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Summary

Information on ¥ particles from e+e— annihilation
experiments at DORIS is summarized. The mass differen-—
ces in the ¥ family as well as the coupling to lepton
pairs is found to be very similar to the ¢ family. The
charge of the constituent b quark is established o be
1/3. The event structure reveals non trivial correla-
tions between the decay particles. The three-glucn de-
cey hypothesis assuming spin 1 gluons provides a quan-
titative explanation of the data. Gluon jets are found
to be rather similaer to guark jets for jet energies up
to ~5> Gev.

Introduction

Tnformaticn on the properties of the ¥ family
fyom e¥e” annihilation comes from experiments at the
e*e” storage ring DORIS. The data were taken about a
year ago by three collaborations: DASPII { DESY-Dort-
mind-Heidelberg-Tund )}, DHEM (DESY-Hamburg-Heidelberg-
Minchen) and PLUTQ (Aachen-DESY-Hamburg-Siegen-Wupper-—
tal). The experiments were made possible by a great
effort of the DORTS storage ring group to operate the
ete” ring at energies much higher than originally fore-
seen

In the first running peried in April - Msy 1978
at total energies more than 9.0 GeV DASPII 2 gnd PLU-
70 ¥ obtained resonance signals corresponding to the
v {9.48) as shown in fig. 1. PLUTO then left the south
interaction region of DORIS to be ready for first mea-
surements at PETRA and was replaced by the DESY-Heid-
delverg detector. The ¥(9.46) was confirmed in June
1978 and finally in August 1978 **5 also the T'{10.02)
was detected, flg. 2.

1, Parameters of the Y Particles

From the resonance signals several interesting
parameters heve been determined, the masses, the par-
tial width T,., the hadronic width Thsq and the
charge of the constituent guark. The rssonance signal
at mass M with total widthItot and hadronic width
Thad 18 given by

12 % M? I|If15!,d ge

7
res g (s - M?) + M2 T

tot

with S=b E% is the total center of mass energy squared.
4 single parameter is determined, T'., the partial
width to e*e~ pairs, if

r'l’J.ad. >> I‘ee'
The observed width of the ¥(9.46), o = 7.3 MeV, and of
the Y' (1c.02}, ¢ = 11 MeV, is due to the finite ener-
gy spread of the eTe™ beams in DORIS and compatible
with values calculated from the ete™ beam dynamics.

Radiation of photons in the Initial stage strong-
1y reduces the resonance signal, in case of ¥Y(9.46) at
DORIS by a factor of about t/0.63. The values for T
obtained are shown in table 1. The mass determinations
are dominated by the uncertainty in absclute energy
calibration of the DORIS ring, about 1o MeV at the
¥(9,h6) and 2o MeV at the ¥' {lo.02}. The nmuch larger
uncertainty at 1o GeV as compared to 9.5 GeV results
from strong saturation effects in the DORIS magnets
near the end of the accesszible energy range.

Using the masses of the Y(9.46) and T'{1oc.o2}as
input it was possible from the high resolution datea of
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TABLE 1
Experiment |Ref.] Mass(Gev) I‘ee(KeV) Bw(%} o(MeV
PLUTO 15 [ 9.456:0.01]1.33¢0. 14| 2.2:2.0] 7.320.1
DHEM 4,17 9.46 fo.c1|7.ol+o.28 1.01;?.4 7.120.8
f1cl
DASP 2 2,18 9.45720.01[1.5020.4e| 2.5+2.1| 7.6
Mean values g.46+0.01 28+0.27[ 2.1%1.b)] 7.320.2
THHM 4] 10.02%0.02 |0.32%0.13 12 = b
DASE 2 51 10,01%0.02 |0.35+0. 14 9

Mean values

To.015%0.02

.33%0.14 T o2

the collsboration at Fermilab & to establish the existence
of a ¥ at a mass of To.4%1 + o0.05 GeV, see fig. 3. It
leads to the level scheme for the Y family sketched be-
low and compared to the ¢ family. The Y"(1o.41} waits for

observation in eYe™ annibilation
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experiments as well as the detection of the threshdld
for the new 'B particles', probably at energies just
above the Y"(10.41) mass. A signal recently observed in
the YEm finsl state at 2 mass of 5.30 GeV may be taken
as evidence for the B particles ’. It would place the

threshold at an energy of l1c.60 GeV,

A very detailed study of quark-antiquark binding

potentials by Quigg, Rosner and Thacker

allows a de-



termination of the quark charge from the measured
width of ¥(9.46) and Y'(10.02) to e*e” pairs. Fig. 4
1llustrates the result based on the average of the
values for Tee from table 1, clearly the charge as-
sigmnment 1/3 iz favoured.

