XRF (PYMCA) TUTORIAL

laria Carlomagno — XRF beamline, Elettra Sincrotrone Trieste
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In this lecture:

« Theory: a quick overview of XRF process

* Things to keep in mind: typical spectral features (and artefacts!)

« PyMCA: useful information and how to extract it
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X-ray fluorescence

XRF
A process involving light and
matter
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X-rays and electrons

Cross-section [barn/atom]

1 barn =102 cm?

| Light-matter interaction depends on A

o scattering

qéabsorption Due tO their A.

X-rays interact
mainly

with electrons in matter

| From 0.1 to 100 keV there are two main types of

I I I
105 Ba, Z =56 —
— Thomson
== Compton
104 — photo abs.
electron pair
— nuclear pair
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X-ray absorption fluorescence

Auger e-
Fluorescence is a secondary effect of ~ photo e-
X-ray absorption
Continuum S <
Energy
Upon photon absorption, an electron is expelled n

from the atom, leaving it ionized (excited sta

)

. Secondary effects
@ Upon decay, the energy of the system is conserved through the emission of:
-
J . * a photon (fluorescence);

Q@ @ }
* an electron (Auger)
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The absorption coefficient
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Absorption profiles are different for
each element.

When we vary the photon energy, each
sharp increase in absorption
(absorption edge) corresponds to the
extraction of a given electron.

Each edge is identified using a letter
and a number.

Absorption depends on photon energy.

No Absorption = no fluorescence!
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Fluorescence emission

Fluorescence energy depends on the transition.

incident

X-ray, electron KB line
characteristic
(fluorescent) X-ray

Ka line

A
= Ka line
@
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@) =
s
photoelectron o<
Kf3 line
‘ nucleus /\\
@ clectron Energy (keV)
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In the ionized state, the atom has a core-hole
that can be filled by different electrons.

The energy of the fluorescence photon depends
on the energy difference between the initial and
final energy of the electron involved in the decay.

Quantum mechanics: electrons have specific
energies for each element.

This strict dependence is the core of element
specificity of absorption/fluorescence
techniques.
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Emission lines nomenclature
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Nvn 472 Latin letter + Greek letter + number
Ny 4dap
Ny d4s eg.Kal
e Core-hole level + shell of electron decaying + subshell
M 3933
Mp 3pie
M 3s
'Egl ggpf; In PyMCA: Latin letter + latin letter + number
: e.g..KL3
Core-hole level + shell of electron decaying + subshell
K 1s
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Measurement geometries

Fluorescence detection in standard geometry (45/45)

Trace-level detection limits in dilute systems; can
assess concentrated thin-films or surface layers of
thick, non-transparent samples.

u(E)t = a x j—F

0

26/09/2026

XRF Tutorial - llaria Carlomagno

Top view

detector

\ X-rays




A typical (synchrotron) spectrum

incident
X-ray, electron

KA line
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{fluorescent) X-ray
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F. Foroughi etal., 10.1088/1748-0221/20/11/C11002

Laboratory vs synchrotron: paper samples

T T T
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2h acquisition

85h acquisition
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doi.org/10.1088/1748-0221/20/11/C11002

SCATTERING
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https://www.mbkchemical.com/blog/xrf/

Compton and Rayleigh scattering

Electron

Incoming photon <\ ‘ OScattered photon

Q @09

Figure 10. Compton scatter

ininial |

Upon collision, the photon loses a part of its
energy to the electron that was hit. The energy loss
depends on the angle at which the electron was hit.

Light elements have loosely bound electrons,
favoring Compton scattering.
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Incoming photon
Scattered photon

Oscillati ng
electron

9 @09

Figure 11. Rayleigh scatter

Ll (

When photons collide with strongly bound electrons, the latter stay
in their shell but start oscillating at the frequency of the incoming
radiation.

Due to this oscillation, the electrons emit radiation at the same
frequency (energy) as the incoming radiation. This gives the
impression that the incoming radiation is reflected (scattered) by the

atom.
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https://www.mbkchemical.com/blog/xrf/

NOISE

XRF Tutorial - llaria Carlomagno



Detection limit

A commonly accepted definition:

“the net intensity of a peak being 3 times higher than the N, > 30
.- L . p b

standard deviation of the background noise.”

The standard deviation of the background noise (03,) equals the 0, = /N,
square root of the counts

Elements are said to be detectable if:

counts on the peak

Ny

> >3
N

counts on the background

26/09/2026 chem.purdue.edu/xray/docs/Theory%200f%20XRF.pdf
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https://www.chem.purdue.edu/xray/docs/Theory%20of%20XRF.pdf

XRF BEAMLINE
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The XRF beamline

https://www.elettra.eu/lightsources/elettra/elettra-beamlines/microfluorescence/beamline-description.html
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https://www.elettra.eu/lightsources/elettra/elettra-beamlines/microfluorescence/beamline-description.html

XRF at the beamline

Optics, slits, sample manipulator define:

- Beam size down to 20 x 20 um?
(i.e. spatial resolution)

- X-ray energy (2 — 14 keV)
(i.e. maximize elemental sensitivity)

- Incidence/exit angle of X-rays
(i.e. modulating surface sensitivity)

26/09/2026

Photoby/llaria Carlomagno

XRF Tutorial - llaria Carlomagno



XRF at the beamline

Detectors

« Beam monitoring system — |,
- Photodiodes

- Silicon Drift Detector (SDD)
- sensitive to photon energy

26/09/2026
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- High vacuum conditions to enhance the

| NS | d e t h e C h adim be I detection of low energy photons

- Motorized sample movements (x,y,z,19) allow
fine positioning of the sample to be
achieved

SDD Detector

Microscope

Synchrotron
beam
SRIEESETT]

J. Synchrotron Rad. (2018). 25, 189—203

 Standard geometry is 45°/45°
* Minimised scattering from the sample

Photo by Ilaria Carlomagno
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Geometries

Standard
45/45 geometry

detector

\ X-rays

Detector is always perpendicular to the
incoming beam!

26/09/2026

Grazing angle geometries

Grazing incidence

| (T Surface sensitivity
] 1 . 5 (depth profiling)
' SR is crucial for low concentrations!

Grazing exit

z - Surface mapping

+ Depth and lateral inhomogeneity

Total reflection

Trace element analysis

+ Surface contamination
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XRF in a nutshell

XRF technique Data = spectra + maps
- Provides the distribution of the elements

- Element sensitive “mapping”
- Spatial resolution linked to the beam size

Answers the questions:

¢ l
* What elements are on my sample? \ oo

* ..and where are they?

Counts
=
=
—

o ——
-—-—'-'--
_.——-"

I —

* How much of each element?

107 H

26/09/2026 Energy
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Inside the chamber

- Samples are scanned in front of the beam

- The beam hits a different area at every step

- The detectors collects the fluorescence
emission from each point

- The data are represented in the same order
as they were collected

Photo by Ilaria Carlomagno
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Single point spectra

We can deal with one spectrum at a time: we can choose
whether to consider single points or sum up the contribution

from similar areas (e.g. total spectrum). o /\
109
oA N W total Ao
i | \ N\~
1:1 \{\ n single point
WPW T wmwmmww WWW '\t
Energy

.

1: A N V\Vf\ : total A

£ : m A total j L,_/\/\\/ W
N Y
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Maps vs spectra

AU

We can also work in the
opposite direction and focus

on a specific energy region of
the spectrum...

10° 4 |

Counts

ol ] L
R V.SV .

