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Abstract

A search for supersymmetric particles (charginos, neutralinos, sleptons and stop
quarks) has been performed with data collected by the L3 detector during the
November 1995 run of the LEP collider at centre of mass energies between 130 and
140 GeV with a total integrated luminosity of 5.1 pb�1. We observe no signal for
supersymmetric particles and we set improved exclusion limits on their production
cross sections and masses.
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1 Introduction

The Standard Model [1] has been very successful in describing data concerning electroweak
interactions. However, it leaves many fundamental parameters unexplained such as the elec-
troweak mixing parameter, sin2�W. The quadratic divergences of scalar masses at the one loop
level and the large di�erence between the electroweak scale and the grand uni�cation scale are
further problems of the Standard Model.

Supersymmetry [2] addresses some of these questions. In minimal supersymmetric models
for every particle the existence of a partner particle with spin di�ering by half a unit is predicted.
Supersymmetric models require at least two Higgs doublets to generate the masses of the gauge
bosons and of the fermions.

The fermionic partners of the W� (gauginos) and of the H� (higgsinos) mix to form mass
eigenstates, the charginos ~�

�

1;2. The partners of the 
, of the Z , and of the neutral Higgs bosons

mix to form four mass eigenstates, the neutralinos ~�01, ~�
0
2, ~�0

3 and ~�0
4, in order of increasing

mass. Each fermion is associated with two scalar supersymmetric particles, one for each helicity
state, nearly degenerate in mass.

In the following we will make the usual assumptions that R{parity, a new quantum number
which discriminates ordinary particles from supersymmetric particles, is conserved and that
~�01 is the lightest supersymmetric particle (LSP). R{parity conservation implies that super-
symmetric particles are always produced in pairs and always decay into non supersymmetric
particles and ~�01 which is stable and escapes detection due to its weakly interacting nature.
Therefore a distinctive signature of supersymmetric particles is missing energy in the event.

Charginos are produced in pairs via Z/
 exchange in the s-channel and ~� exchange in the
t-channel. If the chargino is lighter than the scalar sparticles it decays via exchange of virtual
W, sleptons, squarks or charged Higgs bosons into ~�01f�f0. If H� and all squarks and sleptons
are very massive, the decay branching ratios are the same as those of the ~�01W�. On the other
hand, if the slepton masses are signi�cantly smaller than the squark masses and of the order of
MW, the leptonic branching ratios are enhanced. If the ~� or ~̀ are lighter than the chargino, the
decay modes ~�� ! `~� or ~�� ! ~̀� dominate. The signatures of these decays would be covered
by the slepton search but have not been explicitly taken into account. In what follows we
assume the chargino to be lighter than the scalar sparticles. In general we have three possible
kinds of �nal states: purely hadronic events, lepton plus hadrons events and purely leptonic
events.

Pair production of neutralinos occurs through s-channel Z exchange and t-channel selectron
exchange in all possible combinations kinematically allowed: ~�01~�

0
1, ~�01~�

0
2, ~�02 ~�

0
2 and so on.

The process ~�
0
1~�

0
1 is invisible in the detector while all others could be seen. Heavier neutralinos

typically decay into ~�01f�f through virtual Z exchange. Supersymmetric particle mediated decays
may a�ect the decay branching ratios as indicated for the charginos. The higher order decay
process ~�02!~�01
 has not been considered in these searches.

Sleptons are produced in pairs through the s-channel process. Production of selectrons get
contributions also from t-channel exchange of a neutralino which enhances the production cross
section. Sleptons mainly decay into `~�

0
1. The other possible decays into � ~�

�
have the same

signatures as the charginos with more missing energy.
Due to the high mass of the top quark, stop quarks can be much lighter than all other

squarks [3] . In addition the mass splitting by left{right mixing, ~t1 = ~tL cos �LR + ~tR sin �LR,
may drive the lower mass eigenstate ~t1 to be the lightest supersymmetric charged state [4] .
The stop quark pair production cross section depends on the stop mass, m~t, and the mixing
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angle �LR. In the stop quark search the stop quark is assumed to be lighter than all other
charged sparticles, in which case the dominant decay is into a ~�01 and a charm quark.

