In the following, only the efficiencies at
Vs =183 GeV are quoted for simplicity. The effi-
ciencies of the processes e’e” = ¥ '%., e'e —
Xix, and e*e” — X % are summarized in Tables
4 and 5 for direct and indirect R-parity violating
decays.

In the case of direct R-parity violating decays, the
efficiencies are estimated for different lightest neu-
tralino or chargino masses. For both A,;; and A{),

Table 5

mediated decays, the efficiencies increase with in-
creasing lightest neutralino or chargino mass. At
high masses, six fermions are expected to be isotrop-
ically produced and can be disentangled from W-pair
production background events. For low masses, the
signal signatures look like back-to-back jet events
and the selection efficiencies are smaller due to the
dominant background coming from the two-fermion
processes. In addition, for the A;;; selection the
efficiencies obtained for low masses (below 50 GeV)
are higher for chargino than for neutralino due to the
contribution of the six charged lepton final state.

In the case of indirect R-parity violating decays
for both charginos and next-to-lightest neutralinos,
the efficiencies are estimated for different masses
and AM ranges. For a chargino mass of 91 GeV and
assuming X; — }'W* or ¥ = ¥IW* -
X'Z* W™, the efficiencies obtained for A y; and
A}, mediated decays decrease with increasing AM.
At high AM, the signal signatures are very similar to
those of W-pair production. For Afye + M~0 =
180 GeV, the efficiencies of the process et e -
X0xP (i=273.4) decrease slightly with increasing
AM for the /\133 and A, analyses. In the latter case,
the efficiencies are smaller compared to those ob-
tained for charginos due to the invisible or purely
leptonic Z " decays.

Efficiency ranges of ¥ ¥ and X ¥ selections for indirect R-parity violating neutralino and chargino decays, at \/s_ =183 GeV. The
chargino selection efficiencies correspond to M3+ = 91GeV. For the process %°%) the efficiencies correspond to Myo +Mzp=180GeV

Coupling Process AM = 5-20GeV AM = 20-50 GeV AM = 50-80 GeV
33 Wil 47%-54% 42%-47% 26%-37%
Nias onx 47%-56% 28%—47% 17%-26%
Nia Wil 31%-32% 28%-30% 28%-24%

30%—43%

45%—51% 10%—43%
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4. Results

The summary of the searches is given in Table 6,
showing the number of candidates and expected
background events. We do not observe any excess of
events. Therefore we set upper limits on the neu-
tralino and chargino production cross sections as-
suming direct or indirect R-parity violating decays.
We also derive limits on the masses of these parti-
cles in the framework of the MSSM. Exclusion
limits at 95% C.L. are derived taking into account
the estimated background contamination. The pre-
dicted contribution from the two-photon processes,
due to the large statistical error, is not included, such
that data events consistent with this background are
conservatively considered as signal. Systematic er-
rors on the signal efficiency are evaluated as in Ref.
[20]. The typical relative error is 5% and is domi-
nated by Monte Carlo statistics. It is taken into
account in the calculations of the signal upper limits
[21].

4.1. Upper limits on neutralino and chargino pro-
duction cross sections

The 95% C.L. upper limits on neutralino and
chargino pair-production cross sections at 183 GeV,
both for A, , and A7, are shown in Fig. 3. For the
indirect A, analysis the data collected at 183 GeV
are comblned with those at the lower center of mass
energies. Hence this upper limit should be inter-
preted as a limit on the luminosity-weighted average
cross section ( Zror L €D Z(E ).

In the case of dominant A, coupling, the neu-
tralino pair-production cross section is below 0.2 pb
at 95% C.L. for Mo > 40 GeV and below 0.1 pb for

Table 6
Number of expected background and observed data events for the
different selections

Coupling Process Nbackgmund Ndala
A X 13 + 0.1 0
Ak XXy (ndirect) 1.6 + 0.1 0
Asji XX (direct) 104 £ 0.5 10
i Wl 6212 52
i X 46 + 1 40
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Fig. 3. 95% C.L. upper limits on: a) the neutralino production
cross section as a function of the neutralino mass, b) the chargino
production cross section as a function of the chargino mass, in the
direct decay mode and ¢) the chargino production cross section as
a function of AM, for M+ = 91GeV, in the indirect decay mode.
The solid lines show the limits obtained by the A, ;= A;3;
analysis, and the dashed lines show those obtained by the A7, =
Al analysis.