10% 5

Energy

2 4
Sn /
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A practical example

Coin B

26/09/2026

Energy (keV)

Relatively easy:
* stable X-ray source
* motion control (sample)
* Synchrotrons
* (Laboratory X-ray sources)
* Portable devices

* 45/45° geometry
* 100 X 100 um? resolution

hv =10 keV and 11.6 keV

XRF Tutorial - llaria Carlomagno

Scientific Reports 12, 15919 (2022)



https://www.nature.com/srep

HANDS ON!
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Exploring hs files with SILX

Google silx download
& Silx viewer = [m] X
File Options Views Help
o 12 C:\Users\ilaria.carlomagno\Documents\Seafile\Seafile\seafile-datalfile-cache\b69eadd7-
Name Description
; ~ [ 171435_Coin12_face.h5
e 8 ~ = Run20191014 171435_Coin12_face
hitp: be > Configuration
. . M it Basename SDD#1-Spectra
silx 2.1.0 documentation T e
’ sitioners Name /Run20191014 171435 Coin12_face/Measurement/Tra
> TransientScalarData
~ TransientVectorData Local C\Users\ilaria.carlomagno\Documents\Seafile\Seafile]
= BMS © 2n data Physical Ch\U ilari 1 D Seafile\Seafil
= DIODE © 20 data ysical \Users\ilaria.carlomagno\Documents\Seafile\Seafile|
W SDD+#1-Spectra & 2D data
HDFS5 type INTEGER
dtype Native int32
shape 270 = 2048 = 552960
chunks 1x 2048 = 2048
Data f ises: .
i . .
ala 1or QXGFClseS. In Coin36_incrost_01.spx
. |
https://drive.elettra.eu/d/bOb
Coin_face.h5
- Coin_face.png
K1.calib
[ ) HDF5 ] [ curve [ 1mage B Raw
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PYMCATUTORIAL
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Install PyMCA in 2 steps:

Google

26/09/2026

pymca download

AlMode All Images Forums Videos Short

a or

' PyMca
https://pymca.sourceforge.net » download

Download - PyMca - SourceForge

Latest versions of PyMca can be directly downloaded fr
releases are announced at a public mailing list to which you

SOURCEFORGE

Business Software Open Source Software

2, PyMca

Brought to you by:

XK KK

Download

https://sourceforge.net/projects/pymca/

SourceForge Podcast Resources

f PyMca

Downloads:

3 Add to Preferred Sources

e mm s pepeneeed: O-WiNG4d.exe from SourceForge - 141.9 MB
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https://sourceforge.net/projects/pymca/

What we will do:

- Import maps in the ROl imaging tools e
X | afm o e Moa B
(and be sure of the map size using HDF View)

- Calibrate the spectra
(creating and saving our own calibration file)

* Load the motor positions on the map T
(check for upside down images) M A = S = e . =1

- Normalize data using the [

» Extract spectra from selected regions :
- Use ROls =
- Peak identifier ===
» RGB correlator et
+ Fast XRF fitting

26/09/2026
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Importing single spectra

and

PR
s rLax c@as XIvix|[w=E o haSeF )
e e 1ons

5= mand  Pairts HEMes
) Usknean. 8 1
108
10
B 10°
107
Courters MCA
Maa i 100
107
0.0 25 50 75 100 125 150 7.5
Energy
oot X0.5365 van
Calibration Intenai (fom Source OF Pytca) Caate
Active Curve Usesi: 046415 B 0.0095106061 cio £t
hica Window ROI F
- = . - ROIS of Com36_mcrost_ULspx 11.1.1 =

PyMCA (main window)
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../../../../../../../Videos/Screen Recordings/Calibration_single_peak.mp4

Calibrate the spectrum

B MCA Calibration Widget ? X

X () B & A

Channek 957.0 Counts: 232,9 Energy: 957.032

106 4

10° 4

\/\,J ] \j\ V\/

103

T T T T
200 400 600 800 1000

Peak Channel Element Line Energy Use Calc. Energy

Sensitivity 2.5
Fwhm (pts) & [ Auto

Yscalng  1.000000 [ Auto

Order: 1st ~ A: 0 B: 1 C: 0.0 Addas StackSUM OK Cancel
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You can use:

- the known (reference) peaks

(nleli]

4|3|m2 At
‘g”N Ny 4o
4|0f12 Ny 4s

Mq,

3|2[52 ; 3dsp
3|2[32 ?3‘.\.3&
3|1)32| m Mnr 3paz
3|12 Mg 3

30|12 or

L“lLG:Lﬂ*

2|1[32 Lay 2Par
2|1]12

3lolin| - '[}' P2

Kg, Kp, KY;
Koy Ky
1|o|12| k K 1s

- the elastic scattering peak

You can save your calibration file, so that
you won't have to do this procedure
every time you open a spectrum.




Calibration: auto-search

E MCA Calibration Widget ? X Fe Ka | I n
x 1% &\. /1\\ Channel: 205,3 Counts: 1,1 Energy: 1,570

e

10° 4

105 4
104 4

<
10 10% 4

10° 5 102
i b
10? b\bj 10!

\
\/ 19

[ enter Selected Peak Parameters ? 4
Peak Channel Element Line Energy Use | Calc. Energy|
119 693.000 Fe (26) ~ | KL3(0.58357) | 64039 ] 0000

1 10°

10 250 500

o
1o° T ! T T T |Peak Channel Element Line " Energy | Use  Calc.Energy |
250 500 750 1000 1250 1500 1750 2000 - -
X
Peak Channel Element Line Energy Use Cale. Energy e | a St I C pe a k
Search Parameters
Sensitivity 2.5 S — — g > 2 &
M Enter Selected Peak Parameters ? X

Fwhm {pts) 13 B Aute
scaling 1.000000 [ Auto Peak Channel Element Line Energy Use Calc. Energy|

10°

26/09/2026
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Can you recognize all the peaks?

counts
)

. : M Where are the peaks above
. | I \) the elastic coming from?
o \\/

Calibration Interma (from Source OF Pytca) v Cabrate

Active Curve Usesi: 046415 B 0.0095106061 cio
hica Window ROI F
X . . . ROIS of Com36_mcrost_ULspx 11.1.1 i

PyMCA (main window)
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Silicon Drift Detectors (SDD)

Heatsink

SDDs convert the photons into an electric signal.

1) Sicrystal absorbs the X-ray: free charges are generated
(number of charges « photon energy)

2) the Field Effect Transistor preamplifier converts the
charges into a voltage signal
(pulse height <« number of charges collected)

3) the pulse processor measures the voltage and returns a

voltage ‘ramp’ where each photon appears as a step

Voltage

0.5 0.6 0.7 08 0.9

1 L Energy (KeV) )
X-rayindi
®ltage

Ti -

me i
& 33

Voltage

Analytical asa L

Discrete

Field Effect t t t t 1 1 t T 1

Transistor 658 857 658 659 66.0 881 88.2 663 66.4 8835
Time, Second [10%-6)

26/09/2026
https://engineering.temple.edu/sites/engineering/files/Oxford%20EDS-%20Silicon%20Drift%20Detectors%20Explained. pdf
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https://engineering.temple.edu/sites/engineering/files/Oxford EDS- Silicon Drift Detectors Explained.pdf

Pulse processor

Counts every step and adds each count to the relative
channel (energy).

Pile-up artefacts: two events too close in time might be seen
as a single photon of E1+E1 energy!

Longer processing time Tp = lower voltage noise
longer measuring time
fewer events measured

The longest process time used by a processor gives the best
resolution possible while the shortest process time gives the
maximum throughput into the spectrum.

26/09/2026

Voltage

ik:]

Time

Voltage

rejected (t<Tp)

Time

https://engineering.temple.edu/sites/engineering/files/Oxford%20EDS-%20Silicon%20Drift%20Detectors%20Explained. pdf
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https://engineering.temple.edu/sites/engineering/files/Oxford EDS- Silicon Drift Detectors Explained.pdf

Escape peaks

----------------------

« When a high intensity peak is involved, escape peaks can originate
Image from: G. Utica et al 2021 JINST 16 PO7057 Wlthln the deteCtor CryStal (ln our Case Sl)
10° !

» Fluorescence photons passing through the Si volume can produce
a photoelectron from an inner shell of a crystal atom (Si).

Counts

102

Mn Ka
FWHM = 125.7 eV

» The excited atom can emit a fluorescence X-ray photon, mostly a
Ky photon. It is most of the times reabsorbed thus contributing to
the charge pulse. However, that photon can also escape from the

Nin 6 crystal. In that case, it carries off the definite energy of the Si K,

5 6 7

2 3 4
Energy [keV]

initial

» The charge pulse appear as corresponding to a photon energy
= E < «, @nd therefore show up in the spectrum as separate
spurious peaks.

