SH,

PHYSICS LETTERS B

ELSEVIER Physics Letters B 544 (2002) 73-88

www.elsevier.com/locate/npe

Absolute lower limits on the masses of selectrons and sneutrinos in
the MSSM

ALEPH Collaboration
A. Heister, S. Schael

Physikalisches Institut das RWTH-Aachen, D-52056 Aachen, Germany

R. Barate, R. Bruneliere, I. De Bonis, D. Decamp, C. Goy, S. Jezequel, J.-P. Lees,
F. Martin, E. Merle, M.-N. Minard, B. Pietrzyk, B. Trocmé

Laboratoire de Physique des Particules (LAPP)2MN-CNRS, F-74019 Annecy-le-Vieux Cedex, France

G. Boix?®, S. Bravo, M.P. Casado, M. Chmeissani, J.M. Crespo, E. Fernandez,
M. Fernandez-Bosman, LI. Garridy E. Graugés, J. Lopez, M. Martinez, G. Merino,
A. Pacheco, D. Paneque, H. Ruiz

Institut de Fisica d’Altes Energies, Universitat Autonoma de Barcelona, E-08193 Bellaterra (Barcelona)? Spain

A. Colaleo, D. Creanza, N. De Filippis, M. de Palma, G. laselli, G. Maggi, M. Magqi,
S. Nuzzo, A. Ranieri, G. Ragt F. Ruggieri, G. Selvaggi, L. Silvestris, P. Tempesta,
A. Tricomi3, G. Zito

Dipartimento di Fisica, INFN Sezione di Bari, I-70126 Bari, Italy

X. Huang, J. Lin, Q. Ouyang, T. Wang, Y. Xie, R. Xu, S. Xue, J. Zhang, L. Zhang,
W. Zhao

Institute of High Energy Physics, Academia Sinica, Beijing, PR china

D. Abbaneo, P. Azzurri, T. Barklo#, O. Buchmulle®, M. Cattaneo, F. Cerutti,
B. Clerbaux?, H. Drevermann, R.W. Forty, M. Frank, F. Gianotti, T.C. Greenfng
J.B. Hansen, J. Harvey, D.E. Hutchcroft, P. Janot, B. Jost, M. Ka@dVato,
A. Moutoussi, F. Ranjard, L. Rolandi, D. Schlatter, G. Sguazzoni, W. Tejessy,
F. Teubert, A. Valassi, I. Videau, J.J. Ward

European Laboratory for Particle Physics (CERN), CH-1211 Geneva 23, Switzerland

0370-2693/02/$ — see front mattét 2002 Elsevier Science B.V. All rights reserved.
PIl: S0370-2693(02)02471-1


http://www.elsevier.com/locate/npe

74 ALEPH Collaboration / Physics Letters B 544 (2002) 73-88

F. Badaud, S. Dessagne, A. FalvétdD. Fayolle, P. Gay, J. Jousset, B. Michel,
S. Monteil, D. Pallin, J.M. Pascolo, P. Perret

Laboratoire de Physique Corpusculaire, Université Blaise Pasc@PMNCNRS, Clermont-Ferrand, F-63177 Aubiére, France
J.D. Hansen, J.R. Hansen, P.H. Hansen, B.S. Nilsson
Niels Bohr Institute, DK-2100 Copenhagen, Dennark
A. Kyriakis, C. Markou, E. Simopoulou, A. Vayaki, K. Zachariadou

Nuclear Research Center Demokritos (NRCD), GR-15310 Attiki, Greece

A. Blondel*?, J.-C. Brient, F. Machefert, A. Rougé, M. Swynghedauw, R. Tanaka,
H. Videau

Laoratoire Leprince-Ringuet, Ecole Polytechnique?f-CNRS, F-91128 Palaiseau Cedex, France
V. Ciulli, E. Focardi, G. Parrini
Dipartimento di Fisica, Universita di Firenze, INFN Sezione di Firenze, 1-50125 Firenze, Italy

A. Antonelli, M. Antonelli, G. Bencivenni, F. Bossi, G. Capon, V. Chiarella, P. Laurelli,
G. Mannocch?, G.P. Murtas, L. Passalacqua

Laboratori Nazionali del'INFN (LNF-INFN), 1-00044 Frascati, Italy
J. Kennedy, J.G. Lynch, P. Negus, V. O’'Shea, A.S. Thompson
Department of Physics and Astronomy, University of Glasgow, Glasgow G12 SQQ’, UK
S. Wasserbaech

Department of Physics, Haverford College, Haverford, PA 19041-1392, USA

R. Cavanaugh S. Dhamotharaft, C. Geweniger, P. Hanke, V. Hepp, E.E. Kluge,
G. Leibenguth, A. Putzer, H. Stenzel, K. Tittel, M. Wundth

Kirchhoff-Institut fur Physik, Universitat Heidelberg, D-69120 Heidelberg, Germtény

R. Beuselinck, W. Cameron, G. Davies, P.J. Dornan, M. GitpReD. Hill,
N. Marinelli, J. Nowell, S.A. Rutherford, J.K. Sedgbeer, J.C. Thomp&dR. White

Department of Physics, Imperial College, London SW7 2BZ1QK



ALEPH Collaboration / Physics Letters B 544 (2002) 73—88 75

V.M. Ghete, P. Girtler, E. Kneringer, D. Kuhn, G. Rudolph
Institut fur Experimentalphysik, Universitat Innsbruck, A-6020 Innsbruck, Autria

