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Abstract

A search for excited leptons, e, u", 77, »,°, v, and »", was performed with the L3 detector at LEP using data
collected at a centre-of-mass energy of 189 GeV, corresponding to an integrated luminosity of 176 pb~!. No evidence of
their production is observed. From the searches for pair produced excited leptons, lower mass limits are set close to the
kinematic limit. From the searches for singly produced excited leptons, upper limits on their couplings are derived in the

mass range up to 189 GeV. © 2000 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

The existence of excited leptons would provide
evidence for fermion substructure. Composite mod-
els could explain the number of families and make
the fermion masses and weak mixing angles calcula-
ble [1]. The excited leptons ¢ *, w*, 7* (collectively
denoted as # ") and v* have been extensively
searched for at the LEP e'e™ and the HERA ep
colliders [2]. These particles are assumed to have
spin and isospin values 1/2 and the same elec-
troweak SU(2) and U(1) gauge couplings to the
vector bosons as the standard leptons, but are ex-
pected to constitute both left and right handed weak

isodoublets. Excited leptons are expected to decay
into their ground states by radiating a photon or a
massive vector boson.

At eTe” colliders, excited leptons can be pro-
duced either in pairs (e'e =2 /", > v*v*) or
singly (e"e =//",—> vy*). In pair production,
the coupling of the excited leptons to the gauge
bosons is described by the Lagrangian [3]

_ T Y
Lo =L*y“(g5% +g/EBM)L*'

The cross section for pair production depends on the
mass of the excited lepton [1,4].

! Also supported by CONICET and Universidad Nacional de La Plata, CC 67, 1900 La Plata, Argentina.

2 Also supported by Panjab University, Chandigarh-160014, India.

3
Deceased.

* Also supported by the Hungarian OTKA fund under contract numbers T22238 and T026178.
3 Supported by the German Bundesministerium fur Bildung, Wissenschaft, Forschung und Technologie.

6 Supported by the National Natural Science Foundation of China.

7 Supported by the Hungarian OTKA fund under contract numbers T019181, F023259 and T024011.
8 Supported also by the Comision Interministerial de Ciencia y Tecnologia.



M. Acciarri et al. / Physics Letters B 473 (2000) 177185 181

Single production as well as magnetic decay can
be described by means of an effective Lagrangian of
the form [3]

rsd

g-, 7 gr -,
3/*/2 XL gt EILQM”VV'F TL gt YlLaMBV

+hec.,

where A is the compositeness scale and fand /" are
the couplings associated with the SU(2) and U(1)
gauge groups of the Standard Model, respectively.
They determine the production rate of single excited
leptons and their branching ratio into standard lep-
tons plus gauge bosons [4]. Table 1 shows the decay
branching ratios for excited leptons for two relative
values of f and f” and for different excited lepton
masses.

Excited leptons are searched for in the radiative
decays, /" =»/v, v' > vy, and weak decays, /"
- vW and v* -/ W. In the production of pairs of
excited leptons, the search is performed considering
only radiative decays or only weak decays, but not
one excited lepton decaying radiatively and the other
decaying weakly. Pair production searches are sensi-
tive to excited leptons of mass up to values close to
the kinematic limit, i.c. the beam energy. Single
production searches extend the sensitivity to the
mass range above the beam energy up to the centre-
of-mass energy, Vs.

2, Data sample and event simulation

The data sample analysed corresponds to
176.4pb~! collected with the L3 detector [5] at LEP

Table 1
Predicted branching ratios for charged and neutral excited lepton
decays, for different choices of masses and couplings

Decay channel Branching ratios

M =90 GeV M =180 GeV
r=r  r==r r=r r==r

AR Y e 89% 0% 37% 0%

s vW 11% 99% 54% 63%

’=/7 0% 1% 9% 37%

V¥ oy 0% 89% 0% 37%

v* o /W 99% 11% 63% 54%

v o7 1% 0% 37% 9%

at Vs =188.6 GeV in 1998. For the simulation of
background from Standard Model processes, differ-
ent Monte Carlo programs are used: Radiative
Bhabha events are generated using BHWIDE [6] and
TEEGG [7]. For other radiative dilepton events, gy,
71y and vry, the KORALZ [8] generator is used.
The GGG [9] Monte Carlo is used for final states
with only photons. KORALW [10] is used for the
¢e” > WW process. PYTHIA [11] is used for
qq(y), ZZ and Zee production and EXCALIBUR
[12] is used for the qqev final state.

