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Trapping
Dipole trap
Optical lattices

Lecture 3: laser cooling and trapping

Cooling
Radiation force
Doppler cooling
Optical molasses
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Full Quantum treatment: Dressed atom picture
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Optical Traps

Light shift Δ𝐸𝐸 = ℏΓ
8
I/Isat
Δ/Γ

Scattering rate s = Γ
2

I/Isat
1+Δ2/Γ2

Γ: atomic linewidth = 5.3 MHz for Cs atom
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠: Saturation intensity = 1.12mW/cm2 for Cs atom
Δ ≡ 𝜔𝜔 − 𝜔𝜔0: laser detuning
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(no decay is assumed here)= 𝐸𝐸2 ℏΩ𝑒𝑒𝑖𝑖𝑖𝑖𝑠𝑠
ℏΩ𝑒𝑒−𝑖𝑖𝑖𝑖𝑠𝑠 𝐸𝐸𝐸

𝜎𝜎+𝑎𝑎|𝑔𝑔,𝑛𝑛 > 𝜎𝜎−𝑎𝑎+|𝑒𝑒,𝑛𝑛 > 𝜎𝜎−𝑎𝑎+|𝑒𝑒, 0 >
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Scattering = absorption followed by spontaneous emission

Absorption
Spontaneous
emission

Energy conservation: 𝑝𝑝𝑖𝑖
2

2𝑚𝑚
+ ℏ𝜔𝜔 = 𝑝𝑝𝑖𝑖+ℏ𝑘𝑘 2

2𝑚𝑚
+ ℏ𝜔𝜔0 = 𝑝𝑝𝑖𝑖+ℏ𝑘𝑘−ℏ𝑘𝑘′

2

2𝑚𝑚
+ ℏ𝜔𝜔𝜔

ℏ𝛿𝛿 = ℏ𝜔𝜔 − ℏ𝜔𝜔0 =
ℏ
𝑚𝑚
𝑘𝑘 ⋅ �⃗�𝑝𝑖𝑖 + 𝐸𝐸𝑟𝑟

Doppler shift + recoil energy

ℏ𝛿𝛿 = ℏ𝜔𝜔 − ℏ𝜔𝜔0 =
𝐸
2𝑚𝑚

(2ℏ𝑘𝑘 ⋅ �⃗�𝑝𝑖𝑖 + 𝑝𝑝𝑖𝑖2)

ℏ𝜔𝜔0 − ℏ𝜔𝜔′ = 1
2𝑚𝑚

−2ℏ𝑘𝑘′ ⋅ �⃗�𝑝𝑖𝑖 + ℏ𝑘𝑘 + ℏ2𝑘𝑘′2 ≈ 𝐸𝐸𝑟𝑟

In every scattering event, kinetic energy changes by ℏ𝜔𝜔 − ℏ𝜔𝜔′ = ℏ
𝑚𝑚
𝑘𝑘 ⋅ �⃗�𝑝𝑖𝑖 + 2𝐸𝐸𝑟𝑟



Doppler Cooling

Mirror
ωL ωLv

Scattering rate

ωL

ωL
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Fdrag = -αv   (viscous drag force)

Proposal:
Hänsch and Schawlow (1975)

v

Fdrag
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Doppler cooling 



Spatial confinement: trapping
Momentum space confinement: Optical molasses
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Ground state is not single 
level.

Polarization gradient cooling
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