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Charge asymmetry and radiativeφ decays✩
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Abstract

The study of radiativeφ decays into scalar mesons, with subsequent decay intoππγ , constitutes an important topic at
the electron–positron collider DAPHNE. The interference of the respective amplitude with the one forπ+π−γ production,
where the photon originates from initial state radiation, will allow for unambiguous tests of models for theφ → γf0(→ ππ)

amplitude. The forward–backward asymmetry of charged pions, which is a clear signal of such an interference, amounts up to
30% and is at the same time quite sensitive to the details of the various amplitudes. The results for several characteristic cases
are presented and their implementation into the Monte Carlo generator PHOKHARA is described.
 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The method of the radiative return, i.e., the study
of events with initial state radiation (ISR) at electron–
positron colliders, allows to measure the hadronic
cross section over a wide range of energies in a single
experiment, without changing the beam energy. Orig-
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inally suggested already long time ago[1], the idea
has been revived in[2], after high luminosity electron–
positron colliders, specificallyφ- andB-meson facto-
ries, came into operation. Already now the method has
been used to study the pion form factor at DAPHNE
[3] and the production ofJ/ψ(→ µ+µ−) [4] and
of π+π−π0 at BaBar[5]. It relies on the factoriza-
tion into a part describing the production of the vir-
tual photon from the initial state (including radiative
corrections) and a part describing the production of
hadrons from the virtual photon, which essentially cor-
responds to the cross section fore+e− → hadrons.
This important feature is affected by contributions
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from the emission of photons from the final state
(FSR). As discussed in[2], suitable kinematic cuts
can be chosen, which strongly reduce these effects in
e+e− → π+π−γ . For B-meson factories, configura-
tions with hadrons of low invariant mass in one hemi-
sphere and a hard photon in the opposite hemisphere
are completely dominated by ISR, with a small ad-
mixture from the “two step” processe+e− → γ γ ∗(→
π+π−γ ). The situation is more involved at theφ-
factory DAPHNE. For photons at small angles with
respect to the beam direction and centrally produced
pions, ISR is again dominant. This is the kinematic
region studied in[3] for a measurement of the pion
form factor. In general, however, FSR will be more
important at these low energies. Unavoidably, the in-
put for any FSR analysis and Monte Carlo simulation
will be model dependent and a careful experimental
test of the model assumptions is required. The most
recent and detailed analysis of this problem[6] has
been performed with the Monte Carlo event generator
PHOKHARA [7], where FSR for pions is modelled
by scalar QED (sQED) (a different ansatz, leading to
similar conclusions is presented in[8]). This ansatz is
certainly adequate for most of the kinematic regions
and for cms energies away from theφ resonance. For√

s � 1.02 GeV, on top of theφ-resonance, an ad-
ditional complication arises: the presence of the nar-
row φ-resonance leads to an enhancement ofππγ fi-
nal states through radiativeφ-decays into (dominantly
scalar) resonances. This process is important in itself
and has, for many years, been the subject of theoreti-
cal investigations (see[9–15] and references therein),
where the decay chainφ → (f0(980) + f0(600))γ →
ππγ is generally assumed to dominate. First inves-
tigations, where this channel has been linked to the
radiative return, have been published in[13]. Two dis-
tinct features allow to discriminate the radiativeφ de-
cay fromππγ production through the radiative return
on one hand and from FSR from charged pions on
the other hand: radiativeφ decays toγf0 will lead
to π+π−γ andπ0π0γ states with a relative weight
2 : 1; this is in contrast to FSR from pions, which,
similarly to ISR, leads by construction toπ+π−γ

only. FSR is, furthermore, strongly enhanced for pho-
tons collinear to the pions. A second important fea-
ture, which will be the main subject of this Letter,
is the charge asymmetry. It arises from the interfer-
ence between ISR withπ+π− in an odd charge con-

jugate state, and FSR and radiativeφ decays, with
π+π− in an even charge conjugate state. With the
ISR amplitude being already fairly well determined,
this interference will allow to pin down size and even
the relative phase of theφ → ππγ amplitude in a
model independent way. As a third possibility the de-
pendence of all this distributions on the cms energy
and the energy dependent relative importance ofφ

and continuum amplitude could be used. However, we
will not dwell further on this last, fairly obvious, as-
pect.

2. Description of the model

The subsequent analysis will not attempt to study
the most general amplitude for the radiativeφ decay.
Instead we will use characteristic models with dif-
ferent resonance admixture and variable phases and
demonstrate that these will lead to marked differences
in the charge asymmetry.

For definiteness, we have adopted two models de-
scribingφ → ππγ decays (π stands for both neutral
and charged modes), used also in[13]: the “no struc-
ture model” of [9] and theK+K− model of [10].
The models were extended to include bothf0(980)
andf0(600) (σ ) intermediate states in the decay chain
φ → (f0(980) + f0(600))γ → ππγ , an extension
required to fit experiments[16,17]. More sophisti-
cated version of theK+K− model, incorporating also
the completef0(980) + f0(600) mixing matrix, can
be found in [11,12]. Contributions from theφ →
πρ(→ πγ ) decay chain are not taken into account.
Indeed KLOE data[16] show, that they are negligi-
ble for the π0π0γ final state. The branching ratios
BR(ρ± → π±γ ) and BR(ρ0 → π0γ ) are compara-
ble [18], hence the same applies to theπ+π−γ final
state.

At present this choice of models is not based on
definite experimental information, which is still quite
poor, but on their simplicity. To discriminate between
different models, more experimental work is needed.
However, as shown in the next section, a lot can be
learned from studies of charge and charge induced
asymmetries.

The amplitude for FSR based on sQED, denoted
MsQED, is identical to the one used in PHOKHARA
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