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Abstract

Scalar partners of quarks and leptons, predicted in supersymmetric models, are searched for in e+e− collisions at centre-of-
mass energies between 192 and 209 GeV at LEP. No evidence for any such particle is found in a data sample of 4−1.
Upper limits on their production cross sections are set and lower limits on their masses are derived in the framewo
Minimal Supersymmetric Standard Model.
 2003 Published by Elsevier B.V.Open access under CC BY license.
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1. Introduction

The minimal supersymmetric extension of the St
dard Model (MSSM) [1,2] postulates a scalar pa
ner,f̃L,R, for each weak eigenstate of Standard Mo
(SM) fermions fL,R. Generally, the left,̃fL , and right,
f̃R, eigenstates mix to form mass eigenstates. T
mixing is an unitary transformation of thẽfR and f̃L
states, parameterised by a mixing angle,θLR. Since
the off-diagonal elements of the sfermion mass m
trix are proportional to the SM partner mass, the m
ing is expected to be relevant only for scalar fermio
of the third family: the scalar top,t̃L,R, the scalar bot-
tom, b̃L,R, and the scalar tau,̃τL,R. The lightest scala
quarks are denoted ast̃1 andb̃1.

The R-parity is a quantum number which dist
guishes SM particles from supersymmetric partic
If R-parity is conserved, supersymmetric particles
pair-produced and the lightest supersymmetric pa
cle, assumed hereafter to be the lightest neutra
χ̃0

1 , is stable. In addition, thẽχ0
1 is weakly-interacting

and hence escapes detection. R-parity conservati
assumed in the following, which implies that the d
cay chain of pair-produced supersymmetric partic
always contains, besides the relevant SM particle
least two invisible neutralinos. The typical signatu
of the production of scalar leptons and scalar qua
is the presence of leptons or jets in events with m
ing energy and momentum. The difference betw
the masses of the scalar fermion and theχ̃0

1 , �M, de-
termines the kinematic of the event.

The pair-production of scalar fermions in e+e− in-
teractions proceeds through thes-channelγ or Z ex-
change. For scalar electrons, the production cross
tion is typically enhanced by thet-channel exchang
of a neutralino.

1 Supported by the German Bundesministerium für Bildu
Wissenschaft, Forschung und Technologie.

2 Supported by the Hungarian OTKA fund under Contract N
T019181, F023259 and T037350.

3 Also supported by the Hungarian OTKA fund under Contr
No. T026178.

4 Also supported by the Comisión Interministerial de Cienci
Tecnología.

5 Also supported by CONICET and Universidad Nacional de
Plata, CC 67, 1900 La Plata, Argentina.

6 Supported by the National Natural Science Foundation
China.
-

At LEP energies, all scalar fermions, but the sca
top, decay into their SM partners mainly viaf̃ →
χ̃0

1 f. Cascade decays, such asf̃ → χ̃0
2f → χ̃0

1Z∗f are
also possible and may dominate in some region
the MSSM parameter space. According to the val
of the scalar top mass and couplings, four chan
can become dominant among the possible scalar
decays:̃t1 → cχ̃0

1 , bν��̃, b�ν̃� and bχ̃+
1 . The additional

decay into b̃χ0
1 ff̄′ which can originate six-fermion

final states is not considered [3]. This topology
indirectly covered by searches in the framework of
parity violation, which revealed no excess [4]. In t
following, for thet̃ → ν̃b� decay, scalar neutrinos a
assumed to be lighter than charged scalar leptons
this decay,�M refers to the mass difference betwe
the scalar top and scalar neutrino masses.

The supersymmetric partners of the right-hand
leptons,�̃R, are generally expected to be lighter th
their left-handed counterparts and are considere
the following. If the mass difference between the rig
handed scalar electron and the lightest neutralin
very small the search for e+e− → ẽRẽR has little sen-
sitivity. The e+e− → ẽRẽL process is then considere
The left-handed scalar electron, too heavy to be p
duced in pairs, decays into an energetic electron, w
the electron from the right-handed scalar electron
cay remains often invisible, leading to a ‘single ele
tron’ topology.

