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An emerging class of heterostructures involves monolayer semiconductors such as
many of the transition metal dichalcogenides (TMDs) which can be combined to form van
der Waals heterostructures (vdWHs). One unique new optical property of heterostructure
is an interlayer exciton (ILE), a spatially indirect, electron-hole pair with the electron in
one TMD layer and the hole in the other. Here, we fabricated MoSe2/WSe?2 hetero-bilayer
encapsulated in h-BN with the alignment angle close to 60 degree between MoSe2 and
WSe2. Followed by the state-of-the-art preparation techniques (Nano-squeegee) to ensure
the optimal contact between the TMDs. The Strong ILE emission is observed with the
emission around 1.35 eV at room temperature and resolve this emission into two distinct
peaks (ILE1 and ILE2) separated by 24 meV at zero field at 5 K. Furthermore, we
demonstrate that the two emission peaks have opposite circular polarizations with up to
+20% for the ILE1 and -40% for ILE2 when excited by circularly polarized light. Ab initio
calculations provide an explanation of this unique and potentially useful property and
indicate that it is a result of the indirect character of both electronic transitions. These peaks
are double indirect excitons. i.e. indirect in both real and reciprocal space, split by
relativistic effects.
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