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GLUEBALLS IH THE REACTION *~p + +tn at 22 GeV/c l

William A. Love
Brookhaven National Laboratory*

The current favorite candidate theory of strong interactions is
Quantum Chromodynamics. In this theory, bound states of two or more
gluons, called glueballs, must exist. Experimentally, the detection of
glueballs (all of which are massive enough to decay quickly to ordinary qq
hadrons) is complicated by the lack of any explicit signature. The
calculation of the mass of the low-lying glueballs by lattice gauge methods
and the MIT bag model at present give only a rough guide to experimental
searches. A popular place to look has been among the systems recoiling
from photons emitted in heavy quarkonium decays. In general, processes
which must exchange hard gluons are needed. One touchstone seems to be the
concept of "democracy". Unmixed glueball states are flavor singlets and
should show equal decay amplitudes to states made of strange or non-strange
quarks (or indeed of charmed or b quarks at higher masses).

MPS Experiment #679 was originally planned as a search for the nc

state, the pseudoscalar partner of the J/ty vector. The cross section for
n c production at AGS energies is small and the search was further
hampered by the tremendous production of hadronic states containing no
charmed quarks. The idea of looking for the n c in a final state which
should be strongly suppressed for ordinary production (if you are looking
for a needle, it's better not to have to look in a haystack) led to a
number of leptonic proposals and to the idea of looking at $ meson
production in reactions with no strange quarks in the initial state. These
reactions should be small for ordinary soft gluon processes due to the well
known OZI suppression. For example, the matrix element for the decay 4> *
T+ + ir~ + ir is about 100 times smaller than for the decay <f> •* KT1" + k~, and
the cross section for the reaction n ~ + p + <t>+nis about 60 times smaller
than it" + p •*• i» + n at the same energies. This suppression arises because
the <t> Is nearly a pure ss state.

These experimental observations led to the promulgation of the OZI or
quark line rule which states that reactions are suppressed which have
particles whose quark lines are totally disconnected from the rest of the
diagram. This is illustrated in Fig. 1 where the gap in the quark lines
from initial to final state must be crossed by "hard" gluons. The rule
works extremely well in predicting the narrowness of J/4> (and T) which is
assumed to be a nearly pure cc (bB) state with no open decay channels
containing charmed (bottom) quarks. The OZI rule is a description of

* This research was supported by the U.S. Department of Energy under
Contract No. DE-AC02-76CH00016.
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Fig. 1 Quark line Feynman diagram illustrating the origin of the OZI
suppression. (a) The OZI forbidden reaction T~p * $n. (b) The OZI
allowed reaction K~p + <j>Y .

experimental facts and so far neither a sound theoretical derivation nor
accurate quantitative predictions of OZI violating cross sections have bean
obtained. Nevertheless, based on the observations of other disconnected
diagrams;

should be strongly suppressed by Che nearly pure ss nature of the §. There
seems no a-priori reason why the decay n c + # should be any weaker than
other channels for the n c decay. Indeed a branching ratio of about 1%
for n c to $ + $ has bean measured. This is another statement of
"democracy"; the state formed by the annihilation of the cc quarks in nc

decay should be flavor-blind. Since the same property was predicted for
glueballs, the $ + $ channel also seemed an excellent place to detect them,
since it is a final state denied'to Ordinary production by non-strange
initial states. Note that the <f><j> system can have any spin and parity (with
C * +1) and thus is open to most of the predicted low mass glueballs (as
long as M > 2.04 G V / ^ )

The (f> mesons from Reaction (1) were detected by the kaons from the
decay * + K+ + K~, and thus the actual final reaction we measured was

at a if- momentum of about 22 GeV/c. Note that Reaction (2) and the
reaction

(2)

(3)
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are not OZI suppressed. We expected Co be able to separate Reaction (1)
from the large background of Reactions (2) and (3) since the $ would be
such a narrow bump in the K+K" pair effective mass spectrum. Thus, our
experimental requirements were good resolution, good kaon identification,
and a very high beam rate.

The MPS Spectrometer is shown in Fig. 2. The spectrometer is based on
a large "C" magnet (the volume of reasonably uniform field is about 2m x 5m

nauiD
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Fig. 2 The MPS II Spectrometer layout for Experiment 747.

x Ira) with a central field up to IT. The variant known as MPS II was
accomplished by replacing the original spark chamber detectors by the set
of seven narrow gap drift chamber modules shown. Each module has seven
drift chambers, a total of 1677 detector wires per module, 11,739 readout
wires in all. The trigger devices (PWC's TDX09 and TDX21 and scintillator
hodoscope H5) which are shown in the figure were input to a million-bit
random access memory (RAM) trigger device which used the three detector
inputs to select particles produced in the liquid hydrogen target in a
pre-defined momentum and angle range. The Cerenkov counter C6 is filled
with Freon-114 and has a pion threshold momentum of 2.8 GeV/c. The useful
incident beam was about one million pions per AGS cycle at 22 GeV/c.

The trigger required three separate signals corresponding to particles
with momenta in the range 2.8 to 12 GeV/c. The Cerenkov counter was used
as an overall veto and had a 95% efficiency for rejecting any pion of
momentum greater than 3.1 GeV/c. In addition, che hydrogen target was
surrounded by a "veto box" of scintillation counters and interleaved lead
sheets to suppress triggers with non-neutron recoils. The overall trigger
rate was about 5 x 10" per pion yielding about 5 triggers each AGS cycle.
In a 4 week period in 1982 and a 6 week run in 1983 we recorded about two
million triggers from which we extracted about 90,000 four-prong events
with three identified kaons.

