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Simultaneous confinement of quarks and gluons and a gauge-invariant color
confinement mechanism
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In order to study quark and gluon confinement based on the dual superconductor
picture, we have developed both novel reformulations of the Yang-Mills theory and the non-Abelian Stokes
theorem for the Wilson loop operator. We have confirmed that quark confinement in the SU(3) case is
caused by NON-Abelian magnetic monopoles defined in a gauge-invariant way, in sharp contrast to the SU(2)
case in which the magnetic monopole is Abelian tyﬁe. These results are supported in a gauge-independent
way. On the other hand, our numerical data show that the dual superconductivity is type I, irrespective
of the gauge group, SU(3) or SU(2), against the preceding works. These results suggest that QCD vacuum is
not equal to the electro-magnetic dual of the type Il superconductor against the conventional wisdom.
Therefore, we need deeper understanding on the stability of the vacuum related to confinement mechanism.
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