
Figure 1.4: Average density hni vs temperature T/t for a 202 honeycomb
lattice at interaction U/t = 8. At constant chemical potential µ/t = 2.5
(red) and µ/t = 4.5 (yellow), the average density hni converges to an integer
value of 1 in the limit of lower temperatures T/t. When this happens, the
system is a Mott insulator. These values are computed from numerical exact
Quantum Monte Carlo methods.

For homogeneous bosonic systems, Hamiltonian 1.13 can be simplified to
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where the summation hi, ji extends over all nearest neighbouring lattice sites.
Here, only the nearest neighbouring hopping t and onsite interaction U are
taken into account, with a third parameter µ, called the chemical potential,
determining the total number of bosons in the system. Physicists call this
the boson Hubbard Hamiltonian.

1.1.4 Boson Hubbard Model

The boson Hubbard model
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(1.14)

exhibits di↵erent phases at di↵erent interactions U/t and temperatures T/t,
as graphically illustrated in figure 1.1.3. The statistical mechanics of the
boson Hubbard model at finite temperatures � = 1/k

B

T can be studied from
its partition function Z = Tr exp(��Ĥ). By taking its partial derivative with
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