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Abstract. Possibilities to study the a0
0 -f0 mixing amplitude in meson production reactions in nucleon-

nucleon collisions are discussed. It is argued that, even without knowing the production operator, it is
possible to gain valuable insights from these reactions.

PACS. 13.60.Le Meson production – 13.75.-n Hadron-induced low- and intermediate-energy reactions and
scattering (energy ≤ 10 GeV) – 14.40.Cs Other mesons with S = C = 0, mass < 2.5 GeV

The structure as well as the properties of the lightest
scalar mesons is not yet understood. It is believed that the
a0
0 -f0 mixing amplitude will give some hint on the nature
of these resonances. In this paper the experimental signal
from the reaction pn → d(πη)(s-wave) induced by a0

0 -f0
mixing is discussed in a model-independent way. It was
observed recently that this reaction is an ideal system to
study the mixing, for the deuteron in the final state acts
as an isospin filter that kinematically enhances the signal
of the mixing [1]. We will come back to this point later.

Naturally there are two ingredients that contribute to
any observable of the reaction pn→ d(πη)(s-wave), namely
the primary production of the two-meson system and its
propagation. It is the latter that we are interested in,
however, we first need to understand the former to draw
definite conclusions. In the close-to-threshold regime it
should be sufficient to include the lowest partial waves
possible only. However, even this simplification is still in-
sufficient to allow us to construct the production oper-
ator directly. But it limits the number of partial waves
allowed sufficiently that it is still possible to make definite
statements. The energy dependence of the initial-state in-
teraction as well as the one of the production operator
should scale with the initial momentum. The interactions
in the outgoing system, however, should scale with the
typical momentum in the final-state k � √

2MNQ, where
Q =

√
s−√

sthr =
√
s−√

2MN +m. Note, since we study
the production of an unstable meson or more exactly a
two-meson system, one has to generalize the definition
of the excess energy: the mass m in the above equation
denotes the invariant mass of this system. Following the
same philosophy as that of effective field theories, we sim-
ply construct the most general structure of the amplitude
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consistent with the symmetries of the underlying theory.
The coefficients appearing can be assumed constant (up to
corrections of the order (|k|/|p|)2). Thus, based on rather
general arguments it should be possible to study the fi-
nal state even without knowing anything about the actual
mechanism of production.

The goal of the present investigation is to study the
a0
0 -f0 mixing that demands the presence of charge sym-
metry breaking. However, the resonance parameters of f0
and a0 are very close to each other. Therefore, as long as
we stay close to the resonance mass, the mixing in the
propagating meson system should be far more important
than any possible mechanism of charge symmetry break-
ing in the primary production amplitude. This is the cen-
tral assumption of this investigation.

As was stated in the beginning, in this presentation
we consider the mesons to be in a relative s-wave. This
largely simplifies the construction of the transition opera-
tor, for under this assumption only k (the center-of-mass
momentum of the deuteron), S (the spin of the initial NN
system), p (the beam momentum) and ε (the deuteron po-
larization) can appear explicitly in the transition operator.
In addition, conservation of angular momentum, isospin
and parity demands that an isospin-one scalar state is to
be produced in a p-wave with respect to the deuteron.
Therefore, only the following four transitions are possi-
ble: 3PJ → (3S1 − 3D1)p and 3F2 → (3S1 − 3D1)p, where
J = 0, 1, 2. Having said this it is a straightforward task to
express all observables for the isospin-one system in terms
of the partial-waves amplitudes. However, there is a more
transparent way to come to the same result, that at the
same time allows for a more straightforward interpreta-
tion of the observables in terms of the spin structure of
the production operator. For that one just has to construct
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Fig. 1. Diagrammatic representation of the approach for the π-η final state. The large circles denote the primary production
amplitudes, whereas the little circle indicates the a0

0 -f0 transition amplitude. The thick solid lines denote the propagation of
the resonances.

all possible scalars from the vectors available. We get

M1 = a (p · S) (k · ε∗) + b (p · k) (S · ε∗)
+c (k · S) (p · ε∗) + d (p · S) (p · ε∗) (k · p) . (1)

This procedure was advocated in ref. [2] and applied
more rigorously in ref. [3].

