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Why Study Cold Gases ?

Answer: Coherent Quantum Phenomena
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Quantum Particles

U There are two types of quantum particles found in nature

Bosons and Fermions

V Bosondike to do the same thing. j
Loseidentity when overlap.

V Fermionsare independenhinded
Obey the Paulexclusion principle.

¢ Bosons:
Photons,
W and Z particles,

4He, 87Rb, €

ol

C Fermions:

Quarks, electrons,
protons, neutrons,
SHe, K, 5L i , é
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What is Bose-Einstein condensation (BEC)?
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How to make a BEC.:
Cool atoms at ultra low temperature

l Fluorescence ﬂ 300K to 1 mK

| . h ~10° atoms
T Laser cooling (Doppler effect)
Laser beams and trapping

I1mKto1lnK
~108Y 18&toms

Evaporative Cooling

and Magnetic trapping



How to make a BEC:
Image cold atoms with laser
3. Imaging the density: Time-of-flight absorption imaging
B =

-
. Density distribution

Probing the atoms



In the Lab
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How to make a BEC:
A little bit of math
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How to rotate an irrotational fluid?

classical object quantum coherent fluid

\/,

v(r,t) =WB r(t)

P Vg - dl = — - Ar = N—
Non Zero m m

Circulation !!
where n is an integer.



Experiments with Na (MIT)
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Smoking gun of condensate: Purely quantum phenomenon
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How can fermions condense?

Composite particles made
of even number of fermions
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Momentum space: opposite-k pairing at Fermi surface
Condensate of such pairing correlations at all k, -k Real space: big molecule



Feshbach Resonance: controlling Interactions

U Interactions are characterized by thease scattering lengtha,
a.> 0 repulsive,a,< 0 attractive

Largeq Y strong i1 nteractio
U In an ultracold atomic gas, bound state can be controlled by an

external magnetic field, we can controd.!
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