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In the past decade, the photon energy dependence of the dipole (E1) and non-dipole (E2, M1) 
contributions to the angular distribution of photoelectrons has been investigated both theoretically 
and experimentally [1-5]. This dependence reflects the many-electron properties of atoms and the 
importance of channel interactions. 

In the present work, the angular distribution of Kr 4p photoelectrons was measured employing a 
linearly polarized photon beam with energies ranging from 205 eV to 230 eV. In this energy range, the 
Kr 3p→ns/md (n,m=4,5,6,...) resonances can be excited. The experimental anisotropy parameters 
(dipole β and non-dipole γ and δ) were determined for the Kr 4p shell and its fine structure 
components.  

The measurement was carried out at beamline BW3 of the DORIS III synchrotron light source at 
HASYLAB (Hamburg, Germany). The ESA-22D electrostatic electron spectrometer was used to 
analyze the emitted electrons. The spectrometer consists of a spherical and a cylindrical mirror 
analyzer. The spherical mirror focuses the electrons from the scattering plane to the entrance slit of 
the cylindrical analyzer which performs the energy analysis of the electrons. (For a detailed 
description of an ESA-22-type electron spectrometer see Ref. [6].) The photoelectrons were 
simultaneously detected by channeltrons at 22 different angles in the angular range 0°–360° (except 
90° and 180°) relative to the photon polarization vector in the polarization plane. The relative 
efficiencies of the detectors were determined by measuring the angular distribution of Ne 2s 
photoelectrons at 250 eV photon energy. Due to the high energy resolution of the electron 
spectrometer and the narrow bandwidth of the photon beam the spin-orbit components of krypton 
4p photoelectron lines were well separated. 

The measured dipole anisotropy parameters β of Kr 4p, 4p3/2 and 4p1/2 photoelectrons are shown in 
Fig. 1 as a function of photon energy. The experimental data of the fine structure components are 
compared with the relativistic independent particle model (RIPM) [1]. In Fig. 1.b and c the 
theoretical values (dashed blue lines) are multiplied by 1.1 to present the experimental and 
calculated data in the same figure. Resonance-like structure can be seen in the photon energy 
dependence of the experimental dipole parameters for both the Kr 4p shell (solid circle in Fig. 1.a) 
and its spin-orbit components (solid circles in Fig. 1.b and c) whereas the RIPM calculation 
increases without any structure with increasing photon energy. (In Fig. 1 the solid green lines are 
smoothed curves for the measured data to guide the eye.) These resonances show that channel 
interactions between the 3p resonant excitation participator autoionization and 4p direct 
photoionization processes are important in krypton photoionization. The experimental energy 
positions of the resonances differ by 2.6 eV from the calculated values obtained within the present 
investigation. To eliminate these differences in Fig. 1 the energy of the resonances (red and blue 
vertical lines at the bottom) are shifted by 2.6 eV to lower photon energies with respect to the 
calculated ones. The heights of the vertical bars are proportional to the oscillator strengths of the 
excitations. The theoretical dipole parameters do not agree with the experimental values. This 
disagreement indicates the importance of the multielectron correlation effects among 3p, 4s and 4p 
shells in krypton photoionization. The natural line width of the 3p photoelectron peaks was 
determined from the measured spectra. It is about 0.8 eV, while the experimental width of the 
resonance near 220 eV photon energy (3p1/2→5s resonant excitation) in Fig. 1.a is approximately        
2 eV. This broadening can be explained with the strong interference between the ionization and 
excitation channels. We note that in the present case the participator Coster-Kronig transitions are also 
enabled. This is in contrast to our previous studies where only the participator Auger-decays occured 



[4, 5]. The experimental dipole parameters β of Kr 4p3/2 (Fig. 1.b) and 4p1/2 (Fig. 1.c) photoelectrons 
behave differently as a function of photon energy. In case of 4p3/2 subshell (Fig. 1.b) two clear valleys 
appear at 212 eV and 220 eV. For the 4p1/2 subshell (Fig. 1.c) a distinct minimum can be seen at     
220 eV photon energy. Futhermore, a weak oscillation can be observed at around 212 eV due to the 
strong interaction between the 3p3/2→ns/md resonant excitation participator autoionization channel 
and the direct photoionization of the 4p1/2 shell. The discrepancy between the dipole parameters of the 
two fine structure components clearly demonstrates the existence of relativistic effects in krypton 
photoionization.  
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Figure 1: Photon energy dependence of the experimental (solid circles) and theoretical (blue dashed lines) 
dipole parameters of Kr 4p (a), 4p3/2 (b) and 4p1/2 (c) photoelectrons. The solid green lines are smoothed 
curves serving to guide the eye. The theoretical values calculated by the RIPM model [1] are multiplied by 
1.1. The vertical bars at the bottom (red bars: ns excitations, blue bars: md excitations) denote the energy 
positions of the resonances shifted by 2.6 eV to lower energies with respect to calculated values. The 
heights of the vertical bars are proportional to the oscillator strengths of the excitations.  
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