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Abstract. Using the ARGUS detector at the eTe”
storage ring DORISII at DESY, we have studied
the distribution of various topological quantities on
the Y(18) resonance and in the nearby continuum.
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Quantum chromodynamics predicts that the
Y(1S) resonance decays predominantly into three
gluons [1]. This has been confirmed earlier by com-
paring the topology of Y'(1S) decays to that of events
in the nearby continuum [2]. There exist, however,
alternative models which predict a sizeable branch-
ing fraction of the Y(1S) into two light quarks lead-
ing to two jets. The ‘mixed model’ of Donnachie
and Landshoff [3] explains the observed topology of
direct Y(1S) decays by mixing qg decays with decay
modes of isotropic structure, estimating a two-jet
contribution of about 50 9;. More recently, a super-
symmetric model was proposed by Shifman and
Voloshin [4] in order to explain an observed narrow
peak in the Y(1S) inclusive gamma spectrum at E,
=1.1GeV [5]. In this model, the exchange of a
squark between b and b in the Y(1S) would lead
approximately to a 259% contribution of two-jet
events in direct Y(1S) decays.

A direct observation of three jets in Y(1S) decays
is not possible, since the low energies of the gluons
lead to wide and overlapping jets. But with good
statistics and the use of adequate topological observ-
ables one should be able to draw more precise con-
clusions about the two and three jet composition in
Y(18) decays than those obtained so far.

We report here on a new high statistics investi-
gation of event topologies on the Y(1S) resonance
and in the nearby continuum. The results have been
obtained from data collected with the ARGUS de-
tector at the DORISII electron positron storage
ring during 1983. The detector and its trigger are
described in [6]. The data used in this analysis com-
prise 2.18/pb in the continuum at 9.98 GeV cms en-
ergy and 3.07/pb on the Y(1S) resonance.

Multihadron events are selected by requiring at
least 6 charged particles originating from the in-
teraction region and a total energy deposition of
more than 1.7GeV in the shower counters. Two
additional event cuts are applied: First, we require
less than 2 charged particles with momentum greater
than 2.5GeV/c and shower energy greater than
2.0GeV, in order to reduce the background from
radiative Bhabha events. Second, we require a miss-
ing momentum less than 3.0 GeV/c, in order to elim-
inate asymmetrical or wrongly reconstructed events.
The missing momentum is evaluated by forming the
vector sum of all observed charged particles and all
neutrals with an energy deposited in the shower
counters of greater than 100 MeV. After these cuts
we are left with 5,175 events in the continuum and
28,259 on the Y(1S) resonance.

For each accepted event, we determine the to-
pological quantities sphericity, S [7], thrust, T [8],
and the second Fox-Wolfram moment, H, [9],
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Fig. 1. Sphericity distributions (from charged and neutral par-
ticles) of direct Y(1S) decays and continuum events at 9.98GeV
CMS-energy

which is defined as
N N
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where the sums run over all particles in the event
and o;; is the angle between the two particles, ie.
zero for i=j.

The distributions for the continbum events and
for direct Y'(1S) decays are shown in Figs. 1, 2, and
3. The distributions differ only slightly if we use
charged particles alone or charged particles and
photons in the evaluation of §, 7T, and H,. The
distributions shown are those for charged and neu-
tral particles.

The data for direct Y(1S) decays (Ny,) are ob-
tained from the data at the resonance energy (N,,)
and the data in the nearby continuum (N,) by the
following subtraction:

1

. dN. dN.,
(1 _r).d_NﬂZ_M‘_r.__Ofi 2)
Ndir Non Noff
with
__Noff'Lon'Soff G(Y_’N:u)
r= : . (3)
Non ' Loﬂ' “Son G(/’L Hs Off)

L., (L) and s,, (s,;) are the integrated luminosities

and squared centre-of-mass energies on and off reso-
nance respectively. The correction o(Y— up)/c(ee—pup,
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Fig. 2. Thrust distributions (from charged and neutral particles)
of direct Y(15) decays and continuum events at 9.98 GeV CMS-
energy
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Fig. 3. Distributions of the second Fox-Wolfram moment (from
charged and neutral particles) of direct Y(1S) decays and con-
tinuum events at 9.98 GeV CMS-energy

off resonance) takes care of hadronic Y(1S) decays
through a virtual photon (vacuum polarisation).
Using o(Y—up)=(0.28 +0.03) nb, calculated from the
visible hadronic cross section, the total hadronic ac-
ceptance, the fraction of 7 pairs which simulate ha-
dronic events and the muon pair branching ratio,
and ofup, off resonance}=0.872nb, we get
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o(Y—=upyo(ee—up, offy)=0.32+0.04 and r=0.375
+0.014. The direct distribution so defined contains
no contribution from the continuum at the reso-
nance energy or from the electromagnetic decay of
the Y(1S).

The distributions show marked differences be-
tween continuum events and direct Y(1S) decays as
reported previously [2]. One sees that H, allows the
best discrimination of two-jet events. In a wide re-
gion above H,=045, there are almost no events
from direct Y(1S) decays. Therefore it is possible to
give an upper limit for additional gg contributions
on the Y(18), by investigating the residual distribu-
tion, obtained by subtracting a variable amount of
two-jet data from the resonance data:

dN. dN.
(1 __r/)AdNresz on . off. (4)
Nres Non Noff

It is not necessary to assume any detail about
the shape of the residual distribution; it could be
any mixture of three gluons and an unknown mech-
anism. The only restriction placed on the following
analysis is that every bin in dN, /N, has a positive
expectation value. A negative bin content can only
be the result of a statistical fluctuation. Instead of
performing a statistical analysis on all 40 bins of the
dN/dH, distribution, we divide the distribution into
only two bins: one below and one above H,=0.45.
In the wupper bin, the observed fractions are
AN, /N, =00704+0.0016 and AN, /N, =0.193
+0.006. Using (4) and the positivity condition
AN, /N 20, we derive

res =

r'=0.365+0.014.

i.e. at most (36.5+1.4)%, of all observed events at
the resonance energy are two-jet events. Subtracting
the expected fraction r of continuum events and
electromagnetic resonance decays, we obtain

r'—r< —-0.0104+0.020

<0.034 with 959, confidence,
ie. at most 3.4 9 of all observed events at the reso-
nance energy are two-jet decays of the Y(1S) in ex-
cess of electromagnetic decays. A likelihood analysis

leads to the same result. The limit can be converted
to an upper limit for the Y(1S) branching ratio:

BR(Y(1S)—2 Jets, NE) <
n- 0034/(1 - Noff Lon Soff/Non Loff Son) = 0053 .
where #, the acceptance ratio of resonance and con-

tinuum events with six or more charged particles, is
estimated to be 1.12 by a Monte Carlo calculation.
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We find that less than 5.3 9% of all Y(1S) decays are
non-electromagnetic (NE) two-jet events of the to-

pology as observed in e* e~ annihilation at 1/;
=10GeV.

In conclusion, we see no evidence for Y(1S) de-
cays mto two jets, in excess of those expected from
the electromagnetic decay Y(1S}—7y->qg. The upper
limit for this branching ratio is 539 with 959%
confidence. This limit is inconsistent with the Don-
nachie-Landshoff ‘mixed model’ and the Shifman-
Voloshin model with a squark-antisquark com-
ponent in the Y(1S) meson.
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