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ABSTRACT
Recent results on the search for mew particles, naw thresholds and on properties of

B-mesons are reported. No new particle has been cbserved. More stringent limits on
production cross sections have been obtained.

1.0 INTRODUCTION

During the last year the collaborations working at PETRA have performed many searches for new particles.
Since the energy of PETEA has not been increased during this time, there was no chance to find the top
quark {or any other quark) which is still one of the main issues of this storage ring. But due te better sta-
tistics end refined analyses, the limiis on production cross sections of several hypothetical partictes could
be lowered considerably.

In the rich spectrum of particles proposed by theories a special class becoemes an issue of its own: the
scalar particles. If the existence of scalar particles were shown experimentally, this could most probably
could help to provide an understanding of the masses of known particles /1/. Thus I will start my talk by
reporting on searches for these and some other particles, called together "exotic objects”. The following
sectiong are devoted to particles which have a different kind of reality in the understanding of the physics
of today: quarks. In Sec. 3 an experiment searching for free quarks is discussed, in Sec. 4 an update of the
gearch for a top or any further quark is given. In the last section measurements of properties of hadrons
containing a b-quark are reported.

Some general remarks on the experiments and the performance of the PETRA storage ring can be found in
the talk of R.Felst /2/. The bosons mediating interactions like gluons and Z° are not discussed in this talk.
Experimental results on these particies are presented in the taliks of W.Braunschweig /3/ and J.Bransoh

/4.

2.0 SEARCH FOR EXOTIC OBJECTS

2.1 SUPERSYMMETRIC PARTICLES

In supersymmetric theories as a further symmetry of fundamental particles a direct correspondence
between fermions and bosens is postulated /5/. In the framework of these theories every particle of spin J

i Invited talk held at the Internationel Symposium on Lepton and Photon Interactions, Bonn, August &3
to 28, 1981 (to be published in the proceedings).
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has a partner of spin J+!/.. Besides the aesthetic attraction of introducing a higher degree of symmetry
inte our description of nature, supersymmetric theories have two main advantages: (i) perturbation series
converge faster and (ii) generalisations by including general relativity are possible thereby avoiding the
well known difficulties related to the quantisation of gravity /8/.

Unfortunately there is no experimental indication of supersymmetry in the spectrum of particles and
interactions observed to date. Thus the masses of the supersymmetric pariners of the known particles
must have masses larger than a few GeV /7/. Although the scale at which supersyinmetry becomes appar-
ent, if ever, is completely unknown, there is a possibility that the breaking of supersymmetry may have a
scale of 2100 GeV the same as that of the weak interactions. Thus in a search for supersymmetric parti-
cles even PETRA energies can provide significant constraints for such theories,
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"Goldstine”
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a) Production b) Decay

Figure 1. Production and decay of scalar leptons

In the simplest supersymmetric models the leptons have spin 0 partners (actually e¢ach lepton has two
partners, one for each helicity state) §; and Ty (1 = e, i, 7). These scalar leptons can be produced via a
virtual photen in the s channel or in the t channel by the exchange of a photino (the fermion partner of
the photon) or by a poldstino (the Goldstone spinor associated with the breaking of symmetry) (Fig. la).
The scalar leptons are assumed te decay after a very short lifetime into a photino {which behaves
neutrino-like) and into an ordinary lepton {Fig. 1b). Thus the event signature in e*e ~annihilation is

*e~ - 2 {acoplanar) leptons + non interacting particles.
CELLG
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20~ -

b} Scalar muon

Expected number of events

5582V encluged with 3% CL ..'_i‘:""

Mass of scalar lepton (GeV)

Figure 2. Expected number of scalar leptons: (a) electron (b) muon. The horizontal line indicates
the 95% confidence level for the observation of no event.
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Fossible background sources are QED reactions with one undetected photon (e.g. eTe™ + efe +y) and QED
final states from the two photon channel where both scatiered electrons are in the beam pipe (e.g. ete™ -

pruT v ete”).

The CELLO Collaboration searched for both scalar elsctrons and muons using a sample of events which cor-
responds to an integrated luminosity of 3240 nb™' at an average beam energy of 17.3 GeV. They selected
2-prongs peinting into the inner detector (35° < @ < 145°) with an aplanarity of 2 30°. Applying some cuts
against QED reacticns they found only lepton pairs with additional energy in the shower counters. Fig. 2
shows the expected rate for scalar leptons as obtained from Monte Carlo simulaticns assuming the cross
section of a spin O particle, The absence of any candidate event allows the exclusion of scalar leptons in
mass range as shown in Fig.2, improving earlier results of other PETRA experiments, which are all listed in
Tab. 1.

