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The η → π+π−π0 decay with WASA-at-COSY
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Recently, a large statistics sample of approximately 3 · 107 decays of the η meson has been col-
lected with the WASA detector at COSY using the pd→ 3

He η reaction at beam kinetic energy
1 GeV. These data are being used to study the not so rare η decays involving charged pions, like
η → π+π−π0. This decay proceeds mainly via a strong isospin violating contribution, where the
decay width is proportional to the light quark mass difference squared, (md −mu)
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1. Introduction

The decay η → π+π−π0 is important since it allows access to light quark mass ratios. At lowest
order of chiral perturbation theory (ChPT) the amplitude is given by

A ∝
md−mu

F2
π

(
1+

3(s− s0)

m2
η −m2

π

)
, (1.1)

where Fπ is the pion decay constant, s = (pπ+ + pπ−)
2 = (pη − pπ0)2, s0 = 1

3(m
2
η + 3m2

π) and
mπ± = mπ0 = mπ . Since electromagnetic corrections are small [1, 2] this decay is a probe for the
strong isospin violation. The calculated tree level decay width, Γtree ≈ 70 eV [3], deviates more
than a factor of four from the PDG value Γ = 296± 16 [4]. Higher order diagrams are needed
which, among other things, take into account ππ final state interactions [5, 6, 7]. Alternatively, ππ

final state re-scattering can be implemented in dispersive approaches [8, 9, 10, 11, 12] as well as
other approaches [13]. The decay width scales as

Γ =

(
QD

Q

)4

Γ̄, (1.2)

where Q2 = (m2
s − m̂2)/(m2

d −m2
u), m̂ = 1

2(mu +md), and the decay width Γ̄ and QD = 24.2 are
calculated in the Dashen limit [14]. Q gives access to light quark mass ratios. The ratios serve also
as an important input for lattice QCD [15]. To derive Q, Γ̄ has to be known reliably from theory
which can be tested by comparing with the experimental Dalitz plot distributions. As Dalitz plot
variables

x =
√

3
T+−T−

Qη

, y =
3T0

Qη

−1. (1.3)

are used. Here T+, T− and T0 denote the kinetic energies of π+, π− and π0 in the η rest frame, and
Qη is the sum of the three kinetic energies. The standard way to parametrize the Dalitz plot density
is a polynomial expansion around x = y = 0

|A(x,y)|2 ∝ 1+ay+by2 +dx2 + f y3 +gx2y+ ... (1.4)

where a,b, ...,g are called the Dalitz Plot parameters. The most precise experimental result is
obtained by KLOE [16] with a Dalitz plot containing 1.34·106 events. Parameters b and f in [16]
deviate significantly from ChPT predictions. Independent measurements are therefore important
and WASA-at-COSY [17] aims at providing two independent data sets with η produced in pp and
pd reactions.

2. Experiment

The Wide Angle Shower Apparatus (WASA) is a near 4π detector situated at the COoler Syn-
chrotron (COSY) facility in Jülich, Germany. The design purpose of WASA is to study the pro-
duction and decay of light mesons. The detector consists of two major parts- the Forward Detector
and the Central Detector, covering polar angles from 3◦−18◦ and 20◦−169◦ respectively. In 2008
and 2009 WASA-at-COSY collected approximately 1 ·107 and 2 ·107 η mesons respectively, in the
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reaction pd → 3HeX at a kinetic beam energy of 1 GeV. The 3He is detected in the Forward De-
tector and identified from other charged particles by studying the deposited energies in consecutive
layers, as shown in the left frame of figure 1. By calculating the missing mass for 3He, a peak at
the η mass is seen, clearly distinguishable from other reactions which also contains 3He, shown in
the right frame of figure 1.

Figure 1: Experiment: (left) By studying the energy deposits in different layers of the forward detector and
applying a graphical cut 3He is selected. (right) Missing mass calculated for 3He gives 12 million η events
for the 2008 data with the full width of half the maximum less than 7 MeV.

Figure 2: Experiment: (left) Invariant mass of π+π−π0 for events in the η mass range of the missing
mass calculated for 3He after timing, vertex and kinematical conditions have been applied. (right) Missing
mass calculated for 3He before (blue) and after (red) kinematical fit has been applied. The number of
η → π+π−π0 candidates after kinematical fit amounts to approximately 2.1 ·105. The full width at half of
the maximum of the η peak before and after kinematical fit is 6.1 MeV and 5.9 MeV respectively.

