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A new highly efficient angle resolving photoelectron time-of-flight (tof) spectrometer has been 
developed during the last years (figure 1). Meanwhile, this spectrometer setup became part of the 
P04 – Variable Polarization XUV Beamline at PETRA III serving as a versatile diagnostic tool for 
the relevant photon beam parameters. Besides the diagnostic novelty this tool enabled us to record 
highly accurate and dense data sets on the angular distributions of small molecules at DORIS III. 
The success of the recent beamtimes was contributing to derive results on low photon energy 
studies on resonant processes in the valence states of N2 [1,2], on quantum interference phenomena 
[2] and on resonant Auger processes in nitrous oxide [3].  

 

Figure 1: The newly developed angle resolving photoelectron time-of-flight spectrometer. The drawing on 
the left depicts the general alignment of the 16 independently working tofs. The photograph on the right 

shows a prototype version of the setup surrounded by Helmholtz coils for magnetic field compensation. The 
photograph was taken during a DORIS III – BW3 beamtime. 

 

Regarding our study of very narrow Rydberg enhances resonances in N2 [1] we have shown that the 
new spectrometer setup is now fully operational for an efficient acquisition of angle resolved 
electron data sets. As it is shown in figure 2 we discovered the influence of vibrational progressions 
of Rydberg states on the angular distribution anisotropy parameter . 

 

 



On this new basis of accuracy we were then able to substantially extend the accessible electron 
kinetic energy range with high energy resolution. This finally allowed for a detailed study of 
relative cross sections  as well as angular distribution anisotropies  over many hundreds of eV. 
That photon energy range was expected to show signatures of the molecular double slit experiment 
and the corresponding matter wave interferences [4]. We succeeded in studying both the 
interference patterns in  as well as in  now leading to an enhanced understanding of the 
fundamental interpretation of the molecular double slit experiment. 

 

Figure 2: Angular distribution anisotropy parameter  for the photoionization of the highest occupied 
electron orbital of N2, the 3g

-1
. The vibrational progressions of Rydberg enhanced resonances are depicted 

in comparison to existing experimental and theoretical results [1]. 
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