Figure 3 shows a scatter plot of the K̂ TC" pair masses. The bands at
the $ mass are clearly seen along with a surprisingly strong concentration
at the overlap of the two bands. This is seen more quantitatively in Fig.
4 which shows the mass of the second IĈ X" pair when the first is chosen to
lie in the $ mass band. The tremendous enhancement of the $ peak in Fig. 4
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Figure 3 Scatter plot of K+K~ pair masses.

should be compared with Fig. 5 which shows the Kr*TC" effective mass spectrum
from a 16 GeV/c measurement of n~p + $n. Note that the $ peak is clearly
detectable in that experiment only after the Khz~ pairs formed at low t are
removed. The quotation marks around the IChc* on Fig. 5 refer to the fact
that the Cerenkov counter does not distinguish kaons from protons and
anti-protons, a feature of this experiment also.

Figure 6 shows the missing mass spectrum from events in the $$ peak.
The remaining background after making a neutron cut of MM < 1.6 (GeV/c )
is less than 5%.

Figure 7 is a plot of the <fn|> effective mass. There are 4316 events in
this spectrum corresponding to a total cross section of roughly 25 nb.
This is still a quite small cross section, though not nearly as small as
expected were it OZI suppressed. -This is further supported by a
measurement at CERN of K~p •+ M Y , where Y represents the sum of events
with a A or a 2 . The K~ production cross section, interpolated to our
energy corresponds to only about a factor of U to 6 times the T~ cross
section. This is to be compared with the factor of 60-100 observed for
single <fi production. In other words, the normal OZI violating processes
are expected to contribute only about 5 to 10% of the events we see in this
channel. The simplest explanation for the large signal is the existence of
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a resonance in the intermediate state, one that passes none of the quarks
from the initial state to the $$ system.

Fig. 4 Effective mass of the accompanying
phi mass range.
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The mass spectrum shows a broad enhancement from threshold, falling
abruptly above about 2.4 GeV/c . However the $ meson, being a vector adds
another attractive feature to this final state, the possibility of an
uncommonly thorough examination of the spin structure of the system
decaying into <t> + *. There are, in all, six angles we can measure in the
ijxfi system. The usual Gottfried-Jackson and Trieman-Yang angles which we
will here call 6 and Y, and the polar and azimuthal angles of the decay of
each <f> in its rest frame which we call 6 and a. The t-distribution of the
4"f>n events is shown in Fig. 8. It falls at small t as

10'-
t-

1353 DATA

TTp — B 0 n
22 C-EV/C

J

J
J- J

.1 .3 .5

Figure 8 Four momentum transfer squared distribution of the 4"$ system.

reminiscent of IT exchange processes which is consistent with the fact that
we find the distribution in Y, the azimuthal angle between the decay plane
and the plane of production, to be flat in all mass bins. That is, we find
no evidence for moments other than M = 0 in the production process. The
expected distributions in the angular variables for various pure spin
states with M = 0 in the resonant system are shown in Fig. 9. Note
particularly the characteristic cos2(ai - 02) term which is present only
for even parity states with J = 2 or more. Fig. 10 shows the a and Y
distributions of the complete data sample.

The analysis I am about to describe should be considered preliminary
although the results are similar to those derived from the 1203 events we
obtained in 1982. The Monte-Carlo calculation of the acceptance naeds to
be refined to reduce our expected systematic errors to a level consistent
with the increased statistics. In particular, the data from K's with
momenta below the old 1982 level (3.5 GeV/c) have not been included in this
analysis.
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The whole data sample except for the region near threshold was tested
to see what spin states were present by fitting all combinations of three
spin states up to a limit of J < 4 with L < 3, a total of 53 states.
The 1982 analysis had found that two of the three 2 + + waves were sufficient
to account for the whole spectrum. The increase to " 4000 events requires
a third wave be included.

The data was divided into mass bins 50 MeV wide and fit to the three
2"*"1* waves that seemed to be present in the whole data sample. The
amplitudes of these waves are shown in Fig. 11 and the phases of the
D-waves relative to the S-wave for the mass bins where the amplitudes are
significant is shown in Fig. 12. These waves were then fit to K-matrix
poles, yielding the Breit-Wigner resonance parameters of Table I. The
curves on Figs. II and 12 represent this fit.

Note that the states have normal hadronic widths for this mass region.

2.2 2«

Ml**)CtV

Figure 11 Amplitudes of the three 2""" wave fit to the narrow mass bins.

TABLE I

JGJPC = 0+2++ 3 Resonance Fit

State Mass (MeV) Width (MeV)

z 2120 300
T —120 — 50

ĝ . 2220* JO 2 0 0 ± 5 0

g^ • 2360 ± 20 1.
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Figure 12 Phases of the two D-waves relative to the S-«ave for the
three-wave fit. The dashed lines show the three resonance fit to these

data.

Figure 13 shows a comparison of the three resonance fit to the
experimental angular distributions in three of the small aass bins. The
agreement is quite satisfactory and one should note the cancellation and
reappearance of the a structure as the mass increases.

In conclusion, we have seen strong OZI violating production of the
state * + • (no non-strange quarks) by the state ir + « (no strange
quarks). The amplitudes are well described by three 2++ resonances. We
conclude that these result from one or more 2++ glueballs, perhaps mixed
with one or more ordinary quark resonances of the same quantum numbers.
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