26/09/2026
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Let's go back to our

PYMCATUTORIAL




! PyMca - [Main Window]
g File Tools Window Help
8 MCA SCAM OpenGL

Coin36_incrost_01.spx 5‘ = G x IY ‘!“ II'.’ 'Iﬂ‘ HE H" ﬂ' o rﬂ

—— Simple

SpecFile EdfFile HDF5
pecFie ile: Advanced

Points Nb. Mca

" e 0 | W Quick configuration from PyMCA main window
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“FIT” tab

1. Set the fitting region so that peaks for Z<14 and the elastic peak are

excluded
EPyMca—MCAFitParameters 7 X Flrst Channel = 200;
Frlr} DETECTOR ~ BEAM  PEAKS  PEAKSHAPE  ATTENUATORS  MATRIX  CONCENTRATIONS  XRFMC Last channel depends on the energy used.
Fit Function Mca Hypermet ~
Continuum type MO Continuum ~
Polynomial order 1 = . . . .
Naransyica or etmton) bckyound sgrt s s PyMca implements a poor description of the scattering
SNIP Background Width 24 < p e akS
Strip Backaround Width 1 = '
Strip Background Iterations &000 , \ ,
S Badraund Soting Wi savisk-Goly) . B Unless you absolutely need it, you will obtain better results
[ strip Ili!adcg::und L;s: Anchors 0 EI 0 EI 0 EI o o EI by |imiting the high-energy Side Of the region to the tail Of the
Statistical weighting of data Poisson ~ .
Number of fit iterations 10 El Scatterl ng peak.
Minimum chi~2 difference (%) 0.001 ]
[ Perform a fit using the selected strategy Single Layer SETUP
[ Perform a Linear Fit Fixing non-inear Parameters to Initial Values 105 .
B Limit fitting region to : First channel : 105 _E \ ] \
Last channel: 1050 = ,>/

Include: \
B stripping B Escape peaks B rile-up peaks B scattering peaks {\
(7] shart tail [ Long tail @ step tail " 104 5

2 ]

=

%‘\J\J NWU' Vn\/\
Load From Fit Load Save Cancel oK :/\ U
" 102 N
2 3 5 6 7 8 9
26/09/2026 Energy
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E PyMca - MCA Fit Parameters

FIT DETECTOR BEAM PEAKS

Fit Function
Continuum type

Polynomial order

Mon-analytical {or estimation) background algorithm

SNIP Background Width

Strip Background Width

2 algorithms can be easily set through the SETUP button.

Strip Background Iterations
Strip Background Smoothing Wid
[ strip Background use Anchor
Statistical weighting of data
Mumber of fit iterations

Minimum chi2 difference (%&)
[ Perform a fit using the selectd

[:] Perform a Linear Fit Fixing noj

B Limit fitting region to :

Include:
B stripping
[ shaort tail

Load From Fit

? X
PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Mca Pseudo-Voigt ~

NO Continuum ~

5 -

71 =]

2 :
E Strip and SMNIP Configuration Window X
Mon-analytical (or estimation) background algorithm SMIP e
SNIP Background Width
Strip Background Width 2 2
Sirip Background Iterations 3000
Sirip Background Smoothing Width (Sawisky-Gulay)% 10 El
[T Strip Background use Anchors 1] E 0 E 0 E a

X v X Jue lo H s & B =

I

104 4

ot
Al

10?2

L

(L
A

T T
200 400

T T T
600 800 1000
X

T
1200

oK

Cancel

In the SETUP menu, one can set the SNIP/strip bkg width so
that the red curve looks reasonable.

For strip algorithm, one can also choose the number of
iterations*.

The final bkg will be calculated using a Savitsky-golay filter (blue
curve) to correct for a bkg passing by the lower band of the
statistical noise associated to the spectrum.

This algorithm considers N neighbours for each point and then
fits a polynomial in this range, to even out the contributions
from the noise.

Anchors can be set to fix some points where the bkg must pass.

* Aim for the lowest number of iterations that gives you acceptable results. (Avoid 20k iterations!). That default value is there just for historical reasons. A strip background width of

around 70% of your peaks FWHM and 4000 iterations should be a good starting point.

For linear fits without strip background or no background at all, you should set the strip background to ZERO iterations because even if you decide not to use the strip background, it is
internally used to evaluate the starting parameters of the analytical background models. If you are not going to use any background or you are performing a linear fit it is just wasted time.

26/09/2026
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“"DETECTOR" tab

“"BEAM" tab

B pyMca - MCA Fit Parameters ? X B PyMca - MCA Fit Parameters ?
FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX CONCENTRATIONS ¥RFMC FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC
Detector Composition Si i p—t Opgn ¥-Ray Tube Setup Load Table Save Table
Maximum Number of Escape energies 4 H Use Energy Weight Use Energy Weight Use Energy
B o000 1 (O Energy 20 0 O Energy 40 0
Fxed Vabe Deltz Sy Energy 1 : :IJ z [:] Energy 21 0 O Energy 41 0
Spectrometer zero (keV) [ -0.487604342805 +/- 0.1 0 Energy 2 0 0 Energy 22 0 O Energy 42 0
Spectrometer gain (keV,ch) ) 0.00934189524047 +/- 0.0001 0 Energy 3 0 0 Energy 23 0 0 Energy 43 0
Ba s 8 o5 HE(001 O Energy 4 0 ] Energy 24 0 O Energy 44 0
Fano factor (5i 0,12, Ge ~0,1) . 0.114 +/-0.01 |
e Fachr | I e — O Energy 3 0 ] Energy 25 0 O Energy 45 0
[ Tgnore calibration from inpUt data (J Energy 6 0 [ Energy 26 0 [ Eneray 46 0
O Energy 7 0 O Energy 27 0 (] Energy 47 0
[ Energy 2 0 [ Energy 28 0 [ Energy 48 0
] Energy 9 0 O Energy 29 0 O Energy 49 0
[ Energy 10 0 [ Energy 30 0 [ Energy 30 0
] Energy 11 0 ] Energy 31 0 O Energy 51 0
Adjust the pile-up factor if you see weird pile o e 12 : o e 2 ’ 0 Erery 2 °
[ Energy 13 0 [ Energy 33 0 [ Energy 33 0
up peaks (shown in pink) in the fit spectrum ey 14 : D Erery 4 ° D Erery 4 °
[ Energy 15 0 [ Energy 35 0 [ Energy 35 0
[ Energy 16 0 [ Energy 36 0 [ Energy 36 0
[J Energy 17 0 [J Energy 37 0 ) Energy 57 0
[ Energy 18 0 [ Energy 38 0 [ Energy 38 0
[J Energy 19 0 [J Energy 39 0 [C) Energy 59 0
Insert the beam energy in keV.
For monochromatic sources, use a weight =1
Load From Fit Load Save Cancel oK LaadEeambik Load Sae Cancel 28
26/09/2026
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“PEAKS” tab

B PyMca - MCA Fit Parameters ? *

Select the elements justifying the peaks in your spectrum.
When selecting an element, you can also choose the lines.

FIT DETECTOR BEAM PE%S PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Excitation Energy (keV) 10,0000
: - Only available lines (for the exciting energy) can be
o [ e o [ e 1[n o [+ [ selected.
Na Mg Al Si P s cl Ar
e T 1= e T e e e 1 e e 1e M= 1= 1 Selecting K will fit K_alpha and K_beta with tabulated
o s | o ot v o | | | e | e ratios. Selecting the Ka and Kb will fit them as
e /o [ v v o | e e v [ o v v v [ e v independent contributions.
Fr Ra Ac Rf Db Sg Bh Hs Mt
When selecting a line, the plot will show the energy
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm s} Lu
ulwen e pwa Tunn untunel onTuwe | mantone [ watone oy position of that (or those) lines.
K | | Ka | | kb | | L | | 11 | | L2 | | 13 | | M Reset Reset Al
Lo L e Lo L]
n L= [ ][]
HRERRERR BoEB DS
Lo = = L = Il =l e L =D 0 I 1D
Load From Fit Load Save Cancel " II‘E‘
f ol Wil loaoaaannD
L L e [ [ L= L= e = L= = = ] ] ]
J [ ][ Lo AL Lo L= L L= Lo L= [ I e ] ]
Mo e I ® I * 0 o 0 = 05 J0 7 ] see | aee
102 4 Ll il L
T’/'
26/09/2026 : : o s 10

Energy
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PYMCATUTORIAL

ROl imaging tool
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Importing single spectra vs maps

O X

ims -
X[MJe =8 % & » &l S xX[xjelxma@uhnEmmsa o

@ M soM Opa
Conce s 91000 B os XivElmamiknaBed a8 e =
A
s mand  Points Nb.bca 0
11 =51 Unknewn .. O 1
2
10°
4
10% 6
8
10°
§ 10
10 12
14
Carers b
e 1! 8 10 12 14 16 18 6 8 10 12 14 16 18
10° ADD MCA REMOVE MCA REPLACE MCA ﬁ ADD IMAGE ‘ REMOVE IMAGE “ REPLACE IMAGE
0.0 25 5.0 75 100 125 15.0 7.5 MCA RGB Correlator
Energy 3
RS Y- -1 =)
oo %0535 caz
Calibration Internal ({from Source OR: PyMca) ~ Calbrate
Active Curve Usesi: 046415 500059108051 o £se 108
= = F (\

— RO of Coindt.incrost 0159 1111 Lot 105
AN

10%
o

PyMCA (main window)

single spectra

ROl imaging tools
(2D)

