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ABSTRACT

The main interest in light meson spectroscopy is the search for glueballs. In
this �eld the most recent results concern the scalar (f0(1500)) and pseudoscalar
(E=�(1440)). They are perhaps some of the most promising candidates for being
exotics states. New results, coming from �pp annihilation at rest, with statistics
exceeding by an order of magnitude the previous ones, have been recently pre-
sented on these states. These results, together with a comparison with the
other ones, available from di�erent production processes, will be discussed in
this review.
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1. Introduction

The main result expected in light quark spectroscopy is the identi�cation of
glueballs or hybrid states. Their existence is one of the foundations of QCD as a
non-Abelian �eld theory. Their unambiguous identi�cation would constitute a
striking prove of its validity. Unfortunately despite the existence of such states
is foreseen by theory, precise and reliable predictions concerning masses and
widths are very di�cult. However QCD inspired models as that by Godfrey
and Isgur 1 are commonly accepted to describe the q�q spectrum in the low-mass
region. They provide a guide which can be helpful in discriminate ordinary q�q
mesons from exotic states.

We can try to classify exotics (see for example ref. 2) in the following way:

� exotic states can have exotic quantum numbers (i.e. Q>1 and S>1) not
possible for q�q states (this does not apply to glueballs); they are called
exotics of the �rst kind.

� Glueballs and hybrids can have exotic JPC quantum numbers not accessible
to ordinary mesons; they are called exotics of the second kind.

� Mesons are grouped in JPC nonets. QCD models can help in �nding the
states which best �t in a nonet. Outsiders are candidate for being exotics
(exotics of the third kind).

Moreover:

a) Glueballs and hybrids can have anomalous production or decay character-
istics.

b) Glueballs are SU(3) singlets, they do not carry either charge or avors.
c) From point b) it follows that glueballs do not couple directly to photons.
d) Point b) implies also that glueballs are expected to decay 'avour blind'
(taking into account phase space corrections).
e) Glueballs are expected to be copiously produced in 'gluon rich' environ-

ments.

The points listed above lead us to an experimental strategy which can allow
to disentangle a glueball or an hybrid from a normal q�q state. Since any exotic
state must lay outside SU(3) nonets, a careful spectroscopy study is the basis
of any exotic search, to assert the ordinary states in a nonet and distinguish
outsiders. Unfortunately this is a very di�cult task due to the complexity of
the hadron spectrum with the overlap of q�q ground states and radial excitations.
Therefore quality requirements are necessary to accept a state as established.
High statistics, good signal-background ratio and con�rmation by more than
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one experiment are mandatory. Moreover the comparison of results, obtained
using di�erent production mechanisms, is a fundamental experimental tool. In
particular, from point c) and e) glueball production is expected to be suppressed
in  collision and enhanced in J/ decay. J/ decay is traditionally considered
as a favourite process for glueball production but also antinucleon-nucleon anni-
hilation and hadro-production are good laboratories for glueball studies. Solid
evidence for a glueball can come only from a detailed comparison of the results
obtained from these di�erent production mechanisms. Following point d) it is
evident that also a study of the decay pattern is necessary.

In summary an experimental strategy for exotic searches must rely on a
set of high quality and high statistics data, coming from di�erent dynamical
sources, which must provide unambiguous spin parity assignments and precise
measurements of the decay modes.

Looking at the experimental situation it is evident that a large amount of
information is available but we still lack some important elements. Perhaps too
many states are present and most of them do not satisfy the quality requirements
quoted above.

A detailed discussion of the present experimental situation in exotic searches
is beyond the scope of this talk. For a comprehensive review see 3;4.

Here I will restrict myself to the most recent results on the scalar (f0(1500))
and pseudoscalar (E=�(1440)) sectors. They are perhaps some of the most
promising candidates for being exotics states. New results, coming from �pp
annihilation at rest, with statistics exceeding by an order of magnitude the pre-
vious ones, have been recently presented on these states. These results, together
with a comparison with the other ones, available from di�erent production pro-
cesses, will be discussed in this review.

