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Polarimetry belongs to the most sensitive methods 

in the visible spectral range and forms the basis of 

a countless number of applications. In x-ray 

science, polarimetry becomes increasingly 

important, as well. Our interest in ultra-high 

purity polarimetry with x-rays has its roots in a 

long-term project aiming at detecting the 

birefringence of vacuum polarized by an intense 

electro-magnetic field – a fundamental conse-

quence of quantum electrodynamics (QED). The 

effect bases on the probability for a photon to 

produce an electron-positron pair. Thus, the 

strength of birefringence is a footprint of the 

elementary particles involved and will give hints 

about new particles beyond the standard model. 

According to theoretical expectations, just one 

photon out of more than 1011 will change its 

polarization due to the birefringence of vacuum 

induced by a high-power laser. Such a 

measurement requires an extreme sensitive 

polarimeter working in the x-ray range. By 

improving the performance of channel-cut crystal 

polarizers, we obtained a polarization purity of 

2.4·10-10 recently [1], which makes such tiny 

polarization changes measurable. 

 
Fig. 1: Sketch of two silicon channel-cut polarizers 

forming a high-precision polarimeter in the x-ray 

range. 

 
Fig. 2: Splitting in the dispersion of alternating iron 
57Fe/56Fe layers showing strong coupling between 

photons and iron nuclei [2]. 

As expected, the achievement of 10 orders of 

magnitude in sensitivity offers new possibilities 

for testing fundamental physics besides vacuum 

birefringence, like  

 the detection of quantum optical phenomena 

with nuclei [2], 

 the measurement of electronic anisotropies in 

super-conductors by polarization-resolved 

absorption spectroscopy, and  

 the investigation of huge magnetic fields in 

solid density plasma, to name a few.  

In this talk, I will give an overview about recent 

results and future measurements with high-purity 

polarimeters. In addition, I will show that a 

polarization purity of about 10-12 is reachable at 

free-electron lasers. This extreme high sensitivity 

together with the ultra-short and ultra-intense 

pulses of these lasers will provide a new tool for 

the investigation of fundamental questions of 

physics in the next years.  
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