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Abstract. The A2-Collaboration uses a beam of real photons from the tagged photon facility at the
electron accelerator MAMI in Mainz, Germany, to study photo-produced mesons. A new tagging
device allows access to the higher photon beam energy range of 1.4 to 1.6 GeV. A large dataset
containing more than 6 million η′ and roughly 29 million ω decays has been obtained. Analyses
are ongoing, including a study of the cusp effect and Dalitz plot in η′ → ηπ0π0, giving insight to
the ππ scattering length and the structure of the ηππ system, as well as the measurement of the
electromagnetic transition form factor in η′ → e+e−γ, a cross section measurement of γp → 3π0,
and branching ratio analyses of η′ → ωγ and ω → ηγ.

1 Introduction

The A2-Collaboration uses the tagged photon facility
at the Mainz Microtron MAMI [1] to study baryon
resonances, meson photoproduction and meson de-
cays.

After upgrading the existing experiment setup, a
large dataset containing more than 6 million η′ decays
has been obtained during 10 weeks of beam time in
2014. It serves as a rich base for many physics topics
to be studied. Analyses are ongoing, including the
measurement of the electromagnetic transition form
factor in η′ → e+e−γ is relevant for the understanding
of η/η′ mixing and theory of the anomalous magnetic
moment of the muon (see section 3.1). A study of
the cusp effect and Dalitz plot in η′ → ηπ0π0, giving
insight to the ππ scattering length and the structure
of the ηππ system (see section 3.2). Branching ratio
analyses of η′ → ωγ and ω → ηγ will provide input
for chiral effective theories (see section 3.3). The cross
section measurement of γp→ 3π0 will extend existing
data from previous measurements (see section 3.4).

2 Experiment

The electron beam produced by the MAMI multi-
stage racetack microtron has an energy Ebeam of up to
1.6GeV [1]. It is converted into bremstrahlung pho-
tons by a thin copper foil. The electron, together with
the unused portion of the beam, is bent away by the
tagging spectrometer magnet (see Fig. 1). The energy
of the scattered electron Escattered is measured by a
hodoscope, and the photon energy can be calculated:
Eγ = Ebeam − Escattered. Forming a time coincidence
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Figure 1. The photon tagging setup: Bremsstrahlung is
created by shooting electrons on a thin metal foil. The
energy of the scattered electrons is measured by a mag-
netic spectrometer. The specialized End Point Tagger is
mounted in front of the main tagger, followed by a correc-
tion magnet.

with the detector system of the experiment makes it
possible to energy tag the photons.

A new tagging device, the End Point Tagger, was
constructed in 2014. It focuses on the highest photon
energies of the bremsstrahlung spectrum from 1.4GeV
to 1.6GeV with a resolution of 3MeV. It is an ideal
tool to study rare and comparatively heavy mesons
like the η′ and the ω, produced in photo production
reactions off the proton (see Fig. 2). Together with
upgrades and fine-tuning of the readout system the
existing experimental setup could be turned into an
η′ factory.

The photon beam impinges on a 10 cm long cell
filled with liquid hydrogen, acting as a high density
proton target. The target cell is contained in a cryo-
stat and cooled down to temperatures below 20K.
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Figure 2. Sketch of photoproduction cross sections for
prominent mesons (points) in the energy range covered
by the Crystal Ball/TAPS experiment, together with the
energy distribution of the bremsstrahlung spectrum (line).
The End Point Tagger focuses on a narrow energy region
around the η′ threshold, while the main tagger covers a
wide range of the lower energies. This allows rejection of
the much more probable low energetic background events.
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Figure 3. The detector system: The calorimeters Crystal
Ball and TAPS cover over 96% of the solid angle. Addi-
tional particle identification detectors are located around
the target and in front of TAPS.

