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Spectroscopy with soft X-rays allows for studies of matter in all aggregate states. Especially inelastic 
photon-in photon-out spectroscopies, like RIXS (resonant inelastic X-ray scattering) or XES (X-ray 
emission spectroscopy), have the ability to address fundamental excitations in matter: phonons, magnons, 
orbitons, vibrations in molecules, as well as all kinds of electronic excitations. Combined with the ability of 
soft X-rays to address different elements selectively and even disentangle atoms of the same element in 
different chemical surroundings, we have a very powerful tool at hand to understand the driving forces 
behind materials‘ functions [1].

The drawback of these spectroscopies is usually the low  signal level: Most of the incoming photons are 
emitted as energetic electrons (>99%) and soft X-ray spectrometers necessarily have a limited acceptance 
angle, detecting only about 10-5 of  the nearly isotropically emitted photons.

These limitations can be overcome, when stimulated processes after intense X-ray irradiation are used to 
amplify the spontaneously emitted photons and direct them towards the spectrometer. By carefully 
choosing the experimental geometries, signal enhancements of  several orders of  magnitude are possible.

Lifetimes of X-ray excited states are in the range of femtoseconds and only the recent development of X-
ray free-electron lasers enabled the observation of  amplified spontaneous emission (ASE) with X-rays [2].

Since X-ray absorption lengths in solids are in the range of nanometers, a careful choice of the 
experimental geometry is crucial. The thin disk shape of the excited volume enhances the gain close to the 
surface, while reabsorption limits the achievable gain length. Experimentally, the maximum signal was 
observed at 9° to the surface [3].
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Figure:
Soft X-rays from FLASH, the free-electron 
laser in Hamburg, strongly excite  silicon 
core levels in the surface plane. ASE builds 
up in directions close to the surface. The 
competition of modes inside the surface plane 
limits the achievable gain and leads to a 
quick saturation of the amplification 
process.
We excited with a nearly round beam, 
impinging at 45° to the surface, while the 
signal was detected with a fixed spectrometer 
and a photodiode that was moved in a plane 
normal to the surface.
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