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Hamiltonian
Extended Bose-Hubbard model
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Feshbach resonance

Hard-core limit:
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Hamiltonian for hard-core bosons:
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Patterns
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Mean-field approximation

Problem: bilocal terms in Hamiltonian

Mean-field approximation:
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Operators appearing in the Hamiltonian:
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Mean-field Hamiltonian

Hamiltonian for the whole lattice
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Mean-field Hamiltonian

Hamiltonian for periodic patterns

For periodic patterns:
Hamiltonian reduces to a sum over the finite number of sites in
the unit cell (UC).
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Usual calculation method

v

Finding Hamiltonian for a special case (pattern)

v

Defining a basis for the pattern

v

Finding matrix representations for operators on this basis

» For n sites in the unit cell the size of the matrix is 2"!

v

Combining them to the matrix representation of the
Hamiltonian

Solving the eigenvalue equation det (l:l — E) =0

v

» roots of 2"-order polynomial !
» no general solution for the energies E to expect !



Homogeneous pattern

hard-core basis: B = {|0),]1)}
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2 sites in the unit cell

hard-core basis: B = {|0, 0)
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Energies

General formula for the energies
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Finding the mean-field parameters

O E=0 VX, Oy E=0 VX

leading to:
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Resulting formulas

Relation between p and v independent of other sites
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lvx| =0 = ox €{0,1}
no hopping = bosons localized in valleys

= expectation value for density: 0 (absent) or 1 (present)



Resulting formulas

Relation between o's and ¢'s of different sites
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Resulting formulas

Energies
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Possible phases
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Quadratic lattice
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Triangular lattice
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Negative hopping J

Quadratic lattice
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Other lattices

Kagome, 1D Stripe, decorated triangular, ...
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Decorated
triangular
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Quantum corrections

inspired by variational perturbation theory
(H. Kleinert, Path Integrals in Quantum Mechanics, Statistics, Polymer Physics, and Financial Markets,
World Scientific Publishing Company, 5th edition (2009))

H(€) = Hur +¢ (f:/BH - ,:IMF)

> Free energy:

F(&)=—-5InZ(8), Z(€)=Tr (efBFI(E)>
»> Expansion with respect to &: )
F (&) = Fmr+¢ </:I - ’:IMF>MF+ “es <@>MF = ﬁll__Tr (@e‘ﬁHMF)

» Truncation after n-th order depends artificially on ox, ¥x for £ = 1:
FI (€ =1) = F (ox,9x)

» Principle of minimal sensitivity:
Dox FI" =0, 9y FM =0

» Quantum corrections:
n = 0: mean-field

n = 1: first quantum corrections
n=2: ..

F. E. A. dos Santos and A. Pelster, Phys. Rev. A 79, 013614 (2009)



