
Density- and Interaction- Induced Transport of Ultra-Cold Atoms in 1D Optical Lattices

Recent advance in cooling and trapping of atoms allows one to load
an atomic gas well below the quantum degenerate temperature onto
an artificial lattice potential generated by lasers. The atoms can
tunnel through the lattice and experimentally one can tune the
lattice depth, particle number, lattice size, lattice geometry, and
interactions among atoms. Thus ultra-cold atoms in optical lattices
provide ideal and clean systems for studying quantum transport in an
isolated system. Here we discuss some methods for inducing a quasi
steady-state current (QSSC) of fermions. The QSSC corresponds to a
plateau in the mass current as a function of time and could be useful
in designing new cold-atom based devices. We simulate the quantum
dynamics using a micro-canonical formalism [1], which monitors the
evolution of the single-particle correlation matrix.
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Setups

Density-induced transport (I)

Density-induced transport (II)

Interaction-induced transport

Micro-Canonical Formalism (MCF)

(1) Prepare the system in an initial state of the Hamiltonian H0.
(2) Evolve the system according to a new Hamiltonian He.

The correlation matrix is defined as
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H0: tight-binding Hamiltonian
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Modeling interactions as onsite-
repulsion (Hubbard model)

Introduction
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Results and Discussions

• The quasi steady-state current 
(QSSC) has been proposed in 
Nano Lett. 5, 2569 (2005) for 
closed electronic systems.

• A single-particle wavefunction
does not establish a QSSC.

• A pile of fermions (in momentum 
space up to the Fermi energy) 
establishes a QSSC [2].

QSSC is a many-particle (emergent) phenomenon!

Step-function potential

•QSSC is not observable in condensed
non-interacting bosons.
•QSSC in fermions is robust against finite T and trap.
•The height of the QSSC is not linearly proportional
to the filling.
•Revival behavior occurs at later time and we focus
on physics prior to the revival.

Density-induced transport [1] Step-function bias [3]

•Dynamical conducting-nonconducting
transition due to mismatches of energy 
spectra.
•Negative differential conductance that 
resembles its counterpart in solid-state 
systems  precedes the transition.

•Dynamical conducting-nonconducting transition 
could be observed in interaction-induced transport.
•Including higher-order correlations predicts 
qualitatively the same results.

•Repulsive interactions slow down the 
transport even at the mean-field level [2].

Conclusion and Outlook

•Quasi steady states could be studied in finite-size isolated quantum systems without

connecting to reservoirs.

•Non-interacting fermions support a quasi steady-state current while condensed

non-interacting bosons do not.

•The QSSC is a genuine many-body phenomenon not observable in few-body systems.

•Mismatches of energy spectra could cause a conducting-nonconducting transition

preceded by negative differential conductance.

•No memory effect has been observed in non-interacting and mean-field systems.

•Comparisons between transport with reservoirs and transport in isolated systems

will reveal advantages and disadvantages of these two approaches. This will help

better designs of atomtronic devices.

•Quantities such as the entanglement entropy, number fluctuations, shot noises, etc.

will help us understand the quasi steady state and how to turn it into useful devices.

•The quasi steady state is insensitive to 
how it is approached: No memory effect.
•No memory effect in non-interacting and 
mean-field systems in our simulations.

Advantages: (1) Fully quantum-mechanical descriptions. (2) Modeling
finite-size isolated quantum systems. (3) Exact dynamics for non-
interacting systems and systematic approximations for interactions.

Transport could be induced locally.

Interaction-induced transport [3]
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