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Abstract. Using the JADE detector at PETRA, a
search for hadronic events with isolated leptons in
e’ e” annihilation was performed. No evidence was
found for the production of leptoquarks or color octet
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leptons and mass limits were obtained. Three hadron-
ic events, each of them with two isolated muons, were
detected and found to be in agreement with predic-
tions of the a* QED process ete” —»qgu*u~. At

the highest PETRA energies, 46.30 GeV <]/s <46.78
GeV, five events with low thrust, T<0.8, and a muon
at a large angle with respect to the thrust axis,
|cos 8] <0.7, were observed. The number of such
events expected from an extrapolation of control data
at lower energies is 0.5640.18. No satisfactory expla-
nation for the excess in terms of background could
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be found. A corresponding excess of electron events
was not seen.

1 Introduction

In this paper we report on a study of the reaction
e*e —>u* u” +hadrons and on a search for lepto-
quarks and color octet leptons in e* e~ annihilation.
Three different event topologies are discussed: two
acoplanar jets, a muon - jets+ missing energy and
two muons + jets. Finally we describe an investigation
of hadronic events with low thrust containing isolated
leptons, for which the Mark J group observed an un-
expected behaviour at the highest PETRA energies

(1]

2 Event selection and lepton identification
2.1 Event selection

The data were collected with the JADE detector [2]
at the PETRA e*e” storage ring. Multiparticle
events were selected using the criteria described in
[3], which are the basis for the selection of multihad-
ronic events in JADE. The most important cuts are:
1. The total lead glass energy in the barrel part of
the detector is required to exceed 3 GeV or the energy
deposition in each of the endcaps has to be larger
than 0.4 GeV.

2. At least four charged particles are demanded to
originate from the event vertex.

3. Remaining cosmic ray events, t-pairs and purely
leptonic QED events are removed by visual inspec-
tion.

Further cuts, in visible energy E, ;= X, p; and lon-
gitudinal momentum balance py,, = X;pi/E,;, extract
the multihadronic annihilation events from this sam-
ple. The sums run over all particle momenta p;, p?
denoting the components along the beam axis.

4. E > E,, where E, is the beam energy.
5. | Pvai| <0.4.

2.2 Muon identification

Muons are identified as penetrating particles in the
muon filter [4], which consists of four successive
blocks of absorber material interleaved with layers
of drift chambers. It covers 92% of the full solid angle
and presents in total at least 6.4 nuclear absorption
lengths to particles with incidence perpendicular to
the beam. All tracks recorded in the jet chamber are
extrapolated through the muon filter, and their likeli-
hood of being muons is tested. The following samples

of tracks are considered as muon candidates in the
analysis [5]:

“Muon candidates”. At least two hits in the muon
chambers outside the magnet yoke are asked for with-
in a 20 range of the extrapolation of a track taking
into account fitting errors and multiple scattering.
One missing hit in the 2o range is permitted, except
in the case of the outermost intersected layer of
chambers, where a hit has to be present.

“Good muons”. Further requirements define the
“good muons” used in the analysis. The segmented
muon filter enables different selection criteria to be
chosen, depending on the goals of the physics analy-
sis. Usually loose cuts are used for new particle
searches, where high detection efficiency is essential
(see for example [6]), while tight cuts give the cleanest
muon sample and are used where the properties to
be studied are obscured by a large background, for
example for the determination of the semi-muonic
branching ratios and fragmentation functions of
heavy quarks [7]. The “loose” cuts and the “tight”
cuts are defined as follows*.

“Loose ” cuts. In addition to the above criteria, the
track momentum has to exceed 1.8 GeV, the track
is required to penetrate more than 4.8 absorption
lengths to the outermost associated hit in the muon
filter and the y? probability that the jet chamber track
matches the y filter hits has to be greater than 1%.

“Tight ” cuts. As a further condition there must be
no expected hit missing in the muon chambers, and
more than 5.8 absorption lengths have to be tra-
versed. At least 3 layers of muon chambers outside
the yoke are required to have registered hits which
can be associated with the jet chamber track.

