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standard Bose-Hubbard model

e ultra-cold atoms in optical lattice
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- the tunneling amplitude J is determined by the shape
of the lattice potential

- the interaction energy U is determined by the shape of the lattice
(via Wannier functions) and details of the interaction potential

e Hamiltonian of the one-dimensional system
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phase diagram

e grand canonical ensemble
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phase diagram

e grand canonical ensemble
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how the properties of the studied model
will change when local three-body

interactions are taken into account |
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origins of three-body interactions

 Bose-Hubbard model originates in more
general theory
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e beyond standard approximations
- beyond single band approximation
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origins of three-body interactions

e beyond standard approximations

- beyond single band approximation
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- beyond short-range interaction approximation
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It is shown that the pseudopotential method can be extended to yield further terms in the low-density
expansion of the ground-state energy of a system of Boltzmann or Bose particles with hard-sphere inter-
action. Two terms beyond the known result are found, and the expansion is no longer a power series in
(a%p)%. Other related properties of the system are discussed.

nature Nature Physics 3, 726 - 731 (2007)

Published online: 22 July 2007 | doi:10.10328/nphys&78

thSiCS Three-body interactions with cold polar molecules

H. P. Buchler, A. Micheli & P. Zoller




local three-body interactions
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e energy of local configurations
(limit J — 0)




local three-body interactions

L
%:—J§jﬂﬁh4+&wﬂ+2
1=1
L
> ii(hg —1)(A; — 2)

1=1

e energy of local configurations
(limit J — 0)




local three-body interactions
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local three-body interactions
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local three-body interactions
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first insulating lobe

in the presence of three-body interactions
the first insulating lobe remains almost unchanged
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estimation of the boundaries

e strategy

- we exactly diagonalize the Hamiltonian of the system
with L sites and /N bosons

- we find the ground state |G) and its energy E(L, N)

- we calculate the upper/lower boundary of the insulating phase as
the energy cost of adding/substracting one particle to the system
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the phase diagram
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In the case of attractive three-body
interactions (W<O0) it is necessary to
take into account also four-body repulsive
interactions to prevent the system
collapsing. However, the four-body
interactions do not affect the positions
of the critical points of first two
insulating lobes.
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universality class

e Kosterlitz-Thouless transition

- one-dimensional Bose-Hubbard model belongs to
the universality class of the two-dimensional XY spin model

- the transition from the Ml to the SF phase is of
the Kosterlitz-Thouless type

- the correlation length diverges as
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Question:

if the local three-body interactions
change the critical behaviour of the system?




universality class
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the numerical predictions fit almost perfectly
to the theoretical predictions of Kosterlitz-Thouless transition
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