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Abstract

Using the JADE detector at PETRA, a search for hadronic events with isolated lep-
tons in ¢'e¢~ annihilation was performed. No evidence was found for the production of
leptoguarks or color oetet leptons and mass limits were obtained. Three hadronic events,
each of them with two isolated muons, were detected and found to be in agreeement with
predictions of the a* QED process ete~ — gguTp™ . 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, ! cosé {< 0.7, were observed. The num-
ber of such events expected from an extrapolation of control data at lower energies is
0.56 = 0.18. No satisfactory explanation for the excess in terms of background could he
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”~ — pu"u~ + hadrons and on a search
for leptoquarks 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 unexpected 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 ¢ ¢~ storage ting. Multiparticle
events were selected using the criteria described in [3]. which are the basis for the selection of
multihadronic 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 cosmics ray events, 7 - pairs and purely leptonic QED events are removed by
visual inspection,

Further cuts, in visible energy E.,, = % p, and longitudinal momentum balance py, =
S P Eu.. extract the multihadronic annihilation events from this sample. The sums run over
all particle mementa p,, p; denoting the components along the beam axis.

4 F.. . E, where E, is the beam energy.
5 i pyar 0.4

2.2 Muon identification

Muons are identified as penetrating particles in the muon filter [4], which consists of four succesive
blocks of absorber material interleaved with fayers of drift chambers. It covers 92 % of the full
solid angle and presents in total at least 6.4 nuciear absorption lengths to particles with incidence
perpendicular to the beam. All tracks recorded in the jet chamber are extrapolated through the
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muon filter, and their Kkelihood 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 within a
2 o range of the extrapolation of a track taking into account fitting errors and multiple
scattering. One missing hit in the 2 o 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 sefection criteria to be chosen, depending on the goals of the physics
analysis. 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 fiter and the x* probability that the jet chamber
track matches the p 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 traversed. 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 joss in the gas of the drift chamber and by their elec-
tromagnetic 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 acceptance cut of
i cos @ |< 0.78 is impased, 8 being the angle of the particle with the beam axis.

For a particle to be considered an electron candidate 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 for electrons within —1.5 o < {dE/dr ), casured = {dE/d2)bcctron + —2.0 0. The
shape of the lead glass cluster associated with the track is required to be consistent with an
electromagnetic shower. An electron candidate is removed if it can be combined with another
track to form a photon conversion pair. Finally, 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. 1shows 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 ete” — qq‘,uﬂuf

The process ete” — ggutu is an o' 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

1The “loose” cuts correspond to muons of “quality A" and the "tight” cuts to muons of “quality C" in ref. [5].
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Figure 1: E/p distribution after dE/dz cut

and to study the background for the event topclogies to be searched for in the following chapters.
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Figure 2. Feynman graphs end corresponding event topologies for ¢ €™ — ggu™p~

Three classes of Feynman graphs, which are displayed in fig. 2. contribute to this process.
The cross section was calculated using the formalism and computer code developed by Berends,
Daverfeldt and Kleiss [8]. The ¢gu - events generated by this program were fragmented
according to the Lund scheme [9] and passed through the detector simulation and analysis chain
in order to determine the detection efficiency. 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.
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2. 2 “muon candidates” with p, > 3 GeV, at least one of them being a "good muon™ { “loose”
cuts) were asked for.

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, 1t 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 twe
clearly separated tracks visible within the muon filter.

Data corresponding to an integrated luminosity of 94.2 pb™! at centre of mass energies ranging
from 29.5 to 46.78 GeV were analysed. Three events were found after all cuts, as compared to 1.2
events expected from the QED simulation of e*e™ — gdu*pu~ . The background, mainly from
pprT and gf events with fake muons, was estimated to be less than 0.3 events. In fig, 3 the muon
opening angles and hadronic invariant masses are compared to the QED distributions. Within
the limited statistics, event rate and kinematic configurations agree with the QED expectation.
The observation of these events at the expected rate gives confidence that the JADE detector is
capable of detecting rare events with isolated muons.

4 Leptoquarks

4.1 Introduction’

Light leptogquark 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 leptoguarks of charge
2/3. In this model generation quantum number is conserved. Thus a second generation leptoquark
x. can only decay into either ¢, or su™.