26/09/2026
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Graphical options

! C:/Users/ilaria.carlomagno/
X|lv|x| 0 ) B

um.h5

« Z0Om buttons

» Aspect ratio

» Colormap

» Flip image

» Normalize for pixels number
» Copy / save plot

» Open another window

» Tools

26/09/2026
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Graphical options

! C:/Users/ilaria.carlomagno/Desktop/Sample4B_10kev_50um.h5

X[iv]x]o] m | =@ |z X[v|x]® 2 = EIIIﬂ \AMEEAE: A
« /Zoom buttons e (...)
» Aspect ratio « Background subtraction
switch from RAW intensity to NET
» Colormap . .
Intensity
» Flip image

» Normalize for pixels number
» Copy / save plot
» Open another window

» Tools

26/09/2026

XRF Tutorial - llaria Carlomagno



Graphical options

! C:/Users/ilaria.carlomagno/Desktop/Sample4B_10kev_50um.h5

X|iv|x| @ |2 8 | » & = &|F X|v|x o 28 B & @y MdEEE §b|
« /Zoom buttons e (...)
» Aspect ratio « Background subtraction
switch from RAW intensity to NET
» Colormap . .
Intensity
* Hip image » Selection tools
« Normalize for pixels number » Pencil
« Copy / save plot « Rectangular selection
» Brush
» Open another window - Intensity selection
« Jools
26/09/2026
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Inspect single pixel values

» Load positioners

» Stack motors positions

Reload Plugins
Set User Plugin Directory
Toggle DEBUG mode ON

Alternative ROl Options
External Images Tool
Fast XRF 5tack Fitting
Image Alignment Tool

Image Browser with Median Filter

[ QStackWidget

(3
X
=]
a
&
@
G
i3
]
=)
@)
8
e
»
o
5
1

- (]

ICR

Load positioners from file

10

12
14
0 2 4 6 8
ADD MCA REMOVE I

26/09/2026

PyMca NNMA
PyMca PCA
Show Spectra
Silkx Alternative ROl Options
Silkx External Images Tool
Stack Axes Options

Stack Filtering Options
Stack Image Browser

Stack Motor Pocitions

XRF Tutorial - llaria Carlomagno

0 2 8 10 12 14 16 18
Column
o ADD IMAGE % REMOVE IMAGE o REPLACE IMAGE
s Aedian filter width: 1 =
Legend X v Y = BMS5-Average -
Stack -14.912 -0.856 1.6359429




Single pixel normalization

« Image I/l normalization

26/09/2026

Reload Plugins
Set User Plugin Directory
Teggle DEBUG mode ON

Alternative ROI Options
External Images Tool

Fast XRF Stack Fitting
Image Alignment Tool
Image Browser with Median Filter
Interactive Console

Load positicners from file
Mask Scatter View

Pyhca MNMA

PyMca PCA

Show Spectra

Silx Alternative ROl Options
Silx External Images Tool

Stack Axes Options 18
Stack Filtering Options
Stack Image Browser
ADD MCA REMOVE ! <
MCA RGE Correlator [ Stack Normalization ]
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ROls

ADD MCA H ADD MCA MAX H REMOVE MCA H REPLACE MCA ‘ ‘

MCA RGB Correlator

' = » One or more Regions Of Interest (ROI)
X v X fee lo HEpeomoa & E o
& I B mefi" can be used to see the distribution of the
1' 1 = intensity related to a particular peak in the

\ spectrum.,

| T — ** « Once defined, you can click on a ROl and

ROl Type From To Raw Counts Net Counts

[\ / 1k ookt 0470 100407 4040830107 0030407 see how the map in the top right changes,

2 104 2 newroi 1 Energy 6.12223 8.77855 2.11394e+06 1.38887e+06
L/
S A \

10°

Energy

| options  x{4.0085 ¥{13060.85 I

Calibration XRF_beamli =T

Active Curve UsesA:-0.479 p:{0.000889 c{4.2230-08 _:H AddROT DeII_IROI || Reset H Load H Save
26/09/2026
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Extract spectra from selected regions

X
=]
(%]
®
|

=
2=
b
F
W
B
L
X
=
(%]
o
|

=
@
b
E
Ed
[

mE@EaAE S|

Le
Original Stack ICR Rectangular Selection |

26/09/2026
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Selected area: ADD MCA or IMAGE

- O X
e nhneaa dmls
Fe Kb Net Reset Selection ,
invert Selecton When the regions are hard to

| >= Colormap Max
Colormap Mit< | < Colommap select manually, you can try
with the intensity tool.

| <= Colormap Min

26/09/2026
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RGB correlator

26/09/2026

ADD MCA REMOVE MCA

MCA RGE Correlator

CA=1RJEIPAIRN
Image Size 15x% 18 Reshape

Logarithmic Gamma

Autoscale | Autoscale 5-80  Autoscale 0-30

I 80,00

RED I AT
I 80,00
GREEN I .
0.00
BLLE I .
Element R G B
1 ICR o 0O 0O
MCEe O O
3 Au 0O @ 0O

REPLACE MCA

X([¥[x]e B & ©

Row

o ADD IMAGE

o REMOVE IMAGE

Column

XRF Tutorial - llaria Carlomagno

o REPLACE IMAGE

.




RGB image calculator and profiles

. . . . ! PyMca - RGB Image Calculator
MCA RGB Correlator

aB X =2\ X!

New image = |{5}-{1[)}

] D S — > X lv x| @ =2 | Enter a mathematical expression in which your images
Image Size 42 Xlr”operate with the images ' i =~ |7 have to be identified by a number between curly brackets.
‘ Linear H Logarithmic | Gamma | In order to normalize image 1 by image 2: {1}/{2}
0 The numbers go from 1 to the number of rows in the table.
B PyMca - Image Selection Tool — ] X
X|lv|x|® 2 85|& Bk — | |\wit TS
ROI Na

| HLL I ” RS IPICH TR ” LTI VL 1T H ” LRV o e L I L [N

MCA RGB Correlator

Fl=1RdEIPAI RN X |Iv|x

Image Size 42x43 | Show selected images profiIeJ0
[ . I — - T

v

0 5 10 15 20 25 30 35 40
Column

26/09/2026
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Silx external image & mask

B PyMca - Image Selection Tool - O X

X X, IY <2 @ Y g 2 @ R=gL

o T

& ADD IMAGE H & REMOVE IMAGE | & REPLACE IMAGE

26/09/2026

XRF Tutorial - llaria Carlomagno




Create a mask (e.g. deadtime)

Select “IMAGE" at the bottom of the

window

» Click on the MASK icon

» Select "Mask between” and insert
minimum and max allowed values for
the deadtime

» Click “mask between” and check the
selection (will pop up in pink)

« Save mask to file

General  Attributes  DataView

A+ xveniOa GRE —- x| @

amem Mesk 8 x|

40
a8 QIO 0 =
Masklev Save mask to file

facq/scan_data/deadtime00
200 =
e =

26/09/2026

ana

€
657-2-pt_FLY_0024.rxs v @ @£
SpecFile EdfFile HDF5
File/Group/Dataset Description Shape DType
~ 657-2-pt_FLY_0024.nxs weakproxy
v acq Commissicnning de la ligne puma
> PUMA MXinstrument
> User MNXuser
duration Dataset 153
end_time Dataset |519
experiment_identifier Dataset |58
run_cycle Dataset |56
~ scan_data MXdata
channel0D Dataset 200 x 150 x 2048 uint32
{deadtir--"" I 200x 150 floatfd
goni Add to celection tabl 200x 150 floatsd
goni = o Clipboa 200% 150 floatfid
aonin?h st - 200x 150 floaté4
Genersl  Attibutes  DataView itack 200% 150 floated
¢ Gz ow as 10 Stack 200% 150 floathd
| X2 ey @h‘@ﬁé‘ _"‘@ —Dataser—— 200 150 floatsd
— s232673  Mask & x| _time Dataset 200% 150 floatba
Mask Dataset 200x 150 floatfd
facq/scan_data/deadtime00 @ B al= & Dataset 200% 130 floate4
200 q = se) O0 @l)e Dataset 200x 150 floaté4
Masklevels 1 (%] time Dataset 200 150 floatéd
Display: 1
1754 Transparent ‘Opaque
Draw tocls
” ¥ 2 =)&) [
1501
|
4 o
125 A 11
2 Max: 0
=
> 1004
Other Maskimage where values are within given rang:
Mask not finite values
75 A
10
50 4
25
o
0- |
=25 150 175 F
10 .
-10.95422 T
X: 175.073 ¥: 181566 Data: - Dims: 150%200
Axis selection
Dimension 0y
Dimension 1 x v
) HOFs [ curve -.lmage Bl Raw
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#7 PyMca - Image Selection Tool
E D:/OneDrive - Universitd Degli Studi Roma Tre/Experiments/2024.01 - Puma-AXEL/2021-11_PUMA_Margotte/DAT

