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We report on the results of a study
of hadron production in e'e” collisions at
the highest PETRA energies reached so far.
Production of a new quark flavor has been
sought at cmg energies of 33, 35 and 35.8
GeV. The measured values of the total cross
section, the thrust distributions and the
study of inclusive muon production show no
evidence for the production of a new charge
2/3e quark near threshold. In addition, during
an energy scan in the region 29.9 < vs < 31.6
GeV, no hadron resonance’indicatinq the existence
of a bound state composed of charge 2/3e quarks

has been found.

The MARK~J detector?) has taken data at energies of /s =
33, 35 and 35.8 GeV at PETRA, with time integrated luminosities

of 91, 381 and 133 n)c,"l respectively. The total cross section for

the process
e 3 - hadrons (1)

via one photon annihilation has been measured and the prooerties
of the hadronic [:nal states have been analyzed, to search for the

production of a new quark flavor.

In addition to the detector setup reported earlierl), an
inner track detector composed of 992 drift tubes has recently been
installed. The tubes, which are arranged perpendicular to the beam
line, enable the reconstruction of the event vertex to an accuracy

of two millimeters.



Events from reaction (1) are selected by requiring that

- the total visible enerqgy E is more than 50% of the

vis
available cms energy Vs.

- The energy is balanced within 50% of EVis

longitudinal and the transverse directions with respect

in both the

to the beam line.

- The shape of the shower development in the layer structure
of the detector is incompatible with a purely electro-
magnetic nature of the final state,

The distribution of the reconstructed vertex positiocn for events
selected accordingly (fig. 1) shows that background from beam-gas
interactions or synchrotron radiation is <1%. The observed rms
width of 1.27 cm is compatible with that exvected from the knowr
bunch length of the machine.

The acceptance for reaction (1) has been calculated using

a Monte Carlo simulation to provide a phenomenological model of

2) The

the hadron production process based on perturbative QCD.
model, which incorporates qz evolution and the weak decays of
heavy quarks3) in the fragmentation process, also includes the

4) correct in QED

effects of initial state photon bremsstrahlung
to order a3. After cuts the acceptance is 89% with little variation

as a function of energy.

Background contributions to the hadron sample from the two
photon process
e'e” + e'e” + hadrons (2)

and e+e- R T+T-- (3)

have also been calculated and subtracted using Monte Carlo techniques.
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The ratio R of the total hadron production cross section

to the pointlike cross section for y ~-pairs

R = o(ete” + nadrons)
+ - + -
gle e ~uu )

has been measured using a total sample of 2R, 133 and 49 events

respectively yielding

R = 2.9 t 0.6 at Vs = 33 GeV
R = 3.8 + 0.4 at /s = 35 GeV
R = 4.4 + 0.7 at /s = 35.8 GeV

once all corrections and background subtractiong mentioned above

have been applied. 1In addition to the statistical erroxs quoted above,
we estimate a systematic error of 10% due to model dependence of the
acceptance, event selection criteria and measurement of luminosity.

Fig. 2a summarizes the measurements of R obtained by the
MARK~J experiment at PETRA. They are compared with the predictions
of QCD for the known five flavors, u, d, s, ¢, and b as well as for
production of a sixth flavor with a quark charge of 2/3e in the
continuum. No increase in i is seen corresponding to the opening
of a new threshold up to the highest energy of 35.8 GeV. The results
at 12 GeV < /& < 31.6 GeV agree with those reported by other PETRA
expefimentss).

In addition to this search for continuum production of a new
quark flavor, an energy scan was performed between Vs = 29,9 and
31.6 GeV measuring R to search for bound states of a new quark lying
below the continuum threshold. Data have been taken with about
25 nb"l average luminosity per point in steps of 20 MeV cms energy
(matchin¢g the rms energy spread of PETRA). The overall hadron
event sample for the scan consists of 807 events corresbonding to
a time~inteqrated luminosity of 1945 nb“l. The results of the

scan are shown in Fig. 2b, along with the results obtained at 30.0
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énd 31.6 Gev. The figure shows that the data are

congistent with the predictions of QCD for u, d, s, ¢ and b
quarks, i.e., with a constant value of R over the whole range.

No single point lies more than 30 above the QCD line, the value

of R averaged over the range of the scan is 4.33 + 0.17. 1In order
to set a quantitative upper limit on the production of a narrow
resonance, the data in Fig. 2b were fitted by a constant plus a
gaussian distribution

R = Ro + Rv exn [ - (w - M)2 / 2 Ai} , (w= yS)
where Ro represents the non-resonant continuum, M is the mass of
the'resonance, Aw the rms machine energy width and RV the veak
value.of the rescnant contribution. The largest value of Rv con=
sistent with the data was determined by trying fits with M, the
center of the gaussian, fixed at all center of mass energies at

which data were taken. The largest value cf RV was obtained at

31.32 GeV, corresponding to an upper limit on the resonance strength

ZV z I (R’Ro>°uu dw

of 33 MeV-nb at 90% confidence level. Using the relation between
the resonance strength, the width into e'e” | lge)+ the hadronic
width (Ph), the total width ( I') and the hadronic branching ratio
(Bh Fh / T)

L, E.[ 3n I‘ee I1h dw = 6ﬂ2 BT
v (w-M)2+T2/4 57* h' ee,

and taking radlative corrections into account we obtain
Bhree < 1.3 KeV (90% CL.)
This upper limit excludes the production of a vector particle

consisting of a gqq bound state where the quark has charge 2/3e.




