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The quark structure of the f2 (1270) meson has, for many years, been assumed to be a pure
quark-antiquark (q q̄) resonance with quantum numbers J P C = 2++ . Recently, it was proposed that
the f2 (1270) is a molecular state made from the attractive interaction of two ρ-mesons. Such a
state would be expected to decay strongly to final states with charged pions, due to the dominant
decay ρ → π + π − , whereas decay to two neutral pions would likely be suppressed. Here, we measure
for the first time the reaction γp → π 0 π 0 p, using the CLAS detector at Jefferson Lab for incident
beam energies between 3.6-5.4 GeV. Differential cross sections, dσ/dt, for f2 (1270) photoproduction
are extracted with good precision, due to low backgrounds, and are compared with theoretical
calculations.

There are several possible models in the literature for
the internal structure of the tensor meson f2 (1270). In
the standard quark model [1], it is a simple q q̄ pair with
spins aligned, S = 1, and one unit of orbital angular
momentum, L = 1. In spectroscopic notation, it is a
3
P2 state, with J = 2. The quark model groups particles of similar total spin J and parity P together, so the
f2 (1270) is the isosinglet in a nonet group that includes
the a2 (1320), K ∗ (1430) and f2′ (1525) mesons.
A different model, where the f2 (1270) is a resonance
dynamically generated from the interaction of two ρmesons, was introduced by Molina et al. [2]. Using this
model, Ref. [3] calculated the photoproduction cross section of the f2 (1270) decaying to π + π − and compared it
to the CLAS data [4] even though that comparison was
indirect (as explained below). This model has few free
parameters, which are mostly constrained by other data,
and so the agreement between theory and experiment offered an alternative explanation of the f2 (1270) structure
as a ρ-ρ molecule.
A third possibility is that the f2 (1270) mixes with the
lowest-mass tensor glueball [5], both having the same
J P C = 2++ . This model is based on ratios of the decay of J/ψ and ψ ′ to the γ + f2 (1270) final state. This
suggestion of glueball mixing in the f2 (1270) structure
has been contested by some authors [6], but a small mixing is still plausible in an effective field approach [7].
These differing ideas for the f2 (1270) structure motivate the need for more data starting from a simple initial state such as the photoproduction reaction γp →
f2 (1270)p. Here we report on this reaction from the g12
experiment, using the CLAS detector [8].
The reaction γp → f2 (1270)p → π 0 π 0 p is an excellent
channel to investigate the f2 (1270) resonance, since un-

like the π + π − decay channel, there is no ρ meson signal.
Therefore, extracting the f2 (1270) signal becomes easier, as it avoids large backgrounds. Given the indistinguishability of the two neutral mesons in the final state,
Bose-Einstein statistical rules act as a J P C filter, allowing only even-L partial waves to contribute to the final
state. This removes the dominant ρ background that
characterized past studies using the π + π − final state.
There are no published cross sections for f2 (1270) production from the γp → π 0 π 0 p reaction at small momentum transfers, where theoretical models based on Regge
exchange are applicable.
The first published analysis on the f2 (1270) meson was
in 1976 [9]. That paper investigated the π + π − channel,
which has a significant contribution from the ρ meson.
For the event yield extraction, all counts between 1100
and 1400 MeV were taken as belonging to the f2 (1270)
meson. Therefore, their event yield for the f2 (1270) includes some of the ρ meson background. In 2009, the
CLAS Collaboration measured the f2 (1270) [4] via its
π + π − decay, integrated over photon beam energies from
3.0 to 3.8 GeV. There, the D-wave part of the cross section was extracted in the presence of a large ρ-meson
background by using a partial wave analysis (PWA),
which had large uncertainties (error bars of ∼40%). A
recent theoretical paper [10] based on Regge theory used
these D-wave results to extract the f2 (1270) cross sections, which were compared with two models. These
models are compared to the new results below.
The present analysis utilizes a tagged photon beam [11]
with energy range 3.6 to 5.4 GeV on a 40-cm-long liquidhydrogen target, leading to the reaction γp → π 0 π 0 p.
