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Local Density and Phase Diagram
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Interacting Bosons Confined in Optical Lattices

World Line Quantum Monte Carlo

H = —tZ(a

G. G. Batrouni, V. Rousseau, R. T. Scalettar, M. Rigol, A. Muramatsu, P. J. H. Denteneer,
and M. Troyer, Phys. Rev. Lett. 89, 117203 (2002)

Hubbard Hamiltonian
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Interacting Fermions Confined in Optical Lattices

M. Rigol, A. Muramatsu, G. G. Batrouni, and R. T. Scalettar, Phys. Rev. Lett. 91, 130403 (2003).

Hubbard Hamiltonian
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Method: Determinantal Quantum Monte Carlo
Local Density and Generic Phase Diagram

N=100, V/t=0.006 and N=150, V/t=0.002
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Density, Variance and Compressibility profiles

Density Variance

Local Order
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Criticality and Universality of the Local Compressibility

Local Compressibility vs Density

Parameters
_1 ' | ' | ' Vv: U = 6t + harmonic
A: U = 8t -+ harmonic
(): U = 6t + quartic
. U =6t + periodic lattice
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Universality: No dependence on confining potential and on-site repulsion for n — 1



Universality of the Variance

Variance vs Density

Confining potentials

Line: periodic lattice

(): harmonic

/A\: quartic

V: harmonic+cubic+quartic

On site repulsions:
(top to bottom)

U/t = 0.0, 2.0, 4.0, 8.0

Universality: No dependence on confining potential for n — 1



Universality of the Variance

Variance vs Density

Parameters
VvV: U = 6t + harmonic
— A: U = 8t + harmonic
™
Z (): U = 6t + quartic
| O: U = 6t + periodic lattice
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Universality: No dependence on confining potential and on-site repulsion for n — 1



Evolution of the Density and Momentum profiles with U

M. Rigol and A. Muramatsu, cond-mat/0309670
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Non-interacting case

Local Insulator

Hamiltonian
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Conclusions

i) Local compressibility shows quantum critical behavior for n — 1.
- Critical exponent: @w ~ 0.68 — 0.78.
- Independent of spatial correlations.

- To be expected in higher dimensions.
ii) Local compressibility and variance show universal behavior for n — 1.

iii) Generic phase diagram.

- Scaling form: Ngy/V/t vs U/t.

iv) Momentum distribution function, not appropriate to characterize the
MMIT.



