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What binds protons and neutrons inside a nuclei ?

gravity: too weak

Coulomb: repulsive between pp
no force between nn, np

New force (nuclear force) ?

1935 H. Yukawa

introduced virtual particles (mesons) to explain the nuclear force

Yukawa potential
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A current understanding of the nuclear potential
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Bonn: Machleidt, Phys.Rev. C63(‘01)024001
Reid93: Stoks et al., Phys. Rev. C49('94)2950.
AV18: Wiringa et al., Phys.Rev. C51('95) 38.
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I Long range part

one pion exchange potential
(OPEP)

II Medium range part

o, p, w exchange
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I TII  Short range part

repulsive core (RC)
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Importance of repulsive core
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- . maximum mass of
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explosion of
type |l supernova

Origin of RC: “The most fundamental problem in Nuclear physics.”

Note: Pauli principle is not essential for the "RC”. p
L

QCD based explanation is needed.




An “answer” by lattice QCD simulations

N. Ishii S. Aoki and T. Hatsuda, Phys.Rev.Lett. 90(2007)0022001

NN (effective) central potentials
Quenched QCD
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“The achievement is both a computational
tour de force and a triumph for theory.”
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2 00 8FEEDAR I. NN potential
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2 00 8FEDAR III. AN scattering length
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Present Status

K ,,~0.13754, ¥ =0.13640 Preliminary
(m,;~411 MeV)
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