Experiment | Mass of scaler lepten {GeV) year
Electron |  Muon [Ref./

———————————— B e e g
JADE > 18 1980 /8/
MARK J > 15 1980 /9/
PLUTO > 13 1980 /10/
———————————— B et S
CELLC > 15 > 16.6 1981

Table 1. lower limits on scalar lepton masses.

2.2 TECHNICOLOUR PARTICLES

It has been proposed that the conventional Higgs fields should be replaced by bound states of new types of
quarks and leplons with superstrong interactions /11/, called technicolour or hypercclour. The scale
parameter Age, defined in analegy with the conventionat QCD scale parameter Aguour should be of the order
of 1 TeV. Thus a rich spectrum of technicolour particles {technirho, techni...} with masses of 0(1 TeV} is
expected in such thecries,

However, in the simplest scenarios as a consequence of spontaneous symmetry breaking. a iripiet of
Goldstone bosons is created which are absorbed by the weak bosons, W*, W~ and Z° to give mass to these
particles. In order to give mass also to the "fundamental fermions". i is necessary to extend the basic
technicolour interactions. In one such minimally extended technicolour scheme /12/ one is left with the
conventional colour singlets and octets and a guartet of 0~ colour singlet Goldstone besons (P%, P¥, P7, Py
These Goldstone bosons are called technipions and are supposed to have masses of the order of 10 to 20
GeV. Thus they could be produced at PETRA energies in the reaction
ete = P* P~

The charged technipions subsequently decay predominantly inte heavy quarks or leptons . It should be
mentioned that conventional charged Higgs bosons are expected to have the same production and decay
mechanism though details could be quite different /13/.

The JADE Collaboration searched for light charged technipions, which are assumed to decay either into cs
quark pairs or into Tv lepton pairs, The event signature used for the search is
-

ete” = P* P~ 5 T + v + hadrons (1)

where one of the technipions decays into hadrons while the other decays into a T lepton and its neutrino.

Search for Exotic Objects 3



eI O R L Ty T L N L T T O e T e R P o F e T I

JADE

100 T o T

Ur bt

° - TV+

nadrons
>
e
B excluded
o = .
2% 90% C.L.
o
o
£
=
b=
c
m
<
m
0 1 ] |
V] 5 10 15

Mass of technipion P* {GeV)
s

Figure 8. Production of charged techni-(hyper)pions: the 90% confidence level contour (shaded
area} is given as a function of the branching ratie into 7 leptons and the mass of the
technipion

The general sighature of such events are two jets which are not back to back. To select events of
reaction (1) the follewing cuts have been applied to remove background from ordinary hadronic two jet
final states and from T pair preduction:

(i) The thrust axis has to point into the full acceptance (i.e. the angle @ of the thrust axis with respect to
the beam line has to fulfill lcos® < 0.7) to assure good event reconstruction.

(ii) By means of a plane normal to the thrust axis, the event can be divided into two hernispheres. The
energy in the hemisphere containing the bigger fraction of measured energy has to be > 0.63 of the beam
energy.

(iii) The opposite hemisphere has to contain at least one charged particle. Further charged particles have
to have an angle > 70° with respect to the thrust axis.

(iv) The thrust axes, determined individually for each hemisphere, have to have an acoplanarity angle of >
20°.

After these cuts only one event remained in a sample representing an integrated luminosity of ~10000
nb~!. Using a Monte Carlo simulation of production and deecay of technipions limits on the mass could be
determined as a function of the branching ratio P -+ Tv as shown in Fig.3. Thus the production of light
technipions with masses of 5 to 15 GeV is excluded at 80% confidence level for reasonable branching ratios
P = .

2.3 HEAVY NEUTRAL ELECTRON

The existence of heavy leptons which belong to the normal lepton families has been discussed in the con-
text of electroweak theories a long time ago/14/. Although the standard electroweak theory SU(2)xU(1)
does not require such particles it is of at least phenomenoclogical interest to search for such particles.
Production and decay of such heavy leptons have been studied by several authors in some detail /15,16/.

Une of these heavy leptons is the neutral heavy electron E? which has the same lepton numbers as the
electron. 4 possible production mechanism is via charged current (Fig. 4a). The coupling of the E° could be
V+A or V-A. Subsequentely the B decays into a (virtual) W bosen and an electron (Fig. 4b). In principle E?
preduction and decay is also possible via neutral currents, but this possibility is not discussed here.