Recent data from PETRA on the total annihilstion
cross section confirm this conclusion. The sum rule
for oot including first and second order QCD correc-
tions reads 2’10

_ 38 o 2
R = T 7 of “hag © 3 g (eqi) *

E+E+U%— %NMEH
= . o. it

where ®q; are the quark charges and Ny is the number
of gquark flavours. From u, 4, s, ¢ quarks we get an
asymptotic {og/m very small) value of 10/3, a b {1/3)
adds 1/3 while a b(2/3) will add 4/3. Higher order
corrections to R including calculations to second or-
der in o./7 are small, less than 7 % for a value Gg
= ¢.2. Fig. 5 shows data from the PLUTD collaboration
in the range 3.6 GeV < Egy < 31.6 GeV, with the con-
tribution from the t Tepton subtracted. The average
value of R above 13 GeV is 3.88%0.22 (+15%) in good
agreement with the b(1/3) charge assignment. Table 2
summarizes the values for R_obtained by the four
groups working at PETRA 11 . The possible syste-
matic scale shifts reported are ~lo - 15 %, however,
since gll four experiments determine the luminosity
separately and are rather different in event defini-
tion and acceptance corrections the true error on R
for the four experiments taken together is probably
only ~5%. The b(2/3) charge assignment then is ex—
cluded at the 6 standard deviation levels.

TABLE 2

Experiment | Ref. Energy (GeV} R AR

PLUTO " 13 - 31.6 3.88 ] o.22
JADE 13 22 - 31.6 4,14 ©.20
MARK J 12 13 - 31.6 L1 0.17
TASSO 14 13 - 31.6 3.98 | o.20
Mean value L3 1 o0.12
Theory 1o 2.%0

A comparison of the width T.. divided by the
quark charge sguared of the Y family with the values
known for the lower lying vector mesons is given in
fig. 6. Tt suggests a rather constant behaviour with
vector meson mass and a ratlo ?f about 2.5 for the
values from Ehe ground state ('S} to the first radial
excitation (*8)

The determination of T.o uses the assumption

Tyaa »> Tge where Ihgd is the decay widsh of the
Y%Q.h6) into hadrons. Thag can be determined from a
measurement of a resonance signal in ete— =+ utu—. As-
suming lepton universlity the DORIS groups have at-
tempted to measure B 7. The results are summs
rized in table 1. The uncertainty in By, is still so
large that the upper limit on rbad is only the gherv-—
ed width of the ¥(9.46) )

25 keV < rhad < 1Tooo keV,

rhg (T") keV

. . L}
Fig. 4%: Lower bounds for T (Y] and ree(r ) for
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A lower limit on Tp.a can also be derived using
the event structure on and off resonance {see Part 2
below). For the data from the PLUTC collaboration an
increase of B above 5 % leads to negstive values for
the lowest sphBricity (thrust, sin28)bin in fig. 15
and therefore to a lower limit 27 keV < Ip,a in good
agreement with the value obtained from Buu.

2. Hadronic decays of the ¥ and ¥'

From the results on Tyag. Ipe and Byy of the
¥{9,46) we know that the electromsgnetic contribution
to the badronic Y{9.46] decays, given by

UYY/Ures
is less than - 20 %. It is the remaining part of the
hadronic Y(9.46) decays that we are interested in and
which will be discussed below. The experimental infor-
mation is extracted as indicated in fig. 7. The signal
at resonance contains three contributions
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Fig. T: Y {9.46) resonance signal from ref. 15.

