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A search for narrow resonances in e*e” annihilation between 33.00 and 36.72 GeV is reported. No evidence is found for

the existence of such states. The 90% confidence upper limit on the integrated resonance cross section is determined to be
28 nb MeV, a value significantly below that expected for the lowest tT bound state.

! On leave from CERN, Geneva, Switzerland. 3 present address: Texaco AG, Hamburg, Germany.
2 Visitor from Institute of High Energy Physics, Chinese 4 Present address: Cosmic Ray Lab., University of Tokyo,
Academy of Science, Peking, People’s Republic of China. Japan.

364 0 031--9163/81/0000—0000/$ 02.50 © North-Holland Publishing Company



Volume 100B, number 4

In previous papers we have presented the results of
experimental searches for the production of a new
heavy quark in "¢~ annihilation at PETRA for c.m.
energies Wup to 35 GeV. These have concentrated on
three possible manifestations of this production by
(a) looking for an increase in the ratio R = o(e"e™
- hadrons)/a(e*e™ - u*u™) [1] or an excess of non-
collinear, non-planar events [2] expected from the.
produciton of a new heavy quark above threshold; (b)
searching (29.90 < W < 31.46 GeV) for the formation
of narrow bound states of heavy quarks (QQ) [3]
which are predicted to lie below the threshold for the
corresponding flavour production; (c) looking for a
yield of prompt muons [4] greater than that expected
from hadrons containing only the five known quarks
u,d, s, candb.

In this letter we extend our search for narrow reso-
nances to higher energies. We have measured the total
cross section, 0, ,(e*e™ > hadrons), using the JADE
detector over the c.m. energy range 33.00 to 36.72
GeV in steps of 20 MeV. This increment was chosen
to match the energy resolution of PETRA which, at
these energies, is about 27 MeV. The luminosity accu-
mulated per point was determined by measuring small-
angle Bhabha scattering and averaged at 43 nb~1,

The JADE detector is sensitive to charged particles
and photons over 97% and 90% ** of the full solid
angle, respectively, and has been described previously in
ref. [1]. The trigger conditions and event selection cri-
teria applied to select and identify e*e™ annihilation
into hadrons were the same as those used in our earlier
measurements of 0., [1]. The detection efficiency was
calculated to be 80% by a Monte Carlo simulation of
the experiment based on a jet model including v, d, s, c-
and b quark production. Radiative corrections, includ-
ing the vacuum polarization effect of e, u, 7 and
hadrons, were applied to the production process ac-
cording to ref. [5].

Fig. 1a shows the result of this analysis, where the
ratio R = o(e*e™ > hadrons)/o(e*e™ » u*pu™)is
plotted as a function of the c.m. energy. No significant
structure is evident.

In order to obtain an upper limit on the production
cross section of a hypothetical narrow resonance in
these data, we have assumed that the resonance width,

*1 These numbers are printed, wrongly, in the reverse order in
our previous paper (ref. [3]).
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Fig. 1. The ratio R = g (e*e ™ - hadrons)/c(e'e” - u*u ) asa
function of c.m. energy W for all events (a) and for events with
sphericity > 0.25 (b). The curve shown represents the 90% con-
fidence upper limit quoted in the text.

I', is much smaller than the c.m. energy resolution o,
=2.2X 1075 W2 (GeV) (W in GeV) and performed
a series of maximum likelihood fits to the sum of a
constant and a gaussian of fixed width o, (for more
details see ref. [3]). The fit to this hypothesis which
yielded the largest gaussian amplitude was obtained with
the gaussian centred at a mass of My =33.34 GeV and
is entirely consistent with expected statistical fluctua-
tions. The curve shown in fig. 1a corresponds to the
90% confidence upper limit from this fit.

The integrated cross section of a narrow JX = 1~
Breit—Wigner resonance is

2 = [og(W)dW = (672 /MZ)T, I, /T,

where I',, and Iy, are the leptonic and hadronic decay
widths, respectively. From the fit at My =33.34 GeV,
taking radiative corrections into account [6], we have
used this relation to obtain an upper limit on the pro-
duction of a narrow (I" < 20 MeV) resonance of T < 28
nb MeV or I, . T, /T < 1.3 keV (90% c.L.).

The sensitivity of this method to the production of
a heavy (QQ) bound state can be enhanced by further
selecting events on the basis of their reconstructed
sphericity, S, where

pT]/E pl s
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for p; = momentum of particle / and pr; = transverse
momentum of particle i relative to the axis which mini-
mises X; p%-,-. At these energies the dominant continuum
process of two-jet production is known to produce final
states of small sphericity whereas the direct hadronic de-
cays of heavy (QQ) bound states are expected to yield
states of relatively large sphericity. Any signal from

the latter will therefore be enhanced relative to the
background continuum process by selecting only those
events with large S. Fig. 1b shows R for events with §

> 0.25. Once more no significant structure is seen.

The leptonic width, I, ., of the lowest lying bound
state of a new charge 2/3 quark (tt) is expected to be
about 5 keV [7]. Even if we pessimistically assume
a hadronic branching ratio I'y /T") of 0.5, our upper
limit on I, Iy, /T clearly excludes the existence of
such a state within the energy region covered. A bound
state of charge 1/3 quarks however, with a leptonic
width four times smaller than this, cannot be excluded.

We also see no evidence for any broader structure
in the data. Averaging the data in fig. 1a within differ-
ent energy intervals yields the same values of (R) with-
in the statistical uncertainties. The overall average is
{R)=3.95%0.08% 0.4, a value in good agreement
with our previous measurements at lower energies [1,
3]. The systematic error of + 0.4 is a conservative esti-
mate of our present systematic uncertainties and will
be improved in a forthcoming paper.
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