2. The f0(1500)

f0(1500) is I=0 0
++ state recently presented by Crystal Barrel in their analy-

sis of �0�0�0, �0�0�, and �0�� �nal states from �pp annihilation at rest in liquid
hydrogen.

The complexity of the experimental situation concerning this state requires
a detailed discussion.

In 1989 a state at a mass of 1565 MeV was discovered by the Asterix experi-
ment in �pp annihilation at rest on a gaseous hydrogen target 5 (see �g. 1). The
state appeared to come mainly from P states of the �pp atom and the spin parity
analysis indicated it was a tensor with quantum numbers 2++.

Again, in �pp at rest a 2++ state was recognized, at 1515 MeV, decaying into
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�0�0 in the �0�0�0 �nal state by Crystal Barrel in liquid Hydrogen 6.
A remarkable fact was the high contribution of P-wave annihilation (60%)

found by the �t while, on the contrary, S-wave dominance was expected.
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Figure 1: �+�� invariant mass distribution from �pp annihilation at rest in a
gaseous hydrogen target at NTP (a) and in coincidence with X-rays (b) 5

Also in �np annihilation a state at 1502 MeV was identi�ed, in the �+���+

�nal state, by the Obelix Collaboration. Spin assignment 2++ was found to be
the most favourable 7;8.

Crystal Barrel, in the �0�� �nal state, identi�ed two scalar resonances, at
1400 and at 1560 MeV, decaying in �� 9. The �rst one was also present in the
�+���+�� spectrum in the reaction �np! �+���+���+ 8. The second one was
identi�ed as a new resonance. Its mass, width and decay mode resembled the
f0(1590) discovered by GAMS 10. Suggestions concerning its possible glueball
nature were made. Still, the presence of f2(1515), the tensor previously identi�ed
in �0�0, was required.

2.1. High statistics data in �pp annihilation at rest

This situation claimed for further data sample and analyses, to understand
the number and the nature of the states present in the 1500 MeV mass region.

From simultaneous analysis of �0�0�0 and �0�� data 11, Crystal Barrel con-
�rmed the presence of two scalar resonances, both in �� and �0�0, with masses
and widths M1 = 1365, �1=270 MeV, M2 = 1520, �2=150 MeV.
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The main di�erence, with the previous result, was, of course, that the domi-
nant contribution of the structure at 1500 MeV, decaying in ��, was explained
by spin 0 instead of spin 2. This was mainly related to the analysis approach,
in which a new parameterization for the �� S-wave was used and , expecially,
1S0 �pp annihilation was assumed, not allowing P-states, which were the main
source for AX/f2(1515). The knowledge of the actual contribution of S- and
P- states in liquid hydrogen and the relevance of data with a di�erent S- P-
mixture, was recognized as very important. The analogy of the f0(1500) with
the G/f0(1590) motivated the Crystal Barrel collaboration to search for the
f0(1500) decay mode in ��0 in the �nal state �0��0. A threshold enhancement
(see �g. 2) in the ��0 mass was identi�ed with the f0(1500)

12. The obtained
mass and width were 1545�25 and 100�40 respectively.
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Figure 2: �pp annihilation at rest in liquid hydrogen. �0��0 Dalitz Plot (a) and
��0 invariant mass with �t superimposed (b); the pure phase space shape is also
shown 12.

In a successive paper 13, results from a very high statistics �0�0�0 data sam-
ple (712000 events) were presented. The statistics was more than an order of
magnitude larger than the sample used in the analyses of ref 6 and allowed to
identify with good accuracy two states in the region around 1500 MeV. A scalar
state: f0(1500) and a tensor state: f2(1520). Results of several �ts were re-
ported and again the ambiguity concerning the real contribution of S- and P-
states remained. Nevertheless all the �ts are in agreement in identifying a scalar
resonance at a mass M = 1490�13 MeV and width �=120�15 MeV.
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The most recent results come from the coupled channel analysis of the three
�nal states: �0�0�0 (712000 events), �0�0� (280000 events) and �0�� (198000
events) 14;15.
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Figure 3: �pp annihilation at rest in liquid hydrogen. �0�0�0 Dalitz Plot (a) and
�0�0 invariant mass with �t superimposed (b) 13.

