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The Prize

“for the achievement of Bose-Einstein condensation (3% {f -5 PR £E 52X AHE) in
dilute gases of alkali atoms (/5 1-) , and for early fundamental studies of the
properties of the condensates"




The Winners
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Eric A. Cornell Wolfgang Ketterle Carl E. Wieman
SRR GRS M
JILA & NIST, MIT JILA &
Boulder, Colorado. University of
1957 - Colorado, Boulder.
1961-

1951-



Q1: What Is Bose-Einstein Condensation?

De Broglie 7E7fi%EE. (1929 Nobel Prize winner) proposed that all matter is
composed of waves. Their wavelengths are given by

A=

mv

A = de Broglie wavelength
h = Planck's constant % B & 5
m = mass
v = velocity



Against Our Intuition?!
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Bose and Einstein

* In 1924 an Indian physicist named Bose studied the quantum behaviour of a
collection of photons.

* Bose sent his work to Einstein, who realized that it was important.

- Einstein generalized the idea to atoms, considering them as quantum particles
with mass.

- Einstein found that when the temperature is high, they behave like ordinary
gases.

- However, when the temperature is very low, they will gather together at the
lowest quantum state. This is called Bose-Einstein condensation.




Fermions (Z>£+) and Bosons (3%t )

* Not all particles can have BEC. This is related to the spin of the particles.

* The spin quantum number of a particle can be an integer or a half-integer.

* Single protons, neutrons and electrons have a spin of 3. They are called fermions.
They cannot appear in the same quantum state. BEC cannot take place.

* Some atoms contain an even number of fermions. They have a total spin of whole
number. They are called bosons.

* Bosons show strong "social” behaviour, and can have BEC.

* Example: A 23Na atom has 11 protons, 12 neutrons and 11 electrons.




The Material For BEC

* BEC was found in alkali metals e.g. 87Rb (s411), 23Na (%), ’Li ($) because:
* They are bosons.
*Each atom is a small magnetic compass, so that a cooling technique called
magnetic cooling can work.
* The atoms have a small repulsion, so that they do not liquefy or solidify down
to a very low temperature.



Cooling Down the Atoms

* See the animation:
http://www.colorado.edu/physics/2000/bec/what_is_it.html

* When the temperature is high, the atoms have high energies on average. The
energy levels are almost continuous. It is sufficient fo describe the system
by classical physics.

* When the temperature is low, the atoms have low energies on average. It is
necessary to describe the system by quantum physics.

* When the temperature is very low, a large fraction of atoms suddenly crash
into the lowest energy state. This is called Bose-Einstein condensation.



http://www.colorado.edu/physics/2000/bec/what_is_it.html

The Strange State of BEC

* Some atomsin a
BEC condensate

Some very cold atoms

* When all the atoms stay in the condensate, all the atoms are absolutely identical.
There is no possible measurement that can tell them apart.

* Before condensation, the atoms look like fuzzy balls.

* After consdensation, the atoms lie exactly on top of each other (a superatom).




Q2: How Is BEC Made?

WAL prmp
and Bb source

BEC Apparatus

Laser beam

Other equipment: laser equipment, computer, electronics
Cost less than US$100,000



Magnetic Trapping (R iHEFGEE)

* Problem: Laser cooling can cool the atoms down to 10uK, because atoms can
spontaneously emit the absorbed photon. This is still too hot for BEC.

* Solution: Evaporative cooling

* The atoms behave as tiny compasses. They can be pulled by magnetic fields.

* A magnetic field can be designed to push the atoms inwards from both sides,
forming a magnetic trap.




Evaporative Cooling (3E2$)54])

* Principle: Evaporation takes heat. A cup of tea gets cool after steam escapes,
because faster atoms escape from the cup, leaving behind the slower ones.

* Technique: Lower the height of the trap quickly, so that there are still enough
atoms left in the trap to get involved in BEC.

* Try to trap the largest number of atoms in BEC in the animation:

* http://www.colorado.edu/physics/2000/bec/evap cool.html



http://www.colorado.edu/physics/2000/bec/evap_cool.html

Q3: What Does a Bose-Einstein Condensate Look Like?

* There is a drop of condensate at the centre.

* The condensate is surrounded by uncondensed gas atoms.

* The combination looks like a cherry with a pit.

* See the movie when it cools from 400 nK to 50 nK (1 nK&#Ed= 10-°K). :
http://www.colorado.edu/physics/2000/bec/what it looks like.html



http://www.colorado.edu/physics/2000/bec/what_it_looks_like.html
http://www.colorado.edu/physics/2000/bec/what_it_looks_like.html
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TLM = trochoid-like motion

SUS = straight upward swimming

SDS+ = straight downward swimming with a positive drift
SDS- = straight downward swimming with a negative drift

20



(b)

T, =

~——
~—
~——
~—
~—
~——
~—
~—
~——

D= d, @ F:%,uldra)
1
=~ uld’w
5 Hd;
1

Ty =

Eﬂ

P+ 1dd o



