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Abstract

A search for selectron, smuon and stau pair production is performed with the data collected by the ALEPH detector at LEP
at centre-of-mass energies up to 209 GeV. The numbers of candidate events are consistent with the background predicted by the
Standard Model. Final mass limits from ALEPH are reported. 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The final results of searches for sleptons (�̃ ) with
the data collected by the ALEPH detector at LEP
at centre-of-mass energies up to 209 GeV are pre-
sented in this Letter. These searches are interpreted in
the theoretical framework of the minimal supersym-
metric extension of the Standard Model (MSSM) [1],
with R-parity conservation and the assumption that the
lightest neutralino is the lightest supersymmetric par-
ticle (LSP).

Scalar leptons are pair produced at LEP through
s-channel exchange of a Z or aγ giving rise to ei-
ther �̃L�̃L or �̃R�̃R. Selectrons can also be produced
through thet-channel exchange of a neutralino, result-
ing also inẽLẽR production. Since the amount of mix-
ing between the two slepton states (�̃L and�̃R) is pro-
portional to the ratio of the lepton mass to the slepton
mass, it is negligible for selectrons and smuons and
may be sizeable for staus. As a consequence, the stau
production cross section depends on the MSSM pa-
rametersAτ , µ and tanβ via stau mixing, while the
smuon production cross section depends only on the
smuon mass. A dependence onM1, M2, µ and tanβ is
also present for the selectron cross section via the cou-
plings with the neutralino in thet-channel production.

In most of the MSSM parameter space, sleptons
decay predominantly into their Standard Model (SM)
partners and the lightest neutralino,�̃± → �±χ0

1 .
The experimental signature is therefore a pair of
oppositely-charged, same-flavour, acoplanar leptons
(electrons, muons or taus), accompanied with missing
energy carried away by the two undetected neutrali-
nos.

Results of previous slepton searches up to
√
s =

202 GeV have been reported by ALEPH [2–4] and
by the other LEP Collaborations [5]. In this Letter
the analyses performed on the data taken in the year
2000 at centre-of-mass energies ranging from 204 to
209 GeV are presented. The selections are mostly
independent of the centre-of-mass energy except for
an appropriate rescaling of the cuts with

√
s when

relevant. The results are combined with those obtained
with previous data collected from 1997 to 1999. The
luminosities and centre-of-mass energies are shown in
Table 1.

This Letter is organised as follows. In Section 2,
a brief description of the ALEPH detector is given.

Table 1
Integrated luminosities, centre-of-mass energy ranges and mean
centre-of-mass energy values for data collected by the ALEPH
detector from 1997 to 2000

Year Luminosity (pb−1) Energy range (GeV) 〈√s 〉 (GeV)

2000 9.4 207–209 208.0
122.6 206–207 206.6
75.3 204–206 205.2

1999 42.0 – 201.6
86.2 – 199.5
79.8 – 195.5
28.9 – 191.6

1998 173.6 – 188.6

1997 56.8 – 182.7

The signal and background simulations are presented
in Section 3. In Section 4, the selection criteria are
described. Systematic uncertainties are discussed in
Section 5. The results are reported in Section 6.

2. ALEPH detector

The ALEPH detector is described in detail in
Ref. [6]. An account of its performance and a descrip-
tion of the standard analysis algorithms can be found
in Ref. [7].

In ALEPH, the trajectories of charged particles are
measured with a silicon vertex detector, a cylindri-
cal drift chamber, and a large time projection cham-
ber (TPC). These detector components are immersed
in a 1.5 T axial magnetic field provided by a supercon-
ducting solenoidal coil. Reconstructed charged parti-
cle trajectories are calledgood tracksif they are re-
constructed with at least four space points in the TPC,
a transverse momentum in excess of 200 MeV/c, a po-
lar angle with respect to the beam such that|cosθ | <
0.95, and originating from within a cylinder of length
10 cm and radius 2 cm coaxial with the beam and cen-
tred at the nominal interaction point.