The cross section for pair production of charged color triplet spinless bosons in ¢*e™ annihi-
lation is .

j—;(e*'f_—’x)f):"i-%-t?g-33»s'11129 (1}

where 3 = Vm?/; m, is the leptoquark mass, @ = 2/3 and # is the production angle
with respect to the beam direction. The cross section rises slowly from threshold with increasing
energy, due to the 4% 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 distinctive event
‘topologies (see fig. 4):

A) e7

B)Y e7€” — apXu-r Clusp

€7 — XuX,- civ,fy, | two acoplanar jets
or c.c. : two Jets, a muon and missing momentum

C) e*e” — x,1,.— sp”Sp” 1 two jets and two muons

Using a Monte Carlo simulation of leptoquark events, methods of isotating 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 fragmented 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 Juminosity of 24.5 pb™! between /5 = 38.66 and 46.78 GeV.
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Figure 4: Bvent topologies for leploguarks

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 performed by JADE were applied to the multiparticle events defined
in section 2.1. These were:

1. 2/5  Eiinfs = 1
2. tcosfiy -~ 0.65, with B¢ the angle between thrust axis and the positron beam direction.
3. Dacop = 407 - (1= i cosfr |)

The acoplanarity angle g, is given by

Gacop = BECCOS —‘(;f" X_’.?:]'fp: X”ﬂ:).) 2)
[ S T R T

where 7, and p_ are defined as follows: Each event is split into two halves using a plane
perpendicular to the thrust axis. p. and F_ are then the sums of the momenta of the
particles in each of these event halves. 7. is a unit vector in the direction of the positron
beam. If there are po particles in one of the event halves then ., is set to 180°.

No event survived the cuts. The detection efficiency for m, = 21 GeV was found to be 28 %.

B) Two jets, a muon 4 missing momentum
The multihadron sample was used for this analysis.

1. A “good muon" selected with “loose” cuts and with momentum p, > § GeV was required.
In fig. 5 the observed muon momentum spectrum is compared to that of a Monte Carlo sim-
ulation of multihadronic events [9]. Alsc shown is the expected distribution for leptoquark
events, which is significantly different from that for ordinary multihadronic events.
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Figure 5: Muon momenta p,

2. B, < +/3. as the events required contain neutrinos which escape detection.
3. Pueot > 40° {1+ 0.5 cosfy i)

The acolinearity angle
Cgpol = BICCOS (7 7_2‘})—__) (3)
Py P
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 1807 if all particles are in the same event half.

One event with an isolated muon in one event half oppesite to a hadronic sytem in the other
half survived these cuts. The event is shown in fig. 6. It Is consistent with background from
¢ ¢ -+ ggu~ p~ in which one muon is not detected, or from the decay D= — K°u*v with an
escaping K¥. The detection efficiency 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 mementum p, .- 3 GeV
2. The transverse momentum with respect to the thrust axis (p]) was required to be larger
than 5 GeV for at least one of the muons.

After these cuts the detection efficiency for m, = 21 GeV is 44 %. One event passes these cuts;
it is event D from the low thrust - isolated muon analysis of chapter 6 and is shown in fig. 7: As
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Figure 6: Deptoguark candidate 1. The view elong the beam axis shows the tracks of cherged
pariicles in the drift chamber, lead glass energies and hits in the muon filter. The centre of
mass energy is 43.21 GeV end the muon hes a momentum of 6.0 GeV. There is a nuclear
interaction in the pressure vessel of the drifi chamber, emitting a particle into the muon half.
The charged particles alone, not counting those from the nuclear inleraction, constitute an
invariant mass of 3.9 GeV, thus excluding the possibility of this event being a T - pair event.

: I.._.‘*—“.”“.H_
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Figure 7: Leptoguark candidate 2 fand event D from chapter 6} at s = 46.57 GeV. The
momentum of the ut is 21.873%% GeV, and that of the = is 3.2 £ 0.3 GeV. The isolated
converied photon has en encrgy of 14.4 GeV.



the momentum of the second p is too low to be associated with a high mass leptoquark decay,
leptoquarks with m, > 16 GeV cannot be the source of this event.

4.3 Results

The detection efficiencies quoted are valid for leptoquark masses of 21 GeV. For lower masses
they generally 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 attempted.

