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In this study, we performed dielectric permittivity and magnetic
susceptibility measurements down to very low temperatures in a series of hydrogen-bonded Mott
insulators, and revealed that a new quantum liquid state in which a quantum paraelectric and quantum

paramagnetic state coexists has been realized in these materials. The quantum spin liquid state due
to the proton degree of freedom found in this study is a new type quantum spin liquid state based
on the third degree of freedom other than the electronic degrees of freedom such as charges and
orbitals and the structural degrees of freedom due to disorder. This is an interesting mechanism for

a novel quantum liquid state related to the remarkable quantum nature of the proton, that is, the
lightest ion in all atoms.
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