The three contricutions to it

(Ydirect’ YY end continuum)

are shown below and indicated by the
shaded area.

the direct resonance decays (Ydirect)= the vacuum pola-
rization term (Y.,) and nonresonant contributions (con-
tinuum). The second and third parts are identical in
final state and are described by data just below reso-
pance, s-nce the energy variation in the final states
going from 2.4o GeV to 9.46 GeV can safely be neglected.
the main uncertainty i1s in the value of B,,, however,
the conclusions about properties of the hadronic Y(9.46)

decays to be discussed below are only weakly dependent
on the exact value of Bu“.

2.1. Models

The data on Y44, Will be compared with three mo-
dels, ¢ifferent by the degree of correlation among the
final state particles. One extreme is simple phase
space, which has no other correlation between the par-—
ticles than energy and momentum conservation. It pro-
vides a one (essentially) parameter compariscn since
the particle multiplicity has been fixed to correspond
to the observed one. Alsc a ratio K/v = o,3c was put in.

Ancther extreme with very strong correlations is a
two—Jjet model based on the description by Field and
Feynmanls. It has been extended beyond the original
version by ineluding heavy quarks, the charm quark (c)
and above ¥s = 11 GeV the b quark. This model is known
to give a fairly good fit to experimental data on ha-
dronic jet properties in weak and electromagnetic cur—
rent induced processes and in particular for the two-
jet events in ete~ ammihilationl®.

However, there is also & very interesting model
which supposedly provides a realistic framework for
describing the Y(9.L6) decay properties. In QCD a heavy
quark—antiguark rescnance system decays into 3 gluons
in lowest order of the running coupling constant

6 = 127
s (33 -2 Nf) 1ln 8/A% °

At ¥{9.46) we expect a value for o_of ~ 0.2, There-
fore, it seems not to be unreasonsble to persue a mo-—
del for Y(9.46) decays based on the three-gluon decay
matriy element (positronium analogue)2®

-
o
k=
o

dax, T ond 9

- 2
x%(1 - %)%+ x§(1 - %)+ x%( 1 *3)

)(2 X2 XZ
1 2 3
vherse xi are the scaled (massless) gluon momenta, *5
= E; (gluon)/E(beam and %) + xp + x3 = 2, The matrix
element is rather flat over the xyxsx3y Dalitz plot (see
fig. 2ha) with variations of about 2¢%. The most fre-
guent final state 1s two fast gluons %, X3 = 1 and x3
<< 1 while the more spectacular 'mercedes star' struc-
ture x| = %, = %3 = 2/3 is the most unlikely one??. The
structure of the average three-gluon event for the
¥(9.46) drawm to scale is shown below.

X, =089

X3=Q39
X2=072

Fig. 8: The structure in momentum space of the

average three-gluon event according to
the positronium formula (ref. Zo).

T



The fragmentation properties of the gluons have while there is again good agreement with the three-
been sssumed to be the same as for quarks. This assump- gluon model. Furthermore, from Fig. 17. we see that the

tion seems plausible since due to insufficent energy
of the gluons ne long tree with hard quark and glucn
vertices can develop before the hadronization stage has
been reached. The hadron distributions for each type of
jet are cetainly dominated by effects at the confine-
ment radius as sketched below.

Fig- 9: Fragmentetion trees of guarks and glucms
at relatively low energy. After at most
one hard radiation the confinement level
15 reached.

2.2. Two—Jet Analysis

The dsta in the vicinity of the resonances and at
higher emergies are clearly very well described by &
dominant two-jet structure in good agreement with phe-
nomenological €arametrizations of gquark Jets & la
Field-Feynman®l. The ¥(9.56) data are not described by
a two—jet quark model. This is clesrly seen for data
from PLUTO using charged and neutral particles to get
various messures of 'jettiness' spherieity (SPH)?2,
fig. 1o, thrust (T)23, fig. 11, and the average ener-

gy weighted cpening angle (sin®s)%%, fig. 12. The dotted Fig. to:

line shows the result of the Field-Feynman model,

and also shown are the values for the phase space

and the three-gluon model?®. The value for phase space
is much higher than the Y(9.46) data, while the three-
gluon model is very close.

Fig. 13 shows data from DASPII with no subtrac-—
ticon procedure apllied 26, gince only angles and no mo-
menta are measured 'pseudo' quantities have been de-
fined to describe the jet properties. Clearly going
acres the resonence a change awsy from two-jet strue-
ture is observed.

