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Abstract 

l'sing the JADE detector at PETRA, a search for hadronic events with isolated lep­
tons ip £+ £- annihilation was performed. No evidence was found for the production of 

leptoquarks or color octet leptons and mass limits were obtalned. Three hadronic events, 
each of them with two isolated muons, were detected and found to be in agreeement with 
predictions of the a 4 QED process e+c ____, qi}Jl+ Jl- . At the highest PETRA energies, 
46.30 GeV :.:; JS :.:; 46.78 GeV. five events with low thrust, T < 0.8, and a muon at 
a large angle with respect to the thrust axis, cosO i< 0.7, were observed. The num­
ber of such events expected from an extrapolation of control data at lower energies is 
0.56 ::t 0.18. No satisfactory explanation for the excess in terms of background could be 
found. A corresponding excess of electron events was not seen. 

Introduction 

In this paper we report on a study of the reaction t+ e- ----> J-1..- Jl- + 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 [lj. 

2 Event selection and lepton identification 

2.1 Event selection 

The data were collected with the JADE detector [2J at the PETRA t-t- storage ring. Multipartide 

events were selected using the criteria described in J3j. 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, T - pairs and purely leptonic QED events are removed by 

visual inspection. 

Further cuts, in visible energy £,.;,, = ~~ p, and longitudinal momentum balance Pbal = 

~' p: / E,,, .. extract the multihadronic annihilation events from this sample. The sums run over 

all particle momenta p,, p~ denoting the components along the beam axis. 

4 £,", 

5. • P&al 

E~. where £ 0 is the beam energy. 
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2.2 Muon identification 

Muons are identified as penetrating particles in the muon filter [4J, which consists of four succesive 

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 likelihood of being muons is tested. The following samples of tracks are 

considered as muon candidates in the analysis [5J: 

~~Muon candidates" 

At least two hits in the muon chambers outside the magnet yoke are asked for within a 

2 17 range of the extrapolation of a track taking into account fitting errors and multiple 

scattering. One missing hit in the 2 17 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 

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 [7J. The "loose" cuts and the "tight" cuts are defined as follows 1 : 

"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 x 2 probability that the jet chamber 

track matches the J.l 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 loss 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 

1 cos 8 I< 0. 76 is imposed, 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 cr < (dE./ d:r )rrea~ured - (dE/ d:r ),!,drom -2.0 a. 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 < Ejp"' 3.0. Fig. 1 shows the En1 

distribution after all except the last of these cuts. There is a distinct electron peak at E ip = 1. 

3 The reaction e+ e- ---> qqp+ p-

The process e+ e- -1 qij11-+ 11-- is an a 4 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 proc~sses 

1 The "loose" cuts correspood to muoos of "quality A" aod the "tight"" cuts to muons of "quality ('" in ref. [5] 
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Figure 1: Ejp distribution after dEjdx. cut 

and to study the background for the event topologies to be searched for in the following chapters. 
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Figure 2: Feynman g-raph.• and C01'1"C$pondm9 event f.opologie.~ /or c f ---> qij}I~{J.-

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 qijp- p- 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. 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 

dearly separated tracks visible within the muon filter. 

Data corresponding to an integrated luminosity of 94.2 pb- 1 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- ___. q{jJ.l+Jl- The background, mainly from 

J-LJ-LTT and qij 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 leptoquark bosons with charge 1/3, 2/3, ... ,which decay into a quark and a lepton, appear 

in several technicolor and composite models [10J, [llJ. 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 second generation leptoquark 

x., can only decay into either cv .. or SJJ+. 

The cross section for pair production of charged color triplet spinless bosons in c+e- annihi-

lation is 
da + _ _ a.2 

d
" ( E [ ---} n.) = 3 . . Q2 

. 33 
• sin 2 B 

H 8s 
I I I 

where f3 = .y/1- 4m"fi".;, m, is the leptoquark mass, Q = 2_:3 and (i is the production angle 

with respect to the beam direction. The cross section rises slowly from threshold with increasing 

energy, due to the /P 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) cT E- ___. x .. X .. -·+ cL,,J:v11 two acoplanar jets 

B) e.,.c- ___.A .. >.: .. - .. cV,,5f1 or c.c. two jets, a muon and missing momentum 

C) e"" t- ___. \,,.\ .. ___. Sfl- 5J1 two jets and two muons 

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 fragmented like heavy quarks using the Lund 

model {9J and the Peterson fragmentation function {12J. 
Events of classes A), B) and C) were searched for in the high energy .data sample corresponding 

to an integrated luminosity of 24.5 pb- 1 between Js = 38.66 and 46.78 GeV. 
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Figure 4: Event topologies for leptoquarks 

Analysis 

A) A coplanar jets 

Cuts identical to those used in the searches for the supersymmetric partner of the Z 0 (13J and 

monojet events (14J previously performed by JADE were applied to the multiparticle events defined 

in section 2.1. These were: 

1. 2/5.· Ev;,//8.-.: 1 

2. ' cos Or ". 0.65, with fh the angle between thrust axis and the positron beam direction. 

