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Over the past two decades, several X-ray free-electron laser (XFEL) facilities have been built that now deliver X-rays of
unprecedented intensity and brightness for science. While this represents a monumental achievement, the X-ray longitudinal
coherence, stability, and intensity is limited because all present XFELs are single-pass amplifiers that start from noise. One
way to improve the longitudinal coherence and ultimate performance is to follow the example of atomic lasers: build an
optical cavity. This talk will discuss recent research efforts aimed at developing such an optical cavity for an XFEL. I will
begin by describing the basic X-ray components and physics, paying particular attention to the high-quality optical elements
needed to recirculate X-rays. Recent work at Argonne and other labs has shown that X-ray components with the performance
characteristics required for an XFEL can be built. These advances have led to the recent funding of a collaborative effort
between Argonne and SLAC to install a rectangular X-ray cavity at the LCLS-II. I will describe our plans to design and
build such a cavity, and then test its performance and FEL gain at the LCLS using two electron bunches.
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