Assuming second generation leptoquarks of charge 2/3, which decay exclusively into second
generation fermions, we obtain the bounds (95 % C.L.) shown in fig. 8 for the leptoquark mass
and branching ratioc BR(x, — e#,) = 1—- BRix, — su™}. The combined limit from the analyses
A), B) and C) exciudes these leptoquarks from 5 GeV up to 20.8 GeV. The mass region below
5 GeV 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(y — qv)- BR(x — gv) . Q- BR{x — qp)- BR(x —+ qv) and Q* - BR(x —
gu) BR{x — gu) 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 2 p2 + 2 jet event cbserved 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].

5 Chromoleptons

in some composite models {17],[18] color octet leptons Iz 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*¢” annihilation, colered neutrinos, pair produced via a virtual Z7, would result in
acoplanar jets, and colored muon pairs, mainly produced via a virtual photon at PETRA energies,
in 2 4 + 2 jet events. The analysis of acoplanar jet events and dimuon events in the leptoquark
search also puts limits on vy and pg.

For the pair production cross section oy of colored leptons we assumed

OBZS'F(QZ]'Q (4}

where 8 is the color factor, and F(g*) is a form factor to account for the compositeness of these
objects; &, 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 be visible in the detector, With these
assumptions the vgig and pg pi events look the same as the ¢,év, and spt3p~ events, with
only the angular distributions for fermions (I3} and bosons {x ) being different.

The resulting limits (95 % C.L.) for the form factors and masses are given in fig. 10. Charged
chromoleptons 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
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Figure 8 Limits (95 % C.L.) on mass and branching ratio BR(x, — cB,) for second gener-
ation leptogquarks with charge 2/3
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Figure 9: Lower mass limits (95 % C.L.) for leptoguarks of charge Q) decaying into o guark
and ¢ muon or neutrine. BR, and BR; are the branching ratios of the lepioguarks.

11



102 LALENL IR B SRR L L B MBI M B B |

o ”" JADE
luded

100 \\\;gc"/:lcel u N n
Fis} 1 excluded

104 5% CL.

e gt fuded
10 E‘l??-v?:lluael 85% CL. Ha
103Flll'|I}[IIII[Jl]||||l|I|L=
0 5 10 15 20 25

m[Gev]

40272

Figure 10: Mass limits for chromoleptons. The limit from the measurement of the total
hadronic cross section (R - value) is equally valid for ¢3 ,pf und 7.

¢ = s € AL (Ac 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 X at the eesg vertex enters, is quoted for
completeness,

Table 1: Summary of ezcluded mass regions for color octet leplons (Flg’}=1)

lower limit | upper limit | analysis
5 0 GeV 19.8 GeV R - value
el | 0GeV | 173 GeV -A¥* | R - value
i | 5 GeV 23.2 GeV | hadronic dimuon events
[ v 9 GeV 21.9 GeV acoplanar jet events
12

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 = 23.3 GeV, and for charged 1/3 gquarks up to
m = 22.7 GeV. Near threshold, events from heavy guarks 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 } group [1} reported the observation of an excess of muon inclusive hadronic
events with low thrust L
il pi-Ar | ()
TiiE

at the highest PETRA energies, /s = 46.3 GeV | where the muon had a large isolation angle §
with respect to the thrust axis 7y, as shown in fig. 11. A search for this type of events within

T = maz

BAS .
13 /nT

-
Ve

Figure 11: Definttion of isolation angle &

the JADE data sample of 22.8 pb~? in the energy range 38.66 GeV to 46.3 GeV and 1.8 pb~!
between 46.3 GeV and 46.78 GeV is described in this chapter.

6.2 Inclusive muons

The analysed events were demanded to fulfill the multihadron conditions. Muons used in this
chapter were required to satisfy the “loose” criteria as described in section 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 | cosé 1< 0.7 . The resulis for /s > 46.3 GeV were compared to the
expectation calculated from data with /s .= 46.3 GeV . In fig. 12 the inclusive muon events are
shown in the T— | cosé | plane for both of the centre of mass energy intervals, with the cuts
indicated. The signal region for /s > 46.3 GeV contains five events compared to an expectation
of {0.56 + 0.18) events from an extrapolation of the lower energy data ®. This expectation is
in agreement with a Monte Carlo simulation of multihadron production with five flavors which
predicts (0.74 £ 0.11) events in the signal region. The probability of a fluctuation of the observed
magnitude (or larger) is less than 0.4 %.