The �0�0�0 Dalitz plot (�g. 3 a) and the �0�0 projection (�g. 3 b) show
striking signals of f2(1270) and f0(1500). The blob, close to f0(1500) band,
can be interpreted partly as due to the low energy �0�0 S-wave and partly
as the indication of a tensor structure f2(1520) which can be the AX(1565)
seen originally by Asterix. Its contribution appears to be smaller but this is
not surprising. AX(1565) was recognized coming from the P- states of the
�pp atom in annihilation at rest in gaseous hydrogen 5. In liquid hydrogen S-
wave dominance is assumed according to the well accepted Day-Snow-Sucher
mechanism 16. Actually the data can be described using 1S0 only as initial
state 11;13 even if the �t improves allowing for P states contribution. However
an unexpected substantial P- wave contribution is obtained in this case (up to
50%).

An independent determination of the six JPC fractions could be extremely
useful, in solving this problem and disentangling the scalar and the tensor con-
tributions. A clari�cation is expected from data taken with di�erent �pp initial
angular momentum states distribution using a gaseous target 13. Nevertheless it
is important to notice that all the �ts require the contribution of the f0(1500),
regardless the initial state distribution.
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The �0�� Dalitz plot (�g. 4 a) is dominated by the interference at center
of the two a0(980) bands with a �� band at 1500 MeV. In this structure again
a scalar and a tensor state are required. The 0++ has mass (1505 � 15) and
width (120 � 30) the 2++ has mass (1530 � 15) but the width is uncertain. An
additional �� intensity is identi�ed as f0(1370). The f0(1370) and f0(1500) are
identi�ed in the �� projection (�g. 4 b) while the ��0 projection shows a clear
a0 signal (�g. 4 c).
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Figure 4: �pp annihilation at rest in liquid hydrogen. �0�� Dalitz Plot (a), ��
invariant mass with �t superimposed (b), ��0 invariant mass with �t superim-
posed (c) 13.
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In the �0�0� Dalitz plot (�g. 5) the a0(980), the f0(980) and the a2(1320)
are clearly evident. Moreover the presence of a new isovector scalar resonance
a0(1450) is required to satisfactory describe the data.
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Figure 5: �pp annihilation at rest in liquid hydrogen. �0�0� Dalitz Plot 13.

The coupled channel analysis is based on a 3 x 3 K-matrix incorporating the
��, K �K and �� channels. In the �t S-wave dominance was assumed and contri-
butions from P-states were neglected. The �t provides simultaneous description
of the three �nal states mentioned above, together with the �� scattering data
of ref. 17;18. The �t con�rms essentially the results obtained by the analysis of
each Dalitz plot.

From the �t the couplings of f0(1500) to �
0�0 and �� were extracted. Com-

paring them to the measurement of the decay mode in ��0 12 and to the results
which can be extracted from bubble chamber data for K �K 19 one obtains:

�� : �� : ��0 : K �K = 3 : 0.70�0.27 : 1.00�0.46 : < 0.4

2.2. Other experimental results

Before discussing the implications of these results, concerning the nature of
f0(1500), on the basis of the points discussed in the introduction, it is worthwhile
an attempt to compare these data with the other results available from other
production mechanisms and �nal states.
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2.2.1. �pp annihilation in ight

The �nal states �0�0�0 and �0�� have been studied in �pp annihilation in
ight by the E760 experiment at Fermilab at 3 GeV/c incident �p momentum.
Both the �0�0�0 and the �0�� Dalitz plots show clear evidence for a resonance
at 1500 MeV decaying in �0�0 and �� (see �g. 6). From the preliminary spin
parity analysis 20 a 2++ state is required. The introduction of a 0++ state at the
same mass slightly improves the �t.
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Figure 6: �pp annihilation at 3 GeV/c incident �p momentum. Dalitz Plots for
�0�0�0 (a) and �0�� 20.

