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Example:  Basic Absorption 
Spectroscopy
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Absorption Spectroscopy

Want to know:
A

bs
or

pt
io

n

Frequency

Gives information about what and how much



Other possible methods

• Photothermal Spectroscopy
• Florescence spectroscopy
• Polarization Spectroscopy
• Ionization Spectroscopy



How much light is absorbed?
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How small of an absorption can 
we resolve?

• Technical limitations: Laser noise, detector 
noise..

• Fundamental limitations:  Shot-noise
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How small of an absorption can 
we resolve?

• Technical noise limits us to a few percent
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Another option:

• Increase the path length:

Absorption e−αL

Laser



Cavity enhanced path length

L

2FL/π



Cavities in general
• Cavity length L

• FSR = c/2L

• Mirrors have Losses: 
not perfect reflectors, 
scattering losses

F = 2π/Losses
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FSR κ

F= FSR/κ



Cavity Ringdown

τ=1/κ κ depends on losses from mirrors

Include other losses such as absorption

τ =
2π

FSR(Lmirror + α)



Cavity Ringdown

AOM



Cavity Ringdown Spectroscopy

• Fast measurement
• high sensitivity to small absorptions
• Limited to probing one frequency at a time



A natural idea
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The real world

Cavity
Spectrum
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Group Delay Dispersion

k(ω) = k0 +
∂k

∂ω
(ω − ω0) + 1/2

∂2k
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Inverse Group Velocity

Second Order Dispersion
Group delay dispersion



Measuring Cavity Dispersion
• Need to compensate for 

dispersion of gas under 
interrogation with variable 
negative dispersion 
mirrors



"Highly sensitive, massively parallel, broad-

bandwidth, real-time spectroscopy"

• Detection over 100 nm
• single shot  absorption 

sensitivity of 2.5x10-5 over 
1.4ms

• 1x10-8 in 1second
• 3 µs time resolution
• 25 Ghz resolution



frep = 380 Mhz
100 nm band

FSR = 380 Mhz ¼ meter monochromator
25 Ghz

Chip can span 15nm



Resolving lineshapes

25 Ghz

25 GHz 
Average



Single Shot H20 spectrum



What’s next?

• Larger monochromator, or virtually imaged 
phase array (VIPA) can improve resolution 
to  a few GHz

• Acquisition time is limited by scanning 
piezo, in principle should be limited by τ

• Anticipate sensitivity of 10-10 in 1sec



The requisite slides about why 
people should care...



A rival for NQMOR in the airport 
security line



Fast detection of trace toxins
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