
Optical molasses

Early images of 3D sodium optical molasses [Phillips / Metcalf]



The Doppler limit – how cold can you get?
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But need to start with
|𝑣𝑣| ≲ Γ/𝑘𝑘

To get cold, just look for a
“narrow-line” (small Γ)

transition

Metcalf/van der Straten



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

A. Frisch, Ph.D. thesis



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

magneto-optical trap (MOT)



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



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

First observations by Katori, et al. in Sr



Laser-cooling to BEC
Narrow-line MOT of Sr



Laser-cooling to BEC
Narrow-line MOT of Sr

+ “dimple” to 
increase density



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!



Optical molasses - revisited

Early images of 3D sodium optical molasses [Phillips / Metcalf]



Loading from thermal vapor - limitations
Capture range of molasses limited to

𝑣𝑣 < 𝑣𝑣𝑐𝑐 ≈ Γ/𝑘𝑘 ~ few m/s for alkalis
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For 87Rb
~ 5 m/s

~ 0.0005% captured



Loading from thermal vapor - limitations
Capture range of molasses limited to

𝑣𝑣 < 𝑣𝑣𝑐𝑐 ≈ Γ/𝑘𝑘 ~ few m/s for alkalis
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If vc ~ 100 m/s

~ 5% captured
(× 104 gain!)

One way to
increase vc
 add a B-field
gradient



The magneto-optical trap (MOT)

- 3D molasses + B-field gradient
> spatially varying force

- working horse of cold atom
experiments

> simple, effective,
much larger capture velocities

anti-Helmholtz
coil pair

First MOT demonstration
Bagnato, et al., Pritchard group (1987)

Foot



Loading a magneto-optical trap

1D simulation from Metcalf / van der Straten

𝛿𝛿 = −5Γ ≈ −2𝜋𝜋 × 30 MHz
𝑠𝑠 = 10, 𝜎𝜎 = 10 mm



Loading a magneto-optical trap

Typical MOT numbers ~ few × 108-1010

Typical MOT temperatures ~ few × TDoppler
Typical MOT dimensions ~ mm-scale

strontium MOT, Killian group (Rice)



Loading a magneto-optical trap

MOT “charges” like a capacitor – gets filled by background atoms flying around,
but those atoms also lead to loss (they have a lot of kinetic energy)

Y. B. Ovchinnikov, Opt. Comm. 249, 473 (2005)

( ) ( )τ/max 1 teNtN −−=



Funky MOTs 
(sensitive to alignment, polarization, etc.)

“racetrack MOT” - David Paredes, ICFO



Laser-cooling



Laser-cooling of molecules
Tarbutt / Hinds group

Doyle group



Laser-cooling of solids



Laser-cooling of solids
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