2.3 Electron identification

Electrons are identified by their energy loss in the
gas of the drift chamber and by their electromagnetic
shower detected in the lead glass calorimeter. In order
to confine the shower to the central part of the lead
glass system which has the highest resolution, an ac-
ceptance cut of |cos 8] <0.76 is imposed, 6 being the
angle of the particle with the beam axis.

For a particle to be considered an electron candi-
date the track momentum has to be greater than
1 GeV, and its energy loss as measured in the jet
chamber is demanded to agree with the expectation

* The “loose” cuts correspond to muons of “quality A” and the
“tight” cuts to muons of “quality C” in [5]



300lllllllll||lllllll|llll|lll|l

#7005

TTTTTTTTT

RN ENEENE BEN

E/p

Fig. 1. E/p distribution after dE/dx cut
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for  electrons within  —1.50 <(dE/dX)peasurea
—(dE/dX)ejectron < +2.00. The shape of the lead glass
cluster associated with the track is required to be
consistent with an electromagnetic shower. An elec-
tron candidate is removed if it can be combined with
another track to form a photon conversion pair. Fi-
nally, the deposited energy E in the leadglass has to
agree with the track momentum p, it being required
that 0.8 < E/p<3.0. Fig. 1 shows the E/p distribution
after all except the last of these cuts. There is a distinct
electron peak at E/p=1.

3 The reaction et e " —>qgu*pu~

The process et e —»qggu* pu~ is an a* QED process.
It is a source of events with isolated energetic muons,
and can thus be used to check the sensitivity of the
detector to such processes and to study the back-
ground for the event topologies to be searched for
in the following chapters.

Three classes of Feynman graphs, which are dis-
played in Fig. 2, contribute to this process. The cross
section was calculated using the formalism and com-
puter code developed by Berends, Daverfeldt and

q
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Fig. 2A-C. Feynman graphs and corresponding event topologies
forete —»qgutp”
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Kleiss [8]. The ggu* 1~ events generated by this pro-
gram were fragmented according to the Lund scheme
[97 and passed through the detector simulation and
analysis chain in order to determine the detection effi-
ciency. The selection criteria, optimized with respect
to the 2-photon conversion diagrams (Fig. 2 A) which
give the main contribution to the total cross section,
were as follows:

1. The event had to fulfill the multihadron selection
requirements.

2. 2 “muon candidates” with p,>3 GeV, at least one
of them being a “good muon” (“loose” cuts) were
asked for. A

3. No additional charged tracks, with the exception
of other “muon candidates™, were allowed in cones
with a half opening angle of 60° surrounding each
of the two muons.

4. It was required that there be less than 1 GeV lead
glass energy in these cones.

5. The remaining events were scanned by a physicist,
and it was required that there be two clearly separated
tracks visible within the muon filter.

Data corresponding to an integrated luminosity of
942pb~! at centre of mass energies ranging from
29.5 to 46.78 GeV were analysed. Three events were
found after cuts, as compared to 1.2 events expected
from the QED simulation of e* e —ggu* u~. The
background, mainly from putt and gg events with
fake muons, was estimated to be less than 0.3 events.
In Fig. 3 the muon opening angles and hadronic in-
variant masses are compared to the QED distribu-
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Fig. 3. Muon opening angle and hadronic invariant mass for simu-
lated ggu* u~ events after cuts. The measured values of the three
observed events are indicated
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tions. Within the limited statistics, event rate and kin-
ematic configurations agree with the QED expecta-
tion. The observation of these events at the expected
rate gives confidence that the JADE detector is capa-
ble of detecting rare events with isolated muons.

4 Leptoquarks
4.1 Introduction

Light leptoquark bosons with charge 1/3, 2/3, ...,
which decay into a quark and a lepton, appear in
several technicolor and composite models [10, 11].
In the present analysis emphasis is placed on a specific
model due to B. and F. Schrempp [10] with second
generation leptoquarks of charge 2/3. In this model
generation quantum number is conserved. Thus a sec-
ond generation leptoquark y, can only decay into
either ¢V, or su™*.

