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Abstract: An overview is given of a number of resonance production prosesses in two-

photon collisions studied with the L3 detector at LEP. The K0K±π∓ and K0SK
0
S final

states are analysed using data collected at centre-of-mass energies up to 202 GeV. The

preliminary status of the analyses of the π+π−π0 and ηπ+π− channels using all available
LEP data is also presented. The contributions from the different spin and helicity states

to the signal are determined by comparing the data to the MC prediction. The Q2-

dependence of the differential cross section is studied and the cross section measurement

is used to determine the two-photon width times branching fraction. When no signal is

observed in the region of a known meson, upper limits on this quantity are derived. Also

the possible production of glueball candidates is investigated.

1. Introduction

Resonance production in two photon collisions, e+e− → e+e−γ∗γ∗ → e+e−R, offers a clean
environment to study the spectrum of light mesonic states. Since the outgoing electron and

positron are scattered at very small angles, the virtual photons exchanged in the process

are quasi real. In this case, the maximum virtuality of the photons, Q2, can in a good

approximation be written as Q2 ' P 2T , where P 2T is the square of the sum of the transverse
momenta of all the particles in the final state. In such processes, C-even mesons can be

produced, which have dominantly spin 0 or 2 at Q2 ' 0. It is also possible to form spin 1
particles at higher virtualities.

2. The π+π−π0 final state

This preliminary analysis [1] uses the data collected at centre-of-mass energies between 183

GeV and 209 GeV, corresponding to an integrated luminosity of L = 682.6 pb−1.
The events satisfying the requirement of two tracks in the central tracker and two

isolated electromagnetic clusters pass the selection. The dE/dx measurement of the tracks,

originating from the primary vertex, must correspond to the π hypothesis with a confidence
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level C.L.(π) > 10%. The reconstructed mass of the two photonsM(γγ) has to be between

105 MeV and 165 MeV to be consistent with the π0 mass.

The cross section is calculated as a function of the effective mass of the three pions

M(π+π−π0) and this spectrum, dominated by the a2(1320), is compared with the one
obtained by ARGUS [2] in 1 a). There is in general a good agreement, except for the

region just above 1.1 GeV.

A partial wave analysis is per-
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Figure 1: a) Cross section for γγ → π+π−π0 compared
with the ARGUS [2] results; b) the contributions ob-

tained by the partial wave analysis from the a2(1320)

and the π(1300) and c) from the a2(1750).

formed on the 1998 data, correspond-

ing to L = 176.7 pb−1. This model
assumes the production of a reso-

nance with a subsequent two-body

decay, γγ → R → R′π, with R′ →
ππ. The resonance R can be a state

with JP = 0−, 2+ or 2−, and the
intermediated resonances R′ consid-
ered are the ρ(770), f2(1275) and

the σ-resonance (f0(400 − 1200)), a
parametrisation of the broad com-

ponent in the S-wave ππ-amplitude.

A likelihood is constructed from the

amplitudes for resonance production,

which are parametrised as a sum of

Breit-Wigner resonances. An unbinned maximum likelihood fit is then performed to de-

termine the contributions from the various resonances.

Figures 1 b) and c) show the three largest contributions to the cross section. It can

be clearly seen that the dominant contribution comes from the JPC = 2++ state a2(1320).

In this mass region however, the JPC = 0−+ state π(1300) needs to be included to have a
satisfactory description of the data. In the 1750 MeV mass region, a contributions from the

JPC = 2++ state a2(1750) is also found. The fit further improves when the π2(1670) and

the π(1800), JPC = 2−+ and 0−+ respectively, are included. This needs to be confirmed
by including the data taken at higher centre-of-mass energies.

3. The ηπ+π− final state

The analysis of the events satisfying P 2T < 0.02 GeV
2 uses the data up to 202 GeV [3],

whereas preliminary results using data up to 209 GeV [4] are presented for events with

P 2T > 0.02 GeV
2.

The selection is quite similar as for the π+π−π0 channel: events with 2 tracks and 2
photons are selected. However, the mass of the two-photon system is now required to be

near the η mass: 0.47 GeV < M(γγ) < 0.62 GeV.

The η′(958) at threshold and the f1(1285) peak can clearly be seen in the mass spec-
trum for all the selected events using the full LEP2 data set (fig. 2 a)). The mass spectrum

for events with P 2T < 0.02 GeV
2 (fig. 2 b)) shows no signal for the η(1440) or η(1295) so
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that 95% C.L. limits can be derived for the ηππ decay: Γγγ(η(1440)) × BR(η(1440) →
ηππ) < 95 eV and Γγγ(η(1295)) × BR(η(1295) → ηππ) < 66 eV.
The data with P 2T > 0.02 GeV
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Figure 2: The ηπ+π− mass spectrum a) for the full
LEP2 data set and b) in the 1.1 to 1.6 GeV mass region

for data up to 202 GeV with P 2T > 0.02 GeV
2.

is subdivided into four P 2T intervals

and each spectrum is fitted with a

resonance plus a background function.

The measured differential cross sec-

tion for each P 2T interval is fitted with

the GaGaRes [5] prediction, contain-

ing two parameters. The first one is

the gamma-gamma coupling param-

eter Γ̃γγ , as defined in [6], and the

second is the Λ parameter used to describe the Q2-dependence in the hard scattering ap-

proach [7]. Leaving both Λ and Γ̃γγ as free parameters leads to Λ = 1.06±0.12±0.09 MeV
and Γ̃γγ = 3.3±0.6±1.1 KeV, where the first error is statistical and the second systematic,
with C.L. = 89%. A χ2 comparison using the approach of the vector dominance model at

the ρ-pole [8], gives C.L. < 10−9.