X @. <7 B ]ﬁ' E—_* = \‘_.:-F ﬁﬁ Reload Plugins G 1. SIlX EXternal Images TOOl XElvrexaB @ " E'a

. mask
Set User Plugin Directory Select mask. h5 200 /
Origir Toggle DEBUG mode ON
200 — 175
Alternative ROl Options
150
175 External Images Tool
Fast XRF Linear Fit 125
150 Image Alignment Tool | 100
Image Browser with Median Filter
125 4 Interactive Console 7
Load positioners from file 1 50
100 Mask Scatter View
25
PyMca NNMA
1 e ADD IMAGE (to the RGB | ) ’
o 20 40 60 80 100 120 140
e 2. to the correlator) | k
i Silx Alternative ROl Options
50 E— i T:nI ) ADD TMAGE ) REMOVE IMAGE o REPLACE IMAGE -
i ernal Images I A T
) | i t Add image to RGB correlator | i i -
25 4 Stack Axes Options
Stack Filtering Options
o Stack Image Browser -
—50 Stack Motor Positions 0 - \ \
B Image Statistics = X
.. .. = F= - : . m . Lo H &\ E
X IY "!" . 2 E K/‘ H (‘f l - Yin }‘ b @

Reset Selection
/mask

Invert Selection

200
| == Colormap Max
175 Colormap Min < | < Colormap Max
150 | == Colormap Min
Show scatter plot
125
=
3. From “Image statistics” <™
75
Selectonly I>= colormap
This will select only positive pixels. s
This selection will also be applied to main image (ICR). 0
0 20 40 60 80 100 120 140
Column

26/09/2026
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Original Stack

T T e | 200
175 A 175
150 A 150
125 A 125
100 + 100
75 A 75
50 A 50
251 25
0

150

ADD MCA ADD MCA MAX REMOVE MCA REPLACE MCA & ADD MAGE & REMOVE IMAGE o REPLACE IMAGE
RGE Correlator

X Qg lon HE b o S E @P

107 5

Adding the MCA of th lection will
: J M[\\/\ \ f"\ dding the MCA of the new selection wi

k h (the black h
I VJ\{\] \f\L MIWMQ\ / N’MUW \\ ir:naagee? ;s;"uggéﬁ ov;ct Ee |Daec‘_j kzr: e| n this

10*'E / WY \ Q | =
] N i \\/\/\/‘ distributed in a pretty different fashion!

Counts

103 3 \f-« v
¥
102 gfm“ tack ICR selection
O.IU 2.‘5 5.‘0 7.‘5 ld.O lZI.S l5l.0 1]".5 26.0
Energy
26/09/2026
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QUANTITATIVE ANALYSIS
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Quantification

e Quantitative results
major elements (conc. range 100% - 5%);
rel. uncertainty < 1%
minor elements (conc. range 5% - 0.1%);
rel. uncertainty 5%
trace elements (<0.1%); rel. uncert. >5 %

[
»

e Semi-quantitative results
rel. uncertainties within 5-30%

v

e Qualitative results
presence/absence of elements

v

26/09/2026
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Requires homogeneous samples

Most of cases

Most of cultural heritage cases




Expected intensity

The measured intensity depends on the intensity of primary beam reaching a depth z,

(Lambert-Beer formula)
mass density

A path travelled
I1(z) = [,e Moz = Ioe_MtOt(ff))ptOtSin“

mass attenuation coeff. at Eo

Ueot (Eg) = Z witi(Eo) Primary
Xrays

\detector

emitted fluo

Let's assume our sample is 95% Al and 5% Fe:

N
1
1

broe(Fo) = ) witi(Fo) = 0.954141(Eo) + 00515, (Eo)

thickness

&
<«

26/09/2026
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A further element to consider is the number of Fe vacancies in the layer dz at depth z. o016/ bradien 20110 012
The emitted Fe fluo will depend on the intensity that reaches the layer, I, accounting for: Slabrne. S

density of Fe

dz
Ipe(Eg) = Ltp.(Eg)ppe —— fraction of photons being absorbed by

v cina . Fe atoms (by any shell)

For Ka emission only:
K-shell Fe fluo yield

dz
Ire(Eg) = LTk e (Eo) pre Sina W fka
/ ) Ko to total K (Ko +K) ratio Primary detector
Tk Fe (Eg)=Tre(Ep) (1 ~ Tre k) Xrays \

K-edge jump ratio emitted fluo

N
1
1

K shell absorption jump factor: probability that a K shell electron is ejected rather than any other shells. It is the fraction of the
total absorption associated with a given shell rather than any other shell.

thickness

&
<«

26/09/2026

XRF Tutorial - llaria Carlomagno



https://doi.org/10.1016/j.apradiso.2014.10.012

dIFe(EO) - IZfKawk(

1 dz
1 A Tre(Eo)Pre pr

But we need to consider the fraction of photons reaching the detector. ..

The _ by fluo photons depends on B and have to consider the attenuation term at the fluo energy Er.xq :

Q0

41t

E(EFeKa)

o v (#tot(EFeKa)ﬁ)

Q - ot(EFeka L
dIFeKa(EO) = dIFe(EO)EE(EFeKa)e (”t t(Erex )Sln B)

26/09/2026

Detector acceptance

Detector efficiency, including any
attenuation from the sample to
the sensor (det. windows)

Absorption term for outgoing X-rays of energy Ereka

Primary detector
Xrays \

emitted fluo

N
1
1

thickness
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Q —(Htot(EFeka o

Alroka(Fo) = Iy (Fy) L e(Epeq)e 1ot Freeing)
/ 1 dz

dIFe(EO) - szKawk 1—— TFe(EO)pFe.—

/ Jx sin «

_ Htot(Eo)PtotZ
IFe(Z) = Iye sin a

And we finally have:

Alrexadz = oG E(Epekq) - 0reTre (Ep)e ~(torlror)Z gz

geometricterm  ‘fundamental” constant absorption term
Q 1 Heot (Ereka) | Heot(Eo)
G=———  Kpe= frawi [1-T _reler | Hto
4m sina Jx sinf8 sina
26/09/2026
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N
1

thickness

Primary detector
Xrays \

emitted fluo




Integrating over the entire sample:

z=t _
Ipeka = oG €(Ereka) ro0FeTre(Ep) fz=0 e~ (torCrot)?

1—e— X totltot)Z

= I,G S(EFeKa)KFeQFeTFe(EO) =

XtotOtot

OFe

Otot

= Wre weight fraction of Fe

1—e~Xtotltot)z

= IoG €(Epexa) [reWreTre(Ey)

Xtot

26/09/2026
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geometric term “fundamental” constant

Q 1
G= ——F— Kpe = fKa(Uk <1 __>

" 4msina Tk

absorption term

Utot (Ereka) n Utot (Eo)
sinf sina

Xtot (Eo, Epexa) =

Primary detector
Xrays \

emitted fluo

N
1
1
1

thickness




e(Eroxa) Detector efficiency

T h I C kn e SS effe Ct Kre = fraWk (1 —]—k> Fundamental constant

fraction of photons being
1—e~(XtotOtot)Z Tre(Eo) absorbed by Fe atoms (any

Irexa = 1oG Wre €(Ererq) KreTre (Eo) i shell)

We define the sensitivity for the specific element:

1 — e~ (XtotCtot)z

Ipeka = loGWEeSEe

Xtot

Primary detector
Xrays \

What happens for infinitely thick samples?
emitted fluo
1

Ipegq = 1oG Wge Spe —
Xtot

N
1
1

thickness

&
<«

26/09/2026
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Expected intensity

For infinitely thick samples:
1 — e~ (Atotltot)z 1

IFdeKa = IoGWpeSpe Ipexq = IoG Wge Spe —

Xtot Xtot

d
IFeKa

(00)
IFeKa

26/09/2026

1.0

0.8

0.6 1

0.2 A

0.0

Saturation thickness

When do we reach the approximation
of infinitely thick sample?

—we|  Depends onthe material!

—— pure_Fe
—— pure_Al
— (CaCo3

T T T T T T
0 20 40 60 80 100
thickness (um)
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E PyMca - McaAdvancedFit
Fit of Ilaria_GoldCoin_plot.spe 1.1.1.1 from Channel 8.000 to 1262.000
Function  Mca Hypermet — ~ () short Tail () Long Tall (] Step Tail

Background Mo Background Escape File-up ] Strip Back.

