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1. Introduction

Figure 1: Three examples of the modern NN potential in 1S0 (spin singlet and S-wave) channel: Bonn[6],
Reid93[7] and AV18[8].

In 1935, in order to explain the origin of the nuclear force which binds protons and neutrons
(nucleons) inside nuclei, Yukawa introduced virtual particles, π mesons, an exchange of which be-
tween nucleons produces the famous Yukawa potential[1]. Since then, both theoretically and exper-
imentally, enormous efforts have been devoted to understand the nucleon-nucleon (NN) potential,
recent examples of which are displayed in Fig.1. These modern NN potentials are characterized
as follows[2, 3]. At long distances (r ≥ 2 fm) there exists weak attraction generated by the one
pion exchange potential(OPEP), and contributions from the exchange of multi-pions and/or heavy
mesons such as ρ makes an overall attraction a little stronger at medium distances ( 1 fm ≤ r ≤ 2
fm). At short distances (r≤ 1 fm), on the other hand, attraction turns into repulsion, and it becomes
stronger as r becomes smaller, forming the strong repulsive core[4]. Although the repulsive core is
essential not only for describing the NN scattering data but also for the stability of atomic nuclei,
its origin remains one of the most fundamental problems in nuclear physics for a long time[5].

In a recent paper[9], using lattice QCD simulations, three of the present authors have calculated
the NN potential, which possesses the above three features of the modern NN potentials, as shown
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Figure 2: The central (effective central) NN potential (MeV) as a function of r (fm) for the singlet (triplet)
at mπ ≃ 530 MeV in quenched QCD[9].
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