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Making a “2-level” atom
For some atoms, cycling transition well-resolved  (∆≫ 𝛤𝛤)

not much
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Making a “2-level” atom
For others, excited-state hyperfine structure no well-resolved  (∆ ~ 𝛤𝛤)

Lots of repump light is needed

slightly harder, but still relatively straightforward
(only one loss pathway to plug)
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Slowing down atomic beams

𝛿𝛿 = 𝜔𝜔 − 𝜔𝜔𝑒𝑒𝑒𝑒 + 𝑘𝑘𝑘𝑘
Can’t address all atoms (if spread in velocity)
and quickly go off-resonant

Effect of slowing:
simple case

Doppler shift!
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Compensate Doppler shift with shift of resonance
(or alternatively shift of light frequency)



1D Doppler cooling – optical molasses



Electromagnet Zeeman slowers

Orzel lab, Union



Permanent magnet Zeeman slowers

Weld group, UCSB



Reconfigurable Zeeman slowers

Zelevinsky group, Columbia



The Doppler limit – how low can you go?

2
Γ

≈


DoppBTk

But need to start with
|𝑣𝑣| ≲ Γ/𝑘𝑘

Just look for a
“narrow-line” (small Γ)

transition



One approach – use multiple cooling transitions
with successively smaller linewidths Γ

A. Frisch, Ph.D. thesis two of the stronger transitions in erbium



One approach – use multiple cooling transitions
with successively smaller linewidths Γ

Erbium MOT on 401 nm transition (McClelland group, NIST Gaith.)

T ~ 400 𝜇𝜇K



One approach – use multiple cooling transitions
with successively smaller linewidths Γ

Erbium MOT on 583 nm transition (Ferlaino group, Innsbruck)

T ~ 10 𝜇𝜇K



One approach – use multiple cooling transitions
with successively smaller linewidths Γ

First observations by Katori, et al. in Sr
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Laser-cooling to BEC
Narrow-line MOT of Sr

+ “dimple” to 
increase density

+ “invisibility cloak”
to avoid scattering in 

dense region



Laser-cooling to BEC

maybe an “atom laser” in the not-too-distant future!



Laser-cooling of molecules
Tarbutt / Hinds group

Doyle group



Laser-cooling of solids



Laser-cooling of solids
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