The cross section for pair production of charged
color triplet spinless bosons in e* e~ annihilation is

d 2
To(€T e D=3 5 0% sin® (1)

where [3=|/1—4m§/s, m, is the leptoquark mass, Q
=2/3 and 0 is the production angle with respect to
the beam direction. The cross section rises slowly
from threshold with increasing energy, due to the °
factor. Near threshold the contribution to the total
hadronic cross section is too small to be measurable,
but leptoquarks can be searched for by their distinc-
tive event topologies (see Fig. 4):

A) ete >y, 7, —cV,Cv,: two acoplanar jets.

B) eTe” >y, 1,—~cV,Su” or c.c.: two jets, a muon
and missing momentum.

C)ete >y, q,—»sp*su: two jets and two
muons.
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Fig. 4 A—C. Event topologies for leptoquarks

Using a Monte Carlo simulation of leptoquark
events, methods of isolating them from ordinary
events by applying certain cuts were developed. The
detection efficiencies after the cuts were also obtained
from the simulation. The leptoquarks were frag-
mented like heavy quarks using the Lund model [9]
and the Peterson fragmentation function [12].

Events of classes A), B) and C) were searched for
in the high energy data sample corresponding to an

integrated luminosity of 24.5pb~! between ]/;
=38.66 and 46.78 GeV.

4.2 Analysis

A) Acoplanar jets. Cuts identical to those used in
the searches for the supersymmetric partner of the
Z° [13] and monojet events [14] previously per-
formed by JADE were applied to the multiparticle
events defined in Sect. 2.1. These were:

1. 2/5<E./)/s<L.

2. |cos 01| <0.65, with 8 the angle between thrust
axis and the positron beam direction.

3. acop>40° - (1+|cos O7]).

The acoplanarity angle ¢,.,, is given by

m+xn9-@xng) (m

1) =arccos(——
acop |p+xnz"|p—xnzl

where p, and p_ are defined as follows: Each event
is split into two halves using a plane perpendicular
to the thrust axis. p, and p_ are then the sums of
the momenta of the particles in each of these event
halves. n, is a unit vector in the direction of the posi-
tron beam. If there are no particles in one of the
event halves then ¢,.,, is set to 180°.

No event survived the cuts. The detection effi-
ciency for m, =21 GeV was found to be 28%.
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Fig. 5. Muon momenta p,



B) Two jets, a muon+ missing momentum. The multi-
hadron sample was used for this analysis.

1. A “good muon” selected with “loose” cuts and
with momentum p,>5GeV was required. In Fig. 5
the observed muon momentum spectrum is compared
to that of a Monte Carlo simulation of multihadronic
events [9]. Also shown is the expected distribution
for leptoquark events, which is significantly different
from that for ordinary multihadronic events.

2. E, <)/s, as the events required contain neu-
trinos which escape detection.
3. Pacor >40°-(1+0.5|cos Or)).

The acolinearity angle

P+ P-
_|p+|-|p|> ®

P acol = AICCOS (
is 180° minus the angle between the two momentum
sum vectors defined above. Muons are not included
in the momentum sums in order to treat them on
an equal footing with the neutrinos in case A). As
for the acoplanarity angle, the acolinearity angle is
defined to be 180° if all particles are in the same event
half.

XX
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One event with an isolated muon in one event
half opposite to a hadronic system in the other half
survived these cuts. The event is shown in Fig. 6. It
is consistent with background from e*e” —qqu* u~
in which one muon is not detected, or from the decay
D* -5 K°%u*v with an escaping K?. The detection effi-
ciency for leptoquark events with m, =21 GeV is 50%
after the above cuts have been applied. ‘

C) Two jets+two muons. The search for these events
was performed on the multihadron sample, and the
selection criteria were:

1. Two “good muons” (“loose” cuts) with momen-
tum p,>3 GeV. '

2. The transverse momentum with respect to the
thrust axis (py) was required to be larger than 5 GeV
for at least one of the muons.

After these cuts the detection efficiency for m,
=21GeV is 44%. One event passes these cuts; it is
event D from the low thrust — isolated muon analysis
of Chap. 6 and is shown in Fig. 7. As the momentum
of the second u is too low to be associated with a
high mass leptoquark decay, leptoquarks with m,
> 16 GeV cannot be the source of this event.