E. Bouhova-Thacker, C.K. Bowdery, D.P. Clarke, G. Ellis, A.J. Finch, F. Foster,
G. Hughes, R.W.L. Jones, M.R. Pearson, N.A. Robertson, M. Smizanska

Department of Physics, University of Lancaster, Lancaster LA1 4YB-0UK
O. van der Aa, C. Delaere, V. Lemaitre

Institut de Physique Nucléaire, Département de Physique, Université Catholique de Louvain, 1348 Louvain-la-Neuve, Belgium

U. Blumenschein, F. Holldorfer, K. Jakobs, F. Kayser, K. Kleinknecht, A.-S. Mller,
G. Quast, B. Renk, H.-G. Sander, S. Schmeling, H. Wachsmuth, C. Zeitnitz, T. Ziegler

Institut fur Physik, Universitat Mainz, D-55099 Mainz, Germafy
A. Bonissent, P. Coyle, C. Curtil, A. Ealet, D. Fouchez, P. Payre, A. Tilquin
Centre de Physique des Particules de Marseille, Univ. Méditerran@@ICNRS, F-13288 Marseille, France
F. Ragusa

Dipartimento di Fisica, Universita di Milano e INFN Sezione di Milano, 1-20133 Milano, Italy

A. David, H. Dietl, G. Ganig’, K. Hittmann, G. Lutjens, W. Manner, H.-G. Moser,
R. Settles, G. Wolf

Max-Planck-Institut fiir Physik, Werner-Heisenberg-Institut, D-80805 Miinchen, Gerfiany

J. Boucrot, O. Callot, M. Davier, L. Duflot, J.-F. Grivaz, Ph. Heusse,
A. Jacholkowsk&, L. Serin, J.-J. Veillet, J.-B. de Vivie de RégfeC. Yuan

Laboratoire de I'Accélérateur Linéaire, Université de Paris-Suc?RR-CNRS, F-91898 Orsay Cedex, France

G. Bagliesi, T. Boccali, L. Foa, A. Giammanco, A. Giassi, F. Ligabue, A. Messineo,
F. Palla, G. Sanguinetti, A. Sciaba, R. Tenchji. Venturit, P.G. Verdini

Dipartimento di Fisica dell’Universita, INFN Sezione di Pisa, e Scuola Normale Superiore, I-56010 Pisa, Italy

O. Awunor, G.A. Blair, G. Cowan, A. Garcia-Bellido, M.G. Green, L.T. Jones,
T. Medcalf, A. Misiejuk, J.A. Strong, P. Teixeira-Dias

Department of Physics, Royal Holloway & Bedford New College, University of London, Egham, Surrey TW20 dex, uk



76 ALEPH Collaboration / Physics Letters B 544 (2002) 73-88

R.W. CIlifft, T.R. Edgecock, P.R. Norton, I.R. Tomalin

Particle Physics Dept., Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QXOUK

B. Bloch-Devaux, D. Boumediene, P. Colas, B. Fabbro, E. Lancon, M.-C. Lemaire,
E. Locci, P. Perez, J. Rander, B. Tuchming, B. Vallage

CEA, DAPNIA/Service de Physique des Particules, CE-Saclay, F-91191 Gif-sur-Yvette Cedex! France

N. Konstantinidis, A.M. Litke, G. Taylor

Institute for Particle Physics, University of California at Santa Cruz, Santa Cruz, CA 9506424JSA

C.N. Booth, S. Cartwright, F. Comblé}; P.N. Hodgson, M. Lehto, L.F. Thompson

Department of Physics, University of Sheffield, Sheffield S3 7RAOUK

A. Bohrer, S. Brandt, C. Grupen, J. Hess, A. Ngac, G. Prange, U. Sieler

Fachbereich Physik, Universitat Siegen, D-57068 Siegen, Gerhfany

C. Borean, G. Giannini

Dipartimento di Fisica, Universita di Trieste e INFN Sezione di Trieste, 1-34127 Trieste, ltaly

H. He, J. Putz, J. Rothberg

Experimental Elementary Particle Physics, University of Washington, Seattle, WA 98195, USA

S.R. Armstrong, K. Berkelman, K. Cranmer, D.P.S. Ferguson, Y.2& Gonzalez,
0.J. Hayes, H. Hu, S. Jin, J. Kile, P.A. McNamara lll, J. Nielsen, Y.B. Pan, J.H. von
Wimmersperg-Toeller, W. Wiedenmann, J. Wu, Sau Lan Wu, X. Wu, G. Zobernig

Department of Physics, University of Wisconsin, Madison, WI 53706, 14SA

G. Dissertori

Institute for Particle Physics, ETH Honggerberg, 8093 Zirich, Switzerland.

Received 15 July 2002; received in revised form 6 August 2002; accepted 7 August 2002

Editor: L. Montanet



ALEPH Collaboration / Physics Letters B 544 (2002) 73—88 77

Abstract

The results of searches for selectrons, charginos and neutralinos performed with the data collected by the ALEPH detector at
LEP at centre-of-mass energies up to 209 GeV are interpreted in the framework of the Minimal Supersymmetric extension of the
Standard Model with R-parity conservation. Under the assumptions of gaugino and sfermion mass unification and no sfermion
mixing, an absolute lower limit of 73 Ge’vz is set on the mass of the lighter selectéprat the 95% confidence level. Similarly,
limits on the masses of the heavier selectgprand of the sneutrinde are set at 107 and 84 G¢2s/2, respectively. Additional
constraints are derived from the results of the searches for Higgs bosons. The results are also interpreted in the framework of
minimal supergravity.

