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We have searched for excited taus from Z° decay in the channels e +e~ ->'C+T“yy and e +e~* using the L3
detector at LEP. Using the t *  pair production channel, we can exclude a t * up to a mass of 45.5 GcV at 95% confidence level, We 
have also determined upper limits on the tc*Z° and rc*y couplings as a function of m up to 89.3 GeV,

1. Introduction

The standard model [ 1 ] has been very successful 
in describing data on electroweak interactions; how
ever, it leaves many fundamental questions unex
plained such as the lepton-quark spectrum, mass 
generation, the Higgs mechanism, and the large num
ber of arbitrary parameters. One possibility, which 
would explain the number of families and make the 

, fermion masses and weak mixing angles calculable, 
would be to assume that quarks, leptons and gauge 
bosons are all composite [2] with an associated en
ergy scale/L One natural consequence of composite
ness models is the existence of excited states, £*, of 
the known leptons £.

In this paper we describe a search for excited states 
of the heaviest known lepton, the tau, using the L3 
detector at LEP. The excited tau, x* is assumed to

1 Supported by the German Bundesministerium fur Forschung 
und Technologie.

have spin { and to decay into an ordinary tau and a 
photon with a 100% branching ratio.

The e+e“ collider, LEP, is ideal for the search of 
excited leptons [3-5] because the initial state con
sists of pointlike particles with known energy and the 
final state leptons and photons can be clearly identi
fied. in e+e~ collisions excited taus can be produced 
in pairs (e+e~ ^x*+i* ~ ) or singly (e+e“ ~>xx*). In 
the first process obviously only x* masses smaller than 
the beam energy can be explored. The signature is an 
acollinear tau pair and two hard photons. For the sin
gle x* production mass limits close to the center of 
mass energy can be reached. The signature for this 
process is an acollinear tau pair with one hard photon.

2. x* Production models

In this analysis we assume that the Z° and y couple 
to spin 3 excited tau pairs the same as the standard 
tau pairs. The lowest order pair-production cross sec
tion can be found in refs. [6,7].

207



Volume 250, number 1,2 PHYSICS LETTERS B 1 November 1990

For the single production the effective iagrangian 
[7] is written as:

L efT X - % .a ' " > ( C v - D wys)'F£llV9+ h .c .,
V =  y,Z A

where A is the composite mass scale and Cv and Dv 
the couplings constants. Assuming lepton universal
ity, from precise g — 2 measurements it follows that 
| Cv | = |Z)V| • The coupling constants can be written 
as CY~ - £ ( ƒ + ƒ ')  and Cz0 = - \ ( f c o t 8 w-  
ƒ ' tan 0W), where ƒ  and ƒ ' are respectively the free pa
rameters for SU(2)  and U ( 1 ). In this study we as
sume ƒ= ƒ  \  so that the only free parameter in the la- 
grangian is f t  A — y j l  X/mx+ [ 8 ]. The differential and 
total cross section formulae can be found in refs.
[4,7].

For the generation of pair produced excited taus 
we have made a Monte Carlo program using the dif
ferential cross section as given in ref. [ 7 ]. We simu
late the single production of excited taus with the 
Monte Carlo generator [ 9 ]. The subsequent decay of 
x-leptons is simulated with the Monte Carlo program 
[10]. Both for the single and pair production pro
cesses the effect of initial state radiations is taken into 
account in our calculations. All generated events have 
been passed through the L3 detector simulation 
[ 11 ] which includes the effects of energy loss, mul
tiple scattering, interactions and decays in the detec
tor and the beam pipe.

3. Data

The L3 detector and its performance in the detec
tion of muons, electrons and photons is described in 
detail elsewhere [ 13 ]. It consists of a central tracking 
and vertex chamber (TEC), a BGO electromagnetic 
calorimeter, a ring of plastic scintillation counters, a 
hadron calorimeter made of uranium and propor
tional wire chambers and a high precision muon 
chamber system. These detectors are installed inside 
a 12 m inner diameter magnet which provides a uni
form field of of 0.5 T along the beam direction. The 
luminosity is measured by detecting small angle 
Bhabha events. The BGO covers the polar angle from

42.3° to 137.7°, the muon chamberfrom 36° to 144°, 
and the hadron calorimeter from 5.5° to 174.5°.

The data used in these searches were taken with the 
L3 detector at LEP in 1990 during an energy scan of 
the Z° resonance at center of mass energies between 
88.3 and 94.3 GeV. The integrated luminosity used 
in this analysis is 2.2 pb“ 1.

The trigger for this analysis requires a total energy 
in the electromagnetic and hadronic calorimeters of 
at least 15 GeV in the central region ( | cos 6\ <0.74), 
or 20 GeV in the entire calorimeter, or at least one 
muon reconstructed in the muon chamber with mo
mentum larger than 2 GeV.