The goal of this analysis is to learn about the structure
of the f2 (1270) through comparison of theoretical mod-
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els with the experimental cross section dσ/dt, where t is
the four-momentum transfer squared between the beam
photon and the outgoing proton. Since ρ decay to 2π 0 is
forbidden, a clean f2 (1270) signal is seen in the π 0 π 0 invariant mass spectrum, enabling fine binning of the cross
section for the incident beam energy as a function of t.
Data from the g12 experiment [12] were collected in
the spring of 2008 with the CEBAF Large Acceptance
Spectrometer (CLAS) [8] at the Thomas Jefferson National Accelerator Facility. The CLAS detector had
six superconducting coils that produced a toroidal field
around the beam direction. Six sets of drift chambers
(DC) determined the charged-particle trajectories, with
gas Cherenkov counters to distinguish electrons and pions, plastic scintillator bars to measure the time-of-flight
(TOF), and an electromagnetic calorimeter (EC) to detect neutrals and electrons. A plastic scintillator hodoscope (ST) surrounded the target to measure the start
time. A high-speed data acquisition system read out the
detector system. The photon beam flux was ∼ 107 /s.
The main trigger condition for the g12 experiment required the presence of one charged particle, defined as
a coincidence between one TOF hit and one ST hit in
the same CLAS sector, and two final-state photons in
different CLAS sectors, each defined as an EC hit above
a threshold of approximately 100 MeV. The efficiency of
the trigger system was evaluated from special minimum
bias runs and found to be on average εtrg = 83%. To account for the trigger efficiency dependence on the proton
impact point on the detector, a trigger efficiency map, as
a function of the proton three-momentum, was used for
small corrections to the cross-section normalization.
The data were filtered to select events that had four
neutral hits in the EC above a photon-energy threshold. One positively charged track was identified as a
proton, using the DC for its trajectory and the TOF to
get its speed. The tagged beam photon was selected to
be within 1.0 ns of the proton’s vertex time. Only events
with exactly one tagged photon satisfying this criteria
were further considered. These corresponded to a fraction f1γ = 86.5%. The final event yield was corrected by
a factor 1/f1γ to account for this effect. Fiducial cuts on
the active volume of the EC were applied to the four final state photons, and a vertex cut was applied to ensure
the proton’s track originated from the target volume. A
complete simulation of the CLAS detector was performed
to obtain the detection efficiency (or acceptance) of the
desired final state. The same analysis algorithm was used
for both data and Monte Carlo. Comparison of simulations (see below) and data corrected for a small (∼ 9%)
loss of the recoil proton detection probability in the ST.
The first part of the analysis was based on the same
procedures for the recent CLAS analysis of the γp →
π 0 ηp reaction described in Ref. [13]. A 4C kinematic
fit (four constraints, imposing energy and momentum
conservation) was used to select events belonging to the
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FIG. 1. Correlation between the invariant mass of the two
photon pairs for exclusive γp → 4γ p events. In each event,
γ1 and γ2 are the photons with the smallest opening angle.
The bottom-left cluster contains signal events from the γp →
π 0 π 0 p reaction.

exclusive γp → 4γp reaction, by introducing a cut on
the corresponding confidence level (CL). The kinematic
fit was tuned to the detector resolution to ensure a flat
confidence-level (CL) distribution above about 20% CL.
Events with CL<10% were rejected in both data and
Monte Carlo. The result was a clean sample of exclusive
events dominated by the π 0 π 0 p final state.
The following procedure was then adopted to isolate
the γp → π 0 π 0 p reaction [14]. First, the photons were
ordered event-by-event by naming γ1 and γ2 those with
the smallest opening angle; the other pair being named
γ3 and γ4 . This algorithm exploits the fact that, due to
the low pion mass and to the Lorentz boost, two photons originating from the same π 0 are expected to have
a smaller relative angle compared to two γ from different
parent particles. After ordering the photons, the Mγ3 γ4
and the Mγ1 γ2 distributions showed a clear peak corresponding to the π 0 π 0 topology. The result is reported
in Fig. 1, showing the correlation between the invariant masses of the two photon pairs, Mγ1 γ2 vs. Mγ3 γ4 .
