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Abstract

We have looked for evidence of excited lepton production in Z° decay
observed in the ALEPI detector at LEP. We find no ££yy cvenls and
sel new limils al 95% C.L. on £* masses al 11.6, 411.6 and 41.2 GeV /c?
for e”, p* and 7 respectively. Observed events in the ££y channcls are
consistent with radialive eflects and we set limits for the first litne on the
£*47 coupling for £* masses in ihe range up to 86 GeV/c?



1 Introduction

The slart of operation of the LEP collider provides the opportunity to search for new
phenomena in 7% decay. Searches for new particles can be extended up to Mz/2 for
pair produclion and up to My, for single production. n this paper we presenl a search
for compositeness in the leplonic secior by looking for single and pair production of
e*, n* and 7 in 7Y decay, assuming that these stales couple to the 7°.

Compositeness [1] has been introduced as a possible solution to Standard Mode!
problems such as the lepton-quark spectrum, the mass gencration, the unnaturafness
of the Miggs mechanism and the large number of arbitrary paramcters. Guided by
the known layers in the structure of maiter, one might reasonably expect thai some
simple underiying substructure conld explain the fepton and quark family pattern,
as well as the mass spectrum of both lermions and hosons [2].

One possible efTect of compositeness is the existence ol excited states, £*, of known
leptons, £ (in thisstudy £ = e, por 7). Il these states carry eleciroweak charges similar
io the ordinary leptons, they will be readily produced at LEP as ££* pairs il their
mass is less than Mz /2. We assume, as is usnal, that the branching ratio for £ decay
to £v is close to 100% and we scarch for pair production in the £y final stale.
Depending on the mass, m*, of the £* and on the sirenglh of the £7£7 coupling, any
such new object could also be singly produced in an £*4 state if m* is less than My
and hence observed in the ££4 final stale.

Simplest models [3] of composileness suppose thal excited leptons form spin 1/2
doublels and thal clectroweak conplings o v, W and 7 bosons exisi within this
excited doublet as well as from the excited doublel (o the standard one. These models
greatly reduce the number of independent parameters; all the coupling constanls are
expressed in terms of fy-, the weak mixing angle, and two additional parameters.
As a consequence, in such models the coupling £°fy is in general different from the
coupling £47. In this study we are searching for £* production in 79 decays. We
therefore differentiate between A% /i, the ££7 coupling studied here, and A7 /m* the
corresponding £78~y coupling already constrained by previous cxperimenis.

Production of heavy exciled objects being characierized by energetic pholons, we
have made a search for one or two gamma rays with energy above 5 GeV accom-
panying c¢te”, ptp~ and 7177 final states. We find no two-gamina cvenis and the
one-gamma evenls observed are consisienl with radiative effects in standard di-lepton
production.

2 The ALEPH detector

‘The data presented here were collected with the ALEPH detector running ai. LED
froan 20 September Lo 6 November 1989 and correspond to an integrated luminosity
of 0.38 pb™! al centre of mass energies between 90.0 and 92.5 GeV,

A detailed description of the ALEPIT detector is in preparaiion [4]. Two delector
elements are crucial Lo the preseni measurements:



® An imner tracking drift chamber, I'TC, and a time projection chamber, TPC,
situaled in the 1.5 T magnetic ficld of a superconducting solenoid provide a
charged particle momentum resolution Ap/p? of typically 0.0015 (GeV/c)™'.

* An cleciromagnelic calorimeter, ECAL, also located inside Lhe solenoid, mea-
sures the energy of elecirons and delects and measures the energy of the pho-
tons. ‘T'his calorimeler covers the polar angle range from 11° to 169°. The
cathode readout is divided into 73,728 projeclive towers, cach of about 1° x I°
solid angle. The signals from cach tower are read out from three stacks of 4,
9 and 9 radiation lengths in depth. This geomelry gives useful information on
the longttudinal and transverse development of electromagnetic showers and, in
particular, provides a powerful identification and measurement of isolated pho-
tons. The energy resolution of ECAL is 18%/vE (GeV='72) and the angular
resolution is 3.5/\/ﬁ (mrx Gn\""fz).

