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The Bose-Eingtein condensate is a phase of matter, in the sense that solid, liquid, gas and plasma
are phases of matter. Bose-Eingtein condensates form from matter that has been cooled to near
absolute zero. They were predicted in the 1920s by Satyendra Nath Bose and Albert Eingtein
based on Bose's work on rules for deciding when two photons should be counted up as elther
identicd or different; Einstein formdized and generdized these ideas, and the result of their
effortsisthe so called Bose Eingein datistics. Thisis the description of the statistics of identical
particles that can share a quantum energy level with each other (as opposed to Fermi Dirac
datistics, which describe identica particles of which you can only put one in each energy levd).
One of the results that one can derive from this Satigtics is the existence of simulated emission

of photons, which isthe effect that is used in creating lasers. Eingtein dso gpplied the Satidics to
atomsingtead of photons, and discovered that at a certain very low temperature, dl of the atoms
tend to drop into the lowest accessble energy level.

[caption: Ve ocity-didribution datathat confirm the discovery of anew phase of matter, the
Bose-Eingtein condensate. The two right-most images, corresponding to lower temperatures,
show multiple atoms coadescing into a single macroscopic quantum date]

The effect can be understood in broad outline by considering the Heisenberg Uncertainty
Principle which states, roughly, thet it isimpossible to know both a particlé's velocity and a
particles podtion smultaneously with certainty. When agroup of atomsis cooled to alow
enough temperature, however, their velocities become very certain; they must be moving very
dowly, or, stated more technically, they must have low quantum energy levels. This causesther
positionsto "smear out,” effectively causing the individua atoms to overlap each other. Ina
Bose-Eingtein condensate, the many overlapping atoms can be consdered to be a single super-
atom, with dl of its condtituent atoms sharing a Sngle quantum state.

A Bose-Eingtein condensate was not actudly created in alab until June 5, 1995, when Eric
Cornell and Carl Wieman used a combination of laser cooling (a technique the invention of
which won Steven Chu, Claude CohenTannoudji, and William D. Phillips the 1997 Nobel Prize
for Physics) and magnetic evaporative cooling to cool a cloud of gpproximately 2000 rubidium
atoms to one twenty- billionth of akevin, the lowest temperature ever achieved a that time. This
was cold enough to form a Bose-Eingtein condensate; Cornell, Wieman and Wolfgang Ketterle
won the 2001 Nobel Prize in Physics for this achievement.

As teams surrounding Rudolf Grimm from the university of Innsbruck, Austriaand Deborah S,
Jn from the University of Colorado at Boulder, USA were able to show independently in
November 2003, Bose- Eingtein condensates can dso be formed from molecules.

Bose-Eingtein condensates are extremely fragile. The dightest interaction with the outside world
can be enough to warm them past the condensation threshold, causing them to break back down



into individua aoms again; it will likely be some time before any practica applications are
developed for them. However, severd interesting properties have adready been observed in
experiments. Bose- Einstein condensates can be made to have an extremdy high gradient in the
optica dengties, resulting in extremey low measured speed of light within it; some condensates
have dowed beams of light down to mere meters per second, dower than a human can move on
abicycle. A rotating Bose- Eingtein condensate could be used as amodel black hole, dlowing
light to enter but not to escape. Condensates could aso be used to "freeze” pulses of light, to be
released again when the condensate breaks down. Research in thisfield is till young and
ongoing.
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