Previous limits on the existence of supersymmetric particles have been obtained by all LEP
I [5{7] and Tevatron experiments [8]. In this paper we present results of a search for charginos,
neutralinos, sleptons and stop quarks performed at centre of mass energies between 130 and
140 GeV in e+e� collisions.

2 The L3 Detector

The L3 detector [9] consists of a silicon microstrip detector [10], a central tracking cham-
ber (TEC), a high resolution electromagnetic calorimeter composed of BGO crystals, a lead{
scintillator ring calorimeter at low polar angles [11] (ALR), a scintillation counter system, a
uranium hadron calorimeter with proportional wire chamber readout, and an accurate muon
chamber system. A forward{backward muon detection system extends the polar angle coverage
of the muon chambers down to 24 degrees in the forward{backward region [12]. These detec-
tors are installed in a 12 m diameter magnet which provides a solenoidal �eld of 0.5 T and an
additional toroidal �eld of 1.2 T in the forward backward region. The luminosity is measured
using BGO calorimeters preceded by silicon trackers [13] situated on each side of the detector.

3 Data Sample and Simulation

In this analysis we use the data collected by the L3 detector during the high energy run of
LEP in November 1995, corresponding to an integrated luminosity of 5.07 pb�1 (2.75 pb�1 atp
s = 130:3 GeV, 2.27 pb�1 at

p
s = 136:3 GeV and 0.05 pb�1 at

p
s = 140:2 GeV).

The main background processes at these centre of mass energies are:

{ two photon interactions e+e�!e+e�f�f;

{ Bhabha scattering and s-channel electroweak processes with Z=
� ! f�f, including the
`radiative return' to the Z by means of the emission of a hard initial state radiation
photon which may be lost in the beam pipe;

{ other electroweak processes with small cross sections compared to the previous ones,
namely e+e�!Z/
�Z�=
�, e+e� !WW�, e+e�!Zee, e+e�!We�.

Monte Carlo simulated events for the main background sources have been produced at the
three centre of mass energies. The number of simulated events for the background is equivalent
to about 10 times the statistics of the collected data. We use PYTHIA [14] to simulate all the
backgrounds except Bhabha events, simulated with BHAGENE [15], e+e�!l+l�(
), simulated
with KORALZ [16], and e+e� !W+W�, simulated with KORALW [17].

The two photon interaction process has the largest cross section and is by far the most
copious source of background. We have generated these events requiring at least 5 GeV invariant
mass of the two photon system. As a cross check and in order to have a more complete
description of the two photon interactions we select two photon events in the data collected
previously in 1995 at centre of mass energies around 91 GeV and we use these data to cross
check the Monte Carlo predictions and the two photon rejection ability of the �nal selection.
This is possible since two photon interactions are rather insensitive to the centre of mass energy.
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Signal events have been generated at the three centre of mass energies with the program
SUSYGEN [18], for masses of charginos, neutralinos and sleptons up to 68 GeV and for di�erent
masses of the lightest neutralino up to the kinematic limit (M~�0

1

= Msparticle). For charginos,
events have also been generated with the program DFGT [19], which takes into account the spin
correlations between charginos. Stop quark events have been generated using a dedicated event
generator [20], which assumes a short stop lifetime.

The response of the L3 detector is modelled with the GEANT [21] detector simulation
program which includes the e�ects of energy loss, multiple scattering and showering in the
detector materials and in the beam pipe. Additional time dependent detector ine�ciencies are
also taken into account.

The trigger e�ciency has been studied in two ways. In the �rst one we use a full simulation
of the algorithms of the level-1 energy and TEC triggers [9]. Randomly triggered events in
coincidence with the beam crossing have been used to cross check all the relevant distributions.
In the second method we have studied the energy, TEC, scintillator and muon triggers directly
from the data taking advantage of the redundancy of the trigger. The two methods are in good
agreement and we conservatively use the lowest e�ciency to estimate the selection e�ciency.
The overall trigger e�ciency for the various signals before the selection is reported later.