Search for Exotic Objects 4
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Figure 4. Production (a), decay (b) of the E° and the event signature used for the search (¢)

The JADE Collaboration searched for such neutral heavy electrons. Since the decay preducts of the initial
two body reaction are back to back and the neutrino does not give any signal in the detector, the signa-
ture of such reactions are highly unbalanced events. Assuming simple flavour counting the W couples with
a branching ratio of ~70% to a quark pair. The JADE Collzboration gelected events of the following type: the
charged particles (including at least one electron) are constrained to a hemisphere opposite to a cone of
half opening angle of 50° which does not contain charged particles or shower energy (Fig. 4¢). No event of
this type was observed.
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Mass of neutral heavy electron (GeV)

33193

Figure 5. Expected number of events {rom E’ production: the horizontal line indicates the 95%
confidence level for the observation of no event '

Using the calculations of Ref./16/ for the (charged current} production cross section of a heavy neutre!
electron in a Monte Carle simulation the following 95% confidence level lower bounds on the E® mass were
found (Fig. 5): m(E®) < 20 GeV (V+A coupling) and m(E®) < 17 GeV (V-A coupling).

2.4 EXCITED STATES OF LEPTONS
The existence of excited states af the leptons would indicate a structure of the leptons which is pointlike

down to distances of 10~%¥cm /17/. In addition this would cause serious deviations from QED, which has
been derived on the basis of pointlike particles.

Search for Exotic Objects 5
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2.4.1 Excited Electrons

The existence of an exvited stale of the electron e* would manifest itself as a modification of the QED
reaction e*e” - 7. To the pure QED cross seclion (graph in Fig.8a)

dogep/di} = (a/s)-(1+cos?@)/sin%@
the e* would contribute a further term (Fig.6b):
da(e*e”-v‘yj/)/dﬂ = dUQED/dQ'[1*(32/21\4\)'51112@]

where A = m(e*)v(a/o*), m(e*) denotes the mass and o* the coupling of the e* In principle a* is
unknown, but in the following it is assumed thet it couples like the normal electron (i.e. a=a*).

(-\ e
Y Y

Y Y
E/ e
a) QED blexcited electron

Figure 6. Graphs for the reaction e*e”™ + y: pure QED {a) and the e* contribution (b)

In Fig. 7 measurements from all five PETRA experiments of the cross section of the reaction ete™ » 7y are
plotted in units of the pure’ QED cross section as a function of cos®. No significant deviation from the pure
QED prediction is observed. Including latest data from the MARK I experiment leads to lower limits en the
mass of the excited electron of ~50 GeV (Tab. 2).

lower limit centre of
Experiment m(e*) mass energy

GeV (95% C.L) GeV
_____________ o e e e e
CELLO  *} 43 35
JADE *) 47 35
MARK J 58 35
PLUTO  *) 46 31
TASSO %) 24 35

Table 2. Lower lirnits on the mass of an excited electron e*
(results marked by *) are taken from Ref. /17/).

Search for Exotic Objects . 2]
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Figure 7. Cross section of the reaction e*e~ = y¥ (from Ret./17/)

2.4.2 Excited Muons

Excited states of muons could be produced either in pairs or in combination with "normal” muons:
ete” - urur (28)
ete” - w'u {2b)

The excited muon p* decays into a muon and a photon.

The MARK T Collaboration searched for u* pair production (reaction 2a) using events with final states of the
type e*e~ -+ pu py. The energy of each muon was reguired to be 50% of the beam energy and the
acoplanarity angle had to be £ 20°. From the number of observed events of this signature and the number
of expected events from a QED Monte Carlo simulation /18/ they derive an upper limit on the number of
events of reaction (2a) as a function of the mass of the u* (Fig. B). A mass of the excited muon of < 10

GeV is ruled out at 95% confidence level.

LIMIT ON THE MASS OF p*

T T ~ T
et T WYY MARK T
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E=20*
Predicted number

w of events
T
1]
3
[
k]
% 50+ —
a

E
E 9% ¢t imat fn;om

50 ni
mead_ ;ge@?_ﬂru_
b excluded with 95%cl  —q
| 1
0 S 0 15 mye(Gey)
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Figure 8. Expected number of events from the reaction e*e™ - p¥u*
The production cross section of reacticn (2b) is /18/:
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Figure 8. Invariant mass distribution of the {uv)-system

da/dQ = (af3/s%)-(s+m{u*)?)? - [s + m{u*)? - (s-m(u*)?)-cos?@]

where the coupling of the u* is denoted by aX. Integration over the solid angle vields:

ofete >pp*) =2%{8na?)/(3s%) - [(s-m{u*)?)?(s+2m(p*)?)) (3)

