
Anomalous X-Ray Scattering:
Resonant Elastic X-Ray Scattering

T. Egami
Joint Institute for Neutron Sciences, Department of Materials 

Science and Engineering, Department of Physics and Astronomy, 
University of Tennessee, Knoxville, TN,

Oak Ridge National Laboratory, Oak Ridge, TN

Reading:  
× ¢Φ 9ƎŀƳƛ ŀƴŘ {Φ WΦ [Φ .ƛƭƭƛƴƎŜΣ άUnderneath the Bragg Peaks: Structural Analysis of 
Complex MaterialsέΣ PergamonMaterials Series Vol. 7 (PergamonPress, Elsevier Ltd., 
Oxford, 2003).
×Y. WasedaΣ ά!ƴƻƳŀƭƻǳǎ ·-Ray Scattering for Materials Characterization: Atomic-
{ŎŀƭŜ {ǘǊǳŎǘǳǊŜ 5ŜǘŜǊƳƛƴŀǘƛƻƴέ {ǇǊƛƴƎŜǊ ¢ǊŀŎǘǎ ƛƴ aƻŘŜǊƴ tƘȅǎƛŎǎ мтф ό{ǇǊƛƴƎŜǊΣ 
Berlin, 2002)



Chemical (Compositional) Short-Range Order (CSRO)

ÅWell-defined chemical bond (B2O3, 
SiO2ΣΧύΦ

ÅOrder parameter (Warren)

ÅExtension by Cargill and Spaepen
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G. S. Cargill, III and F. Spaepen, J. Non-Cryst. Solids
43,41 (1981).



Intensity of Elastic X-Ray Scattering

ÅStructure function, determined from the scattering intensity 
(see the previous lecture by Prof. Billinge):

ÅFourier transform:
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Anomalous X-Ray Scattering:

ÅAnomalous dispersion:

ÅKramers-Krönich dispersion relation:
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X-Ray Resonance

Å Incident x-ray induces virtual 
excitation.  Upon de-excitation 
it emits radiation which 
interferes with the scattered 
wave.

Åki = kf: elastic

Åkiґ kf: inelastic

ki kf



Limitations

ÅEdge energy: Q= 2ksin̒ = (2Ei/c>)sin̒

ÅQ > 15 Å-1 to obtain good PDF.

ÅThus good only for elements heavier than Zr, OK for 
elements heavier than Ge.

ÅExcellent for very heavy elements with the reachable 
L-edge.

ÅStatistical limitations.  Think of combining with 
neutron scattering.

ÅBut still useful in many occasions.



Measurement

ÅMeasure at two energies below 
the absorption edge.

ÅX-ray Raman scattering presents 
a major problem.



X-Ray Raman

ÅCharacteristic radiation induced 
by a photon with the energy 
less than the edge energy, 
because of the intermediate 
electronic process involving 
electron-electron interaction.

ÅThus even below the edge you 
excite some weak fluorescence.
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Setup

ÅAnalyzer crystal:

ïIntensity is low, Alignment has to be perfect.

ÅEnergy sensitive semiconductor detector:

ïIntrinsic Ge detector







Example

ÅHigher harmonic component fluctuates with time.

S. Aur, D. Kofalt, Y. Waseda, T. Egami,  H.S. Chen, B.K. Teo and R. Wang, 

Nucl. Instrum. Methods in Phys. Res. 222, 259 (1984).



ÅDifferences are small.  Requires high accuracy in 
measurement.
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ÅDifferential PDF beyond the nearest neighbor.





L-edge



Glassy and quasicrystalline Pd-U-Si

U-L-edge AXS.
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