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1. INTRODUCTION

1.1. OBJECTIVE OF THE MANUAL

This manual aims at explaining the different steps to fit XRF curves obtained at the beamline
SIRIUS (SOLEIL synchrotron) with the software PyMca, developed at the ESRF by V.
Armando Solé.

Stand-alone versions of PyMca can be downloaded here:
https://sourceforge.net/projects/pymca/

With some documentation here:

- http://www.silx.org/doc/PyMca/latest/index.html

- https://www.maxiv.lu.se/accelerators-beamlines/beamlines/nanomax/after-
beamtime/pymca-xrf-imaging-quide/ (parts of this manual are based on this guide).

This manual explains all the different steps to start analyzing your XRF data from scratch. Most
of the steps presented here can be skipped if you already have a configuration file from a
previous experiment done in similar conditions.

This manual does not aim at getting a quantitative measurement of the concentration
of each element contained in your sample. Meaning that, you will have the evolution with
time of each element, but not the absolute concentration. Getting the absolute values is
theoretically possible but requires a very accurate description of your setup in the configuration
file, and a calibration with a reference sample in similar conditions.

The typical data analysis procedure consists of these steps:

Open a nexus file with XRF data in PyMca.

View the XRF sum spectrum.

Adjust parameters in the fitting configuration or load a fitting configuration template file.
Run a fit and iteratively adjust parameters to reach a good spectral fit.

Save the optimized configuration to a new configuration file.

Run a Batch fitting to analyze each individual XRF curve within the scan.

Check the results.

@MTmMooOw»
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2. OPEN A NEXUS FILE WITH XRF DATA IN PYMca

An XRF scan will generate a nexus file containing each individual spectrum along with other
data. Typical file name for XRF nexus files on SIRIUS are shaped as
SIRIUS_Fluo_YYYY_MM_DD_NUMBER.nxs.

e Click on Open/Data Source.

e Go to your folder with the nxs files.
e Change Files of type to HDF5 Files.
e Select and open the nxs file.

- x
¥ B
@ oA soa
T Eels Xy X g b i "ﬂhm\;a@j -
SpecFile  Edffle  HDFS
B Open a new source file ? X
5= Command Paints ROl max
Look in: Ci\WUsers\Amaud\Desktop \PyMca KRF_data\172 ~vO0O0O0RAEBAE
W My Computer|| Neme Size Tpe  DateModified
o - , = 100
2 Ama | SIRIUS_Fluc_2021_07_10_0172.nxs 9,65Mio rxsFile 11/07/... 10:01
<
Counters ~ MCA 80 100
Mo MCA for the selected scan
| calibrate
P o
8 x
File name: |
Files of type: | HDFS Files (*.nxs *.hdf *.h5 *.hdf5) v Cancel
[ Aute OFF Auto ADD [ Auto REPLACE
Ox:oon Oxmon [ Foree MCA
ADD REMOVE REPLACE
AJROL  DeleteROI Reset Load Save
JupyLabBook: User Manual
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3. VIEW THE XRF suM SPECTRUM

You have the file structure displayed in the HDF5 window.

e Click on scan, then on scan_data.

o |t will display the list of sensors measured in the scan. Look for the one with the shape
Nx2048, N being the number of points in the scan. In this example, you would have to
select data_12.

e Right-click on it and click on Show as 1D Stack.

e A window suggests reshaping the data. Click on Dismiss.

e NB: If you are using the 4-elements SDD, each element will provide a data subentry
with the shape Nx2048. Select any of the element (careful, the 4™ element of the
Brucker detector has a larger resolution than the 3 others).

a
SIRIUS_Fluo_2021_07_10_0172.nxs v & |
SpecFile EdfFile HDF3
ile/Group/Dataset Description Shape DType
¥ SIRIUS_Fluo_2021_07_10_0172.nxs  weakproxy
¥ scan b'Commissionni...
SIRIUS MXinstrument
User MNXuser
experiment_identifier Dataset 510
scan_config N¥config
~ scan_data MNiXdata
data_01 Dataset 1201 floattd
data_02 Dataset 1201 floatfd
data_03 Dataset 1201 floatbd
data 04 Dataset 1201 floatbd
data_05 Dataset 1201 floattd
data_06 Dataset 1201 floatfd
data_07 Dataset 1201 floatbd
data_08 Dataset 1201 floattd
data_09 Dataset 1201 floatfd
data_10 Dataset 1201 floatfd
detall . Dotaset 11 floattd
{data_1? Natacet 1201 x 2048 uint32
data_1 Add to selection table 201 floatéd
data_1 Show Information 201 floatbd
oo [T
sensor Show as 1D Stack 1201 floatfd
title Load and show as 1D Stack 1533
JupyLabBook: User Manual
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4. ADJUST PARAMETERS IN THE FITTING CONFIGURATION

4.1. OPEN THE FITTING WINDOW

e Click on the icon Fit.
e Choose Advanced.
¢ A window opens, saying that there are no peaks defined. Click OK.