The JADE Collaboration analysed a sample of events with an integrated luminosity of 10620 nb~! at centre of
mass energies of 22 £ Vs £ 37 GeV. They selected events of the type ete™ - gy fulfilling the following crite-
ria: (i) the energy of the photon has to be 2 1 GeV, (ii) the angle between the photon and the muon has to
be 2 16° (iii}) the invariant mass of the uu-system has to be > 1 GeV and (iv) the events have to be planar,
i.e the sum of the three angles between the three particles has to be > 350°. With these cuts they selected
66 events. In Fig. ¢ the invariant mass distribution of the uy-system is plotted (2 entries per event). In the
same plet alse the QED prediction from a Monte Carle simulation (breken line) is plotted. The quantitative
agreement with the data is very good indeed: 68 events are expected from a QFED calculation /80/. For

Figure 10.
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each bin an upper limit of events of reaction (2b) can be determined as & function of the mass of the u*.
Since the cross section (Eq. 3) is a function both of A* and m(x*) in Fig. 10 the resulting upper limit of the
coupling constant A% is plotted as function of m(u*}. If one fixes the mass of the excited muon to, for
example, 16 GeV, the cross section {Eq. 3) in units of the QED p-pair cross section is 0/ 0 < 0.0075 (90 71
confidence level).

The MARK I Collaboration performed a similar analysis witheut measuring the inveriant masses of the
y-system. They analysed an event sample of 12300 nb~! at centre of mass energies of 27.4 £ Vs £ 38.7 GeV,
requiring a minimal angle of 20° between the photon (with an energy of at least 20% of the beam energy)
and the muon. They selected 11 events, while they expected 12 events from a QED calculation. The result-
ing upper limit (95% confidence level} of the coupling constant A% is alsoc plotted in Fig. 10. For a fixed
mass of 16 GeV for the excited muon thiz experiment yields for the production cross section T/ Ty <
0.0375 (95% confidence level).

Thus from both measurements the existence of an excited state of the muon with mass smaller than ~ 20
GeV is excluded.

2.5 FURTHER SEQUENTIAL HEAVY LEPTON

Further sequential heavy leptons would open a new lepton family in pontrast to the heavy leptons dis-
cussad in See. 2.3. In ete interactions they would be produced in pairs like the muon or 7 lepton. Their
branching ratios can be calculated in analogy with the T decays. Since the reaction ete” = LT L7 » e p +
missing energy, which has the cleanest signature for such a further heavy lepton L, has a very small cross
section, the search for this particle was performed by exploiting the hadrenic decay meodes for at least one
of the produced heavy leptons L. Due to the higher energies available it is expected that their decay info
hadrons and a neutrino results in a final state jel. The escape of neutrinos leads to events unbalanced in
detected energy and momentum. In Tab. 3 lower limits of the mass of a further heavy lepton are listed as
cbtained by the different experiments.

lower limi#t

Experiment m{L) event signature Ref.
GeV (95% C.L)

————————————— e b s e

MARK J 16 single muon recoiling e/

egainst many hadrons

PLUTO 14.5 single muon recoiling f21/
against many hadrons

TASSO 15.5 single charged part. re- 7122/
: colling against many hadr.
————————————— ot e e o o e
JADE 18.1 two acolinear jets

Table 2. Lower limits on the mass of a further sequential heavy lepton L

Search for Exotic Objects 9
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3.0 SEARCH FOR FREE QUARKS

Hedrons are believed to be made out of guarks. For the time being there is no direct evidence for these
objects. However, during the past years an increasing number of experimental results confirms the reality
of quarks indirectly, e.g. deep inelastic scattering, charmonium spectroscopy or the 2-jet structure of the
events in e"e” annihilation. On the basiz of these results it is generally accepted that quarks are frac—
tionally charged peint-like spin */z objects which may be either relatively light (m(u,d,s-quark) << 1 GeV)
or heavy (mf{e,b,(1)) > 1 GeV). Although the production mechenism and the properties of free quarks are
not well known, several searches for free quarks have been performed using cosmic rays, stable matter or
accelerators /23/.

50.0 1 \‘\ T
!
.\"\ M= 5 GeV/e2 JADE
{
60.0 | =2 ]

I all charges
30.0

dE/dx [keV/cm]

10.0 K

.1 0.3 1.0 3.0 10.0 30.0
apparent momentum p/Q [Gev/c)
3319
Figure 11. Apparent momentum p/Q as function of energy loss: the ionisation curves of the existing
particies and of hypothetical particies with 5 GeV mass and Q=1/5 £/3 and 1 are also
shown.

The JADE Collaboration searched for stable heavy particles with fractional charge, which have the proper-
ties of quarks in the simple standard medel It is assumed that quarks are produced in pairs either in
exclusive e*e” - qq or in inciusive ete™ - g X reactions.

