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Abstract

Laser wakefield acceleration (LWFA) possesses ultra-high acceleration gradients, demonstrating significant
potential for realizing compact free-electron lasers (FELs). Current FEL applications face diverse requirements
including X-ray generation, extreme ultraviolet (EUV) radiation, and broad bandwidth operation. However,
existing LWFA-based FEL schemes struggle to achieve multi-mode compatibility within a single system. In
this study, we propose a novel cascaded LWFA-based FEL scheme to address this challenge. By combining
two-stage LWFA acceleration with comprehensive control through magnetic chicanes, this solution can gen-
erate high-quality electron beams with tunable bandwidth and energy to meet various FEL application needs.
Simulation results demonstrate that using a 35] laser system, saturated FEL outputs can be achieved in three
operational modes (X-ray, EUV, and broad-spectrum with 10% bandwidth) within a compact facility of 115
meters total length through different parameter configurations. This research provides a viable new pathway
for developing compact LWFA-based FEL systems.
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