MCA RGE Correlator

X oly X Jwe b HEo|be Moo 5T A 4 =
Simple I
Advanced

2500000 J
2000000 + Fl
1 1500000 4
c
3
o
U 1000000 ’ ‘
Al

SOOGDOn 1 \ W

0 250 500 750 1000 1250 1500 1750 2000

Channel
Options )(4.190.{5 1'425;'6211.35
Calibration None ~  Calibrate
Active Curve Usesa: 0 Bl _C‘:C

4.2. OPTIONAL: LOAD A CONFIG FILE

If you already have a config file, from the beamline staff or from a previous experiment:
e Click on Configure.
¢ In the new window, click on Load.
e Select your config file.

4.3. CALIBRATION CHANNEL-KEV'S
If you already have a configuration file, you can skip this part.

The aim is to find the relation between the channels and the energy (in keVs). PyMca can offer
a 2" order calibration with the relation keVs = A+B*channel+C*channel*2. However, you
should aim for a linear calibration (C=0). On SIRIUS the calibration is always close to
B=0.0099-0.01, meaning that 1 channel is close to 9.9-10 eVs.

Before starting, you should know beforehand the emission energies of some of the elements
present in your sample. To do so, you can use tabulated values (e.g. the xraydatalib), an

external software (e.g. Hephaestus), or the tools present in PyMca.

Click on the icon Log to switch the y-axis to log scale.

JupyLabBook: User Manual
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B pyMca - McaAdvancedFit - [m] X
Fit of Stack SUM from Channel 0.000 to 2047.000
Function Mca Hypermet ~ [ shortTal [] Long Tal [] Step Tail Configure
Background Mo Background Escape [ Pileup [ StripBack. Tools
Calibrate
GRAPH TABLE CONCENTRATIONS DIAGNOSTICS .
Identify Peaks
= . El its Infi
Xolv X fwe 5 e B oA &4 —_
10° 4
105 4
4 ]
n 10
c
2 107 5
[v)
102 4
lo] +
10° 3 T T T T T T T T
250 500 750 1000 1250 1500 1750 2000
Channel
Options %] 1704.575 3542659
Fit Again! Print HTML Report | |Matrix Spectrum| Peaks Spectrum Dismiss

Identify Peaks:

e Click on Tools/Identify Peaks in the McaAdvancedFit window.
e You can type an energy and check to which element it may correspond.

Elements info:

e Click on Tools/Elements info in the McaAdvancedFit window.
¢ You can choose an element and see its emission lines.

Here, for example, we know that the sample contains Cl and Au. We should at least see the
lines at 2.62 keV for Cl (channel 260, line KL), and 9.71 keV for Au (line L3M5, channel 970).

B Elernents Info

-]
[+ ][~ ]
II

- O X
a
b Excitation Energy (kev) 12|
-~
Element Info
Symbol =a
At. Number = 17
Hame = Chlorine

At. Weight = 35.45700
Density = 1.56000 g/cm3
Fluorescence Yields

Shell Yield

K 9.892e-02

L-Shell Coster-Kronig

fiz f13 f23

0.329 0.634 0.000

K xray Emission Energies

H.HH

HEIEE

1G]
BRR B

Line Energy (keV) Rate
080j0

kL3 > 6224000.61467

KM2 2.815600.02512

KM3 2.815600.04957
L1 xray Emission Energies
Line Energy (keV) Rate
LiM2 0.263400.34211
L1M3 0.263400.65789
L2 xray Emission Energies

o
El

HH

-
E.
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There is also a single peak around channel 545 (i.e. close to 5.4 keV). This could correspond
to the KL line of Cr, and another one at channel 640 which would be the KL line of Fe.

| B8 Peak identifier - o X

Energy (keV) 5.400
Energy Threshold (ev)40 2[4k  [Mu Mz Fi Fn
ElementLine  Energy Rate
K ray

vs
K2 5.4270.03908
KM3 5427007733
cr Krays
K2 5.4050.29898
K3 5.4150.58702
Xe  Urays
LN 5.3830.0005
LINS  5.3850.00084
L102  5.4390.00749
1 Ba L2 rays
N1 5.3710.00529
a Lirays '
LIM4  5.4180.00507
LIM5  5.4350.00757
La L3rays
L4 5.3840.01353
LNS  5.3840.12107
ce  Lirays

It is dangerous to use the position of the scattering peak, as it may appear shifted due of its
Compton foot.
We are now ready for the calibration:

e Click on Tools/Calibrate to open the MCA Calibration Widget.

e Check that Order: 1% is selected.

e Click on the icon Clear peak table and search peaks.

