
Data analysis of XAFS data

Contacts:

Prof. Carlo Meneghini

Dip. Di Scienze, Università Roma Tre, Roma

carlo.meneghini@uniroma3.it

1. XAFS data analysis and related software
2. From XAS to XAFS: data treatment procedures

3. Training: EXAFS data refinement

4. Training: XANES data analysis
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https://tinyurl.com/SRSelettra2021



Data collection

Extract XAFS structural 
signal: c(k) 

Structural 
refinement 

Check the results

END

Preliminary data treatment

Structural 
model(s)
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XAFS data ANALYSIS: 
from the experimental data to structural details
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XANES 
Analysis 

revision



The EXAFS standard formulaA

B C D

parameters

fj = photo-electron scattering amplitude
yj = photo-electron scattering phase
l = photo-electron mean free path
So

2 = many body losses

Structure
Nj = multiplicity (coordination number)
rj = half path length (coordination distance) 
sj

2 = variance of the path length distribution   
(Mean Square Relative Displacement: MSRD)
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Structural model & Data refinement 

We will analyze Cu EXAFS firstly

Cu metal
SPG: fcc,  f m 3 m (# 220)
a    = 3.61 A
Cu     0.0   0.0   0.0  

icsd_43493_Copper.cif

1. search Cu metal structure (cif)
2. visualize with Vesta
3. draw a local structure model
4. draw a local cluster with Atoms

R1

R2

R3
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Sh R                    N RCu(A)

I: 12 2.553

II: a 6 3.610

III: 24 4.421

IV: 12 5.105

V: 24 5.708

....
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Start Arthemis
better on la larger monitor!

The driver window

1:add 

EXAFS
c(k) or 
athena
project

2:add a 

Structure 
.cif or Feff

file

3:select 

refinement 
pram., plot, 

etc...

4
Start fit



1: add c(k) or Athena project

Inport the XAFS data 
from the Athena 

Project



2: add model structure (cif or simple pair)

I. Run Atoms
II. check paths
III. Run Feff
IV. look at the path list A)

generate a 
local cluster

B)
calculate 
amplitude and 
phases for paths 
in the cluster

C)
Scattering 
Path list



2: add model structure (cif or simple pair)

I. Run Atoms
II. check paths
III. Run Feff
IV. look at the path list A)

generate a 
local cluster

A)
input the unit cell 
parametersand cluster size

Note: Cluster size and path lenght must 
include the longhest distance you expect to 

analyze 



2: add model structure (cif or simple pair)

I. Run Atoms
II. check scattering paths
III. Run Feff
IV. look at the path list

𝑅1

𝑅2



2: add model structure (cif or simple pair)

I. Run Atoms
II. check scattering paths
III. Run Feff
IV. look at the path list

𝑅1

𝑅2



2: add model structure (cif or simple pair)

WARINING 
This may 
crashes!

Recognize path relevance 
looking at the Rank &/or at 

the plots

Path geometry



2: add model structure (cif or simple pair)

Experimental

Model



2: Check paths by relevance: Multiple scattering

Cu1

Cu4

Cu1

Cu4

Cu1

Cu4

Cu1

Cu4

Cu1.4 Cu1.1-Cu1.4 Cu1.1-Cu1.4-Cu1.1

Focousing effect enhances the ultiple 
scattering from aligned configurations



2: drag and drop relevant paths to the data window



2: Define parameters

NOTE: DE and So2 should be 
the same for absorbers in 

the same phase

You must provide a name to each 
parameter you want refine

right click



3: Define the refinement parameters

3 GDS:
define 

refinement 
prameters

Note:
Initialize to > 0 

the s2 parameters



3: Best fit

Note:
FT range must include the 
last shell you want to fit



4: FIT 

Note:
Check modulus and 

real(imaginary) parts



Note:
extend your fit but: a large enough 

windows must be defined in the Athena 
project

name                                   N       S02     sigma^2   e0     delr     Reff     R
=========================================================================
Cu1.1                12.000   0.980   0.00388   4.001 -0.01367  2.55620  2.54253
Cu1.2                  6.000   0.980   0.00513   4.001 -0.02943  3.61510  3.58567
Cu1.3                 24.000   0.980   0.00514   4.001  0.00381  4.42750  4.43131
Cu1.4                 12.000   0.980   0.00092   4.001  0.00862  5.11250  5.12112
Cu1.1 Cu1.4         24.000   0.980   0.00271   4.001  0.00862  5.11250  5.12112
Cu1.1 Cu1.4 Cu1.1     12.000   0.980   0.00322   4.001  0.00862  5.11250  5.12112

4: FIT, extend the analysis to 

further shells

Run fit starting with first shell 
then add progressively further 

contributions



3: Define parameters



Correlations between variables:                                                 
ss_42 & ss_4               -->  0.8812

ss_1 & so2                -->  0.8229
ss_43 & ss_42              -->  0.8137
ss_43 & ss_4               -->  0.8062
dr_1 & de_0               -->  0.7729

ss_43 & dr_4               -->  0.7515
dr_3 & de_0               -->  0.6824
dr_3 & dr_1               -->  0.5290
ss_3 & so2                -->  0.5153

ss_42 & so2                -->  0.4289
ss_3 & ss_1               -->  0.4239

All other correlations below 0.4

Note:
Keep correlations among the parameters low, maybe add physical 

meaning constraints.
Far away shell parameters are generally less accurate, use them 

with care 

4: Check best fit log file



5: Always save best fit and output files 

6: Check your results and your hypothesis about 
local atomic structure... if mismatches check 
hypothesis, extraction, quality of the data...



Your Exercises 

Analyze the Fe structure 


