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7
Concluding remarks

Proton-proton bremsstrahlung is one of the simplest processes in which various competing
models for the NN interaction, that reproduce elastic scattering, can be tested. In spite
of this simplicity microscopic models fail to reproduce the high accuracy data of the KVI
ppγ experiment [57, 58], as shown in Chapter 2 for the case of the Martinus et al . [66]
and Nakayama et al . [49] models. In the first half of this thesis two possible sources of
this discrepancy have been studied in connection with the Martinus model: Coulomb
corrections to the ppγ cross-section and sensitivity of observables to the on-shell nucleon-
nucleon interaction.

The study of Coulomb effects was carried out with the help of a toy model for brems-
strahlung, described in detail in Chapter 3. It was shown that for the particular case
of the KVI experiment Coulomb corrections to the ppγ cross-section are for all purposes
negligible, amounting to at most few percent at the peaks. This can be understood from
the fact that, in order for these effects to be appreciable, the elastic NN matrix elements
evaluated at extremely low energies enter the calculation of the bremsstrahlung ampli-
tude. Such condition is met at Tlab=190 MeV when the polar angles of the outgoing
protons are very small. Two such cases were presented in Chapter 4, where Coulomb
corrections led to a decrease of the differential cross-section of about 25%.

It was shown in Chapter 4 that a clear connection exists between the observed dis-
crepancy and the kinetic energy of the outgoing protons. By studying the kinematical
conditions for each case presented, we have concluded that a sizable discrepancy between
theory and experiment was observed as soon as the kinetic energy of the final protons
amounted to less than 15 MeV. The discrepancy was observed to grow with the decrease
of the energy of the final protons. By analyzing the individual partial waves contributing
to the bremsstrahlung cross-section it was shown that the problematic cases were those
dominated by contributions from the 1S0 nucleon-nucleon partial wave. It is known that
the nucleon-nucleon interaction in the 1S0 channel is strongest at low energies, peaking
around 10 MeV. Also, at this value for the energy the difference between the np and
pp potentials is largest. The OBE for elastic NN scattering of Fleischer and Tjon, an
ingredient of the Martinus models, has been originally fitted to the np data. A refit of
this model to the pp scattering data between 5 and 215 MeV has been performed which
gives a close reproduction of the pp 1S0 phase shift together with the improvement in
the description of the other partial waves. A calculation of the ppγ observables with the
new potential leads to a reduction of the discrepancy with about 30-40% of its origi-
nal size. An additional 5-10% can be explained from the residual on-shell sensitivity of
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110 Chapter 7: Concluding remarks

the bremsstrahlung cross-section. An important discrepancy of unclear origin therefore
remains.

The second half of the thesis was devoted to the study of the elastic nucleon-nucleon
interaction, namely to the extension of the OBE model of Fleischer and Tjon [10, 75, 76]
and Zuilhof and Tjon [127, 177]. Two-pion exchange contributions (TPE) were added to
the quasipotential W. These were generated by the pseudovector πN interaction (direct
and crossed boxes), Weinberg-Tomozawa (c0 triangle and football diagrams) and ππNN
c1, c3, c4 terms contributing at NNLO in chiral perturbation theory (giving rise to triangle
diagrams). It was shown, using the coordinate space TPE potential derived by Kaiser [33,
35, 36, 37] at N3LO in chiral perturbation theory, that the central part of the TPE
potential mimics very well the potential of the σ meson, while the isovector part describes
the ρ vector meson to a lesser extent. The central part of the TPE potential is stronger
at r=1 fm than the combined σ + ω potential and as a result, for a proper description
of the peripheral NN partial waves a surprisingly low value (≈600 MeV) for the cut-
off parameter regulating the TPE loop integrals has to be chosen. Such a low value is
necessary for a cut off of the strong medium-range central attraction generated by the c3
interaction term.

For the description of the lower partial waves the heavy-mesons contributions were
added to the one-pion and two-pion exchange ones. The value of the cut-off parameter
regulating the TPE one-loop integrals had again to be chosen on the low side. The full
model was then fitted to the np elastic scattering phase shifts. As expected smaller values
for the gε coupling constant were favored by the fitting procedure. The description of the
lower partial waves does not have the quality obtained for the peripheral waves. The 1S0

and 3S1 partial waves are reproduced with reasonable accuracy, but the P waves (with
the exception of 3P0) and the 3D1 partial wave are reproduced only qualitatively. For
these partial waves the differences with respect to their experimental values amount up
to 10◦ at T=300 MeV. This might indicate that an important ingredient is still missing in
our model. The phenomenological interpretation for the c3 and c4 coupling constants [78]
states that their values are determined to a great extent by contributions from the ∆
isobar. It suggests that an explicit inclusion of this degree of freedom might be necessary
for the alleviation of the problems with the present model.