[ Mca Calibration Viidget r X

X [l B & A Chamet 2750 (Countsd 1.2 kmeray| 175,558
Clear Peak T nd Search P

o T
: WU m\

250 500 750 1000 1250 1500 1750 2000
X

It detects the position of peaks that we will use for the calibration. Click on one the peak you
have identified before. Here for example, we click on the peak at channel 265, that we
identified as the KL line of Cl. Choose the right element/line and click on OK.

108
10°
10* J
= -
Peak Ch. El

()

Enter Selected Peak Paramete ? X

eal Channel ~ Elemen it Line Energy Use  Calc. Energy]
102 13 265000 aon v | K3 (06146T) v 26224 B 263 \
10!

< >

107 T
250 o]0 o 1750 2000

Click on the peaks you have identified and associate them with their corresponding emission
line. The calibration parameters A and B are displayed at the bottom of the window.

JupyLabBook: User Manual
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[ Mca Calibration Widget

X [lm] B 4| A

Channet{104.6

? X

[counts{szsas.s  Jemerayd1.031

Click on OK. You can now switch between channels and keVs in McaAdvancedFit window by

clicking on the icon Toggle Energy Axis.

106 4 7
A
10° 4 / ]
o j \j \ j \_/ \-/
H i \ M
-
10° §
107 §
10 4
10° T T T T T T T
250 500 750 1000 1250 1500 1750 2000
X
Search Parameters Peak Channel Element Line Energy Use Calc. Energy
3 265.000 aQan ~ | KL3 (0.61467) ~ 2.6224 26216
10 547.000 Cri24] ~ | KL3 (0.58702) ~ 54147 1 54186
e —(= T i osema
Yscaling [ Auto 12 646.000 Fe (26) ~ | KL3 (0.58357) ~ 6.4039 6.4005
Search 17 980.000 Au (79) v | 13M5* (0.4649 ~ | 9.7130 97133
Order: |lst A: |-0.006756 | B: |I].I]EI99 18 C: Add as | Calibration for Fi UM from Channel o0 2047.000 oK Cancel
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4.4. CONFIGURE THE FIT PARAMETERS

If you already have a configuration file, you can skip this part.

Starting from now you will have to go back and forth between the windows McaAdvancedFit

and MCA Fit Parameters.

Click on Configure. This opens the window MCA Fit Parameters.

Tab. FIT

e Set the Continuum type to Constant.
e Click on Limit fitting Region to: and choose a range of channels so that it starts just
before the first peak of interest, and stops right after the high-energy foot of the
scattering peak. Here, for example, we choose the range 180-1240.
o Checkthat Escape peaks and Scattering peaks are ticked on (and the other parameters

ticked off).

I pyMca - MCA Fit Parameters

FIT DETECTCR BEAM PEAKS

Fit Function
Continuum type

Polynomial order

SNIP Background Width
Strip Background Width

Strip Background Iterations

Mon-analytical {or estimation) background algorithm

Strip Background Smoothing Width {Savitsky-Golay)

[ strip Background use Anchors |EI

Statistical weighting of data
Number of fit iterations

Minimum chi~2 difference (%)

Limit fitting region to :

?
PEAK SHAPE ATTEMUATORS MATRIX COMNCENTRATIONS XRFMC
Mca Hypermet v
Constant v
Strip ~ SETUP
2 = o 5]
Paisson (1Y) ~

[1 Perform & fit using the selected strategy

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

SETUP
First channe :

Last channel : |1240 =z
Include:
[ stripping Escape peaks [ Pile-up peaks Scattering peaks
[ short tail [ Long tail [ step tail
Load From Fit Load Save Cancel oK
JupyLabBook: User Manual
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Tab. DETECTOR

Fix the values of Spectrometer zero, Spectrometer gain, Fano factor.