3. 0.,cop · 400' · (1"7 · r:osBr ll 
The acoplanarity angle !/!acop is given by 

<f.!ac<>p = arccos ( (~~ X :~- ·. (p~ X iJ-0 ) ) 

! P~ x n c P- ' no 
12) 

where fi+ and fi- are defined as follows: Each event is split into two halves using a plane 

perpendicular to the thrust axis. p_.. and ji_ are then the sums of the momenta of the 

particles in each of these event halves. i/ 0 is a unit vector in the direction of the positron 

beam. If there are no particles in one of the event halves then Oacop is set to 180'. 

No event survived the cuts. The detection efficiency form\= 21 GeV was found to be 28 %. 

B) Two jets, a muon+ missing momentum 

The multihadron sample was used for this analysis. 

1. A "good muon" selected with "loose" cuts and with momentum p 11 > 5 GeV was required. 

In fig. S the observed muon momentum spectrum is compared to that of a Monte Carlo sim­

ulation of multihadronic events !9J. Also 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 p11 

2. E,;, < ..ji., as the events required contain neutrinos which escape detection. 

3. ¢ac<>l > 40° · (1 --i- 0.51 cos Or:) 
The acolinearity angle 

( 
~ . fi- ) 

6ucol = arc co~ - --~---.---.-
. P+ . ~ p .. 

(3) 

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. 

One event with an isolated muon in one event half opposite to a hadronic sytem in the other 

half survived these cuts. The event is shown in fig. 6. It is consistent with background from 

{ · ( · --) qiJ.J'- t'- in which one muon is not detected, or from the decay n=----> K 0 Jl:r.lJ with an 

escaping Kf. The detection efficiency for leptoquark events with m\ = 21 GeV is 50 % after the 

above cuts have been applied. 

CJ 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 momentum p
11 

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 'mx = 21 GeV is 44 %. One e":ent passes these cuts; 

it is event D from the low thrust- isolated muon analysis of chapter 6 and is shown in fig. 7: As 

7 
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Figure 6: Leptoquark candidate 1. The view along the beam axis show.5 the tracks of charged 

particles in the drift chamber, lead glass energie.~ and hit$ in the muon filter. The centre of 

mass energy is 43.21 Ge V and the muon ha.~ a momentum of 6.0 Ge V. There is a nuclear 

interaction in the preHure vessel of the drift chamber, emitting a particle into the muon half. 

The charged particles alone, not counting those from the nuclear interaction, constitute an 

invariant mass of 3.9 Ge V, thus excluding the posJibility of this event being a T - pair event. 
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Figttrt" 7: Leptoqnark candidate 2 (and event. D from chapter 6} at yS = 46.57 GeV. The 

momentum of the Jl 1 i.~ 21.8~!~~~ Ge V, and that of the f.l-- i.~ 3.2 ± 0.3 Ge V. The isolated 

converted photon ha$ an energy of 14.4 Gc V. 
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the momentum of the second p, is too low to be associated with a high mass leptoquark decay, 

leptoquarks with mx > 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 8 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 ratio BR(xiJ---> cDIJ) = 1-· BR(AIJ ---> SJl+ ). The combined limit from the analyses 

A), B) and C) excludes 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 

te<ms of Q' · BR(x ~ qv) · BR(x ~ qv). Q' · BR(x ~ qM) · BR(x ~ qv) and Q' · BR(x ~ 
qJ.l) · BR(x.---) qJ.L) 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 'lo C.L.) is not high enough to completely exclude a 

leptoquark interpretation of a 2 11 + 2 jet event observed by the CELLO collaboration !15J, which 

would suggest a leptoquark mass of about 20.5 GeV. Similar limits as in fig. 8 were obtained by 

the CELLO collaboration I16J. 

5 Chromoleptons 

In some composite models j17J,!18J color octet leptons /8 may be sufficiently light to be produced 

at present accelerators. They decay into a gluon and their color singlet partner, the ordinary 

lepton. In c+ c~ annihilation, colored neutrinos, pair produced via a virtual Z 0
, would result in 

acoplanar jets, and colored muon pairs, mainly produced via a virtual photon at PETRA energies, 

in 2 J1 + 2 jet events. The analysis of acoplanar jet events and dimuon events in the leptoquark 

search also puts limits on v8 and lls· 

For the pair production cross section a!' of colored leptons we assumed 

o-8 = 8 · F(q2
) • O"J (4) 

where 8 is the color factor, and F( q2 ) is a form factor to account for the compositeness of these 

objects; o-1 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 v8 D8 and J.Lt J.t8 events look the same as the cDf.'Cvf.l and sr+ sp,- events, with 

only the angular distributions for fermions (l8 ) 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 [3J,!6J are also shown. When F = 1, which is expected since 
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q2 = s « Ab (Ac is the compositeness scale) for PETRA energies (here < s >~ 1900 GeV2 ), 

the mass regions given in table 1 can be excluded. A limit on color octet electrons previously 

published by JADE I6J, where the effective coupling ,\ at the ee8g vertex enters, is quoted for 

comp_leteness. 