A more detailed comparison is possible for distri-
tutions in sphericity or thrust. Fig. 14 shows the re-
sult from DHEM for both Y(9.46 and Y'(l1o.02)} data and
for the comtinuum??. Fig. 15 gives distributions from
PLUTO.

The results can be summarized as follows:

{a) The continuum dats are well described by the
quark-jet parametrization from Field-Feynman.

{(b) & simple phase space does not give & fit to
the data from the Y(9.46).

{c) The three-gluon model certainly is a rather
good paremetrization of the Y¥(9.46)(and Y'{10.02))
data.

Two more arpuments can be given %o support these
conclusions. Fig. 16 shows the spheriecity (calculated
from charged particles only) for different charged
particle multiplicity classes?®. It is seen that the
Y(9.46) data is in between phase space and the twe-jet
model by about the ssme amount for each multiplicity
class separately. It shows that essentially all events
and not Just a subclass from the Y(9.46) are different
from the two extremes phase space and two-jet model
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Spericity distributions for the Y(D.46},
Y'(to.02) and the nearby continuum from
ref. 2T7. For comparisom the results from
two-jet, three—gluon jet and phase-space
calculations.,
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sphericity values for the Y(9.46) and the J/¢(3.1) are
about the same and in addition the values from phase
space and at 3.6 GeV are very close to the J/¥ (3.1}
value?S. Going to higher energies the sphericity of
phase space has to rise irrespective of the details of
the phase space model just from the increase in par-
ticle multiplicity. It is found, however, that the
sphericity of Y(9.46) is significantly lower than phase
space for the same multiplicity. This shows in a model
independent way that one finds experimentally nontri-
vial momentum correlations at Y{9.L46). In the three-
gluon model this is due to the structure of the three-
gluon matrix element which predicts three-gluon jets?l,
The gluon fragmentation properties are taken similar to
quark fragmentation resulting in a very good agresment
for Y{9.46) decay data and the three-gluon model.

Finally the fact that the sphericity on Y(9.46) is
higher than the two-quark jet data just off resonance

excludes 'black box' models in generazl, where the bb
system turns into two light quarks as sketched below.

et b
black
o] box

e b

/nmo.c\
ntnia]cl

Possible transitions of the tb resonance
into low mass quark pairs.

Fig. 18:

The success of the three-gluon model using two-
jet gquantities calls for a three-jet analysis. The
PLUTO collabvoration has used a three-jet quantity (Tri-
plicity) defined znalogous to collinear t_];:ﬁ'ustzs_.>
The finel state hadrons with the momenta p; . Py 8Te

PLUTO
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Fig. 17: Average sphericity calculated from

charged particles only v/s energy, ref.25.

grouped into 3 ncn—empty+classes Ci, Cz, Cg with the
total mementa ?(Cl) = Ipj, 4 =1,2,3,1 Cp . Tripii-
city T3 is then defined by

R { : /Y
T3""‘”“% Pyt * l§2 Py tcz3 o512/ 5 1 vl
The limiting values are
3‘@/8<T3<1.

Momentum conservation puts the three-jet. vectors
into a plane. One gets two equivalent Dalitz plots
having either x;< xp < x3 the three-jet energies or
the 81 < 83 < 83, the angles between the three jets
{see fig. 8). The ordering of %i, 8; reduces the large
triangle to the small one, fig. 19, and the characte-
ristic event structures are indicated for the three
corners of the trisngles29.

Fig. 19: Event structures in *1 and ei as

defined in fig. &

Projections of the event density in the trisngles
on ¥y, X3, Fig.2c and on 91, 93, fig. 21, are compar-
ed to the three—gluon model. The agreement again is
very good. For comparison phase space is shown (dotted
line) again to demonstrate that phase space is still
not very much separated from the three-glucon model at
this low energy although guantitatively it is not a
deseription for the Y(9.46) data.
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The triplicity (T3) distribution alone does not give a
very strong discrimination against phase space, see
fig. 22. This holds true alsc for the aplanarity??,
fig. 23.