The JADE detector is able to perform such a search by means of its track detector,the sa called jet cham-
ber /24/. This chamber not only measures the apparent momentum p/Q (Q = charge of the particle) bui
also the energy loss due to iomisation, dE/dx. The latter is sarmpled up to 48 times for & gingle track. Due
to improved electronics and refined analysis it is now possible to search for charge !/, objects, which was
not possible at the time of an earlier publication /25/.

In Fig.11 the mean energy loss dE/dx is plotted versus the apparent momentum p/Q for a subsample of
tracks. Almost all entries lie on the ionisation curves of the known particles e, 7, K, p, d, and t. The pro-
duction of d and t is explained by backgound events from beam gas interactions remaining in the sample.
Indeed, if cne uses only particles with negative charge, the d and t band in Fig.11 vanishes. Thus this
detector is sensitive in certain momentum ranges to abnermally ionising particles.

The overall efficiency tc detect a quark in a jet depends on the charge, on the efficiency of pattern recog-
nition, on the solid angle covered by the detector and, since the total momentumn range is not available, on
the mass of the quark, For charge */; (*/3) quarks the total detection efficiency is 0.15 ~ 0.36 (0.11 - 0.27)
depending on the quark mass.

For the exclusive channel collinear two prong events were used. The trigger is fully efficient for charge 2/4

quarks, while charge /5 quark pairs do not trigger the device. -

Search for Exotic Objects 10
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Figure 12. Resulis of quark search experiments in the inclusive (a) and exclusive (b) channel: the
upper limit of the production cross section (90% confidence level) is plotted versus the
quark mass.

Analysing an event sample of ~12000 nb! for the charge 2 /s quark search and ~4500 nb~! for the charge Le
quark search the JADE Collaboration did not find eny quark candidate either in inclusive or exclusive
reactions. This zerc result can be transformed into upper limits on the the quark production cross seclion
as a function of the quark mass. Details of these calculations are described in Ref. /25/. For the inclusive
channel the upper limit depends on the momentum spectrum of the guarks used to extrapolate the data
into the full momentum range. Two different models for the differential momentum distribution have been
used:

F(d% /dp®) = o{qq)ilp) (i= LII)
with fi(p) = exp(-3.5 E) and fn{p) « constant.
Fig. 12 shows the upper limit of the guark production cross section, in units of the QED yu-pair cross sec
tion o, of the inclusive channel (a) and of the exclusive channel {(b). In addition the cross sections of free
pointlike colourless objects of charge */3 and 2/; are plotted. The results of the of the MARKII experiment

at lower centre of mass energies /28/ and of the PEP quark search experiment of the exclusive chanmnel
/27/ are also shown in this figure.

4.0 SEARCH FOR THE TOP QUARK

After the T-resonance was discovered and interpreted as a gf bound state of a new quark b, the existence
of a sixth quark, generally called t (for 'top' or sometimes 'truth’}, was postulated immediately to restore
the hadron lepton symmetry. Thus the t-quark should have charge 2/3 The search for the t-quark {or for
any further quark with charge !/;) became an important issue of the physics at PETRA since it started
running.

Te search for a new quark in e*e~ interactions at least two different approaches are possible, either the

search of a bound state of a tt pair (hidden top) or the search for a threshold of open t flavour production.
Both searches have been performed by all PETRA experiments.

Search for Free Quarks 11



4.1 SEARCH FOR HIDDEN TOP

Both the J/¥ and the T resonances have masses somewhat smaller than the threshold for the open flavour
preduction and their widths are very small. Applying this pieture to a possible tI-state, one expects such e
resonance below the thresheld. This state should have a width which is much smaller than the eneryy
resolution of PETRA (~ 20 MeV at Vs = 30 GeV). During the last vears two scans have been performed. Using
steps of ~20 MeV the energy ranges of (i} 27 < Vs < 31.6 GeV (1879) and (it) 33 < Vs < 37 GeV (1980/81) have
been scanned completely.

For each energy point R=0y/ 0, has been determined. To get an upper limit on the width of such a
bound gg-state, each measured point of the cross seclion as fitted to a Gaussian with radiative corrections
plus a constant background term. The width of the Gaussian is determined by the energy resolution of the
storage ring. The integral of the Gaussian curve is related to the parameters of the resonance by

fUtot(\fS) d(\/s) = 6772/1'111"352 ) FeeBhad;

where m,., 13 the mass of the assumed resonance, Tee is the partial width for the decay into electrons and
Bhaa is hadronic branching ratio.