The target is surrounded by the main calorimeter,
the Crystal Ball [2]. It consists of 672 thallium doped
sodium iodine crystals (NaI(Tl)), forming a sphere.
The forward opening is covered by the TAPS detec-
tor [3], forming a wall of 366 barium fluoride (BaF2)
and additional 72 lead tungstate (PbWO4) crystals.
These detectors together cover over 96% of the full
solid angle (see Fig. 3) and are ideal for the mea-
surement of neutral final states. Both calorimeters

are equipped with additional detectors made out of
plastic scintillators, allowing particle identification by
measuring the energy loss of traversing charged par-
ticles. Additionally, a pair of cylindrical multi-wire
proportional chambers (MWPC) is located inside the
Crystal Ball. Due to the extremely high rates they
could not be used in the beam times mentioned above.
Table 1 summarizes the properties of the detector sys-
tem.

CB TAPS
Energy Resolution 2%

4
√

Eγ/GeV
0.8%√
Eγ/GeV

+ 1.8%

Crystals 672 438
Material NaI(Tl) BaF2, PbWO4

3 Analyses

3.1 Electromagnetic Transition Form Factors

The electromagnetic transition form factors (TFF) of
pseudo-scalar mesons are important input for solving
the mystery of the anomalous magnetic moment of the
muon [4] and better understanding the η/η′ mixing
[5].

Currently a 3.6 σ discrepancy exists between then
experimental observation [6] and theoretical predic-
tions of aμ = (g − 2)/2. The theory is limited by
QCD contributions [7, 8], consisting of hadronic vac-
uum polarizations and hadronic light-by-light scatter-
ing [9], where the transition form factors enter in the
description primarily through the light-by-light scat-
tering terms. The studies of meson decays allow the
measurement of the q2 dependent TFF in the time-
like region (q2 > 0). They appear as a modification
of the QED prediction of the differential cross section
for the point-like meson:

dσ
dΩ

=

(
dσ
dΩ

)
QED

· ∣∣F (q2)
∣∣2 (1)

Electromagnetic transition form factors of the π0 [10]
and η [11] meson have already been studied in previ-
ous experiments of the A2-Collaboration (see Fig. 4).
This experiment gives the opportunity of extending
the existing data set to higher energies and also study
the η′ TFF in the η′ → e+e−γ decay, to complete the
set of TFF of the light neutral mesons. The experi-
ment covers a wide q2 range in the time like region up
to q2 ≈ 0.7GeV2. This allows a fit containing the ρ
peak region which is not covered by competing experi-
ments [12]. A Monte Carlo simulation of the expected
q2 distribution is shown in Fig. 4. The analysis is still
ongoing.
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Table 1. Properties of the Crystal Ball/TAPS detector
system.
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Figure 4. Electromagnetic transition form factors previ-
ously studied at A2: a) Preliminary π0 TFF from π0 →
e+e−γ [10], b) η TFF from η → e+e−γ [11], c) Monte
Carlo simulation of the q2 distribution of η′ → e+e−γ,
together with a VMD fit and the QED calculation.
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Figure 5. a) Invariant mass spectrum corresponding to
one bin in the Dalitz plot. The peak from η′ → ηππ is
clearly visible above the background. b) One half of the
symmetric Dalitz plot, containing 1.3× 105 events.

3.2 Cusp Effect and Dalitz Plot

The large amount of η′ allows detailed studies of the
η′ → ηπ0π0 decay. Two analyses of particular interest
are the Dalitz plot analysis amd the search for the
cusp effect.

A Dalitz plot analysis reveals the full information
about the dynamics of a decay. The Dalitz plot vari-
ables X and Y for η′ → ηπ0π0 can be calculated from
the kinetic energies T and massesm of the decay prod-
ucts as follows:

X =

√
3(Tπ1

− Tπ2
)

Q
(2)

Y =
(mη + 2mπ)

mπ

Tη

Q
− 1 (3)

Q = Tπ1
+ Tπ2

+ Tη = mη′ −mη − 2mπ . (4)