B CFIVILG T VLA L FSian s

FIT DETECTOR. BEAM PEAKS PEAK SHAPE

Detector Composition

Maximum Mumber of Escape energies

Spectrometer zero (keV)
Spectrometer gain (keV ch)

Detector noise (keV)

Fano factor (Si ~0.12, Ge ~ 0.1}
Pile-up Factor

[ 1gnore calibration from input data

Tab. BEAM

ATTENUATORS ~ MATRIX ~ CONCENTRATIONS  XRFMC

Si
4

Fived Valie Delts

-0.0067562181025348576 +/-|0.1

0,0099183859 19774564 +/-|0.001

O o1 +/-|0.05

0.114 +/-|0.114

[0 |1e0s +/-|1=-08

Click on Energy 0, put the energy of the scattering peak (also known as the elastic peak) in

keV, and a weight of 1.

Pyhca - MCA Fit Parameters

FIT DETECTOR BEAM PEAKS

Use Energy

PEAK SHAPE

[ Energy 1
[ Energy 2
[ Energy 3
[ Energy 4
[ Energy 5

o o o o o =

ATTENUATORS

MATRIX CONCENTRATIONS

Open X-Ray Tube Setup

Weight Use
O Energy 20
[ Energy 21
[ Energy 22
[ Energy 23
[ Energy 24
[ Energy 25

Energy Weight

o o o o e o

XRFMC

Use

Load Table

Energy

O Energy 40
[ Energy 41
[ Energy 42
[ Energy 43
[ Energy 44
[ Energy 45

Save Table

e o o o o o

Tab. PEAKS
This is where you select the peaks corresponding to the elements contained in your sample.
¢ Click on the element.

e Click on the line(s). If you choose K, for example, all the K lines will be included in the
fit, with a tabulated ratio between the lines. If you choose the lines individually by
clicking on Ka and Kb, they will be fitted independently. Most of the time we select K
and/or L and/or M but not the individual lines.

e Here we select the K lines of Cl, Cr and Fe as we already know that these elements
are present; and the L and M lines of Au.

PyMca - MCA Fit Parameters 2 x

FIT DETECTOR BEAM  PEAKS ~ PEAKSHAPE  ATTENUATORS  MATRIX  CONCENTRATIONS  XRFMC

Excitation Energy (keV)

12,0000

JupyLabBook: User Manual
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Tab. MATRIX

Set here the incident and detector angles in degrees. The scattering angle will have an

influence on the position of the Compton peak, and you may adjust the value of the detector
angle later to improve the fit.

E PyMca - MCA Fit Parameters

? >
FIT DETECTOR  BEAM  PEAKS  PEAKSHAPE  ATTENUATORS ~ MATRIX  CONCENTRATIONS — XRFMC
EBF F Incoming Angle (deg.): |D. 1 |
Outgoing Angle (deg.): |?D |
[ scattering Angle (deg.): 70,1
Cin Kout
L0
Ln
Click on OK to go back to the McaAdvancedFit window.
JupyLabBook: User Manual Page 12/22
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5. RUN A FIT AND ITERATIVELY ADJUST PARAMETERS TO REACH A GOOD
SPECTRAL FIT

Switch on the Energy axis (icon E) and click on Fit Again!

B pyMca - McahdvancedFit - O X
Fit of Stack SUM from Channel 0.000 to 2047.000
Function | McaHypermet  ~ [ short Tal [ Long Tall [] Step Tail Configure
Background  Constant ~ Escape [ | Pile-up [ ] Sirip Back. Tools
GRAPH TABLE CONCENTRATIONS DIAGNOSTICS
=
X lv X jee B = |E] N & & B =)
106 4

7]

€ 10° 4

3

=]

=]

ala
104 4
. A
T T T T T T
2 4 6 8 10 12
Energy
optiens  xd2.956651 fr{2120.13 |
Fit Again! Print HTML Report | Matrix Spectrum | |Peaks Spectrum Dismiss

Your fit is probably not very good yet. Here we see first that some peaks are missing.

5.1. FINDING MISSING PEAKS

Click on the curve where you have a peak not fitted yet. It will open the Peak Identifier, which

will help you by giving you hints on what are the possible peaks located at this energy. Aim for

the peaks with the highest rates.

Then, go back to the Configure/Peaks tab and add the corresponding peak.

