Manual for Use of Stack fit Procedures in AXIS
I) Overview


The goal of this document is to demonstrate the use of the Stack_fit procedure which consists in reducing the properly aligned, energy calibrated, optical density binary stack file into chemical composition maps.  In order to accomplish this task, one needs relevant model spectra for the components of the system.  These spectra may be obtained in OD units, either from the Stack_analyse procedure or from the pure material itself, but they must be converted into mass absorption coefficient scale if the compositional maps are to be in thickness scale. This allows to normalize their intensity relative to the spectra of the models for the other components.


The stack fit procedure uses linear regression to fit the optical density spectrum of each pixel to a linear combination of reference spectra. These reference spectra can be in a number of intensity units:

· OD 

· per-atom oscillator strengths (by matching to atomic standards)

· mass-thickness (by matching to SF-calculations for the elemental composition of the reference) 

· The interpretation of the resulting composition maps depends on the choice of the intensity scale of the reference spectra. For example, if the stack data is in OD units and mass-thickness reference spectra are used, the resulting composition maps give the effective mass-thickness of each component. 

For fitting to optical density reference data, ODi,n , where i is the number of the model spectra and n is the number of the wavelengths used, the fit procedure minimizes [ODx,y,n measured – ODx,y,n calculated]2  by varying the coefficients a in the equation:

ODx,y,n measured = const n + a 1,n OD1,n + a 2,n + ... + a i,n OD i,n
where ODx,y,n measured is optical density of the recorded images at the different energies (1...n). If the reference model OD is similar to that of the unknown, one might expect the coefficients to have values only between 0 and 1. In fact, poor fits give negative numbers, and, if the OD of the reference is much weaker that that in the unknown, one can have coefficients above 1. 

The stack-fit procedure implemented in AXIS 2d0 can fit from 1-5 components, and uses the AXIS buffers to display the reference spectra, the composition maps, the constant map, the linear map and the map of the chi-square values for the fit at each pixel. 

The constant is auto included by the IDL fit routine, and accounts for a difference in E-independent signals (e.g. dark signal offsets, use of background subtracted reference spectra). The constant image is the value of that fit parameter at each pixel. Ideally this map should be 0 or just noise about a fixed value. When it has patterns, particularly if they are large relative to the component map values (or better, relative to the signal strength in the original images), then one needs to worry. Usually it indicates something wrong with the models.


In summary, the main steps required to carry out the stack_fit procedure are depicted in the following flow chart.

[image: image1.png]


[image: image2.png]



[image: image3.png]





1. Conversion of model spectra from OD to MAC

List of commands: Utilities~Calculate X-ray parameters (SF)

prompted for:




answer:
get_text (formula)
C8H8 (this corresponds to the number of each element present in the component)

get_num (minimum energy)


an energy below the onset of absorption

get_num (maximum energy)


an energy above the edge

get_text (compute (mu,trans) Mass Abs.)
ENTER
Make note of the y values for the lowest energy and highest energy.

List of commands: Read~Spectra~Axis

Please Select a File for Reading 

*.txt

List of commands: Spectra~Calibrate~Y~2point

This will set the intensity scale of the reference spectrum to those 2 values

Select FIRST Y Calib.point


left-click on the spectrum at the lowest energy

get_num new Y1:



enter the value noted above

Select SECOND Y Calib.point

left-click on the spectrum at the highest energy

get_num new Y2:



enter the value noted above

Copy





into an empty buffer

One should check that the shape matches the elemental-based MAC outside of the structure.

List of commands: Spectra~Over Plot~No Rescale

Select buffers




choose desired buffers






DONE

Recall from the Stack_analyse document that OD =  µ(E).r .t (where µ(E) is the mass absorption coefficient at X-ray energy E, r is the density and t is the sample thickness).  If r has units of g/cm3 and t has units of cm, then  µ(E) has units of cm2/g since OD is unitless. In order to have the thickness in nm (z-axis of the compositional maps), this MAC spectrum must then be multiplied by  1 x 10-7 because (cm2/g) x (g/cm3) = cm-1 and 1 nm = 1 x 10-7 cm. 

List of commands: Spectra~Gain~multiply

get_num Gain-Multiply by
 

1e-7







(ENTER)

List of commands: Write~Axis

Please Select a File
*.txt (one could choose to write SPECIES-macN.txt)


ENTER

2. Stack_fit

List of commands: Stacks~Stack_fit

Please select a file for reading

91113019.ncb (double-left-click on the choice)

get_text (Root name for output files)

ENTER

get_num (number of components)
5 specify the number of components in the system (should be the same as the number of model spectra)


ENTER

Please select a file for reading
*.macN.txt 

get_text (name for component 0)
specify a shorter name if desired


ENTER

This is done for the total number of  components chosen.

get_num ( #bkground points for model
10 

spectra)

get_num (#bkground points for image
10 

spectra)

Stack_fit procedes.

Please select a file (saves residuals stacks) 
91113019-res.ncb (ENTER)

Please select a file (save background stack) 
91113019-bkd.ncb (ENTER)
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Styrene and acrylonitrile components show maxima (80-120 nm) in the same regions (sensible since they make up the SAN particle). In these regions, the matrix shows a large negative signal (since it is dominated by SAN). The polyol (110 nm) is also located in the same regions where S/AN maps show maxima.  It seems difficult to determine the location of PIPA along that line, but in the picture below, they are more clearly seen.
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2. Stack_fit








1. Conversion of model spectra from OD to MAC
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