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Dual Comb Spectroscopy combines high spectral resolution with broad spectral coverage and short 

measurement times. In the recent years, the young spectroscopic method has proven its capabilities in molecular 

spectroscopy in different spectral regions ranging from the visible across the infrared spectral region into the 

THz domain [1, 2]. So far, the ultraviolet spectral region has not yet been conquered although many molecular 

gasses, especially of astrophysical and environmental relevance, have strong and congested absorption 

characteristics in this range (few examples: N2, CO, SO2, HCHO). I will present our latest efforts on expanding 

dual comb spectroscopy via nonlinear frequency up-conversion into the ultraviolet region. The challenges 

include UV frequency comb generation with a high photon flux, efficient UV interferometry and fast UV signal 

detection.  

Figure 1 shows the principle of ultraviolet dual comb spectroscopy (UV-DCS) and a state of the art NUV 

absorption spectrum of HCHO recorded with a traditional scanning technique yielding a relative resolution of    

10-6.  This resolution has not been sufficient to determine the absolute absorption cross section of formaldehyde 

so far [3]. UV DCS has the potential to eliminate this shortcoming by realizing a relative spectral resolution of 

at least 10-7 in broadband single shot measurements. By further improving the long term performance, an ultra-

high relative resolution of up to 10-10 and an unrivaled simultaneous spectral coverage on the order of 100 THz 

comes within reach. The UV has so far been neglected for fingerprinting although electron transitions are as 

element specific as rovibrational transitions and the corresponding absorption cross sections can be huge (> 100 

Mb). Furthermore, the UV spectral region involves highly energetic photons that are prime triggers to kick off 

chemical kinetics and complex photo induced reactions [4]. 
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Figure 1. Setup for ultraviolet dual comb spectroscopy. Two frequency combs with slightly different 

repetition rates seed two high power fiber amplifiers. Their outputs are frequency-up-converted into the 

ultraviolet spectral range were many molecular and atomic samples exhibit strong and congested 

absorption features. After one comb interacted with the sample, the two beams are overlapped with a 

beam splitter and the interference is detected with a photo diode. The Fourier transformation of the time-

domain interferogram reveals the absorption spectrum of the sample (DAQ & FFT). Example: state-of-

the-art NUV spectrum of HCHO whose spectral resolution has not been sufficient for determining the 

absolute absorption cross section [3]. UV-DCS promises at least a 10-fold improved spectral resolution in 

single shot operation. 