The electromagnetic calorimeter (ECAL), placed
between the TPC and the coil, is a highly-segmented,
22-radiation-length-thick sandwich of lead planes and
proportional wire chambers. It consists of a barrel
and two endcaps. It is used to identify electrons and
photons by the characteristic longitudinal and trans-
verse developments of the associated showers, sup-
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plemented for low momentum electrons by the mea-
surement in the TPC of the specific energy loss by
ionization. Photon conversions to e+e− are identi-
fied as pairs of oppositely-charged electrons satisfy-
ing stringent conditions on their distance of closest ap-
proach and their invariant mass. The luminosity mon-
itors (LCAL and SiCAL) extend the ECAL hermetic-
ity down to 34 mrad from the beam axis. The hadron
calorimeter (HCAL) consists of the iron return yoke
of the magnet instrumented with streamer tubes. It
provides a measurement of the hadronic energy and,
together with the external muon chambers, efficient
identification of muons by their characteristic penetra-
tion pattern.

Global event quantities (such as total energy and
missing momentum) are determined with an energy-
flow algorithm which combines all the above mea-
surements into charged particles (electrons, muons and
charged hadrons), photons and neutral hadrons, called
energy-flow particlesin the following. Tau identifica-
tion proceeds by clustering the energy-flow particles
into two jets with the Durham algorithm [8]. A jet is
called a tau-jet candidate if it contains one or three
good track(s) (or two if it contains an identified elec-
tron, to allow for asymmetric photon conversions) and
if the jet invariant mass is smaller than 2 GeV/c2.

3. Simulated samples

The signal samples were generated usingSUSY-
GEN [9], with final state radiation simulated with the
PHOTOS [10] package and tau decays simulated with
TAUOLA [11]. The slepton masses were varied in
steps of 5 GeV/c2 (1 GeV/c2) for a mass difference
�M with the lightest neutralino larger (smaller) than
10 GeV/c2; the mass of the neutralino was varied in
steps of 5 GeV/c2.

Event samples of all SM background processes
relevant for the slepton search were also generated,
i.e., dilepton production,γ γ interactions with leptonic
final states, W and Z pair production, and Zee and
Weν production. The Bhabha process was simulated
with BHWIDE [12], muon and tau pair production with
KORALZ [13], the γ γ processes withPHOT02 [14],
WW production withKORALW [15] and the remaining
four-fermion processes withPYTHIA [16].

A detailed GEANT [17] simulation of the detector
response was applied to both background and signal
events.

4. Description of the selections

The final state topology depends on the slepton
flavour. Selectrons and smuons are selected by requir-
ing exactly two good tracks identified as electrons or
muons and with opposite electric charge, while staus
are selected by requiring two to six good tracks, clus-
tered into two tau-jet candidates. The final state topol-
ogy also depends on�M. Because the backgrounds
are different for large values of�M (mostly W pair
production) and small values of�M (mostly γ γ in-
teractions), the selections were optimized for two�M

ranges. They are called “small-�M” and “large-�M”
analyses in the following. The selections were opti-
mized by minimizing the signal cross section expected
to be excluded, on average, in absence of signal (the
�N95 prescription [18]). The selection criteria are sum-
marized in Table 2 for selectrons and smuons and in
Table 3 for staus. The variables used in both the small-
and large-�M analyses are defined below.

• AcoplanarityΦaco
The acoplanarity is defined as the angle between
the two lepton momenta projected onto the plane
transverse to the beam. An acoplanarity cut is used to
reject events from e+e− → �+�− or γ γ → �+�−.

• Theρ variable
The lepton momenta are projected onto the transverse
plane and the thrust axis is computed from the pro-
jected momenta. Theρ variable is defined as the scalar
sum of the transverse momentum components of all
energy-flow particles with respect to the thrust axis.
A cut onρ reduces the number of background events
from the e+e− → τ+τ− andγ γ → τ+τ− processes.

