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Before and after frequency combs
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Absorption Spectroscopy

Want to know:
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Absorption

Gives Iinformation about what and how much



Other possible methods

Photothermal Spectroscopy
Florescence spectroscopy
Polarization Spectroscopy
lonization Spectroscopy



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

we resolve?

e Technical limitations: Laser noise, detector
noise..

e Fundamental limitations: Shot-noise




How small of an absorption can
we resolve?

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

* Increase the path length:

Absorption ¢ 0L
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Cavity enhanced path length
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Cavities In general

e Cavity length L
« FSR =c/2L

e Mirrors have Losses:
not perfect reflectors, F = 2n/Losses
scattering losses
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Cavity Ringdown

t=1/x ¥ depends on losses from mirrors

Include other losses such as absorption

B 2T
B FSR(Lmirror + 04)

T



AOM

Cavity Ringdown

7
0

\
\




Cavity Ringdown Spectroscopy

 Fast measurement
* high sensitivity to small absorptions
* Limited to probing one frequency at a time
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The real world
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Group Delay Dispersion

Ok 0%k
k(w) = ko + 8—w(w — wp) + 1/2W(w —wp)? + ...
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Inverse Group Velocity

Second Order Dispersion
Group delay dispersion
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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> over
1.4ms

1x108in 1second
3 us time resolution
25 Ghz resolution

Broadband Cavity Ringdown
Spectroscopy for Sensitive and Rapid
Molecular Detection

Michael ]. Thorpe, Kewvin D. Moll, R. Jason Jones, Benjamin Safdi, Jun Ye*

We demonstrate highly efficient cavity ringdown spectroscopy in which a broad-bandwidth optical
frequency comb is coherently coupled to a high-finesse optical cavity that acts a5 the sample
chamber. 125,000 optical comb components, each coupled into a specific longitudinal cavity

mode, undergoe ringdown decays when the cavity input & shut off. Sensitive intracavity abscrption
infermation is simultaneously available across 100 nanometers in the visible and near-infrared
spectral regions. Realtime, guantitative measurements were made of the trace presence, the
transition strengths and linewidths, and the population redistributions duee to collisions and the

temperature changes for molecules such & CH, O, H,0, and NH,.
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he meal-fime defoction of frace amounts
of molecular species 18 necded for ap-
plications that range from detection of
cxplozives or Mologically harardous mate-
rials to analysis of a patient’s breath to mon-
itor diszases such as renal f@ilure (1) and
cystic fibmosis (2). Spectroscopic syskems ca-

TLA, Mational lnsfitute of Standerds and Technology (NET)
and Unkesity of Colorads, and Department of Phyddo,
Wsivesity of Colorads, Boulder, 0O BO309-D440, USA.

o whodn coffeipondence dhould be addredied E-mafdl
yeilacolomado. edu

pable of making the next generation of atomdc
and maolecular measurements will require the
following: (i) a large spectral handwidth,
allowmng for the obszervafion of the global
energy level strechure of many different atomic
and maolkecoular species; (i) high spectral reso-
hetion for the identification and quantitative
amalyziz of individueal spectral featres; (i)
high sensitivity for the detection of trace
amoumts of atoms or molkcoules and for the
recovery of weak spectral feahures; and (iv)a fast
spectral acquisition time, which takes advantage
of high sensitivity, for the sudy of dynamics,

ncemag.org  SCIENCE  WOL 311 17 MARCH 2004
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FSR = 380 Mhz ¥ meter monochromator

frep = 380 Mhz | Ringdown cavity 25 Ghz
W0Qambaad  Optical & vacuum chamber Grating
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Resolving lineshapes
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What's next?

e Larger monochromator, or virtually imaged
phase array (VIPA) can improve resolution
to afew GHz

« Acquisition time is limited by scanning
piezo, in principle should be limited by t

« Anticipate sensitivity of 10-1%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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