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Abstract

The ηπ+π− final state in two-photon collisions is studied with the L3 detector at LEP, at centre-of-mass energies from 183 to
209 GeV with an integrated luminosity of 664.6 pb−1. The f1(1285) meson is observed and the Q2 dependence of its production
is compared to different form factor models. The γ γ -coupling parameter Γ̃γ γ is found to be 3.5 ± 0.6(stat.) ± 0.5(sys.) keV.
The branching fraction Γ (f1(1285) → a0π)/Γ (f1(1285) → ηππ) is also measured.  2002 Elsevier Science B.V. All rights
reserved.

1. Introduction

Resonance formation in two-photon interactions
offers a clean environment to study the spectrum of
mesonic states. In this Letter we study the reaction
e+e− → e+e−γ γ → e+e−f1(1285) → e+e−ηπ+π−
in untagged two-photon collisions where the outgoing
electron and positron carry almost the full beam
energy and are not detected. The data used for this
analysis were collected with the L3 detector [1] at LEP
at centre-of-mass energies,

√
s, between 183 GeV

and 209 GeV, corresponding to a total integrated
luminosity of 664.6 pb−1.

The TPC/Two-Gamma and Mark II Collabora-
tions observed the axial vector meson (J PC = 1++)
f1(1285) in single-tag events [2,3]. We previously
reported an indication of the formation of f1(1285)

in untagged events at LEP [4]. The f1(1285) de-
cay into ηππ is dominated by the two-body decay
f1(1285) → a0(980)π [5]. The world average for the
fraction Γ (f1(1285) → a0π)/Γ (f1(1285) → ηππ) is
0.69 ± 0.13 [5], although some experiments observed
only the a0π channel [6,7].

In the present analysis, the formation of f1(1285)

is studied as a function of the transverse momentum
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squared of the ηπ+π− system, P 2
T . To a good approx-

imation, P 2
T = Q2 where Q2 is the maximum virtual-

ity of the two photons. Production of a spin-one res-
onance is suppressed for real photons, according to
the Landau–Yang theorem [8]. An axial vector state
can be produced in collisions of transverse–scalar vir-
tual photons as well as of transverse–transverse pho-
tons, when one of them is highly virtual [9]. The γ γ -
coupling parameter Γ̃γ γ is defined as [2]:

Γ̃γ γ = lim
Q2→0

M2

Q2 Γ TS
γ γ ∗,

where M is mass of the resonance and Γ TS
γ γ ∗ is the

partial width for the transverse–scalar photon–photon
interaction.

The cross section for the formation of an axial
vector meson in two-photon collisions is described [9]
by:

σγγ→R = 24π
Γ̃γ γ Γ

(W 2 − M2)2 + Γ 2M2

(1)×
(

1 + Q2

M2

)
F̃ 2(Q2),

where W is the two-photon effective mass and F̃ is
an effective form factor. The Q2 dependence of the
resonance formation can be derived [9] using a hard
scattering approach [10] and the form factor written
as:

(2)F̃ 2(Q2) = Q2

M2

(
1 + Q2

2M2

)
2

(1 + Q2/Λ2)4 ,

where Λ is a parameter whose value is expected to be
close to the resonance mass [9].

Previous analyses [2,3] used the form [11]

(3)F̃ 2(Q2) = Q2

M2

(
1 + Q2

2M2

)
2

(1 + Q2/M2
ρ)2 ,
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where Mρ is the mass of the ρ-meson. The last factor
is the ρ pole in the vector dominance model (VDM).
The second factor of Eqs. (2) and (3) includes the
contributions from transverse–scalar and transverse–
transverse photons, respectively. Both models are
compared to our data.

2. Monte Carlo generators

Two Monte Carlo generators are used to describe
two-photon resonance formation: EGPC [12] and
GaGaRes [13].

The EGPC Monte Carlo describes the two-photon
process as the product of the luminosity function for
transverse photons [14] and the resonance production
cross section. The decay of the resonance is generated
according to Lorentz invariant phase-space. A Monte
Carlo sample of the f1(1285) meson is generated with
M = 1.282 GeV and full width Γ = 0.024 GeV [5],
for

√
s = 189 GeV. The events are passed through

the L3 detector simulation based on the GEANT [15]
and GEISHA [16] programs. Time dependent detector
inefficiencies, as monitored during the data taking
period, are also simulated. This sample is used to
obtain the selection efficiency.

The GaGaRes generator uses the exact matrix
element for resonance production, e+e− →
e+e−f1(1285) [9]. It describes the Q2 dependence of
axial vector meson production, according to the form
factor (2), and is used for comparison with the experi-
mental cross section. The Q2 distribution does not de-
pend on

√
s for the energy range investigated.

