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Cavity ring-down Fourier transform spectroscopy based on a near infrared optical frequency comb

Romain Dubroeucq 1 , Aleksander Głuszek Cavity ring-down spectroscopy (CRDS) based on broadband light sources offer the high sensitivity of CRDS with the advantages of a multiplex acquisition. Previous works have explored the possibility of analysing the broadband cavity decay using time-resolved FTIR and a pulsed dye laser [1], and using a virtual image phased array combined with a frequency comb source [START_REF] Engeln | A Fourier transform cavity ring down spectrometer[END_REF]. Here, we exploit the ability to lock the optical frequency comb to the ring-down cavity to ensure a high throughput for the time-resolved Fourier transform spectrometer.

The experimental setup is depicted in Fig. 1(a), where the frequency comb is a free-running Erbium-fiber source with a repetition rate of 125 MHz [START_REF] Głuszek | Compact mode-locked Er-doped fiber laser for broadband cavity-enhanced spectroscopy[END_REF]. The ring-down cavity has a finesse of ~450, and a length of 1.2 m. The comb repetition rate is locked to the cavity free spectral range using the Pound-Drever-Hall technique, and the cavity transmission is analyzed using a fast-scan Fourier transform spectrometer. The optical path difference of the interferometer is calibrated using a frequency-stabilized He-Ne laser which propagates on a path parallel to the comb. A subset of the raw data acquired is shown in Fig. 1(b). The reference signal from the He-Ne laser is simultaneously recorded and sent to a digital delay generator which triggers an acousto-optic modulator and switches off the comb light. The bandwidth of the locking electronics has been adjusted in order not to be affected by the comb light chopping. The comb signal contains the successive decays measured with a 25 MHz-bandwidth photodetector at optical path differences separated by a constant step of 633 nm. Both signals are acquired in a continuous mode at a rate of 10 Msample/s and a 3-dimensional interferogram (intensity, optical path difference, decay time) is retrieved in post-processing. Taking the fast Fourier transform of the interferograms obtained at given delays after the trigger yields the spectrum shown in Fig. 1(c), featuring the cavity decay at each spectral element with a resolution of 1.2 GHz, currently limited by the total optical path difference of 25 cm. The ringdown obtained at 6406.8 cm -1 together with the fitted exponential decay model is plotted in Fig. 1(d). The ringdown time retrieved from the fit is 0.53 µs, in good agreement with the mirror reflectivity of 99.3% specified by the manufacturer (Layertec, coating 114951). This technique will be implemented using a cavity with a higher finesse, opening up for high-sensitivity spectroscopy. The technique is also fully compatible with the sub-nominal Fourier transform spectroscopy method [4], which will allow high frequency precision and comb mode resolution.
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 1 Fig. 1 (a) Experimental setup: EOM, electro-optic modulator; AOM, acousto-optic modulator; OC, optical circulator; PDH, Pound-Drever-Hall locking electronics; DDG, digital delay generator; FTS, Fourier transform spectrometer; DAQ, acquisition card. (b) Schematic of the acquisition, see details in text. (c) 3D spectrum obtained from the data, showing the spectral distribution of the decays. (d) Measured ring-down at 6406.8 cm -1 (markers) together with the fitted exponential decay model (red line) and residuum (bottom panel).
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