Fig. 6. Leptoquark candidate 1. The
view along the beam axis shows the
tracks of charged particles in the
drift chamber, lead glass energies
and hits in the muon filter. The
centre of mass energy is 43.21 GeV
and the muon has a momentum of
6.0 GeV. There is a nuclear
interaction in the pressure vessel of
the drift chamber, emitting a

x%

particle into the muon half. The

charged particles alone, not . . . LT

counting those from the nuclear i ) _ {

interaction, constitute an invariant

mass of 3.9 GeV, thus excluding the - : : : [

possibility of this event being a t- ) i . ) -
pair event (




Fig.7. Leptoquark candidate 2 (and
event D from Chap. 6) at 1/;

=46.57 GeV. The momentum of the

4182
_ I . . | . pTis 218 GeV, and that of

—-6.8

I - : : - the 4~ is 3.2+0.3 GeV. The isolated

- . | . converted photon has an energy of

144 GeV

4.3 Results

The detection efficiencies quoted are valid for lepto-
quark masses of 21 GeV. For lower masses they gen-
erally decrease and approach zero for masses below
about 5 GeV.

Comparison of the number of candidate events
to the number of expected leptoquark events, given
the luminosity, cross section and detection efficiency,
yields limits for the branching ratios and masses. The
accepted events from cases B and C were taken as
candidates; a background subtraction was not at-
tempted.

Assuming second generation leptoquarks of
charge 2/3, which decay exclusively into second gener-
ation fermions, we obtain the bounds (95% C.L)
shown in Fig. 8 for the leptoquark mass and branch-
ing ratio BR(y,—¢v,)=1—BR(y,—su"). The com-
bined limit from the analyses A), B) and C) excludes
these leptoquarks from 5 GeV up to 20.8 GeV. The
mass region below 5GeV is not accessible to this
analysis.

To account for leptoquarks of other charges and
other decay channels, we also give limits in terms
of Q% BR(x—qv)- BR(x—qv), Q?BR(y

! TS
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Fig. 8. Limits (95% C.L.) on mass and branching ratio BR (y,—¢¥,)
for second generation leptoquarks with charge 2/3

—qu)-BR(x—¢v) and 0  BR(x—qu)- BR(y—qp) in
Fig. 9. These have been calculated assuming that the
detection efficiencies are independent of quark flavor.

The lower mass limit of 20.8 GeV (95% C.L)) is
not high enough to completely exclude a leptoquark -
interpretation of a 2u+2 jet event observed by the
CELLO collaboration [15], which would suggest a
leptoquark mass of about 20.5 GeV. Similar limits as
in Fig. 8 were obtained by the CELLO collaboration’

[16].



10.00f LA B S S S B B S S S LU S B e ' —
3 EXCLUDED 95°%CL. I,
o 100 .
@ r (1 jet) (1L jeb) 3
Y [ (vijet)(Vjet)
% o10f . J
G b AN S :
[ (1iet) (v jet) ~\f\‘___,/';/
001 TR Y U AN SOV U SR I 0 Y SIS H S S S U R W
00 50 100 15.0 200 250

m [GeV])

Fig. 9. Lower mass limits (95% C.L.) for leptoquarks of charge Q
decaying into a quark and a muon or neutrino. BR; and BR,
are the branching ratios of the leptoquarks

5 Chromoleptons

In some composite models [17, 18] color octet leptons
I3 may be sufficiently light to be produced at present
accelerators. They decay into a gluon and their color
singlet partner, the ordinary lepton. In e* e~ annihila-
tion, colored neutrinos, pair produced via a virtual
Z°, would result in acoplanar jets, and colored muon
pairs, mainly produced via a virtual photon at PE-
TRA energies, in 2u+2 jet events. The analysis of
acoplanar jet events and dimuon events in the lepto-
quark search also puts limits on vg and ug.

For the pair production cross section oy of col-
ored leptons we assumed

08=8‘F(512)'0'1 4

where 8 is the color factor, and F(g?) is a form factor
to account for the compositeness of these objects; o,
is the cross section for the production of color singlet
leptons.

