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Outline

Context :
CEA-LIONS
Small Angle X-Rays Scattering
SAXS at LIONS
SAXS data treatment
Python

What is pySAXS ?

User Interface : GUISAXS
plots
data treatment
fitting by models
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SAXS at LIONS 3 experimentals setups

USAXS ultra small angles
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SAXS Data treatment : what we have to do

1- for Images : data reduction
Using ImageJ (Java !) a software that manage images (with ROI, LUT)

With geometrical corrections ©

1- for USAXS (1D) : deconvolution (beam is not perfect)
With specific code

2- scaling in absolute intensities (taking in acount experimental parameters) ol
Very important if we want to compare datas from others experiments (synchrotron) N
We can calculate Form factor and Structure Factor N\
3- merging datas and substract background or solvant (ie water)
Merging datas with different scales (qrange or dq)

0.01

4- compare with predefined models
minimization for finding sample parameters
Home made models
or with source code we can check...

100

10 A

Paroi simple

iy

5- non automatic data processing for calculating form factor,

structure,...
With source code optimized and tested

—> Home made software = PySAXS o - I : i
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Other softwares ?

Other SAXS data treatment softwares :
— Sasfit : for neutron, C language
— SOLEIL : foxtrot (integrated with the hardware)
— lgor routines (not free, code source)
— Matlab routines (not free, code source)
— BioXtas (python with a similar wxPython GUI)
— Glatter (not free, code source)

With python, researchers can validate and modify the
source code

With GuiSAXS, standard users can analyze easily datas
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Python ?

e Langage de programmation « simple » qui permet de se concentrer sur
I"application scientifique et pas la syntaxe

e Python a été concu pour étre un langage lisible. Il vise a étre visuellement
épuré. L'indentation est obligatoire.

e Orienté Objet, donc évolué

e modulaire, donc évolutif

e Utilisation dans de nombreux contextes

e Interface avec d’autres langages (Fortran, C,...)

e Portable (utilisable sous unix, mac, windows,...)

e Interfacage avec de nombreuses librairies graphiques
e Nombreuses librairies scientifiques

e (Open Source et gratuit

e Utilisation en lignhe de commande, ou en « programme »
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Utilisation de Python

1- Interpréteur Python 2- Exécution dans l'interpréteur

ﬁ?ﬁ a j test. py - C:\Python 24\Lib\site-packages\Gnuplot\test. py
File Edt Format BEGN Options  windows Help
Python 2.5.4 (r254:67916, Dec 23 2008, 15:10:54) [MSC v.1310 32 hit (Intel)] on - #1 Jusribin/ =]
wini2 Pythan Shell
Type "copyright®, "credits” or "license()" for more information. #91d: vest.| o atex D 22:33:00 mhagser Exp §
AR R AR R R AR AR AR A A AR AR AR R AR AR AR AR AR AR R AR # Copyrighe | FunModde PS5 L Haggerty <mhagusrBalum.mit.sdu>
Personal firewall software may warn about the connection IDLE
makes to its subprocess using this computer's internal loophack # This file is licensed under the GNU Lesser General Public License B
interface. This connection is not visible on any external # (LGPL). See LICENSE.txt for details.

interface and no data is sent to or received from the Interner.
B e PRy wntEest.py -— Exercise the Gnuplot.py moduls.
IDLE 1.2.4
B

This module is not mesnt to be a flashy demonstration; rather it is a
thorough test of many corbinations of Gnuplot.py features.