GRAPH TAELE CONCENTRATIONS DIAGMOSTICS

X (vl pm 58 1Bl 0 4 & B

ADVANCED FIT

Full configuration

Energy

¥: 2745963

HTML Report  Matrix Spectrum  Peaks Spectrum
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“FIT” tab

1. Set the fitting region so that peaks for Z<14 and the elastic peak are

excluded
EPyMca—MCAFitParameters 7 X Flrst Channel = 200;
Frlr} DETECTOR ~ BEAM  PEAKS  PEAKSHAPE  ATTENUATORS  MATRIX  CONCENTRATIONS  XRFMC Last channel depends on the energy used.
Fit Function Mca Hypermet ~
Continuum type MO Continuum ~
Polynomial order 1 = . . . .
Naransyica or etmton) bckyound sgrt s s PyMca implements a poor description of the scattering
SNIP Background Width 24 < p e akS
Strip Backaround Width 1 = '
Strip Background Iterations &000 , \ ,
S Badraund Soting Wi savisk-Goly) . B Unless you absolutely need it, you will obtain better results
[ strip Ili!adcg::und L;s: Anchors 0 EI 0 EI 0 EI o o EI by |imiting the high-energy Side Of the region to the tail Of the
Statistical weighting of data Poisson ~ .
Number of fit iterations 10 El Scatterl ng peak.
Minimum chi~2 difference (%) 0.001 ]
[ Perform a fit using the selected strategy Single Layer SETUP
[ Perform a Linear Fit Fixing non-inear Parameters to Initial Values 105 .
B Limit fitting region to : First channel : 105 _E \ ] \
Last channel: 1050 = ,>/

Include: \
B stripping B Escape peaks B rile-up peaks B scattering peaks {\
(7] shart tail [ Long tail @ step tail " 104 5

2 ]

=

%‘\J\J NWU' Vn\/\
Load From Fit Load Save Cancel oK :/\ U
" 102 N
2 3 5 6 7 8 9
26/09/2026 Energy
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“FIT” tab

B8 PyMca - MCA Fit Parameters ? X
FTIF} DETECTOR. BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX CONCEMTRATIONS XRFMC 2. Fit FU nCtion

s — Hypermet better for high energies (40-150 keV)
It Funcoon |—- !EHTIE ~ i
Continuum type B —— Pseudo-voigt better for lower ones.
Polynomial order 3 1 RN =
MNon-analytical (or estimation) background algorithm Strip w SETUP
SNIP Background Width 24 - . . .
o oo it . - 3. The continuum is modelled in two ways:
Strip Backyaund Teraiions 6000 (i) the estimated background is subtracted from the experimental data prior
Strip Background Smoothing Width (Savitsky-Golay) 1 E to the least-squares fitting of the fluorescence peaks;
0 stesskrmndistne= 0 o el Ho " = (i) in the fitting mode the continuum is described by an analytical function
Statistical weighting of data Poisson w . . .. .
b of i ferations m = which enters into the least-squares fitting algorithm.
Miimum chi2 difference (%) 0.001 Background can be estimated through an iterative procedure in which the
R Snklnyer VI SR content of each channel is compared against the average of the content of

[ Perform a Linear Fit Fixing non-inear Parameters to Initial Values

its neighbours at a distance of i channels. If the content is above the average,
it is replaced by the average. In order to speed up the procedure, i can be

B Limit fitting region to : First channef ;103 E
lastchannel: 1050 =

Tnclude: taken as a fraction of the peaks full-width-half-maximum (FWHM) at the

o 9 Secpe e G oot & scetiemnapests beginning of the iterative process, being one at the end of it.
An optional Savitsky—Golay smoothing at the beginning of the process is
possible as recommended in [7].
The analytical functions currently supported to describe the background are
polynomials of user selectable degree on x = (E - E,,.,,,) Or
on x = exp(E - E,..,) Where E is the energy of the considered point of the

oad Frem 7t Load save Cancel o« spectrum and E,.,, is the energy at the center of the fitting region.
26/09/2026
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https://www.sciencedirect.com/science/article/pii/S0584854706003764?via%3Dihub#bib7

FIT" tab Bkg algorithm

(i) Strip
if the intensity of the i-th channel, y(i), is above the average value of the
channels within a width w:

E PyMca - MCA Fit Parameters 7 % |

FIT DETECTOR. BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Fit Function Mca Pseudo-Voigt - ) y(l + W) + y(l — W)
Continuum type MO Continuum ~ y(l) > 2
Palynomial order L ———————— .
Non-analytical (or estimation) background algorithm SI:—I'L.IP_1 \ then y(l) IS replaced by the average Vaer.
Strin N . . .

SNIP Background Width i S After several iterations, the bkg is the value of the spectrum after the peaks
B : 5 have been stripped.
Strip Background Iterations 6000 (”) SNIP
Strip Background Smoothing Width (Savitsky-Golay) 16 @ . .
[B) 5o Backaeonnd o Archors [0 o o B o B more complex, requires pre-processing (“the log square root (LLS) operator,”)
Statistical weghting of data Passon (119 v where y (i) is transformed into v(i):
Number of fit iterations 10 El 3 3 -
i 2 ferece () y(i) — v(i) = log(log (v y()+1+ 1) +1)
SP”"'““““"Q SRR Saklaa M)W The log enhances the sensitivity to weak peaks.

Perform a Linear Fit Fixing non-inear Parameters to Initial Values . . . .

’ = Then, a stripping procedure is applied:

B Limit fitting region to ; ;105 .

Limit fitting region to First channe! U(l—M)‘l'v(l‘l'M)

Lastchannel: 1215 3]

— v(i) = min{v(i), 5
B stripping B Escape peaks B pile-up peaks B scattering peaks ) ) : )
[ Short tail [ Long tail ] step tail i ; i f i vl i
S A N v(i)
L. le@+l) |
Load From Fit Load Save Cancel oK R R

NARE GO
v(i-1). 2

26/09/2026
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E PyMca - MCA Fit Parameters

FIT DETECTOR BEAM

Fit Function
Continuum type

Polynomial order

PEAKS

PEAK SHAPE

Mon-analytical {or estimation) background algorithm

SNIP Background Width

Strip Background Width

Both algorithms are easily set through the SETUP button.

Strip Background Iterations
Strip Background Smoothing Wid
[ strip Background use Anchor
Statistical weighting of data
Mumber of fit iterations

Minimum chi2 difference (%&)
[ Perform a fit using the selectd

[:] Perform a Linear Fit Fixing noj

B Limit fitting region to :

Include:
B stripping
[ shaort tail

Load From Fit

B strip and SNIP Config

Mon-analytical (or estimation) background algorithm

SNIP Background Width
Strip Background Width

Sirip Background Iterations

Sirip Background Smoothing Width (Sawisky-Gulay)%

[ strip Background use Anchors 1]

? >
ATTENUATORS MATRIX CONCENTRATIONS XRFMC
Mca Pseudo-Voigt ~
NO Continuum ~
5 =
71 el
2 =
uration Window X
SMNIP ~
2
2 E
3000
10 S
0 0 = =
=

X v X feg o H o) GO

104 4

107 4

10?2

I

w
Ay

L

(L
A

-, l

T T
200 400

T
600

X

T T
800 1000

T
1200

oK

Cancel

In the SETUP menu, one can set the SNIP/strip bkg width so that
the red curve looks reasonable.

For strip algorithm, one can also choose the number of
iterations.

The final bkg will be calculated using a Savitsky-golay filter (blue
curve) to correct for a bkg passing by the lower band of the
statistical noise associated to the spectrum.

This algorithm considers N neighbours for each point and then
fits a polynomial in this range, to even out the contributions
from the noise.

Anchors can be set to fix some points where the bkg must pass.

