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they can conspire to provide a much stronger total asymmetry. In 

the chessboard analogy, the colour contrast of the squares was only 

modest in momentum and real-space. However, by combining the 

two chessboards, the colour contrast becomes stark and tunable to 

even overturn the band order in a given valley. This is an example of a 

topological transition7 where the band order between the conduction 

and valence bands is reversed, akin to tying a knot, which is accompa-

nied by the change of the selection rules8. The resulting reversal of the 

circularly polarized light, from LCP to RCP6, could be detected by the 

methods of Choi and colleagues.

At present, the reported results are limited to low temperature 

and modest MPI asymmetry1. However, with the development of 

two-dimensional ferromagnets9, there is no fundamental obstacle 

to substantially enhance the magnitude of the energy shifts and the 

temperature range over which they are observed. One can envision 

scaled-down applications for tunable interconversion between the 

spin of electrons and polarization of light, which could even lead to a 

novel class of spin lasers10.
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of energy levels at K and K’, there is a striking asymmetry: one valley 

is transformed more by the ferromagnetic CrBr3 neighbour than the 

other. Monolayer MoSe2 has different on-site energies for Mo and 

Se atoms in its honeycomb lattice and broken inversion symmetry, 

analogous to the chessboard with two types of square, but the K and K’ 

behaviour is equivalent, constrained by the time-reversal symmetry. 

However, the MPI breaks the time-reversal symmetry such that the 

previous real-space chessboard gets its partner in the momentum 

space where K and K’ are now inequivalent4, just as different colours 

of its squares. The resulting valley-specific rules provide a versatile 

two-state system, similar to spin.

To elucidate the asymmetry of the MPI, Choi and colleagues used 

an enlightened approach. With small screening, two-dimensional 

MoSe2 has tightly bound excitons (a bound state of electron–hole 

pairs), which dominate its optical properties. Given the out-of-plane 

magnetization, M, in CrBr3, optical transitions between conduction 

and valence bands satisfy dipole selection rules with the conservation 

of the total angular momentum between the carrier (electron, hole) 

spin and light. Without MPIs, each valley supports a specific (left, right) 

circular polarization of light (LCP, RCP) and the accompanying angular 

moment resulting from the corresponding exciton (Fig. 1b). However, 

since the excitons at K and K’ have the same energy, without MPIs there 

is no shift in their two spectral lines (Fig. 1c), as experimentally verified 

at high temperature when CrBr3 loses its magnetic order. By contrast, 

for a lower temperature, with a ferromagnetic CrBr3 and MPIs, the 

excitonic energies become valley dependent. As depicted in Fig. 1c, a 

striking asymmetric shift of the spectral lines of the reflected LCP and 

RCP light is the fingerprint of the MPI asymmetry.

A tantalizing prospect of this discovery is that the MPI asymme-

try could be ubiquitous to many other heterostructures. If, instead 

of MoSe2 with its wide energy bandgap of more than 1 eV, we chose a 

narrow-bandgap hexagonal layer, the MPI asymmetry could create 

even more dramatic results (Fig. 1d). With inequivalent K and K’ val-

leys, the bandgap could be closed and reopened at only one of them 

(shown at K). While the MPI asymmetry alone is moderate and expected 

to yield energy shifts <10 meV (refs. 1, 2), together with a real-space 

asymmetry of the lattice sites5, enhanced by an applied electric field6, 
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	Asymmetry in the magnetic neighbourhood

	Fig. 1 Optically probing asymmetric magnetic proximity interactions and band topology.