Also Crystal Barrel has given some preliminary results from �pp annihilation
in ight at 1940 MeV/c incident �p momentum 21. At this energy the signal of
f0(1500) is shrinked into the middle of the �0�0�0 Dalitz plot (�g. 7 a). A hint
of its presence is perhaps present but it is not possible, at this stage, to extract
�rm conclusions. The signal weakness is surprising since it is well evident both
in the data at rest of Crystal Barrel and in the data in ight of E760. On the
contrary a well de�ned narrow signal at 1500 MeV is present in the �0�� �nal
state (�g. 7 b,c). Spin parity analysis on these data is currently in progress.
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Figure 7: �pp annihilation at 1940 MeV/c incident �p momentum. �0�0�0 Dalitz
Plot (a) �0�� Dalitz Plot (b), �� invariant mass (c).

2.2.2. �np! �+���+, �np! �+���+���+, �pp! �+���0

The �+���+ and �+���+���+ �nal states have been studied by the Obelix
experiment under di�erent initial angular momentum and isospin conditions.
The data on �np annihilation in 3 and 5 charged pions allow to select I=1 initial
state. The latest results on the �+���+ �nal state 22 (�g. 8) indicate that
probably two states, a 0++ at 1540�15 MeV, � = 155 � 15 MeV and a 2++ at
1565�20 MeV, � = 135 � 15 MeV, are present. The broad scalar resonance at
1350 MeV is con�rmed by the analysis of the �+���+���+ �nal state 22.
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Figure 8: �np annihilation at 400 MeV/c incident �n momentum. �+���+ Dalitz
Plot (a) and �+�� invariant mass (b) 22.

Data on �pp annihilation at rest with di�erent target densities (hence di�erent
initial angular momentum states distribution) have been taken for the �nal state
�+���0. With respect to the 3 �0 �nal state the situation is more complicated
due to interference e�ects of the �. The preliminary results 23 of the simultaneous
�t of two data samples, low pressure (P-wave dominant) and NTP (about the
same fraction of S and P-wave), indicate, in the 1500 MeV mass region, the
simultaneous presence of two states, a scalar and a tensor 23. The scalar appear
produced totally from 1S0 �pp state while the tensor comes dominantly from the
3P2 state.

2.2.3. Central production

The presence of a scalar resonance has been reported in central production by
the WA91 experiment 24 in the reaction pp! pf (�

+���+��)ps at 450 GeV/c
(see �g. 9 a,b). The mass was 1450 MeV and its evidence in a gluon rich

environment made it an interesting glueball candidate. More recent results from
WA91 collaboration 25 show evidence for a scalar state decaying also in (�+��)
(see �g. 9 c,d) compatible with the f0(1500) of Crystal Barrel (M = 1497�30
MeV and � = 199 � 30 MeV). Moreover another interpretation of the state at
1450 decaying in 4� is discussed. In this interpretation the peak at 1450 can
be the result of interference of f0(1370) and f0(1500). The same should apply
to the state decaying in two pions but there the contribution of f0(1370) looks
very small.
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Figure 9: pp! pf (�
+���+��)ps at 450 GeV/c. �+���+�� invariant mass for

the full data sample (a) and for j t1 j� 0:15(GeV )2 and j t2 j� 0:15(GeV )2 (b);
�+�� invariant mass �tted with f0(1500) (c) and with f0(1450) (d) 25.