0 2002 Elsevier Science B.V. All rights reserved.

1 Also at CERN, 1211 Geneva 23, Switzerland.
2 Now at Fermilab, PO Box 500, MS 352, Batavia, IL 60510, USA.
3 Also at Dipartimento di Fisica di Catania and INFN Sezione di Catania, 95129 Catania, Italy.
4 Now at University of Florida, Department of Physics, Gainesville, Florida 32611-8440, USA.
5 Also Istituto di Cosmo-Geofisica del C.N.R., Torino, Italy.
6 Now at Institut fiir Experimentelle Kernphysik, Universitat Karlsruhe, 76128 Karlsruhe, Germany.
7 Supported by CICYT, Spain.
8 Supported by the National Science Foundation of China.
9 Supported by the Danish Natural Science Research Council.
10 Supported by the UK Particle Physics and Astronomy Research Council.
11 supported by the US Department of Energy, grant DE-FG0295-ER40896.
12 Now at Departement de Physique Corpusculaire, Université de Genéve, 1211 Genéve 4, Switzerland.
13 Supported by the Commission of the European Communities, contract ERBFMBICT982874.
14 supported by the Leverhulme Trust.
15 permanent address: Universitat de Barcelona, 08208 Barcelona, Spain.
16 Supported by Bundesministerium fur Bildung und Forschung, Germany.
17 supported by the Direction des Sciences de la Matiére, C.E.A.
18 supported by the Austrian Ministry for Science and Transport.
19 Now at SAP AG, 69185 Walldorf, Germany.
20 Now at Groupe d'Astroparticules de Montpellier, Université de Montpellier 1, 34095 Montpellier, France.
21 Now at BNP Paribas, 60325 Frankfurt am Mainz, Germany.
22 supported by the US Department of Energy, grant DE-FG03-92ER40689.
23 Now at Institut Inter-universitaire des hautes Energies (IIHE), CP 230, Université Libre de Bruxelles, 1050 Bruxelles, Belgique.
24 Also at Dipartimento di Fisica e Tecnologie Relative, Universita di Palermo, Palermo, Italy.
25 Now at McKinsey and Compagny, Avenue Louis Casal 18, 1203 Geneva, Switzerland.
26 Now at Honeywell, Phoenix AZ, USA.
27 Now at INFN Sezione di Roma Il Dipartimento di Fisica, Universita di Roma Tor Vergata, 00133 Roma, Italy.
28 Now at Centre de Physique des Particules de Marseille, Univ. Méditerranée, F-13288 Marseille, France.
29 Also at Department of Physics, Tsinghua University, Beijing, People’s Republic of China.
30 Now at SLAC, Stanford, CA 94309, USA.
31 peceased.
32 Also at Groupe d’Astroparticules de Montpellier, Université de Montpellier 11, 34095 Montpellier, France.



78 ALEPH Collaboration / Physics Letters B 544 (2002) 73-88

1. Introduction lectrons, and are therefore neglected throughout. For
the results obtained in the MSSM, the mixing is set to
Supersymmetry [1] predicts the existence of a su- zero for all sfermions by enforcing the parametéfs
persymmetric partner for each Standard Model parti- to their no-mixing valuesAs = ptang or p cotg for
cle chirality state. In this Letter, the results of standard down-type and up-type sfermions, respectively.
searches for sleptong)(and charginosy®) in ete~ The results of Higgs boson searches [5] are ex-
collisions, already reported by ALEPH in Refs. [2—4], ploited to further constrain the selectron and sneutrino
are combined with those of selectron and neutralino masses at small tghvalues, for any values of the
searches specifically developed for final states not con- pseudoscalar neutral Higgs boson magsand of A,
sidered in the former analyses. The results of these the trilinear coupling in the stop sector.
searches allow an absolute lower limit to be set onthe  Tighter limits are also set in the framework of a
selectron and sneutrino mass. highly constrained MSSM version known as minimal
The theoretical framework is the Minimal Super- supergravity (NSUGRA) [1]. In this modeka also
symmetric extension of the Standard Model (MSSM) derives from the common scalar masg at the GUT
[1], with R-parity conservation and the assumption scale, the valugu| is predicted from dynamical elec-
that the lightest supersymmetric particle (LSP) is the troweak symmetry breaking, and the trilinear coupling
lightest neutralinox?. The notations and conven- at the GUT scaledo, is common to all sfermions. In
tions of Ref. [3] are used for the MSSM parame- this Letter,Ag = 0 is assumed.
ters. The interpretation of the results in terms of mass ~ The data used in the analyses entering the present
limits is done under the assumption of gaugino and combination were collected with the ALEPH detector
sfermion mass unification to common gaugino and at LEP, at centre-of-mass energies ranging from 183 to
scalar massesn1/> and mo, at the GUT scale. At 209 GeV. The corresponding integrated luminosities
the electroweak scale, gaugino masses are determinedire given in Table 1. The results of the dedicated
at tree level bym1,, the Higgs mass ternx and searches for selectrons and neutralinos in the data
tang, the ratio of vacuum expectation values of the collected in the year 2000 are reported in this Letter.
two Higgs doublets, assumed to be greater than 1 as isThese selections address
usual in the MSSM.
Charged and neutral slepton masses are expressed(i) the&r&_ productionto investigate, as described in

as indicated in Egs. (1)—(3), from which it can be seen Ref. [6], small mass differences betweggnand
that the supersymmetric partner of the right-handed x2, for which the selections of Ref. [2] become
electrongg is the lighter of the two selectrons. ineffective;
. i) the x2x2 production with a subsequent neutrali
m? =m3+0.15m3 , — m} cos B sin’ b, @ W thexxp With a subsequent neutralino
(R decay into sleptory; — ¢r¢, to cover specific
m2 =m§+052m7 regions of the MSSM parameter space in which
L . .
2 none of the selections of Refs. [2—4,6] constrain
_ % cos (1 — 2sirfow), ) the mass of the selectron.
2 . . . .
2 2 2 mz This Letter is organized as follows. In Section 2
£ = 0.52m —= . 7
my = mo+ 12t cos () the search strategy towards an absolute lower limit