For example here, the missing peak is most likely Cu (coming from the sample environment).
2

Fit of Stack SUM from Channel 0.000 to 2047.000

Function Mca Hypermet ~ [ shortTail [] Long Tail [] Step Tail Configure
Background | Constant ~ [ strip Back. Tools
[ Peak Identifier - O *
GRAPH TABELE COMNCENTRATIONS D
T A—
X IV X ]'-'! ::f b | J Energy Threshold (eV: KMupMepMsiyim I
Elementline Energy Rate &
Cu K rays
KL2 8.0280.29913
105 4 KL3 8.0480.58282
Eu L1 rays
L102 8.0300.01026
L103 8.0300.01499
Ho L1 rays
w1
E 105 4 L1M4 8.0030.00736
S LiM5 8.0430.01119
S Ho L3 rays
L301 8.0200.00134 w
a
104 4
_ A
T T T T T T
2 4 6 8 10 12
Energy
Options  |X:2.753305 fv{2165836
Fit Again! Print HTML Report | Matrix Spectrum | |Peaks Spectrum Dismiss
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After some effort, you should be able to identify most of the peaks.

PyMca - MCA Fit Parameters

x

FIT DETECTOR. BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Excitation Energy (keV)

- .
el el
=[] I
IHIIDIHEHEIHHHEH

#

IIIIIIIIIIIHIIIH
| B Y N
(A== == ][]
[l Lo L =]

k J[ = [ = ] o JL = Il ] [Cremt

g &

B
z

& ryMca - McatdvancedFit
Fit of Stack SUM from Channel 0.000 to 2047.000

Functon  McaHypermet [ shortTal [JlongTail [] stepTail

Background | Constant v Escape [ |Pieup [ Strip Back.

GRAPH TABLE CONCENTRATIONS DIAGNOSTICS

Xl X lwe H 4= F] b oA &

Configure

Tools

105 4

1ﬂAL A

e e e

Counts

T T T T T
2 4 6 8 10
Energy

Optons | %{12.28391 5645, 185 |

Fit Again! Print HTML Report | Matrix Spectrum | |Peaks Spectrum Dismiss

T
12

In this example, all the peaks have been identified but:
e The shape of the peaks is not adjusted yet.
e The background is not fitted well.

5.2. REACHING A GOOD FIT

If you already have a configuration file and the fit looks good for your purpose, you can

skip this part.

The quality of the final fit you should reach depends on what quantities you would like to

extract. Keep also in mind that:

e You are working in log scale, and deviations from the data may account for only a few

percent of the total area of the peaks.

o At this step, you are mostly looking for good initial guesses for the batch fitting which

will follow.

e The way to reach a good fit may depend on your sample (i.e. there is no magical recipe

for every situation).

JupyLabBook: User
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5.2.1. FIND THE DETECTOR NOISE
We will determine the detector resolution on a series of individual peaks (ideally more than
one). In this example we will focus on the sub-range between channels 500 and 770.

o Click on Configure and go to the tab FIT. Set the range of channels and click on
Stripping, Short Tail and Step Tail.

Limit fitting region to : First channel :
Include:

Stripping Escape peaks [ File-up peaks Scattering peaks

Short tail [ Long tail Step tail

o Click on OK and Fit again. Here, even if the Cr is not fitted well, the other peaks are
good for determining the resolution.

| B8 PyMca - McaAdvancedFit - [m] x
Fit of Stack SUM from Channel 0.000 to 2047.000
Function Mca Hypermet v Short Tail [] Long Tail Step Tai Configure
Background | Constant ~ Escape [ ] Ple-up Strip Back. Tools
GRAPH  TABLE  CONCEMTRATIONS  DIAGNOSTICS
X Iv x e 85 10 E] M i 3 H =2
104 4
w
a8
S 6x10°
=1
o
4x10°
3x10°
2x10° T T T T T
5.0 5.5 6.0 6.5 1.0 7.5
Energy
Optons  X{4.959 ei7357.497
Fit Again! Print HTML Report | Matrix Spectrum | [Peaks Spectrum Dismiss

e Go to Configure. Click on Load from fit. A window appears, click on OK.

¢ Inthe tab DETECTOR you can see that the detector noise has been updated. Click on
Fixed to fix this value.

PyMca - MCA Fit Parameters ? x
FIT DETECTOR BEAM PEAKS PEAK SHAPE ATTEMUATORS MATRIX CONCEMTRATIONS XRFMC
Detector Composition Si ~
Maximum Mumber of Escape energies 4 5

Fived ale Delta
Spectrometer zero (keV) |-0.00675622 [+1-[0.1 |
Spectrometer gain (kev/ch) 0,00991339 +/-|0.001
Detector noise (keV) 0.117137 +/-|0.05
Fano factor (Si ~ 0,12, Ge ~0.1) 0.114 +/-|0.114
Pile-up Factor O o |+7-|1e-08
[ 1gnore calibration from input data
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» Gotothe tab FIT. Set back the original range of channels.

