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We have recently discovered spontaneous Hal | effect in the quantum spin ice state in Pr,Ir,0;,. This was
the first observation of the anomalous Hall effect in a spin liquid state. To reveal the origin of the
dissipationless Hall current, we have made an extensive study of the electronic structure. Our ARPES
measurements carried out through the col laboration with Profs. Shin and Kondo’ s groups at ISSP, U of
Tokyo, have revealed that Pr,Ir,0; has quadratic band touching at the Fermi energy, the same electronic
structure as in the spin-Hall semimetal HgTe. This indicates that the Weyl semi—-metallic state induced
by the chiral order inthe spin ice state may have large fictitious field that induces the dissipationless
current. On the other hand, the sister compound Nd,Ir,0; was found to have the Fermi node state in the
paramagnetic state, while this opens the electronic gap when it orders antiferromagnetically.
Strikingly, through the collaboration with Prof. Kindo group’ s at ISSP, U of Tokyo, we found that the
magnetic field may suppress the metal-insulator transitionat 10 T, inducing the quantum metal-insulator
transition, the first case in the transition metal oxides. While finding the anomalous Hall effect in
antiferromagnets has been a challenging idea, as no example has been observed since its discovery in
a ferromagnet by Edwin Hall in 1890, the notion of the fictitious fields due to the Weyl points in the
k—-space turned out to be useful for the search for the first example. After extensive exploration, we
found that the chiral antiferromagnet Mn,Sn exhibits a large anomalous Hall effect below its Neel
temperature of 430 K. The anomalous Hall effect in the antiferromagnet at room temperature should be
useful for the various applications in the future