A hadron calorimeter, HCAT, consisting of 23 layers of sireamer tubes inier-
spersed in the iron relurn yoke of the magnet and covering the polar angle from 6°
to 171°, was an esseniial trigger clement for the di-lepton channels. ALEPH has
several independent iriggers. An energy trigger required a total deposition of cnergy
greater than 6.5 GeV in the ECAL central section, or greater than 3.8 GeV in either
BOAL endcap or greater than 1.6 GeV in each in coincidence. Charged (rack triggers
required signals in al least 5 of the 8 I'TC wire layers, in coincidence in azimuthal
segment either with an IMCAT. signal from 4 double planes (corresponding Lo a pene-
tration of at least 40 cm of iron), or with an energy deposition of more than 1.3 GeV
in ECAL. In all our channels cach particle can independently trigger the event. A
single cleciron or photon above 6.5 (ieV has a trigger efliciency of 91% and muons
above 2.5 GeV (which completely penctrate the iron) have an efliciency of 90%. As a.
consequence, for both ££y and £0y evenls within our acceptance, the overall trigger
inefliciency is less than 1%.

3 Event Selection

The data were processed through the standard ALEPI data acquisition and recon-
slruction programs. A firsl seleclion was made of events with iwo and only two
reconstrucied charged tracks. The tracks were required to have al leasi four coordi-
nates measured by the TPC, a momeninm grealer than 5 GeV /e, to originale from a
I em radins and [0 cm long eylinder around the nominal beam position and to have
a polar angle, 4, such thal |cosf[ < 0.95. An ECAL or an HNCAL signal was also
required to be associated to cach track. These cuts result in a sample of 1577 events
(an event from the final jpry sample is shown in figure ).

To search for pholons, an analysis of both longitudinal and transverse character-
istics of nentral cluslers in the electromagnetic calorimeter was made. The efliciency
of the method was found to be 91% for photon energies greatler than 15 GeV, de-
creasing to 80% at 5 GeV. Then, Lo be considered as photon candidales, the isolated
clectromagnetic clusters had to fulfil the lollowing criteria



e |cosf, | < 0.95,
o I, >0 GeV,
e ihe angle belween the photon and the closest frack had o be larger than 30°.

Comparisons belween dala and electroweak expeclations are shown in figure 2 for
the photon sample accompanying the e¢te™ and pt e~ final siaics.

To allow [or a direel comparison of the observed events with the expected Stan-
dard Model background coming from the radiative processes ete™ — ete™ + nvy's,
ete” — ptp~ 4+ ny's and ete™ — 7777 + n4y's, the analysis of each £ channel took
place in lwo steps. Tirsl, for cach final siate of inlerest, a sel of cuts was delined
to select the Standard Model process (the cols are very similar Lo those previously
used for the determination of the leptonic branching ratios [5] of the Z°). Second, by
removing some cits, the selection was enlarged Lo enable the search for the hypothet-
ical produciion of the corresponding excited lepton. At each step, careful comparison
was made with generaled events (Standard Model as well as excited lepton produc-
tion} which were passed through the detector simulation, reconstruction algorithms
and seleciion programs.

3.1 The processes ete™ — etey and cte™ — etemyy

Fvents were retained as Bhabha candidaies if

1. the sum of the two charged track momenta exceeded 10% of /s,
2. the acollincarity angle beiween the two charged tracks was less than 20 degrees,

3. cach track had an ECAL associated clusier recognized as an electromagnetic
shower by its longitudinal and transverse characteristics.

The resulting sample conlained 632 events. No final stale with two pholons was
observed; for 6 events a hard photon satisfying the photon criteria accompanied the
two charged tracks. Norinalized to the number of observed Bhabha candidates, the
Monte Carlo simulation using the BABAMC program [6] predicted 6.341.1 events
with a hard pholon passing the same enls.

To scarch for an ¢*, culs [ and 2 were removed from the seleciion allowing
acollinear eventls as well as low momentum final state tracks Lo be detecled. Cut
3, the only remaining cut, sclecied the most general two electron final slales. The
corresponding data sample contained 660 events. Again, no final slate with (wo pho-
lons was observed, bul there were 10 evenls with a hard photon accompanying the
lwo electrons, within the photon acceplance, Various distributions from measured
and Standard Model simulated events were compared and found o be in excellent,
agreement as shown in figure 3(a) for the angular distribuiion. Normalized to the
number of observed evenis, the Monte Carlo program for the Bhabha reaciion pre-
dicted 8.541.2 events with a hard photon within (he same cnls. The ey invariant
mass distribotion is shown tn figure -1 together with the standard clectroweak expec-
lalion.



