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Crystal Barrel data for proton-antiproton annihilation in flight at 900 MeV /c are
presented. The channels pp — 370, 79707 and 7%7n are used to search for isoscalar
0t* and 21 mesons in the mass range 1500 — 2000 MeV. Both 370 and 7%nn
data sets require an isoscalar 21+ resonance decaying into 7079 and nn with mass
M = (1867 +46) MeV and width T’ = (385+58) MeV. The analysis of 7070 leads
to an isovector 2171 state decaying into 791 with mass M = (1698 & 44) MeV and
width T' = (265 & 55) MeV. The 37° and 7%nn data do not show any fo(1710).
This adds supportive evidence that this meson is mainly ss.

1 Introduction

Scalar (0*+) mesons overpopulate the mass spectrum below 2 GeV. Table 1
shows a possible SU(3) classification of these states. The low mass scalars are
interpreted as scattering resonances!. Alternatively, the ay(980) and f,(980)
are often referred to as KK molecules or ¢G> states 2. In the literature the
narrow fo(1500) and fy(1710) compete for being the ground state glueball.
Recent data in pp annihilation and in central production show that both the
fo(1370) and £,(1500) couple mainly to pions*® while fo(1710) couples mainly
to kaons®. I will show that f5(1710) is dominantly s5. This then adds evidence
for fo(1500) to be mainly gluonic, while fo(1370) is the ui + dd isoscalar meson
6, More complicated schemes have been proposed. For a detailed discussion
and for a bibliography see refs. 7:8.

I=1 I1=0 I=0 I1=1/2 Nature
ap(980) | fo(400 —1200) | f0(980) £(900) Scattering resonances
(or o)
ao(1450) | fo(1370) | fo(1710) | Kg (1430) P (qq)
fo(1500)
7 fo(2020) 7o(2200) | K¢ (1950) P Po(q7)

Table 1: Tentative SU(3) assignment of scalar mesons. The first isoscalar (second column)
couples strongly to pions, the second (third column) strongly to kaons. The “pionic” states
are very broad, except fo(1500), which appears to be supernumerary.



The tensor (271) ground state nonet is well established, but a tentative
classification of 2¥1 ¢g excitations, which lie above 1500 MeV, is not possible.
This is due to the lack of systematic data in two-body decays like 77, KK and
1M, in contrast to the low mass region below 1500 MeV, which was extensively
studied at LEAR. The 2++ glueball is predicted in the 2200 MeV region *.

2 Annihilation at 900 MeV /c

This paper presents the analyses of proton-antiproton annihilation data at 900
MeV /¢, corresponding to a c.m.s. energy of 2050 MeV, into the three final
states 700710, 7979 and 7%n, leading to six detected photons '°.

The analysis is based on 17.9 million events which were taken with the
all-neutral trigger during the last data taking run of Crystal Barrel at LEAR
in 1996. The offline analysis required completely reconstructed events with
exactly six clusters and no charged tracks.
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Figure 1: Left: Dalitz plot for pp — 370 (six entries per event) with f2(1270) (A), fo(1500)
(B), f0(980) (C). Right: Dalitz plot for pp — 7979 (two entries per event) with f2(1270)
(A), fo(980) (B), a2(1320) (C) and ao(980) (D).

The three annihilation channels were selected by applying kinematic fits
requiring also three pairs of 27 invariant masses to match the 7° or n masses.
For measurements in flight the annihilation vertex of neutral events was not
observed and had therefore to be determined by the kinematic fit. The data
and results presented here are at variance with the ones reported in ref. !
which assumed a vertex at the center of the detector.

