Inelastic resonant K scattering near threshold
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Introduction asymmetry could be adjusted to study the influence of
absorption and crystal symmetry on the measured

Besides normal x-ray fluorescence lines, a low-energy K fluorescence.

satellite has long been observed and attributed to a “radiative

Auger” effect. Here, photoelectron emission is followed not The x-ray emission spectra were measured with a graphite

by a single Auger electron or fluorescence x-ray emission energy-dispersive spectrometer [3]. This wavelength

but by simultaneous emission of both an electron and a  dispersive spectrometer utilizes a sagittally bent mosaic-

photon [1]. This curious “radiative-Auger” effect is quite graphite crystal that doubly focuses the fluorescence

strong and challenges our understanding of x-ray excitation radiation onto a detector. For these measurements, the

and decay processes. Despite its identification almost 30  energy of the fluorescence was measured in a theta/two-theta

years ago, there has been little work to understand its naturgeometry with a slit in front of the detector. The energy of

or to quantify the strength of the transition. Using tunable the spectrometer was ~20 eV with a 0.2 mm slit at the

synchrotron radiation, we have studied the relative strengthsletector and a 0.2 mm slit in front of the sample.

and energy spectra of secondary fluorescence compared to the

radiative-Auger emission in Ge. By studying the radiative- Results

Auger effect below, near, and above threshold, we have

eliminated alternative explanations for the observed spectralThe competing secondary fluorescence spectral shape and

dependence of the radiative-Auger line. intensity were studied by tuning the incident x-ray energy to
the Ge K,; and K,, energies. The two spectra were summed
Methods and Materials according to the ratio of Kto K,,. The resultant spectra is

illustrated in Figure 2.
Measurements were made on the UNI-CAT beamline 33-ID

at the Advanced Photon Source [2]. A schematic of the setu 130 77771 TR EE oo T m T g T T T T T T
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\\\ Figure 2: Resonant Raman scattering from Ge excited by
\ incident photon energies of 9.886 keV (Gg)kand 9.855
Incident keV (Ge K,,) and then combined to represent the spectrum
slit for Ge fluorescent radiation. The leading-edge maxima are
the L, and LIl electrons involved in the shakeup.
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Figure 1: Curved graphite spectrometer with ~10-20 eV ]
resolution. Next, the x-ray energy was tuned near the K absorption edge

of Ge and the spectra were again measured. Although there

was still a small signal from the secondary induced resonant
The Samp|e was mounted on a |arge, eight-cirde Kappa Raman Scatteri_ng_, this part of the Spectr_a was dominated by
diffractometer. The sample's crystallographic orientation andhe intense radiative-Auger channel. A simple estimate of



Ge (333) Analyzer Resolution
the intensity of the secondary resonant Raman scattering c3
be made.

Zn Fluoresence
A ratio can be calculated for the expected resonant Raman
scattering caused by the incident Ggflkix generated by the
synchrotron spectrum to that internally generated by
excitation at and above the Ge K threshold [4].

With the assumption that the incident flux from the
synchrotron at 9.876 keV is the same as that at 11.103 ke
the ratio of the expected resonant Raman scattering at our
typical scattering angleg2= 20 is:

No Detector Slit.
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Irrs Ge K, (Incident) / Irrs (Secondary) = 5.6

Figure 4: Energy resolution obtained with a spherical Ge
analyzer and 333 reflection.

Acknowledgments

Signa

The UNI-CAT facility at the Advanced Photon Source

(APS) is supported by the University of lllinois Frederick
Seitz Materials Research Laboratory (U.S. Department of
Energy, the State of lllinois-IBHE-HECA, and the National
Science Foundation), the Oak Ridge National Laboratory
(U.S. Department of Energy under contract with Lockheed
Martin Energy Research), the National Institute of Standards
and Technology (U.S. Department of Commerce), and UOP
LLC. The APS is supported by the U.S. Department of
Energy, Office of Science, under Contract W-31-109-ENG-
Figure 3: Resonant Raman scattering excited at the Ge K 38.

edge (11.103 keV) increases in intensity as the incident x-ra
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energy increases through the edge. The energy of the
resonant Raman scattering is shifted lower by ~65 eV,
which is less than the 110 eV expected from a Z+1 atom
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