• VariablesMvis, pmiss, θmiss, φmiss, pTmiss and
pLmiss
The total energy and momentum is constructed by
adding energies and momenta of all energy-flow par-
ticles of the event, allowing a total visible massMvis
to be computed. The missing momentumpmiss, iden-
tical in magnitude and opposite in direction to the to-
tal momentum, defines the variablesθmiss andφmiss
(polar and azimuthal angles of its direction), and
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Table 2
Selection criteria for the searches for acoplanar selectrons and smuons. The energies are expressed in GeV, the momenta in GeV/c and the
masses in GeV/c2. Di-fermion final state events, four-fermion final state events and photon conversions are denoted by 2f, 4f andγ conv.,
respectively. The sliding energy cut is explained in Section 6

Selectron and smuon selection criteria

Large�M (�M > 12) Small�M (�M < 12)

Preselection Good tracks Two oppositely-charged, same-flavour, identified e orµ

Anti-2f Acoplanarity Φaco< 170◦

Anti-(2f + γ ) Neutral veto Cut applied

Anti-(γ conv.) Acollinearity α > 2◦

Anti-γ γ Energy within 12◦ E12 = 0 (Threshold: 90 MeV) E12(H) = 0 (Threshold: 90 MeV)

Visible mass Mvis > 4 Mvis(nH) > 4

ρ ρ > 2 ρ > 1

Missing momentum pTmiss> 3%
√
s pTmiss(nH) > 1%

√
s

if |cosφmiss| < 0.26, pTmiss(tr) > 1%
√
s

thenpTmiss> 5%
√
s |cosθmiss(nH)| < 0.9

Fisher variable – Cut applied

Anti-4f Lept. momenta pT1,pT2 > 0.5%
√
s

p1 < 46.5%
√
s pT1 < 10%

√
s

Visible mass – Mvis(nH) < 20%
√
s

Miss. momentum – pmiss(nH) < 10%
√
s

Sliding energy cut

pTmissandpLmiss (transverse and longitudinal compo-
nents). Because the small-�M analysis is more sensi-
tive to accidental double counting between low energy
tracks and calorimeter clusters, two alternative meth-
ods are used to determine the total energy and momen-
tum, (i) without the neutral hadrons (variables labelled
“nH”); and (ii) without the neutral particles (variables
labelled “tr”). The cuts on the visible mass and on
the missing momentum (value and angle) reject back-
ground events fromγ γ processes. The cut onpTmiss
is tightened when the missing momentum points to
the vertical boundaries between the two halves of the
LCAL.

• Lepton momentap1, p2 andpT1
The variablep1 (p2) is the momentum of the more
(less) energetic identified electron or muon, if any. For
massive neutralinos, upper cuts onMvis andp1 are ef-
fective at rejecting leptonic WW events.

• Activity at small angleE12 andE12(H)

Because γ γ interactions often produce particles
strongly boosted forward or backward, the require-
ment that no energy be detected at low angles is ef-
fective in suppressing this background. The variable
E12 gives the total energy measured within 12◦ of
the beam axis in LCAL and SiCAL, and in the first
cells (closest to the beam pipe) of the ECAL endcap
calorimeters. The variableE12(H) takes into account
in addition the energy collected in the first cells of
the HCAL endcap calorimeters. This cut introduces
an inefficiency due to beam related background (Sec-
tion 5).

• Neutral veto
Dilepton events with hard initial or final state radia-
tion at large angle from incoming and outgoing lep-
tons give rise to acoplanar lepton pairs, and to po-
tentially large missing energy if the radiated pho-
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Table 3
Selection criteria for the search for acoplanar staus. The energies are expressed in GeV, the momenta in GeV/c and the masses in GeV/c2.
Di-fermion final state events, four-fermion final state events and photon conversions are denoted by 2f, 4f andγ conv., respectively. Thepτ

variable represents the smaller tau-jet momentum. The sliding energy cut is explained in Section 6

Stau selection criteria

Large�M (�M > 30) Small�M (�M < 30)

Preselection Good tracks Two to six tracks clustered in twoτ jet candidates

pτ × 206/
√
s > 1.07 –

Anti-(γ conv.) Acollinearity α > 2◦

Anti-(2f + γ ) Neutral veto yes

Anti-2f Acoplanarity andρ ρ × 206/
√
s > (Φaco− 150◦)/7.34

Anti-γ γ Energy within 12◦ E12 = 0 (Threshold: 90 MeV)

Visible mass Mvis > 4

Missing momentum pTmiss× 206/
√
s > 16.4− Mvis × 0.27 pTmiss× 206/

√
s > 20.6− 4.5× ρ × 206/

√
s

pTmiss× 206/
√
s < (θmiss− 10◦)× 1.24

Anti-4f Lept. momenta p1 × 206/
√
s < 20.0 p1 × 206/

√
s < 12.6

Visible mass Mvis < 80.0 –

Sliding energy cut

tons go into poorly instrumented regions of the de-
tector (e.g., ECAL module boundaries, overlap be-
tween barrel and endcaps). To reject these events, it
is required that the invariant mass between any good
track and any neutral energy-flow particle, outside a
cone of half-angle 10◦ around the good track and
with an energy in excess of 4 GeV, be smaller than
2 GeV/c2.

