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Context   
Concentration of atmospheric radicals are very low due to their fast reactivity and thus play a key role in the 
atmospheric chemistry. This is why it is so important and challenging to measure them. In this purpose, we 
develop a new method which relies on an optical high finesse cavity injected by a frequency comb delivered by a 
femtosecond laser. 
 
Objectives / scientific questions  
This project is the continuation of the project « Vers la mesure directe, in situ et sans calibration du radical OH 
par voie optique » funded by the LEFE program in 2014. A locking point was the poor stability of our 
femtosecond laser and this element has been replaced thanks to this LEFE program. 
  
Main results  
The objective of this experimental development was to combine the advantages of high finesse cavity 
(sensitivity, small volume, direct and local measurements) and the broad spectral domain of optical frequency 
comb (OFC) delivered by femtosecond laser to get the ideal spectrometer (selectivity, sensitivity). To succeed 
this challenge, we planned to exploit the multi-heterodyne detection (MHD) as it was already been 
demonstrated by the group of T. Hänsch (Nobel price 2005 [1]) at the Max-Planck Institute. The set-up is using 2 
femto-second lasers and 2 CW-laser, whereas we planned to use one single femtosecond laser source with an 
original set-up [2]. This drastic simplification made it possible to popularize these techniques in other 
laboratories and also the realization of field instrument to make multi-species measurements with the long-term 
objective of local, direct and continuous measurement of the concentration of the OH radical with no need of 
calibration. In the past, we already demonstrated our expertise in this domain by numerous collaborations with 
specialists of atmospheric chemistry. For instance, we were the first team to use a femtosecond laser in 
Antarctica to detect IO, BrO and NO2 to improve our knowledge on the oxidant capacity of the atmosphere in 
this place [3]–[6]. 

The first step of this work consisted in the generation of a second “virtual” OFC by exploiting the cavity 
resonances and a special frequency modulation of the comb modes. Physical intuition, confirmed by numerical 
modeling, suggested that the use of a simple saw-tooth frequency modulation produces a virtually flat intensity 
distribution of all sidebands inside the ∆ω spectral window, including the intensity of the central tooth 
frequency. We have tested this idea with a CW-fibered laser at 1550 nm. The experimental set-up and the 
recording of the optical beatnote are presented in Figure 1. 

A second step consisted in a tight frequency locking of the optical frequency comb to the cavity. The laser has 
been delivered on March 18 in 2018. So this works has not been finished yet and is in progress. To do that, we 
adopted an original approach with the use of twin cavities. One cavity, of moderate finesse is used, to lock the 
laser. The twin cavity of high finesse follows the behavior of the moderate one, and thus the frequency comb is 
directly in phase with this cavity even if the cavities modes are spectrally narrow (10 kHz). We are currently 
improving the lock of the frequency comb to the moderate finesse cavity. We have just demonstrated that the 
jitter between the frequency comb and the moderate cavity is lower than 5 kHz. This result is very promising and 
is one of the last lock points of the proposed technique.  
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Multi-heterodyne detection (MHD) will then allow resolving the comb mode structure. Complete coverage of 
the broad OFC spectrum will be available by fast scanning of the lock point of the cavity to the OFC. This 
approach will profit of the all-optical amplification property of MHD when mixing of a strong with a weak 
optical signal, in this case the cavity output (a beat note intensity results as the product of the field amplitudes of 
the two beating signals).  Thanks to these advantages, the very high resolution necessary to the measurement of 
OH radical can be obtained. 

 
Future of the project :  The proposed DCS-MH-CEAS approach has a high potential since it is expected to deliver 
remarkable sensitivity (αmin∼10-10cm-1, as typical for cavity finesse ~10k) and resolution (sub-kHz accuracy for 80 
MHz spaced comb modes) while covering the wide (>50 nm) Titanium: Sapphire (Ti:Sa) OFC spectrum in seconds. 
If we consider the normalized detection sensitivity, these figures result in a value of 2.10-13 cm-1 Hz-0.5 per 
spectral element, 10 to 100 times better than the best existing broad-band OFC techniques. This sensitivity and 
the resolution are in adequacy with our objective of the direct, local and self-calibrated of the measurement of 
atmospheric OH radical and the multi-species  simultaneous detection. 
 
Nombre de publications, de communications et de thèses 
 
Léo Djevahirdjian, a PhD student, is working on this project. 
Un article is under writing on the characterization of the femtosecond laser. 
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