EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

L3 note 2586

July 1, 2000

Search for Scalar Leptons in e^+e^− collisions at √ s = 192 − 202 GeV

The L3 collaboration

Abstract

We report the result of a search for scalar leptons in e^+e^− collisions at centreof-mass energies between 192 GeV and 202 GeV at LEP. No evidence for such particles is found in a data sample of 233 pb^{−1}. Improved upper limits are set on the production cross sections for most of these new particles. New exclusion contours in the parameter space of the Minimal Supersymmetric Standard Model are derived, as well as new lower limits on the masses of these supersymmetric particles.

XXX International Conference on High Energy Physics, Osaka, July 27 – August 2, 2000.

1 Introduction

One of the main goals of the LEP experiments is to search for new particles predicted by theories beyond the Standard Model. In this note we report on searches for unstable scalar leptons. These particles are predicted by supersymmetric theories (SUSY) [1]. In SUSY theories with minimal particle content (MSSM) [2], in addition to the ordinary particles, there is a supersymmetric spectrum of particles with spins which differ by one half with respect to their Standard Model partners.

Scalar leptons (ℓ̃^±_R and ℓ̃^±_L ) are the supersymmetric partners of the right- and left-handed leptons. Pair production takes place through s-channel γ/Z exchange. For scalar electrons the production cross section is enhanced by t-channel exchange of a neutralino. Scalar electrons can also be singly produced in association with χ̃^01(e) via t-channel diagrams.

Short-lived supersymmetric particles are expected in R-parity conserving SUSY models. The R-parity is a quantum number which distinguishes ordinary particles from supersymmetric particles. If R-parity is conserved supersymmetric particles are pair-produced and the lightest supersymmetric particle, the lightest neutralino χ̃^0_1, is stable. The neutralino is weaklyinteracting and escapes detection. In this note we assume R-parity conservation, which implies that the decay chain of supersymmetric particles always contains, besides standard particles, two invisible neutralinos causing the missing energy signature.

The scalar lepton decays into its partner lepton mainly via ℓ̃^± → χ̃^0_1ℓ^±, but also via the cascade decay, such as ℓ̃^± → χ̃^0_2ℓ^± → χ̃^0_1Z∗ℓ^±, which may dominate in some regions of the parameter space of the MSSM.

In general, scalar lepton signals appear as acoplanar lepton in the detector. This might not be the case for the process e^+e^− → ẽ_Rẽ_L which can lead to single-electron or electron plus soft-track final states for very small mass differences between ẽ_R and χ̃^0_1. The visible electron comes from the decay of ẽ_L, being the latter substantially heavier than ẽ_R. Similarly, the tchannel process e^+e^− → ẽ_Rχ̃^01(e) leads to single-electron final states since one of the two final state electrons escapes along the beam axis.

Results presented in this note for the acoplanar lepton searches are obtained following similar analysis procedures as those reported in Ref. [3], while a new single-electron analysis is presented.

2 Data Sample and Simulation

We present the analysis of data collected with the L3 detector [4] in 1999, corresponding to an integrated luminosity of 233 pb^{−1} at an average centre-of-mass energy, √ s, of 197.4 GeV, denoted hereafter as √ s = 197 GeV.

Standard Model reactions are simulated with the following Monte Carlo generators: PYTHIA [5] for e^+e^− → qq̄, e^+e^− → Z e^+e^− and e^+e^− → γ/Z γ/Z; EXCALIBUR [6] for e^+e^− → f f^′f^{′′}f^{′′′};

KORALZ [7] for e^+e^− → μ^+μ^− and e^+e^− → τ^+τ^−; BHWIDE [8] for e^+e^− → e^+e^−; KORALW [9] for e^+e^− → W^+W^−; two-photon interaction processes have been simulated using DIAG36 [10] (e^+e^− → e^+e^−ℓ^+ℓ^−) and PHOJET [11] (e^+e^− → e^+e^− hadrons), requiring at least 3 GeV for the invariant mass of the two-photon system. The number of simulated events for each background process is equivalent to more than 100 times the statistics of the collected data sample except for two-photon interactions for which it is more than two times the data statistics.

Scalar lepton events are generated with the Monte Carlo program SUSYGEN [12], for masses of SUSY particles (M_{SUSY}) ranging from 45 GeV up to the kinematic limit, and for ΔM values

(ΔM = M_{SUSY} −M_{χ̃}0_1 ) between 0 and M_{SUSY} −1 GeV. For efficiency studies of e^+e^− → ẽ_Rχ̃^01(e) events are generated using the SUSY23 [13] Monte Carlo generator.

The detector response is simulated using the GEANT package [14]. It takes into account effects of energy loss, multiple scattering and showering in the detector materials and in the beam pipe. Hadronic interactions are simulated with the GHEISHA program [15]. Time dependent inefficiencies of the different subdetectors are also taken into account in the simulation procedure.

3 Single-electron analysis

For this channel a new analysis has been devised and our previous preliminary results [16] are superseded.

