Currents In a chain of qguantum dots
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(1) prepared density wave, (2) reduction of lattice depth - tunnelling, (3)
read-out - tunnelling suppressed S. Trotzky et al., Nature Physics 8 (2012) 325
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Odd-site population (circles), ensemble-averaged t-DMRG (line), next-
nearest neighbour hopping (dashed)

Kinetic theory: modeII
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and confining harmonic trap

linearized kinetic equation (Heisenberg equation)
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e local equilibrium with variation of chemical potential such that density
Le. :

conserves n. =), f = f"* N. Mermin, PRB 1 (1970) 2362

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

‘ No time for correlations to be built upI

e Linearize kinetic equation to obtain density response
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e one-particle reduced density matrix f obeys
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e linearization leads to analytic solution K. Morawetz, et al., Phys. Rev. B 72
(2005) 233203
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Achievement: long-time 1 2
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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 quenchI
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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

= 0.6h/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 fieldl

1D tight-binding Hamiltonian with lattice distance a
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time-dependent Schrédinger equation solved by [W) = ) ¢,|n) with ho-

mogeneous field F(t) and Fourier transformed
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mean quantum mechanical current
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many-body averaging: dots with a spatial distribution 7. 3" . 6(r — la)
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e imaginary current to decay initial cor-
relations integrated over the Brillouin

Zonhe wave vectors
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chain of length D has potential U, =Dlim a [ dee [—eE(t)z] =
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—12maeE(t)0,0(q), inhomogeneous electric field with wavelength ¢/h pos-

sesses potential U, = eaquq()
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Currents: equivalent RCL circuitI

single-mode wavelength U, = QWiEqu%é(q — qo), total charge current rep-
resented it in terms of resistance in frequency space
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with
1. Ohmic resistance per length R™! =

2.inductance R; = —iwL per length L™! = o
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in terms of single quantum parameter
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for the effective mass for free particles m = h*/2.Ja”

| Pair correlation functionl

in terms of the response function 3 = 1/T
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with the DiGamma function W(z) = I""/I", zero-temperature result
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The pair correlation function
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where integrate over 2N 4 1 sites which results into a structure factor
Fn(r) =sin[mr(2N + 1)]/sin [7r]

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

1. Short-time dynamics
e collisions have no time to happen yet, correlations are formed at tran-
sient times due to mean-field fluctuations

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

e Finite size corrections due to trap and density conservation (Mermin)
. Dots in a chain

e quench population dynamics of cold atoms in lattices well described

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

e including interactions currents are calculated analytically

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

e decay of initial correlations is realized by virtual current
e 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