Table 1: Summary of ezcluded rna"" regionJ for color octet lepton" (F(q2 ) = 1) 
·--

lower limit . upper limit analysis 

1: 0 GeV 19.8 GeV R · value 

'~ 0 GeV 173 GeV ._\213 R · value 

.ui 5 GeV 23.2 GeV hadronic dimuon events 

I v, 9 GeV 
' 

21.9 GeV acoplanar jet events 
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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 tom = 23.3 GeV, and for charged 1/3 quarks up to 

m. = 22.7 GeV. 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 [lJ reported the observation of an excess of muon inclusive ha_dro.nic 

events with low thrust 

T 2.:.11\·nrl = max =c~-;-co-,~ 
l.:;(p',( 

(5) 

at the highest PETRA energies, Js ~ 46.3 GeV , where the muon had a large isolation angle 6 

with respect to the thrust axis iiy, as shown in fig. 11. A search for this type of events within 

-
::F 

_, ... 
nr 

// 

Figure 11: Definition of i,olation angle b 

the JADE data sample of 22.8 pb- 1 in the energy range 38.66 GeV to 46.3 GeV and 1.8 pb- 1 

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. Muoris 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 I cosb 1< 0.1. The results for JS .2 46.3 GeV were compared to the 

expectation calculated from data with Js · 46.3 GeV . In fig. 12 the inclusive muon events are 

shown in the T- i cos f. l plane for both of the centre of mass energy intervals, with the cuts 

indicated. The signal region for Js ~ 46.3 GeV contains five events compared to an expectation 

of (0.56 ± 0.18) events from an extrapolation of the lower energy data 2
• 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 %. 

~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 

Js 2: 46.3 GeV , and the expectation changes slighty to 0.69 ± 0.21. 
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Figure 12: T arod I c.osli I for muon inclu$ive event$ 

The energy flow of the five events. labelled A · E, at v'S 2:: 46.3 GeV with T < 0.8 and 
; cosli I< 0.7, is shown in the plots of fig. 13. In these diagrams the energy flow Is rolled out 
in the co·s 0 - ¢ - plane, where () is the polar angle with respect to the beam axis, and ¢ the 
azimuthal angle. Muons and electromagnetic showers with energies Er.m. > 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 !21J. Except for event B. which is the candidate event with high transverse 
jet mass and a high p7 muon found previously in a heavy quark search j6J, the events are planar, 
as can be seen from the Q · plots j22J 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 3 . 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 
j:5 = 46.3 GeV, and hence careful checks of the background were performed. 

3 The second muon in event D and the muon in the sixth event, which 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 observed events are due to an enhanced 

background of hadrons misidentified as muons at Vi~ 46.3 GeV as compared to .Ji < 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: 8 i.l 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 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 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, .JS 2 46.3 GeV , the 

fake probability was calculated to be Ph~11 = (1.8 ± 0.5)%. This number is in agreement with a 

·measurement of the 11' punch-through -t- decay probability of (1.5 ± 0.3)% using T+T-- 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 i cosfJ i< 0.7 were 

selected at V~ 2 46.3 GeV 30 events were found, containing in total 50 tracks fulfilling the 

above requirements. Assuming a probability of Ph_,1, = ( 1.8 ± 0.5 )o/~ as determined above to fake 

a muon, we estimate a background contribution of 0.90 ± 0.25 events to the observed signal 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 a to 
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5 a, 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 sumf!1arize, 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 

Js ~ 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 I cosfJ I< 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 dEjd;r measurement due to a nearby track. Another electron in event A is removed by 

the photon conversion cuts. 

electrons 46.3GeV::!: IS =:46.78GeV ., ,-, .. , -- 1.0 • • • • 
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Figure 15: T and cos fJ ! for electron inclusive e\"eJJts 

In ordinary multihadron events the detection efficiencies for electrons and muons coming from 

b-and c- decays are similar within the acceptance cut I cosO i< 0.76 However, Monte Carlo 

studies have shown that multiparticle effects are more important for the detection of electrons than 

for muons. In particular for close tracks it may happen that an electromagnetic shower canf!_ot 

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 I cos (J I< 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 lepton universality. 

6.5 Comparison with other experiments 

The cross section for inclusive muon events with T < 0.8 and I cosli I< 0.7 is plotted as a 

function of the centre of mass energy in fig. 16 and compared with the result of Mark J [21J. 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- 1 
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Figure 16: Cross sedioJl for rnuOJJ events witl1 T < 0.8 and ! cos 0 I< 0. 7 . TlJe error bars are 

shown to give a feeling for possible fluctuations; for sudJ low statistics tliey cannot be used 

to calculate significances in terms of standard deviations. 

CELLO j23J does not confirm this observation, observing one event at JS 2: 46.3 GeV with 

an integrated luminosity of 2.1 pb- 1 
. 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). 
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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 - hadrons have been observed. 

The rate and their kinematic configurations agree with the QED expectation for the reaction 

(+(- --+qii.r+li-

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 S: ,j"S :"::: 47.78 GeV, five low thrust events with 

isolated muons were observed, whereas only 0.56±0.18 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 [24j, 

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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