2.2.4. J/ decay

It is natural now to look at the natural hunting field for glueballs, namely
the J/ decays. Results from Mark III and DM2 on J/ ! (�+���+��) show
evidence of a a peak in the 4� mass around 1500 MeV. The old DM2 analysis 26

showed that the structures present in their spectrum are due to 0�+ resonances.
Recent results, from a new analysis of Mark III data 27, have shown that also
in the 4� channel a 0++ signal at 1505 MeV is present see �g. 10). One of the
main features of the new analysis is the inclusion of the �� S-wave (�) as in
Crystal Barrel analysis. The �t returns a sizable 0++ contribution from f0(1500)
decaying in ��.
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Figure 10: J/ ! (�+���+��). �+���+�� invariant mass, �t with f0(1500)
(a) and without f0(1500) (b)

27.

One may remark the absence of f0(1500) in J/ ! (�+��). However, even
if no �rm conclusion from the data is available at the moment, it is possible that
the decay ratio 4�/2� could be de�nitely larger than 1. The small statistics on
J/ ! (�+��) could be not su�cient to obtain evidence for the signal.

2.2.5. The G/f0(1590)

A 0++ state was reported, at 1590 MeV, about ten years ago, by the GAMS
experiment in the analysis of ��p! ��n at 100 GeV/c 28;29 (see �g. 11).

Figure 11: ��p! ��n at 100 GeV/c. �� invariant mass 29.

The G/f0(1590) is a long standing candidate for being the scalar glueball.
GAMS identi�ed it in �� and ��0 decay modes 10. What was surprising was
the large coupling to ��0 with respect to �� (2.7�0:8). This was interpreted as
evidence for its exotic nature 30.
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It can be the same state as f0(1500) but remains to explain the di�erences
with Crystal Barrel in the ��0 and �0�0 decay modes (besides the di�erences in
mass and width).

2.3. Summary of the experimental situation

One can try to sum up the experimental situation as follows.
The presence of a scalar resonance around 1500 MeV is reported in:

� �pp annihilation at rest in liquid hydrogen (�0�0; ��; ��0)12;13

� �np annihilation (�+��) 22

� �pp annihilation (�+��) 23

� central production (�+���+��; �+��) 25

� J/ decay (�+���+��) 27

� ��p! ��n at 100 GeV/c (��; ��0) 29

The presence of a 2++ resonance is reported in �pp annihilation in ight
(�0�0; ��) 20.

Simultaneous evidence of the presence of a scalar and a tensor in the 1500
MeV region is reported in:

� �pp annihilation at rest in liquid hydrogen (�0�0; ��; ��0)12;13

� �pp annihilation (�+��) 23 (not well established)

� �pp annihilation in ight (�0�0; ��) 20 (not well established)

Some inconsistencies are present:

� If G(1590) and f0(1500) are the same object the GAMS and the Crystal
Barrel data are not consistent in their measurements of the �0�0 and ��0

decay modes.

� It is not clear why the signal disappears in Crystal Barrel data in ight in
�0�0 if it is so strong, in the same channel, in E760 data.

� It is also not clear why, in �np ! �+���+���+, there are no hints of the
f0(1500) signal (which is reported by J/ decay and central production
data in the same �nal state).
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In conclusions, as shown above, the presence of a 0++ resonance at 1500 MeV
appears well asserted by data from many production mechanisms and in many
decay modes .

New data, to study its coupling to K �K are mandatory.
It is also still to clarify the contribution of the 2++ state. For this, high

statistics data, under di�erent initial state conditions are necessary.

2.4. The nature of f0(1500)

Since its discovery f0(1500) was proposed as a candidate for being a glueball.
The amount of data now available allow to reinforce this hypothesis 31. It
is found in production processes where glueball production are traditionally
expected to be enhanced (central production and J/ decay). The great amount
of data coming from �pp annihilation con�rms that this process also can favour
glueballs formation.

The data for the di�erent decay modes 13;14 do not �t the q�q hypothesis 31.
Unfortunately the �nite ��0 decay mode and the apparent suppression of K �K
decay disagrees also from what expected from avour blindness for a glueball
state. Mechanisms 14;31 are suggested to explain the decay pattern modi�cation.

Evidence for the non q�q nature of f0(1500) come also from the study of
the scalar nonet. Table I lists the known scalar mesons. We tentative assume
f0(1500) and G/f0(1590) as being the same state.