Differences in quark and gluon fragmentation
were neglected and it was assumed that the lifetime
of the color octet particles is too short for these to
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Fig. 10. Mass limits for chromoleptons. The limit from the measure-
ment of the total hadronic cross section (R-value) is equally valid
for ef, uF and ©§
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Table 1. Summary of excluded mass regions for color octet leptons
(F(@)=1

Lower limit  Upper limit Analysis
i 0GeV 19.8 GeV R-value
ei 0GeV 173 GeV-4*?®  R-value
ui 5GeV 23.2GeV hadronic dimuon events
Vg 9 GeV 21.9 GeV acoplanar jet events

be visible in the detector. With these assumptions the
vg Vg and ug ug events look the same as the cv,¢v,
and sut §u” events, with only the angular distribu-
tions for fermions (Ig) and bosons () being different.

The resulting limits (95% C.L.) for the form fac-
tors and masses are given in Fig. 10. Charged chromo-
leptons would also contribute to the total hadronic
cross section, and the limits derived from the R-value
analysis [3, 6] are also shown. When F=1, which
is expected since g% =s< AZ (A is the compositeness
scale) for PETRA energies (here (s>~ 1900 GeV?), the
mass regions given in Table 1 can be excluded. A
limit on color octet electrons previously published
by JADE [6], where the effective coupling 4 at the
eeg g vertex enters, is quoted for completeness.

6 Hadronic events
with low thrust containing isolated leptons

6.1 Introduction

All PETRA experiments have set bounds on new
heavy quarks [19], from which open production of
new charged 2/3 quarks is excluded up to
m=23.3GeV, and for charged 1/3 quarks up to
m=22.7GeV. Near threshold, events from heavy
quarks would give rise to a spherical event topology,
and leptons therein are expected to be produced by
the semileptonic decays of the quarks.

Recently the Mark J group [1] reported the ob-
servation of an excess of muon inclusive hadronic
events with low thrust

2 |p;i-ny
2 pil

at the highest PETRA energies, 1/§246.3 GeV, where
the muon had a large isolation angle § with respect

T=max

)

PAS .
/nT

7~
rd

Fig. 11. Definition of islation angle ¢
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to the thrust axis ny, as shown in Fig. 11. A search
for this type of events within the JADE data sample
of 228pb~! in the energy range 38.66 GeV to
463GeV and 1.8pb~! between 46.3GeV and
46.78 GeV is described in this chapter.

6.2 Inclusive muons

The analysed events were demanded to fulfill the mul-
tihadron conditions. Muons used in this chapter were
required to satisfy the “loose” criteria as described
in Sect. 2.2. In order to allow comparison of results,
cuts identical to those used by Mark J were chosen
to define the signal region, i.e. T<0.8 and |cos 6| <0.7.

The results for ]/5246.3 GeV were compared to the

expectation calculated from data with 1/5 <46.3 GeV.
In Fig. 12 the inclusive muon events are shown in
the T—|cos é| plane for both of the centre of mass
energy intervals, with the cuts indicated. The signal

region for 1/5246.3 GeV contains five events com-
pared to an expectation of (0.56+0.18) events from
an extrapolation of the lower energy data*. This ex-
pectation is in agreement with a Monte Carlo simula-
tion of multihadron production with five flavors
which predicts (0.74 4 0.11) events in the signal region.
The probability of a fluctuation of the observed mag-
nitude (or larger) is less than 0.4%.

The energy flow of the five events, labelled A-E,

at |/5246.3 GeV with T<0.8 and |cosd|<0.7, is
shown in the plots of Fig. 13. In these diagrams the
energy flow is rolled out in the cos 8 — ¢-plane, where
@ is the polar angle with respect to the beam axis,
and ¢ the azimuthal angle. Muons and electromag-
netic showers with energies E, ,, > 5 GeV are marked.
Event D contains two muons and has already been
shown in Fig. 7. We note the high muon momenta
in events A and D and the energetic electromagnetic
clusters, from either an electron or a photon in events
A, D and E. Large electromagnetic clusters were also
observed by Mark J in their excess events [21]. Ex-
cept for event B, which is the candidate event with
high transverse jet mass and a high pT muon found
previously in a heavy quark search [6], the events
are planar, as can be seen from the Q-plots [22] at-
tached to the legoplots. The visible energy and miss-
ing transverse momentum show no peculiarities when
compared to ordinary multihadronic events.

