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1. Bose-Hubbard Model

Second-quantized Hamiltonian for bosons [1]:
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Decomposition in Wannier states:

P(x) = aw(x —x;)

Derivation of Bose-Hubbard Hamiltonian [1-5]:

Bose-Hubbard coefficients [6-8]:
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Recoil energy Ep = h*m?/2ma® D
Data of Bloch group [9,10]: .
Lattice spacing a = 425 nm

Bosons used in experiment: SRb
s-wave scattering length a; = 100a

numerically determined
gauge curve
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2. Mean-Field Theory

Mean-field ansatz [3,11]:

ala; ~ (al)a; + (a)al — (@f)(a;) with o = (al) = (a)

Mean-field Hamiltonian:
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Landau expansion [2,3,11,12]:
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fS(‘coml-(nd(‘l phase transition [3,6] due to ay > 0 [12]:

f = 9)(2as + 4ay)?) = 0

= 2ay + 12a9%* > 0

if ay > 0 Mott insulator

if a; < 0 superfluid

— kgT/U =0
— kpT/U =0.02

— kgT/U = 0.2
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3. Quantum Corrections

Hamiltonian motivated by variational perturtbation theory [13,14]
H= H\[F s TJ(HRH - H\IF)

= Order parameter v is variational parameter
Dirac interaction picture H = Hy + V:
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Result in zeroth order of 7:
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= Same phase border for all temperatures.
Result in second order of i for ' =0, n = 1, and z = 6:
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- Monte-Carlo is believed to be very precise e
- Analytical result for quantum correction
numerically verified by exact diagonaliza-

tion of mean-field Hamiltonian [15]
- Strong-coupling approach compares par-
ticle and hole states

— mean-field

— 2nd order correction

+ + » Monte-Carlo simulation[16]
3rd strong-coupling order[17]
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Density in momentum space [18]:
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4.Time-of-Flight

n(k) = (I )$(K) = [wk)PSk),  Sk) = Y e* ) (ala;)
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Time-of-flight: n(z,y,t) = / dzn (k = 7)
— it
Second-order strong-coupling cxpaonsion:
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with the coefficients
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£ . first-order calculation (T = 0)

second-order calculation (T = 0)

O * * * experimental absorption pictures [10]

(a) Vo = 8B, (b) Vi = 14Ep, (c) V) = 18, and (d) V) = 30Ex.
5.Visibility

Definition of visibility [9,10]: V = M
. Tnax + Tmin

First order expanded:
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T=0andn=2: First order prefactor:

second order
— first order

— second order expanded
— first order expanded
- - experimental data [10]




Visibility of Atomic Cloud Released from Optical Lattices

Alexander Hoffmann!, Francisco Ednilson Alves dos Santos!, and Axel Pelster?
Unstitut fiir Theoretische Physik, Freie Universitit Berlin, Arnimallee 14, 14195 Berlin, Germany
2Fachbereich Physik, Universitéit Duisburg-Essen, Lotharstrasse 1, 47048 Duisburg, Germany

UNIVERSI

DUISBURG

ESSEN

References

1] D. Jaksch, C. Bruder, J. I. Cirac, C. W. Gardiner, and P. Zoller. Cold bosonic atoms in optical lattices. Phys. Rev. Lett., 81:3108, 1998.

2] M. P. A. Fisher, P. B. Weichman, G. Grinstein, and D. S. Fisher. Boson localization and the superfluid-insulator transition. Phys. Rev. B, 40:546, 1989.

3] D. van Qosten, P. van der Straten, and H. T. C. Stoof. Quantum phases in an optical lattice. Phys. Rev. A, 63:053601, 2001.

4] M. Greiner, O. Mandel, T. Esslinger, T. W. Hénsch, and I. Bloch. Quantum phase transition from a superfluid to a mott insulator in a gas of ultracold atoms. Nature, 415:39, 2002
5] I. Bloch. Ultracold quantum gases in optical lattices. Nature Physics, 1:23, 2005.

6] W. Zwerger. Mott-hubbard transition of cold atoms in optical lattices. Journal of Optics B, 5:59, 2003.

7] A. Albus, F. llluminati, and J. Eisert. Mixtures of bosonic and fermionic atoms in optical lattices. Phys. Rev. A, 68:023606, 2003

8] P. B. Blakie and C. W. Clark. Wannier states and bose-hubbard parameters for 2d optical lattices. Journal of Physics B, 37:1391, 2004.

9] F. Gerbier, A. Widera, S. Félling, O. Mandel, T. Gericke, and I Bloch. Phase coherence of an atomic mott insulator. Phys. Rev. Lett., 95:050404, 2005.
]

]

2]

]

|

)

J

7

J

[10] F. Gerbier, A. Widera, S. Folling, O. Mandel, T. Gericke, and I Bloch. Interference pattern and visibility of a mott insulator. Phys. Rev. A, 72:053606, 2005.
[11] P. Buonsante and A. Vezzani. Phase diagram for ultracold bosons in optical lattices and superlattices. Phys. Rev. A, T0:033608, 2004.

[12] K. V. Krutitsky, A. Pelster, and R. Graham. Mean-field phase diagram of disordered bosons in a lattice at nonzero temperature. New Journal of Physics, 8:187, 2006.
[13] H. Kleinert. Path Integrals in Quantum Mechanics, Statistics, Polymer Physics, and Financial Markets. World Scientific, forth edition, 2006.

[14] H. Kleinert and V. Schulte-Frohlinde. Critical Properties of ®* Theories. World Scientific, 2001.

[15

[16] B. Capogrosso-Sansone, E. Kozik, N. Prokof’ev, and B. Svistunov. On-site number statistics of ultracold lattice bosons. Phys. Rev. A. 75:013619, 2007.
[17
[

18]

5] K. Krutitsky. private communication

J. K. Freericks and H. Monien. Strong-coupling expansion for the pure and disorderd Bose-Hubbard model. Phys. Rev. B, 53:2691, 1996.
V.A. Kashurnikov, N. V. Prokof’ev, and B.V. Svistunov. Revealing the superfluid-mott-insulator transition in an optical lattice. Phys. Rev. A, 66:031601(R), 2002.