Limit fitting region to : First channel :
Last channe!:

Include:

Stripping Escape peaks [ Pile-up peaks Scattering peaks

shert tail [ Long tai Step tail

5.2.2. IMPROVING THE FIT QUALITY

e Click on OK and do another fit. Click on Pile-up and check if it improves the fit. If it
does, keep it ticked. If there is an error or no change at all, set up the initial value of the

pile-up factor (Configure/DETECTOR) to 1le-8, not fixed, and fit again.

E PyMca - McaAdvancedFit - O

Fit of Stack SUM from Channel 0.000 to 2047.000
Function | Mca Hypermet shortTail [ Long Tail Step Tail Configure

Background |Constant w Escape Pile-up Sirip Back. Toals

GRAPH TABLE CONCEMTRATIONS DIAGNOSTICS

X v X lee HF 1= F] M o4 & B =
106 4
n 54
= 10
3
=]
o
104 4
T T T T T T
2 4 6 8 10 12
Energy
Options  X{ 1.730755 v 1502994
Fit Again! Print HTML Report | Matrix Spectrum| Pesks Spectrum Dismiss

e In the present example, the fit can be improved in the region of 2-3 keV. Use with
caution, but you can decorrelate the KL peaks from the Cl family and similarly add KL

peaks for S.

Excitation Energy (keV) 12.0000

-] -]
[+ ][] Lo L0 ] Il
[ ][] aRnn (B
18| N ) I | R [
SN Y I | [
80| I [ S T Y| R [N
| N 0 [ |

10 I I | T Y

05N 1 1 5| 5 | S T Y

< e Jle 0 ¢« 0w J e [ e

Reset Reset All
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E PyMca - McaAdvancedFit -

Fit of Stack SUM from Channel 0.000 to 2047.000
Function ~ McaHypermet v ShortTail [] Long Tail Step Tail

Background | Constant v Escape Pile-up Strip Back.

GRAPH TABLE CONCENTRATIONS DIAGNOSTICS

X v X e ke B o4 B

106 4
8 10° 4
c
3
[w]
10* 4 —
10% 41— ‘ ‘ T T T
2 4 6 8 10 12
Energy
Options  |xJ3.53606 v 1092.19
Fit Again! Print HTML Report | |Matrix Spectrum | |Peaks Spectrum Dismiss

e |f you do not expect large variations of the overall intensity of your scan, it is better to
fix the peak parameters (the results will be less noisy). In DETECTOR, fix the Pile-up

Configure

Toals

factor, and in PEAK SHAPE fix Short Tail Area, Short Tail Slope and Step Height.

E PyMeca - MCA Fit Parameters
FIT DETECTOR. BEAM PEAKS PEAK SHAPE ATTENUATORS MATRIX CONCENTRATIONS XRFMC

Detector Composition

Maximum Mumber of Escape energies

Fived valie Delta

Spectrometer zero (keV) -0,00675622 +/-[0.1

Spectrometer gain (keV/ch) 0.00991839 +/-(0.001

Detector noise (kel) 0.117137 +/-|0.05

Fano factor (Si ~ 0.12, Ge ~0.1) 0.114 +{-|0.114

Pile-up Factor [1.073e-09 |+4-[ 108

[ 1gnore calibration from input data

B8 PyMca - MCA Fit Parameters 7 >
FIT DETECTOR  BEAM  PEAKS  PEAKSHAPE  ATTENUATORS  MATRIX  CONCENTRATIONS  XRFMC
Fixed Valse Error
Short Tail Area |0.0338031 | +4-[0.03 |
Short Tail Slope |0.336888 |+4-[0.90 |
Long Tail Area O |o |+4-[0.015 |
Long Tail Slope O |wo |+4-[7.0 |
Step Height |0.00016 1608 | +4-[5e-05 |
Pseudo-Voigt Eta O |o.02 |+4-[0.02 |
5.2.3. SAVE THE CONFIGURATION FILE
Very important, save the configuration file, which will be used for the batch fitting. Click on
Configure/Save.
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6. BATCH FITTING

e Go back to PyMca main window and select Tools/Batch Fitting.
B pyMca - (Main Window]
M File Tools Window Help
i’ | Hide Source

Elements Info
Matenal Transmission

SIRIUS_F Identify Peaks o &y

Specie  Batch Fitting

ile/Grou e R ion Shape Dfype

L ariu RGB Correlator by
v o ROl Imaging Yissionni...
XIA Correct Jent
XMI-MSI
MI-MSIM PyMca 510
Sum Rules Tool 1]
Tomography reconstruction
a 1201 floattd
data_02 Dataset 1201 floattd
data_03 Dataset 1201 floattd

o Browse and select the nexus file (switch the file type to HDF5).
e Select the data set containing the XRF data (see Part 2). Tick the box Signals.