Table 3 shows average values for three jet gquanti-
ties for the PLUTO apalysis of the Y(%.46) in comperi-

v ] AR B R M I e e e

—rT— 1T T T 1 T 1 T 7T
— 3 GLUON
——= PHASE
03+ —— SPACE
7/ .
/ hY
I/ \
o 02 .
7
s |/ \
Z ! \
o/ \ N
= il \
= ! \
[/ N
P ST SN NN TS M M T .\
120° 150° 180
8
T—TT— T T 1 T T T 7T T
B3 "— 3 GLUON o~
---PHASE SPACE
|
02 | -
3 1
© i
= ' \
T .o f~
Z
- \
1 1 i 120°
6,

Fig. 21: Results of the triplicity analysis for
87, 03 on Y(9.h6), otherwise as in

fig. 20.

son to the phase space and the three-gluon model. The
off resonance data has also been analysed resulting in
sufficiently different distributions in 8, 83 and

x1, %3 (not shown)28.

Mode? Comparision

Table 3 Y Direct data 3-Glupn MC Phase Space MC

0.715 £ 0.004 | 0.712 £ 0.003 | 0.671 2 0.603
<T,>| 0.858 % 0,002 | 0.850 ¢ 0,002 | 0.838 = 0,002
> | 0.855 2 0.004 | 0.853 £ 0.003 | 0.819 2 0.002
>| o.rz2 0008 | 0.724 £ 0.003 | 0.700 2 0.002
<x, > | 0.423:0.006 | 0,422+ 0.005 | 0.481 + 0.004
> | 88.10° £1.0° | 8557 +0.8° | 63.2° :0.6°
> §125.6° 2 0.7% [124.3° 1 0.5° |122.4° 2 0.4°
<9, > [150.3% 2 0.6° [150,2° s0.5° [145.0° £ 0.4°

The three-jet analysis does not prove, however, the
existence of three-jet structure unambiguously since
possibly other more arbitrary final-state configuratioms
can be constructed which numerically sagree with the re-
sult of this analysis. However, the agreement demonstrat-
ed with the numbers summarized in table 3 is most like-

ly not accidental and can be taken as strong support of
the three-gluon decay hypcthesis for the YfQ.Egi.
3. Gluon Bpin

The anelysis of they{9.46} decay structure re-
veals gquantitative agreement with the three-gluon decay
metrix element. It is caleulated for massless spin 1
gluons. The data therefore support the spin 1 essign-
ment to the gluon. A natural guestion then is, can the
dats be described by spin O gluons as well? Koller and
Krasemsnn heve provided an expression for a three-gluon



matrix element with spin 0 gluons®P.
1_ar 1
I dxjdxg 1n M/A

{x) = %2)(xg - %3}{%1— #p)+even perm.{1,2,3)

2 w2 2
X1 ¥ %3

SPIN 1 GLUON

X2 -
Fig. 24: Graphical representation of the three-
gluon metrix element for
a) spin 1 and b) spin O from ref, 3eo.

Fig. 2b4 shows the Dalitz plot density distribution for
spin 1 and spin C. In the spin O case there is a peak-
ing in the corners of the triangle. The corners corres—
pond te X1 = X3, Xp = X3 and X = x; and the final
state is dominantly two gluons of about equal energy
and the third one with very little energy. It follows
that one should expect a dominant two-jet structure.
This is not supported by the data and provides a falsi-
fication of the spin 0 case. Spin 1 does, however, not
necessarily follow uniguely. Although the true spin 1
gluon matrix element is in good agreement with the data
any phase space like distribution of three low mass
clusters will give a very similar distributicn3l. The
analogue of this statement was already observed by Ore
and Powell in their paper32 on the three-photon decay of
positronium.

For a positive spin 1 determination a measurement
of the angular distribution of the fastest gluonm (%3 in
fig. 8) with respect to the et beam axis is most approp—
riate??. The gemeral form is

do/d cos® = A + B(x;)cos?e.