Since the two pions, π1 and π2, are indistinguishable
both combinations have to be considered, making the
plot symmetric in X. This Dalitz plot is well suited
for testing extensions of chiral perturbation theory,
such as large Nc and resonance models [13, 14, 15].
The plot obtained during this experiment contains
1.3 · 105 events (see Fig. 5). This is a significant in-
crease in statistics compared to previous experiments
of the GAMS-4π (1.5 · 104 η′ → ηπ0π0 events) [16]
and BES-III (4.3 · 104 η′ → ηπ+π− events) [17] col-
laborations. The Dalitz plot parameters a, b, and d
can be extracted by fitting

|A|2 = |N |2 [1 + aY + bY 2 + cX + dX2
]

(5)

to the plot. The parameter c, describing the slope
in X, cannot be extracted since the plot in this case
is symmetric in X. The preliminary values from this
analysis are compared to previous measurements and
theory calculations in table 2.

A cusp effect, due to π+π− → π0π0 re-scattering,
has been predicted for η′ → ηπ0π0 [18] and is also
being studied with the data set. This kind of effect
was first observed in K+ → π0π0π+ by NA48/2 [19],
and has also been predicted for η/K0

L → 3π0 as a
few percent effect. The analysis of the cusp would
allow the determination of the S-wave π0π0 scattering
length [20, 21].

3.3 Branching Ratio Measurements

Reactions between pseudo-scalar and vector mesons
with a photon at the same vertex contain valuable
input for implementing vector mesons in chiral effec-
tive field theories. The goal is a consistent picture
of pseudo-scalar and vector mesons within the theory
and finding a way to set up a power counting for un-
stable particles which to fulfill additional constraints
due to spin 1 nature [15, 22].

The decay η′ → ωγ has a branching ratio of
2.75 ± 0.23% [23], and was measured by the BESIII
collaboration as (2.55 ± 0.03stat ± 0.16syst)% [24]. A
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Result a b d
A2 preliminary −0.073± 0.078 −0.072± 0.013 −0.054± 0.009
GAMS-4π −0.067± 0.016± 0.004 −0.064± 0.029± 0.005 −0.067± 0.020± 0.003
Large Nc extensions −0.098± 0.048 −0.050± 0.001 −0.092± 0.008
Resonance ChPT −0.098± 0.048 −0.033± 0.001 −0.072± 0.001

Figure 6. Branching ratio measurement of η′ → ωγ: Pre-
liminary invariant mass spectra from Monte Carlo (pure
signal sample) and Data (including background).

branching ratio measurement of this decay relative
to η′ → γγ is being performed on our data set with
about 104 estimated signal events. Preliminary invari-
ant mass spectra from Monte Carlo and experiment
data are shown in Fig. 6.

Additionally about 29 million ω mesons were pro-
duced during this experiment, which allows the mea-
surement of the ω → ηγ decay (Γi/Γ = (4.6 ± 0.4) ·
10−4 [23]). We are performing a relative measurement
to ω → π0γ, with an expected number of about 1500
signal events.

3.4 Photoproduction cross section of 3π0

The photo production process of three neutral pions
off the proton, γp → p 3π0, is a major background
for the other ongoing analyses. This reaction is also

Figure 7. Preliminary result of a previous experiment
measuring the three pion photoproduction cross section:
γp → p 3π0 [25].

interesting to study as a production process. It can
be described by the isobar model and involves a se-
ries of intermediate resonances. The cross section has
been analyzed in previous experiments [25] (see fig
7). With the obtained data set we can extend and
improve the previous results. Since the analysis is in
an early state no preliminary results can be shown.

4 Summary

With the specialized tagging spectrometer and the
upgraded detector readout of the Crystal Ball/TAPS
experiment a large data set of η′ and other mesons
was recorded in 2014. Analyses are now ongoing
within the A2-Collaboration: A study of the 3π0 pho-
toproduction cross section, a Dalitz plot analysis of
η′ → ηππ, including the search for a cusp effect, as
well as the measurement of the electromagnetic tran-
sition form factor in η′ → e+e−γ, and branching frac-
tion measurements of η′ → ωγ and ω → ηγ.
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