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Experiments
(ions) Wineland, Drullinger, Walls, 1978
(ions) Neuhauser, Hohenstatt, Toschek & Dehmelt, 1978

Atom slowing experiments in 1980s, and then:
3D molasses of neutral atoms: Chu, Hollberg, Bjorkholm, Cable & Ashkin, 1985



First 3D molasses, with neutral sodium

Based on “release and recapture,”
measured temperatures ~TDoppler

~240 μK  



Another 3D molasses of neutral sodium
and a surprise!
(1988) Lett, Watts, Westbrook, Phillips, Gould & Metcalf

Atoms a lot colder than expected!
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1997 Nobel Prize in Physics
Chu, Phillips, Cohen-
Tannoudji
“for development of methods 
to cool and trap atoms with 
laser light”



Polarization gradient cooling

C. Tanoudji, J. Dalibard (1989)

(aka, Sisyphus cooling)

lin ⊥ lin
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Florian Meinert



Polarization gradient cooling
(aka, Sisyphus cooling)

Metcalf & van der Straten



Polarization gradient cooling
Get very cold, but need large detuning (with respect to natural linewidth) 



Polarization gradient cooling
Get very cold, but need large detuning (with respect to natural linewidth)
this is hard to come by for the lighter alkalis (small excited state hyperfine splittings)

Excited state hyperfine structure for 
sodium D2 transition (Gamma/2pi ~ 10 MHz)

Steck, Na



“Gray molasses”
Get very cold, but need large detuning (with respect to natural linewidth)
this is hard to come by for the lighter alkalis (small excited state hyperfine splittings)

One solution – use D1 line instead, larger splitting of excited hyperfine levels
(there’s more to it than this, but it relies on this fact)

Excited state hyperfine structure for 
sodium D1 transition (Gamma/2pi ~ 10 MHz)

Steck, Na



Another view of Sisyphus cooling

87Rb atoms in optical molasses,
heterodyne measurement of the scattered photons

2/min Γ=Doppδ



Another view of Sisyphus cooling

• Discrete frequency “sidebands”
• Asymmetry in their weights

lin ⊥ lin

𝜎𝜎+ − 𝜎𝜎−



Another view of Sisyphus cooling

harmonic frequency vs. “lattice” depth zero-point energy vs. “lattice” depth
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Raman sideband cooling – recent result on 
cooling of individually trapped atoms

Key ingredients

• stimulated Raman transition 
to reduce motional quanta 
(remove a phonon)

• optical pumping to “refresh” 
the cycle

Regal group, 2012



Raman sideband cooling with trapped ions



Raman sideband cooling with trapped ions

Key ingredients

• stimulated Raman transition 
to reduce motional quanta 
(remove a phonon)

• optical pumping to “refresh” 
the cycle



Raman sideband cooling with trapped ions

Dark = before Raman sideband cooling
Light = after

anti-Stokes Stokes



Raman sideband cooling with cold atoms



Raman sideband cooling to BEC

Vuletić colloquium on Nov. 1, on “attractive photons”



Raman sideband cooling to BEC



Raman sideband cooling to BEC



Related work – radiation forces of large 
mechanical objects (not atoms / ions)



Related work – radiation forces of large 
mechanical objects (not atoms / ions)

Purdy / Regal

Detection of temperature by Stokes/anti-Stokes asymmetry



Bichromatic forces [another “stimulated” process]
Two-color beating gives dominant stimulated absorption/emission
(Grimm, Metcalf, Eyler, DeMille, others)

Figures from (Chieda, Eyler 2012)

π-pulse condition, with time
much less than excited state lifetime

-> much faster rate of excitation, larger force



Electromagnetically-induced transparency 
(EIT) cooling

An effect of “dark states” in multi- (beyond 2) level systems



EIT cooling of a chain of ions

Roos, Blatt



EIT cooling of atoms in a QGM

Kuhr group, Strathclyde
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