BB select your data set 1 X
File/Group/Dataset Description Shape Dfype *
data_08 Dataset 1200 floattd
data_09 Dataset 1201 floated
data_10 Dataset 1201 floated
data_11 Dataset 1201 floated
data_12 Dataset 1201 x 2043 uint32
data_13 Dataset 1201 float64
data_14 Dataset 1201 float6s
integration_times Dataset 1201 floattd
ensars rel timestamns Natacet 1201 flnatfid ¥
< >
USER
Dataset Axes Signals Monitor Alias
1 data_12 ] 1 data_12
Done

e If you are using the 4-elements detector, click on each data set you want to use and
click their Signals boxes. The analysis will be done on the sum of each element.

¢ Add the configuration file, created in the previous part.

o Select the folder where the results will be stored.

e Tick Generate Report/Overwrite/Table in Report/HDF5/CSV. You can also use several
processors. Then click on Start.

B PyMca batch fitting — m] X

Input File list: C:/Users/Arnaud/Desktop/PyMca/¥RF_data/172/ Browse
SIRIUS Fluo_2021 07_10_0172.nxs

entry:|fscan

=

¥i [scan_datajdata_12

m:

Fit Configuration File: IiarsfArnaudeeskbopryMca{xRFfdataj172/ﬁna\‘cfg ‘ Browse

Output dir: l’naudeeskmpryMcaﬂiRFfdataj172/Rasu|tsfbatd‘| ‘ Browse
Generate .fit Files Generate Peak Images Generate Report (SLOW!)
Table in Repart Extended Table Overwrite
HDF5 [ eoF Dec i
= O r:mcen .a ons
] oaT Multipage [ Diagnostics
[ ROI Fitting Mode RO Width (V): 100 =
Use several processes Number of processes:
Close Start
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7. CHECK THE RESULTS

The results will be saved in various formats. This represents in the end a lot of files, you may
want to delete or compress individual results from the folders FIT and HTML when the fit is
done. If you keep the config file, you will be able to redo the exact same fit later if needed.

Folder FIT
Text files with details for each fit performed (params and curves).

Folder HTML
The file index.html, from which you can check each individual fit with the results displayed as
a Table. Generating the HTML makes the fit VERY slow, and takes a lot of place.

Folder IMAGES
The config file used for your fit, and a csv file with all the results (area of each peak as a
function of the spectrum index). You can use Excel to directly look at the csv file.

FILENAME.h5
A HDFS5 file with the results, that you can open with PyMca (same way you would open a Nexus
file).

PyMca - [Main Window] - u] X
B File Tools Window Help -8 %
=N

[x] MCA SCAN

s @ X vy X, g e 1 "ﬂkm.yf’h'_;'ﬂll,;i' -\,'? ugj}) =]

SIRIUS _Fluo_2021_07_10_0172.h5 “

SpecFie  EdfFle  HDFS
SIRIUS_Fluo_2021 07_10_0172.h5 SIRIUS_Fluo_2021 07 10 0172 Au_L Au_L

File/Group/Dataset Description Shape Dfype
~ SIRIUS_Fluo_2021_07_10_0172h5 NXroot

SIRIUS_Fluo_2021_07_10_0172 NXentry 72000

70000

68000
—'I
Ed
AUTO USER. 66000 4
Dataset Axes Signals Monitor Alias 2
1 ArK O O O ArK 64000 -
2 akeos [0 0O 0O ArK_errors
3 Au_L ] I:l AuL
4 mlemos [ O O Au_l_errors 62000
5 Au_M o 0o o AuM r T ¥ T -
O 0 O 200 400 600 800 1000

6 Au_M_erors Au_M_errors Point number
7 ake O 0O O ClKa
8 ClKaerors [1 [ O €l Ka_errors o e Rprerery |
a 1k I -] [l C1¥h e

Scan Window Info & x
[ Auto oFF Auto ADD [ uto REPLACE Source:{C:/Users/Amaud Desktop/PyMcaXRF_data/172/Results_batch/SIRIUS_Fiuo_2021_07_10_0172.h5
[Jaon [Jxon [[] Force Mca

Scan: | L H K: | == (S

ADD REMOVE REPLACE peak: [71544.42 atle4 com: [ss8.2307 Mean: 61317, 12 so: [15872.7
Fuhm: [109.2195 at:52.97488 Max: [71945.42 [mn: [0 Defta: [71944.42
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8. ANOTHER EXAMPLE

8.1. PARAMETERS

We describe another example, which requires a bit more work to reach a good fit. The main
difficulty here is the large Compton foot that might be due to the geometry of the experiment,
or to a fluorescence intensity too high for the acquisition card (ratio ICR/OCR > 1).

