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AbSt la Ct: Ultracold atoms in an optical lattice are promising candidates to study quantum

many body phenomena. Here | will present two recent experiments with bichromatic superlatti-
ce. In the first part of the talk, | will present our results on direct experimental evidence of a vale-
nce bond quantum resonance with ultracold bosonic atoms. Furthermore, | will show how reson-
atlng valence bond states with s- and d-wave symmetry can be created and characterized. These
two states constitute a minimum basis of a topologically protected qubit. In the second part of
the talk, | will report the experimental realization of strong effective magnetic fields with ultraco-
ld atoms using Raman assisted tunneling in an optical superlattice. We studied the nature of the
frustrated ground state in the presence of an effective staggered magnetic field from its momen-
tum distribution and directly revealed the quantum cyclotron orbit of a single atom exposed to
the magnetic field.
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