• Acollinearityα

Single-photon events from e+e− → νν̄γ with a hard
radiated photon, followed by a photon conversion into
an e+e− pair, are not rejected by the previous veto, but
are characterized by a very small opening angle be-
tween the two tracks (called the acollinearity angle).
An acollinearity cut is therefore effective at rejecting
these events.

• Fisher variable
In order to further reduce the largeγ γ background
in the case of the small-�M selectron or smuon
analyses, a Fisher discriminant [19] analysis is used.
This method exploits the remaining modest difference
amongγ γ events and the signal, taking into account
the correlations between the variablesMvis, pTmiss,
pLmiss, ρ, p1, p2, andα.

5. Systematic effects

The main systematic uncertainties on the back-
ground and signal expectations come from the statis-
tics of the simulated samples (from 1.5 to 3.5%). A 2%
systematic uncertainty was estimated for the lepton
identification efficiency. The inefficiency caused by
the E12 cuts is determined from events triggered
at random beam crossings. The corrections forE12
(E12(H)) used for the year 2000 data are−9.5%
(−14.6%) at 205.2 GeV and−8.8% (−13.7%) at
206.6 and 208.0 GeV. The uncertainties on these cor-
rections are less than 1%.

The numbers of background events and the se-
lection efficiencies are interpolated from the gener-
ated values to the mean energies of the year 2000
data. The contribution to the systematic uncertainty
of this interpolation procedure is negligible. A com-
parison between data and expected backgrounds from
SM processes is presented in Fig. 1 for the large-�M

analysis before anti-four-fermion cuts and without lep-
ton identification. At this level, agreement is observed
between data and the expected backgrounds, domi-
nated by W pair production.
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Fig. 1. Comparison between data (dots with error bars) and expected backgrounds (histograms) before anti-four-fermion and lepton
identification cuts. For selectrons and smuons: (a) total visible mass (Mvis) and (b) momentum of the leading lepton (p1). For staus: (c)
total visible mass (Mvis) and (d) momentum of the leading lepton identified in the tau jet (p1). The accumulation at zero in (d) corresponds to
events with no leptons in either tau jet.

6. Results

After the selection criteria described in Section 4
are applied, the numbers of candidate events observed
in the data and those expected from SM background
processes are given in Table 4 for the selectron and
smuon searches and in Table 5 for the stau search.

The search for sleptons is performed as a function
of the hypothetical slepton and neutralino masses.
A sliding energy cut is applied (not accounted for
in Tables 4 and 5) which requires that the lepton
momenta be in the range kinematically allowed for
a signal with the assumed values of slepton and
neutralino masses. For a two-body decay�̃± → �±χ0

1 ,
the minimum and maximum values for the decay

lepton energy are given by

(1)E
max,min
� = Eb

2

(
1−

m2
χ0

1

m2
�̃

)1±
√√√√1−

m2
�̃

E2
b


 ,

whereEb is the beam energy and where the lepton
mass is neglected. In the case of staus, the exact
formula is used to account for the non-negligible mass
of the tau. An event is compatible with the mass
hypothesis(m�̃,mχ0

1
) if both decay leptons satisfy

Eq. (1). Any given event may therefore be compatible
with a wide mass range, especially for large-�M

values. In the decay of a stau, the resulting tau lepton
will itself give rise to at least one neutrino and the
lower limit on the energy cannot be applied. Only the
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Table 4
Numbers of candidate events observed in the year 2000 data (Nobs) and of background events expected from SM processes (Nbkg), in the
searches for selectrons and smuons (before the sliding energy cut). The numbers in parentheses give the WW contribution

