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Abstract. With a proton beam ofTp = 1.2 GeV incident on the deuterium pellet target
of the WASA detector setup all three basic double-pionic fusion reactions have been mea-
sured simultaneously. By use of quasifree kinematics the energy range2.3 GeV≤

√
s <

2.5 GeV could be covered, which just coincides with the energy region, where the ABC
effect and its associated resonance structure has been observed. Fromthe isospin decom-
position we see that the resonance effect is solely in the isoscalar part of the reaction
process, whereas the isovector part exhibits a monotonic smoothly risingenergy depen-
dence and no ABC effect.

1 Introduction

The ABC effect, an intriguing low-mass enhancement in theππ invariant mass spectrum, is known
from inclusive measurements of the production of an isoscalar pion pair in fusion reactions to light
nuclei — first observed by Abashian, Booth and Crowe in thepd →3He X reaction [1]. Its explanation
has been a puzzle since more than 50 years and hence has been named just after the initials of those
authors, who first observed this effect. Together with low-statistics bubble chamber measurements
these experiments suggested that this effect is correlated with the production of an isoscalar pion pair
and with the fact that the participating nucleons fuse to a bound nuclear system in the final state [2–11].

Recent data on the basic double-pionic fusion reactionpn→ dπ0π0 demonstrate that the so-called
ABC effect is tightly correlated with a narrow resonance structurein the total cross section of this
reaction [12,13]. In these exclusive and kinematically complete high-statistics measurements of the
isoscalarpn → dπ0π0 reaction it has been shown that the ABC effect is correlated with a pronounced
resonance structure in the total cross section at

√
s = 2.37 GeV with a width of only 70 MeV and

quantum numbersI(JP) = 0(3+) [12]. That means that this structure is situated about 90 MeV below√
s = 2m∆, the peak position of the conventionalt-channel∆∆ process, and has a width, which is about

three times narrower than this process.

2 Experiment and Results

In an effort to solve this long-standing issue by exclusive and kinematically complete high-statistics
experiments, we have measured all three basic fusion reactions to deuterium

– pn→ dπ0π0

– pn→ dπ+π−
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Fig. 1. Preliminary results for the total cross sections of the basic double-pionic fusion reactionspN → dππ of
different isospin systems in dependence of the center-of-mass energy

√
s from threshold (

√
s = 2.15 GeV) up to

2.6 GeV. The data for the isospin mixed reactionpn → dπ+π− are shown by the red full circles. The data for its
isovector part given by half the cross section of thepp → dπ+π0 reaction are plotted by the black filled circles,
whereas the data for its isoscalar part given by twice the cross section of thepn → dπ0π0 reaction are shown by
the blue filled circles. From Ref. [17].

– pp→ dπ+π0

with WASA at COSY [14,15]. These measurements have been carried out with a proton beam hit-
ting the deuterium pellet target atTp = 1.2 GeV in quasifree kinematics. That way the energy range
2.3 GeV≤

√
s < 0 2.5 GeV has been covered, which coincides with the energy region, where the

ABC effect has been observed previously.
The purelyisovector reactionpp → dπ+π0 (Fig. 1, black filled circles) exhibits a smooth energy

dependence in the total cross section, which is monotonically rising in the observed energy interval,
as well as no ABC effect. This is not unexpected, since due to Bose symmetry the isovector pion
pair can not be in relatives-wave and hence any low-mass enhancement would be suppressed in
this situation. Also as shown in Ref. [16] this reaction is reasonably well described by conventional
t-channel∆∆ excitation, which is known to be the leading process in allpp induced,i.e. isovector
two-pion production channels at beam energies above 1 GeV [18,19].
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In contrast, the purelyisoscalar fusion reactionpn → dπ0π0 does not behave as expected from
conventional reaction dynamics. It rather exhibits a narrow resonance structure in the total cross sec-
tion, which is correlated with the appearance of the ABC effect in theπ0π0 invariant mass spectrum.
The cross section maximum is about 90 MeV below 2m∆, the mass of a∆∆ system, and its width of
only 70 MeV is three times smaller than 2Γ∆ expected from the conventionalt-channel∆∆ process.
Based on the measured angular distributions the quantum numbersI(JP) = 0(3+) have been assigned
to this structure [12]. At present no conventional process is known, which could at least qualitatively
explain this phenomenon.

The pn→ dπ+π− reaction contains both isoscalar and isovector parts. Its data are well understood
by combining the results from thepn → dπ0π0 and pp → dπ+π0 reactions according to the isospin
relation [20]

σ(pn→ dπ+π−) = 2σ(pn→ dπ0
π

0) +
1
2
σ(pp→ dπ+π0). (1)

The data also demonstrate, why previous low-statistics bubble-chamber measurements of this re-
action with neutron beams of low momentum resolution had actually no chance to discover the narrow
resonance structure in thedπ+π− channel.
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