4 Experimental Procedure

We look for supersymmetric particles by using several independent analyses for the chargino
[22, 23], neutralino [23], slepton [23, 24] and stop quark [23, 25] searches. Possible supersym-
metric decay channels have been studied each making use of the appropriate topological and
kinematical signatures. The main features of supersymmetric particle production are large
missing transverse momentum, large missing energy and large acoplanarity angle due to the
undetected neutralinos in the �nal states. Thus the di�erent analyses reject the most o�end-
ing two photon and f�f
 backgrounds by demanding high missing transverse momentum and
acoplanarity angle plus high missing mass and low visible energy. We �nd that the trigger and
selection e�ciency to detect a supersymmetric signal, for a given

p
s and sparticle mass close

enough to the beam energy, depend mostly on the mass di�erence between the sparticle and the
lightest neutralino (�M = Msparticle - M~�0

1

). Below a mass di�erence of 15 GeV, the decrease
in multiplicity, visible energy and missing pT reduces both trigger and selection e�ciencies sig-
ni�cantly. In this kinematical region the two photon interaction background becomes similar
to the signal; therefore a di�erent experimental strategy has been used for the low �M case
(�M < 15 GeV) and for the high �M.

In all the analyses e�ciencies comparable to the ones described below are achieved and
no signal is found. Therefore in what follows we report the results of a global analysis [23]
which takes advantage of the common signature of all the signals in the search for charginos,
neutralinos, sleptons and stop quarks.

5 Event Reconstruction

Hadronic events are reconstructed using information coming from all subdetectors. The energy
of the event is obtained taking into account the energy deposition in the calorimeters and the
momentum measured by the TEC and muon chambers.
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We perform lepton and photon identi�cation. Electromagnetic showers not matched with a
charged track are identi�ed as photons. Taus are identi�ed as one, two or three prong isolated
systems seen in the detector. Once the lepton and photon identi�cation has been performed we
assign to electrons and photons the energy measured in the BGO and to muons the momentum
measured in the muon detector adding the average energy loss in the calorimeters and any
contribution of collinear �nal state radiation measured in the BGO. Every cluster or track
which has not been recognized as a photon, electron or muon is identi�ed as a hadron. Jets are
reconstructed with the LUCLUS [26] algorithm forcing the reconstruction of only two jets. Since
in this search the main signature of the signal is missing energy, we monitor run by run the
detector behaviour, since detector ine�ciencies or noise may fake energy imbalance. By means
of randomly triggered events in coincidence with the beam crossing we estimate the amount of
noise present in the detector. The consequences on the signal e�ciency due to these e�ects are
small and taken into account in the systematic errors.

6 Selection

We make a selection on all possible �nal states using a single set of cut variables. The cut values
are a-priori optimized using Monte Carlo signal and background events. The optimization
procedure varies all the cuts simultaneously to maximize the signal e�ciency and background
rejection.

We take advantage of the missing energy signature to reduce the Bhabha scattering and
s-channel electroweak processes by requiring the visible energy to be less than 90 GeV. To
substantially decrease the contamination of tagged two photon interactions we additionally
require that the energies measured in the active lead ring and in the luminosity monitors,
which cover the polar angle range 1:5� < � < 8�, are each less than 4 GeV. Next we apply �ve
selections oriented to di�erent �nal states. An event is accepted if it passes at least one of the
following selections:

1. We look for two acoplanar leptons, not necessarily of the same 
avour, with transverse
imbalance due to the undetected neutralinos. The main background, coming from two
photon interactions, has small tranverse imbalance when the �nal state electrons escape
in the beam pipe. One of the most useful variables is the absolute value of the projection
of the total momentum of the two leptons onto the direction perpendicular to the thrust
axis determined from the two leptons in the R � � plane (ETT ) (if the two leptons form
an angle of less than 90�, ETT is de�ned as the total transverse momentum of the two
leptons). This variable is mainly e�ective to discriminate the signal from the process
e+e�!e+e��+��, for which the transverse imbalance is larger than in other two photon
interactions due to the undetected neutrinos coming from the � decays. Figure 1 shows
the distribution of ETT , for the slepton signal, the data and the expected background,
after all other cuts have been applied.

2. We select high multiplicity events with one isolated energetic lepton, which is the signature
of chargino pair decays, where one decays leptonically and the other hadronically.

3. Purely hadronic decays of charginos, neutralinos and stops are selected by means of an
inclusive selection of high multiplicity events.