My > 60GeV. The chargino cross section is below
0.4 pb for a chargino mass greater than 45GeV in
the direct decay mode and is below 0.2 pb for
M;+= 91GeV and AM < 50GeV in the indirect
decay mode.

In the case of dominant X7, coupling, the neu-
tralino cross section is below 0.6 pb at 95% C.L. for
any value of the neutralino mass. The chargino cross
section is below 0.6 pb for a chargino mass greater
than 45 GeV in the direct decay mode and is below
0.4 pb for M. = 91GeV and AM < 60GeV in the
indirect decay mode.

4.2. Interpretation in the MSSM

The results are also interpreted as excluded re-
gions in the MSSM parameter space. In the MSSM
framework neutralino and chargino masses, cou-
plings and cross sections depend on the gaugino
mass parameter, M,, the higgsino mass mixing pa-
rameter, u, the ratio of the vacuum expectation
values of the two Higgs doublets, tan3, and the
common mass of the scalar fermions at the GUT
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scale, m,. Therefore the exclusion regions can be
expressed in the M, — p plane for a given value of
m, and tan 8. The results presented here hold for A, ,
and Af, >107° and for OSMZSZOOOGeV
—500GeV < u< 500GeV. They do not depend
on the value of the trilinear coupling in the Higgs
sector, A.

In addition to the limits obtained with this analy-
sis, we take into account the constraints from L3
cross section measurements at the Z pole. A point in
the MSSM parameter space is excluded at 95% C.L.
by Z lineshape measurements if:

( Osusy

Tsm
where g4y is the sum of the pair-production cross
sections of supersymmetric particles at Vs = 91 GeV,
calculated with SUSYGEN [8], and oy,, is the total Z
cross section predicted by the Standard Model. I,
and I, =24MeV are the measured total Z width
and the 95% C.L. upper limit on possible non-Stan-
dard Model contributions to the total Z width [18].
Fig. 4 shows the exclusion regions at 95% C.L. in
the M, — u plane for tan = V2 and for my=
60GeV or 500GeV, for both A, and Aj,. The
excluded regions with the present results are domi-
nated by the chargino analyses. Moreover some re-
gions beyond the chargino kinematic limit are ex-
cluded at large m, and low tanf3 values by the
X x) and %5 %0 analyses and at low m, by the
X2 x) analyses.

Lower limits on the masses of the supersymmetric
particles are reported for the following two regions
of the parameter space where:

. the ¥{ is the LSP (50 GeV < m, < 500GeV and

any tan 8 or any m, and 2 < tan 3 < 40);

2. the lightest scalar lepton can be the LSP (0 < m,
< 50GeVand 1 <tanB<?2).

In region 2), in the presence of dominant A,
coupling the decay chain %! —/F—/Fv leads to
the same final states arising from neutralino direct
R-parity violating decays, so that the analysis is
efficient also when the lightest scalar lepton is the
LSP. The additional contribution of the process
XYY —=/7%) is taken into account for the region in
which M/< M. When the X/, coupling dominate,
the decay ¥/ —>//—>//qqq occurs. Since there is

FZ>FL1M’ (3)

m, = 500 GeV

m, = 60 GeV

%00 100 o 100 200 200 -100 O 100 200
p(GeV) W (GeV)

Fig. 4. Exclusion regions at 95% confidence level for A, ; = A;3;
(a-b) and A7, = A, (c-d), for tanB = V2 and m,=60GeV
(a—c) or 500GeV (b—d). The light grey region is excluded by the
Z lineshape measurements and the dark grey region by the present
analyses. The black solid lines indicate the chargino kinematic
limit. The grey region beyond the kinematic limit is excluded by
neutralino analyses.

no event generator available for this process, we
quote two sets of mass limits for X} coupling, for
region 1) and region 2), respectively.