3.2 The processes cte”™ — ptp~y and ete™ — prp~ vy
Fvents were retained as standard p-pair candidales if

1. the sum of the two charged track momenia exceeded 50% of /3,
2. the acollinearity angle between the two charged tracks was less than 15 degrees,

3. each track had an TCAL associaled cluster with the following condilions: one
cluster was required Lo be compatible within 3o with a mintmum ionizing par-
ticle energy deposition, the other cluster being required to have an cnergy
deposition less than 1 GeV to allow for solt radiative muon events.

The resulling sample contained 385 events. No final state with two pholons was
observed, but 2 events had a hard photon satislying the photon criteria. This sample
was compared to a sitmulated one using KORALZ Monte Carlo [7] generated events.
Both samples were found to be in very good agreement. The generated sample,
normalized to Lhe number of observed iy pairs, predicled 2.24:0.3 events with a hard
photon in similar cuts.

Again, to allow for acollinear as well as for low momentum final state muons to
be detecled, culs | and 2 were removed. The final sample, with cut 3 only, contained
118 evenis. No {wo photon event was found, but 8 evenis had a hard photon within
the pholon acceplance. Various measured distributions were found in very good
agreement with the generated ones using the Standard Model p-pair simulation. The
angular distribution is shown in figure 3(h). Normatized to the number of observed
events, this simulation predicted 6.1+0.6 events conlaining a hard photon within the
same criteria. Figure 4 represents the py invartant mass distribution together with
the standard clectroweak expectation,

3.3 The processes ete™ — 77y and ete™ — 7Hr vy

The scarch for 7 events was limited to the detection of hard pholons accompanying
final stales where the 7°s decay giving a [-1 topology. The efliciency of our prese-
lection on such topology was measured directly on the obhserved 7 sample used to
determine Lhe leptonic branching ratios [5] of the Z% and found to be 38% of the {otal
number of 7 events, i.e. about 52% of [he expected 1-1 topology; most losses are duc
to the 5 GeV /e momeninm cul,

To separate the siandard r-pair reaction from the preselected sample, the follow-
ing cuts were applied

1. al Teast one track had a transverse momentum greater than 2.5 GeV/c
1

2. al least one track had a momentum less than 30 GeV /¢,
3. the acollincarity angle belween the two charged tracks was less than 26 degrees,
4. each track had an associated FCAL cluster with an energy deposition less than

30 GeV.,



The resulting sample contained 161 events. No final state with two photons was
observed, but | event was found with a hard pholon salislying the photon criteria.
The observed sample agreed well with {hat generated by the KORALZ Monte Carlo.
This generated sample, normalized o the number of ohserved 7 pairs, predicled
1.540.3 events with a hard photon in similar conditions.

To allow for a-more general search of 7 cvenis, culs 1 and 3 were removed from
the sclection produocing a final sample of 181 events. No two ploton final state was
found but 4 events had a hard photon passing the criteria. ‘The KORALZ prediction
for the enlarged sclection is 1.910.1 cvents.

4 Search for excited leptons

Assuming that excited leptons are spin 1/2 members of weak isospin doublets; then
any such particle with a mass less than Mz /2 can be pair produced via the normal
clectroweak gauge couplings. The differential cross-section for pair production via
the s-channel 1 the Born appreximation is:

do o’ 42 y 2 2
10 = Iﬁeﬂ { [l('LD, + I(JR”I ] (| + ﬂ(.()S 9)
+ 1Goal + 1G] (1 = Beos8)?
+2 (1 = 82) Re [Gr1,Cyp + GraGryl} (1)
whore
- gagn 8
« = | >
Al + Siﬂzgn'('t)ﬂ? 9”' & — ﬂf%'}‘!ﬂle‘z
g = sin’fy -1 '
gn = sin’ by

, ﬂ = vfe for the £

At the 79 peak the single production of an excited leplon essentially depends on
the £*¢7 eoupling, A”/m*, and has been discussed in delail by several authors [8,9,10].
The general form of the efleclive Lagrangian for £*4y and £*£7 transilions is

2] Arc_ e 5 v
Lopy = ‘Z b (e dyP) O 4 e, (2)
"=, 7 i

CP invartance and g — 2 imposc || = |d| = 1; the strengths of the £°€V couplings,
AV /m*, must be determnined experimentally. | | '

Al LEP energies radiative corrections are large, being dominated by QFED initial
stale radiation. They have been carefully calculated [[1] and used to exiract the
hadronic cross section on the Z° peak [12]. The same corrections have been applicd
Lo both the £*¢* and 7*f channels.