The isoscalar f0, on the other hand, can be produced
in an s-wave and we find

M0 = f (S · ε∗) + g (p · S) (p · ε∗) . (2)

It is obvious from eqs. (1) and (2) that M1 ∝ k and
M0 ∝ const near the threshold. For the isospin-conserving
case we therefore get

dσ
dm2

(pn→ da0) ∝ Q3/2 and
dσ
dm2

(pn→ df0) ∝ Q1/2 .

Thus, if we study a channel where the two-meson sys-
tem is produced in an isovector state, namely π0η, only
the occurrence of charge symmetry breaking allows the
contribution of s-wave production. This is the kinemati-
cal enhancement mentioned in the beginning. In addition,
that the symmetry conserving piece starts with a p-wave
has a large influence on any differential observable as we
will discuss below.

Since the main focus of the paper is the πη channel it
is convenient to introduce a mixing parameter ξ by

ξ(m) = Σ01(m) G̃f0(m
2), (3)

where Σ01 was defined in ref. [3] and is related to the a0
0 -f0

transition amplitude. Let p ·k = pk cos θ and ζ · [k×p ] =
ζ pk sin θ sinϕ (ζ = |ζ|). Using those expressions we get

|M(θ, ϕ)|2 = C0 + C1 cos θ + C2 cos2 θ
+ ζ sin θ sinϕ (D0 +D1 cos θ) , (4)

where

C0 =
1
2

(|a|2 + |c|2) p2k2 +
(
|f |2 + 1

2
|f + p2g|2

)
|ξ|2 ,

C1 = pkRe
([
(a+ b+ c+ p2d)∗(f + p2g) + 2b∗f

]
ξ
)
,
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Fig. 2. Sketch of the possible signal for both the differential
cross-section as well as the analyzing power in the reaction
pn → πηd. The dashed line corresponds to the observables
without isospin breaking, whereas the solid line shows the ex-
pected signal in the presence of isospin violation.

C2 = p2k2

[
|b|2 + 1

2
|b+ p2d|2

+Re
(
a∗c+ (a+ c)∗(b+ p2d)

) ]
,

D0 = pk Im
([
a∗f − c∗(f + p2g)

]
ξ
)
,

D1 = p2k2 Im(a∗b+ a∗c+ b∗c+ p2d ∗c) .
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Here, also the role of the deuteron as isospin filter be-
comes clear: since it is an isoscalar, the isospin of the two-
meson system determines the isospin of the initial two-
nucleon system, as long as isospin is conserved. Therefore,
in the absence of isospin breaking the differential cross-
section is necessarily forward-backward symmetric. There-
fore any forward-backward asymmetry is a direct measure
of isospin violation. This is indicated in the upper panel
of fig. 2. Please note that the curves are not based on a
calculation but are meant as a sketch for illustration.

Another interesting observable is the analyzing power.
As one can read directly of eq. (4), in the absence of isospin
violation the analyzing power vanishes at 90◦. Thus, any
deviation from zero at 90◦ directly measures the isospin
violation. This is true not only if only the lowest partial
waves are included, but also in the presence of higher par-
tial waves, as long as we restrict ourselves to a relative
s-wave in the two-meson system. However, it should be
stressed that a relative p-wave in the two-meson system
can also lead to a shift of the zero in the analyzing power,
even in the absence of any isospin breaking. This effect
can be studied in the reaction pp→ dπ+η, since a charged
two-meson state does not mix with an isospin-zero state.

In ref. [4] it was argued recently that especially in the
KK̄ channel not only the resonances in the two-meson
system, but also a meson-baryon resonance, namely the
Λ(1405), should play a significant role in the reaction
under consideration. The authors predicted a significant

change in the invariant-mass distributions of the final par-
ticles. Since this resonance favors an s-wave of the K̄ and
the deuteron, it is this additional final-state interaction
that should strongly enhance the p-waves in the meson-
meson system. Again, also this point can already be stud-
ied in the reaction pp→ dπ+η. It should be stressed, that
preliminary data from the ANKE Collaboration at COSY
indicate, that there is indeed a sizable amount of p-wave
strength in the KK̄ system.

To summarize, in this paper recent studies were pre-
sented, that demonstrate, that the production of scalar
mesons in nucleon-nucleon collisions might be the ideal
reaction to investigate the properties of scalar mesons,
especially their mixing. It is the latter attribute that is
believed to be the key to an understanding of the nature
of scalar mesons.
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