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One of the most important questions to QCD beside the confinement problem is whether 
QCD is able to describe the nucleon-nucleon forces. In the last decade a lot of phenomenological 
quark models have been developed which allow for some insight into the mechanism of the hard 
core between nucleons at small separations. At larger distances the usual meson exchange 
mechanism is switched on. In the underlying paper we want to address the question whether one 
has some evidence for the existence of the pion cloud by studying the QCD vacuum structure on 
the lattice. 

For the sake of simplicity we analyze the case^f two mesons each consisting of a static 
quark-antiquark pair. We study the chiral condensate w(r) in this quark system. As a pointlike 
propagator yv(r) may be interpreted as the fluctuation of a quark-antiquark pair existing an 
infinitely short duration of time. This quantity represents the fermionic vacuum density and is 
related to the sum of particle occupation number plus antiparticle occupation number of the QCD 
vacuum in the low momentum limit.1 

In Fig. 1 we present the quark-antiquark distribution in meson-meson systems. Each meson 
consists of a static quark-antiquark color-dipole with a length d = 2 lattice units. In the first line of 
Fig. 1 we give 3D plots and contour plots for two parallel mesons with separation s = 2 whereas in 
the second line we have s = 4. 

We find that quark-antiquark fluctuations are strongly suppressed around external quark 
sources compared with the fluctuations of the dynamical quark sea in source free space.2 The 
generalization to nucleon-nucleon-systems is straightforward. To draw the consequences, we 
would like to remark that the obtained insight into the behavior of the quark sea yields a certain 
foundation of the meson-exchange model of nucleon-nucleon interactions. According to that the 
quark sea is suppressed inside nucleons. Between non overlapping nucleons an undisturbed 
fluctuation of quark-antiquark pairs takes place which can be identified with the virtual pion cloud. 
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Fig. 1: Quark-antiquark density in a meson-meson system normalized to one. One meson is 
described by a static quark and antiquark with fixed elongation d = 2 and the two mesons lie in 
parallel with variable separation s. The lattice size is 83x4 with inverse gluon coupling P = 5.2 and 
virtual quark mass m = 0.1. All quantities are given in units of the lattice constant a. We find that 
the QCD vacuum fluctuations are suppressed around mesons (s = 2, first line). When the two 
mesons are separated beyond the screening length the quark-antiquark density takes its maximal 
value in between which corresponds to the charge free space (s = 4, second line). 
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