√
s (GeV) ẽ µ̃

Small�M Large�M Small�M Large�M

Nobs Nbkg Nobs Nbkg Nobs Nbkg Nobs Nbkg

205.2 0 0.12 15 14.0 0 0.12 8 12.5
(0.09) (12.2) (0.07) (11.4)

206.6 0 0.19 24 22.9 0 0.20 28 20.6
(0.16) (20.0) (0.11) (18.8)

208.0 0 0.02 0 1.76 0 0.17 3 1.59
(0.01) (1.53) (0.08) (1.44)

Table 5
Numbers of candidate events observed in the year 2000 data (Nobs)
and of background events expected from SM processes (Nbkg), in
the search for staus (before the sliding energy cut). The numbers in
parentheses give the WW contribution
√
s (GeV) τ̃

Small�M Large�M Small or large�M

Nobs Nbkg Nobs Nbkg Nobs Nbkg

205.2 5 6.1 1 5.4 5 7.6
(5.0) (4.4) (6.3)

206.6 12 10.1 10 8.8 15 12.5
(8.3) (7.2) (10.3)

208.0 3 0.80 0 0.70 3 1.01
(0.68) (0.57) (0.83)

upper limit can be used, which increases even further
the compatible region. For the selectron, smuon and
stau searches, the numbers of candidate events and
expected background events are displayed in Fig. 2 as
a function of the slepton and the neutralino masses,
after the sliding energy cut is applied. For illustration,
the selection efficiencies are given in Table 6 for
different values of the slepton and neutralino masses,
and at

√
s = 208 GeV.

6.1. Cross section upper limits

The data show no evidence for an excess of events
compared to the estimated background. The domi-
nant WW background theoretically and experimen-
tally well under control, is subtracted to derive 95%
C.L. upper limits on the slepton production cross
section times the branching ratio into�χ0

1�χ
0
1 . This

Table 6
Efficiencies of the selection criteria for different values of the
slepton and neutralino masses, at

√
s = 208 GeV

m
�̃

(GeV/c2) m
χ0

1
(GeV/c2) ε (%)

ẽ 95 0 59

95 80 54

95 90 15

µ̃ 90 0 61

90 75 58

90 85 20

τ̃ 80 30 30

80 70 21

80 75 3

partial background subtraction is performed with the
likelihood ratio method [20]. Data from previous
years are combined in the likelihood to increase the
sensitivity. The systematic uncertainties on the effi-
ciencies are taken into account with the method of
Ref. [21].

The resulting bounds on the number of signal
events produced in the whole data sample are ex-
pressed in term of bounds on the production cross sec-
tion computed at

√
s = 208 GeV, shown in Fig. 3.

Cross sections exceeding 0.1 (0.2) pb are excluded
in a significant part of the plane(m�̃,mχ0

1
) for selec-

trons and smuons (staus). In the small-�M region, the
limits are less stringent because the softer decay lep-
tons cause a drop in the selection efficiency. The lim-
its are also less stringent for slepton masses close to
the kinematic limit, where only part of the data con-
tributes.
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(a)

(b)

(c)

Fig. 2. Numbers of selected events in the year 2000 data (left) and of expected background events from SM processes (right) in the search
for (a) selectrons, (b) smuons and (c) staus. The density of shading reflects the number of events as indicated by the vertical scales. The
kinematically accessible region at 209 GeV is indicated by the vertical dotted lines. The diagonal dotted lines show the boundary of the domain
allowed in the MSSM for a neutralino LSP.



218 ALEPH Collaboration / Physics Letters B 526 (2002) 206–220

(a)

(b)

(c)

Fig. 3. Upper limit at 95% C.L. on the observed (left) and expected (right) production cross section at
√
s = 208 GeV, times the branching ratio

into �χ0
1�χ

0
1 for (a) selectrons, (b) smuons and (c) staus.
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6.2. Mass exclusion limits

In the MSSM framework, the previous bounds
allow limits to be set on the slepton masses as a
function of the neutralino mass. To this end, cross
sections and branching ratios are calculated with the
programSUSYGEN [9]. For selectrons and smuons,
mixing is expected to be negligible and limits are
derived under the conservative assumption that only
�̃R�̃R production contributes. Limits are determined
for staus in mixed and unmixed scenarios. Without
mixing, conservative limits are set again under the
assumption that onlỹτRτ̃R production contributes.
If the no-mixing assumption is relaxed, the most
conservative limit on the mass of the lightest stauτ̃1
is obtained with a mixing angleθτ̃ which minimizes
the production cross section (θτ̃ � 52◦).

