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Bosons in optical lattice

wHamiltonian of the system
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Wannierfunctions

wConvenient basis

W (r) wave function localized inth lattice site
(v denotes appropriate Bloch band
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Fleld operator decomposition
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the lowest band approximatio

wSingle particle Hamiltonian
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Fleld operator decomposition
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the lowest band approximatio
wlnteraction Hamiltonian
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density-density interaction
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sufficient approximation when we
consider short range interactions

between neighbouring sites



BoseHubbard modes
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Long range interactions
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lowest band approximatio
wlnteraction Hamiltonian

3p 39" U1 f r —rU(r)U(r
T f/d rd® W)W (Ve — ) ()0 (r)

> alataga / / dr &®r" Wi (r)Wi (7 )V(r — 2" YWy (r" YW (r)
zﬂcl

:%Z &EL i +V YYCLTG,TCALZA

v (J)

taking into account only one additional term is not consistent!



Long range interactions

- X~ T aw,

lowest band approximatio
wlnteraction Hamiltonian
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Studied Hamiltonian
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Physical realization

wTwo dimensionless parameters

2 Us = m

g = 16722 v =d”
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s-wave scattering length electric dipole moment

wModel assumptions

- optical lattice laser wave length = 790 nm
- mass ~ mass of theRbCanolecule

- scattering length~ 100 Bohr Radius ==———3 (g = 1

- dipole moment up to 3debye =——3> ~ upto 470



METHOD:

Exactdiagonalizatiorof the 1D
Hamiltonianwith N =8, 12, 16sites

Half filled 1D system

wSusceptibility

Checkerboard contribution
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BLUE- parameters T and P are neglect
RED - whole Hamiltonian considered
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Half filled system
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Commonlymegiecieddermsirhthe
extended BoseHubbard madtel
for dipolar moleautes
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