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Frequency comb-referenced
measurements

Wy, and w, are fixed to the C Wop= N W, + Wy
GPS atomic clock standard.
Optical frequencies good to
better than10-12.
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Comb ||ne. to comb component
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Dual Beam Spectrometer

Fractional baseline noise
reduced to ~5x10 by careful
balancing of the power on the

signal and reference detectors.
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Line shape measurements
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Fractional Transmittance

Single Line (P(11),)
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Isolated Lines?
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Temperature =296 K
Total pressure = 103 Torr
Concentration = 5%
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_ ~ Schematic background spectrum
Measure the line shape as a function of pressure and

temperature. But weak underlying (hot band) lines
blend with the main line in ways that are difficult to
guantify-particularly if their positions are not well
known. Need accurate rest frequencies...



Cavity-enhanced absorption

Sub-Doppler measurements in a cavity.
Laser locked to cavity; cavity referenced to comb; wavelength
modulation detection.
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C,H, sub-Doppler measurements

Most important are the v, and v, hot bands.
Example of 10110-00010 R(12); hot band line:
196 610.648 976 5(17) GHz. Fractional uncertainty 8x10-12.
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C,H, v; hot bands

N
=
EO—AA——AM_&-AA—\AA
5
a7

FC-Hitran /MHz
@]
5
> >
>
>

=
1

6550 7 ™

1
[

A Hitran
o FC

Observed / cm
-
Reduced Term Values/ cm

6500 " a 6534.2 —

|IIIIIIIIII|IIIIIIIIII| | I I |
0 120 240 0 4 8 12
J(J+1) J'
HITRAN has regular J-dependent errors. Upper
level is regular.



C,H, v, hot bands
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HITRAN has J-dependent errors. We measure some small
perturbations that reflect level crossings of dark states



Summary

* Line profiles measured at signal to noise ratios of up to 10°
for multlpk%]gﬁncentratlons Challenging data for line
shape models. 1

* Frequency measured many lines in v, and v, hot bands of
v;+v;. Their positions will be added to the C,H, data base
somehow." S‘peCtrei'hopgc paraieterscan- be-refmed from
combination differehces .

» Weak perturbations givé inforratioh!6n level crossings of
dark states. Published THz da_t_g___mla%%?sv%ge check on
derived energy levels.’ h
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