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Long Times,

cold-atoms experiments
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Figure 1| Relaxation of the density pattern. a, Concept of the experiment: after having prepared the density wave [y (t =0)) (1), the lattice depth was
rapidly reduced to enable tunnelling (2). Finally, the properties of the evolved state were read out after all tunnelling was again suppressed (3). b, Even-odd
resolved detection: particles on sites with odd index were brought to a higher Bloch band. A subsequent band-mapping sequence was used to reveal the
odd- and even-site populations'*'“. ¢, Integrated band-mapping profiles versus relaxation time ¢ for h/(4)) 2 0.9 ms, U/J=5.16(7) and K/ =1.7 x 102

d, Odd-site density extracted from the raw data shown in ¢. The shaded area marks the envelope for free bosons (light grey) and including inhomogeneities

of the Hubbard parameters in the experimental system (dark grey stripe near border).
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Figure 2 | Relaxation of the local density for different interaction strengths. We plot the measured traces of the odd-site population ngu4(t) for four
different interaction strengths U/J (circles). The solid lines are ensemble-averaged results from t-DMRG simulations without free parameters. The dashed
lines represent simulations including next-nearest neighbour hopping with a coupling matrix element Jyyy /) == 0.12 (a), 0.08 (b), 0.05 (¢) and 0.03 (d)

calculated from the single-particle band structure.
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R ichard Feynman put it in memorable

Full guantum computers are not there

-proof of principle
-scalability
-decoherence

Dedicated experiments to simulate relevant
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Can one trust quantum simulators?
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FIG. 4. (Color online) Optical lattices. (a) Two- and (b) three-
di . 1 . 11 . ials f db . . FIG. 13. (Color online) Schematic zero-temperature phase diagram of the Bose-Hubbard model. Dashed lines of constant-integer
imensiona optlca attice pOt entials forme Yy superimposing density (/i)=1,2,3 in the SF hit the corresponding MI phases at the tips of the lobes at a critical value of J/U, which decreases with
two or three or[hogon al standing waves. For a two- increasing density 7. For (i))=1+¢ the line of constant density stays outside the 7i=1 MI because a fraction & of the particles
di . 1 ti 1 latti th t fi dt remains superfluid down to the lowest values of J. In an external trap with an 7=2 MI phase in the center, a series of MI and SF
imensional optcal lattice, € atoms are conline O an array regions appear on going toward the edge of the cloud, where the local chemical potential has dropped to zero.

of tightly confining one-dimensional potential tubes, whereas
in the three-dimensional case the optical lattice can be ap-
proximated by a three-dimensional simple cubic array of
tightly confining harmonic-oscillator potentials at each lattice
site.

Raw images

|. Bloch et al. Nat. Phys. Insigth 2012
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NUMERICAL WORK IN PROGRESS

Proof of principle passed, all the hard work still in progress
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