Mixing effects, proportional to the mass of the Stan- on the selectron and sneutrino masses is explained.
dard Model partner, are expected to be small for se- The ALEPH detector is briefly described in Section 3.

Table 1

Integrated luminosities collected between 1997 and 2000 and average centre-of-mass energies

Year 1997 1998 1999 2000

/s (GeV) 1827 188.6 1916 1955 1995 2016 2052 206.6 208

L (pb~1 56.8 173.6 28 798 86.2 420 753 122.6 A
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The selections developed for the two specific final missing energy. The results of the search for this topol-
states mentioned above are presented in Section 4, anagy, investigated in Ref. [6] and updated at centre-of-
the interpretation of their results, combined with those mass energies up to 202 GeV in Ref. [3], are reported

of previous analyses, is given in Section 5. here at the highest energies produced by LEP 2 in the
All limits reported in this Letter are at the 95% year 2000.
confidence level. In large parts of the parameter space, the lower

limit on the selectron mass is set by using a combina-
tion of the above-mentioned selectron searches. Prob-
2. Search strategy lems occur in certain regions characterized by small
values of tarB, |u| andmg, which lead to Iightxg
An absolute lower limit on the lighter selectron with a high photino field content. Predominant se-
mass can be derived by a scan of the MSSM pa- lectron cascade decays via tb(@ yield final states
rameters;ng, m1/2, tang and u. In the absence of not selected by the standard selectron searches. In
sfermion mixing, these parameters suffice to deter- this case, the charginos are also light such that the
mine the masses and couplings of gauginos and slep-region is in general excluded by chargino searches.
tons at tree level, and, therefore, the relevant produc- This coverage vanishes in the so-caltdridor [3],
tion cross sections and decay branching fractions. Thea subset of model parameters for which the chargino
scan is performed for tagh between 1 and 50, and and the sneutrino are degenerate in mass. In the cor-
between—10 and+10 TeV/c2. Formg andmy,», the ridor, the final state arising from the chargino two-
explored range is limited to values smaller than from body (2B) decay intov¢, dominant over the three-
100 to 200 GeVYc? to keep the selectron masses be- body (3B) decay intoxfff, is in practice invisi-
low the LEP kinematic limit. The scan afy/> is fur- ble.
ther bounded from below by the absolute lower limit In this case, though, thgg is light enough for
on the mass of the LSP, set at 37 Ge¥in Ref. [3] the x9x3 production cross section with a2 decay
under the same hypotheses as those used in this Lettefintg 7¢ to be sufficient to cover this peculiar region.

o large mass differencesM (AM 2 10 GeV/ Searches for six different final states, according to the
c9) bet_ween the lighter selectron and the lightest slepton decay (direct or cascade) and flavour (g)or
neutralino, the standarékér searches [2] apply as  \ere developed to address the associated neutralino
long as selectrons decay predominantly inte?e  production, and their results are reported here.
and allow selectron masses to be excluded beyond The low-tang region is also covered by the result
90 GeV/c?. The efficiency of this selection decreases of the searches for the lighter neutral scalar Higgs
with AM. Indeed, for smallAM values (below  posonh (5], as described in Ref. [3]. However, because
4 GeV/c?), the searches can barely improve on the the |ower limit on tar varies rapidly with the top
limit obtained from the Z width measurement at quark mass through radiative correctionsitg, the
LEP 1 [7]. uncertainty onmp renders this indirect limit less

However, this case can be covered as described inropyst than that obtained with the direct selectron
Ref. [6] by a search for thér&_ associated produc-  gegrches.

tion, with the subsequent decay of both sparticles into
exf. In this final state, at least one energetic electron
stems from the decay of the heavier selectron./uf
values in excess of 2 GeV/c2, the additional low-
momentum electron remains visible. The standard se-
lectron searches are therefore efficient at selecting the A thorough description of the ALEPH detector and
éré_ production by merely adapting the electron mo- its performance as well as of the standard reconstruc-
mentum sliding cuts as a function of the lighter selec- tion and analysis algorithms can be found in Refs.
tron and neutralino masses. For very smali/ val- [8,9]. Only a brief summary is given here.

ues, the low momentum electron is not reconstructed, The trajectories of charged particles are measured
such that the final state consists of a single electron andby a silicon vertex detector, a cylindrical multi-wire

3. The ALEPH detector
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drift chamber and a large time projection chamber Table 2
(TPC). Charged particle trajectories are caltgmbd Numbers of candidate event_s observedyys) and_ background
tracks if they are reconstructed with at least four €vents expectedvexp) for the single-electron selection

space points in the TPC, a transverse momentum in Energy (GeV) Nexp Nopbs
excess of 200 MeXe, a polar angle with respect 182.7 66 5
to the beam such thatosf| < 0.95, and if they 188.6 138 8
originate from within a cylinder of length 20 cm and 191.6 2 2

4 ) ) 195.5 75 9
radius 2 cm coaxial with the beam and centred at 199 5 8 9
the nominal interaction point. In addition, good tracks 201.6 42 2
must not be compatible with arising from a photon 205.2 7 5
conversion to e~ identified as pairs of oppositely- 206.6 138 7
charged particles satisfying stringent conditions on 2080 10 0
their distance of closest approach and their invariant __Tot! 655 47
mass.