10 T T T ¥ T i T T T T 7 T T ] T T T T T

33 34 35 36

‘/g- (GQV) 3321

Figure 13. Total hadronic cross section of the scan region: the data of all experiments (CELLO, JADE,
MARK J, and TASS0)} are combined.

The results of the scan (i) have been reported at the Madison Conference /8/. Thus here only the results of
the scan {(ii) are presented. Fig. 13 shows the measurement of R combining the data of all PETRA exper-
iments. Table 4 lists values of my.., where the fit vields'a maximal By for each individual experiment.
For the combined data this fit yields TeDnan & 0.61 keV (80% confidence level) at m ., = 33.34 CeV.

All qG-resonances (6, @, 4, I/%, T) have as a comrmon feeture an almost constant ratioc [../Q2 ~ 10 keV,
where Q is the charge of the quark q. Assuming Br.e £ (.7 one expects [yoBnaa 2 0.77 keV (2 3.08 keV) for a
further resonance of !/3 (?/s) charged quarks respectively. Thus the existence of a tT-resonance (charge
*/s quarks) is ruled out in the mass range up to ~37 GeV,

Search for the Top Quark 12
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mass of the | upper Iimit of
assumed electronic width
Experiment resonance x BR{hadrons)
GaV kev (90% C.L.)
_____________ R— - o ——
CELLO 33.52 1.79
JADE 33.34 1.22
MARK J 35.12 0.97
TASSO 33.34 1.33
_____________ it e e e e
all
axperiments 33.34 < 0.61

Table 4. Results of the tt-resonance search

4z SEARCH FCR & TOP THRESHOLD

The most direct evidence for the existence of a sixth quark is te search for a step in the total hadronic
cross section, which in the simple quark parton medel is given by

R = Out/Tus = 3 T QF

where @ are the quark charges and the summation extends over all flavours i. A new quark weuld add 1.33
(0.33) units in R for 2/ (1/s) charge to the value of R == 3.67 for five flavours. The relative changes are 36%
{9%) of R respectively. Keeping in mind that the gystematic error of the R measurements is still of the
order of 10% /2/, it is impossible to rule out a charge 1/5 quark by this method.

Averaging over the centre of mass energy range from 12 to 7.8 GeV a value <R> = 3.B4 = 0.04 (statistical
error only) is obtained. Including QCD corrections (up to 2nd order /28/) one expects R = 3.88 for five
flavours. R = 5.31 and 4.25 for ?/; and 1/ charged top quarks. Thus a top quark is ruled out by the data.

To rule out a charge /3 quark with a threshold accessible to PETRA ome has to apply refined analysis

methods. The most commonly used techniques are event shape analyses and the measurement of the
inclusive muon rate.

4.2.1 Event Shape Analysis

If particles with a new flavour are created near tareshold, they are almost at rest and they decay more or
less isotropically. This fact should show up as significant deviation from the planar structure of the events
produced by quarks of much lower mass. The effect decreases as the cenire of mass energy increases
above the threshold energy.

The CELLO and TASSO Collaborations performed an event shape analysis. Using enly aplanar events with A
2 0.156 where the aplanarity 4 = 3/4Q, is defined using the normalized eigenvectors of the sphericily tensor.
In Tab. 5 the number of events found is compared with the number of events expected for different
models. This clearly rules out a !/ charged quark threshold at the level of more than four standard devi-
ations.

Search for the Top Quark 13



______________ I — R
Mass of

further quark 16 GeV 15 GeV
______________ o . " e
No. events

found 9 12
—————————————— e e e
Ne. events

expected:

udsch + QCD 5.2 +/- 1.4 1M1 +/- 1

+ top 96.3 +/- 4.2 128

+ Q=2/3 3.3 +/~ 1.4 43

Table 5. Expected number of events form events with A 2 0.15

For quarks with rnasses of £ 18 GeV the number of expected aplanar events becomes smaller. The CELLO
Cellaboration excludes at 95% confidence level the preduction of charge !/s (3/3) quarks with masses <
GeV (< 8 GeV) respectively.

4.22 Inclusive Muon Rate

In the Kobayashi-Maskawa meodel /28/ the top quark is expected to decay predominantly into the b-quark,
which subsequently decays into a c-quark etc. In this cascade there is an appreciable probability of ~10%
that each of these decays is semi-muonic. So top quark production should be a rich source of prompt
muens if the top lifetime is not too long (i.e. less than ~ 1070 sec).