3. Event selection

Events from the process e+e− → e+e−ηπ+π−,
where only the decay η → γ γ is considered, are
selected by requiring two particles of opposite charge
and two photons, since the scattered electrons go
undetected at very small polar angles. A charged
particle is defined as a track in the central detector
with at least 12 hits, coming from the interaction
vertex within three standard deviations both in the
transverse plane and along the beam axis. The pions
are identified by the dE/dx measurement, requiring a
confidence level greater than 1%. A photon is defined

Fig. 1. The γ γ effective mass spectrum for events with a γ γπ+π−
effective mass less than 2 GeV.

as a cluster in the electromagnetic calorimeter of
energy greater than 0.1 GeV and with no track around
0.2 rad from its direction. Photons in the polar angular
range 0.21 < θ < 2.93 rad are considered. The most
energetic of the two photons must have energy greater
than 0.24 GeV. A clear η → γ γ signal is seen in the
two-photon effective mass spectrum, Fig. 1, where η

candidates are defined by the cut (0.47–0.62) GeV. The
asymmetry of the two limits relative to the η mass,
0.547 GeV [5], is due to a low energy tail of photon
energy deposition in the electromagnetic calorimeter.
To improve the ηπ+π− mass resolution, a kinematic
fit, constrained to the η mass, is then applied.

The selection results in 11254 events with a ηπ+π−
mass below 2 GeV. The ηπ+π− mass spectrum is
shown in Fig. 2 and presents a clear peak of the
η′(958) resonance near threshold and a peak between
1.25 GeV and 1.35 GeV, which we associate with the
f1(1285) meson.

4. Results

4.1. f1(1285) formation

To study the formation of the f1(1285) meson, the
data are subdivided into four P 2

T intervals, as shown
in Fig. 3 and listed in Table 1. Each spectrum is
fitted with a resonance plus a background function.
The resonance is described by the convolution of
a Breit–Wigner of width Γ = 0.024 GeV [5], with
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Table 1
Results of fits performed on the mass spectra of Fig. 3. For each P 2

T
range the number of events in the peak, the mass M , the overall efficiency

ε and the partial cross section �σ are presented. The uncertainties on the number of events and on the mass are statistical. The uncertainties
on the efficiency are, respectively, due to Monte Carlo statistics and trigger behaviour. The uncertainties on �σ are, respectively, statistical,
systematic and due to the final state branching ratio

P 2
T

(GeV2) Events M (GeV) ε (%) �σ (pb)

0.02–0.1 79 ±22 1.277 ± 0.007 2.97 ± 0.17 ± 0.15 28.9 ± 8.0 ± 2.7 ± 2.5
0.1–0.4 166 ±22 1.283 ± 0.004 3.13 ± 0.20 ± 0.16 57.7 ± 7.6 ± 5.3 ± 4.9
0.4–0.9 91 ±15 1.287 ± 0.004 3.35 ± 0.29 ± 0.25 29.8 ± 4.7 ± 3.8 ± 2.5
0.9–6.0 84 ±11 1.272 ± 0.004 3.30 ± 0.31 ± 0.38 28.2 ± 3.8 ± 4.3 ± 2.4

Fig. 2. The ηπ+π− effective mass spectrum for the selected
e+e− → e+e−ηπ+π− events.

a Gaussian resolution function of width 0.018 GeV,
estimated with Monte Carlo. The background is a
second order polynomial. The fit results are listed
in Table 1, the mass values obtained in the four
intervals are compatible within statistics with the mass
of f1(1285), 1.2819 ± 0.0006 GeV [5].

Besides the f1(1285) peak, Figs. 3b–d present a
structure at masses between 1.4 GeV and 1.5 GeV.
This structure has variable mass and shape in these
P 2

T intervals and almost disappears in the total spec-
trum for P 2

T > 0.1 GeV2, shown in Fig. 4a. Previ-
ously, the f1(1420) was observed in this mass region,
but only in the K
Kπ final state, decaying dominantly
into K∗K [5]. A similar fluctuation in the ηπ+π− fi-
nal state in the (1++) wave was also reported [7] and
interpreted as an interference effect with f1(1420), de-
caying to a0π . This structure is not considered further
in this Letter.

Fig. 3. The effective ηπ+π− mass spectra for different P 2
T bins.

Fits of a resonance on a second order polynomial background are
superimposed to the data.

The partial cross sections �σ for each P 2
T range are

calculated according to:

�σ = N

εLeeBR
,

where N is the number of events corresponding to
the peak, the overall efficiency, ε, is the product of
the selection efficiency, obtained from Monte Carlo,
and the trigger efficiency, evaluated using control
samples selected by independent track and higher
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Fig. 4. Search for the f1(1285) → a0(980)π decay mode. (a) ηπ+π− mass spectrum, (b) masses of both ηπ± combinations versus the ηπ+π−
mass, (c) the ηπ± mass projection of the f1(1285) region and (d) of its sidebands.

level triggers. Lee is the total integrated luminosity.
The trigger efficiency varies from 46% to 40% in
the P 2

T range from 0.02 to 6.0 GeV2. The branching
ratio BR = 0.1396 ± 0.0119 includes BR(f1(1285) →
ηππ) = 0.528 ± 0.045 [7], BR(η → γ γ ) = 0.3933 ±
0.0025 [5] and the isospin factor (π+π−)/(ππ) =
2/3.