The number of charged tracks must be 1 or 2 and one of them must be associated to an electron identified in the BGO. The quality criteria required for the electron track restrict the fiducial region to | cos θ_e| < 0.73. If a second track is present its transverse momentum must not exceed 1 GeV. In order to reduce the background contribution from four-fermion processes we require low energy in the hadronic calorimeter (E_{HCAL} ≤ 5 GeV), in the EGAP (< 5 GeV), and in the forward calorimeters (E_{ALR} ≤ 0.5 GeV and E_{LUMI} ≤ 2 GeV). To reduce the contamination from νν̄γ background when the photon converts in the material of the detector we require no track in a 20^∘ cone around the direction of the electron. If the two tracks from the γ-conversion are not resolved we require M_{recoil} − M_Z∘ ≥ 10 GeV, where M_{recoil} is the electron recoil mass. Finally the event transverse momentum is required to exceed 20 GeV if the event contains only one track (single-electron) or 18 GeV if it contains 2 tracks (hard electron plus soft system).

4 Results

Results for the single electron analysis are summarised in Table 1. A slight excess of data is observed with respect to the Standard Model. The transverse momentum distributions for the selected data and background Monte Carlo events at √ s = 197 GeV are shown in Figure 1 for the entire sample and for the subset of single-electron final state. Signal efficiencies vary from 4% at m_{ẽL} − m_{χ̃}0_1 = 5 GeV to 60% at m_{ẽL} − m_{χ̃}0_1 = 50 GeV, and they do not change for any values of m_{ẽR} − m_{χ̃}0_1 smaller than 4 GeV. Similar efficiencies are obtained for single scalar electron production in association with χ̃^01(e), where the electron escapes in the beam pipe.

All the acoplanar lepton selections are parametrised as a function of a single parameter, ΔM/M~_ℓ · √ s/2. Thus, optimal cuts are obtained for any given ℓ̃−χ̃^01 mass point by adjusting the above parameter. As illustrated in Figure 2 for scalar electrons, muons, and taus the data and Monte Carlo simulations are in general in good agreement for any parameter value. The results obtained at √ s = 197 GeV for the acoplanar lepton searches are shown in Table 2 in total, and for the low ΔM (ΔM/M~_ℓ · √ s/2 < 10 GeV), medium ΔM (10 GeV < ΔM/M~_ℓ · √ s/2 < 30 GeV), and high ΔM regions (ΔM/M~_ℓ · √ s/2 > 30 GeV) separately. In general, a good agreement between the expected background from Standard Model processes and the selected data is observed. The slight excess observed at √ s = 189 GeV in the scalar tau channel for medium and high ΔM is confirmed by new data.

Selection efficiencies for scalar lepton pair production, as well as systematic errors are very similar to those reported in Ref. [3]. We set 95% C.L. upper limits on scalar lepton production cross sections taking into account background contributions. To derive the new upper limits on the production cross sections, and for interpretations in the MSSM we combine the 1999 data sample with those collected at lower centre-of-mass energies.

Assuming a branching fraction for ℓ̃^± → χ̃^0_1ℓ^± of 100%, upper limits are set on pair production cross sections of scalar electrons, muons and taus in the plane M_{χ̃}0_1 versus M~_ℓ± as depicted in Figure 3.

5 Limits on scalar lepton masses in the MSSM

All the limits are obtained by combining these results with those obtained at lower centreof-mass energies. To derive limits in the MSSM, we optimise the global selection for any different point in the parameter space. This is obtained, choosing every time the combination of selections providing the highest sensitivity, given the production cross sections and the decay branching fractions which are calculated with the generator SUSYGEN.

In general, the SUSY partners of the right-handed leptons (ℓ̃^±_R) are expected to be lighter than their counterparts for left-handed leptons. Hence, we show in Figures 4a, 4b and 4c the exclusion contours in the M_{χ̃}0_1 − M~_ℓ±_R plane considering only the reaction e^+e^− → ℓ̃^±_R ℓ̃^∓_R and setting μ = −200 GeV and tan β = √ 2. These exclusions hold also for higher tan β and |μ| values. For smaller |μ| values, the t-channel contribution to the scalar electron cross section is reduced, thus reducing by a few GeV the limit on its mass shown in Figure 4a. The values of μ and tan β are also relevant for the calculation of the branching ratio for the decay ℓ̃± → χ̃0_2ℓ± → χ̃0_1Z∗ℓ± in Figures 4a–c. To derive these exclusions, only the purely leptonic decay ℓ̃^±_R → ℓ^±χ̃^0_1 is considered, neglecting any additional efficiency from cascade decays.

The observed limit on the scalar tau mass (Figure 4c) is considerably lower than the one expected by performing Monte Carlo experiments with background only. This is due to the slight excess observed in this channel from √ s = 189 GeV to √ s = 202 GeV.

