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Abstract

Objective Gain narrowing and thermal effects that usually exist in a chirped-pulse amplifier can be avoided by an
optical parametric chirped-pulse amplifier (OPCPA), which relies on the optical parametric process existing in a
nonlinear crystal to realize pulse amplification. The 2 pm OPCPA system is an ideal pumping source for water-
window desktop X-ray light source, which has potential applications in medicine, biology, and material science. The
front-end, which is the core of an OPCPA system, is unutilized to generate broadband and a few optical cycles seed
laser pulses. In this study, we propose a new scheme for 2 pum OPCPA front-end based on dual laser filamentation
processes. The proposed scheme can be used to realize 2 pm laser seed pulses with broad spectrum, short pulse
duration, and high-energy stability.

Methods In the 2 pm OPCPA front-end, Yb-doped laser amplifier with 500 fs pulse duration, 100 pJ pulse energy,
and 10 kHz pulse repetition rate is used as a pumping source. The output laser pulses are separated into two parts,
which are respectively used to realize the visible and near-infrared (IR) supercontinuum generation (SCG) in YAG
crystals through the dual laser filamentation processes and pump the OPA stages for amplifying 2 pm seed laser pulse.
Before the YAG crystal, a half-wave plate and a polarization beam splitter (PBS) are used to adjust the pulse energy
incident into the YAG crystal. Then, another half-wave plate after the PBS is employed to adjust the polarization
state of the incident pump laser. A CaF, lens is used to adjust the beam spot size of the incident pump light on the
YAG crystal. After SCG, the visible light and near-IR light are focused onto a BiBO nonlinear crystal to generate the
2 pm laser seed pulse using the difference frequency generation (DFG) process. The BiBO nonlinear crystal is cut
with a phase-matching angle of 10.7° for type | phase matching in the DFG process.
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Results and Discussions The generated visible supercontinuum spectrum ranges from 500 to 850 nm, and the
near-infrared (IR) supercontinuum spectrum ranges from 1050 to 1600 nm (Fig. 2). The 2 pm laser seed pulse
power is further scaled to about 167 mW by two optical parametric amplification stages (Fig. 4) based on the MgO-
doped LiNbQ; crystal. It possesses a wide gain bandwidth from 1800 to 2500 nm in the nonlinear process of optical
parametric amplification (Fig. 3). During amplification, the peak power density of the pump laser is kept near
70 GW/cm’ to prevent optical damage to the nonlinear crystal. The dispersion of the amplified 2 ym laser pulse is
managed with an acousto-optic programmable dispersive filter. The pulse energy reaches 16.7 pJ after amplification.
The amplified average power is monitored within 30 min, indicating that the power fluctuation is less than 6 mW,
corresponding to <3 % instability (Fig. 5). The beam cross-section of the amplified 2 pm laser pulse is measured
using a CCD camera, indicating the near Gaussian distribution of the pulse energy in horizontal and vertical directions
[Fig. 6(a)]. The near diffraction-limited beam quality M* factor of 1.3 is achieved [Fig. 6(b)]. The amplified laser
spectrum ranges from 1830 to 2320 nm with a spectral bandwidth of 243 nm [Fig. 7(a)]. Meanwhile, the pulse
duration is shortened to 29 fs by proper dispersion management, approaching the Fourier transform limited value
[Fig. 7(b)]. The calculated autocorrelation trace by taking the group dispersion delay (GDD) of 250 fs* and third-
order dispersion (TOD) of 156 fs® is consistent with the measured results. This shows the existence of residual GDD
and TOD in the amplified laser pulse.

Conclusions In this paper, we propose a new scheme front-end of the 2 pm OPCPA system. The visible and near-
IR supercontinuum spectra are realized through dual laser filamentation processes based on different YAG crystals.
The 2 pm laser seed pulse is produced by the DFG process between the two supercontinuum spectra’s difference and
amplified by two optical parametric amplification stages. The amplified spectrum of seed laser ranges from 1830 to
2320 nm with a bandwidth of 243 nm. The amplified pulse laser has average power, single pulse energy, pulse
duration, and pulse repetition rate of 167 mW, 16.7 nJ, 29 fs, and 10 kHz, respectively. The beam quality M*
factor is less than 1.3. It is expected that the pulse energy of 2 um laser seed pulse can be further amplified to the
m]-level and peak power to GW-level for further driving the noble gas to generate water-window X-ray.

Key words nonlinear optics; optical parametric chirped-pulse amplifier; laser filamentation; 2 pm laser; different
frequency generation
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