ZRacently we learnt that Mark J [20) did not indude the muon when calculating the thrust, and that they did
not balance the event before the calculation, as we do. Applying the Mark ) procedure, we find a sixth event at
/3 > 46.3 GeV , and the expectation changes slighty to 0.69 + 0.21.
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Figure 12: T and | cos & | for muon inclusive evenis

The energy flow of the five events, labelled A - £, at /s > 46.3 GeV with T < 0.8 and
icosé |< 0.7, is shown in the plots of fig. 13. In these diagrams the energy flow is rolled out
in the cos8 — ¢ - plane, where @ is the polar angle with respect to the beam axis, and ¢ the
azimuthal angle. Mucns and electromagnetic 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]. Except for event B, which is the candidate event with high transverse
jet mass and a high " muon found previously in a heavy quark search |6], the events are planar,
as can be seen from the @ - plots [22] attached to the legoplots. The visible energy and missing
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 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 cbserved excess might. indicate the threshold of some new particle production above
Vs = 46.3 GeV, and hegnce careful checks of the background were performed.

3The second muon in event D and the muon in the sixth event, whick appears when muons are not included in
the thrust calculation, satisfy also the “tight” criteria.
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6.3 Background

Various tests have been carried out to check whether the cbserved events are due to an enhanced
background of hadrons misidentified as muons at /s > 46.3 GeV as compared to /5 < 46,3 GeV .
A possible 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 significant excess over the entire polar

range, as shown in fig. 14.
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Figure 14: Muon angular distribution: § is the angle between the muon and the beam axis.
The arrows mark the polar position of the five signal muons,

The probability that a given hadron track with p > 1.8 GeV is classified as 2 muon can be
determined from the data in the foliowing way. The sample of observed tracks satisfying the
muon selection criteria consists of prompt muons and fake muons. The prompt contribution
is known from a Monte Cario 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, /s = 46.3 GeV | the
fake probability was calculated to be P,_,, = (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 7t+~ - 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 > 1.8 GeV and | cosd 1< 0.7 were
selected at /5 > 46.3 GeV . 30 events were found, containing in total 50 tracks fulfilling the
above requirements. Assuming a probability of P, = (1.8 £ 0.5)% as determined above to fake
a muon, we estimate a background contribution of 0.90 + 0.25 events to the observed signat 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 4 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 7 to
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5 o, 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 in-
dication was found that the five muon events are due to enhanced hadron contamination at
5 2 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
(T < 0.8 and | cos§ |< 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/dr measurement due to a nearby track. Another electron in event A is removed by
the photon conversion cuts.
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Figure 15: T and ; cosé ! for electron inclusive events

In ordinary multihadron events the detection efficiencies for electrons and muons coming from
b- and ¢- decays are similar within the acceptance cut | cosé |< 0.76 . However, Monte Carlo
studies have shown that multiparticie effects are more important for the detection of electrons than
for muons. in particular for close tracks it may happen that an electromagnetic 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
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detection efficiency is more strongly influenced 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 electrons, and the electron selection criteria were applied. Two of the replaced muons are
outside the electron acceptance | cos @ |< 0.76 , two others have a high probability of escaping
detection due to nearby particles, 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 present
data does not contradict fepton universality.

6.5 Comparison with other experiments

The cross section for inclusive muon events with T' < 0.8 and | cosé |< 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 corrected 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™* .
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Figure 16: Cross section for muon events with T < 0.8 and | cosé |< 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.

CELLO |23] does not confirm this observation, observing one event at /s = 46.3 GeV with
an integrated luminosity of 2.1 pb~! . Below 46.3 GeV the rates measured by CELLO agree with
those of Mark 1 and JADE. CELLO's detection efficiency for the events observed by Mark J and
JADE was found to be comparabie to that of JADE and Mark J {23], [20].
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7 Summary

A search for rare processes leading to events containing hadrons and muons or missing energy
was conducted. Three events of the type two isolated muons — hadrens have been observed.
The rate and their kinematic configurations agree with the QED expectation for the reaction
cteT —ogqqut .

Leptoquarks of the second generation are excluded 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 < /5 < 47.78 GeV, five low thrust events with
isolated muons were observed, whereas only 0.5610.18 events were expected from an extra-
polation from lower energies. No satisfactory explanation for this excess in terms of background
could be found. Similar observations were made by Mark J. while CELLO does not observe this
effect. Events from a new heavy quark, e.g. a charged 1/3 quark of the fourth generation [24],
which cannot yet be excluded by PETRA, are expected 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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