I = 0 I = 1 I = 1/2
f0(980) a0(980) K�

0(1430)
f0(1400) a0(1450)

f 00(1525)
f0(1500)

Table 1. The known 0++
states

The nature of a0(980) and f0(980) has long being discussed. Their masses,
very far from the Godfrey-Isgur model predictions 1 and their strong K �K cou-
pling supported the hypothesis of being both K �K molecules 32. However the
analysis of Morgan and Pennington 33 on J/ decay, central production and
elastic �� and K �K scattering, gives clear preference to the standard resonance
hypothesis for both states.

Also T�ornqvist, in a recent paper 34 includes a0(980) and f0(980) as members
of the 0++ nonet.

Despite some discrepancies that still exists in decay modes and the need for
further con�rmation for a0(1450) and f 00(1525), there is a good indication that
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f0(1500) can be identi�ed as an extra state in the nonet.
Moreover the mass of f0(1500) is in reasonable agreement with expectations

for the lightest scalar glueball from lattice calculations 35;36;37.
In conclusions we might say that, unfortunately, nature has not provided us

unambiguous signatures in identifying f0(1500) as a scalar glueball. Neverthe-
less many experimental data are available and their analysis strongly favour its
interpretation as a non q�q state. In particular more constraints could be put
when new data concerning its K �K coupling will be available 31.

3. The E=�

Historically the E=� represented the �rst gluonium candidate since the ob-
servation by the Mark II38 and Crystal Ball39 experiments of a large signal at
1440 MeV in the J/ radiative decay J= ! K �K�.

Figure 12: J/ ! (K �K�). K �K� invariant mass (a) Decay Dalitz plot for
M(K �K�) > 1410 MeV (b) and for M(K �K�) > 1410 MeV (c) 41.
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The �rst discovery of the E=� signal actually dates back to 196340, in �pp
annihilation at rest. After more than 30 years, despite the great number of
experiments, the number and the nature of the objects present in the 1400 -
1500 MeV mass region is not yet clari�ed.

Inconsistencies are present in the number of resonances, in their spin assign-
ments and decay modes even within experiments which studied the same �nal
state from the same production mechanism (for a detailed review of the subject
see ref. 43;4.

Despite this rather confuse situation it appears that a dependence from the
dynamical source is present. The axial vector is clearly seen in hadroproduction
and J/ decay in the K �K� �nal state. It is apparently not present in �pp at rest
(perhaps it is present in ight 44) neither is seen in the ��� decay mode.

On the contrary a pseudoscalar is seen in almost all �nal states and produc-
tion mechanisms except for  collision and central production.

The data on J= radiative decay41;42 claim for the presence of three objects:
two pseudoscalars and an axial vector. This is the only case in which three
states have been identi�ed within the same data set. In �g. 12 the data from
the Mark III experiment 41 are shown.

3.1. E=�! K �K� from �pp annihilation at rest

Since the �rst bubble chamber measurement (1963) only two other experi-
ments investigated E=�! K �K� on �pp annihilation at rest.

The Asterix experiment 45 took data with a gaseous hydrogen target. The
statistics was not su�cient for a spin parity analysis but from comparison of
the branching ratio measured at NTP and the bubble chamber results in liquid
hydrogen 40 the 0�+ assignment was inferred.

Actually, in �pp! E=�(��), being ME=� much greater than the dipion mass,
the (��) system is in S-wave and the relative angular momentum L is also equal
to zero. Therefore, a 0�+ resonance comes mainly from a 1S0 �pp state and a
1++ resonance from a 3P1 �pp state. This is a unique feature of �pp at rest and
results in a powerful tool to disentangle states close in mass but with di�erent
spin by performing a selection of the initial angular momentum state. Moreover
it allows to take indications concerning the nature of the state(s) present on the
basis, not only of spin parity analysis, but also from comparison of annihilation
frequencies from di�erent initial state conditions (as in the case of Asterix).

