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«Measuring the complete spatiotemporal field of ultrashort laser pulses 

with femtosecond temporal and sub-micron spatial resolutions» 
 

 
 

Measuring the temporal intensity and phase of ultrashort laser pulses directly out of a laser is now 
routine. But today’s fundamental studies often involve much more interesting pulses, like those propagating 
inside nanostructures, interacting with a plasma, or scattered from a living cell. Measurement of these 
pulses will not simply tell us how well our lasers are aligned, but instead will possibly lead to new 
technologies or a better understanding of physical phenomena. New pulse-measurement techniques need to 
be able to measure, not merely laser pulses, which are relatively simple in space and time, but more 
generally, light pulses, which may not be so simple in space and time. Therefore the goal of our recent 
research has been to develop simple devices that can measure complex light pulses—in time and space. I 
will discuss one such technique, called SEA TADPOLE, for measuring the complete spatiotemporal field, 
E(x,y,z,t) of ultrashort pulses with femtosecond temporal and sub-micron spatial resolutions. These 
measurements can be viewed as “snap shots" in flight of the propagating ultrashort pulse. Using this 
device, we made the first direct measurements of focusing ultrashort pulses and observed some 
interesting distortions, such as the “fore-runner” pulse and radially varying group-delay dispersion. We 
have also measured the electric field of Bessel X-pulses, demonstrating their propagation invariance and 
superluminal velocity. Additionally, we revisited basic diffraction phenomena by measuring ultrashort 
pulses in space and time after propagation through simple apertures. Such an approach allows for a more 
intuitive understanding of near-field diffraction. 
 


