
Bayesian Deconvolution

This presentation is designed to provide a step-by-step 
followthrough. If you have any questions, do not hesitate 
to contact us.  



Bayesian Deconvolution

When you first open 
up Artax, you will have 

a blank grid
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To begin, go to 
‘Project’ and then 

‘New Project’
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A File Explorer pane 
will open to the left

You will see three 
tabs, Spectrum, 

Project, and Scan
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Select ‘Add Node’, 
this will create a sub-

folder in the pane

Right click on ‘Objects’
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A pop-up window 
will prompt you to 

enter a name
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You can add a 
second name here 
to identify the data

Always make sure the 
first word is Points 

followed by a Space
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Note that there is now 
a plus sign beside the 

‘Objects’ Folder
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Clicking on the plus 
sign will reveal the 

sub-folder you created
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Click on the 
‘Spectrum’ tab to 

show the grid again
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Go to ‘File’ and then 
‘Open Spectrum’
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Select ‘TRACER 
spectra (“.pdz”)’ to 

find your data 

A File Explorer 
window will open
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You can now see all 

the spectra within the 
directory you selected
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Hold down the ‘Shift’ key 
on the keyboard to start 

selecting multiple spectra to 
analyze with Artax
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There is a limit - you can 
only bring in 100 at 
once. You can store 

thousands overall, but 
only by bringing in one 

hundred at a time

Make sure you 
select all the files 

you want to analyze
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Once you do this, 
you will see all of 

your spectra at once
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Select ‘Add Spectra’

Right click on the 
data folder you 
created earlier
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You will see another 
plus sign appear



Bayesian Deconvolution

All of your spectra will be imported 
into the sub folder. While you can see 
only 100 spectra at a time in the grid, 

folders in this pane can hold 
thousands of spectra
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Don’t forget to save your file, 
this will also save a copy of all 

spectra loaded into Artax
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A normal file explorer window will 
open and allow you to save your Artax 

project in a location of your choice
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The X button can be 
used to close all 

spectra in the grid
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The grid is now empty of all 
spectra, but you can add new 
spectra from the pane to the 

side at any time
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You will see 
that spectra 

appear in the 
grid

Select the first spectra
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Next, click on the 
‘Edit Methods’ button 

to the upper right
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The first tab that appears 
is called ‘Measurement’. 
This is not relevant to the 

Tracer, so ignore all 
information in this tab
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The Corrections Tab 

will need some editing 
based on your spectra
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Change Cycles to 9 
to reduce processing 

time

Make sure ‘Escape’ and ‘Background’ 
corrections are checked. Shelf 

corrections don’t apply to the Tracer
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Change Start and End to 
cover the range of data 

you are analyzing. in this 
case, it is 1 to 40 keV
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Next go to the 
Identification tab
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A Periodic Table will appear

Select ‘Preset List’
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Click ‘Add’ to 
include it in 

available methods 
for Artax

Next, enter a name 
for the method you 

have created
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Now, we are ready to 
analyze the spectra. 
Click on the Periodic 

Table Button, it will look 
like a series of lines
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The black vertical 
line is your cursor

The Periodic Table 
will appear
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If you click on a 
spectral peak, the 

black line will 
move there

The black line then 
indicates the elements 

with known 
fluorescence in that 
area of the spectrum



Move the cursor, 
and new elements 

appear in the 
Periodic Table

Bayesian Deconvolution

Move the cursor, 
and new elements 

appear in the 
Periodic Table
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A blue line will appear, 
this is your bayesian 
deconvolution that 

includes this element

Click on 
‘Strontium’
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The blue line represents 
what your spectrum 

would look like if only 
the elements selected in 
the Periodic Table were 

present in your spectrum
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You can carefully 
zoom in to a portion of 
the spectrum this way

You can zoom in by 
pressing the Control (CRTL) 

key and dragging your 
mouse across the spectrum
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If you just drag the mouse left 
and right below the X-axis, you 
can move along the spectrum



Bayesian Deconvolution

Move the cursor, 
and new elements 

appear in the 
Periodic Table

Move the cursor, 
and new elements 

appear in the 
Periodic Table
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Note that the blue 
line (bayesian 

model) and red line 
(data) do not match
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The Periodic Table 
indicates that this 
may be Zirconium
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And now the blue 
bayesian deconvolution 

and your data match

Zirconium can be 
clicked in the 
Periodic Table
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Sure enough, the 
lines match when 
Yttrium is added

The peak between 
these elements may 

be Yttrium
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When selected, 
the Bayesian 

deconvolution curve 
matches again

The peak to the left 
may be Rubidium
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The next element may 
match Thorium, but it 
doesn’t quite match
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When the next peak 
over, Lead, is 
selected, the 

Bayesian 
deconvolution and 

our data agree again
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When you have gotten a 
first set of elements, go 

back to the Method Editor
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Click ‘Get Elements’ in the 
‘Identification’ tab to 

import the elements you’ve 
selected to your method
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You will see the elements 
selected in your analysis 

highlighted
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Click ‘Replace’ to switch out 
your blank method with the 
one that now has elements

Click ‘Ok’ when done
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Two elements are always in your 
spectra - Rhodium and Palladium. 