The tracking devices are immersed in an axial mag- ) _ ) ) )
netic field of 1.5 T, provided by a superconducting f~0r~y7/ interactions. The simulation of the gssomated
solenoidal coil and surrounded by a highly segmented SR andx?x3 production was performed with SUSY-
electromagnetic calorimeter (ECAL). The ECAL is GEN [11].
used to identify electrons and photons by the char-
acteristic longitudinal and transverse developments of 4.1. Update of the search for associatgg,
the associated showers, and is supplemented for lowproduction
momentum electrons by the measurement in the TPC
of the specific energy loss by ionization. The selection of single-electron final states, de-

The iron return yoke is instrumented with streamer scribed in detail in Ref. [6], was applied to the high-
tubes as a hadron calorimeter (HCAL). It provides est centre-of-mass energy data, with the kinematic
a measurement of the hadronic energy and, togethercuts appropriately rescaled. The numbers of candidate
with external muon chambers, efficient identification events observed and background events expected are
of muons by their characteristic penetration pattern. given in Table 2, together with the results of previous
Luminosity monitors extend the calorimeter coverage years [3,6,12].
down to 34 mrad. The total number of events in the data is signif-

Global event quantities such as total energy, trans- icantly smaller than expected from standard back-
verse momentum or missing energy, are determined ground sources, dominated by the procesdes e
from an energy-flow algorithm which combines all Wev and € e~ — Zee. A study of this 2.2 standard de-
the above measurements into charged particles (elec-viation deficit led to the conclusion that it is unlikely
trons, muons, charged hadrons), photons and neutralto be of systematic origin. In particular, the distribu-
hadrons, which are the basic objects used in the selec-tions of all relevant kinematic quantities are in quali-
tions presented in this Letter. tative agreement with those expected from the produc-

tion of the We» and the Zee final states as is exem-

plified in Fig. 1 for the total and the transverse mo-
4, Event selection mentum of the leading electron at centre-of-mass en-

ergies in excess of 188 GeV. The total cross sec-

The selection criteria described below were opti- tions predicted for €&~ — Wev by several genera-
mized with theNgs prescription [10] which consists  tors (PYTHIA [13], GRACE4F [14]) show no differ-
in minimizing the upper limit on the signal cross sec- ence beyond the 10% level, which would account for
tion expected in the absence of signal processes. Toonly a third of the effect. Notwithstanding the proba-
do so, the selections were applied to fully simulated ble statistical origin of this deficit, it is conservatively
standard model background samples, generated as irtaken into account in deriving signal cross section up-
Ref. [2] for et e~ — ff, WW, ZZ, Zee, We, Zvi, and per limits as is explained in Section 5.1.
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&
=16 | (a) Table 3
5 14 Leptonic xg decay modes and final states. In the present analysis
o only decay modes via selectrons and smuons are considered
:_.5 12 Decay mode Final state
=
% 10 A X3 —lR+t one or two leptons
= 8 R— Xl +¢
: B xJ—>lr+¢
26 R~ X2 +¢ one to four leptons
E 4 et
z, C xR+t
R—xJ+¢ one and two leptons
0 19 04y and a photon
10 20 30 40 50 60 70 80 27X
P, [ GeV/c]

L 16 b) e In decay mode A, one or two good tracks (elec-
2 k2 trons or muons) are expected. The acoplanar lep-
3 14 total ton and the single electron searches are therefore
13 B Wev applied as preselections with no modification. The
= 10 Zee latter is extended to also cover the single muon
% topology, by substituting muon identification for
= 8 electron identification.
5 6 e In decay mode B, thg decay vyields a high mo-
'E 4 mentum lepton and typlcally three softer leptons.
2 For IargeAMngf at least three good tracks (elec-

2 trons or muons) are required, and the acoplanar

- lepton search is applied as a preselection on the
0 =10 20 30 40 50 60 70 80 P PP P

two leading tracks. The single-electron or single-
muon selections, modified to accept up to three
Fig. 1. Comparison between data (dots with error bars) and expected low momentum tracks, bring additional efficiency
backgrounds (histograms) after the single-electron selection cuts for for smallAM OXO andAM 0 values.
centre-of-mass energies ranging from 189 to 209 GeV. Distributions e In decay mode C, one OI’ tWO good tracks are
of (a) the momentum Pand (b) the transverse momentur Btthe expected, accompanied with an energetic photon.
leading electron. The acoplanar-lepton and the single-lepton selec-
tions are therefore applied, modified by requir-
ing a photon with an energy in excess of 5 GeV.
4.2. Search for associated x3 production Furthermore, its angular separation and invariant
mass with any good track must be larger thaf 10
and 2 GeVc?, respectively.

