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Ever since the first demonstration of the magneto-optical trap (MOT), made over three decades ago, examples have
existed of ‘type-II’ MOTs [1]. In contrast to a normal atomic MOT, where the hyperfine quantum number of the
excited state F ′ is related to that of the ground state F by F ′ = F +1, type-II MOTs have F ′ ≤ F . The presence of
dark ground-state sublevels in type-II systems leads to the unfavorable characteristics of high temperature and poor
confinement, and so these MOTs have not been studied much. In recent years, however, the diatomic molecules
SrF [2] and CaF [3],[4] have been successfully laser cooled and trapped in a MOT using type-II transitions. Despite
this impressive progress, the inherently low phase-space densities are likely to hamper some of the most exciting
proposed applications of laser-cooled molecules from being realized. Using 87Rb we demonstrate that the prop-
erties of type-II MOTs can be dramatically improved by using a novel approach where the light is blue-detuned
from the transition [5], and present a detailed characterization of the blue-detuned MOT. The phase-space density
is increased by almost a factor of one million over comparable red-detuned MOTs. Additionally, we demonstrate
the existence of at least eight stable magneto-optical trapping configurations, in addition to the type-I MOT, and
present an overview of the properties of these new MOTs. Our findings could be used in the study of cold and
ultracold collisions between atoms.
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