Scalar leptons and scalar quarks are searched
at centre-of-mass energies,

√
s, up to 209 GeV. The

present study supersedes previous L3 limits on sc
lepton [5] and scalar quark production [6] obtain
at lower

√
s. Searches for scalar fermions were a

reported by other experiments at LEP [7] and at
TEVATRON [8]. Table 1 summarises the investigat

Table 1
Summary of the investigated processes, decay modes and st
topologies

Process Decay mode Topology

e+e− → �̃R
¯̃
�R �̃R → χ̃0

1� Acoplanar leptons

e+e− → ẽRẽL ẽL,R → χ̃0
1e Single electron

e+e− → b̃¯̃b b̃→ χ̃0
1b Acoplanar b-jets

e+e− → t̃ ¯̃t t̃ → χ̃0
1c Acoplanar jets

e+e− → t̃ ¯̃t t̃ → ν̃b� Acoplanar jets and lepton
e+e− → q̃ ¯̃q q̃→ χ̃0

1q Acoplanar jets
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processes and decay modes together with the stu
topology.

2. Data samples and Monte Carlo simulation

The data used in the present analysis were colle
with the L3 detector [9] at LEP and correspond
an integrated luminosity of 450.5 pb−1 at

√
s = 192–

209 GeV. Two average centre-of-mass energies
considered in the following: 196 and 205 GeV, w
corresponding integrated luminosities of 233.2 a
217.3 pb−1.

SM processes are simulated with the followi
Monte Carlo (MC) generators: PYTHIA [10] fo
e+e− → qq̄(γ ), e+e− → Ze+e− and e+e− → ZZ,
EXCALIBUR [11] for e+e− → W±e∓ν, KORALZ
[12] for e+e− → µ+µ−(γ ) and e+e− → τ+τ−(γ ),
BHWIDE [13] for e+e− → e+e−(γ ) and KORALW
[14] for e+e− → W+W−. Two-photon interaction
processes are simulated using DIAG36 [15]
e+e− → e+e−�+�− and PHOJET [16] for e+e− →
e+e− hadrons, requiring at least 3 GeV for the i
variant mass of the two-photon system. The num
of simulated events for each background proces
more than 100 times the data statistics, except for t
photon processes for which the MC statistics amou
to about 7 times that of the data.

Signal events for scalar leptons are generated
the SUSYGEN [17] MC program, for scalar lepto
masses,M

�̃, ranging from 45 GeV up to the kinemat
limit, and for values of�M varying between 3 GeV
andM�̃ − 1 GeV. For scalar quarks, a generator [1
based on PYTHIA is used. Scalar quark masses
n analysis.
gures and
Fig. 1. Distributions in data and MC of the energy of the most energetic lepton of the (a) scalar lepton searches and (b) single electro
(c) Visible energy and (d) b-tag variable for the scalar quark analysis. Signal events are scaled by the factors indicated in the fi
correspond to (a)M

�̃R
= 90 GeV andM

χ̃0
1

= 40 GeV, (b)MẽL
= 110 GeV andM

χ̃0
1

= 50 GeV, (c) and (d)̃t1 → cχ̃0
1 decay forMt̃R

= 90 GeV,

M
χ̃0

1
= 60 GeV.
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Table 2
Results of the scalar lepton analysis: number of observed events,ND , SM background expectations,NSM, and efficiencies,ε, at

√
s = 205 GeV

for the scalar electron, muon and tau selections at low (Z < 10 GeV), medium (10 GeV< Z < 30 GeV) and high�M (Z > 30 GeV) for
different values of the scalar lepton masses

ẽ µ̃ τ̃

Mẽ = 94 GeV Mµ̃ = 90 GeV Mτ̃ = 80 GeV

ND NSM ε (%) ND NSM ε (%) ND NSM ε (%)

Low �M 79 84 10 151 138 29 317 270 3
Medium�M 19 25 45 46 47 52 146 124 29
High �M 50 53 35 108 105 57 122 123 29

Table 3
Results of the scalar quark analysis: number of observed events,ND , SM background expectations,NSM, and efficiencies,ε, for a 90 GeV
scalar quark at very low (5–10 GeV), low (10–20 GeV), medium (20–40 GeV) and high�M (� 40 GeV) at

√
s = 205 GeV

t̃1 → cχ̃0
1 t̃1 → b�ν̃ t̃1 → bτ ν̃ b̃1 → bχ̃0

1

ND NSM ε (%) ND NSM ε (%) ND NSM ε (%) ND NSM ε (%)