Very recently the Obelix collaboration has presented the results from a high
statistics data sample taken with a liquid hydrogen target (about 18 million 4
prong events with a charged kaon trigger) 46. TheK �K� invariant mass spectrum
is shown in �g. 13.

17



Figure 13: �pp annihilation at rest in liquid hydrogen. K �K� invariant mass with
�t for the one 0�+ (a) and two 0�+ (b) hypotheses (2 entries per event) 46.

The preliminary results of the spin parity analysis of 4000 E=� decays in
the K �K� channel con�rm the presence of two pseudoscalars: the �rst one with
massM1 = 1410 MeV and a width �1= 70 MeV decaying dominantly in a0�; the
second one with mass M2=1500 MeV and a width �2=240 MeV, which decays
dominantly to K*K.

The indication of a 1++ is very weak and compatible with 0. This latest
result is not conclusive, concerning the presence of an axial vector in �pp at rest
since, in liquid hydrogen, annihilation from �pp P states is expected to be very
small due to the Day Snow Sucher 16 mechanism. The approach followed by
Obelix 47;48 is to obtain a selection of the initial angular momentum state by
employing targets at di�erent pressures thanks to the dependence of S- and P-
wave fractions (and their six hyper�ne levels) from the gas density. In practice
it is possible to range from:

i) a situation of S- wave dominance (in liquid hydrogen)
ii) an equal mixture of S- and P- wave (at NTP)
iii) P-wave dominance (at low pressures as few mbar).
The preliminary results show a suppression of about a factor 6 from liquid

hydrogen to 5 mbar 46. This result indicates a dominance of the 0�+ state with
respect to 1++ and gives further con�rmation of the validity of the assumption,
explained before, according to which a 0�+ state comes from a 1S0 �pp state while
a 1++ state proceeds from a 3P1 �pp state.
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A high statistics data sample, collected at NTP, will allow a study of the
possible presence of the 1++ in �pp annihilation at rest.

3.2. E=�! ��� from �pp annihilation at rest

No data in this channel were available from �pp annihilation at rest before the
results recently presented by Crystal Barrel 49 on the 4�� �nal state.

Figure 14: �pp annihilation at rest in liquid hydrogen. Scatter plots of ���
invariant mass versus recoiling �� mass (a,b); ��� invariant mass for M(��) <
520 MeV (insets) 49.

From these data about 5000 E=�! ��+�� and 5000 E=�! ��0�0 have been
identi�ed. Fig. 15 a,b show the scatterplots M(���) versus recoiling M(��).
The accumulation of events in the E=� region can be easily seen. In �g. 15
(insets) the ��� invariant mass, for the region M(��) < 520 MeV is shown.

The preliminary results of the spin parity analysis indicate the presence of a
0�+ resonance with mass 1410 Mev and with 60 MeV, in agreement with the
other results for the lower mass pseudoscalar. This state appears to decay into
a0� and �(��)S�wave.

The contribution of a 1++ (if present) looks very weak.

3.3. Summary

The con�rmation of the presence of two pseudoscalars reinforce the hypoth-
esis of the possible exotic nature of one of them. The object at lower mass, the
�(1410), in the PDG notation, has long being glueball candidate 3;4. Its copi-
ous production in the traditional gluon rich environment (J/ decay), together

19



with the non observation in , indicate a large gluon content. Also avour
blindness appears to be satis�ed by the data.

The MIT bag model 50 predicts a 0�+ glueball at a mass around 1400 MeV but
it predicts also the scalar glueball at 1000 MeV. More recent lattice calculations
35 moved the scalar glueball to 1500 MeV and the 0�+ above 2000 MeV but
mixing with q�q can distort and reorder the glueball spectrum 31;14.

4. Perspectives

One of the main points which deserves further investigation is the decay
mode of f0(1500) to K �K. Up to now only a bubble chamber measurement is
available. As underlined in ref. 31 a con�rmation of the suppression of the K �K
decay of f0(1500) will give an important experimental input in the attempt to
discriminate the non q�q nature of this state.