The generation of excited leptons and their decay
is done according to their differential cross section
[3], to optimise the selections and estimate the effi-
ciencies. Initial state radiation is not implemented in
the generation, but it is taken into account in cross
section calculations. The generated events are passed
through the L3 detector simulation [13], which in-
cludes the effects of energy loss, multiple scattering,
interactions and decays in the detector and the beam

pipe.

3. Radiative decays

Excited leptons decaying radiatively give rise to
final states with low multiplicity and high energy
photons. Event selection criteria reject pure hadronic
events, keeping a high signal efficiency independent
of the flavour of excited leptons. This is achieved by
accepting events with less than cight tracks and at
least one photon with energy greater than 15 GeV in
the central detector region (lcosf, | <0.75, where 6,
is the photon polar angle). To reject cosmic back-
ground at least one scintillator within + 5 ns of the
beam crossing must be present. In addition, events
with muons are required to have a muon track
pointing to the primary vertex.

Electromagnetic clusters are identified as elec-
trons if there is a matching track within 5° in the r¢
projection. Muons are identified from tracks in the
muon chambers. A minimum ionising particle in the
calorimeters can be accepted as a second muon. The
tau identification is based on jets constructed from
calorimetric clusters, tracks and muons, with invari-
ant mass below 3 GeV and at least one associated
track. Events with charged leptons and photons in
the final state are subjected to a kinematic fit which
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imposes energy and momentum conservation. This
improves the resolution in the invariant mass of the
/v pairs. These selection criteria are complemented
by additional requirements specific to the production
channel and the excited lepton flavour.

3.1. Pair production

In order to select candidates fore“e™ =/ /" —
/£y, it is further required that two photons with
energy greater than 15 GeV, at least one of them in
the central region, and two lepton candidates of the
same flavour must be present. The difference of the
two lepton-photon masses is required to be smaller
than 10 GeV and their sum greater than 100 GeV.

Event selection for e'e = v*v* > vvyy is
based on a signature with only two energetic photons
in the final state. The preselection is complemented
by requiring two photons in the central region with
energies in the range 0.2 <F /FE . <0.8 and with
the acoplanarity angle greater than 10°. There should
be no tracks in the central tracker or in the muon
chambers and the energy of calorimetric clusters
other than photons must be smaller than 5 GeV.

The number of observed events, the expected
background and the signal selection efficiency are
reported in Table 2. The main background is due to
radiative dilepton events ¢ "¢~ =/ vy, vvyy.

Table 2

M. Acciarri et al. / Physics Letters B 473 (2000) 177185

3.2. Single production

Event selection for e*e” »// " »//v identi-
fies final states with two leptons and one photon
with energy greater than 20 GeV. At least one of the
two possible /v invariant masses must be greater
than 70 GeV. Events with just an identified electron
and a photon, with invariant mass above 70 GeV, are
also accepted for the excited electron selection. Thus,
a high signal efficiency is kept for the signal events
originating from the f-channel exchange where one
electron escapes along the beam pipe.

Final states from e*e” — vv* — vvvy are charac-
terised by a single photon with energy greater than
0.15Vs . Neither tracks in the tracking chamber, nor
in the muon chambers should be present in the event.
To reject cosmic events, no more than eight calori-
metric clusters must be present, and besides the
photon, none of them should exceed 5 GeV.

The number of observed events, the expected
background and signal selection efficiency are re-
ported in Table 2. The main background is due to
radiative dilepton events e 'e™ =/ v, vvy.

