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We have studied the effects of impurities on properties of ultracold quantum
gases, such as quantum phase transitions. Our main focus has been placed on single-component and
two-component Bose gases, which are precisely controllable in experiments. We have successfully resolved
some long-standing problems and found novel phenomena. Specifically, we have proposed a way to
experimentally quantify the breakdown of superfluid flow due to quantum phase slips in a system of
one-dimensional single-component Bose gases. As for two-component Bose gases in optical lattices, we have
found surface critical phenomena caused by impurity potential. Moreover, we consider a relativistic
superfluid of single-component Bose gases in optical lattices to predict the existence of a novel
elementary excitation, namely the Higgs bound state.
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