Command Prompt - python _|= J _ cvs version = 'jRevision: z.34 §'

DLL_‘ 0s, time, math, tempfile
Doc Numeric

iq;:]lude Humeric Newhxis

il

ihs
LICGENSE.txt

NEWS.txt Gnuplot, Gnuplot.PlotItems, Gnuplot.funcutils
PyTango—wininst.log

python.exe ImportError:
ﬂﬁssﬁﬁ‘ exe # kludge in case Gnuplot hasn't been installed as a module yet:
txt t.
RemovePyTango .exe i
<REP> H Gnuplot = _ init
<REP> PlotItems
11:88 <REP> =
3122008 4 6B8 wIxpopen.exe Gnupl\]t;PlDtItTms PlotItems
8 fichierd{s> 336 252 octets uncutils
1@ Rép<s> 1085 963 B53 B56 octets libres Gnuplot.funcutils = funcutils
IC :“\Python25>pytho
Python 2.5.4 (1254 67916, Dec 23 2808, 15:18:54> [MSC v.1318 32 bit {Intel>] on
in32 wait (str=None, prompt='Fress return to show results... \n'):
ggga “help". “copyright'. "credits" or “license' for more information. str Mone:
str

raw_input (prompt)

Lr: 12|Col: 4 Lr: 24|Cal: 0

3- Exécution « directe » (dos, linux)

lgnuplot> set terminal windows
lgnuplot> set title "A simple example
gnuplot> set data style linespoints

gnuplot> plot ' c:vdocume™ Ntacheslocals™istempstmp-mkuwf’ notitle
Plecase press return to continue. ..

Python.exe monprogramme.py
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Python scientifique: Les tracés avec Matplot

Figure 1

Gnuplot Matplotlib

Scipy

Numpy

import pylab

from numpy import *
x=arange(-1.0,1,0.1)
y=x*x

fig=pylab. figure ()
axes=fig.gca()

axes.plot(x, y, linewidth=1.0)

fig.show ()

0.0
=1.0

05 0.0 0.5 1.0

D O[Q[+| B\ |
retrouver un environnement de
developpement interactif similaire a
ceux de MATLAB ou IDL

(=) Olivier Taché / 22 novembre 2011

LiGHs



Python scientifique :Distribution Python(x,y)

¥ oo Pierre Raybaut (CEA/ DAM)

Python(x,y) est une distribution Python a l'usage des scientifiques
Cing fonctionnalités principales:

1. rassembler des bibliotheques Python et des environnements de
développement complets adaptés a un usage scientifique

2. rassembler presque toute la documentation gratuite disponible sur ces
librairies et outils ;

3. proposer un guide de démarrage en Python / Eclipse / Qt ;

4. configurer Eclipse pour qu'il soit prét pour développer en Python, et
modifier quelgues parametres Windows (tels que les associations de
fichier, I'intégration dans I'explorateur Windows, etc.) ;

5. proposer un installeur tout-en-un, afin que l'utilisateur puisse installer
ou désinstaller ces outils et fonctionnalités en un seul clic de souris.
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Installation python xy

E Installation de Python(xy) 2650 :"-

o

* python(x.y)

Choisissez les composants

Choisissez les composants de Python(x,y) 2.6.5.0 que vous

souhaitez installer.

Type d'installation :

Ou, sélectionnez les
composants optionnels que
vous voulez installer :

Espace requis : 725.8Mo

Python(x,y), the Python Distribution made by

[Persomaksée v l

cientists For Sci

Cochez les composants que vous désirez installer et décochez ceux que vous ne désirez pas
installer, Cliquez sur Suivant pour continuer.

ks

[ <Précédent |

-Suivant>] [ Annuer |

ﬂinstauatién de Python(xy) 2650 " E=HEES
P e—

e

* python(x.y)

Choisissez les composants
Choisissez les composants de Python(x,y) 2.6.5.0 que vous
souhaitez installer.

Type d'installation :

Qu, sélectionnez les
composants optionnels que
vous voulez installer :

Espace requis : 725.8Mo

v), the Python Distribution made by Scientists for Scientists

Cochez les composants que vous désirez installer et décochez ceux que vous ne désirez pas
installer, Cliquez sur Suivant pour continuer.