You should always aim to the lowest number of iterations that gives you acceptable results. (Avoid 20k iterations!). That default value is there just for historical reasons. A strip
background width of around 70% of your peaks full-width at half maximum and a number of iterations around 4000 should be a good starting point.
If you are using linear fits without strip background or no background at all, you should set the strip background number of iterations to zero because even if you decide not to use the

strip background, it is internally used to evaluate the starting parameters of the analytical background models. If you are not going to use any background or you are performing a
linear fit it is just wasted time.
26/09/2026
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“"DETECTOR" tab

“"BEAM" tab

B pyMca - MCA Fit Parameters ? X B PyMca - MCA Fit Parameters ?
FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX CONCENTRATIONS ¥RFMC FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC
Detector Composition Si i p—t Opgn ¥-Ray Tube Setup Load Table Save Table
Maximum Number of Escape energies 4 H Use Energy Weight Use Energy Weight Use Energy
B o000 1 (O Energy 20 0 O Energy 40 0
Fxed Vabe Deltz Sy Energy 1 : :IJ z [:] Energy 21 0 O Energy 41 0
Spectrometer zero (keV) [ -0.487604342805 +/- 0.1 0 Energy 2 0 0 Energy 22 0 O Energy 42 0
Spectrometer gain (keV,ch) ) 0.00934189524047 +/- 0.0001 0 Energy 3 0 0 Energy 23 0 0 Energy 43 0
Ba s 8 o5 HE(001 O Energy 4 0 ] Energy 24 0 O Energy 44 0
Fano factor (5i 0,12, Ge ~0,1) . 0.114 +/-0.01 |
e Fachr | I e — O Energy 3 0 ] Energy 25 0 O Energy 45 0
[ Tgnore calibration from inpUt data (J Energy 6 0 [ Energy 26 0 [ Eneray 46 0
O Energy 7 0 O Energy 27 0 (] Energy 47 0
[ Energy 2 0 [ Energy 28 0 [ Energy 48 0
] Energy 9 0 O Energy 29 0 O Energy 49 0
[ Energy 10 0 [ Energy 30 0 [ Energy 30 0
] Energy 11 0 ] Energy 31 0 O Energy 51 0
Adjust the pile-up factor if you see weird pile o e 12 : o e 2 ’ 0 Erery 2 °
[ Energy 13 0 [ Energy 33 0 [ Energy 33 0
up peaks (shown in pink) in the fit spectrum ey 14 : D Erery 4 ° D Erery 4 °
[ Energy 15 0 [ Energy 35 0 [ Energy 35 0
[ Energy 16 0 [ Energy 36 0 [ Energy 36 0
[J Energy 17 0 [J Energy 37 0 ) Energy 57 0
[ Energy 18 0 [ Energy 38 0 [ Energy 38 0
[J Energy 19 0 [J Energy 39 0 [C) Energy 59 0
Insert the beam energy in keV.
For monochromatic sources, use a weight =1
Load From Fit Load Save Cancel oK LaadEeambik Load Sae Cancel 28
26/09/2026
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“PEAKS” tab
B9 i - M FPorometer X Select the elements justifying the peaks in your

FIT DETECTOR BEAM PE%S PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC
spectrum.

st e & When selecting an element, you can also choose the
_ lines. Only available lines (for the exciting energy)
can be selected.
Na Mg Al Si P 5 a Ar . . . .
Selecting K will fit K_alpha and K_beta with
L e | e tabulated ratios. Selecting the Ka and Kb will fit
Rb Sr ¥ i g MNb Mo Tc Ru Rh P Ag C In 5n gl Te I Xe . . N
: : : them as independent contributions.
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg T Fb Bi Fo At Rn
S| k)l e | Rl When selecting a line, the plot will show the energy
il ) Il I |l position of that (or those) lines.
Th Pa u MNp Pu Am Cm Bk cf Es Fm mMd Mo Lr
K [ = ][ » [ [ o [ e [ s [ wm Reset Reset Al
CIEIEIEEE
n B L =]
L == B B =0 0= I = = B )= e = ) ] ]
OpEnoEEn | aaaaana
Load From Fit Load Save Cancel " II‘E‘
Al Wil loaoaaannD
L= 1L o | [ ][ )= ] [ ][ ][ e )= [ ][ ] e ]
J EEEEEEEEEEEEEE
e ] N | | R | | AR =S =
102 4 Ll il L
T’/'
26/09/2026 : : o s 10
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E PyMca - MCA Fit Parameters ? X

FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX CONCENTRATIONS XRFMC

Fit Function Mca Peeudo-Voigt w
Continuum type MO Continuum e
Polynomial order 5 &
Non-analytical {or estimation) background algarithm SNIP “ SETUP
SNIP Background Width 19 B
Strip Background Width 2 :
Strip Background Iterations 3000
Strip Background Smoothing Width (Savitsky-Golay) 1 & . ) .
) St B e e g & B0 = X There are two strategies for fitting:
Statistical weighting of data Poisson (1/¥) v H S H I I y
Number of fit iterations 10 EI (!? I n g .e a e r
o 2 ifence %) Iy (i) Multilayer
[ O Perflgrm a fit using the selected strategy Single Layer ~ SETUP ]‘

O Perfdrm a Linear Fit Fixing non-inear Parameters to Initial Values Th e S i n g | e Iaye r St rategy i S Se | e Cted a n d Set
B Limit fitting region to : First channel : 105 S U p h e re .

Last channel : 1215 B

e — The multilayer strategy can be set up in the

B stripping B Escape peaks B Pile-up peaks B Sscattering peaks

0 st O tong O stept ATTENUATORS and MATRIX tabs.

Load From Fit Load Save Cancel oK

26/09/2026
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SINGLE LAYER strategy:

B PyMca - MCA Fit Parameters ? X

FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Fit Function Mca Pseudo-Vaigt ~
Continuum type NO Continuum v E PyMca - MCA Fit Parameters ? *
Polyromial order - E FIT ~ DETECTOR  BEAM  PEAKS  PEAKSHAPE  ATTENUATORS  MATRIX =~ CONCENTRATIONS — XRFMC
Mon-analytical {or estmation) background algorithm Strip e SETUR
SNIP Background Width % = Attenuator MName Material Density (g/fcm3)  Thickness (cm) Funny Factor
Strip Background Width 1 =i B Filter 0 o c v 33e-05 1.0
Sirip Background Iterations 2500 n Filter 1 B B - 4.24e-06 1.0
Strip Background Smoothing Width (Savitsky-Golay) 8 @ 8 Fitter2 i grid si - 0127 0.227
(] strip Background use Anchors 573 Ho Ho Ho B 8 Filter 3 Al Al - 7:02e-06 10
Statistical weighting of data Puoisson (1f) w B Fitter 4 o o - 9.66e-06 10
) B Filter 5 N N v 3.89¢-06 1.0
Numnber of fit iterations 10 El
[ Filter 6 Filter & C ~ 2e-05 1.0
Minimum chi~2 difference (%) 0.001
[ Filter 7 Filter 7 o} ~ 0.006728 1.0
[ %Perfcrm a fit using the selected strategy Single Layer SETUP 5 5
B BeamFilterD  BeamFilter) Be ~ 0.005 1.0
B BeamFilter! BeamFilterl C ~ 0.01 1.0
8 Limit fitting region to : First channe! ; 105 E B neeecas :n-h--'-- :c.'a — 0.045 1.0
Lastchannel: 1210 = B Matrix Matrix SingleLayerStrategyMaterial | 1 1.0
Include: ’ | — -
@ stripping B Escape peaks B Pile-up peaks @ scattering peaks ' . . ctor)) Efficienty Term
[ short tail [ Long tai [0 step tail
Load From Fit Load Save Cancel oK

26/09/2026 (You can't use this strategy for fast fitting!)
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Multilayer strategy:

E PyMca - MCA Fit Parameters

¥RFMC

2. Define the composition (or
best guess) of each layer you
intend to use.

Simply type the name and add
as many compounds as
needed.

B PyMca - MCA Fit Parameters ? X FIT  DETECTOR  BEAM  PEAKS  PEAKSHAPE  ATTENUATORS ~ MATRIX  CONCENTRATIONS
FIT  DETECTOR ~ BEAM  PEAKS  PEAKSHAPE  ATIENUATORS — MATRIX  CONCENTRATIONS — XRFMC ) ) )
Attenuator Mame Material Density (g/em3)  Thickness (cm) Funny Factor
@ Filter 0 C C w10 3.3e-05 10
Attenuator Mame Material Density (g/fem3)  Thickness (cm) Funny Factor @ Fiter 1 5 e o 424006 10
B Filter 0 C C ~ 1.0 3.3e-05 1.0 @ - .
Filter 2 Si grid Si ~ 1.0 0127 0.227
@ Filter 1 B B ~ 10 4.24e-06 1.0 @ Filter 3 al Al ~ 10 7.02¢-06 10
B Filter2 Si grid Si ~ 1.0 0127 0.227 B Filter 2 a a ~ 1.0 9.66e-06 1.0
@ Filter 3 Al Al ~ 1.0 7.02e-06 1.0 @ Filter 5 N N v 19 3.89¢-06 10
B Filter 4 o “ 1.0 9,66e-06 1.0 [ Filter 6 Filter & C ~ 138 2e-03 1.0
@ Fiter 5 N N |10 280606 10 [ Filter 7 Filter 7 0 0001429 0.006738 10
D Filter 6 Filter 6 c 158 — — 8 BeamFilterd BeamFilter) Be ~ 1.848 0.005 1.0
1. e ¥
O e rer B BeamFilter! BeamFilterl C ~ 158 0.01 1.0
Filter 7 Filter 7 Q ~ 0.001429 H
oo 1. Enable it from the ATTENUATORS tab, by Bocetr  Duedor o Com ooss 10
BearnFilterd | BeampFilterd Be ~ 1848 . . B Matrix Matrix MULTILAYER ~ 10 1.0 10
@ BeamFilter]  BeamFilter! c v 158 selecti ng the MATRIX checkbox and choosi ng ot TCHters) = (1 - T{detecto) Effsenty Term
B Detector Detector Sit ~ 233 .
N v [ MULTILAYER from the dropdown list et -
- Matrlx_ ) Matrix (¢ MULTILAYER TA_ Enter.name.of material to.be defined: d [En
T— - Plot T(filters) = (1 - T(detector)) Efficienty Term Number of Compauinds: z BT

