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ABSTRACT

The triplicity method was used to search for triple jets
in the decay of T(9.46) into charged and neutral hadrons
as an indication of the 3-gluon decay of_the T. A compa-
risen of the results with phase space, qq and 3-gluon
predictions shows that the data is best described by a
3-giuon decay model.
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Quantum chromodynamics predicts the 3-gluon decay of heavy quarkonium
such as the T{9.46) meson and the (tT) expected at higher mass. It should
give rise to a 3-jet structure of the hadrons emitted in such decays. The
observation of such a structure would be considered an important confirma-
tion of QCD. In a previous paperl} we have compared event topologies of
charged hadrons from T decay with expectations from the 3-gluon process and
other models. In the present study we alsc use information on neutral ha-
drons registered in the shower uounterSZ} {covering a solid angle of 94 %
of 41) which were added to the original PLUTO detector. Moreover, we tried
to identify the 3 jets directly. Details of the experiment, the event selec-
tion criteria and the bin by bin subtraction of background from the non-reso-
nating continuum and the T decay via the vacuum polarisation were already
described '), '

)

Te find the 3 jets the triplicity method3 was used: The final state

hadrons with the momenta §1, 52, cea EN are grouped into 3 non-empty classes
C], Cz, C3 with the total momenta
e, = 1. Py g =1, 2, 3.
ieC,

Triplicity is defined”) by

N
Ty G/ LI c:g’g,cs{mw = {Bcyyl v IBCp Y.

It ranges between T, = ! for a perfect 3-jet and T, = 3v3/8 = 0.65 for a
completely spherical event. Those classes C: of particles vielding the maxi-
mum Ty are jdentified with the hadrons originating from the fragmentation of
the gluon ¢. Thus the jet momenta are the ﬁ(C?), cf. fig. 1. We rename them
FI’ pz, ﬁs with the convention P; > P, 2 Ps- The jet ditections are given by
the unit vectors ﬂ2 = ﬁﬁfpi and the angles between the 3 iets by

J

J J A
cosBy = ﬁz . ﬁS‘ cose2 = ﬂS . ﬂ?' cosgy =18

b 1]

L)

1

Then by identifying gluon and jet directions the gluon energies are (E_ 13
the cm energy of the e'e” system)

_ N | AN | < g oA
= Ecm smeg/(sme1 + sxne2 + 51ne3)

J
)

. . . . J J
or, in dimensionless variables, Xy 2 EL/Ecm'

+) It should be noted that thrust4) is defined analegously by partition of
momenta into 2 classes

max

N
To= 0/ LABD ¢, (P« 1P i,
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Fig. 1 Momentum configuration of hadrons (&) and jets {b) obtained by
grouping hadrons into 3 classes.

The guantities EJ, xJ, SJ as computed from the jets are expected to he
identical te the gluon quantities E, x, § only if the jets do not overlap
in space. Since this is not always the case (expecially at the relatively
low mase af the T) the weasured guantities cannet he directly <ompared te
theoretical predictxons. We have therefore generated Monte-Carlo events
using the 3-gluon decay matrix elementS} and giving the gluon jets the same
features (transverse momentum and multiplicity distributions) as those we
ohserved for hadron jets of similar energy in the continuum. For compariqon
we also generated qgq twe-jet events according to the Field-Feynman modei®
(using u, d and s quarks only) and events following a pure phase space with
a mean multiplicity as observed on the T resonance. For the 3 sets of Monte-
Carlo events the influence of -the PLUTO detector and all experimental cuts
were also simulated.

Qur results are summarized in fig. 2 which shows the distributions of
thrust T, triplicity TS’ the reconstructed gluon energies x{, xé and the
angles hetween the gluon directions 9{’ 8%. (It turns out that xj and sq are
aot very discriminative. Therefore their distributions are not shown but the
mean values are included in table 1 below.) In alil distributions there is
a clear difference between the data from the direct decay of the T {full
data points) and the off-resonance events at ECm = 9.4 GeV (open circles)
which are subjected tc the same analysis. The latter are rather well de-
scribed by the Field-Feynman model. The T data are in very good agreement
with the 3-giuon model. However, we observe a significant difference between
the T data and phase space predictions. The observed mean values for the
measured quantities and the corresponding predictions from the 3-gluon and
phase space models are listed in table 1. The errors quoted are statistical
only.
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Fig. 2 Experimental distributions of thrust T, triplicity Ty reconstructed

gluon energies x‘lj. x“; and reconstructed angles B‘II, 8‘; between
gliuons compared to Monte-Carlo calculations based on various models.



Tabhle 1

Observed mean values and corresponding predictions of 3-gluon and phase

space models.

T direct data 3-gluon MC phase space MC
<T> 0.715 +0.004 0.712 +0.003 0.671 +0.003
<T.> 0.858 +0.002 0.850 :0.002 0.838 +0.002
<x?> 0.855 +0.004 0.853 +0.003 0.819 :0.002
cx3> 0.722 +0.004 0.724 +0.003 0.700 +0.002
<xy> 0.423 £0.006 0.422 +0.005 C.481 :0.004
<e%> 84.19 +1.0° 85.5° :0.8° 93.29 :0.6°
9> 125.6% +0.7° 124.3° :0.5° 122.9% :0.4°
<e§> 150.3% :0.69 150.2% :0.5° 144.0° +0.4°

In summary, we conclude that the decay structure of the 7T is clearly

inconsistent with a simple gg or a pure phase space model. Of course, we
cannot rule out more elakorate phase space models including rescnances since
these have many adjustable parameters. We should like to emphasize the fact
that all experimental distributions are very well described if one assumes
the 3-glucen decay of the 7 meson.
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