Our analysis uses a cluster algorithm which groups 
neighbouring calorimeter energy depositions. The al
gorithm normally reconstructs one cluster for a single 
electron, photon, muon, jet or high energy tau. Pho
tons are identified as energy clusters in the BGO cal
orimeter with an electromagnetic shower profile and 
which do not match tracks from the vertex chamber. 
The requirement on the shower profile is that the en
ergy sum of 9 crystals divided by the energy sum of 
25 crystals (centered around the shower maximum) 
is larger than 0.95.

We search for excited taus by requiring the follow
ing cuts:

(1) The total energy in the calorimeters must be 
larger than 22 GeV No total energy requirement is 
made if the event contains a reconstructed muon with 
momentum larger than 2 GeV.

(2) The measured energy in the BGO calorimeter 
alone must be larger than 2 GeV and smaller than 80 
GeV; this requirement rejects e+e- ->|i+ and

+

RI The GHEISHA program [ i 2 ] is used to simulate hadronic 
events.

e ■ e- -*e ’ e"~ events.
(3) There must be less than 16 shower peaks with 

E>  100 MeV in the BGO calorimeter. This cut re
jects hadron events.

(4) There must be at least one and at most eight 
reconstructed charged particle tracks in the vertex 
chamber with momentum larger than 100 MeV. This 
cut also rejects hadron events.

(5) There must be exactly two clusters with ener
gies larger than 2 GeV, which are not compatible with 
photons.

(6) Each identified electron or muon must have 
an energy smaller than 35 GeV. An electron is iden
tified as an electromagnetic shower profile with a 
matched track in the vertex chamber within 5° in the
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r-<p plane. This cut rejects e +e - e +e~ and
e+e- |x+|i” events.

After appling the above selection cuts, 1357 events 
remain. They are predominantly x+x~ events and are 
used to search for excited taus. The trigger efficiency, 
which exceeds 99.5%, has been checked using redun
dant triggers.

4. Search for ee x x

From our previous measurement of r z o and the 
standard model prediction [ 14], we can set a limit 
on x*pair production which translate into wT* greater 
than 27 GeV at 95% confidence level (CL). This is 
comparable with the limits from other experiments 
using direct searches [15]. In the following, we will 
do the direct search starting from this mass limit.

For the selection of e +e“ ->T*+x*" we require, in 
addition to the above cuts ( l ) - ( 6 ) ,  the following 
criteria to be satisfied:

(a) There must be two identified photons with 
energies larger than 5 GeV. They must be separated 
from any other BGO calorimeter cluster by more than 
10°.

(b) The opening angle between the two recon-

<u
oc
o
CL
0
U
O
<

Fig. 1. The acceptance for x* events both for single and pair 
production.

CO

c
a>>

*

t-
Ua>
o
Q)
Cl
X
0)
o

é

Q

40 41 42 43 44 45

mT* ( GeV )

Fig. 2. Number of expected t*t* events from pair production.

structed clusters as defined in (5) must be smaller 
than 170°.

No events satisfy the above criteria. The back
ground from radiative x+x~ events has been found to 
be negligible from a Monte Carlo simulation [10]. 
The acceptance for x*x* events as a function of x* mass 
is shown in fig. 1. The acceptance increases with the 
x* mass because the photon becomes less collinear 
with the x. Fig. 2 shows the expected number of events 
from e+e~ ->x*t* as a function of the excited tau mass. 
From this measurement we can exclude at 95% CL 
an excited tau for masses mT* <45.5 GeV.

5. Search for e+e ->rc*

For the selection of e+e- ->xx* we require, in ad
dition to the above cuts ( I ) - (6) ,  the following cri
teria to be satisfied:

(a ) There must be only one identified photon with 
energy larger than 5 GeV. The photon must be iso
lated as mentioned before.

(b) The opening angle between the two recon
structed clusters as defined in cut (5) must be smaller 
than 170°.

Fig. 3 shows the photon energy distribution after 
cuts ( l ) - ( 6 )  compared with Monte Carlo simula
tions for e+e~->x+x_ and e+e~->xx*for a x*massof
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Fig.3. The measured photon energy spectrum compared with 
Monte Carlo. The unshaded area is the Monte Carlo prediction 
of standard model for t + t " .  The shaded area is an example of 
the Monte Carlo prediction for tt* with mT* =  80 GeV and >1=0.5.

80 GeV as an example. The acceptance for xx* events 
for different x* masses is shown in fig. 1.

After appling cuts ( a ) and (b ), a total of 24 events

fulfill the above cuts. From a simulation [10] of the
process e , e~-*T+x~y, 22.3±4.2 events are ex
pected. Since it is not possible to reconstruct cor
rectly the xy invariant mass due to the undetected 
neutrinos from the x decay, we conservatively as
sume that all 24 events are seen at each value of x* 
mass, with 22.3 background events expected. An ex
cess of 12.5 events constitutes the 95% confidence 
level upper limit. For the cross section we use the an
alytic expression [4,7] including initial state radia
tive corrections. Fig. 4 shows the 95% CL upper limit 
of the coupling constant X/mx* as a function of m 
together with results from other LEP experiments [ 5 ]. 
The beam energy and the energy cut for clusters lim
its our investigation to an mT+ mass below 89.3 GeV
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