Very low �M 23 21.6 18 2 2.2 5 1 1.3 6 1 3.8 13
Low �M 1 3.1 22 0 0.4 14 0 1.6 16 1 2.3 22
Medium�M 4 1.3 36 2 1.4 18 2 0.5 23 2 1.5 42
High �M 1 1.9 15 1 0.7 13 3 0.7 25 2 1.6 21

Fig. 2. Model independent upper limits on the e+e− → �̃R
¯̃
�R cross section in theM

χ̃0
1

–M
�̃

plane, for (a) scalar electrons, (b) scalar muons and

(c) scalar taus.
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Fig. 3. Model independent upper limits on the (a), (b) and (c) e+e− → t̃1
¯̃t1 and (d) e+e− → b̃1

¯̃b1 production cross sections multiplied by th
branching ratio of the decay mode: (a)t̃1 → cχ̃0

1 , (b) t̃1 → b�ν̃, (c) t̃1 → bτ ν̃ and (d)b̃1 → bχ̃0
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Table 4
Summary of the number of observed data events,ND , and SM
background expectations,NSM, for all the studied topologies

Process Decay mode ND NSM

e+e− → ẽ¯̃e ẽ→ χ̃0
1e 143 153

e+e− → µ̃ ¯̃µ µ̃ → χ̃0
1µ 269 253

e+e− → τ̃ ¯̃τ τ̃ → χ̃0
1τ 410 381

e+e− → ẽRẽL ẽL,R → χ̃0
1e 45 44.6

e+e− → b̃¯̃b b̃→ χ̃0
1b 6 7.7

e+e− → t̃ ¯̃t t̃ → χ̃0
1c 29 26.5

e+e− → t̃ ¯̃t t̃ → ν̃b� 4 4.0

e+e− → t̃ ¯̃t t̃ → ν̃bτ 5 3.9

from 45 GeV up to the kinematical limit andMχ̃0
1

varies from 1 GeV toMt̃1 − 3 GeV and toMb̃1
−

7 GeV, for scalar top and bottom, respectively. T
t̃1 → b�ν̃ andt̃1 → bτ ν̃ channels are generated withν̃

mass ranging from the 43 GeV limit [19] up toMt̃1 −
8 GeV. In total, about 180 samples are generated, e
with at least 1000 events.

The response of the L3 detector is simulated us
the GEANT package [20]. It takes into account effe
of energy loss, multiple scattering and showering
the detector materials and in the beam pipe. Hadr
interactions are simulated with the GHEISHA pr
gram [21]. Time-dependent detector inefficiencies
monitored during data taking and reproduced in
simulation.

3. Event selection

3.1. Analysis procedure

Besides the common signature of missing mom
tum in the direction transverse to the beam axis,
nals from supersymmetric particles are further sp
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Fig. 4. Regions of the planeM
χ̃0

1
–M

�̃R
excluded in the MSSM for (a) scalar electrons, (b) scalar muons and (c) scalar taus.
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fied according to the number of leptons or the mu
plicity of hadronic jets in the final state.

Signatures of scalar leptons are simple and the fi
states mostly contain just two acoplanar leptons
the same generation. To account for the three lep
flavours, three different selections are performed.
scalar electrons and muons a pair of electrons
muons is required in the event, respectively, wh
scalar taus are selected as low-multiplicity events w
electrons or muons or with narrow jets. Events fro
the t̃1 → cχ̃0

1 and b̃1 → bχ̃0
1 processes contain tw

high-multiplicity acoplanar jets originated by c or
quarks. In addition, two charged leptons are pres
when both scalar top quarks decay viat̃1 → b�ν̃.

An optimization procedure is devised [5] whic
maximizes signal efficiency and background reject
by varying simultaneously all cuts for a given proce
The signal topology depends on�M and therefore the
optimization is repeated for different values of�M.
Details of the selections performed for each topolo
are given in the following.
3.2. Acoplanar leptons

Scalar leptons are searched for in events w
two isolated leptons of the same flavour. The lep
identification and isolation criteria follow those us
at lower

√
s [22]. An electron is isolated if the

calorimetric energy deposition in a 10◦ cone around its
direction is less than 2 GeV. Muon isolation requi
an energy below 2 GeV in the cone between 5◦ and
10◦ around the muon direction. A tau is isolated
the energy deposition in the cone between 10◦ and
20◦ around its direction is less than 2 GeV and le
than 50% of the tau energy. Furthermore, the ene
deposition in a cone between 20◦ and 30◦ must be less
than 60% of the tau energy.