4. Leptonic events for which at least one lepton fails the lepton identi�cation are recovered
by means of an inclusive selection of low multiplicity events with high visible energy.
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Number of expected events from the background
e+e� ! Z=
�Z�=
� 0.3
e+e� !WW� 0.1
e+e� !We� 0.1
e+e� ! Zee 0.1
e+e� ! Z=
� 0.1
Two photon interactions 0.2
Total 0.9

Table 1: Total number of expected events from the background after the �nal selec-
tion.

5. Events with small visible energy, namely low �M charginos, neutralinos, sleptons and
stops are selected by an inclusive selection especially conceived.

Selections 3, 4 and 5 are based on the features of the event related to the missing energy,
namely the missing momentum should point far from the beam pipe and should be isolated.
In addition we require the missing momentum direction in the R� � plane to be isolated from
calorimetric energy deposits and charged tracks. One of the most important cuts is on the total
transverse momentum, which is shown in Figure 2.

We optimize the a-priori search sensitivity which is related to the ratio between the average
Poisson upper limit on the signal, without background subtraction, and the signal e�ciency,
P
1

n=0 knPb(n)=", where kn is the 95% C.L. Poisson upper limit for n observed events and Pb(n)
is the Poisson distribution for observing n events with a background of b events (estimated from
Monte Carlo) [27]. The e�ciency " is an average over all the signi�cant signal topologies. The
description of all the variables as well as the selection cuts used in the analysis are reported in
detail in Reference 23.

When we apply our �nal selection with the optimized cuts we estimate from the MC back-
ground sample a total number of expected events of 0.9 (see Table 1), of which 0.6 are due to
irreducible backgrounds such as Z
� where the Z decays in a neutrino pair and the 
� decays
into f�f. No data events satisfy the selection criteria.

In Tables 2{5 we give the total e�ciencies for the di�erent signals. The e�ciencies for stop
quark detection are similar to those for hadronic �nal states of charginos.

7 Systematic Error Estimation

We derive the systematic uncertainty of the signal e�ciency by simultaneously changing quan-
tities like energies and angles, by an amount indicated by a comparison of data with Monte
Carlo. We vary these quantities, in the reconstruction program, using normal distributions
with standard deviations equal to the estimated uncertainties. We then repeat many times the
reconstruction and obtain the average shift of the signal e�ciency and its standard deviation.
We take into account various sources of systematic error: the overall energy scale, the energy
calibration of each subdetector, the jet angular resolution, and the tracking ine�ciency.

As total systematic error we take the average shift, plus one standard deviation, of the signal
detection e�ciency obtained for many iterations of the reconstruction. This gives a relative
uncertainty due to systematics, for ~�

�
, ~�

0
2 and stop quark, ranging from 2.9%, for �M= 20 GeV,
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p
s = 136:3 GeV

M~�� ( GeV) M~�� - M~�0
1

( GeV) Trig. e�. E�. E�. LL E�. LH E�. HH

50 26 0.98 0.57 0.47 0.63 0.53
50 6 0.86 0.20 0.14 0.18 0.23
60 29 0.98 0.61 0.52 0.65 0.59
60 20 0.98 0.62 0.53 0.60 0.67
60 5 0.78 0.11 0.11 0.099 0.13
65 29 0.99 0.64 0.46 0.70 0.62
65 4 0.71 0.053 0.069 0.043 0.058p

s = 130:3 GeV
M~�� ( GeV) M~�� - M~�0

1

( GeV) Trig. e�. E�. E�. LL E�. LH E�. HH

50 26 0.98 0.55 0.50 0.59 0.52
50 6 0.84 0.18 0.22 0.16 0.20
60 29 0.99 0.61 0.48 0.69 0.57
60 20 0.98 0.61 0.45 0.59 0.66
60 5 0.75 0.084 0.066 0.067 0.11
65 29 0.98 0.66 0.53 0.69 0.66
65 4 0.68 0.043 0.080 0.044 0.033

Table 2: E�ciencies, which include also the trigger e�ciency, for the chargino se-
lection at di�erent centre of mass energies. The overall e�ciency reported in the
fourth column is evaluated assuming 100% decay branching ratio of ~�

� ! ~�01W�.
The e�ciencies for the purely hadronic �nal state (HH), the lepton plus hadrons
�nal state (LH) and the purely leptonic �nal state (LL) are also shown. The e�-
ciencies for the stop quark search are very similar to those for hadronic decays of
the charginos in the last column.

p
s = 136:3 GeV

M~�� ( GeV) M~�0
2

( GeV) M~�0
1

( GeV) Trig. e�. E�.

