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Project Summary: The discovery of Weyl semimetals has fueled

tremendous interest in condensed-matter physics because they provide not

only model platforms for studying concepts in high-energy physics but also a

means of realizing technologically relevant exotic quantum states. Although

Weyl semimetals have been demonstrated in several nonmagnetic and

magnetic materials, one challenge in the current study of Weyl fermion

physics is the lack of “ideal” Weyl semimetals. In this study, we found

experimental evidence for the simplest ideal Weyl state, induced by magnetic

fields in the antiferromagnetic topological insulator Mn(Bi1−xSbx)2Te4 (MBST).

We achieve such a Weyl state by tuning the Bi:Sb ratio. When the system is

tuned to a state with a small hole concentration, we find the magnetic-field-

induced transition from an antiferromagnetic state to a ferromagnetic one

causes an electronic structure transition, which leads to transport properties

characteristic of a Weyl state: an intrinsic anomalous Hall effect caused by

effective magnetic fields in momentum space as well as negative

magnetoresistance induced by parallel electric and magnetic fields. These

results establish an ideal model system for further understanding of Weyl

fermion physics. Published in Physical Review X 11, 031032 (2021).

2DCC Role: All the single crystals used in this study were synthesized using

the 2DCC bulk growth facility. The collaboration between the 2DCC bulk

growth, theory and characterization teams enables the experimental

verification of the predicted field-driven ideal Weyl state in MBST.

(a) Structure of 
ferromagnetic MnBi2Te4;

(b) illustration of the 
surface Fermi arc of  the 
ideal Weyl state with 
one pair of Weyl nodes; 
(c) angle-resolved 
photoemission spectra 
of a lightly electron 
doped sample; (a) Hall 
resistivity as a function 
of field measured on a 
lightly hole doped 
sample; (e) the z-axis 
negative longitudinal 
magnetoresistance 
suggestive of the chiral 
anomaly effect of a 
Weyl state.   