The feedthrough from one channel to the other was determined to be
less than 0.7 %. The reaction pp — 7’w with w — 7%y (and a missing 7)
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Figure 2: Left: Dalitz plot for pp — 711 (two entries per event) with ao(980) (A), a2(1320)
(B), f0(1500)/f5(1525) (C). Right: nn mass projection showing the fo(1500)/f5(1525). The
long tail is due to the new f2(1870). The histogram is the final fit discussed in the text.

was the dominating background channel for 7%nn and 7°7°;. Background
contributions of 13 % to 7°nn and 3 % to 771 were estimated from the data.
The background in the 37% channel was negligible.

The symmetrised 7%7%7% Dalitz plot is shown in fig. 1 (left). One observes
the f5(1270), the fy(1500) and/or f5(1565). A faint dip in the 1500 MeV
band around 1000 MeV corresponds to the fy(980) interfering destructively
with the structure at 1500 MeV. Figure 1 (right) shows the Dalitz plot for
707%). One observes the f»(1270), the f3(980), the f2(1270), and the
a0(980). The symmetrised 7°nn Dalitz plot and the nn mass projections are
shown in Figure 2. One observes the a¢(980), the a2(1320), the f,(1500),
and/or f5(1525), and a band around 1000 MeV from the a((980). In the
region of the fy(1710), only the interference of the two a(980) bands can be
observed and no obvious signal is present (arrow D).

The data sets were analysed in the helicity formalism in terms of the
isobar model, in which the pp system is assumed to decay into the three-body
final states through a two-body intermediate state made of a resonance and a
spectator meson 2. The K-matrix formalism described the mass dependance
of resonances 13. Masses and widths of resonances were given by the complex
poles of the T-matrix.

The following initial partial waves were included in the analysis of the
present data: 1Sy, 3Py, 3Py 4+ 3Fy, 1Dy, and 3F3. The 7w 71 and nn S-waves
were parametrized by K-matrices with the parameters obtained at rest, where
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only 1Sy contributes 1%,

3 Results

The first description of 37Y included the 77 S-wave and the f»(1270). The fit
was then extended with a second pole in the 7w D-wave to test for a spin 2
meson. The fit clearly required a high-mass tensor state around 1870 MeV.
The best fit was obtained by parametrising the 77w D-wave as a K-matrix with
three poles: f2(1270), f2(1565) and a broad new tensor state with mass 1877
MeV and width 318 MeV, which we call f5(1870).

The first description of 7%7%n consisted of the nm S-wave, the f2(1270),
the ao(980) and a((1450) in the 7 S-wave, and the a5(1320). Crystal Barrel
reported in 7% at 1940 MeV/c an isovector state at 1660 MeV, decaying
into 7% '®. Hence this a2(1660) was introduced into the (1x1) K-matrix of
the mn D-wave as a second pole. The fit improved significantly. The a2(1660)
contributes with (7+2) % to the data and for this 27" isovector state we find a
mass of 1698 + 44 MeV and a width of 265 + 55 MeV, in excellent agreement
with our result in 7%9n at 1940 MeV /c 6.

The first description of 7°7n included in the 77 S-wave, the ao(980) and the
ap(1450), and the a5(1320) in the mn D-wave. Significant differences between fit
and data were observed for n7n masses around 1500 —1550 MeV and 1650 — 1800
MeV. To describe the nn peak at 1500 MeV, the tensor resonance f5(1525)
was introduced. A good agreement with data could be obtained in the high
mass region by adding a high mass tensor state with mass 1820 MeV and width
358 MeV. The mass and width of the latter agree with the ones found in the
analysis of 707970,

The nn invariant mass projection is shown in fig. 2. The data description
is good and there are no significant deviations. The fy(1500) contributes with
(10 £2) %, the f}(1525) with (1573) %. The inclusion of the fy(1710) in the
nn S-wave was not successful. Hence the fy(1710) is not required to describe
the 7%nn data set.

Since the analyses of 7°7%7% and 7%1n require a high-mass isoscalar tensor
state, the two data sets were simultaneously fitted with a common description
of the resonances, e.g. the fo(1870) (for 7°7"n this state lies far above the
phase space limit).