62 44 21 0.92 0.46
63 38 21 0.96 0.32
65 44 24 0.89 0.46
66 38 24 0.96 0.53
67 44 28 0.92 0.48
68 36 26 0.97 0.36p

s = 130:3 GeV
M~�� ( GeV) M~�0

2

( GeV) M~�0
1

( GeV) Trig. e�. E�.

62 44 21 0.92 0.43
63 38 21 0.97 0.37
65 44 24 0.88 0.53

Table 3: E�ciencies, which include also the trigger e�ciency, for the decay ~�� ~�� !
~�01~�

0
2X at di�erent centre of mass energies.
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p
s = 136:3 GeV

M~�0
2

( GeV) M~�0
2

- M~�0
1

( GeV) Trig. e�. E�.

55 5 0.44 0.15
65 5 0.43 0.092p

s = 130:3 GeV
M~�0

2

( GeV) M~�0
2

- M~�0
1

( GeV) Trig. e�. E�.

40 12 0.70 0.30
55 5 0.44 0.14
56 35 0.83 0.51
60 6 0.73 0.43
61 29 0.80 0.53
65 5 0.42 0.074
69 11 0.59 0.27
74 50 0.97 0.60

Table 4: Trigger and total e�ciencies for the neutralino selection at 136.3 and
130.3 GeV centre of mass energy for the process e+e�!~�01~�

0
2!~�01~�

0
1X.

selectron smuon stau
M~l ( GeV) M~l - M~�0

1

( GeV) Trig. e�. E�. Trig. e�. E�. Trig. e�. E�.

50 27 1.00 0.64 0.95 0.58 0.93 0.46
50 11 0.99 0.66 0.92 0.58 0.79 0.26
55 32 1.00 0.69 0.95 0.62 0.94 0.47
55 6 0.88 0.51 0.82 0.48 0.59 0.069
60 37 1.00 0.66 0.95 0.61 0.94 0.54
60 5 0.85 0.54 0.79 0.48 0.53 0.057
65 42 0.97 0.63 0.96 0.62 0.95 0.56
65 26 0.97 0.62 0.96 0.67 0.93 0.52
65 10 0.98 0.68 0.95 0.62 0.69 0.25

Table 5: Trigger and total e�ciencies for the slepton selection at 130.3 GeV centre
of mass energy.
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to 5.4%, for �M= 5 GeV. For selectrons the relative uncertainty is almost constant as function
of �M and is equal to 1.2%, while for smuons it is between 1.3% and 2.3%, and for staus
between 2.3% and 5.3%. We do not assign any systematic error on the trigger e�ciency due
to the fact that our estimation is already very conservative. The background in the low angle
detectors (ALR + luminosity monitor), not included in the simulation, is responsible for a
relative loss of e�ciency of 1:1 � 0:5%.

Other sources of systematic error on the number of expected events are: the error on
the measured luminosity (< 1%) and the statistical error on the signal e�ciency (� 2% for
charginos and � 3% for staus, selectrons, smuons and neutralinos). From a comparison between
SUSYGEN and DFGTwe estimate a theoretical error of 3% on the chargino production cross section
and decay branching ratios and of less than 2% on the selection e�ciencies due to the spin
correlations. We assume this theoretical error of 3% also for other channels and in particular
we assume this also covers the uncertainty related to the stop decay mechanism. Combining
all these errors in quadrature we obtain, for all channels, a total relative systematic error on
the number of expected events of typically 5%.

8 Results

The absence of any candidates in all the decay channels allows improved exclusion limits for
charginos, neutralinos, sleptons and stop quarks to be determined. We evaluate limits reducing
the number of expected signal events by one standard deviation of the total systematic error.

