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Spectral broadening of 2-mJ ultrashort pulses in a convexconcave multipass cell in ambient air
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Efficient temporal pulse compression of high-average power, ultrafast lasers continues to be a topic of important
research efforts. Among many temporal pulse compression techniques suitable for ultrashort pulses with >mJ pulse
energy, nonlinear spectral broadening in gas-filled Herriott-type multipass cell (MPC) has been in the spotlight in
the last few years, particularly for high average power lasers. Many impressive demonstrations have been realized
exhibiting high optical transmission, high compression factors and excellent spatial-spectral homogeneity. For
example, in [1], a 1-kW, 1-mJ, 200 fs Yb:fiber laser was compressed from 200 fs to 31 fs with 96% transmission
in an argon-filled MPC in a 1.5-m long chamber. In [2], 18 mJ pulses were spectrally broadened from 1.3 ps to a
transform-limit of 41 fs in a 3-m long argon-filled MPC. More recently, Pfaff et al. spectrally broadened 840-fs,
10-mJ pulses and showed compressibility to 38 fs also with high optical transmission of 97% with a low-pressure
chamber length of 2.7 m [3]. However, all these systems use concave-concave designs in costly pressure controlled
vacuum chambers filled with noble gases, and long mirror distances are required to avoid ionization at the focus
inside the cell. Here, we demonstrate nonlinear spectral broadening of 2.1-mJ, 670-fs pulses at 210 W of average
power in a focus-free compact (61.5 cm distance), convex-concave MPC in ambient air. We show pulse
broadening from 21 nm to 24.5 nm, and demonstrate compressibility down to the transform-limit of 134 fs with
excellent spectral homogeneity, limited only by damage on the optical mirrors available at the time of the
experiment.

Fig. 1 a) Experimental setup of the thin-disk amplifier, convex-concave MPC, and compression setup. b) and c) measured and retrieved
FROG trace. d) Retrieved, measured, simulated spectrum and the spectral phase. e) Retrieved and transform limit of the measured spectrum.
f) and g) The red solid curves show the corresponding spatial-spectral homogeneity values (V-parameter).

Fig. 1a) shows the experimental setup. The driving amplifier is a thin-disk regenerative amplifier (DIRA 500-10)
operated at 100 kHz of repetition rate, and capable of achieving up to 500 W of average power, with 670 fs pulses.
The used MPC consists of two highly-reflective (HR) mirrors, one plano-concave with a radius of curvature (ROC)
of 2 m and one plano-convex with a ROC of -2.5 m. The design of this MPC was critical and obtained using a fast
3D pulse propagation code. The main restriction for the input pulse energy was dictated by the available convex
mirror at the time of the experiment. With a distance of 61.5 cm, 30 passes (15 roundtrips) in the ambient air were
achieved with 96% throughput. Compressibility is shown with a fraction of the pulses (3.5%) using -18100 fs2 of
dispersion, and characterized using frequency-resolved optical gating (FROG). Fig. 1b) and c) show the results of
the measured and retrieved traces of the compressed pulse with good agreement with each other, with a FROG
error of 0.5% using a 512x512 grid. Fig. 1d) shows the measured spectrum (blue-filled) with a good agreement
with the retrieved spectrum (dashed red), the simulated spectrum (black dashed) and the retrieved spectral phase
(green dashed). The broadened spectrum supports a 133-fs pulse duration. In Fig. 1e), the retrieved temporal
intensity profile (dashed) shows a nearly transform-limited pulse (blue) with a pulse duration of 134 fs. In addition,
the convex-concave MPC preserves the beam profile quality with M2 <1.3 and shows good spectral homogeneity
with a V-parameter of both spatial axes measured over 80% in the 1/e2 area of the beam profile, which is similar
to other gas-filled MPC results, see fig. 1f) and g). The only limitation in this experiment was damage of the optics
available at higher power, which can be easily circumvented with other MPC designs and/or higher damage
threshold optics. In conclusion, we show nonlinear spectral broadening of 2 mJ pulses in a compact, convexconcave multi-pass cell in ambient air. This system is straightforward to scale to much higher pulse energies in
simple and cost-efficient layouts.
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