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Abstract 

Quantum glass and pair supersolid are novel quantum states of interacting 
lattice bosons.I will  first discuss the quantum glass state of lattice bosons 
with random potentials. Its properties at zero temperature are controlled by 
rare large regions of superfluid surrounded by Mott insulator. These 
regions make the state gapless although it is insulating. Contrary to the 
commonly accepted theory of this state in two dimensions, we show that a 
vanishing gap does not necessarily imply nonzero compressibility by using 
quantum Monte Carlo simulations of the Bose-Hubbard model and a 
percolation theory. Next I will talk about the existence and stability of the 
pair supersolid phase in an extended Bose-Hubbard model on the 
triangular lattice. Such a system can be realized experimentally for dipolar 
bosons polarized by an external electric field and confined in the optical 
lattice. 
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