Pt, [ GeVic]

The X3 decay modes considered in the present

analysis are listed in Table 3. Thé; decay via se- Because ofthe specific kinematics of the final states
lectrons or smuons leads to final states with electrons, arising from X1X3: other common requirements are
muons and possibly photons. The selection criteria applied. In particular, the presence of two invisible
used in these analyses are based on the acoplanar lepy;’s leads to large missing energy. To reduce the
ton or single electron analyses. The selection cuts aredominant backgrounds from WW and ZZ processes,
optimized and adapted for each specific decay topol- the visible mass is therefore required to be smaller
ogy. The number of good tracks in the detector de- than 80 GeVc?. Moreover, as the leading lepton is
pends on the decay mode and on the mass differenceexpected to be more energetic jd’xg production
involved. than in direct selectron production, the cuts on its
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Table 4
Selection criteria for the thregfxg decay modes A, B and C for different final states. The numbers of additional good tracks with low
momentum are indicated in brackets for each of the final states

Signature Basic selection Modified cuts
A 2¢ Acoplanar leptons M,is < 80 GeV/cZ, p1 > 6%/s
1(+1)¢ Single electron Selection extended to single muons
B 3-4 Acoplanar leptons Three to four good tracks

Standard cuts on the two leading tracks
Myis < 80 GeV/c?, p1 > 8%./s

1(+3)¢ Single lepton (A) p11 > 10%/5,
Energy of additional good tracks 2%./s
In case of> 2 good tracksMyjs > 4%./s,

DPaco< 17C°
C 2+y Acoplanar leptons One isolated(see text) E, > 5 GeV,
P11 > 8 GeV/e, Myis < 80 GeV/c?
1+De+y Single lepton (A) One isolated (see text) £, > 5 GeV,

For one good trackpy < 46.5%,/s, @aco < 175

Table 5 analysis C, the background expectation is strongly
Numbers of candidate events observed,f) and background suppressed by the requirement of a high-energy pho-
events expectedNexp) for the x2x3 selections in the year 2000 ton in the final state.

data set Finally, sliding cuts on the momenta of the leading
two leptons are applied as a functionmef andm,o.

A 2e 165 18 These cuts are defined by the momentum ranges ex-

Signature Nexp Nobs

2u 15.0 23 . . .
14+De e 1 pected for the kinematics of the decay chain involved.
1+Dp 137 9
B 3—4¢ 44 2
1(+3)¢ 336 17 5. Results
c 24y 21 3
1+1)e+y 3.8 4

5.1. Systematic uncertainties and cross section upper
limits

momentum p; and its transverse momentupy

are significantly tightened. The additional background =~ The main systematic uncertainties on the back-
from yy processes selected with three or four good ground and signal predictions arise from the statis-
tracks is efficiently reduced by these cuts. Finally, tics of the simulated samples and from the simulation
the acoplanarity cut®aco) is relaxed in some cases of the lepton identification [2]. Both the background
to preserve a reasonable signal efficiency. The basicand signal expectations are conservatively reduced by
selections and the additional/modified criteria for each this uncertainty. The predicted background contribu-

of the final states are summarized in Table 4. tion from e"e~ — Wev is further reduced by 10% to
The numbers of candidate events observEgh account for the theoretical uncertainty of the produc-

and background events expecteédyfp) for the three tion cross section. A systematic correction-e14%

analyses are given in Table 5. is also applied on the signal efficiencies to account for

The results of analysis A are similar to those de- the effect of the cut on the energy detected at small
scribed in Ref. [2] and in Section 4.1 for the slep- polar angle [2].
ton searches. The selection of three to four leptons The optimal combination of selections is chosen
in analysis B yields only a small number of expected according to theNgs prescription for each set of
background and candidate events. The deficit in the MSSM parameters tested. To derive cross section
selection of 1+3) leptons is correlated to that in the upper limits, the dominant background*@ —
single-electron selection presented in Section 4.1. In WW for the selections based on the acoplanar-lepton
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search, and®~ — Zee and We for those based on ”;
the single-track search) is subtracted with the method E 200
of Ref. [15]. =
g 175 M
o i
5.2. Limit onmg, 150 [
In the MSSM framework, the upper bounds on 125 ﬁm I|||I.
the cross section allow lower limits to be set on the TG Ii |!|

i 3 i b it

lighter selectron mass with a scan of the four relevant 100 [ - 111 i |i!|||||
parametersmg, m1/2, n and targ, as described in
Section 2. These limits are presented here in g (

my/2) plane. -

For large tag values (in excess of 7), small
differencesAM between theegr and Xf masses are 25 LEP1 tanp = 1.5 )
only allowed for largex? masses. Any selectron = -5000 GeV/c®
mass below 92 GeXt? is therefore excluded by the 0u 20 40 60 80 100
standardreér searches in this region of the parameter m, [ GeV/e™]
space.

Fig. 2. Regions excluded in them, my;) plane by di-
For smaller tarp values, smal\ M occur at lower rect searches for selectrons and charginos fortanl.5 and

X? masses and the limit set Byer searches therefore ,, — _5000 GeV/c2. The dark-shaded regions are theoretically for-
becomes less stringent. For famwvalues smaller than  bidden A M < 0) or excluded by LEP1 [7] or the LSP limit [3]. The
2.6, the single electron search takes over, as long|as light-shaded regions are excluded by direct searches for chargino
remains greater than 70 GW- The smallest non- two-body (2B) and three-body (3B) decays [3,4]. The hatched re-

s 2 . gion is excluded by the selectron search. Lines of constaht
excluded selectron massg, = 73 GeV/er, is found values and of constanmtzg, values are also shown. The thick line

in this region (tag = 1.5 andu = -5 TeV/cZ), for indicates the kinematic limit foer&gr production.
m1/2 =179 GeV/c? andmg = 2 GeV/c?, as displayed
in Fig. 2.

