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Observation of Tensor and Scalar Mesons Produced in e+ e Annihilation at 29 GeV
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The production of the tensor mesons f"(1270) and K~(1430) and the scalar meson S(975) has

been observed in e+ e annihilation at 29 |Jet center-of-mass energy by use of data obtained with

the high-resolution spectrometer at the SLAC e+ e storage ring PEP. The mean multiplicities for
meson momenta greater than 1450 MeV/c are (n~) =0.11 +0.04, (n„~&, , ) =0.10+0.06, and

(ns) =0.05+0.02 per hadronic event. The fragmentation functions of the tensor mesons are in

good agreement with the predictions of the Webber cluster model. The data are consistent with a

predominant strange-quark content of the Smeson.

PACS numbers: 13.65.+i

The study of meson production in high-energy
e+ e annihilation is important for understanding
quark fragmentation and the detailed mechanisms that
lead to the meson states. The production of vector
and pseudoscalar mesons in high-energy e e annihi-
lation has been reported. ' From spin and statistics,
the number of directly produced vector mesons is ex-
pected to be 3 times that of their pseudoscalar
partners. This expectation is not supported by the data
and thus vector-meson production must be modified
by other effects. In the Lund string model, 3 the
suppression of the vector mesons has been explained
in part by the quark spin-spin interaction. 4 In the
Webber cluster model5 the higher masses of the vector
mesons lead to a phase-space suppression. The ques-
tion of whether similar effects occur in the production
of Jp~= 2++ states has not been answered because of
the lack of data. 6 In this paper we report the first mea-
surements in e+e annihilation at Ws =29 GeV of
the production of the tensor mesons f (1270) and
K~(1430) from their decay channels ~+~ and
K -+m +, respectively.

We also observe the production of the scalar meson
S(975) through its sr+a decay channel. In the con-
ventional qq model of mesons, the S is a P-wave 0++
state. Ho~ever, it has been soggested that it may be-

long to a low-lying qqqq nonet, 7 or that it may be a
purely gluonic state. s The possibility that the S meson
may be a four-quark KK bound state has also been
proposed. 9 The measurements of the scalar-meson
production in e+ e annihilation may help clarify the
above speculations.

For this analysis we have used a data sample corre-
sponding to an integrated luminosity of 300 pb col-
lected at the high-resolution spectrometer at the SLAC
e+e storage ring PEP. These data correspond to
about 120x103 hadronic events. The high-resolution
spectrometer detector consists of seventeen cylindrical
drift layers surrounded by a lead-scintillator shower
counter, all contained in a 16.2-kG solenoidal magnet-
ic field. A detailed description of the detector and the
selection procedures for the hadronic events have
been reported elsewhere. "o

To ensure a clean sample of hadronic events, several
criteria were imposed on the events and tracks. Only
those events for which the average momentum per
charged track was greater than 0.2 GeV/ wecre accept-
ed. Events with fewer than five tracks were rejected.
In all remaining events, tracks were rejected if they
failed to register in more than 50% of the drift-
chamber layers available to them, or if they formed an
angle with respect to the beam direction of less than
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26' or greater than 154'. Finally, it was required that
the tracks originate from the interaction point and that
their momentum transverse to the beam exceed 0.125
GeV/c.

Since no particle identification was used, all tracks
passing the above cuts were considered as pion and
kaon candidates and were used to calculate the n. +m

and K+-m * invariant masses. The doubly charged~-~- and K-~- spectra ~ere also generated. A
reduction in the combinatorial background of the mass
spectra was obtained by requiring that ~cos&'~ ( 0.65„
where 8' is the decay angle in the rest frame of the
two-particle system. This cut reduces the high com-
binatorial background observed for the two-particle
systems with one particle produced backward in the
rest frame. After the imposing of the above cuts, the
mass spectra obtained for doubly charged combina-
tions were parametrized by an empirical function" and
were subsequently subtracted from the corresponding
neutral-charge combinations. '2

