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The pulse width of an electromagnetic wave is determined by the frequency band width of the wave used.  

Therefore, one femtosecond is the ultimate in pulse width for an “optical” wave. Several methods have been 

proposed for the generation of an ultrashort optical pulse. For example, the two-color stimulated Raman effect 

discovered as the result of a defect in a laser [1] would be a candidate for generating an ultrashort optical pulse, 

thus breaking the 1-fs barrier [2]. 
 
To generate an optical pulse 

shorter than 1 fs, it is necessary 

to use a frequency domain 

wider than 30,000 cm-1. Figure 

1 shows the spectrograph of 

the Raman sidebands  

generated by introducing a femtosecond two-color beam (3 = 802 nm, 50 fs; 2 = 1202 nm, 35 fs) as a pump 

beam and a femtosecond one-color beam (6 = 401 nm, ca. 50 fs) as a seed beam into a hydrogen gas [3]. 

More than 10 vibrational Raman sidebands are generated simultaneously. The band width exceeds 4155  11 

= 45,700 cm-1, which is sufficient for the generation of a 1-fs optical pulse. It would be possible to observe the 

vacuum ultraviolet (VUV) Raman sidebands. However, strong absorption bands (Shumann-Runge) arising 

from an oxygen molecule prevents the observation of the emission at shorter wavelengths. 
 
A variety of techniques have been developed for measuring the pulse width of a laser. However, none are 

capable of being applied to the measurement of an optical pulse as short as 1-fs. For example, it is necessary 

to use a non-linear optical phenomenon that covers 25,000 - 50,000 cm-1 (200 - 400 nm, one octave) for the 

measurement of a 1.2-fs optical pulse using an autocorrelator. Moreover, a knowledge of the exact pulse width 

at the point of application is necessary for its practical use, since the dispersion of the material such as window 

optics and even the surrounding air severely expands the 1-fs pulse. In order to solve this problem, an approach 

involving the use of a mass spectrometer as a two-photon- response device has been proposed. For this purpose, 

it would be desirable to find a suitable chemical species that can 

undergo two-photon ionization in a very wide spectral region. Several 

organic molecules were found as candidates for this [4]. For example, 

1,4-dioxane can be used in the frequency domain of 34500 – 59000 cm-

1 (0.71 octave, 170-290 nm). Figure 2 shows an autocorrelation trace of 

the third harmonic emission of a femtosecond Ti:sapphire laser (267 

nm) using 1,4-dioxane [5]. We are convinced that an ultrashort optical 

pulse beyond the 1-fs barrier can be generated by Fourier synthesis of 

the Raman sidebands and measured after suitable pulse compression. 
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Figure 1 Spectrograph of the high-order Raman sidebands generated by four-

wave Raman mixing of molecular hydrogen. 

Figure 2 Autocorrelation trace 

obtained using a mass spectrometer as 

a two-photon-response device 
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