4. Weak decays

Weakly decaying excited leptons, /* — vW and
-/ W, with at least one W decaying hadroni-

*

14

Number of candidates N, number of background events N,, and average signal efficiencies €, for radiative and weak decays, in the pair
production (upper part) and the single production (lower part) searches

Radiative decays Weak decays
signal Np Ny € signal Np Ny €
pair production e'e” >eeyy 0 0.6 49%
TRTTRESTIPvY 0 0.4 46% IO o v WW 2710 2765 67%
TETE > TTyy 1 0.2 40%
vt > TTWW 71%
vivr > vryy 2 1.6 44% Vg Ve —>eeWW 1 0.12 18%
v rn” = upWw 1 0.34 21%
single production e'e —>eey 563 564 63% e e >y We 452 455 24%
= ey 71 64 61% = vpWh 476 479 49%
TET o TTY 64 55 43% T T vTWr 1004 972 44%
v v, —> e W, 452 455 47%
Vv vy 191 219 66% vt vp = pWo 476 479 51%
v v > TWyT 1004 972 41%
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cally give rise to high multiplicity final states. Selec-
tion criteria are designed to reject leptonic and two-
photon events. More than three tracks and 14 calori-
metric clusters are required in events with visible
energy above 60 GeV.

The lepton identification is the same as for low
multiplicity events except taus, which are identified
as low multiplicity charged jets satisfying at least
two of the following four conditions: less than four
tracks associated with a jet, less than five calori-
metric clusters, invariant mass smaller than 2 GeV,
or at least 70% of its energy contained in a 5°
half-opening cone. Final selection of the candidates
requires additional criteria specific to the production
channel and the excited lepton flavour.

4.1. Pair production

Final states from e‘e™ -/ "/ > vvWW and
ete > v v 5/ WW are similar to Standard
Model WW production. Due to the large cross sec-
tion, pair production of excited leptons would mani-
fest itself as an enhancement of the measured WW
cross section. A combination of four selections, de-
noted by qqqq. qqe. qqp and qqT, is used. To
achieve a high signal efficiency, no attempt is made
to reject the WW background.

For the qqqq selection, events with at least three
charged jets and visible energy greater than 140 GeV
are seclected. For at least one pair of jets, their
invariant mass must be in the range between 50 GeV
and 110 GeV, the recoiling mass against these two
jets must be greater than 50 GeV and the sum of
invariant plus recoil masses must be greater than 120
GeV. To reduce the qqvy background, events with
missing momentum above 30 GeV at low polar
angle, lcosf, . .| >0.95, where 0. is the polar an-
gle of the missing momentum, or an electromagnetic
cluster with energy above 50 GeV are rejected.

For the qq/ selections, events with missing mo-
mentum greater than 10 GeV, at high polar angle
lcos 6,...| <0.95, and the difference between visible
energy and missing momentum smaller than 165
GeV are selected. In addition an isolated lepton with
energy greater than 5 GeV is required. The invariant
mass of the event (without the identified lepton)
must be in the range between 40 GeV and 120 GeV.

In the search for excited electron and muon neu-
trinos, the signal sensitivity is enhanced by requiring
two additional isolated electrons or muons in the
event, with energy in the range between 3 GeV and
15 GeV. Table 2 reports the yields of the selections.
The background is mainly due to WW and qq(y)
production.

4.2. Single production

Experimental signatures of e*e™ —»//" >/ vW
and ete " > vv* 5> v/ W are also similar to Stan-
dard Model WW production. The hadronic decays of
the W are considered, and the qq/ selections de-
scribed above are applied.

They are complemented with a qq selection which
requires two acoplanar hadronic jets with invariant
mass in the range between 60 GeV and 100 GeV and
recoil mass below 70 GeV, to cope with undetected
leptons lost at low angle or releasing low energy.

Events are selected as candidates due to single
excited leptons if they pass any of the qq/ or qq
selections. The main backgrounds are due to WW,
qqev and qq(vy) production. The combined efficiency
for /" and v* depends slightly on the mass and
flavour of the excited lepton, except in the case of
the excited electron, in which the efficiency in-
creases from 9% to 47% in the ¢” mass range
between 95 GeV and 185 GeV, as shown in Table 2.