These are the x-ray target and 
collimator of your instrument
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The large, wide peak between 18.5 
and 19.5 keV is your Compton Peak
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This is not a fluorescence peak, it 
will not match the Bayesian 

deconvolution, that is ok
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Soon, you should have a blue 
Bayesian deconvolution line 
that matches your spectrum
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Go back to the ‘Methods Editor’ 
and add the new elements by 

clicking ‘Get Elements
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This is an iterative process, you do this 
until you have the fewest elements 

that can re-create your spectra
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And add a new one 
to test your method

Close that 
spectrum
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Next, click the 

Bayesian 
Deconvolution button
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This will draw a new blue 

simulation of your spectrum 
using all the elements you 

set for the method
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Look for mismatches 
between the red 

(empirical) and blue 
(simulation) spectra

Move your cursor to see 
what elements it could be
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You will see the blue 
bayesian simulation 
match or not match

Select the element, 
Bromine in this case
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Note the slight 
mismatch between 
red and blue here
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With Uranium 
selected, the spectra 

fit much better

Could it be 
Uranium?
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We will come back to 
this later when we 
analyze the data



Bayesian Deconvolution

Here we have 
another mismatch
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Selecting Gallium, 
we see that the 
spectra fit better

Selecting Gallium, 
we see that the 
spectra fit better
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There is a slight 
mismatch here
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And we see they fit better

We select 
Halfeanium
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Here we have 
another mismatch
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And the spectra do 
not fit better

We select 
Ruthenium
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This area is the 
Compton peak (18.5 

to 19.5). It is an 
artifact of your x-ray 

target, not a 
fluorescence peak
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The blue and red 
lines will never 

match here, and that 
is fine. It will not 
impact your data
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Go back to the 
Methods Editor
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Click ‘Get Elements’ to import 

the new elements you have 
identified into your method
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Then click ‘Replace’ 
to save these changes
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When you have completed 
analysis and you have all 

elements, click on the ‘Points’ 
folder that contains your data
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With the ‘Points’ folder 
selected, click ‘Analyze’ 
then ‘Evaluate Results’
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Your method will be applied to 
all data held in the ‘Points’ 
folder. This can be run on 

thousands of spectra at once
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Give the new 
spreadsheet a name

Click ‘Export’ and 
then ‘Export Results 

to Excel’
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Navigate to where 
you saved the 
spreadsheet
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The first page will have 
technical details on the 

method you used
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Next, click on the ‘Points’ 
Spreadsheet tab. This is 

why in Artax your folders 
must be named ‘Points’
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You will see a list 
of your data from 

the ‘Points’ folder in 
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As columns, you will see 
the K, L, and sometimes 
M shell peak summaries 

of your spectra
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These numbers are the Net Count Rates 
for each element, in essence, the 

number of photons for each element 
after removing other elemental 
interference and background
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To clean up the data a 
little, select the 

@number_number text
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Go to ‘Find and 
Select’ and choose 

‘Replace’
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Paste the 
@number_number 

text
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And replace it with 
nothing



Bayesian Deconvolution

This will simplify 
your file names
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Give a name to the column 
with your data names, this 

will help with plotting



Bayesian Deconvolution

Then, select the 
names and elements 
you want to compare

Then, select the 
names and elements 
you want to compare

Then, select the 
names and elements 
you want to compare
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Go to ‘Insert’ then 
‘Column’
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This will create a 
simple bar chart 

showing your results
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Here we have 
Thorium and 

Uranium

Uranium was only a 
small change in the 

spectra fitting
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However, these two elements 
are related, more Uranium 

should result in more Thorium
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We can test this by 
going to ‘Insert’ then 

‘Scatterplot’
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This will create a scatterplot 
with Thorium on the X-axis 
and Uranium on the Y-axis
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You can see a clear trend here

But no trend is 
evident when 
Uranium can 

not be detected
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We can make a similar plot with 
Lead and Thorium, we see they have 

a statistical relationship as well
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To see the strength of the 
relationship, right click on the 

points and select ‘Add Trendline’



Bayesian Deconvolution

Choose ‘Linear’ - though 
for your data other models 

may be appropriate

Make sure you show the 
equation and R2 value
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In this case, we have 
a decent relationship, 

R2 = 0.40
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We can do the same with 
Uranium, and see that it has a 

weaker relationship, R2 = 0.255
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We can also treat the data 
by normalizing to 

Rhodium, our X-ray target
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Divide the Net 
Counts for an 

element by the Net 
Counts for Rhodium

Divide the Net 
Counts for an 

element by the Net 
Counts for Rhodium

Divide the Net 
Counts for an 

element by the Net 
Counts for Rhodium
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Do the same for all 
elements you wish 

to normalize

Do the same for all 
elements you wish 

to normalize

Do the same for all 
elements you wish 

to normalize



Bayesian Deconvolution

You can copy and paste the 
cells to quickly run 

calculations for all your data
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Then, we make the plots
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You can see R2 values are better for normalized data
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Don’t forget to save your Artax 
file, you can add more data to it 

later to continue research