Counts

We manage to get a reasonable fit of the scattering peaks by setting the angle of the detector
to 108 deg. We still see that the escape peak of the Compton foot around 6 keV is not fitted
well, and no elemental peak should be extracted from this part of the curve.

Here are the parameters used. We split the two K lines of S to improve the quality of the fit,

with minor impact on the final result.

Limit fitting region to :

First channef : |180

Last channel :
Include:
Stripping Escape peaks [ pile-up peaks Scattering peaks
Short tail [ Long tai Step tail
Fixed Value Delts
Spectrometer zero (keV) -0.00944311 +/-[0.1
Spectrometer gain (kev)ch) 0.00993304 +/-|0.001
Detector noise (keV) 0. 104389 +/-|0.05
Fano factor (Si ~0.12, Ge ~0.1) 0.114 +/-[0.114
Pile-up Factor O J|oo +/-|1e-08
[ 1anore calibration from input data
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i Excitation Energy (keV) 8.0000
j x HN.,HMGHTC HRUH%HMHAQHWHm‘ &n HM%H : Hx‘
; HfHTa HW HRHDHI HptHMHHQHn‘ b HB HPBHMHRH‘
| RfHDbHsQHBhHHsHm‘
;
K [ = ][ » [ [ w ][ e [ s ] w | Reset Reset All
Fived Value Error

Short Tail Area 0.234373 +/-|0.03

Short Tail Slope 0.129676 +/-|0.49

Long Tail Area O Joo +/-|0.015

Long Tail Slope O |0 +/-17.0

Step Height 0.000132776 +/-|5e-05

Pseudo-Voigt Eta O ooz +/-|0.02

8.2. RESULTS

Here is, for example, the result on the S Ka line obtained after batch fitting.

B pyMca - [Main Window]

File Tools Window Help

TS

SIRIUS_Fluo_2021_04_16_016LhS v
Specrle  Edffle  HDFS

Q

® 0O

File/Group/Dataset Description  Shape Dfype

MCA  SCAN

X v X Jue bou B e Mo ¥ fu NG o CR-K4

SIRIUS_Fluo_2021_04_16_0161.h5 SIRIUS_Fluo_2021_04_16_0161 S Ka S_Ka

~ SIRIUS_Fluo_2021.04_16_0161.h3 MNXroot
SIRIUS_Fluo_2021_04_16_0161 NXentry 5000
4000
g‘ 3000 1
("]
MO USER
Dataset Axes Signals Monitor Alias L 20001
7 Fe_K O O O Fe_K
8 fekes [0 O 0O Fe_K_errors
1000
9 SkKe 0 m] 5Ka
0 SKeerors [ [ O S_Ka_errors
1 5.Kb S_kb v y v
- EENE 8 - 0 20 40 60 80 100
12 skeeos [0 O O 5 Kb_errors Point Number
13 Scatter Compt.. [1 [ O Scatter_Compt...
14 Scatter Compt.. (1 [ ] Scatter Compt... e Mg vlszs 693 |
15 Seattar Dastnon [ T Sesthar DaalO0 v
Scan Window Info x
[ auto o [0 Auto A0D £ Auto REPLACE Source:|C:/Users/Arnaud/Desktop PyMca/XRF data/ 161 Results_batch/SIRIUS Fuo_2021_04_16_0161h5
Ooon O»on (] Force McA
sean | I
00 REMOVE REPLACE Peak: [5357.475 at{4 com: 3106386 |Mean: 1899.177 |st: [1500.278
Fuhm: |27, 16582 | at4s. 721 Max: [5357.475 |vin: [338.7528 |petta: [5017.723
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8.3. OPTIONAL: REMOVING THE SCATTERING PEAKS

PyMca explicitly does not aim at fitting well the scattering peaks, especially when they have
this shape. The best in such a case is to restrain the range of the fit to exclude these peaks.
Keeping bad fitted scattering peaks may affect the fit of other peaks as well.

The time-evolution of the elastic peak can be later obtained via a ROl summation, if it is needed
for rescaling the peak areas afterwhile, for example.
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