5. Results and limits

Fig. la—c show all combinations of invariant
masses /., m,, and m,, above 70 GeV. Fig. 1d
shows the energy of the photon in the single photon
selection. Fig. 2a—c show the recoil mass against the
identified lepton in the qqe, qqu and qqT selections;
i.c. the mass of the /* candidate. Fig. 2d—f show
the event invariant mass for the qqe, qqu and qqt
selections; i.e. the mass of the v* candidate. The
number of observed events is consistent with the
expected Standard Model background, see Table 2.
For each flavour and mass of excited lepton hypothe-
sis, the number of candidates found in data and
expected from background are calculated. Taking
into account the luminosity, the branching ratio
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Fig. 1. The invariant mass distributions for (a) ey, (b) wy, and (c)
Ty pairs. Energy distribution of single photon events (d). The
expected signal for an excited lepton with a mass of 155 GeV
normalised to 1.0 pb for all the channels is shown together with
data and Standard Model background.

{which depends on the ratio of the couplings /// )
and the efficiency. an upper limit to the signal cross
section is derived. This limit is set at 95% confi-
dence level. using Bayesian statistics and assuming a
flat a priori distribution for the signal. In the case of
pair production. the cross section only depends on
the mass and charge of the excited lepton. A lower
mass limit is derived from the cross section limit. In
the case of single production. the cross section de-
pends on the flavour and mass of the excited lepton
and the value of the couplings 7 and /. The cross
section limit is then interpreted in terms of an upper
limit to the coupling constant as a function of the
mass of the excited lepton.

Two different scenarios are considered in order to
calculate limits. In the first one, /= /. the radiative
decay is dominant for charged excited leptons
whereas it is forbidden for excited neutrinos. In the
second one. /= —/ . the radiative decay is forbid-
den for charged excited leptons whereas it is domi-
nant for excited neutrinos. Mass limits. as well as
upper limits to the coupling constant. are thus de-
rived from radiative decays for charged excited lep-
tons in the first case and excited neutrinos in the
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Fig. 2. Recoil mass distributions for (a) electron, (b) muon, and
(c) tau, in the qq# selections. Invariant mass distributions for (d)
qqe, (e) qqu. and (f) qqr, selected events. The expected signal for
an excited lepton with a mass of 155 GeV normalised to 1.0 pb
for all the channels is shown together with data and Standard
Model background.

second case. and from weak decays in the other
searches.

Table 3

95% confidence level lower mass limits for the different excited
leptons obtained from pair production searches. For each flavour,
the mass limits for = f', f=— /" and for the coupling indepen-
dent case, are shown.

Excited lepton  95% CL mass limit (GeV)

f=f f=-f  couplingindependent
e” 94.2 92.6 92.4
w 94.2 92.6 92.4
T 94.2 92.6 91.7
v, 93.9 94.1 93.4
t‘l' 94.0 941 93.5
My 91.5 941 90.2
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Fig. 3. 95% confidence level upper limit on the coupling constant
|fl/ A, as a function of the excited lepton mass with f= 7': (a)
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The results from pair production searches in both
the radiative and the weak decay searches are com-
bined to derive lower limits on the mass of excited
leptons independent of the coupling constants f and
1. A scan is performed for all the possible ratios of
the two couplings: f/f" =tan6 with 6 in the range
0 to ar. For each value of f/f, the corresponding
decay fractions / /" =//vyy and 7777 —
VWWW (v*v* > vryy and v v* —»/7 WW in the
case of excited neutrinos) are calculated, and a mass
limit is set. In Table 3 the lowest limit for each
flavour of excited lepton is quoted.

Fig. 3 shows the upper limits to the coupling
constant for charged excited leptons and excited
neutrinos in both scenarios. The left-hand edge of the
curves indicates the lower mass limit derived from
pair production searches, which is quoted in Table 3.
An absolute lower mass limit of the order of 90 GeV
and upper limits on the couplings in the mass range
from 90 GeV to 180 GeV are set.
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