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The purpose of this study is to realize laser cooling of lanthanoid europium (Eu) atoms. Atomic
species such as Cr, Er, Dy have large magnetic moments which give rise to anisotropic, long-
range dipole-dipole interaction as well as isotropic, short-range s-wave scattering. The ratio of
the former to the latter is given by pop?>m/127h%a which exceeds unit when the scattering length
is suppressed using a Feshbach resonance for these heavy atoms with large magnetic moments.
Feshbach resonance is the method to tune the scattering length by applying a DC magnetic field
to the atoms. Unique phenomena such as d-wave collapse and Rosenweig instability have been
successfully observed for the Bose-condensate of these atomic species. The use of Feshbach
resonances, however, has disadvantages when investigating the physics of a “magnetic quantum
gas”. Magnetic, dipole-dipole interactions couple the atomic spin with its angular momentum,
which enables one to observe rich phenomena such as emergence of ground states with spin
textures and superfluid vortexes. Such unique effects cannot be observed when a Feshbach
resonance is employed, as the spin orientation is fixed to the magnetic field direction. In contrast
with other magnetic species, Eu has bosonic isotopes with hyperfine structure in the ground state.
By irradiating atoms with a microwave tuned to the hyperfine-splitting, the atom-atom scattering
can be mediated by molecular states and the scattering length can be controlled without the use
ofamagnetic field. Our current major obstacle is that the strong cooling transition in Eu induces
abranching from the excited state to several metastable states which disables us to decelerate
the atoms. In our recent experiments we successfully measured these branching ratios. This
allowed us to plan a new way to approach laser cooling of Eu atoms, which consists in using

metastable state to decelerate and cool the atoms.
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