The unification of gaugino masses at the GUT
scale is assumed for the computations of the slepton
branching ratios and of the selectron production cross
section. Branching ratios for the slepton decay are
calculated forµ = −200 GeV/c2 and tanβ = 2. The
branching ratio into�±χ0

1 is nearly 100% except for
small neutralino masses, in which case the cascade
decay into�±χ0

2 followed by χ0
2 → χ0

1 ff̄ or χ0
1γ

may become kinematically allowed. The limits are
computed under the conservative assumption that the

selection efficiency for decay channels other than
�̃± → �±χ0

1 is zero.
The 95% C.L. expected and observed bounds on the

masses of selectrons, smuons and staus as a function
of the neutralino mass are displayed in Fig. 4, together
with the effect of cascade decays. For staus, the limit
obtained with mixing angleθτ̃ � 52◦ is also given. The
observed stau mass limit is less stringent than expected
because a small excess of events was observed in
1999 [4].

The 95% C.L. bounds on the slepton masses for
�M > 15 GeV/c2 are summarized in Table 7, with
the hypothesis BR(̃�± → �±χ0

1) = 1. For smuons
and staus, these limits are independent of the MSSM
parameters. For selectrons, complementary analyses

Table 7
Lower limits at 95% C.L. on the slepton masses for�M >

15 GeV/c2, with the hypothesis BR(̃�± → �±χ0
1 ) = 1. For staus,

the bound corresponding to the minimum cross section (as explained
in the text) is also given. In the case of selectrons, the limits are given
for µ = −200 GeV/c2 and tanβ = 2

Channel m(�̃) > obtained m(�̃) > expected

ẽR 95 GeV/c2 96 GeV/c2

µ̃R 88 GeV/c2 87 GeV/c2

τ̃R 79 GeV/c2 83 GeV/c2

τ̃ (min) 76 GeV/c2 81 GeV/c2

Fig. 4. Excluded regions at 95% C.L. in them�̃R versusmχ0
1

plane from slepton searches. The observed (shaded area) and expected (solid curve)
limits are given for BR(̃�± → �±χ0

1 ) = 1. For selectrons,µ = −200 GeV/c2 and tanβ = 2 are assumed. The dashed curves give the observed
limits when slepton cascade decays are taken into account. For staus, the dotted curve gives the most conservative limit, obtained forθτ̃ � 52◦
and with cascade decay taken into account. For the dashed and dotted curves, BR(�̃± → �±χ0

1 ) is computed with the valuesµ = −200 GeV/c2

and tanβ = 2, and a zero efficiency for the selection of the topologies arising from cascade decay is assumed. The kinematically accessible
region at 209 GeV is indicated by the vertical dash-dotted lines. The diagonal dash-dotted lines show the boundary of the domain allowed in
the MSSM for a neutralino LSP.
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and a scan on the relevant MSSM parameters allow an
absolute mass lower limit to be extracted. The result
of such a study is presented in Ref. [22].

7. Conclusions

Searches for scalar lepton pair production have
been performed in the data sample collected by the
ALEPH experiment at LEP2 at centre-of-mass ener-
gies up to 209 GeV. The numbers of candidate events
observed are consistent with the background expected
from Standard Model processes.

In the framework of the MSSM, 95% C.L. mass
exclusion regions have been obtained for selectrons,
smuons and staus in the plane (m�̃,mχ0

1
). In particular,

mass lower limits for smuons and staus are set at 88
and 76 GeV/c2, respectively, for a mass difference be-
tween the slepton and the lightest neutralino in excess
of 15 GeV/c2 and for a slepton decay branching ratio
into �χ0

1 of 100%. These limits are independent of the
MSSM parameters. Under the same assumptions, and
with µ = −200 GeV/c2 and tanβ = 2, a lower limit
of 95 GeV/c2 is set on the selectron mass.

