
Advances in Theory and Analysis of 
EXAFS

J. Kas
Department of Physics,

University of Washington
Seattle, WA, USA

†Supported by NIH/SSRL, DOE and CMSN



Advances in Theory and Analysis of EXAFS *

*Supported by NIH/SSRL, DOE, CMSN

• GOAL: ab initio Theory of XAS, EELS, …

• No adjustable parameters
• Accuracy ~ experiment
• GOAL: Quantitative interpretation
• Inverse problem: What’s in a spectrum?
• Atomic structure, chemistry, …

• TALK:
1. EXAFS and XANES                        Theory, History
2.  NEW Interpretation                         Bayesian Analysis



Experiment:  X-ray Absorption Spectra

XANES   X-ray absorption Near Edge Structure

XANES EXAFS Extended X-ray Absorption Fine Structure
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Qualitative Interpretation of EXAFS
Sayers EXAFS Fourier Transform

→ Shifted Radial Distribution

D.Sayers Stern & Lytle 1970

Short range order theory

Rnn

shif
t

→   X-ray Microscope!

EXAFS
Cu

BUT need to calibrate experiment with “Standard”



J. J. Rehr & R.C. Albers
Rev. Mod. Phys. 72, 621 (2000)

Quantitative

Theory of EXAFS



Quantitative EXAFS Theory

Three Key Developments

Curved Wave Scattering Theory  feff

Inelastic Losses   Σ(E)

EXAFS Debye Waller Factors   σ2

Must extend ground state methods!



REVISED Stern-Sayers-Lytle XAFS Formula

Multiple Scattering  Expansion:  sum over paths Γ
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N = coordination number      R = ½ path length

Same form as Stern-Sayers-Lytle BUT

ALL PARAMETERS RENORMALIZED !



Ground-state vs FEFF vs Expt

ground state: no loss, no DW  
WRONG  Amplitudes!



Phase  Corrected EXAFS Fourier Transform

Path Expansion 15 paths

Rnn= 2.769 
fcc   Pt

No shift! Accurate distances to < 0.01 Å

Χ(R)

R (Å)
Modern EXAFS Theory:   FEFF6 Code



XANES Theory Key Developments

Quasi-particle Theory

● Beyond Ground State  Density Functional Theory

●  Inelastic losses, self-energy    Σ

●  Core-hole effects
+

Σ



Σ(E) replaces Vxc !

Beyond DFT!



Paradigm shift:

Use Green’s functions not wave functions!

Efficient!

Ψ



not k-space!

“Real-space KKR”



FEFF8 ab initio, Relativistic, Self-consistent, 
Full Multiple Scattering XANES Code

BN

89 atom cluster

Core-hole, SCF potentials

Essential!



XAS and Pt Catalysts:  FEFF8 vs. experiment 
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• Very good agreement: Relativistic FEFF8 code reproduces all spectral 
features, including absence of white line at L2-edge.

• Self-consistency essential: small changes in position of Fermi level 
strongly affect white line intensity.



FAST! Parallel Computation    FEFFMPI

MPI: “Natural parallelization”

Each CPU does few energies

Lanczos: Iterative matrix inverse

Smooth crossover  between

XANES and EXAFS!
1/NCPU



2. Interpretation of XAS
• EXAFS measures structure   

→ distances, coordination numbers, 
disorder and vibrations, …

• XANES electronic structure   ρ(E) = - Im G ~ µ(E)

→ LDOS, charge counts, valence …

• Need to analyze XANES!



Cu  pDOS vs XANES and XES

XANES vs Projected Density of States (LDOS)

XANE
S

XES
pDOS

Fermi energy EF Final state energy Ef



Difficulty – not easy to fit XANES!

too many parameters, too little bandwidth!

→ Least squares fits are ill-conditioned

FIX: Bayesian Analysis  (H. Krappe & H. Rossner)

- include a priori knowledge

Stabilizes fits!
Improves statistical error estimates!
Can use all data – XANES and EXAFS



















Application to Bio-XAS*

Oxidized Pyrococcus Furious Rubredoxin

Combined Bayesian
XANES & EXAFS 

Analysis Code 
(add-on to FEFFIT)

Fits: Rn,  distortions,       
atomic background, etc

*Supported by SSRL-NIH
Data: G. George 
SSRL



CONCLUSIONS

• EXAFS – Quantitative! Reliable.

• XANES – Semi-quantitative

• New: Many body corrections – Semi-quantitative

• New: Bayesian EXAFS/XANES analysis codes 
SMART BLACK BOX

GOALS – Achieved or within sight!
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