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Functionality of  complex materials is often encoded in their fundamental excitation spectrum. Soft X-ray 
photon-in photon-out spectroscopies (like for example resonant inelastic X-ray scattering, RIXS [1]) offer a 
unique probe for matter in all aggregate states: By choosing the right X-ray energy, one can selectively 
study active centers in different materials, while being able to observe low-energetic excitations responsible 
for functionality, like phonons and magnons, as well as all kinds of  electronic excitations. 

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. 

There are several approaches to overcome those limitations: While building more efficient spectrometers is 
one line of  progress, the use of  more evolved quantum optical processes is desired. To this end, free-
electron lasers provide intense and coherent soft X-ray pulses enabling novel spectroscopies. Earlier 
schemes were based on amplified spontaneous emission (ASE) [2,3] and provided some improvement in 
signal levels, although with limited control over the underlying processes. Novel studies use either well-
characterized broadband pulses or fully controlled two-color pulses provided by specific operation modes 
of  a free-electron laser. 

Due to the ultrashort intrinsic time scales for X-ray excited states, it turns out that many concurrent 
processes are at play in addition to the desired transitions, partially shielding the desired signals. With some 
theoretical considerations though, we can arrive at a full characterization of  the underlying processes and 
are now in a position to explore more evolved schemes. Ideas will be presented how to make use of  the 
coherent beams to circumvent these issues and gain orders of  magnitude in efficiency for soft X-ray 
spectroscopy from solids. 
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