A very clear π 0 π 0 signal is present, over a small background. The clean signal is a result of an EC threshold
cut, along with the CL cut and the coincidence timing
requirements.
The two-photons invariant mass distributions were fit
with a Gaussian function to determine the width of the
π 0 peak. After requiring that each 2γ invariant mass be
within ±3σ of the π 0 mass, the data was divided into
bins of the tagged photon energy Eγ and the squared
4-momentum transfer to the proton, t. Then the π 0 π 0
invariant mass was calculated for each event in a given
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FIG. 2. Result of the maximum likelihood binned fit to the
π 0 π 0 invariant mass distribution for two representative bins,
as reported in the panels. The red curve is the full fit PDF,
while the blue, green, and yellow curves represent, respectively, the f2 signal PDF, the phase-space background PDF,
and the low-mass background PDF.

bin.
The f2 (1270) event yield was extracted as follows [14].
An extended maximum likelihood binned fit was performed to all invariant mass distributions, using a Probability Density Function (PDF) modeled as the incoherent sum of a signal term for the f2 (1270) meson, and
two background terms, one for the invariant mass range
below the peak (in the region of the f0 (980) meson) and
the other for the range above the peak where incoherent (phase-space) production occurs. The f2 (1270) event
yield in each bin was then obtained as the integral of the
signal term. The signal PDF was obtained by simulating the γp → f2 p reaction, with the resonance line-shape
taken as a Breit-Wigner function with a mass of 1.26 GeV
and a width of 0.183 GeV. The resonance mass and width
were varied simultaneously in all bins to obtain the best
fit, and are consistent with the values found by the Particle Data Group [1]. One bin, at the lowest Eγ and
−t = 0.15 GeV2 , gave an unacceptable fit and was thus
removed from our sample. A fit example is reported in
Fig. 2, showing the π 0 π 0 invariant mass distribution and
the fit result for two different kinematic bins. The red
curve is the full fit PDF, while the blue, green, and yellow curves represent, respectively, the f2 signal PDF, the
phase-space background PDF, and the low-mass background PDF.

A custom event generator was used to produce Monte
Carlo events for this reaction, which were passed through
a realistic detector simulation and the same reconstruction chain as for the data. The invariant mass distribution of reconstructed Monte Carlo events, for the same
Eγ and t bins, was then used to derive the template for
the signal PDF. A similar procedure was adopted for the
high-mass background, which was obtained from a pure
3-particle phase-space distribution. Finally, the low-mass
background was effectively parameterized with a BreitWigner function, centered at the f0 (980) nominal mass
[1]. Additional fits were done by adding a template for
the f0 (1370), using the PDG values [1] for its mass and
width, but this changed the fits only by a few percent in
a few bins at high Eγ and high −t, leaving most f2 (1270)
yields nearly the same (within 1%). The systematic uncertainty associated with the fitting procedure was estimated at 4%.
The CLAS detector acceptance was modeled using a
computer program, GSIM, based on the GEANT software [15]. After applying the same cuts as in the data
analysis, the acceptance of the π 0 π 0 p final state ranged
between 0.4% and 2.2% for all kinematic bins. The acceptance was lowest for Eγ > 5.0 GeV and −t < 0.3 GeV2 .
From variations in the t-dependence of the f2 (1270) event
generator, we attribute a systematic uncertainty of 3% to
the detector acceptance.
The largest source of systematic uncertainty was the
beam flux, which was reported in detail in a previous
paper from the g12 experiment [16], with an uncertainty
of 6%. Other sources of systematic uncertainties include
the variation of kinematic cuts (3%), target properties
(1%), f1γ correction (0.9%), and branching ratios (<1%).
The overall systematic uncertainty is estimated at 8-10%,
depending slightly on the kinematic bin.
The differential cross sections, corrected for the
branching ratio to the π 0 π 0 final state, are shown in Fig. 3
as a function of −t for four ranges of Eγ (only statistical
uncertainties are plotted). In general, the cross sections
decrease with increasing beam energy, having the same
dependence on −t, with a maximum at −t = 0.35 GeV2 .
