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X-rays interact weakly with matter. This is their greatest strength for many applications, but 
also a fundamental weakness for others. In particular, the fields of nonlinear optics and 
quantum optics, mainstays for both fundamental science and technological applications with 
light, require a strong interaction. Thus, efforts in various directions are undertaken to 
intensify the light-matter interaction in the X-ray regime using atomic resonances.  
 
The ultimate level in the light-matter interaction in this respect would be the formation of a 
compound state of light and matter. In this case the excitation energy is periodically 
exchanged between the atoms and the field. These “vacuum Rabi-oscillations” manifest as a 
characteristic temporal pattern in the light emitted by the system. In the x-ray range, the 
strongest resonances of all matter are found in the nuclei of Mössbauer isotopes.  
 
Normally,  vacuum Rabi oscillations are observed in optical cavities that contain resonant 
atoms. This is not an option in the x-ray regime, as there are no such mirrors for x-rays as 
there are for visible light. While it is possible to fabricate X-ray cavities and to observe a 
number of quantum optical phenomena with them, the strong coupling limit is clearly out of 
reach in such systems. The reason is simply that 
the resonance lifetime of the bare cavity is so short 
that a photon emitted into the cavity rather leaves 
the cavity instead of interacting with the nuclei 
again. 
 
Hence, a different approach is needed. The trick is 
the preparation of two [1] or multiple [2] coupled 
cavities, in which thin layers of 57Fe nuclei are 
embedded. This changes the situation drastically. If 
one of the layers emits a photon, this photon almost 
instantly escapes the cavity. But it is as likely as not 
to move into the adjacent cavity, where it would be 
absorbed by the second layer of 57Fe nuclei. Upon 
emitting, this process repeats. In a way, the photon 
is now exchanged not between the cavity mode 
and an atom, but between two ensembles of atoms 
 
This trick opens not only novel perspectives to 
observe nonlinear optical effects in the X-ray 
regime but also to generate non-classical states of X-rays which could facilitate the 
realization of entirely new X-ray techniques for imaging or spectroscopy with entangled 
photonic states. 
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Fig. 1 Artistic impression of the interaction 
between x-ray photons and 57Fe nuclei that are 
located inside coupled cavities  


