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Lecture 1

Lecture Outline:
1. Background
Radiation pressure force

Two-level atoms and J=0 — J=1 atoms

i

Cooling limits
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Towards Zero Temperature
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Atom Chips: technology to produce cold atoms

Swinburne University (2005) Universiteit van Amsterdam (2005)



Temperature (uK)

Temperature: measure of motion

Parameters of evaporation
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Temperature: measure of motion

Thermal clouds BEC expands
expand isotropically faster radially
Drop
time
8 ms
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16 ms

20 ms i s
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Radiation Pressure Force

Atom - Qight interaction:
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Cooling with Radiation Pressure
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Density matrix equations and mean force
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Two-level atom at rest
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Travelling wave
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Standing wave

Moving two-level atom
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The case of arbitrary velocities and high intensity
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Minogin and Letokhov, 1984 21
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Doppleron (velocity-selective) resonances

T -7 1Y T
| 12)
| ] I
2) - f |
3
) S B
3 g gl & & N
= = e i + "I"\ ~ 3
g 3l 3| 3 S
| 117
: AL |
UE:G : _._..l_ j['_di- J
— : Vo #
-UE:ﬂ—SZj’Sk ] Uz & SZ/SK
a
Firstorder kv = =£0
Secondorder () Tkv)—(a Fkv) = 0 v = 0
Third order (e 2 KV)— (a0 Tkv)+ (e Tkv) = e kv = +6/3

23



Observation of Doppleron resonances, Hulet et al, PRL 1990
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Similar results from atom reflection (Baldwin et al, 1994)
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Fokker-Planck equation and cooling limits

atoms are moving towards the laser heam

( —

after absorption atom is slowed down

Fokker-Planck equation:

In the case of the friction force
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D(p,t) is the momentum diffusion coefficient

Two counterpropagating laser beams
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ot - o~ configuration (J. Dalibard et al, 1984)

Exact expression for the force in Dalibard et al, J. Physics B, 1984
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