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The image above represents the interference of wave patterns created by
simulated atoms that have been "trapped" by intersecting laser beams. The
complex shape of peaks and valleys is an example of a natural fractal pattern, a
pattern that continues to reveal new details no matter how many times it is
magnified. Credit: A.M. Rey/Harvard University 

Physicists at Harvard University, George Mason University and the
National Institute of Standards and Technology (NIST) have discovered
new quantum effects in ultracold gases that may lead to improved
understanding of electrical conductivity in metals.

In work presented at the March meeting of the American Physical
Society in Baltimore, Md., the researchers calculated the properties of an
"artificial crystal" of ultracold atoms in a lattice formed by intersecting
laser beams. The wave patterns in the laser light form the equivalent of
row upon row of stadium seating for the atoms, an appropriate analogy
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given that the work was debuted during the height of college basketball's
"March Madness" tournament.

In metals like copper, two mutually exclusive types of effects tend to
slow down the flow of electrons and reduce electrical conductivity,
namely disorder in the crystal structure or blocking of electrons by other
electrons that are already occupying a given space.

"In March Madness terms," says NIST physicist Charles Clark, "fans
who arrive early to an empty stadium can move relatively quickly down
any row unless they encounter a railing, wall or other barrier (crystal
disorder) but once the game begins a fan's movements are constrained
along rows by other fans already occupying seats (electron blocking)."
Even though Phillip Anderson and Sir Neville Mott won the Nobel Prize
in 1977 for explaining these phenomena in metals, it has been difficult
to observe the effects in real materials.

By using equations dictated by the laws of quantum mechanics (the rules
obeyed by nature's smallest particles), the researchers were able to
simulate gases in optical lattices as models for materials that haven't
been created yet. They found that under certain conditions electron
blocking occurs even when the lattice would ordinarily be a good
conductor. They also found that interference effects between the wave
properties of ultracold atoms in the lattice form natural fractal
patterns--that is, no matter how many times the pattern is magnified,
new patterns of detail are revealed.

Citation: A.M. Rey, I.I. Satija, and C.W. Clark, "Quantum coherence of
hard-core bosons and fermions in one dimensional quasi-periodic
potentials: superfluid, Mott, and glassy phases," March 15, 2006.

Source: NIST
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