Fig. 5 shows the 95% C.L. lower limits on neu-
tralino and chargino masses as a function of tan 8. In
region 1), we derive the following lower limits at
95% C.L. on the neutralino and chargino masses:

Mz >26.8GeV,

M~n > 443 GeV,

M~ >91.1GeV (N, analysis), My = > 90.9 GeV
N4 analysrs)

In region 2), the 95% C.L. lower limits on the
neutralino and chargino masses set by the X/, analy-
sis are:

Mo >26.8GeV,

Mo > 34.8GeV,

M+ >76.9GeV.

From the exclusion contours in the M, — m, plane
we set indirect lower limits on the scalar lepton
masses. Fig. 6 shows the 95% C.L. lower limits on
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Fig. 5. 95% C.L. lower limits on the masses of ¥, (a), ¥y (b)
and y* (c), as a function of tang, for 0 <m,< 500GeV,
0< M, <2000GeV and —500GeV < u < 500GeV. The solid
lines show the limit obtained by the A,;; analysis, the dashed
lines by the A7, analysis in region 1) and the dotted lines by the
A||, analysis in region 2).

the mass of the supersymmetric partner of the right-
handed electron (M; ) for tanB= 2. These limits
hold also for tan 3> 2. Fig. 7 shows the 95% C.L.
lower limit on the scalar electron mass as a function

200

L3

M, (GeV)

Excluded jat 95 % C.L.

I I
100 200 300

m, (GeV)

Fig. 6. 95% C.L. exclusion contours in the M, —m, plane, for
tan 3 = 2. The lines labelled with the corresponding value in GeV
represent the contours of constant scalar electron mass. The solid
and dotted curves show the 95% C.L. lower limits on A, as a
function of mg, from which we derive the limits on the scalar
electron mass.

100} L3

Excluded at 95 % C.L.

20 L
1 tan|3 10 40

Fig. 7. 95% C.L. lower limit on the mass of the scalar electron as
a function of tan 8, for any value of u,Af, and m,.

of tan 8. In region 1), we obtain the following lower
limits:

Mg > 793GeV (N, analysis) and M; >
73.0GeV (X, analysis),

while in region 2) the 95% C.L. limits are:

M; > 618 GeV (N, analysis) and M; >
29.5GeV (X, analysis).

The supersymmetric partner of the right-handed
electron is predicted to be the lightest scalar lepton °,
hence tighter bounds are obtained for all other scalar
leptons.

The search for neutralino and chargino R-parity
violating decays reaches at least the same sensitivity
as in the R-parity conserving case [22]. Therefore,
the supersymmetry limits obtained at LEP are inde-
pendent of R-parity conservation assumptions.

Acknowledgements

We wish to express our gratitude to the CERN
accelerator division for the excellent performance of
the LEP machine. We acknowledge the effort of the
engineers and technicians who have participated in
the construction and maintenance of this experiment.

References

[1] A review can be found for example in: H.E. Haber, G.L.
Kane, Phys. Rep. 117 (1985) 75.
[2] C.S. Aulakh, R.N. Mohapatra, Phys. Lett. B 119 (1982) 316;

¥ See for example [1,4] and references therein.



366

[3

[4

[5
[6

[7

[8

—_—

finar

]
]

[

—

M. Acciarri et al. / Physics Letters B 459 (1999) 354-366

F. Zwirner, Phys. Lett. B 132 (1983) 103; L.J. Hall, M.
Suzuki, Nucl. Phys. B 231 (1984) 419; R. Barbieri, A.
Masiero, Nucl. Phys. B 267 (1986) 679; for a recent review
and a reference to the literature: H. Dreiner, An introduction
to explicit R-parity violation, hep-ph /9707435, published in
Perspectives on Supersymmetry, G.L. Kane (Ed.), World
Scientific, Singapore.

S. Weinberg, Phys. Rev. D 26 (1982) 287; G. Bhattacharyya,
P.B. Pal, Upper bounds on all R-parity violating AN’ combi-
nations from proton stability, hep-ph /9809493.

Particle Data Group, C. Caso et al., Eur. Phys. J. C 3 (1998)
1.