Even though the bin sizes in Eγ are smaller than for the
f2 (1270) measurement of the 2009 CLAS data from the
π + π − p final state [4], the present cross sections are much
more precise due to the lack of background from ρ-decay.
In comparison with the cross sections for f2 (1270) extracted [10] from the D-wave component of a PWA fit
to the 2009 data, the present cross sections are larger.
However, that D-wave strength had a large uncertainty,
due to the method of using a PWA fit in the presence of
a large background from the ρ-meson decay, whereas the
present results have a large signal on a small background.
The cross sections of Fig. 3 are compared with theory
predictions from model A of Xie and Oset [3], described
above, with one free parameter (the ρ-ρ coupling, which
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is fixed from other data). In particular, these are the
predictions of model A in Ref. [3], but calculated for the
incident photon beam energies of the present data. Although that model compared well with the experimental
results of Ref. [4], using the D-wave strength described
above (and for a different range of beam energy), it does
not agree with the present results. This suggests that a
more sophisticated theoretical model is necessary.
In Ref. [10], two tensor meson photoproduction models
have been developed. They differ by the helicity structure of the photon-tensor meson vertex. In the minimal
model, the tensor meson interacts via a point-like interaction with the photon, similar to the models of Refs. [2, 3],
resulting in curves very similar to Fig. 3. In the tensor

meson dominance (TMD) model, the tensor meson couples to a vector field via the stress-energy tensor. The
presence of a derivative in this latter interaction implies
a vanishing of the cross section in the forward direction
(t ∼ −0.1 GeV2 ). For each model, the two free parameters, the strength of the vector and axial-vector exchange
contributions, have been determined from a recent extraction of the a2 (1320) differential cross section [13].
The predictions of the TMD model for the f2 (1270) differential cross sections shown in Fig. 4 (scaled by a factor of 0.6 for ease of comparison) are calculated by using
isospin relations between the two tensor mesons. Note
that the minimal model is dominated by axial-vector exchanges and displays a milder energy dependence than
the TMD model, and so the minimal model shows a nonvanishing cross section in the forward direction. The
TMD model overestimates the data by roughly 40%.
However, the normalization of the effective coupling constants in the TMD model was determined by comparison with data on a2 (1320) photoproduction [13], so these
model parameters can be fixed by the experimental results. These new data thus call for a global theoretical
analysis of both a2 (1320) and f2 (1270) photoproduction.
At present, the energy and t-dependence of the CLAS
data, shown in Fig. 3, are more compatible with the TMD
model and strongly suggest the dominance of vector exchanges, whose contribution vanishes in the forward direction.
In summary, we have measured for the first time the
reaction γp → π 0 π 0 p at small four-momentum transfer t
and extracted differential cross sections for the f2 (1270)p
final state over four bins in photon beam energy. The results show an increase in the cross sections from tmin
up to −t ∼ 0.35 GeV2 , which then falls linearly up to
−t = 1.2 GeV2 . The t-dependence disagrees with predictions from the model of Xie and Oset [3], where the
f2 (1270) is described as a dynamically generated resonance from the attraction of two ρ-mesons. The data
agree better with the tensor meson dominance model of
Ref. [10], which includes both vector and axial-vector
exchange to the f2 (1270), assuming a quark-model structure (a q q̄ pair with quantum numbers S = 1 and L = 1,
coupled to J = 2). Further theoretical studies, which include both the present results and additional data on the
a2 (1320), are needed to more fully understand the photoproduction mechanism and hence the internal structure
of the f2 (1270) meson.
More experimental information on f2 (1270) photoproduction is also possible. The GlueX and CLAS12 detectors at Jefferson Lab can measure the same reaction
studied here, but using linear polarization and at higher
photon energies. In addition, the CLAS measurements
could be extended by utilizing circular polarization of
the photon beam, which would provide more information
about the reaction mechanism. For now, the present results are a significant step forward, providing the first
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high-precision cross sections with small bins in t, which
clearly distinguish between theoretical models based on
vector and axial-vector meson exchange.
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