¥ PyMca - MCAFit Parameters

FIT DETECTOR. BEAM

BF

PEAKS

PEAK SHAPE

ATTENUATORS

out

Ln

MATRIX

Incoming Angle (deg.):
Outgoing Angle (deg.):
@ scattering Angle (deg.):

CONCENTRATIONS

XRFMC

45]
45

90

This matrix definition will only be considered if Matrix is selected and material is set to MULTILAYER in the ATTENUATORS tab.

 Density (g/em3) _ Thickness (cm)

Layer Name Material

Layerd TLayed Tiner T30

Laverl Laverl . Cein 2,190
O Layerz MGayer2 ! 00
[ Layer3 Layer3 ~ 00
[ Layerd Layer4 ~ 00
O Layers Layers ~ 00
[ Layers Layer6 ~ 00
O Layer? Layer7 ~ 00
O Layer® Layer8 ~ 00
O Layerd Layerd ~ 00

Load From Fit

26/09/2026

002
1.0
i)
00
00
00
00
00
00
00

3. Inthe MATRIX tab, activate
the layers you want to use and
set a tentative value for density
and thickness.

Material
1 Au )
2 Ag 0.1
3Pt 0.1
4 In 0.01
5 Pd 1
& Hg 0.01

" Mass Fraction |

Default Density (gfem3): 19

Default Thickness {em): 1

Material Transmission

Mass Att. Coeffidents

Material Name /Comment:

Load From Fit

E PyMea - MCA Fit Parameters
FIT

O

DETECTOR

BEAM PEAKS PEAK SHAPE

Flux (photonsfs) Z=+03

o Active Area (cm2) 0.0398
"B From matrix composition
- ).
") Consider aternuators 1 caltllations

@ consider secondary excitation

[ Consider tertiary excitation

[] use Monte Carlo code to correct higher order excdtations
[ Elemental mM concentrations (assuming 11 of solution is

Load

ATTEMUATORS MATRIX

¥ time(seconds) 1680

distance (cm) 1

Matrix Reference Element: Auto

1000 * matrix_density grams)

XRF Tutorial - llaria Carlomagno

Save

CONCENTRATIONS

Coin composition guess

Cancel

XRFMC

D Use Automatic Factor

oK

4. Make sure that, in the
CONCENTRATIONS tab, you
check the relative checkbox.




“"PEAK SHAPE" tab

B pyMca - MCA Fit Parameters ? X

FIT DETECTOR BEAM PEAKS PEAK SHl\ﬁ ATTENUATORS MATRIX COMCENTRATIONS XRFMC

Fived valbe Error

Shart Tail Area [ o.0s +/- 0.03

Short Tail Slope O o5 +/- 0.9

Long Tail Area O ooz +/- 0.015

Long Tail Slope O 1.0 +/- 7.0

Step Height O o.0001 +/- 5e-05

Pseudo-Voigt Eta O ooz +/- 0.02
Standard parameters. The default values are
usually a good starting point.

Load From Fit Load Save Cancel oK
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Insert all the beam filters (BF) and filters (F) that the beam
crosses before (BF) and after (F) interacting with the sample.
Don’t forget the detector (Si thickness)! Info on the geometry can be inserted in the MATRIX tab.

E PyMca - MCA Fit Parareters ? * E PyMca - MCA Fit Parameters ? X
FIT DETECTOR  BEAM  PEAKS  PEAK SHAPE A‘I'I'ENL&TORS MATRIX  CONCENTRATIONS  XRFMC FIT DETECTOR  BEAM  PEAKS  PEAKSHAPE  ATTENUATORS IV[%TRD: CONCENTRATIONS ~ ¥RFMC
Attenuator MName . Material . Density (g/cm3) | Thickness (cm)  Funny Factor
_ . T v v v T \ .
@ Filter 0 C C ~ 1.0 3.3e-05 1.0 BF F Incoming Angle (deg.): 45
B Filter 1 B B ~ 1.0 4,24e-06 1.0 Outgoing Angle (deg.): 45
@ Filter 2 Si grid Si ~ 1.0 0127 0227 . 8 Scattering Angle (deg.): 90
@ Filter 3 Al Al v 10 7.02¢-06 10 SLEW window
® Filter 4 o] 0 ~ 1.0 9.66e-06 10 iy Lot
@ Filter 5 N N 10 ,3.80e-06 1.0 / Lo
™ v v v v v -
[_J Filter 6 Filter & C ~ 158 2e-05 1.0 Ln
[ Filter 7 Filter 7 o] ~ 0.001429 0.006788 1.0
B BeamFilterd BeamFilterD Be w1848 0.005 1.0
- B BearFilter]  BeamfFilter] e 158 L0.01 sl i
[ @ Detector Detector Si1 w233 [0.045 10 | 450 um of Si
| Matri "Matri "rategyMaterial ~ 1.0 ILEY L !
e atr [etegylViatena’ ~ This matrix definition will only be considered if Matrix is selected and material is set to MULTILAYER. in the ATTEMUATORS tab.
Flot T(filters) * (1 - T(detector)) Effidenty Term : : : :
e Layer MName Material Density (g/cm3)  Thickness (cm) I
aterial nor
) ) B Layerd LayerD Incr ~ 1.0 1e-06 n case yOU use
Enter name of material to be defined: Air - — 1 .
Number of Compounds: 5] @ p Layert L Layerl “Com—vd 10 L 1e-08 ' the m U |t| Iaye r
Material Mass Fracti Default Density {g/em3): 0.0012043 OLayer2 Layer2 - ~ob 00
ateria ass Fraction D § R . R 0 o0 Strategy, here y0U
1¢1 0.000124 Default Thickness (em): 1 ayer ayer N b ! .
2 N1 0.73527 Material Transmission Mass Att, Coeffidents O Layerd Layerd [— 00 00 d I SO d efl ne th e
301 0.23178 (] Layer3 Layers [ | 0.0 0.0 o) rd er Of eac h
4 Arl 0.012827 (] Layerb Layerf [ | 0.0 0.0
5 Krl 2206 O Layer?T Layer? - ] 0.0 0.0 |aye ran d t h e
O Layerg Layer8 - ~ 0.0 0.0 t h ic kn ess
[ Layerd Layerd - v 00 00 )
Material NameComment: Dry Air (Near sea level) density=0.001204790 g/cm3 -
Load From Fit Load Save Cancel oK Load From Fit Load Save Cancel OK
26/09/2026
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"CONCENTRATION" tab

E PyMca - MCA Fit Parameters
FIT DETECTOR. BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX COP&EN'I'R.ATIONS XRFMC

B From fundamental parameters
Flux {photons/s) 3e+08 x time(seconds) 1630 [ use Automatic Factor
Active Area (cm2) 0.0398 distance (cm) 1
[:] From matrix composition
Matrix Reference Element: Auto
Consider attenuators in calculations
8 Consider secondary excitation
[C) Consider tertiary exdtation
[ use Monte Carlo code to correct higher order excitations
[_] Elemental mM concentrations (assuming 11 of solution is 1000 * matrix_density grams)

Load From Fit Load Save Cancel

26/09/2026
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THE END

Additional resources:;

-irst steps: https://wwwisilx.org/doc/PyMca/latest/tutorials.html
ROl imaging https://www.youtube.com/watch?v=1wdteVhK28Y
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https://www.silx.org/doc/PyMca/latest/tutorials.html
https://www.youtube.com/watch?v=1wdt6VhK28Y