The large background from two-photon intera
tions is rejected with cuts on the lepton transverse
mentum, the visible mass,Mvis, the transverse missin
momentum,P miss

T , the energy deposited at low pol
angle,E30, and the sine of the polar angle of the mis
ing momentum, sinθmiss. Acoplanarity and acollinear
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Fig. 5. AbsolutẽeR mass limit as a function of (a) tanβ and (b)m0.

ity cuts together with upper bounds on the visible
ergy,Evis, reduce the background from W boson a
fermion pair-production. After these cuts, the distr
utions of selection variables for data and Monte Ca
are in good agreement, as shown in Fig. 1(a) for
energy of the most energetic lepton,E1.

The final selections are optimised for each sca
lepton flavour, using a set of parameterized cuts (Evis,
P miss

T , Mvis, E1) together with fixed cuts (acoplanarit
acollinearity and sinθmiss). The parameterised cu
depend onZ = (�M/M�̃) × Ebeam, to reflect the
dependence of the final state topologies on�M and
M�̃. Ebeamis the beam energy. The variables used
each selection are described in Ref. [5].

The selection efficiencies for scalar lepton pa
production, the number of candidates in data and
SM expectations are given in Table 2 for three�M

regions.

3.3. Single electron

The single-electron analysis requires one or t
identified electrons. Cuts onEvis and sinθmiss are
applied in order to reject background from two-phot
interactions. At least one electron with energy grea
than 5 GeV is required. The electron energy
to be less than 65 GeV to reject photon convers
from the e+e− → νν̄γ process when the two track
are not resolved. If two electrons are selected, t
acoplanarity must be between 10◦ and 160◦ and the
energy of the second electron must be less than 5
to suppress background from W pair-production.
remove events with additional activity in the detect
the difference between the total energy and the en
of the most energetic electron must be less than 5 G
In addition, a cutP miss

T > 15 GeV is applied. If no
second electron of at least 100 MeV is detected,
cut is released toP miss

T > 10 GeV. Fig. 1(b) compare
data and MC for the energy of the most energe
electron, the remaining background originates fr
four-fermion final states. Signal efficiencies vary fro
3% at �M = MẽL − Mχ̃0

1
= 5 GeV up to 60% for

�M = 60 GeV.

3.4. Acoplanar jets

The search for scalar quarks decaying into qua
and neutralino is based on events with two hig
multiplicity acoplanar jets. The DURHAM algorithm
[23] is used for the clustering of hadronic jets. A co
mon preselection is applied [6] which is based
Evis, the calorimetric cluster multiplicity,P miss

T , E30
and sinθmiss. After this preselection, the data agr
well with the SM expectations, as depicted in Fig. 1
and (d).

Four selections are optimised for scalar top qua
and four for scalar bottom quarks. They depe
on �M and cover the regions 5–10, 10–20, 2
40 GeV and above 40 GeV. Lower cuts onEvis/

√
s

and P miss
T /

√
s separate the signal from the tw

photon background, whereas an upper cut onEvis/
√

s

removes events from four-fermion final states. A
on sinθmiss also rejects the two-photon backgroun
Cuts on the jet widths and on the absolute value
the projection of the total momentum of the jets on
the direction perpendicular to thrust, computed in
transverse plane, further suppress the two-photo
well as W+W− and q̄q(γ ) backgrounds.

For the scalar bottom selection, b-quark identifi
tion in the final state is enforced by an additional
on the event b-tagging variable [6],Db-tag.
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Fig. 6. Regions excluded in the planes (a), (b) and (c)M
χ̃0

1
–Mt̃1

and (d)M
χ̃0

1
–Mb̃1

. The MSSM decay modes: (a)t̃1 → cχ̃0
1 , (b) t̃1 → b�ν̃, (c)

t̃1 → bτ ν̃ and (d)b̃1 → bχ̃0
1 are studied. Different values of the mixing angles are considered.
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The expected signal efficiencies at various�M val-
ues are given in Table 3 together with the obser
number of events and the SM background expe
tions.