To obtain η → π+π−π0 candidates, at least two particles of opposite charge and at least two pho-
tons with an invariant mass close to π0 are required to be detected in the Central Detector. To
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suppress mixing particles from different events, cuts on vertices and timing requirements are in-
cluded. To reduce background channels, mainly coming from pd→ 3Heππ reactions, conditions
on the missing mass calculated for 3Heπ+π−, 3Heπ0 and π+π− are applied. The experimen-
tal resolution is better for the η four-momenta of 3He compared to the information derived from
the η decay products measured in the Central Detector. To improve the resolution for the four-
momenta of the η decay products and to further reduce background, a kinematical fit for the reac-
tion pd→ 3Heπ+π−γγ has been used keeping events above the 1% level of the probability density
function. This improves the full width at half the maximum of the invariant mass of the 3π peak
from approximately 70 MeV to 6 MeV. The preliminary analysis gives 2.1 · 105 η → π+π−π0

candidates from the 2008 data sample after kinematical fit, shown in the right frame of figure 2.

Figure 3: Experiment: (left) Scatterplot of the missing mass calculated for 3He versus the Dalitz plot
content projected onto the y axis. (right) To obtain the number of η → π+π−π0 events in the Dalitz plot
bin, a polynomial fit is performed over the background region and then subtracted. In addition a double
gaussian may be used to fit the number of events in the peak region. The example shows the content for
−0.7≤ y≤−0.5.

The full width of half the maximum of the Dalitz plot variables x and y are both approximately
0.1. To obtain sufficient statistics in each bin, the Dalitz plot bin width 0.2 is chosen for both
variables. The main type of events populating the Dalitz plot is 3Heπ+π−π0 and η → π+π−π0.
The η content in each Dalitz plot bin is obtained by performing a four-degree polynomial fit over
the direct 3π background and the fitted polynomial is subtracted from the signal region as shown
in the right frame of figure 3. The number of η events in each bin is then corrected for acceptance.

3. Result

The preliminary acceptance corrected experimental results with statistical errors for the x, y projec-
tions of the Dalitz plot are compared in figure 4 to the distributions of the η→ π+π−π0 with Monte
Carlo weighted with the set of Dalitz plot parameters calculated for the leading order (LO) in ChPT
(solid blue line), next-to-next-to-leading order (NNLO) (dashed-dotted green line) and the central
values obtained by KLOE (dashed red line). The Monte Carlo results have been normalized to the
WASA experimental data. From the preliminary Dalitz plot projections the WASA data points are
in reasonable agreement with the KLOE experimental result.

4



P
o
S
(
S
T
O
R
I
1
1
)
0
5
0

η → π+π−π0 decay with WASA-at-COSY Patrik Adlarson

Figure 4: Acceptance corrected data points with statistical errors, projected on x (left) and y (right), com-
pared to Monte Carlo weighted with the Dalitz plot parameters for the leading order calculation (LO) in
ChPT (solid blue line), next-to-next-to-leading order (NNLO) (dashed-dotted green line) and the central
values obtained by KLOE (dashed red line). The Monte Carlo results are normalized to the experimental
data.

4. Outlook

The work on the pd data will be continued in order to obtain the Dalitz plot parameters for η →
π+π−π0. An effort will also be made to understand the systematical effects.

References

[1] D.G. Sutherland, Phys Lett 23, 384, (1966).

[2] C. Ditsche, B. Kubis, U-G. Meiner, arXiv:0910.0210v1 [hep-ph], (2009)

[3] W.A. Bardeen, et al., Phys Rev Lett 18, 1170, (1967).

[4] K.Nakamura et al., J Phys G 37, 075021, (2010).

[5] C. Roiesnel, T. Truong, Nucl Phys B 187, 293, (1981).

[6] J. Gasser, H. Leutwyler, Nucl Phys B 250, 539, (1985) .

[7] J.Bijnens, K.Ghorbani, JHEP 11, 030, (2007).

[8] A.Anisovich, H.Leutwyler, Phys Lett B 375, 335, (1996).

[9] J.Kambor, C.Wiesendanger, D.Wyler, Nucl Phys B 465, 215, (1996).

[10] J.Bijnens, J.Gasser, Phys Scripta T99, 34, (2002).

[11] G.Colangelo, S.Lanz, E.Passemar, PoSCD09 047,(2009), arXiv:0910.0765v1 [hep-ph].

[12] K.Kampf, M.Knecht, J.Novotný, M.Zdráhal, arXiv:1103.0982v1 [hep-ph] (2011).

[13] S.P. Schneider, B.Kubis, C.Ditsche, JHEP 1102, 028, 201 (2011), arXiv:1010.3946v2.

5



P
o
S
(
S
T
O
R
I
1
1
)
0
5
0

η → π+π−π0 decay with WASA-at-COSY Patrik Adlarson

[14] R. Dashen, Phys Rev 183, 1245, (1969).

[15] G.Colangelo, et al., arXiv:1011.4408v2 [hep-lat], (2010).

[16] F. Ambrosini et al (KLOE Collab.), JHEP 05, 006, (2008).

[17] H. H. Adam et al., arXiv:0411038 [nucl-ex] (2004).

6