Small negative values of are in general excluded
by either chargino searches or neutralino searches for
any selectron mass value. An example is shown in - _ o
Fig. 3 where the exclusion domains in theo( m1,2) trino, exploiting the relations given in Egs. (2) and (3).
plane are given for tgf = 1.0 andu = —45 GeV/c? For a given value of tafi, mg andmg take their min-
with and without the dedicated neutralino searches. It imal values for the same parameter combination, be-
can be seen that the additionglx) searches allow ~ cause the difference between the masses of these two
the chargino corridor to be covered. The overall limit SParticles is only a function of tgh Because the:s >
on mg, is therefore set by théré_ analysis at larger ~ dependence is stronger fak andm; than formeg,
negative values of. where themy,» coverage of the ~ the limits are found at smaller values of/> and
chargino searches is reduced due to larger Charginolargervalues ofng. In general, these limits are located
and neutralino masses. at the intersection of the exclusion borders of the se-
The limit onmg, is shown in Fig. 4 as a function of lectron and chargino searches or, forfan 1.5, at the
tang. Each point represents the result of a scan over Selectron exclusion-border for, o = 37 GeV/c? [3].

1, m1/2 andmo, allowing an absolute lower limit on The lower limits onmg_andm; are shown in Fig. 5

the selectron mass to be sewat, > 73 GeV/c?. as a function of tag. The basic shape reflects the
opposite tagg-dependence ok andm;. The overall

5.3. Limits oy andmg limit for the heavier selectron is found to ey >

107 GeV/c? for tang = 1.0 and . = —80 GeV/c2.
The present analysis can also be used to derive lim- For the sneutrinos, an overall limit of; > 84 GeV/c?
its on the masses of the heavier selectron and the sneuis obtained for tag > 10 andu < —1000 GeV/c?.



84 ALEPH Collaboration / Physics Letters B 544 (2002) 73-88

o LAl ALEPH “y ] i IM=175 Gevict ALEPH
= o > i = 3 :
> 180 l \ s 95 : 2
&} . ) g iM,=180 GeV/c
< 160 I e - ., e
E.— 160 lr.;i,-‘ | L= -'\45 GeVI(E mE,; 90 ] ; :
[ AN h ; i a
140 N i§ 85 : i
£ én cascade decays ] i H
120 p corridor| >, A 80 :
JARS ]
e Amc< 0 I!" 75
3
80 .illﬁﬁl 70
30
m, [ GeV/c® ] pe
_ 60
“ llii 1 10
E 180 L ! ! b tanf3
e Fig. 4. Limit on mg, as a function of tag. The limit from the
£ 160 Higgs boson searches forop = 175180 GeV/c2 is given by the
dashed(dotted) line.
140
120
100 be translated into a lower limit om1,> as a function
Am:0 _ l| of tang for a given value ofmg. The A boson
80 oA massma and the stop mixing, controlled by (A-
0 10 20 30 40 50 60 70 ucotp), are chosen in a way that maximizes, for
m, [ GeV/c’ ] a given set ofny/2, mg and targ. The limit onmy/2
' _ _ _ decreases with increasingo. Therefore, the choice
Fig. 3. (a) Regions excluded in theng, my,2) plane by di- mo = 100 GeV/cz, Corresponding to the kinematic

rect searches for selectrons and charginos, foBtan1.0 and limit for selectron production E (1) is conservative
n=—45 Ge\//cz. The selectron limit at large:g is a line of con- p g. !

stantimy /», where the photino field content of the becomes large for the p_resent analysis. _ o _
enough for the selectrons to decay predominantly via cascades. The ~ The limit becomes less stringent with increasing
thin dashed curves are the lines of cons&pmass, and the thick Miop. The impact of thmtop uncertainty {5 GeV/cz)
gashed CItJrr]veESa;e the Ilr(ljes of cclnjtantrwr;ass dtl)ffereggernh ;he LSP.i5 estimated by performing the calculation @gp =
ecause the mass does not depe above eyc?, . .
pendHa ye 175 and 180 Ge)t2. The results are obtained with

the isoAM lines become identical to the isgg, lines. (b) Same h | limi he limi
as (a), including the regions that can be covered by dediggﬁg@ the ALEPH lower limit onmn [5]. The limit on mi2

searches (dark shaded). The same hatching and shading convention§l€Creases rgpidly with increasing farhence the im-
as in Fig. 2 are adopted. pact of the Higgs boson searches on the present results

is sizeable only for small tgf.
The resulting lower limits omg,, mg andm; are
shown in Figs. 4 and 5 fonp = 175(180) GeV/c?.
5.4. Constraints from Higgs boson searches The overall limit onme, is found at targ = 2.8(2.4),
meay > 77(75) GeV/c?. The limit onmg_is found to
bemg > 115115 GeV/c?. Since the limit onn; is
As explained in Ref. [3], a lower limit on the found at large tag, the constraints from Higgs boson
mass of the lightest CP-even Higgs bosem) can searches have no impact in this case.
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"l; 1 @ - ALEPH The results of the neutral Higgs boson searches [5]
3 140 N are interpreted for hZ, HZ and hA production, where
— 130 :" h and H are, respectively, the lighter and the heavier
- 1 % CP-even Higgs bosons, and A the CP-odd Higgs
120 E boson.
e In minimal supergravity, the trilinear couplings

