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Abstract

Invariant mass distributions of the π+π−e+e− and e+e−e+e− decay chan-
nel of the η–meson have been predicted by chiral unitary approach calcula-
tion [1,2] and the experimental tests have been started using the WASA–at–
COSY facility. Leptonic decays of η mesons provide information about the
dynamics of these processes; it is also experimental preparation for studies
of charged η′ decays.
In this work we present the tracking detectors of the WASA–at–COSY [3]
experiment, consisting of straw chambers which are crucial for the analysis of
charged decays. We describe the first steps of the analysis performed so far.
The chambers are equipped with newly designed fast electronics to improve
the performance of these detectors.

1 Front–end electronics and data readout

There are two straw chamber detectors in the WASA detector setup [3]: the
Mini Drift Chamber (MDC) and the Forward Proportional Chamber (FPC).
The MDC, as a vertex detector, is placed in the central part of the setup and
delivers timing information, as well as track coordinates and the momentum
for charged particles. The FPC is placed in the forward part and provides
track coordinates and angular information for particles leaving from the in-
teraction point between 3◦-18◦ with respect to the beam axis.
Straw chambers are connected to the DAQ (Data Acquisition System) via the
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amplifier-discriminator chip CMP-16 [4,5]. The panels with CMP-16 were de-
signed for the MDC and FPC according to the geometry of the chambers and
their location in the WASA setup. CMP-16 panels for the FPC are mounted
directly on the support structure for the FPC straws. The CMP-16 board is
based on the analog-digital converter chip with 16 channels which transforms
analog signals to LVDS standard. It can run at very high speed at reduced
electromagnetic noise. The transfer characteristics of the amplification and
discimination are presented in [5]. For the readout electronics, 64 channel
time–to–digital converter based on the F1 TDC chip from ACAM [4, 6] is
used. Presently, the WASA DAQ system is able to read out typically 10 k
events per second [7].

2 Event identification technique

Tagging of the pp → ppη reaction in the WASA–at–COSY setup is realized
in the forward detector by requiring two protons from the same event. The
FPC delivers precise information for the proton tracks. Events are selected
by requiring the missing mass of the two protons close to the η meson mass.
The identification of electrons and pions is accomplished by using a correla-
tion plot of deposited energy in PSB (ΔE) or in the electromagnetic calorime-
ter (E) and the momentum of the reconstructed tracks from MDC (P ). The
reconstruction of the track vertices of e+e− and π+π− - pairs efficiently sup-
presses background which orginates mainly from π+π−π0 → π+π−γ and γ
conversion on the 1.2 mm thin beam pipe. The (ΔE − P ) method will be
used as a main criteria to find π+π−e+e− and e+e−e+e− candidates. Fig. 1
documents the application of the method to data. Pions and electrons have
been separated successfully.

3 Physics background

Decays of the η and η′ mesons are good tools to investigate symmetries and
anomalies in nature [8,9]. In this work we restrict ourselves to the π+π−e+e−

decay and double–Dalitz e+e−e+e− decay which are driven by the box and
triangle anomalies of QCD, respectively. They probe the transition form fac-
tor of the η as a dynamical property of the decaying η meson. One goal in
the study of the π+π−e+e− η decay channel is to investigate the invariant
mass distributions of e+e− and π+π−, respectively, which can test predic-
tions obtained within the Unitary Chiral Perturbation Theory approach [2].
The decay η → e+e−e+e− will probe Double Vector Meson Dominance by
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Figure 1: Sign–momentum and (ΔE − P ) applied to the April 2007 data
sample; 10 percent of data have been evaluated for this plot.

exctracting the transition form factor as a function of the invariant mass
squared of the two virtual photons -F (q2

1, q
2
2). Such a measurement is im-

portant for understanding the anomalous magnetic moment of the muon and
kaon decays [8].

4 Summary and outlook

The first WASA–at–COSY production run has been carried out in April 2007
using a proton beam with a kinetic energy of 1400 MeV and the hydrogen
pellet target. A total 107 eta mesons have been registered and, according the
Monte Carlo studies of about 103 π+π−e+e− and 102 e+e−e+e− events are
expected.

167



M. Janusz and L. Yurev From charged tracks to ChPT anomalies

Acknowledgments

Essential help and explanations from B. Borasoy and R. Nissler are gratefully
acknowledged. We are grateful to M. Wolke, A. Kupsc for their valuable ad-
vice. Great thanks to M. Jacewicz for his fruitful help in the calibration of the
straw chambers. Many thanks to H. Ohm for hundred hours spent in labora-
tory who was very patient with us. Many thanks to V. Serdyuk for immediate
help concerning drift chamber construction and electronics. We acknowledge
the support of the German Research Foundation and the Polish Ministry
of Science and Higher Education under grants No. 3240/H03/2006/31 and
1202/DFG/2007/03.

References

[1] B. Borasoy, R. Nissler, Eur. Phys. J., A319 , 367-382, (2004).

[2] B. Borasoy, R. Nissler, Eur. Phys. J., A33, 95, (2007).

[3] H–H. Adam et al., e-Print: nucl-ex/0411038, (2004).

[4] H. Kleines et al., IEEE Trans. Nucl. Sci 53, 893 (2006).

[5] http://www-hep.phys.cmu.edu/cms/DOCUMENTATION/

[6] http://www.acam.de/fileadmin/Download/pdf/English/

[7] V. Hejny, Performance issues of the new DAQ system for WASA at
COSY, 15th IEEE Real Time Conference 2007 (RT 07), Batavia, Illi-
nois, 29 Apr - 4 May 2007.

[8] J. Bijnens, Goldstone boson production and decay, hep-ph/9710341
(1997).

[9] B. M. K. Nefkens, Rare and not–so–rare decays of light mesons Workshop
On Meson Production, Interaction And Decay, 6–11 May 1991. proc. ed.
by A. Magiera, W. Oelert, E. Grosse. World Sientific, River Edge, NJ
(1991), p. 40-64.

168