B(x1) is shown in fig. 25. The statistics of the data
samples in the DORIS experiments is not sufficient for
such a detalled comparison. Integration over the proha-—
bility distribution for x; predicts for the coefficient
of cos26 & value of 0.39. The gpin Q case, however,
gives -0.995%%, The data is shown in fig. 2675, While
spin O again is excluded by the data only consistency
with a value 0.39 can be seen, not an unambiguous de-
termination. It should be remarked here that this ana-
lysis is sensitive to the exact value of Buu’ since the

1
()
QB. -
a6 | ]
o - J
i)
0 L . - . —
y, @ o ] X, !
Fig. 25: The coefficient B{xi) vs x] for & spin 1
three-glucn decay of the Y(9.46) (see text).
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Fig. 26: Data on the angular distribution of the

sphericity axis (for charge sphericity)
with the beam and compared to the pre—
dictions for spin 1 (full line) and
spin O{dashed line), refs.25 and 3ec.

continuum and the vacuum polarisation term have s value
~ 1 for the coefficient of cos?e.

While it seems rather unsatisfactory to try to con—
struct a Y(5.46) decay model based c¢n spin O gluons in
the first place, it is gratifying to sse the one model
actually worked out in detail te be falsifieddl.

Spin 1 on the obber hand remains to be proven.

L, Fragmentation Properties of the Gluon

There are severzl specific features of the gluon
that should reflect into the properties of the gluon
Jjets and make them different from guark jetsdl

(a) The gluon should have a softer fragmentaticn
function which means a higher multiplicity than a quark
jet, asymptotically by a factor $/L.

{b) In addition the average <py > of hadrons with
respect to the gluon—jet axlis should be broader.

Both{a)and (Y are due to the existence in QD of &
gluon selfcoupling, the three-gluon vertex, the most



characteristic festure of QCD. It provides asymptoti-
celly for a gluon jet more hard branches in its deve-
lopment and leads to the predictions {(a) and (b) above.

b.1. Multiplicities and p,

Given the existence of the three-gluon coupling
qualitatively one should see a rather spectacular in-
crease in <n> going from the continuum {(two-gquark jets)
to the top of a heavy quark-antiguark resonsnce, both
because the softer fragmentation of the gluons and be-
cause of the development of the third-jet. In case of
the Y(9.46) a change in <m,p> has actually been observ-
ed by the three DORIS groups. The evidence is shown in
fig. 27 from DHEM and fig. 28 from DASPII. Corrected
numbers are shown in table 4 from PLUTO and DHHM. The
increase is significant, but not very spectascular. In

Qar— T T T T T —|

a3 a} T Continuum

o
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Fig. 27: Observed charged multiplicity
a} near and
b) at the Y{9.k6).
For comparison the result of the two-jet
and three-jet calculations from ref.27.

{rnery) DASP 2
01

I
+++ HF'

L5

33 P us B0 ey

Fig. 28: Observed particle multiplicity in the
¥(9.46) region from ref. 325.

the framework of the three-gluon model, assuming no
difference in the gluon jet and the guark jet multi-
plicities form the average energy of the three different
glucn jets (see fig. 8) one gets

=1
<> ¥(9.46) = 5 § nch(e Ei)

O R R R . H U B W AR T b s s e

where ney (2 ;) is the gquark multiplicity at two
times the gluon energies Ei. Evaluated using the data
compiled in ref. 34 one expects <nop> Y(9.46) = 7.6
t0.5 in agreement with the data in table L. The obser-—
vations on ¥(9.46) are thus consistent with equal
fragmentation properties of quark and gluon Jets and
the development of a third jet in support of the
three-gluon jet decay model.

A fragmentation model for the gluon where the
glucn decays to a quark pair whieh then fragment inde-
pendently would lead to higher multiplicity (~1lc) for
¥(9.46)3%, This option is, therefore, not supported by
the multiplicity data.

Larger p, with respect to the gluon-jet axis will
lead to a bigger <p >,u+ measured against the plane of
the three-gluon events compared to the prediction bas-—
ed on the p, of quark jets. Fhe numbers obtained are
©.13220.003 for the Y{9.46) data arnd o.lhoto.ocob for
the glucn model assuming quark-jet properties for the
gluon?3. TNo inerease over the quark-jet value is ob-
served,

Table 4

Exp. |[ref.| continwme| ¥(9.46) [Y'{10.02) | ¥(9.46)cont.
DHHEM 27 | 6.1 0.2 | €.9%0.2 1.13
DASPII} 35 | 5.15 5.88 1.14
prUTo | 25 [ 6.3% 0.k | B.o¥e.3 1.27
DHHM | 27| 5.9} 0.2 7.5%c.6 1.27
Expect. 36| 6.2 7.6 1.23

4.2, Charged Particle Momentum Spectra

Since different processes for partiecle production
on and off resonance - three—gluon jets versus two-
quark jets - have been proposed s comparison of
(charged) particle momentum spectra can give further
details on the two processes.

