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with the distinct rotational excitation dynamics of the
field-induced diastereomers of a chiral molecule placed in
a chiral field of defined handedness. The chiral field is
created by the combination of an optical centrifuge laser
pulse with a dc field parallel or antiparallel to the light’s
propagation direction. The enhancement of rotational
state populations can be exploited to spatially separate
the R and S enantiomers using electrostatic deflection
techniques. This has been confirmed through robust nu-
merical simulations for propylene oxide. A simple three-
state model was established to explain these effects in a
similar manner to microwave three-wave mixing [5, 6], i.e.,
as interference of the three-photon pathways in molec-
ular enantiomers. The enantiomer-differentiating effect,
captured, e. g., by ∆α − αxzµyǫdct or αxz − ∆αµyǫdct,
originates in the coupling of the odd-parity molecular
polarizability αxz with the chiral field, which is both
time- and parity-odd. In comparison to microwave three-
wave mixing, the presented approach can offer higher
degrees of population transfer, possibly up to 80 %, see
Fig. 3, which is achieved by the combination of ultracold
deflected molecular beams and a focused high-intensity
chirped laser field to drive Raman-type transitions in a
three-level system.

Furthermore, our scheme can clearly distinguish be-
tween right-handed and left-handed enantiomers and, in
principle, is applicable to any chiral molecule. The im-
plementation generally requires optimization of the laser
parameters and dc field strength [24, 39–41]. Given that
only modest rotational excitation is sufficient, application
of the optical centrifuge to larger molecules should not
be overly problematic.
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