-[¥] spyder 1.0.3
formlayout 1

i = 5
< 1 »

[ <Précédent || suivant> | | Annuler

(=) Olivier Taché / 22 novembre 2011
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Installation pySAXS

* A partir du fichier zip (windows ou linux):
— Décompresser le fichier zip

— Lancer une fenétre dos :
* Dans windows 7 : executer , taper cmd
* Aller dans le dossier de décompression

— Taper Python setup.py 1nstall
e |nstalleur Windows

Le raccourci est dans C:\Python26\Lib\site-packages\pySAXS
startGUISAXS

(&) Olivier Taché / 22 novembre 2011 11 L[;le



Arborescence de pySAXS

| : < Divers documents
- Interface graphique
S models G = Cceur de pySAXS, notamment Lsca.py
a _inat_.py\ Donnees
| ABOUT bt OU'[I|S
.| LICENSE.txt
|| MANIFEST
| 2| MAMIFEST.in

|| PKG-INFO

=y / Lanceur rapide de GUiSAXS

0 startGuiSAXS. py
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What is PySaxs ?

LS (LIONS Saxs) :
A special effort for a compilation of useful functions in Python

calculating different form factors or structure factors :

[ R

Fl(g,E}:

This function returns & scattering amplitnds of &

lef Pli{g,R):

This function returns the form factor of
FFFF PP

41}
[1y]
8
o
1]
H
]
8]
r
B
3
.
[
]

if mumpy.min (R)<=0.0:
sya.stderr.write( 'can not compute for nul or ne
return 1.0

return Fl{g,R)*Fl{g,R)

Gives intensities (q range, parameters)

»  For absolute intensities (scaling) processing

— Can be used by researcher ‘own’ routines

radins R for g
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PySaxs Models

Librairies of models:
* based on a Class model,
* using combination of Form factors and structures factors (LS)

What is a model ?
* |(qg) function depending of parameters

* list of parameters with description, defaults values, name of authors
*  Fitting functions based on scipy.optimize (simple with optimize.leastsq

or with bounds : optimize.fmin_tnc)

Offering simple usage for fit :

from pySAXS.models import MonoSphere
sphere=MonoSphere ()

y=array of experimentals datas
res=sphere.fit(y)

How ?
1. Aclass model
2. And a mymodel.py file in the model directory

Warning :
* Computation time
* Specifics models

(&) Olivier Taché / 22 novembre 2011

List of availables models
(november 2011) :

Capsule

Core Shell Particle

Core-shell cylinder

Cube

Cylinder with six levels

Gaussian

Mane Cylinder

Mano Ellipse

Multi: Doublet of identical spheres
Multi: Tetrahedra of identical spheres
Multi: Triplet of identical spheres
Parallelepiped

Porod

Porod with curvature correction
Spheres Monodisperse

Spheres poly-Gauss analytique

Lidas



“clazs MonoSphere (Model) :

rrr

class monoSphere from LSSca

by OT 10/06/2009

rrr

= def MonoSphereFuncotion (s=1f, q,par):
a e
g array of g (&-1)
pEr[0] radius of the sphers [(4)
par[l] scattering length density of sphers (gm-2)
par[2] scattering length density of outside (gm-2)
par[3] concentration of sphers {cm—3
e
if len(par) !=4:
gyes.stderr.wWwrite ("This function reguirss & 1ist of 4 parametsrs"™)
return -1.
return par[3]*(par[l]-par[2])}**2.*getV(par[0]) *gectV (par[0])*1e-48%P1 (g, par[0])
2 #sys.stde::.w:ite(Egaipa:[ﬂ]jj
#return Pl (g,pac[C])

[ rrr
parameters definition
Model (0, MonoSphere,Qlogspace (1e-4,1.,.500.) , ([250.0,2211,1210,1.5215]) ,
{"radius (A4)","scattering length density of sphers (gm-2)","scattering length density ¢
L (MEFM, M2 3=, M2 327,721, 32"), (Trus, Trus,Falss,Falss)),
from LSsca
rrr