The data are shown in fig. 29 and fig. 3o. There
are some differences seen (fig. 29) not unexpected
since the multiplicities are different. The relative
particle yields (fig. 3o}, however, do not show strong
variations.

A momentum analysis of charged particle spectra
from heavy quarkonium decays was proposed as a sensitive
test for the presence of the three-gluon couplingd?.
Only two resonances, the J/¥{3.1) and the ¥(9.4€) are
available so far. The measured wmomentum spectra at
J/w(3.1) are shown in fig. 37a and are compared to the
neerby continuum data (Egy = 3.6 GeV), fig. 31b. They
are not very different while the dsta on and off reso-
nance st 9.46 are certainly different, see fig. 29.

The momentum spectra from J/y(3.1) and ¥(9.L6)
corrected for detector effects are shown in Fig. 32.
A mements analysis following ref. 37 has been performed,
the results for ratios of moments for A = 0.5 GeV,
2 value %referred by inclusive lepton scattering
analyeis®®, the data require a A of ~0.7 GeV, see Tig.33.
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Fig. 32: Corrected data on inclusive charged
particle momentum spectrs on J/W(3.1),

full line, and Y(9.46), dashed liine.

Certainly the J/w(3.1) rescnance is not a good
reference point for such an analysis. The jet struc-
ture iz not at all apparent at this low energy, sece
for example the sphericity values in fig. 17 where
both the data from the J/¢(3.1) and the off resonance
data (3.6) are still close to phase space, this means
energy and momentum conservation dominate the final
state once the multiplicity is fixed. At Y(9.LE} 4if-
ferences show up which makes it most likely a good re-
ference point once a higher rescnance (toponium} were
found. Still qualitatively en inspection of fig. 33
shows the 'QCD! trend for the data. This sheds some
light on the difficulties of performing a QCD analysis
based on the energy dependence of particle momentum
spectra since the range of validity for such an analysis
is not well defined. In e'e™ annihilation the comparison
on and off rescnances st least provides some basis for
a2 judgement on this question.

4.3. Higher resonances and Three-Jet Structure

Finally a remark sbout a resonance at higher
energies, e.g. a 'toponium' at 3o GeV. The tripilcity
distribution expected using the successful three—gluon
model for the Y(9.L6) discussed is shown in fig. 3ka
together with phase space at 3o GeV in comparison to
the situation at Y(9.46), fig. 3%b. The difference is
impressive and indicates that very significant gluon-
Jets studies can be done on such & resonance.

Concerning the existence proof of three-jet
events with the help of energy-flow dimgrams®? (e.g.
qge events at 3o Gev4?) I want to show an energy-flow
dlagram of phase-space events at 3o GeV where tripli-
city has been used to give an orientation for each
event, fig- 35. A 'three-Jet' structure is apparent.
One must conclude that just the existence of a three~
srm structure does not prove the three-jet structure
even st this high energy, since as we see in the most
trivial particle correlaticm the analysis can impose
the three~jet structure one is locking for.
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Fig. 33 The ratio of the moments of the charged par-
ticle spectra calculated from the fits to the
PLUTO data shown in fig. 32. The dashed Tine
shows the prediction of ref. 37 for 4 = 0.5 GeV.
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Conclugions

(1) The constituent quark of the ¥(9.46) iz most
likely the b-guerk with charge 1/3. A final proof has
to come from the cbservation of open b-flavour and its
decay modes.

{2) The hadronic decay of the Y(9.46} is comsi-
stent with a three—jet structure and the lowest order
three—gluon decay mabrix element. This is based on the
two— and three-jet analysis of the Y(2.L6)} dats.

(3) A 3 spin O gluon decay of the Y(9.46) is ruled
out.

{L) Gluon jets are very similar to quark jets at
jet energies < 5 GeV.

{5) A rescnance at high energies (toponium fami-
1y} would be a great place for definite QUD tests.
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