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Figure 2: Photoacoustic FTIR spectrum (left axis, upwards) with a simulated absorption spectrum
(right axis, downwards). The measured spectrum is an average of three scans. The simulation is
calculated with data from the HITRAN database. The intensity of the measured spectrum was
scaled according to the normalized spectrum of the fs-OPO idler (inset).

fs-OPO spectrum to cancel out the power dependence. Other e�ects to the spectral response,
for example any frequency dependence of the photoacoustic sensitivity, were ignored, since they
should be small when the measurement is done outside the resonance frequency of the cantilever
microphone. A low resolution (1 cm� 1) spectrum was used for the normalization, similarly to the
procedure described in [5]. In this way, no additional noise was introduced to the photoacoustic
spectrum by the normalization. However, this may cause local discrepancies in the intensities,
because some sharp features of the fs-OPO spectrum, such as water absorption from the laboratory
air, are not fully resolved.

Figure 2 shows the measured photoacoustic spectrum. The total pressure of the sample was
250 mbar. Therefore, the pressure broadened linewidth is only about 1.5 times the instrument
resolution. The spectrum is an average of three measurement scans. The power of the fs-OPO
idler beam entering the CEPAS cell for these scans was about 95 mW. The measured spectrum
has been scaled by the spectrum of the fs-OPO (Fig. 2 inset). The main features of the measured
photoacoustic spectrum are due to the stable isotopologue12CH4, since its concentration in the
sample is about 100 times that of14CH4. There is also some water as impurity, mostly due to
minor leaks and outgassing in the gas exchange system. Figure 2 also shows, for a comparison,
a simulated absorption coe�cient of a gas mixture of 100 ppm of CH4 with the natural ratios of
the stable isotopologues, and 570 ppm of water at a total pressure of250 mbar (simulated with
HITRAN on the Web [15]). The 12CH4 line positions from the calculated spectrum were used to
calibrate the wavelength axis of the measured spectrum.

Looking at the spectrum of the main isotopologue 12CH4, the signal-to-noise ratio (SNR),
de�ned as the height of the highest peak in the R-branch over one standard deviation of the
background noise, was 1300 at its best for a single scan without averaging. Since the concentration
of 12CH4 is about 100 ppm, the noise equivalent detection limit is about 83 ppb. The spectrum
has a weak broadband background feature, the magnitude of which follows approximately the
spectrum of the fs-OPO. We believe that this is mostly due to absorption by the cell windows.
The noise level within this background feature is about two times the noise level without a light
source. Calculating the power spectrum of a symmetric interferogram introduces nonlinearity to
the noise amplitude, which also results in a small positive o�set throughout the recorded spectrum.

Additional weak transitions, absent in the literature data of CH 4 or water, are visible in the
spectrum. Figure 3 is a magni�cation of the R-branch of the � 3 fundamental band of CH4 from Fig.
2. It shows the strongest unknown peaks present in the spectrum. The unassigned lines match well
with the expected features of the14CH4 R-branch. Both the relative intensities, and the shapes of
the lines, which are split into closely packed line components due to Coriolis interactions, follow
the features of the R-branch of 12CH4, with an isotope shift of about 18 cm� 1. For example, the
unknown line at 3040 cm� 1 is similar in shape to the R(3) line of 12CH4 at about 3057:7 cm� 1.
We have calculated the vibrational term values of the� 3 band of 12CH4 and 14CH4 using the local
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