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Abstract

We propose description of light scalar meson interactions in framework of
Chiral Perturbation Theory (ChPT), where scalar and vector mesons are ex-
plicitly present. Currently the scalar mesons are of great interest in view of
their poorly known structure and properties. Radiative decays with scalar
mesons may give information on their properties. We calculate various ra-
diative decays within a consistent approach.

1 Introduction

We focus on a0(980) (IG(JPC) = 1−(0++)) and f0(980) (0+(0++)) mesons.
The aim is to build a ChPT-based framework for unified description of
φ(1020) → γa0(980), φ(1020) → γf0(980), a0(980) → γγ, f0(980) → γγ, and
f0(980)/a0(980) → γ ρ(770)/ω(782) radiative decays, where scalar mesons
are in the initial or final states. These decays were studied previously within
different approaches in Refs. [1–4]. Apparently the underlying dynamics of
all these decays has much in common. We assume the dominance of the
pseudoscalar-loop mechanism.

2 Application of ChPT for light scalars

We choose ChPT Lagrangian of Ecker et al. [5] which explicitly incorporates
SU(3) flavor scalar singlet, octet and their interactions1 with pseudoscalar
mesons

L = cd

〈
Soctuμu

μ
〉

+ cm

〈
Soctχ+

〉
+ c̃dS

sing 〈uμu
μ〉 + c̃mSsing 〈χ+〉 . (1)

1The author [6] adds point-like Sγγ vertex. It seems also possible to employ vector
meson dominance [7] along that. We do not introduce direct coupling of scalars to photons
or vector mesons.
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Figure 1: φ → γ a0/f0 lowest order diagrams.

Both derivative and non-derivative couplings of scalar mesons to pseudoscalar
ones appear naturally in Lagrangian. The parts for scalar singlet and scalar
octet interactions are written separately. One has to assume a multiplet
decomposition for scalars in order to relate “singlet” and “octet” pieces of
Lagrangian to physical states, which are observed. We choose{

a0 =Soct
3 ,

f0 =Ss cos θ − Soct
8 sin θ,

where S3, S8 are the octet components and θ is the octet-singlet mixing angle.
We suppose isovector a0 and isoscalar f0 do not mix and possible violation
of isospin conservation [8] is not considered.

For the singlet couplings (c̃d, c̃m) and the octet ones (cd, cm) we employ
the large Nc relations [9]. This allows one to reduce the number of free pa-
rameters. Although applicability of these relations to scalar meson radiative
decays gives rise to some doubts (see Refs. [10,11] for instance).

Following this approach one naturally comes to pseudoscalar meson-loop
picture for decay mechanisms. The lowest-order diagrams are shown in
Ref. [12] (see Fig. 1 for φ → γ a0/f0). A simple chiral counting tells us
that these diagrams are of order O(p4). Some vertices for interacting pho-
tons, vectors and pseudoscalars are calculated in Ref. [13]. Gauge invariance
of the decay amplitudes and cancellation of divergences arising due to loop
integrals is demonstrated in [12]. The relation FV = 2 GV for vector-mesons
chiral couplings appears crucial for cancellation of divergences. The loop
integrals are calculated numerically2.

3 Main results

We take Ma0 = 984.7 ± 1.2 MeV and Mf0 = 980 ± 10 MeV. Couplings cd,
cm and parameter θ are fixed from fitting Γa0→γγ , Γf0→γγ and Γφ→γf0 . This

2Our results agree with analytical expressions of Close, Isgur and Kumano [2].
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allows us to calculate miscellaneous widths, shown in Table 13. The results
of calculation are also compared with experiment and predictions of KK-
molecule model of Ref. [4].

In addition, in the present model, for any values of coupling constants we

obtain the ratios:
Γa0→γγ

Γφ→γa0
≈ 0.4,

Γa0→γρ

Γa0→γω
≈ 1 and

Γa0 → γ ρ(ω)

Γφ → γ a0
≈ 12. Only the

first ratio can be extracted from available data [14] (≈ 0.927). From results
of Ref. [4] one can infer approximately 0.4, 1 and 5.7 respectively for the
same ratios, thus there is a satisfactory agreement with [4].

We estimate pseudoscalar loop contribution ratio for decays with f0. Ra-
tio of (KK only) to (KK and ππ) contribution is approximately 1, 1.64
and 1.91 for φ → γf0, f0 → γρ and f0 → γγ decay widths respectively.
Thus the f0 → γρ and f0 → γγ decays turn out to be sensitive to pion loop
mechanism in addition to the kaon loops.

Table 1: Estimates for decay widths of scalar mesons.

Observable Our estimate Kaon loop model [4] PDG [14]
Γφ→γa0

Γφ
1.7 × 10−4 1.4 × 10−4 (7.6 ± 0.6) × 10−5

Γφ→γf0
Γφ

4.4 × 10−4∗ 1.4 × 10−4 (4.40 ± 0.21) × 10−4

Γφ→γf0
Γφ→γa0

2.6 1 6.1 ± 0.6

Γa0→πη 14.2 MeV — —
Γf0→ππ 41.8 MeV — 34.2+22.7

−14.3 MeV
Γa0(tot) 17.8 MeV — 50 − 100 MeV
Γa0→γγ 0.30 keV∗ 0.24 keV 0.30 ± 0.10 keV
Γf0→γγ 0.31 keV∗ 0.24 keV 0.31+0.08

−0.11 keV
Γa0→γρ 9.1 keV 3.4 keV —
Γf0→γρ 9.6 keV 3.4 keV —
Γa0→γω 8.7 keV 3.4 keV —
Γf0→γω 15.0 keV 3.4 keV —

4 Summary

Within ChPT with vector and scalar mesons we calculated the radiative de-
cay widths of a0 → γγ, f0 → γγ, a0 → γρ (ω), f0 → γρ (ω), φ → γa0

and φ → γf0. The calculation is carried out in one-loop approximation,
and we employed the large Nc assumption and relation FV = 2 GV between

3Asterisk ∗ marks the experimental values used as inputs for extraction of couplings.
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electromagnetic and strong couplings for vector mesons. Comparison of cal-
culations with available data and predictions of KK model of Ref. [4] shows
a satisfactory agreement.

The present approach may also be useful for further studies of scalar
mesons, not only the lightest ones.
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