On the basis of the experimental fact that ree/eé is approximately
constant for the vector meson ground states p, w, ¢, J and T as
predicted by duality argumentse), one expects Bhree = 4 KeV for the
lowest mass meson in the toponium family. Our results for the
energy scan are in good agreement with those obtained from the PETRA
experiments7).

A jet analysis of thé hadronic events was performed using the
spatial distribution of the energy deposited in the detector. The
jet-like appearance of events is parameterized in terms of the para-

meter thrust

zigj} |

T = max { i ]
. z|el
i

where Ei is an energy flow vector, whose direction is given by
the position of a hit in a counter and magnitude by the corregbonding
deposited energy. Eﬁ is the parallel component of the energy
flow vector along the axis which maximizes T and the sums are caken
over all counter hits., <T> is defined as the mean thrust of all
events at a given center of mass energy.

The variation of «<T> with energy 15 shown in Fig. 3. No
step in <T> , which 1is expected from the opening of a new threshold
as indicated in the figure, 1is observed. The normalized thrust

% %g for the data taken at 35 GeV is shown in Fig. 4.

distribution
It is compared to data taken earlier at /8 = 30 and 31.6 GeV and
during the energy scan. Within the limits of statistics, no change
in the shape of the distribution is observed. _Also indicated in
the figures are predictions of the aforementioned QCD Monte Carlo

program2),'which includes the effects of gluon bremsstrahlung as

required by our dataa). The data agree well with the prediction

for the five guark flavors u, d, s, ¢ and b, The discrepancy between




the Qbse:Ved numher of events Qith T <0.80 and the number

expected from the production of a new quark of charge 2/3e makes
the production of such a quark in the continuum unlikely up to

an energy of 35.8 GeV: at 35 GeV 19 events are observed while 16.1
are expected in the case of 5 quarks, and 37.0 in the case of 6
quarks. Similarly, at /8 = 35.8 GeV, 8 events were observed

while 6.2 are expected in the case of 5 quarks and 14,3 in the case

of 6 quarks,

Corroborating evidence comes from the study of inclusive
muons in the hadron sample. Table I shows the percentage of
hadronic events accompanied by a muon. The observed percentages
are in good agreement with the rate of prodgction expected from
depays of mesons composed of u, 4, s, ¢, b gquarks and antiquarks
dbtained from the above mentioned Monte Carlo program which includes
the effects of pion and kaon decay in f£light and hadron punch
through. The existence of a new quark with charge 2/3e would
enhance the number of inclusive muons in the scheme of cascading
weak quark decays3). Ag indicated in Table I, this assumption is

disfavored by the data.

In conclusion, all data up to a cms energy of 35.8 GeV
agree well with the predictions of QCD for the production of the
five known quark flavors. The measurement of total cross sections,
thrust distributions and inclusive muon production indicate that
the continuum production of a new charge 2/3e quark is unlikely
up to this energy. The R values obtained during the energy scan
show that no narrow resonance with the width expected from a charqge
2/3e bound state 18 produced between 29.9 and 31,6 GeV. The
production of a charge 1/3e quark can, however, not be ruled out

by the pregent data.
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" FPigure Captions

Distribution of event vertex along the beam direction
reconstructed using drift tube tracks.
(a) for the scan events.

(b for data at Vs = 35 GeV.

(a) The relative hadronic cross section R as a function of /g,
The dashed line shows the QCD prediction without open top
production. The dot~dashed line shows the prediction with

new flavor production.

(b) R values measured during the energy scan between 29.9 GeV

and 31.6 GeV,

Average value of thrust as a function of /s together with the
QCD prediction (solid line). The values expected from a QCD

model with top guark are also shown.

e

The thrust distribution 5 %% for /s from 29.9 GeV to 31.6 GeV

and for v§ = 35 GeV. The curves are predictions for QCD models.

without top (dashed line) and with top (dot-dashed line).



TABLE I .

Murber of Number of }] % of Monte CarlofMonte Carlo
/s hadron mion nuon (ne top) {{with top)
GeV events events events k] %
29,9~-31.6 1147 43 3,740.6 5.0:0.4 7.7+0.5
35 133 5 3.8¢1.7 5,1+0.4 7.8x0.5

Percentages of -hadron events with muons,

campared to Monte Carlo estimates with and

without the assumotion of top cuark production,
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