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Lecture 1

Lecture Outline:

1. Background

2. Radiation pressure force

3. Two-level atoms and J=0 → J=1 atoms

4. Cooling limits

Literature:

• V.G. Minogin and V.S. Letokhov, “Effects of radiation pressure on atoms” (Nauka, 
Moscow, 1986) 

• J. Dalibard and C. Cohen-Tannoudji, “Dressed-atom approach to atomic motion in 
laser light: the dipole force revisited”, JOSA B2, 1707 (1985)

• J. Dalibard and C. Cohen-Tannoudji, “Laser cooling below the Doppler limit by 
polarization gradients: simple theoretical models”, JOSA B6, 2023 (1989)

• H.J. Metcalf and P. van der Straten, “Laser cooling and trapping” (Springer, New 
York, 2002)
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Atom Chips: technology to produce cold atoms
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T = 0.8872 x N 1.2125
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Radiation Pressure Force

v0 = 600 m/s vrec = Ñk/m = 6 mm/s



9



10

|eÚ

|gÚ

0 l



Frequency parameters:


0
0,, dE

l  

Characteristic times (87Rb atom):

fsT 7.22

0
0 




nsN 271  

nKk
M
kE Brec 180

2

22




Nopop   1

recE intTTtran 

Cooling with Radiation Pressure



11

Density matrix equations and mean force
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Two-level atom at rest
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Moving two-level atom

Travelling wave  ..
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Minogin and Letokhov, 1984
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W. Ertmer et al, PRL, 1984
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20W.D. Phillips, in Fundamental systems 
in quantum optics, 1992
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The case of arbitrary velocities and high intensity
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Doppleron (velocity-selective) resonances

First order

Second order

Third order

kv

    0 kvkv ll  0v

      0  kvkvkv lll  3/kv



24

Observation of Doppleron resonances, Hulet et al, PRL 1990

Similar results from atom reflection (Baldwin et al, 1994)

(a)  = +30,  = 60

(b)  = -30,  = 60
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Fokker-Planck equation and cooling limits 

Moments of the force:
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+ - - configuration (J. Dalibard et al, 1984)

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