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Baeriswyl variational approach to the Bose-Hubbard model:
Is it supersolid or not?

One of the intriguing results of low temperature physics in the twentieth century was the discov-
ery of superfluidity, a highly coherent quantum phase of matter exhibiting frictionless flow
through cavities. Even more counterintuitive was the suggestion that this can occur in a phase of
matter in which long-range crystalline order is maintained. In 2004 Kim and Chan [1], by meas-
uring the rotational inertia of a solid sample in torsional oscillator experiment raised the possibil-
ity of a supersolid phase in helium I1. The results of this experiment have been questioned since,
the issue of supersolidity in helium 11 is still open. Anderson [2] argued that the ground state of
the bosonic Hubbard model also exhibits a supersolid phase at integer fillings. Anderson’s argu-
ment is based on the leading terms of a perturbative expression of the Hamiltonian and analyzing
the response to a boundary twist [3]. In this talk it is shown how a variational Monte Carlo
method [4] can be constructed based on the Baeriswyl wavefunction [5]. The scheme is equiva-
lent to the perturbation expansion used by Anderson, however, in this case the full eexpansion is
performed. The phase diagram obtained is in excellent agreement with quantum Monte Carlo
results. We also investigate the sensitivity of the system to a boundary twist, and find that it is
sizeable even for integer fillings. To understand the nature of the phase we use a single-particle
[6] and a many-particle localization quantity [7] and find that at integer fillings the system exhib-
its many-particle localization, at the same time, single particles as a result of bosonic exchange,
can delocalize over the entire lattice. Away from integer fillings, where the system is known to
be superfluid, delocalization is found at both the single-particle and many-particle level. We
interpret these results as a signature of supersolidity in the Bose-Hubbard model at integer
filling.
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