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Optical superlattice each second place filled

(1) prepared density wave, (2) reduction of lattice depth - tunnelling, (3)
read-out - tunnelling suppressed S. Trotzky et al., Nature Physics 8 (2012) 325

Odd-site population (circles), ensemble-averaged t-DMRG (line), next-

nearest neighbour hopping (dashed)
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linearized kinetic equation (Heisenberg equation)
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• local equilibrium with variation of chemical potential such that density

conserves n =
∑

p f =
∑

p f l.e. N. Mermin, PRB 1 (1970) 2362

more conservations K. Morawetz, Phys. Rev. E 88 (2013) 022148

No time for correlations to be built up

• Linearize kinetic equation to obtain density response
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• linearization leads to analytic solution K. Morawetz, et al., Phys. Rev. B 72

(2005) 233203
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Achievement: long-time
limit yields the Drude
formula
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not easy to achieve within short-time expansions, e.q. [ElSayed et al, PRB 49
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Density repsonse: sudden quench
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Comparison of the experimental data of S. Trotzky et al., Nature Physics 8 (2012)

325 (dots) with the RG calculation of A. Flesch et al., Phys. Rev. A78 (2008)

033608 (thin line). Left: Mermin’s correction of conserving relaxation time
τ = 0.6~/J approximation without (green) and with interaction (red).
Right: With (red) and without (green) the influence of the trapping poten-
tial K/J .

Free chains in electric field

1D tight-binding Hamiltonian with lattice distance a
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Currents
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imaginary current to decay initial cor-
relations integrated over the Brillouin
zone wave vectors

chain of length D has potential Uq = lim
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Currents: equivalent RCL circuit
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Pair correlation function

in terms of the response function β = 1/T
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where integrate over 2N + 1 sites which results into a structure factor
FN(r) = sin [πr(2N + 1)]/ sin [πr]

Pair correlation function of one Brillouin zone
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Summary on transport in wires of localized dots

1. Short-time dynamics

• collisions have no time to happen yet, correlations are formed at tran-
sient times due to mean-field fluctuations

• simple analytic formula for time dependence of the dielectric function
and for sudden quench

• Finite size corrections due to trap and density conservation (Mermin)

2. Dots in a chain

• quench population dynamics of cold atoms in lattices well described

• exact analytical expressions show Bloch oscillations and ballistic trans-
port for non-interacting electrons with only hopping

• including interactions currents are calculated analytically

• transport in a chain of dots can be represented by equivalent R-C-L
circuit in terms of hopping, interaction strength and relaxation time

• decay of initial correlations is realized by virtual current

• analytic expression for pair correlation function:

– effect of hopping counter-acts effect of interactions and collisions

– higher collective temperature sharpens feature of 1. Brillouin zone

– number of dots leads to structure factor inside pair-correlation func-
tion which modulates 1. Brillouin-zone, maxims at places of dots


