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Evolution of the inelastic x-ray scattering by L and M electrons into E fluorescence in argon
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The inelastic x-ray scattering by L and M electrons in the vicinity of the argon E-absorption
edge is analyzed with the use of a generalization of the Kramers-Heisenberg formula. The
theoretical cross section is given as a superposition of scattering probabilities to final (mp) np,

n ~4 discrete and (mp) ~p continuum states for m =2 and 3. The effect of the bearnwidth

on the spectrum of the scattered photons is discussed in detail. For a highly rnonochromatized
beam the resolution is shown to increase by a factor of I »/I ~ as compared to K photoabsorp-

tion measurements. Our work demonstrates the possibility of using the inelastic resonance
scattering for a detailed study of Rydberg and exciton states in the x-ray region.

I. INTRODUCTION

In a recent Letter' we have analyzed the inelastic
scattering by 2p electrons in the vicinity of thc Mn
E-absorption edge in KMn04. Our theoretical dif-
ferential cross section included both the effect of the
bcamwidth and the final-state lifetime. It was point-
ed out that for a beamwidth smaller than the widths
of the (ls) ' hole state one should obtain higher
resolution for the scattering leading to bound final
states as compared to the corresponding E-absorp-
tion spectrum. This resonance-Auorescence-like
feature was not apparent in the experimental spec-
trum of Briand et al. 2 because of their relatively large
bandwidth, I'b =2.2 cV as compared to 1"»,=1.16 cV
and I 2~=0.33 eV for Mn. 3

New intense synchrotron radiation sources and
multiple crystal monochromators will make x-ray Ra-
man spectroscopy possible in the near future. In this
work we discuss the overall features of this new
"threshold spectroscopy" using the inelastic scatter-
ing by argon atoms as an example. E and L photoab-
sorption spectra of argon have been subject to inten-
sive experimental studies. '~ The K-absorption spec-

trum has been analyzed by %atanabe' using a one-
electron model. In his analysis only the two first
Rydberg states with principal quantum numbers n =4
and fI =5 were resolved. Recently, Deslattes et al.~

have measured the KP emission spectrum of argon
as a function of the beam energy to determine the
threshold behavior of multivacancy processes. Relat-
ed to this work it is shown that the high-resolution
measurements of inelastic x-ray spectrum can give
more accurate information on the discrete part of the
threshold region than the corresponding absorption
spectrum. %e also demonstrate the half-width nar-
rowing effect in the spectrum of the scattered pho-
tons as found by Eisenbergcr, Platzman, and %inick9
in the case of Raman resonance scattering by L elec-
trons at thc Cu E-absorption edge.

II. THEORY

In our earlier work' we have shown that the cross
sections for the scattering leading to discrete
(2p, ) 'np (j= —,',—', ) and continuum (2p, ) '~p final

states is given by

da(cot) ~
g&&

(~~s 2p )g2p ts ~(s t+~ )(dlgJd~)= 2'rrfo 8(cut —cup, —(u —o)2) d(u,
d~2 ~t (CU]~+Gl Cut) +l tz/4g J

where dgt, /do) =gt,~g(co+co~) for the discrete part.
ln Eq. (l) we have used the dipole approximation
and included only the resonant part of the Kramers-
Heiscnberg formula. The resonant condition also
limits the intermediate summation to (ls) ' hole
states. Our approach is based on the one-electron.
picture and consequently neglects post collision and
unisotropic final channel interactions. Hence the dif-
ferential cross section is isotropic. The oscillator
strengths gt~ t, of the ICa2 (j= —,) and Eat (j= —,)i ~ 3

lines have been obtained from Scoficld's'0 calcula-
tions.

In the discrete spectrum 15 Rydberg states werc in-
cluded corresponding to the principal quantum
numbers 4 ~ n ~18. The oscillator strengths g»,„~
and the energies h~„~ have been evaluated from the
quantum defect theory. " The energy of the 4p Ryd-
berg state was first calculated by the Dirac-Pock
method. The calculated energy value E4~ = —2.87 eV
gives the defect 5=1.82. The oscillator strengths
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energy side of the fluorescence peak, the photon
emission is forbidden by the energy conservation
guaranteed by the final-state density. Hence for a
narrow photon beam the shape of the high-energy
side is characterized by the final-state lifetime. For
broad beams no minimum would be observed.

In conclusion, we have shown that the inelastic
scattering excited by a narrow photon beam can be
used for high-resolution studies of exciton and Ryd-
berg states in the x-ray region. The resolution of the
spectrum of the scattered photons is limited by the
lifetime of the final state. As compared to the corre-
sponding absorption spectrum, the resolution is in-
creased by a factor of I ~,/I ~~ in the scattering lead-

ing to (2p, ) 'np final state. In the case of argon the
resolution for scattering leading to (3p, ) 'np final
state is solely limited by the bandwidth I ~. It is also

suggested that the "threshold spectroscopic" ap-
proach would lead to new possibilities regarding sym-
rnetry studies of exciton states. According to our
earlier approach, "the angular distribution of emitted
photons could be used to determine the symmetry of
exciton states which are not separated in photoab-
sorption spectroscopy. This would provide valuable
complementary information about the chemical en-
vironment of the scattering atom.
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