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ABSTRACT

Unitary singlet character of glue ball gives useful signature for decay
in nmn/KRm  branching ratio and in Vy decays. Success of SU(3) predictions
for unitary singlet charmonium decays via gluons support validity of similar
SU{3) predictions for glue balls. Absence of strong nm= signal relative
to KEm in E decay rules out &n dominance of XK and unitary singlet
classification for E. FEnhancement of low mass KR s-wave shown to follow
from G parity without presence of &. Data consistent with normal 1%

nonet and broken nonets of quarkonium pseudoscalars with nearest neighbor

radial mixing.
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suggest that éhe photon is isoscalar and is emitted from the charmonium system
before the annihilation.’ Thus M 13 even under G.

The crucial point is that the nmw decay (1lb) is related to the KRn
decay (la) by SU(3) and has a larger phase space. Thus the comparative
absence of the nmm decay when there is a strong KEm signal places impor-
tant constraints on the quantum numbers of M. If M 1is a unitary singlet
glue ball, the nww signal must be at least as strong as the KE®x signal.
If the decay is dominated by the &n final state the nmw signal must be
very much stronger than KEw. There are natural mechanisms for obtailning a
strong KRm signal and a weak nww signal from quarkenium states which are
not unitary singlets. But these mechanisms do not épply to a unitary
singlet.

We now discuss a number of relevant symmetry properties.

l. The K*K decay mode i1s forbidden by SU(3) for a unitary singlet

meson My which is even under C,
(M, » K*) = 0 . (2)

This prediction is stable against SU(3) symmetry breaking. Thus if M decays
into K*K it cannot be a unitary singlet and cannot be a glueball.

A unitary octet meson Mg can decay into K*R. However, this is the
only vector-pseudoscalar channel allowed by charge conjugation and isospin
invariance. Thus decays into the nar mode via a VP intermediate state is

forbidden for all states M



be neglected Eecause of the centrifugal barrier, the kaon pair will be in an
s-wave 1f M 1s even under G and in a p-wave iIf M 1is odd. Thus in an
even—G decay, like the reaction (1), the s wave dominance at low mass can
appear to be the tail of a §, even if no & 4is present. This could explain
the tendency to find § signals in KEn decays of the E meson. Even in
the case where all the KEm signal comes from the K*R mode this enhancement
of the s wave in the KK system still occurs, and results from the inter-
ference between the K*R and KR* amplitudes.5 In hadronic experiments,
where both even and odd G final states are present, a low-mass “S-cut” on
the KR effective mass separates the s-wave even-G signal from p-wave odd-G
background whether or not a § 1s present. Evidence for the & 1in such
states obtained only from the KK mass distribution is therefore uncon-
vinecing.

3. The nm and KK decay modes of the & are related by SU(3).
The ratio of the two transition matrix elements 1is given by SU(3) Clebsches of
order unity in all models, although specific details depend upon n-n' mixing
and the possible classification of the & as a four quark state. There is no
suppression of the nr matrix element relative to KK. Thus, since the § 1is
below the KR threshold and has ample phase space for nm decays, the nrw
mo&e 1s expected to dominate. This has been verified by experimental analysis
of & production and decay8'9 showing that the KK decays are less than 1/5
of nw. The coupled channel analysis of the data uses the SU(3) ratio of

coupling constants from unmixed octets

2,2 _ ,
8ok By = 312 - (42)



experiments which claim to see the & may well be seeing the s-wave enhance-
ment resulting from G invariance mentioned above.

4. The &m decay mode of a unitary singlet M 1s related by SU(3)
symmetry to other decays; e.g. en and kK. Although these factors are
uncertain, they can only lead to further reduction of the M + &m + KE=%
branching ratioc and of the contribution of the vY6% state to the reaction
(la).

5. In the n+w_n decay mode of an even C state the two plons are
required by C invariance to be in an even parity state. The same i{s true
for the two kaons in the X K'7° decay mode. This special case of the
G-parity condition above follows from the weaker assumption of C
invariance.

6. The extension to SU(3) symmetry of the above C and G con-
straints require any meson pair in either final state (1) to be in an even
parity state if M 1s a unitary singlet. This also excludes all vector-
pseudoscalar decay modes and again gives the selection rule (2), since the two
pseudoscalars from vector decay must be in a p-wave.

