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Abstract

Preliminary results of the search for singly produced excited leptons with the
DELPHI detector at LEP are reported. The data analysed correspond to an in-
tegrated luminosity of about 230 pb−1, collected in 1999 at e+e− centre-of-mass
energies ranging from 192 GeV to 202 GeV. Upper limits on the ratio of the cou-
pling of the excited lepton to its mass (λ/ml∗) as a function of the mass are given.



This note updates the search for excited leptons in DELPHI reported in [1, 2]. The
analysis follows closely the previous one and therefore this note contains basically the
updated results. The data were taken at centre-of-mass energies of 192 GeV, 196 GeV,
200 GeV and 202 GeV corresponding to integrated luminosities of approximately 26 pb−1,
77 pb−1, 84 pb−1 and 41 pb−1 respectively. All results are preliminary.

The single production of excited leptons could proceed via s-channel γ and Z0 ex-
change. Important additional t-channel contributions would arise for excited electron and
for excited electronic neutrino production. In this case the unexcited beam particle is
emitted preferentially at low polar angle and often goes undetected in the beam pipe.

Excited leptons could decay by radiating a γ, Z0 or W. The decay branching ratios
are functions of the f and f

′

coupling parameters of the model [3]. The mean lifetime of
excited fermions with masses above 20 GeV/c2 is predicted to be less than 10−15 seconds
in all the cases studied.

The process e+e− → γγ(γ) can be used to probe compositeness at LEP and thus
complement the excited electron direct searches in the mass region above the kinematic
threshold [4].

Excited lepton events were generated according to the cross-sections defined in [3],
involving γ and Z0 exchange. The hadronization and decay processes were simulated
by JETSET 7.4 [5]. The initial state radiation effect was included at the level of the
generator.

In order to obtain the number of expected background events different programs were
used to simulate the relevant SM processes. Four fermion events were generated us-
ing EXCALIBUR [6]. The processes e+e− → Z0γ with Z0 → ff were simulated with
PYTHIA [5] and KORALZ [7], for f=quark and f=µ,τ respectively. Final states orig-
inating from two-photon (“γγ”) physics were produced with the TWOGAM and the
Berends,Daverveldt and Kleiss generators [8, 9]. BHWIDE [10] was used to simulate the
Bhabha scattering, whilst the process e+e− → γγ(γ) was produced using the genera-
tor described in [11]. Compton-like final states originating from a eγ collision, with an
electron going undetected in the beam pipe, were generated according to [12].

Generated SM and excited lepton events were passed through the full DELPHI simu-
lation and reconstruction chain and processed by the same analysis program used for real
data.

The event selection was performed in three stages. In the first level, very general
selection criteria were applied and the events were classified according to the number of jets
and of isolated leptons and photons. In the second level, differing selection criteria were
applied to each topology. Finally, whenever possible, event flavour tagging was performed,
based on the identification of the final state leptons and on other (topology dependent)
characteristics of the event. Details on each selection level are given in reference [1].
Only small adjustments were made with respect to the previous analysis. At the different
selection levels and topologies fair agreement between data and SM expectation was found.

The comparison between the numbers of excited lepton candidates and the expected
background is shown in table 1, for the different excited lepton types and decay modes,
revealing consistency with the SM expectations.

The efficiencies, including the trigger efficiency, were calculated for each final state
topology at several mass points covering the relevant parameter phase space. The values
shown in table 2 are average values for masses in the range 190 GeV–195 GeV.

The limits were computed, combining all 1999 data with the previous results obtained
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at 189 GeV [2], using the method described in [13]. In the single production of excited
leptons the cross-sections are a function not only of the mass of the excited particle
(ml∗) but also of the ratio of the coupling of the excited lepton to its mass, λ/ml∗ . 95%
confidence level (CL) upper limits on λ/ml∗ as a function of ml∗ were derived. Figures 1
and 2 show these limits for the excited leptons assuming f = f

′

and f = −f
′

respectively.
Figure 3 shows the limit on the excited electron production for f = f

′

obtained by
combining the result of the direct search (figure 1(a)) with the indirect result from the
search for deviations in the e+e− → γγ(γ) differential cross-section. We can thus extend
the result to regions above the kinematic limit.
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√
s excited lepton id.

GeV topology e µ τ

ℓ∗ → ℓγ 22 (20±1) 11 (8.4±0.4) 19 (13±1)
ℓ∗ → νW 6 (5.8±0.6) 2 (3.2±0.3) 1(1.5±0.2)

192 ℓ∗ → ℓZ 11 (13.5±0.7) 6 (9.6±0.5) 6 (7.6±0.5)
ν∗ → νγ 0 (0.1)
ν∗ → ℓW 6 (5.2±0.6) 2 (2.6±0.3) 4 (2.8±0.3)
ν∗ → νZ 0(1.2±0.1)

ℓ∗ → ℓγ 51 (59±4) 22 (24±1) 50 (38±3)
ℓ∗ → νW 14 (17±2) 11 ( 9.7±0.8) 5 (4.6±0.7)

196 ℓ∗ → ℓZ 44 (41±2) 22 (29±1) 28(23±2)
ν∗ → νγ 2 (0.7)
ν∗ → ℓW 12 (15±2) 9 (7.9±0.8) 8 (9±1)
ν∗ → νZ 1 (3.7±0.4)

ℓ∗ → ℓγ 62 (63±4) 27 (26±1) 45 (42±3)
ℓ∗ → νW 21 (22±2) 13 (13±1) 11 (7±1)

200 ℓ∗ → ℓZ 46 (52±3) 33 (31±1) 28 (24±2)
ν∗ → νγ 6 (1.7)
ν∗ → ℓW 18 (20±2) 10 (11±1) 15 (14±1)
ν∗ → νZ 4 (4.3±0.5)

ℓ∗ → ℓγ 39 (30±2) 10 (12.5±0.5) 26 (20±2)
ℓ∗ → νW 10 (11±1) 5(6.5±0.5) 1 (3.5±0.5)

202 ℓ∗ → ℓZ 27 (25±1) 13(15.1±0.7) 13 (11.8±0.9)
ν∗ → νγ 1 (1.2)
ν∗ → ℓW 9 (10±1) 4 (5.4±0.5) 6 (6.6±0.7)
ν∗ → νZ 1 (2.1±0.2)

Table 1: Number of candidates for the different excited lepton decay channels and centre-
of-mass energies. The SM expected background are displayed within parentheses.

excited lepton id.
topology e µ τ

ℓ∗ → ℓγ 30 60 19
ℓ∗ → νW 20 30 21
ℓ∗ → ℓZ 21 35 19
ν∗ → νγ 35
ν∗ → ℓW 27 31 14
ν∗ → νZ 15

Table 2: Efficiency (in %) for the different excited lepton decay channels
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Figure 1: Limits on the single production of charged (a) and neutral (b) excited leptons
assuming f = +f

′

. The lines show the upper limits at 95% CL on the ratio λ/mℓ∗ between
the coupling of the excited lepton and its mass as a function of the mass.
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Figure 2: As figure 1, but for f = −f
′

.
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Figure 3: Combined excited electron limits for f = f
′

from direct and indirect searches.
The line shows the upper limits at 95% CL on the ratio λ/me∗ as a function of the mass.
Up to the kinematic limit the result is dominated by the single production direct search.
Above this value the limit is the one coming from the indirect search using e+e− → γγ.
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