In this analysis the standard muon criteria for new
particle searches (“loose” cuts) were used, but only

* Recently we learnt that Mark J [20] did not include the muon
when calculating the thrust, and that they did not balance the event
before the calculation, as we do. Applying the Mark J procedure,

we find a sixth event at ]/;;46.3 GeV, and the expectation changes
slightly to 0.69 +0.21.
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Fig. 12. T and |cos 8| for muon inclusive events

two of the five muons fulfill the stricter requirements
of the “tight” selection*. Two of the others hit regions
of the muon filter with fewer chambers, where hadron
rejection is reduced.

The observed excess might indicate the threshold

of some new particle production above ]/E
=46.3 GeV, and hence careful checks of the back-
ground were performed.

6.3 Background

Various tests have been carried out to check whether
the observed events are due to an enhanced back-
ground of hadrons misidentified as muons at [/§
* The second muon in event D and the muon in the sixth event,

which appears when muons are not included in the thrust calcula-
tion, satisfy also the “tight” criteria
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Fig. 13. Energy flow diagrams of the five y-events A-E
with T<0.8 and |cos ] <0.7 at 1/;;46.3 GeV. The
corresponding Q-plots are also shown. Q,, Q,, Q5 are

the eigenvalues of the sphericity tensor, (Q3—Q2)/]/§
being plotted as abscissa and Q, as ordinate in the Q-

plots Event E

=46.3 GeV as compared to ]ﬁ<46.3 GeV. A possi-
ble source of background is the increased emission
of synchrotron radiation during the high energy scan,
which caused spurious hits in the muon (filter,
especially in the forward region.

The fraction of events containing a muon for the
two energy intervals agrees within errors, and also
the angular distribution of the muons shows no signif-
icant excess over the entire polar range, as shown
in Fig. 14.

The probability that a given hadron track with
p> 1.8 GeV is classified as a muon can be determined
from the data in the following way. The sample of
observed tracks satisfying the muon selection criteria
consists of prompt muons and fake muons. The

E [GeV] 20

23

Vs 2463 GeV

Event B

ElGeVl. 20

10 T 1 T 1 [ T T 1 71 | LI L I T 1T 71771
- -— s < 463 GeV norm.
8- $ V5= 463Gev _

1

# /702

cos 8

Fig. 14. Muon angular distribution; 4 is the angle between the muon
and the beam axis. The arrows mark the polar position of the five
signal muons
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prompt contribution is known from a Monte Carlo
simulation, assuming that there are no new processes
involved. The fake contribution is then the difference
between the number of tracks satisfying the muon

selection criteria and the prompt contribution. At the

energy of interest, ﬁg 46.3 GeV, the fake probability
was calculated to be B_,=(1.8+0.5)%. This number
is in agreement with a measurement of the 7 punch-
through +decay probability of (1.5+0.3)% using
t* 17 -pairs as a source of pion tracks.

In order to estimate the contribution of fake
muons to the signal region, events with T<0.8 and
at least 1 track, irrespective of particle type, with

p>18GeV and |cosd|<0.7 were selected at 1/;

=46.3 GeV. 30 events were found, containing in total
50 tracks fulfilling the above requirements. Assuming
a probability of F_,=(1.8+0.5)% as determined
above to fake a muon, we estimate a background
contribution of 0.90+40.25 events to the observed sig-
nal of five events. This number is considered to be
an upper limit, since most of the hadron tracks lie
within jets, where the fake probability is larger than
for the isolated tracks we are considering. From
prompt muons, an additional 0.22+0.03 events are
expected in the signal region.

When the cut for the muon hit association to the
jet chamber track is relaxed from 2¢ to So, we would
expect a corresponding increase in the number of
muons in the signal region, if they were due to random
hits. Above 46.3 GeV no additional event was found
in the signal region after relaxing the muon cut.

