
































































F=3

F=4

F'=3

F'=4



Gruet et al, Opt. Express 21, 5781-5792 (2013)

Doppler-broadened absorption, Cs D1 line
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Sub-Doppler Features (Cs D1 line)
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Excited-state crossover features (Rb D1 line)
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Ground-state crossover features (Li-6)
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Doppler Shift (Non-Relativistic)

Doppler effect (v << c):

Resonance condition
(analyzed in atom’s frame):

1

2

Recoil shift (small)

In atom’s rest frame:
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Doppler broadening
Cs vapor cell

Image: 
Thorlabs
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Doppler broadening

Velocity distribution

Typical speed

Doppler-broadened absorption coefficient:

FWHM:

Cs D1 line Doppler-broadened HF splitting
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Cs vapor cell

Image: 
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Saturated Absorption Spectroscopy

vapor cell

Probe (ω)

Pump (ω)

Detector

ω=ω0: pump and probe both resonant when vz=0

Probe resonance:
Pump resonance:

z
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pump probe

(atom’s frame)
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Narrow peak at ω=ω0; FWHM
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SAS Example: 133Cs D1 line
All hyperfine transitions Doppler-resolved –> 2-level system within each Doppler profile

Saturated Absorption Spectrum
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Doppler width: (assuming T=60 C)



SAS Example 2: 85Rb D1 line

Doppler width: (assuming T=60 C)

Excited states not Doppler-resolved

362 MHz

?
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5P1/2

5S1/2

795 nm



SAS Example 3: 87Rb D1 line

795 nm

Doppler width: (assuming T=60 C)

Excited states just barely Doppler-resolved

0.81 GHz

?
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0.81 GHz
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SAS Crossover Resonances (Excited State)
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3-level “V” Counter-propagating beams with

pump probe
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Atoms Doppler-shifted into resonance:
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crossover

v v

For atoms resonant with the probe 
light: 

● pump de-populates the 
ground state

● →less absorption

85Rb D1 line (F=2)



SAS Crossover Resonances (Ground State)

1

2

3

3-level “Λ” Counter-propagating beams with

pump probe
probepump

Atoms Doppler-shifted into resonance:

pump probe

v v

For atoms resonant with the probe 
light: 

● pump populates the probed 
ground state

● →more absorption
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SAS Example 4: 6Li
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