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Time – resolved x-ray spectroscopies have emerged in recent years as a new area of study that 
combines element and chemically specific probing with the ability to capture dynamics. 
Ultrashort-pulse lasers can be used to generate attosecond-duration bursts of light through the 
high-harmonic generation (HHG) process, making it possible to capture the fastest electronic 
dynamics. However, attosecond pulse generation has been limited in the past to the EUV region of 
the spectrum below hν~100 eV, which seriously limits the breadth of systems that can be 
explored. In this talk, I will discuss our experiments and corroborating theory that show that when 
HHG is driven by a mid-infrared laser, not-only does the spectrum of emission shift into the soft 
x-ray spectral region, but furthermore the conditions for generating isolated attosecond pulses are 
significantly relaxed, and are coincident with both optimum conversion efficiency, and with 
readily accessible laser parameters. The temporal window over which phase matching allows for 
the brightest emission narrows rapidly with increasing driving laser wavelength, making single-
attosecond-pulse HHG the norm when using >2 µm driving laser pulses. In our experiments, we 
demonstrate the generation of isolated attosecond pulses at hν up to 180 eV, verified using a novel 
experimental approach. Calculations show that these pulses emerge with a linear chirp as ~200-
300 as pulses with a transform limit of ~35 as. Furthermore, physics prescribes the use of a 
driving laser pulse duration of ~5-10 optical cycle duration and not shorter, in stark contrast to the 
very challenging pulse duration requirements of past attosecond techniques. This work 
demonstrates a clear and straightforward approach for robustly generating bright single attosecond 
pulses of electromagnetic radiation throughout the soft x-ray region of the spectrum. 
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