S. Dawson, Nucl. Phys. B 261 (1985) 297.

ALEPH Collaboration, D. Buskulic et al., Phys. Lett. B 349
(1995) 238; ALEPH Collaboration, R. Barate et al., Eur.
Phys. J. C 4 (1998) 433; CERN-EP /98-147, subm. to Eur.
Phys. J. C; OPAL Collaboration, G. Abbiendi et al., CERN-
EP/98-203 subm. to Eur. Phys. J.C.

L3 Collaboration, B. Adeva et al., Nucl. Instr. and Meth. A
289 (1990) 35; J.A. Bakker et al., Nucl. Instr. and Meth. A
275 (1989) 81; O. Adriani et al, Nucl. Instr. and Meth. A
302 (1991) 53; B. Adeva et al., Nucl. Instr. and Meth. A 323
(1992) 109; K. Deiters et al., Nucl. Instr. and Meth. A 323
(1992) 162; M. Chemarin et al., Nucl. Instr. and Meth. A 349
(1994) 345; M. Acciarri et al., Nucl. Instr. and Meth. A 351
(1994) 300; G. Basti et al., Nucl. Instr. and Meth. A 374
(1996) 293; 1.C. Brock et al.,, Nucl. Instr. and Meth. A 381
(1996) 236; A. Adam et al, Nucl. Instr. and Meth. A 383
(1996) 342.

S. Katsanevas, S. Melachroinos, in: G. Altarelli, T. Sjostrand,
F. Zwirner (Eds.), Proc. the Workshop Physics at LEP 2,
CERN 96-01 (1996), vol. 2, p. 328. SUSYGEN 2.2; S.
Katsanevas, P. Morawitz, Comp. Phys. Comm. 112 (1998)
227.

[9] PYTHIA 5.7 and JETSET 7.4 Physics and Manual, T.
Sjostrand, CERN-TH /7112 /93 (1993), revised August 1995;
Comp. Phys. Comm. 82 (1994) 74.

[10] BHAGENE3: Version 3 was used. J.H. Field, Phys. Lett. B
323 (1994) 432; I.H. Field, T. Riemann, Comp. Phys. Comm.
94 (1996) 53.

[11] KORALZ: Version 4.02 was used. S. Jardach, B.F.L. Ward,
7. Was, Comp. Phys. Comm. 79 (1994) 503.

[12] PHOJET: Version 1.05 was used. R. Engel, Z. Phys. C 66
(1995) 203; R. Engel, J. Ranft, Phys. Rev. D 54 (1996) 4244.

[13] DIAG36: F.A. Berends, P.H. Daverfeldt, R. Kleiss, Nucl.
Phys. B 253 (1985) 441.

[14] KORALW: Version 1.21 was used. M. Skrzypek, S. Jardach,
W. Placzek, Z. Was, Comp. Phys. Comm. 94 (1996) 216; M.
Skrzypek, S. Jardach, M. Martinez, W. Placzek, Z. Was,
Phys. Lett. B 372 (1996) 289.

[15] GEANT: Version 3.15 was used. R. Brun et al., CERN
DD /EE /84-1, Revised 1987.

[16] H. Fesefeldt, RWTH Aachen Report PITHA 85 /2, 1985.

[17] Yu. L. Dokshitzer, Contribution to the Workshop on Jets at
LEP and HERA, 1990; N. Brown, W.J. Stirling, Rutherford
Preprint RAL-91-049; S. Catani et al., Phys. Lett. B 269
(1991) 432; S. Bethke et al., Nucl. Phys. B 370 (1992) 310.

[18] L3 Collaboration, M. Acciarri et al., Z. Phys. C 62 (1994)
223.

[19] L3 Collaboration, M. Acciari, Phys. Lett. B 444 (1998) 569.

[20] L3 Collaboration, M. Acciarri, Phys. Lett. B 377 (1996) 289.

[21] R.D. Cousins, V.L. Highland, Nucl. Instr. and. Meth. A 320
(1992) 331.

[22] L3 Collaboration, M. Acciarri et al., Search for Charginos
and Neutralinos in e e~ Collisions at \/s_= 161-183GeV,
paper in preparation: L3 Collaboration, contributed paper
number 493 to ICHEP98, UBC, Vancouver, BC, Canada,
July 1998.



