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The temporal profile of the ultrashort pulses formed by three-color CW Raman emissions depends on the 

frequency separation of two neighboring emission lines. If they are equidistant, an identical pulse is repetitively 

generated over a long time period. On the other hand, when the separations are not equidistant, even for a difference 

that is four-orders of magnitude smaller than that of the frequency separation, the temporal profile drastically 

fluctuates as illustrated in Fig. 1(a). This feature is not altered by the change in the relative phase among the three 

CW lines. Only the time sequence of the pulses changes, and the average temporal intensity profile is insensitive 

to the phase. On the other hand, when the frequency separations are identical ( = 0), an identical pulse shape 

is repeated as illustrated in Fig. 1(b). When the relative phase changes, all the pulses simultaneously change their 

shapes. The averaged temporal intensity profile depends on the relative phase in this case. 

 

 

 

 

 

 

 

 

 

 
Fig. 1.  (a) Temporal profiles of the emission synthesized by three-color CW laser lines (a) without ( ≠ 0) and (b) 
with ( = 0) mode-locking. The profiles were calculated for the relative spectral intensities of the CW lines observed 
experimentally, a frequency separationof 587 cm-1 (the rotational Raman shift for ortho-H2), and a difference  of 1 MHz. 

 

We experimentally demonstrated that the dispersion-compensated optical cavity filled with hydrogen gas 

behaves as a mode-locked laser operating at a repetition rate of 17.6 THz [1]. The laser generated sub-30-fs pulses 

with a stable temporal intensity profile, which was verified by the intensity autocorrelation measurements with 

various relative phases between the CW laser emissions. The characteristics of the autocorrelation trace differed 

from the situation where the three CW laser lines consisted of the first and second Stokes emissions and the 

fundamental emission. There, the temporal profile was averaged out during the data acquisition time, and the 

autocorrelation signal showed no dependence on the relative phase. By extending this research to the generation 

of multiple anti-Stokes emission lines, it may be feasible to reduce the duration of the synthesized short pulse. 
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