To summarize, though some of the muons do not
belong to the cleanest sample, no indication was
found that the five muon events are due to enhanced

hadron contamination at ﬁg 46.3 GeV.

6.4 Inclusive electrons

The same multihadron data sample was searched for
an excess of similar events with isolated electrons.
For the electrons with p> 1.8 GeV we do not observe
any event in the signal region (7T<0.8 and
|cos 6| <0.7) above 46.3 GeV, and expect 0.7 events
from an extrapolation of the lower energy data (see
Fig. 15). The electron in event E does not fulfill the
quality requirements on the dE/dx measurement due
to a nearby track. Another electron in event A is
removed by the photon conversion cuts.

In ordinary multihadron events the detection effi-
ciencies for electrons and muons coming from b- and
c-decays are similar within the acceptance cut
lcos 0] <0.76. However, Monte Carlo studies have
shown that multiparticle effects are more important
for the detection of electrons than for muons. In par-
ticular for close tracks it may happen that an electro-
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Fig. 15. T and |cos 6| for electron inclusive events

magnetic shower cannot be uniquely assigned to one
track. Such overlap problems are less severe in muon
identification, where the presence of a muon would
still be recognized in the muon filter. Therefore the
electron detection efficiency is more strongly in-
fluenced by the special event topology caused by a
possible new process.

In order to roughly estimate how many events
with isolated electrons in a low thrust topology would
correspond to the five observed muon events, the
muon tracks in these events were replaced by elec-
trons, and the electron selection criteria were applied.
Two of the replaced muons are outside the clectron
acceptance |cos 0]<0.76, two others have a high
probability of escaping detection due to nearby parti-
cles, and one event has a similar detection probability
as either an electron or a muon event. These studies
imply that the absence of electron events in our pres-
ent data does not contradict lepton universality.
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Fig. 16. Cross section for muon events with T<0.8 and |cos 6| <0.7.
The error bars are shown to give a feeling for possible fluctuations;
for such low statistics they cannot be used to calculate significances
in terms of standard deviations

6.5 Comparison with other experiments

The cross section for inclusive muon events with
T<0.8 and |cos §|<0.7 is plotted as a function of
the centre of mass energy in Fig. 16 and compared
with the result of Mark J [21]. The data are not cor-
rected for acceptance. Both experiments, Mark J and
JADE, observe an excess in the highest energy bin.
Mark J sees seven events and expects 0.5 in its data
sample of 2.8 pb™ 1.

CELLO [23] does not confirm this observation,

observing one event at ]/_;246.3 GeV with an inte-
grated luminosity of 2.1 pb !, Below 46.3 GeV the
rates measured by CELLO agree with those of
Mark J and JADE. CELLO’s detection efficiency for
the events observed by Mark J and JADE was found
to be comparable to that of JADE and Mark J [23,

20].

7 Summary

A search for rare processes leading to events contain-
ing hadrons and muons or missing energy was con-
ducted. Three events of the type two isolated muons +
hadrons have been observed. The rate and their kine-
matic configurations agree with the QED expectation
for the reactione*e” »qgqutu~.

Leptoquarks of the second generation are ex-
cluded in the mass range 5 GeV up to 20.8 GeV, color
octet muons up to 23.2 GeV and color octet neutrinos
from 9 GeV up to 21.9 GeV.

At the highest PETRA energies, 46.30 GeV

§‘/§§ 46.78 GeV, five low thrust events with isolated
muons were observed, whereas only 0.56 4-0.18 events
were expected from an extrapolation from lower ener-
gies. No satisfactory explanation for this excess in
terms of background could be found. Similar observa-
tions were made by Mark J, while CELLO does not
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observe this effect. Events from a new heavy quark,
¢.g. a charged 1/3 quark of the fourth generation [24],
which cannot yet be excluded by PETRA, are ex-
pected to be more spherical than most of the five
observed events. With the close down of PETRA, it
is left to experiments at TRISTAN to determine
whether these events indicate more than a statistical
fluctuation.
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