Figure 1(a) shows the measured 7r+n mass spec-
trum between 0.64 and 1.62 GeV after subtraction of
the parametrized like-charge combinations. These
data were selected with x ) 0.2, where x is the frac-
tional momentum of the two-particle system (x=p/
pi,„).Figure 1(b) shows the equivalent spectrum for
the K7r combinations with mass between 0.8 and 1.62
GeV and with x & 0.2. The production characteristics
of the f, K~(1430), and S mesons were extracted
from these spectra by an overall fitting procedure.
The lack of particle identification means that the mass
spectra contain significant contributions from reflec-
tions due to misassignments. The mass spectrum of
Fig. 1(a) was fitted by our assuming contributions
from the p, S, and g signals, as well as reflections
from K+(892) and K~(1430). The fit also includes a
residual background term with the same functional
form as that used to fit the doubly charged mass spec-
tra. This additional term is required because of the re-
flections of various wide resonances and other sys-
tematic differences (such as long-range charge correla-
tions) between the neutral and doubly charged mass
spectra. The mass spectrum of Fig. 1(b) was fitted
with contributions from the K'(892) and K'(1430)
signals and their reflections, '3 and from the co,

'4 p, S,
and f reflections as well as a residual background.

Relativistic Breit-Wigner shapes with momentum-
dependent widths were used for the resonances. Re-
flected spectra were reconstructed from pure reso-
nance samples generated ~ith the Lund Monte Carlo
program'5 and processed through the full detector
simulator, with inclusion of all analysis cuts. These
were then parametrized by an empirical function. '6

The normalization factor of the parametrized K'(892)
(p) reflection relative to that of the p [K'(892)] sig-
nal in the m~ (K~) mass spectrum was fixed to the

0.8
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value determined from our Lund Monte Carlo-gen-
erated events. The parameters of the Lund Monte
Carlo simulation have been set to reproduce our previ-
ous measurements of vector mesons. ' The effect of
the reflection of S into the K7r spectrum was deter-
mined from the S signal in the m~ mass spectrum.

A different technique was used to fix the normaliza-
tion factors of the K'(1430) and f reflections. These
normalizations are important since the reflection of
K'(1430) in the 7rm combination falls directly at the

mass, and vice versa. Since the relative yields of
K (1430) and f have not been previously measured,
an iterative procedure was used. As a starting point,
the arm and Km mass spectra were simulataneously fit-
ted by the assumption that the yields of g and
K'(1430) mesons were the same. The resulting rela-
tive yields of the f and K'(1430) mesons were then
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FIG. 1. (a) vr+m mass spectrum after subtraction of the
doubly charged ~ -m —combinations. The solid curve is the
overall fit which includes resonances, reflections, and
phase-space background discussed in the text. Reflections
and background contributions are shown by the dashed and
dotted curves. Inset: 5-meson mass region with a smaller
bin size of 10 MeV. (b) Similar plot for the K-+7r + mass
spectrum after subtraction of the doubly charged K-+~ —+

combinations.
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used in a new fit. This process was repeated until
changes in the number of f and K'(1430) events
between two consecutive iterations were small. The
convergence of this iterative procedure is possible be-
cause of the significant differences in the widths of the
K'(1430) ( —100 MeV) and the reflection of f
( —300 MeV). It should also be noted that the fina
tensor-meson rates were not sensitive to the starting
values of the fitting procedure.

The solid curves in Figs. 1(a) and l(b) which show
the final fits have X2/d. o.f. of 32/29 and 35/28, respec-
tively. An increase of 20 (9) in the X2 resulted when
the fit on the mm (K7r) spectrum was repeated
without the f [K'(1430)] resonance term. In the n ~
spectrum the X2 was increased by 14 when the S
meson was ignored in the fit.

In Fig. 1(a) clear contributions can be seen from the

p, f, and S mesons. In the fits, the masses and
widths of the resonances were fixed to their estab-

lished values. '7 For the narrow S signal, the detector
mass resolution of 15 MeV was added to the width in

quadrature. The dashed curve in this figure shows the
contributions from the smooth background and the re-
flection from the K'(892) events. The area between
the dotted and dashed curves represents the reflection
of the K"(1430) peak.

In Fig. 1(b) the contributions from K"(892) and
K'(1430), whose masses and widths were again fixed
to the known values, are evident. The dashed curve in

this figure shows the contributions from phase-space
background and all the reflections except that of thej, which is indicated in the figure by the dotted curve.