8.1 Upper limits on supersymmetric particle production cross

sections

We set model independent upper limits on the production cross section for sparticles at
p
s =

130:3 GeV and
p
s = 136:3 GeV. We show in Figure 3 the 95% C.L. upper limit on the

production cross section for a sparticle mass of 65 GeV at
p
s = 130:3 GeV and for a sparticle

mass of 68 GeV at
p
s = 136:3 GeV as function of the mass di�erence between the sparticle and

the lightest neutralino. For the upper limit on the cross section for a sparticle mass of 65 GeV
we also use the integrated luminosity at

p
s = 136:3 GeV with the assumption that the cross

section does not change. The upper limits on the production cross sections of lighter sparticles
are very similar because the e�ciency depends mainly on �M, but only weakly on the mass of
the produced sparticles. Figure 3d shows the upper limits on the production cross section for
the process e+e� ! ~�01~�

0
2 when the sum of the two neutralino masses equals the centre of mass

energy. Limits are computed assuming 100% branching ratio of the scalar leptons into ~�01 plus
charged lepton, of the ~�02 into ~�01Z� and of the stop quark into ~�01c.

8.2 Interpretation in the MSSM

In the Minimal Supersymmetric Standard Model (MSSM) [28], the Lagrangian at the uni�-
cation scale is globally supersymmetric, except for a set of soft breaking mass terms. Among
these are the gaugino masses M1, M2 and M3 associated with the U(1)Y , SU(2)L and SU(3)C
gauge groups, respectively. These mass terms are assumed to be equal at the uni�cation scale,
leading to M1 =

5
3
M2 tan2 �W at the electroweak scale [29]. In the MSSM, the masses and the

interactions of the gauginos and of the sparticles are entirely described [30] once the �ve pa-
rameters tan � (the ratio of the vacuum expectation values of the two higgs doublets), M �M2
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(the gaugino mass parameter), � (the higgsino mixing parameter), m0 (the sparticle mass
parameter) and A (the trilinear coupling in the Higgs sector) are �xed.

The parameters M and �, together with tan �, determine the �eld contents of the charginos
as a mixing of gauginos and higgsinos. Charginos are produced in the s-channel by Z/
 exchange
and in the t-channel by ~� exchange. The interference between s-channel and t-channel can be
either constructive or destructive, depending on the �eld contents of the chargino, i.e. on the
amplitudes of its gaugino and higgsino components, and on the sneutrino mass. Gauginos
couple to the sneutrino while higgsinos do not. If the chargino has a large higgsino component
the e�ect of the interference is very small, and so is the dependence of the cross section on
the sneutrino mass. On the other hand, if the chargino has a large gaugino component, the
cross section shows a large dependence on M~� for small sneutrino mass. For large sneutrino
mass, M~� > 200 GeV, the chargino production cross section is independent of M~� and only
depends on the �eld contents of the chargino: in particular, it is minimum (maximum) for
purely higgsino (gaugino) like chargino.

In Figure 4 we show the excluded region in the chargino and neutralino mass plane with
M~� > 200 GeV and M~�� < M~�0

2

. This case, with a higgsino-like chargino, gives the minimum
production cross section. For instance if M~�0

1

= 40 GeV we exclude at 95% C.L. charginos with
masses smaller than 65 GeV.

We take into account the possibility that ~�02 is lighter than the chargino. In this case the
decay topology can be complicated by a cascade decay: ~�� ! W�~�02 ! f�f0Z�~�

0
1 ! f�f0f�f ~�

0
1.

Evaluating the e�ciencies for this decay channel for di�erent masses of ~��, ~�
0
2 and ~�01 we

observe a slight reduction of the e�ciency depending on the masses of ~�
�
, ~�

0
2 and ~�01 . To

be conservative we take the highest reduction (about 35%) to evaluate the e�ciency for this
particular decay. In Figure 5 we show the excluded region at 95% C.L. in the M - � plane
of the MSSM resulting from the combined search for charginos and neutralinos for di�erent
values of tan � and of the sparticle mass parameter, m0. Even in the case of a light sneutrino,
when the decays into `~�� (� ~�� if the chargino is higgsino-like) are dominant, we have good
sensitivity. This latter case is shown in Figure 5a{b where the parameter m0 is equal to 30 GeV
and where the slepton masses, for M < 200 GeV, are of the order of MW. The small di�erence
in the excluded region for low slepton masses, with respect to high slepton masses shown in
Figure 5c{d, in addition to the enhancement of the leptonic branching ratios, is due to the
enhancement of the selectron mediated t-channel production of neutralinos. The region inside
the dotted line has already been excluded by a previous search performed with LEP I data [6].

