
Physics 471 - Introduction to Modern Atomic Physics

Static field: 
Magnetic field: Zeeman effect
Electric field: DC polarizability

Lecture 2: Atom-field interaction

Time dependent field (light): 
Light shift: Optical potential
Scattering: Radiation force
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Zeeman effect in the ground state
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Atom on 
finger

Atom on object
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Electrostatic force

Courtesy of Steven Chu
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Force towards 
high field
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Optical tweezer
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Force towards 
high field

Lens Region of highest 
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Earnshaw’s theorem:
No 3D local field maximum In free space. 

Is the atom-light interaction attractive?

P=αE
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Attraction or repulsion?

Lorentz Model : x: charge displacement

m�̈�𝑥 = 𝐹𝐹 = 𝑒𝑒𝑒𝑒 𝑡𝑡 − 𝑚𝑚𝜔𝜔0
2𝑥𝑥 − 2𝛽𝛽�̇�𝑥

Dipole moment: 𝑝𝑝 ≡ 𝑒𝑒𝑥𝑥 = 𝛼𝛼 𝜔𝜔 𝑒𝑒

Dipole energy:
𝑒𝑒 = −𝑝𝑝 ⋅ 𝑒𝑒 = −𝑅𝑅𝑒𝑒 𝛼𝛼 𝜔𝜔 𝑒𝑒2
≡ −𝛼𝛼𝐴𝐴𝐴𝐴𝐼𝐼

⇒
Below resonance (red detuned): attraction
Above resonance (blue detuned): repulsion

E: electric field
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Full Quantum treatment: Dressed atom picture
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Light shift with laser detuning 𝜹𝜹 = 𝝎𝝎−𝝎𝝎𝟎𝟎
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Spontaneous Emission
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Grove et al., PRA
15, 227 (1977)

Mollow triplet
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Scattering ≈ absorption + emission

t=0 t1 t1+t2

Erecoil=p2/2m Erecoil=Erecoil (1-cos θ)2

θ

t2=1/Γ: natural lifetime of the excited state (typically 30 ns)

t1=?
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Intensity I

Scattering rate s = neΓ = σI/hν

Intensity I
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IpSaturation parameter

ne: excited state population
σ: cross section
hν: photon energy

p: saturation parameter

Is: saturation intensity
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