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Fig. 11. (a) Peak power boost improvement of dual-stage cascading
(N = 2) compared to single-stage (N = 1). (b) The ratio of the peak
power boost for N = 2 and N = 1, where only the GDD is optimized
for both.

are employed. Naturally, the overall losses will increase with N.
For MPCs, the transmission can reach above 90% [33], limited
only by the spatial quality of the beam and the reflectance of the
mirrors used. Compressor losses can also reach values below 5%,
using efficient gratings or chirped mirrors with high reflectiv-
ity. Assuming a more modest transmission of 80% per stage,
dual-stage cascaded broadening will only result in a higher peak
power boost if the improvement is greater than 1/0.8 = 1.25.
This is the case for compression factors above 30, as shown in
Fig. 11(b). If higher transmission per stage can be achieved, this
limit will be moved further down to lower compression factors.

B. Multi-Stage Cascading

As shown in Fig. 9, the pre- and post-pulses generated in the first
stage are carried over into the subsequent stage. An interesting
phenomenon occurs when the cascading is implemented before
the compression factor is high enough such that these secondary
pulses appear. In this case, no secondary pulse will be carried
over, and the post-compressed pulse will have a very smooth
profile. However, in this case, the compression factor per stage
will be limited to small values, as the secondary pulses appear
roughly when C > 2 (see Fig. 3). One way to still reach higher
compression factors is to employ multiple cascaded stages. The
result of using cascaded broadening with 10 stages is shown in
Fig. 12. The oscillations in the spectral intensity are less, and
also the higher-order chirp is confined to a narrower region in
the spectrum, overall resulting in a smoother temporal profile.
Using N = 10 stages resulted in energy and intensity ratios of
73% and 1%, which are both significantly better than 66% and
11% for the N = 1 case.

Multi-stage cascading will, of course, result in increased
overall losses. In addition, the conventional way of cascad-
ing is non-economical and impractical, due to the additional
space and number of components needed. One possible way
to minimize the losses and to improve its practicality is to use
a single MPC, where the mirrors serve as linear compressors
by employing chirped coatings, and the nonlinear medium is
adjusted for each pass through the cell, e.g., by using multiple
glass plates with variable thickness and/or position, such that
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Fig. 12. Temporal shapes and spectra of the output pulses at
(a) N = 10 and (b) N = 1, with the same input and output pulse
duration for both scenarios.

roughly the same low compression factor is achieved for each
round trip despite the increasing peak power. Reducing the
B-integral per stage further and adding more stages would result
in soliton-like compression with an important difference to
other soliton self-comprssion scenarios: employing an MPC
results in discrete brodening and compression steps, and more
importantly, the nonlinearity and dispersion per discrete step
are uncoupled and can be optimized individually. Note that
nonlinearity and dispersion can be adjusted in gas-filled hollow
core fibers too, e.g., by using a pressure gradient, but in this case,
the two properties are coupled to each other. Thus, only one is
usually optimized at a time, e.g., for limiting the nonlinearity to
avoid filamentation at high pulse energies [43].

5. SUMMARY AND CONCLUSION

We showed how temporal quality degradation is connected with
the compression factor of post-compressed pulses, both by using
numerical simulations and with experimental data. If only the
GDD of the SPM-broadened pulse is optimized, the temporal
quality continuously degrades, but if higher-order chirp can also
be addressed, we have shown that this degradation slows down,
approaching an asymptotic limit. This conclusion is a motiva-
tion toward reaching even higher compression factors, while
stressing the need for advanced phase compensation techniques
to address higher-order chirp. We also showed that the temporal
quality degradation in relation to higher compression factors is
present regardless of the input linear chirp, but it happens much
faster with chirped input pulses.

We proposed the idea of using cascaded broadening spe-
cifically to limit the temporal quality degradation, especially
at high compression factors. We have shown how an optimal
cascading ratio can be achieved when the compression factor for
each stage is minimized. Via cascading, the temporal quality of
the post-compressed pulse can be improved, while at the same
time reaching a higher peak power. This property highlights
the importance of the discussed method as other approaches for
temporal contrast improvement typically result in a lower peak
power. We also showed that keeping the compression factor very
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low for each stage is a way toward reaching high compression
factors without generating pre- and post-pulses.

In conclusion, we presented how very high post-compression
factors can be achieved while minimizing temporal quality
degradation by either employing higher-order dispersion man-
agement or dividing the compression into multiple stages. Our
results motivate post-compression at even higher compression
factors, making the technique viable for pulses in the 10–100 ps
or even the nanosecond range.
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