3.5. Acoplanar jets and leptons

A selection of events with two acoplanar jets a
one or two isolated leptons complements the sc
top searches in presence of thet̃1 → b�ν̃ decay. Large
values of theDb-tag variables are required for the tw
jets and additional cuts onEvis/

√
s reject part of the

two-photon and four-fermion events. Lower cuts
the energy of the leptons suppress background f
two-photon interactions at low�M and the q̄q(γ )

final state at medium�M. At high �M, an upper
cut on the lepton energy reject four-fermion even
This selection covers the�M region above the limi
Mν̃ > 43 GeV.
The expected signal efficiencies for scalar
detection are given in Table 3 together with data cou
and the SM background expectations, for various�M

values.

4. Results

4.1. Cross section limits

As discussed above and summarized in Table 4
excess with respect to the Standard Model expe
tions is observed in the data. Upper limits on the p
duction cross section are therefore derived combin
these results with those obtained at lower

√
s [5,6].

This combination scales the signal cross sections√
s and the limits refer to

√
s = 205 GeV.

Figs. 2 and 3 show the 95% confidence level (C
upper bounds on the production cross sections
function of the scalar fermion masses and of the n
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tralino mass. The case of right-handed scalar lep
and of the lightest scalar quarks is considered. Th
limits include [24] the systematics effects discuss
below.

4.2. Systematic uncertainties

Systematic uncertainties on the signal efficien
for scalar lepton searches and on all backgro
predictions are dominated by Monte Carlo statist
They are smaller than 5%. The main systema
uncertainties on the scalar quark signal selec
efficiency arise from uncertainties on the product
mechanism, hadronisation and decay of the sc
quark [6]. These uncertainties are in the range fr
7 to 18% for scalar top, with the highest uncertain
in the very low�M region. For scalar bottom, th
highest uncertainty is about 10% and is observed
the very low and high�M regions.

5. Interpretations in the MSSM

In the MSSM, with grand unification assum
tions [25], the masses and couplings of the supers
metric particles as well as their production cross s
tions are described [2] in terms of five paramete
tanβ , the ratio of the vacuum expectation values
the two Higgs doublets,M2 � 0.81× m1/2, the gaug-
ino mass parameter,µ, the Higgsino mixing parame
ter, m0, the common mass for scalar fermions at
GUT scale andA0, the trilinear coupling in the scala
fermion sector. We investigate the following MSS
parameter space:

1 � tanβ � 60, 0 � M2 � 2000 GeV,

−2000� µ � 2000 GeV, 0 � m0 � 500 GeV,

−1000< A0 < 1000 GeV.

The limits on the production cross section for sca
leptons and scalar quarks discussed above are t
lated into exclusion regions in the MSSM parame
space. To derive these limits, we optimise the ev
selection for each point in the MSSM parameter sp
by choosing the combination of selections which p
vides the highest sensitivity for each process. This s
sitivity is derived by calculating at each point the pr
duction cross sections and the decay branching f
-

tions of scalar leptons and scalar quarks. For the la
the mixing angleθLR is also considered. A point o
the MSSM parameter space is excluded if any of th
calculated cross sections exceeds its correspondin
perimental limit. Mass lower limits are derived as t
lowest value for the mass of a particle over all poi
which are not excluded.

5.1. Limits on scalar lepton masses

Fig. 4(a)–(c) shows the exclusion contours in
Mχ̃0

1
–M�̃R

plane obtained by considering only th

reaction e+e− → �̃R
¯̃
�R for µ = −200 GeV and

tanβ = 2. These exclusions hold for tanβ � 2 and
|µ| � 200.

Under these assumptions, 95% CL lower limits
the masses of scalar leptons are derived as 94.4
for scalar electrons with�M > 10, 86.7 GeV for
scalar muons with�M > 10 and 78.3 GeV for scala
taus with�M > 15 GeV.

The limiting factor towards an absolute limit on th
scalar electron mass is the lack of detection efficie
for very small �M values. This is overcome, i
the constrained MSSM, by using the e+e− → ẽRẽL
process. The searches for acoplanar electrons
single electrons are combined to derive a lower li
on MẽR as a function of tanβ and for any value o
m0, M2 and µ as shown in Fig. 5(a). For tanβ < 1
the mass difference betweeñeL and ẽR decreases
reducing the sensitivity of the single electron sear
As an example, Fig. 5(b) shows the limit as a funct
of m0 for a fixed value of tanβ . For tanβ � 1, the
95% CL lower limit for the lightest scalar electro
independent of the MSSM parameters, is

MẽR � 71.3 GeV.

