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Driven by the guiding principle of the so-called λ 2 energy scaling law of strong field phenomena [1]
and possibility of novel mid-IR field resolved spectroscopy [2], high power femtosecond lasers in 3-10 µm
region [3–5] attract much attention as next generation ones of attosecond science. While Yb:YAG-based
thin disk lasers [6] are regarded as the most promising candidates as driving lasers for this class of lasers,
it is considered to be difficult to generate coherent seed radiation via white light generation with them [7]
since the typical pulse duration of high power Yb:YAG lasers are well longer than 1 ps, which is the
typical time scale of avalanche ionization in bulk. In this contribution, we demonstrate generation of
coherent while light with 1.4 ps thin disk laser beams and optical parametric amplification (OPA) at
2.3-4.5 µm in three-stage Type 2 KTA crystals. Our scheme gives the ultimate solution for thin disk
laser-driven OPAs, which simplifies the OPA setup, increases conversion efficiency, passively stabilizes
the carrier envelope phase (CEP) of idler, actively stabilizes the CEP of signal and pump.
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Fig. 1. (a) Experimental setup. (b) Typical spectra of the white light generated in undoped YAG crystals.
Here the modulation around 1200 nm and dip structure at 1400 nm are from a 1 µm notch filter and
absorption in a fiber, respectively. A beam image taken with a visible camera is also shown in the inset. (c)
Typical spectra of the tunable idler of KTA OPA. The Fourier transformation limited pulse duration tuned
at 4 µm is 47 fs (3.5 optical cycles) as is shown in the inset.

Figure 1(a) shows the optical layout, which is composed of CEP-stable Ti:sa oscillator, 1 µm fiber am-
plifier, Yb:YAG thin disk regen. amplifier, white light generation in an undoped YAG crystal [Fig. 1(b)],
three-stage KTA OPAs, bulk compressors, and their diagnostics. The CEP of the idler is passively sta-
bilized through difference frequency generation process and that of the signal can be actively stabilized
through the feedback loop for the pump laser. Perfect coherence of the white light is proved by the
tunable amplification of the OPA, shown in Fig. 1(c). The shortest Fourier transformation limited pulse
duration 47 fs (3.5 optical cycles) is obtained at 4 µm and with a preliminary experiment, we have
obtained the total mid-IR power up to W-level already (0.9 W, signal + idler) with only 14% of the total
pump power. Simply by using the full pump power, we expect mid-IR power of 30W, which will open a
class of unexplored strong field physics such as mid-IR molecular imaging [8], whose details will be also
demonstrated in the presentation.
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