Acknowledgements

It is a pleasure to congratulate our colleagues
from the accelerator divisions for the outstanding
operation of LEP2, especially in its last year of
running during which the accelerator performance was
pushed beyond expectation. We are indebted to the
engineers and technicians in all our institutions for
their contributions to the excellent performance of
ALEPH. Those of us from non-member states wish to
thank CERN for its hospitality and support.

References

[1] H.P. Nilles, Phys. Rep. 110 (1984) 1;
H.E. Haber, G.L. Kane, Phys. Rep. 117 (1985) 75;
D.E. Groom et al., Eur. Phys. J. C 15 (2000) 1.

[2] ALEPH Collaboration, Phys. Lett. B 407 (1997) 377;
ALEPH Collaboration, Phys. Lett. B 433 (1998) 176.

[3] ALEPH Collaboration, Phys. Lett. B 469 (1999) 303.
[4] ALEPH Collaboration, Phys. Lett. B 499 (2001) 67.
[5] DELPHI Collaboration, Phys. Lett. B 489 (2000) 38;

L3 Collaboration, Phys. Lett. B 471 (1999) 280;
OPAL Collaboration, Eur. Phys. J. C 14 (2000) 51.

[6] ALEPH Collaboration, Nucl. Instrum. Methods A 294 (1990)
121.

[7] ALEPH Collaboration, Nucl. Instrum. Methods A 360 (1995)
481.

[8] Yu.L. Dokshitzer, J. Phys. G 17 (1991) 1441.
[9] S. Katsanevas, P. Morawitz, Comput. Phys. Commun. 112

(1998) 227.
[10] E. Barberio, Z. W¸as, Comput. Phys. Commun. 79 (1994) 291.
[11] S. Jadach, Z. W¸as, R. Decker, J.H. Kühn, Comput. Phys.

Commun. 76 (1993) 361.
[12] S. Jadach, W. Placzek, B.F.L. Ward, Phys. Lett. B 390 (1997)

298.
[13] S. Jadach, Z. W¸as, Comput. Phys. Commun. 36 (1985) 191.
[14] J.A.M. Vermaseren, in: G. Cochard, P. Kessler (Eds.), Proceed-

ings of the IVth International Workshop on Gamma Gamma
interactions, Springer-Verlag, 1980.

[15] M. Skrzypek, S. Jadach, W. Placzek, Z. W¸as, Comput. Phys.
Commun. 94 (1996) 216.

[16] T. Sjöstrand, Comput. Phys. Commun. 82 (1994) 74.
[17] GEANT detector description and simulation tool, CERN

Program Library, CERN-W5013 (1993).
[18] J.F. Grivaz, F. Le Diberder, Complementary analysis and

acceptance optimization in new particle searches, LAL preprint
#92-37 (1992);
ALEPH Collaboration, Phys. Lett. B 384 (1996) 427.

[19] R.A. Fisher, Ann. of Eugenics 7 (1936) 179.
[20] A.L. Read, Modified frequentist analysis of search results (The

CLs Method), CERN-OPEN-2000-205, 81.
[21] R.D. Cousins, V.L. Highland, Nucl. Instrum. Methods A 320

(1992) 331.
[22] ALEPH Collaboration, Lower mass limit for the MSSM

selectron and sneutrino obtained with the ALEPH detec-
tor, contribution #236 to the IECHEP, Budapest, Hun-
gary, 12–18 July, 2001, ALEPH-CONF 2001-047,http://
alephwww.cern.ch/ALPUB/oldconf/summer01/33/sel_limit.ps.

http://alephwww.cern.ch/ALPUB/oldconf/summer01/33/sel_limit.ps
http://alephwww.cern.ch/ALPUB/oldconf/summer01/33/sel_limit.ps
http://alephwww.cern.ch/ALPUB/oldconf/summer01/33/sel_limit.ps

	Search for scalar leptons in e + e- collisions at centre-of-mass energies up to 209 GeV
	Introduction
	ALEPH detector
	Simulated samples
	Description of the selections
	Systematic effects
	Results
	Cross section upper limits
	Mass exclusion limits

	Conclusions
	Acknowledgements
	References


