
AC Stark shift and optical trapping
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Also demonstrated a laser “lens” for neutral atoms

Optical trapping

𝛿𝛿 < 0

𝛿𝛿 > 0



More-tightly focused, trapped against gravity by gradient force (not scattering)

Optical trapping



Aside – applications to biology/biophysics

Also that year:



Aside – applications to biology/biophysics

Chu group, 1994



More-tightly focused, trapped against gravity by gradient force (not scattering)

Optical trapping

This force depends on the index of refraction --- related to polarizability / dipoles



Back to 1986 – optical trapping of atoms

10 micron waist
220 mW of power



Crossed-beam dipole traps

Number of considerations w.r.t.
• Volume
• Depth
• Stability
• Trapping Frequencies



Really far-detuned traps

“QUEST”  -- QUasiElectroStatic Trap

→ |𝜔𝜔 − 𝜔𝜔𝑒𝑒𝑒𝑒| ≈ |𝜔𝜔 + 𝜔𝜔𝑒𝑒𝑒𝑒| ≈ 𝜔𝜔𝜔𝜔 ≪ 𝜔𝜔𝑒𝑒𝑒𝑒

Interesting trap – very low scattering and counter-rotating term 
roughly as important as co-rotating term



Blue-detuned dipole traps

Atoms are repelled from points of high intensity --- stable trapping with
repulsive potentials requires some care and has some subtleties
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Blue-detuned dipole traps



Back to 1986 – optical trapping of atoms

Interesting frequency dependence
Between two strong transitions



State-dependent potentials
Can make traps that depend on atomic state, due to AC Stark shifts
of allowed transitions for a given polarization
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State-dependent potentials
Can make traps that depend on atomic state, due to AC Stark shifts
of allowed transitions for a given polarization

For particles with anistropic valence electron density, get state
dependence due to coupling with light’s polarization

 true for some lanthanides, etc.

 Especially true for molecules!

Neyenhuis, et al. PRL 2012
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