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The phase behavior of hard superballs, convex particles that interpolate between spheres and cubes via a deformation parameter 1 ≤ q ≤ ∞, is examined using molecular dynamics. The deformation parameter determines the curvature of a particle's edges and corners where q = 1 corresponds to a sphere and q = ∞ corresponds to a cube.  We find that the asphericity plays a significant role in the cubatic nature of both the liquid and crystal phases.  Calculation of the first few virial coefficients shows that superballs that are visually similar to cubes can have low-density equations of state closer to spheres than cubes.  Dense liquids of cube-like (large q) superballs display cubatic orientational order that extends over several particle lengths.  In the crystal, we discover that applying a contraction rate to particles initialized in a crystal can result in zero (q < 1.4 and q > 3.0), one (1.4 ≤ q < 1.75), two (q = 1.75) or three (1.75 < q ≤ 3) phase transitions along the crystal equation of state. These phase transitions are directly attributed to activation of rotational degrees of freedom since the particles are observed to rotate about certain axes while translationally bounded by their nearest neighbors. For q < 1.4, the crystal state loses cubatic ordering continuously upon a reduction in density, while for 1.4 ≤ q 3.0, multiple crystal phases arise with varying levels of cubatic ordering.  A single crystal phase arises for q > 3.0. The structures of the crystal phases are examined in detail using certain order parameters, the radial distribution function, and orientational correlation functions. Across phase transitions in the crystal state, we find a subtle interplay between translational and orientational order.  Implications of this novel phase behavior are discussed.  Current fabrication techniques may allow for the synthesis of colloidal superballs.

