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Light scalar mesons

• Nonet of light scalar mesons: a0(980), f0(980), σ(600), κ(800)

• Were discovered ∼ 50 years ago and became hard problem
for the naive quark model from the outset

• Elucidation of their nature can shed light on confinement
and the chiral symmetry realization way in the low energy
region

• Perturbation theory and sum rules don’t work

• The σ(600), a0(980), and f0(980) are studied in ϕ → Sγ
decays, ππ scattering, γγ → ππ, ηπ0 and other processes
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Light scalars in γγ collisions

Let’s S = σ(600), a0(980), f0(980) and T = a2(1320), f2(1270).

In the qq̄ model ΓS→γγ are originated from direct Sγγ cou-
pling. From the experimental results

Γf2(1270)→γγ ≈ 3 keV, Γa2(1320)→γγ ≈ 1 keV

it was found Γf0(980)→γγ ≥ 3.4 keV, Γa0(980)→γγ ≥ 1.3 keV.

Four quark model: Γf0(980)→γγ ∼ Γa0(980)→γγ ∼ 0.27 keV
(Achasov, Devyanin, Shestakov, 1982)

These widths are caused by rescatterings:
f0 → K+K− + π+π− → γγ, a0 → K+K− + ηπ0 + η′π0 → γγ
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The Belle data (2003-2009)

The data are extracted from the
e+e− → e+e−γγ → e+e−ηπ0, e+e−π0π0 reactions. The sam-
ple is 100 fb−1 (hundreds thousand events). It was shown
that these data supports the four quark model of light scalars
σ(600), a0(980), f0(980) (Achasov, Shestakov, 2005-2010).
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Data description

σ(γγ → ηπ0) = σ0 + σ2, where

σλ =
ρπη(s)

64πs
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√√√√√√√√(1− (mη +mπ)2

s
)(1− (mη −mπ)2

s
)

γ

γ

π0

η

λ = 0 =

γ

γ

π0

η

+

Born

γ

γ π0

η, η ′

π0

η

+ +

γ

γ

γ

γ

π0

ηη

π0K

K̄

λ = 0λ = 0

λ = 0

Born

S wave

S wave
direct

,

λ = 2

γ

γ

π0

η

=

Born

λ = 2

γ

γ

π0

+
a2(1320)

γ

γ

π0

ηγη

Born

K, K∗

a0, a′

0

ρ, ω

ρ, ω

ρ, ω



M0(γγ → π0η; s, θ) = MBornV
0 (γγ → π0η; s, θ)

+ĨVπ0η(s)Tπ0η→π0η(s) + ĨVπ0η′(s)Tπ0η′→π0η(s)

+
ĨK∗+
K+K−(s)− ĨK

∗0
K0K̄0(s) + ĨK

+

K+K−(s, x1)


×TK+K−→π0η(s) +Mdirectres (s), (1)

M2(γγ → π0η; s, θ) = M BornV
2 (γγ → π0η; s, θ)

+80πd220(θ)Mγγ→a2(1320)→π0η(s), (2)

d220(θ)= (
√
6/4) sin2 θ
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Tηπ0→ηπ0 =
e2iδ

ηπ
B − 1

2iρηπ(m)
+ e2iδ

ηπ
B

∑
S,S′

gSηπG
−1
SS′ gS′ππ
16π

GSS′(m) =


Da′0

(m) −Πa0a
′
0
(m)

−Πa0a
′
0
(m) Da0(m)



Tab→cd = eiδ
ab
B eiδ

cd
B T res

ab→cd

T res
ab→cd =

∑
S,S′

gSabG
−1
SS′ gS′cd
16π

S, S′ = a0, a
′
0
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Kaon form factor

MBornK+

00 (s′, x1) = 4πα
1− ρ2K(s)

ρK(s)
(ln

1 + ρK(s)

1− ρK(s)
− ln

1 + ρK(s)
1+2x21/s

1− ρK(s)
1+2x21/s

)

ĨK
+

K+K−(s, x1) =
s

π

∫ ∞
4m2

K

ρK(s′)MBornK+

00 (s′, x1)
s′(s′ − s− iϵ)

New data description

We get rid of the a′0 and the kaon formfactor and arrived to
the following description (χ2/n.d.f. = 6.9/23).

Keeping the a′0 leads to fantastic χ2/n.d.f. = 1.3/17.

9



0.8 1.0 1.2 1.4 1.6 1.8

0

10

20

30

40

50

60

10



The dependence on k22 = −Q2

M1−1(γγ → a2(1320) → π0η)(s, θ, ϕ,Q) = A(s) sin2 θπe
2iϕπ 1 +

Q2

s

1 + Q2

m2
ρ

M10(γγ → a2(1320) → π0η)(s, θ, ϕ,Q) = −A(s) sin θπ cos θπe
iϕπ

√√√√√√√√2Q
2

s

1 + Q2

s

1 + Q2

m2
ρ

M11(γγ → a2(1320) → π0η)(s, θ, ϕ,Q) = −A(s)
Q2

s
(cos2 θπ−

1

3
)
1 + Q2

s

1 + Q2

m2
ρ

A(s) = 20π

√√√√√√√√√√
6sΓa2→γγ(s)Γa2→ηπ0(s)

ρηπ(s)
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ĨK
+

K+K−(s,Q) = −8α(1 +
Q2

s +Q2(ρK(s)(ln
1 + ρK(s)

1− ρK(s)
− iπ)−

−ρK(−Q2) ln
1 + ρK(−Q2)

ρK(−Q2)− 1
+

m2
K+

Q2 (− ln2
1 + ρK(−Q2)

ρK(−Q2)− 1
+ (ln

1 + ρK(s)

1− ρK(s)
− iπ)2)))

At Q → ∞ ĨK
+

K+K−(s,Q) → 8α ln Q2

m2
K
.

So tensor contribution will be dominant at large Q2.
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Summary

1. The Belle data on γγ → ηπ0 have been reanalyzed. The
description without a′0 and the kaon formfactor GK+(t, u) is
obtained.

2. The Q2 dependency has been predicted for the near future
experiments.
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