The expected cross section for sleptons, with mass of about 50 GeV, is rather low (� 0:5
pb) except for selectrons where it is enhanced by the t-channel contribution. We set limits only
on the mass of the lightest selectron (M~eR) and in Figure 6 we show the excluded region in
the M~eR �M~�0

1

plane, obtained with tan � = 1:5 and for any values of the parameters in the
ranges 0 < M < 200 GeV, �200 < � < 200 GeV and 0 < m0 < 100 GeV. We can not improve
the LEP I exclusion in the MSSM, for smuon and stau, due to the low expected cross section.

According to MSSM predictions [31] limits can be obtained for the stop quark production
only in the region of the parameter space, where cos �LR � 1, where the cross section is max-
imum. In Figure 7 we show the region excluded with this analysis in the case cos �LR = 1, as
well as the region excluded at LEP I [7] up to

p
s = 95 GeV. Lower limits on the stop quark

mass, obtained at LEP I [7], cannot be improved if we consider the minimum expected cross
section.
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9 Conclusions

A search for charginos, neutralinos, sleptons and stop quarks has been performed with data
collected at the 130{140 GeV centre of mass energy run. We did not observe any candidate
events and we considerably improve the exclusions obtained at LEP I.
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Figure 1: In (a) we show the distribution for data, expected background and the
expected selectron signal when only the cut on the variable ETT corresponding to
the tau{tau selection is released in the �nal selection. In (b) we show the same
distribution for smuons and in (c) for staus. The signal distributions, which are
shown, are the ones obtained for Mslepton = 60 GeV and M~�0

1

= 23 GeV with the
following values of the supersymmetric parameters: M = 40 GeV, � = �200 GeV,
tan � = 1:5, m0 = 50 GeV and A = 0, for which the expected cross section for
selectron is 0.8 pb and 0.4 pb at respectively 136 GeV and 130 GeV of centre of
mass energy, while for smuons and staus is 0.14 pb and 0.08 pb at the same centre
of mass energies as before.
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Figure 2: The distribution for data, expected background and charginos when
only the cut on the total transverse missing momentum corresponding to the large
multiplicity and large mass di�erence selection is released in the �nal selection.
The signal distribution, which is shown, is the one obtained for M~�� = 60 GeV
and M~�0

1

= 31 GeV with the following values of the supersymmetric parameters:
M = 130 GeV, � = 145 GeV, tan � = 1:5, m0 = 100 GeV and A = 0, for which the
expected cross section is 7.1 pb and 7.2 pb at respectively 136 GeV and 130 GeV of
centre of mass energy.
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Figure 3: Upper limits on the production cross section for (a) charginos, (b) sleptons, (c) stop
quarks and (d) neutralinos at the kinematic limit, at centre of mass energies of 130.3 and
136.3 GeV. In (a) the lines labelled LL, LH and HH show respectively the upper limit on the
production cross section times the branching ratio into purely leptonic, semileptonic and purely
hadronic charginos �nal states.
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Figure 5: Excluded region, in the M - � plane, for di�erent values of tan� and of
the sparticle mass parameter from the results of the combined search for charginos
and neutralinos. For M < 200 GeV and for m0 small the slepton masses are of the
order of MW, this implies a di�erence in the excluded region with respect to high
values of m0. The excluded region at LEP I is also indicated with the dotted line.
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Figure 6: Excluded region, in the M~eR �M~�0
1

plane, with tan � = 1:5 and for any
values of the parameters in the ranges 0 < M < 200 GeV, �200 < � < 200 GeV
and 0 < m0 < 100 GeV.
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Figure 7: Excluded mass region as function of stop quark and neutralino masses for
the choice cos �LR = 1. The region on the left of the dashed line has already been
excluded at LEP I.
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