10



4.1 The process cte™ — £*¢*

We have delermined the number of events we expect to observe in each channel as
[ollows. |

livents were generaled al a series of £* masses according to the distribution of
equation (1) for /s = 91.4 GeV, M7, = 91.2 GeV/c? and I'; = 2.68 GeV [12]. Both
£’s were allowed to decay to £y with a uniform distribution in their centre of mass
systems. For the 7777 channel we further allowed the 7’s to decay using routines from
the ALEPIN modified Lund Monte Carlo library. The preselection cuts (lwo tracks
only, each with p > 5 GeV/c and [cosf| > 0.95) were applied to the gencraled events.
For the e® and p* channels the energy cut has no eflect for an £* mass greater than
28 GeV/c? and the angle cut removes typically 18% of the events, varying only very
slowly with mass. Losses in the 7* channel are much larger since the 7 branching
ratio to one charged track is 85.7% and the energy distribution of the final state
charged pariicles is much softer.

Corrections were applied for radiative effects (0.75 & 0.04), photon conversions
(0.91 £ 0.02 per photon), the photon finding efficiency (0.93 £ 0.02 per photon) and
the event sclection efliciency (0.85+0.02 for e*e*, 0.8940.02 for p2* ;e and 0.87£0.02
for 7). The predicted number of events for cach leplon corresponding to our
fuminosity is shown in figure 5. Since we have seen no €°£* candidate in any of the
three channels we delermine the 95% conflidence limiis for excited lepton masses as
1.6 GeV/e?, 4.6 GeV/e? and 11.2 GeV/c? Tor o*, p* and 7 respectively. These
limits are shown in ligure 6 as verlical lines.

4.2 The process e¢te™ — £*¢

‘The clear agreement, as shown in figures 2 and 3, between observed distributions for
Moute Carlo and data, in hoth shape and normalization, suggests that the observed
{fv evenis arise from standard di-lepton production with a radiated photon. The
elfective mass plots of fignre 41 also show excellent agreement,

The 95% confidence limits on A”/m” for single ¢* and p* production have been
extracted [13] from figure 4 as a function of effective mass using the expression of
Hagiwara o al. [10] Tor the cross-seclion for excited leplon produciion. Since for 7
decays we cannot obtain the 7y effective mass plot due to the unobserved neutrinos,
the 35% confidence limit of 7.4 signal events for 1 observed on a predicted background
of 1.9 is used at all massecs.

The resulling limils for the three channels are shown in figure 6 together with
previous best limils set for AY/m* at TRISTAN [I1] and by the CELLO group al
PETRA [15].

5 Summary

The absence of any signal for I*I* production in the initial dala taken with ALEPI
at LIEP raises the mass limit for excited leptons to close to My /2.



A comparison of the observed cvents in £+ final states shows that these are
compalible wilh radialive di-lepton events. Consequently we sel limits lor the first
time on the £*47 coupling for e* and p* masses up Lo Lo 86 GeV/c? and for the 7*
mass range up to 72 GeV/c? Over most of the mass regions these are lower than
ihe £*£v coupling limils obiained by previous experiments.
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Figure Captions

Figure I. x-y view of a yipey event in the ALEPI detector.

igure 2. Distribution of the angle between the photon and the closest track for
the photon sample accompanying the ete™ and p*p~ final states; also shown is the
energy distribution of those photons which are above the angular cut. The dashed
lines are the electroweak expeciations.

Figure 3. Angular distributions for the final ¢ (a) and p# (b} fromn the samples
obtained through the enlarged e and s selections. The solid points represent the
data and the dashed lines represent the simulation normalized to the data,

Figure 1. "The invariant mass disiribution for lepton-photon pairs for e*e~v and
v (two eniries per event). The dashed lines represent the electroweak expecta-

tlons.

Iigure 5. Predicted number of events for e, ;* and 7 as a funclion of mass; the
cndpoinl regions are shown expanded in the insets. ‘The shaded areas indicaie the
*le errors on the predictions arising from uncerlainties in the correclions; the 95%

C.L. limis are al, 3 even!s.

Figure 6. The 95% C.L. upper limils for A¥/m” (V = 7 for ALEPIL, V = ~ [or

s Y
previous studies) as a function of £* mass for e*, 7 and 7*. These limils are derived
from the reactions (a) ce — €0yy , (b) ce — Py (also included ce - ey(e)) and
(¢) ee = yy. Also shown is the 95% C.L. limit for the coupling We 'y obtained by
the UA2 collaboration [16] from the search of the decay sequence W — ey — ey,
. ] v
Excluded regions for excited leplons are above and lefi of the curves.
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