A;, Ap and A; are unambiguously predicted from
the model parameters. Mixing effects can, therefore,
not be arbitrarily switched off as is done in the
previous sections. While mixing in the squark sector is
relevant only for the Higgs boson mass and coupling
prediction, mixing in the stau sector can lead to a
stau much lighter than selectrons and smuons, thus
affecting the decay phenomenology of charginos,
neutralinos and Higgs bosons. Decays into staus may
tanf3 indeed become predominant and lead to final state
topologies with taus. These topologies are not always
efficiently covered by the searches described in the

100

20

80

70

60

“1»: (b) £ ALEPH previous sections, in particular if the mass difference
= 140 | B M ~175 Gevie! between the lightest neutralino and the stau is small.
= ] it Three additional searches are used to address this new
g 130 HE , situation:
120 ] :__ II=180 GeV/e
i il 1. the search for the associated neutralino production
110 ete” —» Xz X1 with the subsequent decaog —
100 i1 —> Xl” [4], leading to at least one visible
in the final state;
2 2. the search for an invisible Higgs boson [5], which
covers the €e~ — hZ process followed by the
80 oy 0,0 __.
decay h— 77 — xyx 77,
70 3. the search for heavy stable charged particles [16]
which addresses the stau-pair productivee—
650 j 1o 77 when the mass difference with the LSP is
tanp smaller thann.
Fig. 5. Limits onmg_ (a) andm; (b) as a function of tafi. The The impact of each of the analyses (standard and
limit from the Higgs boson searches fakop = 175180 GeV/c? additional) in the(mo, m1/2) plane is illustrated in
is given by the dashed(dotted) line. Figs. 6a to 6d for two typical tah values, ta = 15

and 30, and for both signs @f. In general, smalk1/2
values are excluded by selectron and Higgs boson

5.5. Interpretation in MSUGRA searches. Smaling values either are theoretically
forbidden or correspond to a stau LSP.

The results of the searches for selectrons, charginos, The excluded domains in theng,m1/2) plane
neutralinos and Higgs bosons are also combined can be translated into lower limits ome,, mg
within the framework of minimal supergravity, follow- ~ and m;, shown in Fig 7 as a function of t#h
ing the analysis presented in Ref. [3]. Scans of the for mip = 175 GeV/c? and for both signs ofu.

(mo, m1/2) plane are performed as a function of tan ~ With increasing tag, the domains covered by Higgs
for both signs ofx and forAg = 0. boson searches shrink, while the regions with a stau
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Fig. 6. Minimal Supergravity scenario: regions excluded in thg,(m1,2) plane for targ = 15, 30 and 44 and foAg = 0. Region 1 is
theoretically forbidden. The other regions are excluded by LEP1 (2), and by searches for charginos (3), selectrons (4), staus (5), Higgs
bosons (6), stable charged particles (7), and associated neutralino production (8).

LSP extend because of mixing effects in the stau excluded channel of th@ng, m1,2) plane opens up, in
sector. The minimal combined exclusion is reached which the hZ coupling is too small and the H mass
for intermediate tag values, around 15. The structure too large for the hZ and HZ production to contribute
at large targ is due to a loss of sensitivity of the significantly.

combined search for the hZ and HZ processes. As  Altogether, a lower limit on the selectron mass of
can be seen in the example shown in Fig. 6e, a non- 95 GeV/c? is derived forAg = 0 and for both signs of



ALEPH Collaboration / Physics Letters B 544 (2002) 73—88 87

— 400 — , — 400 g
= i (a) ; g {} (b) :
& 350 {[! ALEPH 2 3s0 || ALEPH
= mSUGRA e SR mSUGRA TS
E 300 : £ 300
250 | 250 |
200 200
150 150 -
100 - 100 |
50 ; . ‘ ‘ ‘ : 50 ; —
10 20 30 40 50 60 10 20 30 40 50 60
tanf tanf
400

m¥ [ GeVic? |
[
h
(—1

200

150

100

50 ? T T -
10 20 30 40 50 60

tanf3

Fig. 7. Limits within MSUGRA onng, (), mg (b) andm; (c) as a function of tag for 1 < 0 (dashed line) angt > O (full line). Detailed
explanations about the structure at largegamlues can be found in Section 5.5.

w. For the heavier selectron and the sneutrino, massthe four parameters tgh w, m1/2 and mg has been
lower limits of 152 and 130 Gel:2 are obtained, performed to determine the following lower limits on
respectively. the masses of selectrons and sneutrinos:

Mg, > 73 Ge\//cz,

6. Conclusions mg > 107 GeV)c2,
: 5 > 84 GeV/c?.
The results of searches for selectron, chargino and™”” &

neutralino production in the data collected by ALEPH These limits improve on earlier results obtained at
at centre-of-mass energies up to 209 GeV have beenlower centre-of-mass energies by the L3 Collabora-
interpreted in the framework of the MSSM with tion [17].
R-parity conservation, gaugino and sfermion mass  The limits on the selectron masses can be further
unification, and no sfermion mixing. A scan over improved by including constraints from Higgs boson
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searches. The results depend slightly on the value of References

the top quark mass. Fonp = 175180 GeV/c?,
mass limits of

mes > T7(75) GeV/c?,
mg > 115115 GeV/c?

are obtained.
Within minimal supergravity, mass lower limits
have been set at

mg > 95 Ge\//cz,

mg > 152 GeVc?,

my > 130 GeV/c?,

for Ag =0 andmp = 175 GeV/c?.
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