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The field of quantum optics has yielded huge successes in the coherent control of light, matter, 

and their interaction. An extension of these successes to frequency ranges corresponding to the 

x-ray regime would be highly desireable, not just as a field of basic research, but also with a 

view towards the ongoing development of 4-th generation x-ray sources in the form of x-ray 

free electron lasers. A more thorough control of the statistical and spectral properties of the 

light emitted by these sources will enhance the use of these machines for x-ray spectroscopies 

of unprecedented precision and reach.  

The core requirement for almost all sophisticated quantum optics setups and schemes is the 

achievement of the strong coupling regime in cavity quantum electrodynamics.  There, the 

coupling between light and matter leads to the formation of distinct eigenmodes showing an 

energy splitting, and the periodic exchange of a photon between the electromagnetic field and 

an atom.  

Although x-ray cavity quantum electrodynamics based on 

thin-film cavities is a burgeoning field [1,2,3], strong 

coupling with this system has eluded researchers so far. 

The reason is the comparatively weak reflection of the x-ray 

mirrors even in grazing incidence. We have devised a novel 

setup, based on two coupled cavities, each of which 

contains an ensemble of resonant 57Fe nuclei which weakly 

couples to the cavity mode. The coupling of the cavity 

modes results in the formation of several supermodes, 

which couple to both ensembles. Adiabatically eliminating 

the modes reveals an effective interaction term between 

the two ensembles. When the whole system is detuned 

from the supermodes, the effective interaction term 

dominates over the cavity-enhanced decay term of the 

individual layer excitations. Thus, strong coupling between 

the two layers is achieved. We confirm this by exciting the 

system with pulsed synchrotron radiation and monitoring 

both the energy-dependent reflectivity as well as the 

temporal decay. The latter shows Rabi-oscillations, the tell-

tale sign of strong coupling. 
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Fig. 1 Top: Sketch of the thin-film double 
cavity in reflection geometry. The layers 
as well as the standing wave of the 
supermode are indicated. Bottom: 
Observation of the Rabi-oscillations in the 
temporal decay of the cavity illuminated 
by a pulsed beam. 