Assuming a common mass for the scalar lepton
the GUT scale, this limit holds for the lightest sca
muon,µ̃R, as well.

5.2. Limits on scalar quark masses

Fig. 6(a) shows the excludedt̃1 mass region as
function ofMt̃1 andMχ̃0

1
at cosθLR = 1 and cosθLR =

0.57 for thet̃1 → cχ̃0
1 decay. The second value of th

mixing angle corresponds to a vanishing contribut
of the Z exchange in thes-channel production. Fo
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Fig. 7. (a) MSSM exclusion limits in theM
χ̃0

1
–Mq̃ plane for

degenerate scalar quarks decaying viaq̃ → qχ̃0
1 . (b) Excluded

regions in theMg̃–Mq̃ plane. The dark shaded area is exclud
by the search for scalar quarks of the first two families, assum
mass degeneracy among different flavours and between left-
right-handed scalar quarks. The light shaded area illustrates ind
limits on the gluino mass, derived from the chargino, neutralino
scalar lepton searches. The regions excluded by the CDF an
Collaborations [8] are valid for tanβ = 4 andµ = −400 GeV. The
exclusions obtained by the UA1 and UA2 Collaborations [28]
also shown.

this decay mode, scalar top masses below 95 GeV
excluded at 95% CL under the assumptions cosθLR =
1 and �M = 15–25 GeV. For the same values
�M and in the most pessimistic scenario of cosθLR =
0.57, the 95% CL mass limit is 90 GeV. The regi
in which the t̃1 → bWχ̃0

1 decay is kinematically
accessible and becomes the dominant decay m
is indicated. This decay is not considered in t
analysis.

Fig. 6(b) shows the scalar top mass regions wh
are excluded if the dominant three-body decayt̃1 →
b�ν̃ is kinematically accessible. Equal branching fra
tions for the decays into e,µ or τ are assumed
and 95% CL mass lower limits are derived as
,

and 93 GeV for cosθLR = 1 and cosθLR = 0.57, re-
spectively. The corresponding exclusion limits for t
scalar top decaỹt1 → bτ ν̃ are shown in Fig. 6(c)
Mass lower limits at 95% CL in the range 93–95 G
are obtained, assuming�M > 15 GeV.

Fig. 6(d) shows the region excluded as a funct
of Mb̃1

and Mχ̃0
1

considering theb̃1 → bχ̃0
1 decay

for cosθLR = 1 and cosθLR = 0.39. The latter value
corresponds to a vanishing contribution of the
exchange in thes-channel production. Scalar botto
masses below 95 GeV are excluded at 95%
assuming cosθLR = 1 and �M= 15–25 GeV. For
cosθLR = 0.39, the 95% CL mass lower limit i
81 GeV.

For scalar quarks of the first two generatio
the same selection efficiencies are assumed as
the t̃1 → cχ̃0

1 decay because of the similar eve
topologies. The cross section limits given in Fig. 3
are then interpreted in terms of degenerate sc
quark masses. Fig. 7(a) shows the scalar quark m
lower limits as a function of theχ̃0

1 mass. Two
scenarios are considered: left- and right-handed sc
quark degeneracy or only right-handed scalar qu
production. In the first case, with four degener
scalar quark flavours, the 95% CL mass limit
99.5 GeV at for�M > 10 GeV. In the case of onl
right-handed scalar quark production, the 95%
mass lower limit is 97 GeV. Regions excluded in t
hypotheses that all scalar quarks but the scalar top
degenerate are also shown.

Assuming gaugino unification at the GUT sca
the results for the four degenerate scalar quarks
reinterpreted on the plane of the scalar quark
gluino masses, as shown in Fig. 7(b). In additi
gaugino unification [25] allows a transformation
the absolute limit onM2, obtained from the chargin
and neutralino [26] as well as scalar lepton searc
into a lower limit on the gluino mass, also shown
Fig. 7(b). The ISAJET program [27] is used for t
calculation of the exclusion contours. For tanβ = 4,
gluino masses up to about 270–310 GeV are exclu
at 95% CL.

In conclusion, no evidence for the production
scalar lepton and quarks is observed in the data
collected by the L3 experiment at LEP. Stringent up
limits on the cross sections for the production of th
scalar particles are derived, which correspond to lo
mass limits in the MSSM.
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