15 T T T T
. MARK J
o
0 ® DATA
w
e ZZ7 udsc bt MC
10— -
% g B udscb M.C
z-
5 o
c &
<
EE s T
w
=
7]
o
o
=z
m—N

30
¥s (GeV) 190
Figure 14. TFraction of events containing a muon as function of the centre of mass energy
The MARK J Collaboration measured the muon vield at different centre of mass energies. In Fig. 14 the rel-
ative production rate of hadronic events containig a muon is shown. The data fit nicely with the expecta-

tien of a five flavour Monte Carlo simulation /30/, however, the producticn of a tep quark cannot be ruled
out completely.
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Figure 15, Thrust distribution of inclusive muon events {MARK TI)

A much more sensitive result is obtained if the event shape analysis is performed using only events with a
rouon. The MARK J Collaboration analysed with the thrust method 352 events having at least one muon. In
Fig. 15 the thrust distribution and also the expected rates from different models are plotted. The data are
in excellent agreement with the prediction of the Monte Carle model with five flavours udscb. Both for
charge 1/y and #/3 quark production a bump in the distributions is expected at low thrust values which is
not observed in the data. Quantitatively, comparing the observed number of events with thrust T = 0.75
(14 events) with the predicted number of events from the udseb-model {13.8 events) the agreement is very
good. The expectation from models with further quarks are 60 (183) events for charge '/5 (%/3) quarks
respectively and thus these medels are clearly ruled out.

The JADE Collaberation performed a similar analysis using events in the centre of mass energy range of 33
< Vs < 36.7 GeV. They found 494 single and 27 double muon candidates. To make a special selection for top
events, they required events with high sphericity (% 2 05) and a transverse momentum of the muen with
respect to the thrust axis of p. > 2 GeV. They observed one event of this type, while they expected 104 {(35)
events for a charge 2/3 (3/5) top quark. This result can be transformed into an upper limit of a production
cross section of a pair of heavy quarks q of mass m(q) = 16 GeV and charge Lg ’

o-BR(e*e »qq) £ 0.0020,, (90% confidence level).

5.0 PROPERTIES OF BOTTOM PARTICLES

Since the events containing a muon are not due to the production of top quarks, as shown in the previous
section, they are a good trigger to enhance considerably the fraction of events with a primary b-quark
pair. This fact has been used by the JADE and MARK J collaborations to measure the branching ratios B -+
u+X (Sec. 5.1) and B » u*p~+X (Sec. 5.2) and to determine an upper limit for the lifetime of hadrons con-
taining a b-quark(Sec. 5.3). '

51 MEASUREMENT OF THE BRANCHING RATIO B + u+X
Due to the production kinematics of the relatively heavy B-particles the average transverse momentum of
the muons with respect to the jet axis should be greater than the transverse momentum of the other par-

ticles in the same jet and especially also greater than the transverse momentum of muons of other
sources {(charm, K, 7 decay)/31/.

Search for the Top Quark ) ' 15
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Figure 16. Muon transverse momentum distribution: (a) decomposed into three classes by a Monte
Carlo study and (b) experimental result (MARK J) {points) compared with the Monte Carlo
prediction (full histogram}.

If the total inclusive muon rate is decomposed by a Monte Carlo simulation /30/ into three classes (bot-
tom, charm production and decay) as performed by the MARK J Collaboration (Fig.18a), it is found that
(i} ‘all muons show pe-distributions much different from those of the hadrons which have an <py> ~ 300
MeV and (ii) the rndons from B decay are enhanced in the tail of the distribution over the muons from
other sources. '

In Fig. 16b the measured rouon transverse rmomentum distribution is shown in comparison with the Monte
Carlo prediction. After subtracting the rates from (i) decay (~ 35%) and (ii) charm using the known
branching ratios into muons for the different charmed particles, a branching ratio B -+ u+X is fitted to the
number of observed events with py » 1.2 GeV. The MARK J Collaboration cbtained (preliminary)

BR(B - u+X) = 8% + 2.7% (statistical) + 2% (systematic error).

This result is in agreement with measurements of CESR /32/.

52 MEASUREMENT OF THE BRANCHING RATIO B + u*u~+X

The decay of the B-particles into a lepton pair is ferbidden in standard models in which all quarks are con-
tained in left handed doublets under SU{2). But this decay mede is of particular interest in models in
which the b-quark is assumed to form a SU(R) singlet or where it has a special gquantum number which
forbids mixing with u- and d-quarks, i.e in models which do not require the existence of a sixth quark. In
these models this decay mode is possible via flavour changing neutral currents. It has been pointed out
/33/, if non leptonic b decays exist and if B - utu~+X is suppressed to a few percent, then the b-quark is
part of & SU(Z) doublet and the t-quark must exist. Thus in the framework of "topless” theories it is impor-
tant to look for this dimuon decay of the B-particles.