Table 1 lists the values of ε and �σ . The overall
efficiency is independent of

√
s, since just two-photon

collisions are considered and only the low energy parts
of the virtual photon spectra contribute to the process.
Systematic uncertainties on �σ are presented in Ta-
ble 2. They include the uncertainty due to statistics
of the Monte Carlo and the trigger control samples,
the uncertainty due to background subtraction, esti-
mated with variation of the fit ranges and the uncer-
tainty from event selection. The last is estimated by
varying the η mass range and the energy threshold for
the most energetic photon.

Table 2
Breakdown of the �σ systematic uncertainties, in %, for each P 2

T
range, as described in the text

P 2
T

(GeV2) Efficiency Background η selection Photon
selection

0.02–0.1 7.7 3.9 3.4 0.4
0.1–0.4 8.1 3.4 2.6 0.5
0.4–0.9 11.5 4.9 1.2 1.1
0.9–6.0 14.8 2.7 1.2 0.2

4.2. Q2 dependence

The experimental differential cross section of
f1(1285) production as a function of Q2 is presented
in Fig. 5 and compared to the GaGaRes Monte Carlo
prediction. First, the mass parameter Λ in the form
factor of Eq. (2) is fixed to the resonance mass, M =
1.282 GeV. Normalising the Monte Carlo histogram
to the experimental cross section in the measured in-
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terval 0.02 � P 2
T � 6.0 GeV2, a confidence level of

2% is found. A fit of the GaGaRes prediction is then
performed, where Λ and Γ̃γ γ are free parameters. It
gives:

Λ = 1.04 ± 0.06 ± 0.05 GeV,

Γ̃γ γ = 3.5 ± 0.6 ± 0.5 keV,

with a confidence level of 91% and correlation coeffi-
cient −0.89. The first uncertainty quoted is statistical
and the second is systematic. The uncertainty on Γ̃γ γ

includes the uncertainty on BR(f1(1285) → ηππ).
By using the fitted values of Λ and Γ̃γ γ , we

extrapolate the measured cross section to the full P 2
T

range with GaGaRes, obtaining the value:

σ
(
e+e− → e+e−f1(1285)

) = 155 ± 14 ± 16 pb,

where the first uncertainty is statistical and the second
is systematic. This value refers to a luminosity aver-
aged

√
s of 196.6 GeV.

We also compare the experimental results to the
predictions, obtained with the formalism of Ref. [11],
using the form factor defined in Eq. (3). Normalising
the prediction to the experimental cross section, a con-
fidence level below 10−9 is found. The incompatibil-
ity of the differential cross section shapes is evident in
Fig. 5.

4.3. f1(1285) → a0(980)π branching fraction

To search for the decay f1(1285) → a0(980)π we
select only data with P 2

T > 0.1 GeV2. The corre-
sponding ηπ+π− mass spectrum is shown in Fig. 4a.
In Fig. 4b, both ηπ± mass combinations are plot-
ted versus the ηπ+π− mass. An accumulation of
events with ηπ± mass around 0.98 GeV is observed
correlated with the f1(1285). The a0(980) signal is
evident in Fig. 4c, where the f1(1285) mass re-
gion is selected, 1.22 < M(ηπ+π−) < 1.34 GeV. No
signal is observed in the sideband regions 1.12 <

M(ηπ+π−) < 1.22 GeV and 1.34 < M(ηπ+π−) <

1.41 GeV, Fig. 4d. In order to evaluate the a0π con-
tribution to the f1(1285) signal, the ηπ± spectrum
is fitted with a resonance plus a background func-
tion as shown in Fig. 4c. The resonance is the con-
volution of a Breit–Wigner with a Gaussian resolu-
tion with width 0.014 GeV, estimated from Monte
Carlo. The background function is obtained from the

Fig. 5. Experimental differential cross section dσ/dQ2 compared to
calculations of the GaGaRes Monte Carlo (dashed line) and to the
calculations of Cahn [11] (dotted line). The full line is a fit of the
data with the GaGaRes model, with Λ and Γ̃γ γ as free parameters.

f1(1285) sidebands of Fig. 4d. The fit gives M =
0.985 ± 0.004(stat.) ± 0.006(sys.) GeV, Γ = 0.050 ±
0.013(stat.) ± 0.004(sys.) GeV and 318 ± 47(stat.) ±
29(sys.) events. The fitted mass is in good agreement
with the world average M = 0.9852±0.0015 GeV [5].
The systematic uncertainties are obtained from the
variation of the f1(1285) and sideband mass limits and
from variation of the P 2

T cut. A fit to the correspond-
ing ηπ+π− mass spectrum of Fig. 4a gives 313 ±
29(stat.) ± 6(sys.) events in the f1(1285) peak, where
the systematic uncertainty is due to background sub-
traction. Thus the observed number of f1(1285) events
is compatible with 100% decay into a0π . Taking
into account the statistical and systematic uncertain-
ties, the measured branching fraction Γ (f1(1285) →
a0π)/Γ (f1(1285) → ηππ) is found to be greater than
0.69 at 95% confidence level.
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