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Search for exotic effects in η meson leptonic decays

Marcin Ber lowski∗ for the WASA-at-COSY Collaboration,

The Andrzej So ltan Institute for Nuclear Studies, 00-681 Hoża 69, Warsaw, Poland
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The search for the decay η → e+e− was carried out using the WASA detector at the
COSY storage ring. Data were taken during a two week experimental run in Sept-Nov
2008 in which about 107 η mesons were collected from the reaction of pp → ppη at
energy of 1.4 GeV. Background studies were performed for several different reactions. The

performance of the WASA detector for the measurement of electron-positron pairs based
on the single Dalitz decay of the η meson was studied. We also identified a statistically
significant data sample of other more frequent leptonic decays.
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1. Introduction

The aim of this project is the search for the very rare eta meson decay η → e+e−. In

the Standard Model, this decay proceeds dominantly through the electromagnetic

interaction. Branching ratio (BR) for the decay is suppressed relative to η → γγ by

α2 and by (me/mη)
2 from helicity conservation3:

BRtheo[η → e+e−] ∼ BR[η → γγ] · α2 · (me/mη)
2

The small probability of this fourth-order electromagnetic transition makes the de-

cay sensitive to hypothetical interactions that arise from physics beyond the Stan-

dard Model2−4. Today, the best limit BRexp < 2.7 · 10−5 at CL = 90% comes from

the CELSIUS/WASA experiment1. This number is five orders of magnitude larger

then the value predicted from the Standard Model calculations (BRtheo =∼ 10−9).

An observation of a signal above this level could be evidence for an unconventional

process which enhances this decay rate.

2. Experiment

The experiment WASA-at-COSY (at COoler SYnchrotron COSY) is located in the

Forschungszentrum Jülich. A unique target system of frozen hydrogen droplets and
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an internal proton beam was used. The target was designed with the aim to minimize

the photon conversion in the target material. The η mesons were produced in the

reaction pp → ppη at 1.4 GeV beam energy. We used a special trigger in which a high

energy deposit in both sides of the electromagnetic calorimeter was demanded. This

type of trigger should equally favor electromagnetic decays of η mesons like η → γγ,

η → e+e−γ, η → e+e−. Energies and angles of the protons emitted at small polar

angles are precisely measured in the forward detector. The decay products of the

mesons are studied with a nearly 4π central detector consisting of a drift chamber in

a magnetic field, a barrel of plastic scintillators and an electromagnetic calorimeter

(1012 sodium-doped CsI crystals).

3. Results

Using the η → γγ decay channel we estimate the number of η mesons collected in

the data sample to be ∼ 4.4 · 107. This number is approximately forty times larger

than the data sample used in the previous analysis1. It was found that the main

sources of background are pp → ppπ+π− due to a 100 time larger cross section and

pp → pp(η → e+e−γ) due to the same final state particles if the mass of the virtual

photon is large and the photon is not observed. We observe 1517 event candidates

in the data sample after full analysis which puts the branching ratio at the level

= 7.09 · 10−5 (if all events are coming from background). The Monte Carlo signal

acceptance (both reconstruction efficiency and geometrical acceptance) is 5.71%.

The background from the direct production of two charged pions is at the level

1.2± 0.6 · 10−5 and we expect 525± 263 events coming from this background. The

background from single Dalitz decays is at the level 1.22±0.23 ·10−7 and we expect

only 5.4± 1.0 events contributing to the η → e+e− background. Further studies of

pile-up contributions (event mixing) are needed.

4. Summary

At this stage of the analysis we cannot go below the present limit for the branching

ratio of the η → e+e− decay. There is further need for larger Monte Carlo samples

for better statistical error evaluation. Monte Carlo simulations for pile-up and an

estimate of the probability for those events is needed. The analysis of the new data

taken in 2010 will start this year.
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