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8. Summary

The pion plays a significant role in modelling the nuclear force and explaining nuclear
structure and the interaction between nucleons. In this work, we have presented an almost
complete data set for the pionic fusion reaction 6Li(4He,π0)10B∗ with well-defined initial
and final state configurations. The results were compared with the results of previous
pionic fusion experiments and a parallel experiment 4He(3He,π0)7Be at KVI which is the
subject of another thesis [43]. Both experiments were carried out at only about 10 MeV
above the coherent threshold energy of pion production in the centre-of-mass system.

We identified the reaction by detecting the fused system and the produced π0 with
large acceptance. Neutral pions decay with a 98.8% probability and on a fast time scale
of 8.4·10−17 s, still in the target, into two γ-rays, which were detected in the Plastic Ball
with a large solid-angle. In order to improve the detector response for photons, the Inner
Shell detector was included in the Plastic Ball. The Plastic Ball has been employed in
several experimental studies at KVI, mainly investigating hadronic interactions in few-
body systems. It was brought from CERN to KVI in order to measure the hadronic
interactions in few-body systems as well as the pionic fusion reactions. With an acceptance
higher than 80% the fused systems were detected by the Big-Bite Spectrometer together
with the Heavy Ion detector. The Inner Shell and the Heavy Ion detector were specially
designed for the pionic fusion experiments at KVI. The commissioning and the calibration
of these three different sets of detectors are described in this thesis.

A detailed explanation is presented for the analysis procedure of the measured reactions
consisting of the energy and time calibration, the background reduction and the detailed
simulation of the complete experimental setup including the real experimental resolutions
in order to achieve a unique identification of the fusion product 10B and the produced
neutral pion.

For the first time, an almost complete pion angular distribution from pionic fusion
reactions with a projectile heavier than 1H has been measured. Angular distributions
have been observed for a total cross section of about 10−8 barn.

The model based on strong clustering correlations [8] can explain the measured π0

angular distribution of the 4He(3He,π0)7Be reaction in the backward direction but still
needs to be improved. In particular, all of the correlations responsible for the two-nucleon
processes (e.g. s-wave coupling and ∆-isobar intermediate coupling) need to be included
in the calculations.

The rather specialised theoretical work that is required to completely explain the
pionic fusion reaction of 6Li(4He,π0)10B∗ still needs to be performed. According to the
results of this work and the discussions presented in Chapters 6 and 7, there are hints
of strong clustering correlations in the entrance and exit channels of the 6Li(4He,π0)10B∗

reaction. Therefore, the proposed theoretical steps in Chapter 7 are based on the model
with clustering correlations. A proposed pionic fusion process for the 6Li(4He,π0)10B∗

reaction is schematically shown in Fig. 8.2. In the simplest picture, the entrance and exit
channels can be seen as “ααd”. In this sketch the pion is emitted from the deuteron which
is transformed into a “quasi deuteron” with isospin I=1 and spin J=0. The pion is then
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Figure 8.1: Schematic representation of a predicted reaction mechanism for the 6Li(4He,π0)10B∗

reaction, taking the strong clustering correlations into account. The dashed square represents the

pion production operator (Hint) and “C” denotes the clustering correlations.

re-scattered on one (or both) of the α particle(s) which retains its identity.
It was found that in case of the 4He(3He,π0)7Be and 6Li(4He,π0)10B∗ reactions, the

total pionic fusion cross section decreases by increasing the target plus projectile mass.
The measured total cross section is in agreement with the extrapolation based on the
existing models [8, 32] to the examined reaction.

To even better guide the theory and to have a systematic study of the anisotropic
behaviour of the π angular distribution, more pionic fusion experiments need to be per-
formed. A systematic study of target-projectile combinations in different mass regions is
essential. We have demonstrated that the detector response in our experimental setup is
accurately reproduced by the Monte-Carlo simulations. Therefore, the existing experimen-
tal setup with improved photon detection could be recommended to measure a complete
set of pionic fusion reactions including the highly desired reaction 6Li(6Li,π0)12C∗. The
more complicated cluster structure in this case would yield even higher sensitivity to the
underlying reaction dynamics.




