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The half quantized Hall effect is a newly identified macroscopic quantum phenomenon in two-dimensional ferromagnetic semimetals. Unlike the
conventional integer and fractional quantum Hall effects, which occur in insulating phases, this effect appears in a metallic system with finite
longitudinal conduction. As a result, the Hall resistance is not quantized; instead, it is the Hall conductance that exhibits half-integer quantization,
while the longitudinal conductance remains finite.

The origin of this phenomenon can be traced back to the parity anomaly proposed in quantum field theory in the early 1980s. The original
theoretical picture suggested that massive Dirac fermions could generate a half-integer quantized Hall conductance, an idea that was later
introduced into condensed-matter physics. Following the discoveries of graphene and topological insulators, the parity anomaly attracted broad
interest and played an important role in the theoretical development leading to the prediction and discovery of the quantum anomalous Hall
effect. However, in 2021, my collaborators and | found that the accepted picture needed to be revised: it is a single massless Dirac cone, rather
than massive Dirac fermions, that gives rise to the half-integer quantized Hall conductance. This reversal led us to reexamine the physical origin
of the parity anomaly in condensed-matter systems. Over the past several years, we have shown that a system with a single massless Dirac cone
exhibits three characteristic features: half-integer Hall conductance, a minimum longitudinal conductance, and a Hall current that decays
algebraically from the boundary. These predictions have recently been confirmed experimentally in magnetic topological-insulator thin films,
providing evidence that the parity anomaly is realized in massless, rather than massive, Dirac fermions.

In this talk, | will present the historical development of this topic, from its field-theoretical origin to its modern realization in quantum materials.
I will discuss the key theoretical ideas, recent experimental progress, and the broader implications for topological phases and quantum transport. |
will also reflect on how an initially incorrect theoretical picture can nevertheless stimulate important developments and eventually lead to the
discovery of new physics.
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