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Okubo-Zweig-Iizuka rule and lack of evidence for Ilueballs in n p qh@n

Harald Gomm
Physics Department, Syracuse University, Syracuse, Pew York 13210

(Received 24 February 1984)

The Okubo-Zweig-Iizuka rule is a consequence of QCD. It is shown that in general disconnected dia-

grams are suppressed only if the gluons couple to the quark-antiquark pair of a single vector or tensor
meson. Other disconnected diagrams are not strongly suppressed. It is sho~n that the threshold enhance-
ment observed in m p @$n is consistent with phenomenological expectations in the absence of reso-
nances and thus does not contain any evidence for glueballs.

QCD is now accepted as the theory of the strong interac-
tions, even though to date no physical observable has been
calculated rigorously. In QCD constituents interact through
their color charge. Both quarks and gluons carry color,
which has led to the conjecture that bound states of
gluons —called glueballs —exist. The experimental discovery
of such states is seen by many physicists as a key test for
QCD and has, therefore, attracted a great amount of in-
terest.

In an interesting experiment a threshold enhancement has
been observed in vr p gran at Eq;„=22 GeV. ' Since the
initial and final state are not connected by quark lines, it is
tempting to regard this enhancement as a breakdown of the
Okubo-Zweig-Iizuka (OZI) rule and to consider this to be
evidence for glueballs. The interpretation of the OZI rule
has, however, led to controversies in the literature. Here
we will first discuss the OZI rule and then the experiment.

The OZI rule states that disconnected diagrams are
suppressed and has been very successful in explaining the
relative rates in the production and decay of vector and ten-
sor mesons. It is not a fundamental rule but a consequence
of QCD. We will now discuss the reasons for the suppres-
sion and when the OZI rule is expected to hold.

The decays of vector mesons proceed to lowest order
through three gluons due to a theorem by Yang. The OZI
rule is in this case a reflection of the fact that the matrix
element

(~(1 ) IHQCDlggg &

is small. Typical suppression factors are

reactions in scattering experiments, since the momenta are
much larger. Quark-antiquark fusion also breaks the m-q
degeneracy [Fig. 1(b)). (m„—m~)/(m„—m„) gives an esti-
mate of the relative importance of quark-antiquark annihila-
tion into three versus two gluons. This picture has been
confirmed by an explicit calculation in the bag model.
Thus, there is, in general, no suppression of disconnected
diagrams, if only two gluons need to be exchanged.

In the interpretation of n p @Pn (to be denoted by A)
the OZI rule has been used to argue for glueballs. The
cross section for A is = 20 nb; for the similar experiment
K p @PA at 18.5 GeV (B) o. = 100 nb. [Cross sections
for K p m 7r+A, KKA, K Pp, K cop (Ref. 9), and
vr p KKn (Ref. 10) are typically two orders of magnitude
larger. ] If the OZI rule holds for A, as was asserted, '

a(A)/a(B) is to-o large. and, therefore, proves the existence
of glueballs. Neither theoretically, as shown above, nor ex-
perimentally is there any basis for that assertion. The ratio
o.(A)/o. (B)= 0.2 is comparable to that of similar reactions,
e.g s

or

o (Q @+~)/o.(Q &uvre ) =0.21 +0.10

a(y pm+or )/a. (y pK+K ) =0.68+0.14 (Ref. 11)

Also, the different invariant-mass distributions for m@~

~(7r p —@n ) 1

~(K-p —@A) 60

This interaction splits m~ and m„[Fig. 1(a)].
In tensor mesons (J = 2++) the hadron wave function

is antisymmetric in space. Thus, the quark and antiquark
are not likely to annihilate into gluons.

For other processes requiring only two gluons no such
suppression has been observed. Rates such as

= 0.21 + 0.10 (Ref. 5)
o (y curn)

can be accounted for by combinatorics, phase space, and the
lower probability for the creation of strange rather than light
quarks. The small rates for hadronic decays of heavy quar-
konia, e.g. , P' Pm7r, are mostly due to the low momenta
of the gluons. Thus, there is no suppression for similar

FIG. 1. The annihilation diagrams which split (a) m~ and m„,
and (b} m„and m„.
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FIG. 2. Effective mass m&& corrected for acceptance for (a) vr p $@n and (b) E p /PA. The dashed curve shows the accep-

tances.

[Figs. 2(a) and (b)] are a consequence of the dynamics and
not a result of resonances.

Even though a definitive interpretation of the experimen-
tal results cannot be given since the hadronic wave func-
tions are not known, all its qualitative features can be
derived from established phenomenology. In m p $@n
by symmetry states with even angular momentum are dom-
inant for the P@ system. To lowest order (Fig. 3) two hard
gluons, one spacelike, one timelike, are exchanged, which
for kinematical reasons tend to be emitted in the same
direction. The quark-antiquark pairs couple to $@ predom-
inantly when the two gluons are collinear. To leading order
the two gluons are independent of each other and should,
therefore, have the same properties as the single gluons ob-
served in Drell-Yan and hard-scattering processes. These
processes show that hard gluons decay into lepton pairs with

(pq) =0.6 GeV and that higher transverse momenta are

strongly suppressed. " Thus, for the S wave we expect

m&~
——[(2m~) +2x (0.6 GeV)2]'~2= 2.2 GeV

For D waves the angular momentum barrier requires an ad-
ditional energy of

2l+1 l 0 y.
r

for r = 1 fm and, thus,

m ~~
——[ (2m ~) + 2 x (0.6 GeV) + ( I GeV) ] t

= 2.4 GeV

The pq suppression is partially compensated for by the
larger number (2I+ I) of accessible states, in agreement
with the observed invariant-mass spectrum [Fig. 2(a)].

In K p @/A two quarks hadronize with the fragments

n(Aj

FIG. 3. Diagram for m p Pqbn (and contributing to
FIG. 4. Diagram contributing to E p /@A.
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of the original particles (Fig. 4), which tend to move into
opposite directions. The only constraint on the remaining @
is momentum conservation. The invariant-mass distribution
will mainly be a function of the phase space. In the large-N
limit the contribution to the cross section of Fig. 4 will dom-
inate over Fig. 3.

In conclusion, we have seen that the OZI rule is a conse-
quence of the underlying theory of the strong interactions.
All experiments involving disconnected diagrams are in
agreement with QCD. The OZI rule holds for production
and decay of single vector and tensor mesons. Other

disconnected diagrams are in general not suppressed. The
threshold enhancement in m p pion is completely in
agreement with phenomenological expectations and does not
contain any evidence for glueballs. This result is consistent
with the nonobservation of tensor glueballs in that mass re-
gion in other experiments. '
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