The fitted Dalitz plots and projections for the two data sets differ only
marginally from the ones obtained by the single fits. The T-matrix mass
and width of the isoscalar f2(1870) are 1867 + 46 MeV and 385 + 58 MeV,
respectively.



4 Discussion and conclusions

The analysis of pp — 771 clearly showed that the 1 D-wave wave requires
two poles, corresponding to the a2(1320) and its radial excitation as(1660).
The L3 collaboration analysing vy — 7nta~ 7" also reported a 27 isovector
state at a mass of 1750 MeV, decaying into 7t7~7° 17. The mass of our
a2(1660) is consistent with the L3 result within errors.

The fits of 7°7%7% and 777 including an f(1710) were not satisfactory.
In the best fit of pp — 37° the improvement of the log-likelihood was not
significant when the f(1710) was included. When mass and width of the
fo(1710) were fitted freely in the 7%7%7° and 7%n data sets, the resulting
object was broad and the other resonances became unstable. The conclusion
was drawn that the fo(1710) is not present. We derived an upper limit for
the contribution of the fo(1710) to 7°7°7% and 7%nn of 2.1 % and 2.6 %,
respectively, at 90 % confidence level, assuming a mass of 1715 MeV and a
width of 125 MeV 18,

The absence of a signal for this isoscalar points to a dominant s5 com-
ponent, as there are no known mechanisms suppressing uwii+dd scalars in pp
annihilation. The absence of fy(1710) in our data is therefore compatible with
an s5 assignment. Recent results in central production ® show that f,(1710)
prefers to decay into K K rather than into w7. This also points to an s3 inter-
pretation of the f(1710) and therefore suggests that this meson is the (mainly)
s5 member of the scalar nonet.

New data in vy collisions have been presented by the LEP collaborations.
L3 observes three peaks below 2 GeV in the KgKg mass distribution'®2°. The
lowest peak corresponds to f2(1270) and a2(1320), interfering destructively.
The amplitude analysis reveals the f}(1525) while fo(1500) is not observed.
Spin 2 is preferred for the third peak around 1760 MeV. However, a large
spin 0 component (as large as 50%) can be accommodated 2°. Note that the
isospin is not determined in the KgKg final state. We suggest that the 2+
state observed in 7y — KgKg is actually a3(1660) and that the smaller 07"
contribution is due to fy(1710).

These results in pp, 7y and central collisions strengthen the interpretation
of the fy(1500) as a glueball, or as a state with a large gluonic admixture in its
wave-function®2!: since fo(1500) does not couple strongly to K K it absence in
vy — KgKg is not surprising. However, the ALEPH collaboration, studying
the reaction vy — w7~ observes f>(1270) but not fo(1500)22. Since f5(1500)
has a large coupling to 77 this, together with its absence in KgKg, indicates
that fo(1500) is not produced in vy processes, as expected if fo(1500) is mostly
gluonic. We note that ALEPH does not observe fo(1710) either, but the data
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are not sensitive enough for ss states.

The 77%7° and 7%%n data sets require a high-mass tensor f(1870) de-
caying to 7°7% or nn. We do not confirm the narrow f»(1810) decaying into
7 18, What is this new state? The relative strength of the f5(1870) decaying
to nm and 7070 is 0.27 £ 0.10. This ratio is related to SU(3) mixing angles
6. One gets two solutions for the mixing angle 1, one being compatible with
a pure uti + dd state (6 ~ 35.3°), hence a radial excitation of the f»(1270).
Then f5(1565) and f2(1870) are both radial excitations but do not belong to
the same nonet. The other solution (6 ~ 15°) leads to a large s§ component for
f2(1870), in which case f2(1565), a2(1660) and f2(1870) could belong to the
23 P, nonet of radial excitations. The mass formula then predicts the kaon-like
state to lie around 1800 MeV. The ambiguity between the two mixing angles
could be resolved by measuring the nn and/or K K decay rates of the f»(1870).
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