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Micro-cantilever experiment demonstrating magnetic coupling of mechanical
motion to atomic spin. The approximately 200-micrometer cantilever (circled)
has a tiny magnetic particle on the free end. Rubidium atoms are confined in the
cubic vapor cell to the left. Credit: Ying-Ju Wang, NIST

For the first time, mechanical motion has been used to make atoms in a
gas “spin,” scientists at the National Institute of Standards and
Technology report. The technique eventually might be used in high-
performance magnetic sensors, enable power-efficient chip-scale atomic
devices such as clocks, or serve as components for manipulating bits of
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information in quantum computers.

As described in the Dec. 1 issue of Physical Review Letters, the NIST
team used a vibrating microscale cantilever, a tiny plank anchored at one
end like a diving board, to drive magnetic oscillations in rubidium atoms.
The scientists attached a tiny magnetic particle—about 10 by 50 by 100
micrometers in size—to the cantilever tip and applied electrical signals
at the cantilever’s “resonant” frequency to make the tip of the cantilever,
and hence the magnetic particle, vibrate up and down. The vibrating
particle in turn generated an oscillating magnetic field that impinged on
atoms confined inside a 1-square-millimeter container nearby.

The electrons in the atoms, acting like tiny bar magnets with north and
south poles, responded by rotating about a static magnetic field applied
to the experimental set-up, causing the atoms to rotate like spinning tops
that are wobbling slightly. The scientists detected the rotation by
monitoring patterns in the amount of infrared laser light absorbed by the
spinning atoms as their orientation fluctuated with the magnetic
gyrations. Atoms absorb polarized light depending on their orientation
with respect to the light beam.

Micro-cantilevers are a focus of intensive research in part because they
can be operated with low power, such as from a battery, and yet are
sensitive enough to detect very slight changes in magnetic fields with
high spatial resolution. The NIST team noted that coupling between
cantilever motion and atomic spins is easy to detect, and that the atoms
maintain consistent rotation patterns for a sufficiently long time, on the
order of milliseconds, to be useful in precision applications.

For instance, by comparing the oscillation frequency of the cantilever to
the natural rotation behavior of the atoms (determined by measuring the
extent of the wobble), the local magnetic field can be determined with
high precision. Or, arrays of magnetic cantilevers might be constructed,
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with each cantilever coupled vibrationally to the others and coupled
magnetically to a unique collection of atoms. Such a device could be
used to store or manipulate binary data in a quantum computer. In
theory, the coupling process also could work backwards, so that atomic
spins could be detected by monitoring the vibrational motion of the
cantilevers.

Citation: Y-J. Wang, M. Eardley, S. Knappe, J. Moreland, L. Hollberg,
and J. Kitching. 2006. Magnetic resonance in an atomic vapor excited by
a mechanical resonator. Physical Review Letters. Dec. 1.
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