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            Abstract
Resonant inelastic X-ray scattering and X-ray emission spectroscopy can be used to probe the energy and dispersion of the elementary low-energy excitations that govern functionality in matter: vibronic, charge, spin and orbital excitations1,2,3,4,5,6,7. A key drawback of resonant inelastic X-ray scattering has been the need for high photon densities to compensate for fluorescence yields of less than a per cent for soft X-rays8. Sample damage from the dominant non-radiative decays thus limits the materials to which such techniques can be applied and the spectral resolution that can be obtained. A means of improving the yield is therefore highly desirable. Here we demonstrate stimulated X-ray emission for crystalline silicon at photon densities that are easily achievable with free-electron lasers9. The stimulated radiative decay of core excited species at the expense of non-radiative processes reduces sample damage and permits narrow-bandwidth detection in the directed beam of stimulated radiation. We deduce how stimulated X-ray emission can be enhanced by several orders of magnitude to provide, with high yield and reduced sample damage, a superior probe for low-energy excitations and their dispersion in matter. This is the first step to bringing nonlinear X-ray physics in the condensed phase from theory10,11,12,13,14,15,16 to application.
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                    Figure 1: Geometry to observe spontaneously stimulated X-ray emission from solids.[image: ]


Figure 2: Observing stimulated emission from a solid.[image: ]


Figure 3: Spectrally resolved stimulated emission.[image: ]
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        Editorial Summary
Stimulated X-ray emission from condensed matter
Techniques such as resonant inelastic X-ray scattering are powerful probes of the fundamental electronic and vibrational excitations of materials, but very high photon densities are required to extract the relatively weak signals of interest, so high that sample damage can result. Martin Beye and colleagues now show how using X-ray free-electron lasers can, in principle, get around this problem by inducing stimulated X-ray emission from the sample. Using silicon as an example, they show that such lasers can induce stimulated X-ray emission from a solid sample, providing a superior probe for low-energy excitations and their dispersion in matter. Stimulated X-ray emission has previously been demonstrated in gas, but its realization in a solid system should open up a host of new experimental possibilities.
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