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Physicists 'Entangle' Light, Pave Way To Atomic-scale Measurements
ScienceDaily (May 13, 2004) — University of
Toronto physicists have developed a way to
entangle photons which could ultimately lead to an
extremely precise new measurement system.
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Their study appears in the May 13
issue of the journal Nature. The
findings could ultimately prove useful
in developing ways to measure
gravitational waves or the energy
structure of atoms, and could also
help in the development of "quantum
computers." (Quantum computers
work according to the principles of
quantum mechanics, which
describes atoms, photons, and other
microscopic objects.)
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Previous studies have theorized that
quantum computers using entangled
photons could perform calculations
far more quickly than current
computers. "We know that today's
computers are approaching limits of
size and speed," says lead author
and post-doctoral fellow Morgan
Mitchell. "Quantum computing offers a possible way to move
beyond that. Our research borrows some tricks from quantum
computing and applies them to precision measurement."
Mitchell, working with Professor Aephraim Steinberg and
graduate student Jeff Lundeen, first prepared three photons
each with a different state of polarization. The researchers
directed one photon along a main pathway or "beam," then
added a second photon. If researchers determined that both
photons continued down the main beam, they concluded the
two had become entangled. A third photon, with yet another
polarization, was then added.
The team was able to create a three-photon state in 58 per
cent of their attempts. "Nobody has taken three distinct
photons and made a three-photon entangled state before," he
says. The entire process occurred within nanoseconds over a
physical span of less than a metre.
The researchers then demonstrated the use of the threephoton entangled state to make extremely precise
measurements. To do so, they used an experiment based on
a paradox associated with quantum mechanics, which
suggests that a particle can be in two places at once.
By observing the movement of the photons past a series of
mirrors and filters, the team was able to determine how far
the photons had traveled.
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Photo depicts some of the apparatus used to
make the three-photon state. At upper right (the
black box peeking in from the edge of the frame)
is the laser that produces 810nm photons (that's
an infrared wavelength, but close enough to the
visible part of the spectrum that you can still see it
as the red beam in the photo). Most of the infrared
beam is focused into a doubling crystal, inside the
protective box at lower left, to produce violet
photons. The violet photons are directed into the
"downconversion crystal", which is the brightest
spot at lower left. Inside the downconversion
crystal sometimes a violet photon will split in two,
forming a pair of infrared photons, each with
wavelength 810 nm. At the same time, a very
small amount of the infrared beam is split off, to
give a third photon. Outside the picture, these
three photons are combined into a single beam of
entangled photons in a state. (Photo courtesy of
University Of Toronto)
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Austrian Scientists Experimentally Demonstrate
"Quantum Teleportation" (Dec. 15, 1997) —
Researchers at the University of Innsbruck have
experimentally demonstrated quantum teleportation
– a phenomenon that allows physicists to take a
photon (or any other quantum-scale particle, ...
> read more
Quantum Computing Gets Boost
From 'Entanglement' Of Atom Pairs
(Oct. 18, 2006) — Physicists at NIST
have taken a significant step toward
transforming entanglement -- an atomic-scale
phenomenon described by Albert Einstein as
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"spooky action at a distance" -- into a practical
tool. ... > read more
NIST Demonstrates 'Teleportation'
Of Atomic States For Quantum
Computing (Jun. 21, 2004) —
Physicists at the Commerce
Department's National Institute of Standards and
Technology (NIST) have demonstrated
"teleportation" by transferring key properties of one
atom to another atom ... > read more
Research Paper Illuminates How Light
Pushes Atoms (Aug. 21, 2006) — A
new effect in the fundamental way that
laser light interacts with atoms has been
discovered by physicist Kurt Gibble at Penn State.
His theoretical study reveals that, unlike water,
which speeds ... > read more
A Quantum Mechanical 'Tune Up' For Better
Measurement (Jun. 7, 2004) — By exploiting the
weird quantum behavior of atoms, physicists at the
Commerce Department's National Institute of
Standards and Technology (NIST) have
demonstrated a new technique that someday ...
> read more
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