Meson spectroscopy selecting di�erent initial state by means of suitable target
system has been already a characteristic feature of the Obelix experimental
strategy and it is being pursued in the E=� study.

Recently also the Crystal Barrel experiment has inserted in its plans 13 mea-
surements with a gaseous hydrogen target in order to solve ambiguities in the
�ts related to the S/P wave fraction.

5. Conclusions

Concerning the study of f0(1500) an impressive set of new results have been
presented in these latest months from �pp annihilation, J/ decay and central
production. They have shown that the complexity of the hadron spectrum
makes glueball and hybrids search an extremely di�cult task, even in presence
of so many high quality results. Nevertheless the available data provide a strong
indications in favour of the non �qq nature of this object and make it a candidate
for being the scalar glueball 31.

The study of the long standing E=� puzzle has received a boost, this year,
with new high statistics data from �pp annihilation at rest.

The con�rmation of the presence of two pseudoscalar objects in the 1400 -
1500 MeV mass region is the main outcome of these data. This result support
the hypothesis of the exotic nature for at least one of them.

The results obtained from very high statistics data samples in �pp annihila-
tion con�rm that, besides the traditional environments ( J/ decay and central
production) also �pp annihilation at rest is a suitable laboratory to exploit, with
very high statistics, the search for gluon rich states.
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Figure Captions

1) �+�� invariant mass distribution from �pp annihilation at rest in a gaseous
hydrogen target at NTP (a) and in coincidence with X-rays (b) 5

2) �pp annihilation at rest in liquid hydrogen. �0��0 Dalitz Plot (a) and ��0

invariant mass with �t superimposed (b); the pure phase space shape is also
shown 12.

3) �pp annihilation at rest in liquid hydrogen. �0�0�0 Dalitz Plot (a) and �0�0

invariant mass with �t superimposed (b) 13.

4) �pp annihilation at rest in liquid hydrogen. �0�� Dalitz Plot (a), �� invariant
mass with �t superimposed (b), ��0 invariant mass with �t superimposed (c)
13.

5) �pp annihilation at rest in liquid hydrogen. �0�0� Dalitz Plot 13.

6) �pp annihilation at 3 GeV/c incident �p momentum. Dalitz Plots for �0�0�0

(a) and �0�� 20.

7) �pp annihilation at 1940 MeV/c incident �p momentum. �0�0 invariant mass
(a), �0�0�0 Dalitz Plot (b) �0�� Dalitz Plot (c), �� invariant mass (d) .

8) �np annihilation at 400 MeV/c incident �n momentum. �+���+ Dalitz Plot
(a) and �+�� invariant mass (b) 22.

9) pp! pf (�
+���+��)ps at 450 GeV/c. �

+���+�� invariant mass for the full
data sample (a) and for j t1 j� 0:15(GeV )2 and j t2 j� 0:15(GeV )2 (b); �+��

invariant mass �tted with f0(1500) (c) and with f0(1450) (d) 25.

10) J/ ! (�+���+��). �+���+�� invariant mass, �t with f0(1500) (a) and
without f0(1500) (b)

27.

11) ��p! ��n at 100 GeV/c. �� invariant mass 29.

12) �pp annihilation at rest in liquid hydrogen. Decay Dalitz plot for M(K �K�) >
1380 MeV (a), K �K� invariant mass after double charged combination subtrac-
tion (b) 40.

13) J/ ! (K �K�). K �K� invariant mass (a) Decay Dalitz plot for M(K �K�) >
1410 MeV (b) and for M(K �K�) > 1410 MeV (c) 41.

13) �pp annihilation at rest in liquid hydrogen. K �K� invariant mass with �t for
the one 0�+ (a) and two 0�+ (b) hypotheses 46.
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14) �pp annihilation at rest in liquid hydrogen. Scatter plots of ��� invariant
mass versus recoiling �� mass (a,b); ��� invariant mass for M(��) < 520 MeV
(insets) 49.
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