4. The K0K±π± final state

The total integrated luminosity of L =499 pb−1 used for this analysis [3] was taken at
centre-of-mass energies between 183 GeV and 202 GeV.

Events with four charged particles are selected, from wich two must come from a K0S
decaying into π+π− at a secondary vertex. The dE/dx measurement of the other two
tracks must have a combined confidence level C.L.(K±π±) > 1%.
Figures 3 a)-d) show the mass
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Figure 3: a)-d) The K0K±π± spectrum divided into
four different P 2T intervals and e) the differential cross

section for the 1440 MeV mass region as a function of

P 2T .

distribution subdivided into 4 P 2T in-

tervals. The spectra are fitted with a

Gaussian for the signal plus a second

order polynomial for the background.

Each interval shows a clear signal in

the 1440 MeV region which can come

from the η and/or the f1. At higher

values of P 2T , a peak starts to appear

between 1.2 and 1.3 GeV, identified

with the f1(1285).

In order to determine the differ-

ent contributions to the 1440 MeV

peak region, the differential cross sec-

tion dσ/dP 2T for each P
2
T interval is

calculated and compared to the GaGaRes [5] prediction (fig. 3 b)). Both the hypotheses of

a pure pseudoscalar η(1440) or a pure axial vector meson f1(1420) lead to low confidence

level values. However, a value of about 9% is obtained if we allow the simultaneous pres-
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ence of both mesons. For P 2T < 0.02 GeV
2, the sample is dominated by the η(1440), and

from the cross section measurement it follows that Γγγ(η(1440))×BR(η(1440) → KK̄π) =
212 ± 50(stat)± 23(sys) eV.

5. The K0SK
0
S final state

For this channel, a total luminosity of L = 588 pb−1 is analysed [9], comprising the centre-
of-mass energies from 91 GeV up to 202 GeV.

Only events are selected where both kaons decay into two charged pions, originating

from a secondary vertex (K0SK
0
S → π+π−π+π−).

The first of the three peaks seen in the K0SK
0
S
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Figure 4: The K0SK
0
S mass spectrum

mass spectrum (fig. 4) comes from the f2(1270) and

the a2(1320) tensor mesons and is small due to their

destructive interference [10].

The second and largest signal comes from the

formation of the f ′2(1525) tensor meson. The polar
angle of the two K0S ’s in the two-photon centre-of-

mass system is compared to the Monte Carlo pre-

diction in order to determine the spin and helicity

composition in the 1400 to 1640 MeV region. Under

the hypothesis of a (J = 0) or (J = 2, λ = 0) state,

the confidence levels are less than 10−6, whereas as-
suming (J = 2, λ = 2) leads to a value of 99.9%. Us-

ing the latter assumption, Γγγ(f
′
2(1525))×BR(f ′2 →

KK̄) = 76 ± 6± 11 eV is obtained.
A similar analysis is performed in the 1640 to 2000 MeV region to measure the spin

composition of the fJ(1710). Under the assumption of a pure (J = 2, λ = 2) state, a

confidence level of 24% is obtained, while including a (J = 0) fraction of 25± 16% gives a
68% confidence level and one obtains Γγγ(f

′
2(1750)) × BR(f ′2 → KK̄) = 49 ± 11 ± 13 eV.

The 2++ wave may be due to the formation of the first radial excitation of a tensor meson

state, while the 0++ part may find its origin in a ss̄ state.

6. Glueball searches

The two-photon width of gluonium, a bound state of gluons predicted by QCD, is expected

to be small since gluons do not couple directly to photons. This is quantified by the

stickiness SR [11], where the radiative width of the J into a resonance R is compared to

the two-photon width of this resonance. A large stickiness is expected for a gluon rich

state. Another parameter often used is gluiness GR [12], to quantify the ratio between the

two-gluon and two-photon width and is expected to be near unity for a qq̄ state.

A good candidate for the ground state tensor glueball is the ξ(2230) since it is produced

in a gluon rich environment and its mass is close to the lattice QCD predictions. The K0SK
0
S

mass spectrum (fig. 4) does not show any enhancement around the ξ(2230) mass region.
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Under the hypothesis of a pure (J = 2, λ = 2) state, the upper limit of Γγγ(ξ(2230)) ×
BR(ξ → K0SK0S) < 1.4 eV at 95% C.L. is obtained, which results in a lower limit on the
stickiness of Sξ(2230) > 74. This large value supports the interpretation of the ξ(2230) being

a tensor glueball.

Also the η(1440) has been suggested as a glueball candidate. From the measurement

of the two-photon width Γγγ in the K
0K±π± final state (section 4), the stickiness is

determined to be Sη(1440) = 79 ± 26 and the gluiness Gη(1440) = 41 ± 14. The upper limit
from the ηπ+π− channel (section 3) on Γγγ results in the 95% C.L. lower limits Sη(1440) > 87
and Gη(1440) > 45. These values indicate a large gluon admixture of the η(1440) , but the

lattice QCD prediction of the ground state pseudoscalar gluonium is around 2 GeV.

7. Conclusions

Two-photon collisions are a powerful tool to clarify the complex region of low mass reso-

nances. Extensive studies of the production of meson resonances at L3 have improved the

measurements of their two-photon widths significantly. Another result is the better descrip-

tion of the Q2-dependence of the differential cross section. Furthermore, these processes

can help to investigate the nature of glueball candidates.
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