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The Bose-Hubbard model is the simplest
non-trivial model for interacting boson sys-
tem. It is widely believed that, in the dilute
limit, the model is equivalent to the continu-
ous model characterized by a single parameter,
i.e., the s-wave scattering length. However,
there has been no quantitative estimation of
the scattering length in the unit of lattice con-
stant. In the ISSP supercomputer project of
SY2017, we aim at establishing the quantita-
tive correspondence between the lattice model
and the continuous-space model.

Here, the Bose-Hubbard model defined as
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which is compared in our project to
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We carried out Monte Carlo simulation on
the Bose-Hubbard model in dilute region,
1073 < na® < 107!, We used our original
package DSQSS[2], which can be downloaded
from the GITHUB and can be used under GPL
license. We varied the system size L and the
inverse temperature 8 to confirm that the re-
sult does not depend on these parameter be-
yond the statistical error, i.e., our result can

be identified with those at zero temperature in
the thermodynamic limit.

Figure 1 is our result compared with the an-
alytical predictions made by Lee, Huang and
Yang [3]. From this comparison we estimated
the s-wave scattering length in the unit of the
lattice constant as as/a = 0.315.
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Figure 1: The correction in the normalized en-
ergy. The three curves labeled as “LHY”, “Wu”,
and “Fp” represent the analytical prediction up
to the first correction, up to the second correc-
tion and the third (logarithmic) correction, respec-
tively. The open symbols labeled as “Continuous”
are the results of the diffusion Monte Carlo for the
continuous-space model whereas the closed symbols

are for the present calculation of the lattice system.
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