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Magneto-Optical Traps

Why MOT:

• Low Temperature (𝜇𝐾 ÷𝑚𝐾)

• Spatial Confinement (cloud dimension ~𝑚𝑚)

MOT Layout:

• 3 pairs of counterpropagating LASER beams

• Quadrupole Magnetic Field (𝐵 = 0 in the center)
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Doppler Cooling
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Electric dipole transition
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Doppler Cooling

Doppler effect
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Magnetic Confinement

Δ𝜈𝑙,𝑢 = 𝑚𝑙 𝑔𝑢 − 𝑔𝑙 + 𝑔𝑢Δ𝑚
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ℎ
Linear Zeeman Effect
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Magnetic Confinement
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Sub-Doppler cooling

𝑇𝐷𝑜𝑝𝑝𝑙𝑒𝑟 = ΤℎΓ 2𝑘𝑏 145 𝜇𝐾 𝑓𝑜𝑟 𝑅𝑏 𝐷2 > 𝑇𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

Sub-Doppler cooling 

mechanisms

Example of Sub-Doppler cooling forces (−) vs 
Doppler cooling forces (⋯)

7



Type-I vs Type-II MOTs
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Type I MOT

Type II MOT
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Type-I vs Type-II MOTs
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Dark State Problem
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Dipole Interaction: Fu − Fl = ቐ
+1
0
−1

 

Type I MOT

Type II MOT}



Sub-Doppler Cooling – Type-II MOT

Type I MOT Type II MOT
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Experimental Setup
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Blue MOT: Capture velocity 

𝑁𝑅𝑒𝑐𝑎𝑝 𝑣0 = 𝑁0 𝐹 = 1 +
𝑁0 𝐹 = 2
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2𝜎 𝑣0 2𝑑𝑣

Loading of Red Type-I MOT

Loading of Blue MOT

Switch off MOT and optical pumping to 𝐹𝑙 = 2

Acceleration of atoms through push beam on 𝐹𝑙 =
2 → 𝐹𝑢 = 3 resonant transition 

Switch on MOT and record trapped atoms number 
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Blue MOT: Capture velocity 
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𝑑𝑁

𝑑𝑡
= −𝛾𝑁 − 𝛽න𝑛 Ԧ𝑟 2𝑑3𝑟

Blue MOT: Trapping Efficiency

Phenomenological model

𝛾𝑁 =  loss rate due to collisions with untrapped atoms

𝛽 𝑛׬ Ԧ𝑟 2𝑑3𝑟 = loss rate due to trapped atoms interaction
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Blue MOT: Trapping Efficiency

Phenomenological model
𝑑𝑁

𝑑𝑡
= −𝛾𝑁 − 𝛽න𝑛 Ԧ𝑟 2𝑑3𝑟
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Type II Red MOT

Main results:

1. High Temperatures (> 10𝑚𝐾)

2. Poor confinement

3. Good lifetimes 𝜏𝑚𝑎𝑥
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Type II Red MOT – Red MOT B Shape
𝑩′

𝑰𝒕

𝑩′ = 𝟓𝟑 𝑮/𝒄𝒎

𝑰𝒕 = 𝟏𝟎𝟑𝒎𝑾/𝒄𝒎𝟐
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Conclusions
MOT Appearance 𝑇(𝑚𝐾) 𝜏𝑚𝑎𝑥(𝑠) 𝑆𝑖𝑧𝑒 (𝑚𝑚)

Type-I MOT Gaussian

Blue MOT Gaussian 0.02 − 0.2 13 0.5

Red MOT A Gaussian 10 − 25 14 1

Red MOT B Ring-Like > 25 9 5

Red MOT C Diffuse > 25 4 5
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• Empirical characterization of Type-II MOT

• Validation of semiclassical analysis made 

on 87Rb

• Starting point for laser cooling and MOT on 

molecules, which is more feasible for Type-

II MOT w.r.t. Type-I MOT (e.g. CaF, Yb)

Conclusions
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