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When considering multi-shot measurements of trains of varying laser pulses, it becomes clear that a technique 

that attempts to measure these pulses cannot correctly represent all of them in a single result.  Ideally, a 

technique would provide a typical pulse, along with clear warning signs that the pulse train is not stable.  The 

worst case would be to provide the shortest pulse consistent with the spectrum – referred to as a coherent artifact 

–with no way of telling if the pulse train is stable or not.  The warning signs of instability are unknown for many 

ultrafast pulse-measurement techniques currently in use.  We therefore study the behavior of pulse measurement 

techniques to understand their response to trains of varying pulses.  Frequency resolved optical gating (FROG) 

is always able to recognize instability due to discrepancies in its measured and retrieved traces.  Some varieties 

are better than others at giving a representative pulse.  The most common interferometric, self-referenced 

technique, spectral phase interferometry for direct electric-field reconstruction (SPIDER), measures only the 

coherent artifact.  Small backgrounds from fringe cancellation may be insufficient to warn of instability.   

 

All of these complications are avoided in single-shot measurements.  Clearly, the best method for measuring 

pulses that are known to vary is to perform a single-shot measurement on each pulse.  An extremely relevant 

example of a varying pulse train in ultrafast optics is supercontinuum (SC), which is extremely unstable.  

Supercontinuum has many applications, from stimulated-emission-depletion microscopy and optical coherence 

tomography to optical frequency metrology and carrier-envelope phase stabilization. SC can give rise to optical 

rogue waves, mathematically equivalent to oceanic rogue waves that sink dozens of ships every year. So 

improved understanding of SC—especially 

through measuring its intensity and phase 

on a single-shot—could lead to insight into 

oceanic rogue waves. 
 

However, SC is difficult to measure: it is 

very weak (a few nJ); has a huge spectral 

bandwidth (~100 nm or more); and has a 

relatively long duration (a few ps). Using 

cross-correlation frequency-resolved 

optical-gating (XFROG) to generate a 

spectrogram of a SC pulse would work 

well, but getting enough sensitivity, 

bandwidth, and temporal resolution on a 

single shot is a challenge. We demonstrate a 

XFROG using polarization gating as a 

nonlinearity, which has sufficient spectral 

bandwidth, and which uses a very intense 

reference pulse in order to improve 

sensitivity. We also use pulse-front tilt 

(PFT) in the reference pulse to achieve the 

required large delay range. Finally, we have 

discovered that, for a given PFT angle, 

there is a beam-crossing angle that gives substantially better temporal resolution. This trick works even for a 

thick nonlinear medium, thus further increasing device sensitivity. These innovations, in combination, allow us 

to perform a complete and general single-shot measurement of SC. 

 

Nanosecond lasers are also known to have instability problems, and are difficult to measure due to relatively 

long pulse duration and small bandwidths.  Obtaining a delay range of several ns on a single shot is challenging, 

but possible using a high-efficiency etalon to tilt the pulse front by 89.99 degrees.  In such an arrangement, one 

side of the pulse precedes the other by several meters!  Using another high-efficiency etalon in a high-resolution 

spectrometer makes a simple, single-shot, ns FROG device possible. 

Figure 1: Single-shot PG XFROG measurement of a supercontinuum pulse. (a) 

Measured FROG trace (2048×2048 array). (b) Retrieved FROG trace. (c) 

Temporal intensity (red) and phase (blue) of the retrieved supercontinuum. (d) 

Spectral intensity (green) and phase (violet) of the retrieved supercontinuum with 

the independently measured spectrum (black). 
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