The JADE Collaboration studied events with two muons of opposite charge in the final state. Both muens
were required to be in the same jet. They found & candidates. All of them have an inveriant mass of the
f-pair system being less than the mass of the b-quark (~ 5.2 GeV). They expect 6.9 events from the stand-
ard charged current decays of b- and c-quarks plus background (K, 7 decay, misidentified muons from
punch through of hadrons ete.), which gives an upper limit of

Properties of Bottom Particles 16
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BR(B - ptu~+X) < 3 % (90% confidence level)

ruling out most of the models in which the b-quark is assigned to a singlet. This result is in agreement
with measurements at the T{4S) resonance /32/.

5.3 LIFETIME OF THE B-PARTICLES

The generalized Cebbibo angles 4, 8, 7 describe the coupling between the three quark doublets. While the
coupling = » u quarks is described by sin®, the sine of the conventional Caebbibo angle ¥, the coupling b -
u is deseribed by sing and b » ¢ by siny-cosg. The angles are related to the lifetime of the B-particles by

1/t = (274 siny + 7.7 sin?@)/(107!* sec).
Thus & limit for the lifetime of the B-particles imposes constraints on these angles.

The JADE Collaboration has determined an upper limit of the B-particles using their dE/dx measurements
of Ty < 210°° sec /25/. To improve this result they used events with inclusive muons and determined the
closest distance of approach of the muon to.the vertex in a plane normal to the beam. From a sample of
210 candidates containing a muon, they selected 43 events with an enhanced fraction of events with a pri-
mary b quark pair and with almost no background. In particular the requirement that the sum of the
transverse momenta (with respect to the event plane) has to exceed ~10% of the visible energy of the event
enhances the b fraction by a facter of ~ 3. Thus in the final sample there are ~27% of the events from
b-quark pairs, ~63% from c-quark pairs and ~20% from u,d,s preduction.

T T T T T
r JADE -
mf\+ 43 events
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& N .
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@
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5 f— —

Z 0 \

- \ -
L N -
N
1 | | ] 1]
0 1 2 3
Xu

Tigure 17. Vertex distribution: the dashed line is the expectation from bottom and charm
production.

For each of these events they reconstructed the event vertex and measured the closest distance of
approach to the vertex ), in units of the standard deviation width of the vertex distribution ¢ {¢=0.6mm).
The vertex distribution is shown in Fig. 17. The dashed line in this figure represents the number of events
expected from b and ¢ production. All tracks with x, > 2 can be explained by the expected number of K
decays. From the non observation of an excess of events at high x,-values an upper limit of the lifetime of
the B-particles can be derived:

r, < 510712 sec  (90% confidence level)
This imposes further constraints on the weak mixing angles as shown in Fig. 18, where the lower left hand
region in the sing-isinyl-plane is excluded by these measurements. The upper bound sinf < 0.8 has been

determined from the universality of the weak coupling /34/. From the Ki-Ks mass difference a restriction
of sin?y can be derived in terms of the ratio of the charm and the top mass 7 = {m./ms)? /35/:

Properties of Bottom Particles 17



sin®*y < n-lun + V{nlnn)En .

Using the current lower limit on the top mass (cf. Sec. 4.2), this angle is resiricted to sin®y < 0.7

10
sin B
01
by
dominant
ty <510 sec
20
b—e
dorninant
1
0.001 oo G 10

Isinyl
chl-

Figure 18, Bounds on weak angles: ihe excluded areas are hatched, the lower left hand region is
excluded by the measurement of the upper limit of the B-lifetime.
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SUMMARY

During the last year no new particle has been observed at PETRA up to beam energies of ~18.5 GeV. In par-
ticular:

v
«  No-scalar particle {electron, muon) or charged techni-(hyper-}pion has been found with mass less
than 15 GeV.

« No further lepton, either excited, or sequential or neutral has been observed.

¢+ No free gquark has been observed in inclusive and exclusive production at a level of 1% and 0.17 of the
muon pair cross section for !/y and */5 charged querks respectively.

+  No evidence for the existence of the top gquark in the energy range covered by PETRA has been found.
No narrow ti-resonance and no threshold for free top production has been observed. As far as the
threshold of a further quark is considered this holds also for a charge 1/s quark.

The inclusive muon events have been used to study properties of B-particles. Two branching ratios have
been determined:

BR(B -+ u+X} = 8% + 2.7% (statistical) + 2% {systematic error)
BR(B - wu~+X) < 3 % {90% confidence level).

From the latter result it is concluded with high confidence that the b-quark exists in a doublet under
SU(2), i.e. that a sixth quark must exist. A measurement of the upper limit of the lifetime of the
B-particles

Ty < 51071% sec (907 confidence level)

gives further bounds for the weak mixing angles.
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