7. The SU(3) coupling of an even ¢ unitary singlet to three pseudo~

scalar octet mesons 1is unique and is totally symmetric. The XKEr and nun

couplings are related by the same Clebsches as in Eq.(4a)

2 2
Bgxn = (3/2)gnwﬂ ° (6)

Since the nww final state has greater phase space, a unitary singlet meson

must have similar branching ratios for the two transitions {(la) and (1lb).



state of one configuraticon and the non—strange quark state of the next radial
excitation. This feature has been shown to explain peculiar properties of
the n', and similar features should appear in the pseudoscalar state in the
E region if the third and fourth states are under the D and E respec-
tively. These mixtures behave very differently from the SU(3) singlet states
in the standard nonets.

Production and decay processes for these nearest-peighbor-mizxed states
can be very different from conventional nonet states. These differences must
be taken into account in any attempt to determine the quantum numbers of
questionable mesons. There are three characteristic differences:

1. Hadronic peripheral production at low momentum transfer in meson—
baryon reactions.depends upon form factors dominated by the ground state
configuration, which has a large overlap with the initial state. The 7
and n' should be produced much more strongly than higher states. At higher
momentum transfers where radial excitations can be produced the higher states
should be more copiously produced. In the model of Ref.6, the two excited
pseudoscalar states predicted to be under the D and E, which we denote by
P, and Py have very different ground state components and Py 1is predicted

12 5,

to be produced much more weakly 7p reactions than Py

o(r p + Pon) & a(w p + PDn) . (7>
This is very different from the prediction from standard nonet mixing.&
2. Production from gluons and two-photon annihilation is dominated by

the wave function at the origin. Here the two dominant contributions from
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These are the only two possibilities for obtaining a large KK% signal
with no related nnm signal. A unitary singlet meson has a significant
nn®  decay given by the relation (6). An 1deally mixed (uu + dd) state gives
a strong nmnm gsignal if it does not go via the VP intermediate state. The
evidence from charmonium rules out strong SU(3) breaking effects which could
enhance strange decay modes.

The large KRn signal obtained from the E meson suggests that it is
either an ss state or that it decays to K*K or both. The most probable

1t ss statez’5 whose partner is the D meson

suggestion is that it is a
which is uu + dd. Note however, that exact ideal mixing 1s not necessary to
obtain these properties. The D is below the K*¥ threshold and the KEn
decay 1s suppressed by phase space even if it has an s3 component. If the

E 1is 1+, any nonstrange component will also naturally prefer the s-wave

K*R  decay.

The question of possible pseudoscalar states under the D and E then
arises, as prediéted by the radial mixing model® and found experimentally by
Stanton_g£_2£.13 in the nmv mode. It is then necessary to look for small
signals in the reactions (la) and (1b). For this the nun decay mode 1s
crucial, since the KKnm mode is dominated by the K*2 state from the E.
Angular distributions and correlations may also be useful in separating axial
vector and pseudoscalar states. Four angles have simple physical interpre-
tations:

81« The angle between the photon and the electron beams or the normal to
the orbit plane. For polarized electron beams a unique angular distribution

1s found 1f M 1is spin zero; it is ambiguous if M 1is spin 1.
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The Vy -electromagnetic decays of a unitary singlet will also have a
distinctive character since the decay amplitude is proportional to the U
spin zero octet component of the vector meson. This gives the well known

ratio 9:1:2 for the Vy decays,lh

F(G + pY)/T(G + wY)/T(G + 4Y) = 9/1/2 . )

This is very different from the Vy decays of ideally mixed states which
elther go entirely into ¢Y or not into ¢y at all. Nearest neighbor mixing
which tends to give approximately equal strange and nonstrange components
would tend to increase the ¢ 8ignal relative to the p.

The two—-photon decays are expected to be down by a factor of o from ene .
photon and probably will not be easily seen in a state which has a hadronic
width of 50 MeV. In the n', where the total width is 0.3 MeV, the branching
ratio is only 2Z. Furthermore, the large difference between the unitary
singlet quarkonium and glueball predictions for the two-photon decay4 may
disappear when nearest neighbor mixing is introduced, because the strange and
nongtrange components in the quarkonium always interfere destructively, as
polnted out above.
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