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INTRODUCTION

EXPERIMENT

The direction of emission of photoelectrons from atoms is characterized by the angular distribution parameter, β. That is, this
parameter gives insight into the direction of electron emission
following photoionization. Measurements of β over an extended
photon energy region can give insight into the quantum mechanical
dynamics of the photoionization process.
Using synchrotron radiation from the Aladdin storage ring at the
Synchroton Radiation Center in Stoughton, Wisconsin, we have
measured the β values of the 3d photoelectrons from the open shell
chromium atom ([Ar] 3d5 4s1) in the photon energy region from about
20 eV up to 150 eV.
We have found the angular distrabution values to show a steady
increase from about 0.2 at 20 eV up to 1.2 at 80 eV after which they
they shows signs of decreasing.

The experiment was carried out on the PGM undulator beam line at the Aladdin
storage ring of the Synchrotron Radiation Center in Stoughton, Wisconsin. Atomic Cr
was produced in a resistively heated Ta crucible. The oven was typically operated at
about 1150° C . The experimental chamber (Fig. 1) contains 3 electrostatic analyzers
mounted at right angles to each other on a rotatable platform which lies in a plane perpendicular to the incoming photons. In this experiment measurements were carried
out with two analyzers mounted at 0° and 90° with respect to the polarization vector of
the incident radiation. Figure 2 shows this experimental geometry.
Spectra were recorded in the photoelectron spectrum mode (PES) in which the
electron intensity was recorded as a function of electron kinetic energy at a fixed photon energy. Hence, each peak observed in the spectrum will correspond to emission
of an electron from a unique atomic subshell. The bandpass, full-width-half-maximum,
of the ionizing radiation was determined to be 7.3(5) meV at hv = 30.0 eV.

METHOD AND DISCUSSION
Figures 3-5 show the PES spectra for three representative photon energies (hν): low, medium and high energy. The y-axis shows the number of counts recorded (i.e. the number of electrons detected) as a function of the electron’s kinetic energy. The top plot shows the electron intensity recorded with one analyzer mounted at θ = 0°, the middle graph shows the electron intensity recorded with a second analyzer mounted at θ = 90° (see also figure 2) and the bottom
graph is the beta value calculated from these two spectra.
We used software created locally to integrate the area under each 3d peak to obtain values of
the peak intensities. We then divide the 0° intensisty by the 90° intensity for a given photon
energy to obtain a ratio of intensities R. This ratio must then be corrected to account for any
experimental biases as discussed below.
Figure 6 shows the correction parameter, γ, as a function of the kinetic energy, KE, of the
emitted electron. The γ factor standardizes the data across different photon energies. This correction parameter accounts for different detection efficiencies of the two analyzers and the nonisotropic distribution of the ionizing radiation which would lead to invalid β values. This correction factor is applied to the ratio, R, of the peak areas as determined from our experimental
spectra. The β value is then determined from the following simple formula:
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β = 4(γR –1)/[(3p(γR + 1) - (γR –1)]
where p is the degree of linear polarization of the ionizing radiation. As one can see from figure
6, this correction can be substantial and is rarely a straight line. In this way we minimize any influence our experimental setup has on our final results. Our final results for β are presented in
figure 7 over an extended kinetic energy range from 20 eV to 150 eV.
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CONCLUSIONS
We have presented a systematic investigation of
the angular distribution parameter, β, of the Cr 3d photoelectron peak over a broad photon energy range
covering nearly 130 eV. Initially the β values start out
fairly low but then show a steady increase as the kinetic energy of the emitted electrons increases. Near a
kinetic energy of about 120 eV β reachs a maximum of
about 1.2 and then appears to begin to decrease in
value.
Future plans will involve extracting the relative partial cross section, σ, of the 3d peak from our data. This
parameter is a measure of the probability that an electron from a particular electronic subshell will be ionized. In addition, we hope this work will stimulate theoretical calculations of both β and σ as there are
presently none.
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