References

[1] Y.A. Golfand and E.P. Likhtman, Sov. Phys. JETP 13 (1971) 323;

D.V. Volkhov and V.P. Akulov, Phys. Lett. B 46 (1973) 109; J. Wess and B. Zumino, Nucl. Phys. B 70 (1974) 39; P. Fayet and S. Ferrara, Phys. Rep. C 32 (1977) 249; A. Salam and J. Strathdee, Fortschr. Phys. 26 (1978) 57.

[2] H. P. Nilles, Phys. Rep. 110 (1984) 1;

H. E. Haber and G. L. Kane, Phys. Rep. 117 (1985) 75; R. Barbieri, Nuovo Cimento 11 No. 4 (1988) 1.

[3] L3 Collaboration, M. Acciarri et al., Phys. Lett. B 471 (1999) 280-292.

[4] L3 Collab., B. Adeva et al., Nucl. Instr. and Meth. A 289 (1990) 35;

M. Chemarin et al., Nucl. Instr. and Meth. A 349 (1994) 345; M. Acciarri et al., Nucl. Instr. and Meth. A 351 (1994) 300; G. Basti et al., Nucl. Instr. and Meth. A 374 (1996) 293; I.C. Brock et al., Nucl. Instr. and Meth. A 381 (1996) 236; A. Adam et al., Nucl. Instr. and Meth. A 383 (1996) 342.

[5] T. Sjöstrand, “PYTHIA 5.7 and JETSET 7.4 Physics and Manual”, CERN–TH/7112/93 (1993), revised August 1995; T. Sjöstrand, Comp. Phys. Comm. 82 (1994) 74.

[6] EXCALIBUR version 1.11 is used.

F.A. Berends, R. Kleiss and R. Pittau, Nucl. Phys. B 424 (1994) 308; Nucl. Phys. B 426 (1994) 344; Nucl. Phys. (Proc. Suppl.) B 37 (1994) 163; Phys. Lett. B 335 (1994) 490; Comp. Phys. Comm. 83 (1994) 141.

[7] KORALZ version 4.02 is used.

S. Jadach, B.F.L. Ward and Z. Wa̧s, Comp. Phys. Comm. 79 (1994) 503.

[8] BHWIDE version 1.01 is used.

S. Jadach et al., Phys. Lett. B 390 (1997) 298.

[9] KORALW version 1.33 is used.

M. Skrzypek et al., Comp. Phys. Comm. 94 (1996) 216; M. Skrzypek et al., Phys. Lett. B 372 (1996) 289.

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

[11] PHOJET version 1.10 is used.

R. Engel, Z. Phys. C 66 (1995) 203;

R. Engel and J. Ranft, Phys. Rev. D 54 (1996) 4244.

[12] SUSYGEN version 2.2 is used.

S. Katsanevas and P. Morawitz, Comp. Phys. Comm. 112 (1998) 227.

[13] Susy23 Monte-Carlo Program :

J.Fujimoto et al., Comp. Phys. Comm. 111 (1998) 185.

[14] The L3 detector simulation is based on GEANT Version 3.15.

See R. Brun et al., “GEANT 3”, CERN DD/EE/84-1 (Revised), September 1987.

[15] H. Fesefeldt, RWTH Aachen Preprint PITHA 85/02 (1985).

[16] L3 Collaboration, M. Acciarri et al., L3 note 2524 submitted to 2000 Winter Conferences.

Single-electron + X Pure Single-electron √ s (GeV) N_{Data} N_{MCExp} N_{Data} N_{MCExp} 192 3 2.2 2 1.8 196 8 7.0 7 6.0 200 10 7.3 9 6.4 202 8 3.4 5 2.8 192–202 29 19.9 23 17.0

Table 1: Results of the ẽ_Rẽ_L searches at various centre-of-mass energies.

Low ΔM Medium ΔM High ΔM Total N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} ẽ 31 28.3 10 12.7 24 24.5 60 56.2 μ̃ 48 42.2 20 16.7 48 40.1 99 85.6 τ̃ 191 199.3 72 59.1 41 33.8 226 226.6

Table 2: Results of the acoplanar lepton searches at √ s = 197 GeV.

Figure 1: Transverse momentum distribution for the selected events in the single-electron analysis, a) for the entire sample and b) for the subset of single-electron final state. Data events observed at √ s = 197 GeV are compared to Standard Model background processes.

Figure 2: Number of events selected in data (dots) and expected from Standard Model background (solid line) as a function of the ratio ΔM/M~_ℓ · √ s/2. Distributions for the a) scalar electron, b) scalar muon, and c) scalar tau are shown.

Figure 3: Upper limits on the production cross sections up to √ s = 202 GeV shown in the mass plane M~_ℓ − M_{χ̃}0_1 for scalar leptons. Figures a), b) and c) show the limits for scalar electrons, muons and taus, respectively.

Figure 4: Mass limits on the scalar partners of right-handed electrons a), muons b) and taus c) as a function of the neutralino mass M_{χ̃}0_1 . These three figures are obtained using only the upper limits on the cross section from direct searches at centre-of-mass energies between 189 GeV and 202 GeV. The dashed lines show the average limits obtained with Monte Carlo trials with background only.