To estimate the mass and the width of the narrow S
signal, we allowed these parameters to vary. The
above fitting procedure was repeated on the n m mass
spectrum with a narrower mass binning of 10 MeV.
The solid curve in the inset of Fig. 1(a) shows the
result of this fit in the S-signal region. After correct-
ing for the detector resolution, we find a mass of
978 + 9 MeV and a full width of 29 + 13 MeV for the S
peak. These values are in agreement with the world-

average values of 975 and 33 MeV. '7 To estimate the
masses and widths of the f and K'(1430), we used
the ~n and K~ mass spectra obtained for 0.4

( x & 0.7. This selection gave the most prominent
signals for the above resonances. By repeating the
overall fits and allowing the masses and widths of the
tensor mesons to vary, we measure mass values of
1288 +12 MeV and 1432 +34 MeV, and full widths of
170+352sMeV and 86+)s7 MeV for the f and K'(1430)
signals, respectively.

Differential cross sections were measured by our re-
peating the simultaneous fits to the mm and Km mass
spectra in different x intervals. Table I gives the scal-
ing cross sections [(s/P)der/dz] for f, K'(1430),
and S, where z is the fractional energy (E/Eb„). The
acceptances, which were calculated by Monte Carlo
techniques using the full detector simulation, were
typically —50%. The correction for the decay angle
(&') cut was made by our assuming isotropic decay in
the c.m. frame, ' and the established branching ra-
tios'9 were used to include contributions from other
decay channels. The error bars in Table I and in Fig. 2
are dominated by the systematic uncertainties coming
from the fitting of the mass spectra.

We have compared our results on the tensor mesons
with the predictions of the Webber cluster model. 5 In
this approach the production rates are determined by
the phase space available to the cluster decay, and so
the tensor mesons should be suppressed relative to the
lighter mesons. The scaling cross sections for f and
K'(1430) predicted by the Webber Monte Carlo simu-
lation are shown in Fig. 2 together with our data
points: The agreement is good. As a result of the
large numbers of low-momentum particles which pro-
duce overwhelming background for x ( 0.1, our
results have been extrapolated to the low-x region by
use of the shape predicted by the Webber Monte Carlo
simulation. We obtain total multiplicities of 0.14
+0.04 j and 0.12 +0.06 K'(1430) per hadronic
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TABLE I. Differential cross sections (s/P) do/dz (z = E/
Eb„) for f, S, and K~(1430) mesons for different x
values (x = p/pb„).

K* (l4&Q)

0.15
0.25
0.35
0.55

194 +86
80+35
71 +24
38 +12

98+30
67+21
25 +10

182 + 110
75+55
61 +45
9+5

(s//3)da/dz (nb GeV )
IC~(1430)

06
ioo

0 02 04 08
Z = E~EI3E;aM

FIG. 2. Sealing cross sections for the production of the f
and K'(1430) mesons. The solid curves are the predictions
of the %'ebber model.
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event, as compared to 0.95 +0.09 po and 0.63 + 0.10
K~(892) per hadronic event. Without this correc-
tion, i.e., for x & 0.1, the measured multiplicities are
0.11 + 0.04 f, 0.10 + 0.06 K"(1430), and 0.05 +0.02
S per hadronic event. We note that the S-meson mul-
tiplicity is measured to be lower than those of the
heavier f and K'(1430) mesons.

Since the 0++ states are not included in the present
version of the Webber Monte Carlo program, the mea-
sured S(975)-meson multiplicity has been compared
with the prediction of this model for the production of
the q'(985), assuming a pure ss quark content. The
model gives 0.033 +0.001 q' per event for x & 0.1, in
good agreement with our measurement of 0.05 +0.02
Sper event.

In summary, we observe the production of tensor
mesons f and K~(1430) and the scalar meson S in
e+e collisions at PEP. The measured fragmentation
functions are compared with those predicted by the
Webber cluster model for the production of tensor
mesons. These predictions, which are much flatter
than the vector-meson fragmentation functions, '2 are
able to explain our data. The multiplicities of the ten-
sor mesons are 10/o to 20% of the vector-meson multi-
plicities, thus signifying a large suppression. Since the
production of the tensor and scalar mesons is not in-
cluded in the present version of the Lund Monte Carlo
program, we have not examined this approach to the
production of these states. With the assumption of an
ss structure, the Webber Monte Carlo simulation
predicts a multiplicity for the g' which agrees well with
our measurement of the S. This may suggest a large
strange-quark component in the S structure, compati-
ble with an S-e ideal (or near-ideal) mixing. However,
a KK bound state, because of its coupling to an ss sys-
tem, cannot be ruled out. At present, other four-
quark systems and/or gluonic states proposed for the
S-meson structure cannot be examined by these data,
since no prediction on their production rates is avail-
able.
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