IntensityFunc=MonoSphereFunction #function

H=0

g=Qlogspace (le—-4,1.,500.) g range (x scale)
Arg=[250.0,2ell,1el0,1.5e15] #list of defaults parameters
Format=["if", "%1.3=","%1. 32", "21.32"] fli=t of c format
istofit=[True,True,Fal=se, Fal=e #liszt of boolean for fitting
name="Spheres Monodispsrss" fname of the model

Doc=["radius {&4)",\
"scattering length density of sphers (cm-2)",\

"scattering length density of outside (gm-2)",\
"number concentration {cm-3) "] #li=t of description for parameters

(=) Olivier Taché /
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PySAXS Graphic User interface

A graphic user interface : GUiSAXS
no satisfaisant interface for data treatment and data manipulation

* import data from experiments (text file)

* scaling

* compare

* substraction or manipulation datas with different scales
* correct plotting tool (log scale)

* - gnuplot and matplotlib

* modeling

* informations about data treatment

Using wxPython :
Not a real choice
Works on windows and linux
No IDE : all the code is made by « hand »
—as much as possible : generic dialog boxes

(&) Olivier Taché / 22 novembre 2011



GUISAXS

File Edit Datatreatrnent Compute Gnuplot Tools Help File Plot Help
Data set :
C(3-2011-06-20-DKNC-1800s_TIFF.rgr |
v | CG5-2011-06-20-DKMNC-1800s_TIFF.rar scaled
C(3-2011-06-20-4M400-1800s_TIFF.rar | 103 : :
6 20150020 NMA0.3008 THE rer scaled —  CG-2011-06-20-NM400-300s_TIFF.rgr scaled
v| CG-2011-06-20-MM400-300s_TIFF.rgr scaled | — CG-2011-06-20-DKNC-1800s TIFF.rgr scaled
CG-2011-06-204upolen-1800s_TIFF.rar e _ O0F-200- -
7] G5 2011.06 20 kypolen £500s,_TIFFsgr scaded . | , CG-2011-06-20-lupolen-1800s_TIFF.rgr scaled
G-2011-06-20-tetradecancl-1800s_TIFFrar [~ L|St Of datas 10° F CG-2011-06-20-NM400-1800s_TIFF.rgr scaled 4
wdata ;
refgrence 6.0 :
refergnce 6.0 model . .
refereice 6.0 model model . Plots with matplotlily
| _
- 10°} 5
Data set Informations \ We Can Cnoose WICh
infos...
on datas are plotted
| 107 | —
Informations : 2 .
Welcome to GUISAXS P 107 o E
Informations about data treatment 103
10 10*
| ) q (A-1) ,

(&) Olivier Taché / 22 novembre 2011 17 l%s



GUISAXS

A matplotlib frame with a menu
where you can :

Add a grid

Change legend and title
Set the line format

Set the axes scales
Save as picture

Colors are automatics,

It is not possible to change them
Can be improved

OR you can use gnuplot windows

(=) Olivier Taché / 22 novembre 2011

File Help

Grid 8
Legend and title 3
Line format 3
T
Axes ¢ Autoscale _06-20-NM400-300s_TIFE.rgr scaled
VA= b Eetiliange -06-20-DKNC-1800s_TIFF.rgr scaled
Set ¥ range -06-20-lupolen-1800s_TIFF.rgr scaled
102 N xLin-xLin -06-20-NM400-1800s TIFF.rgr scaled - H
xLog-ylog :
E— #Log-yLin
#Lin-ylog
10t
107
10°
10°

10!




GUiSAXS : data

QASIS2ZMALIONS\SAXS data\waxs\momachN M400x.dst

Datz
infos

on

datz

Select all

UnSelect all

Refresh
Rename
Remawve

Duplicate

Clip Q) range
Scale Q range
Concatenate
Derivate
Smooth

Find peaks
Interpolate
Calculator
Statistics

Generate Moise

Add a reference value

File Data treatment Compute Gnuplot  Tool

Ctrl-A

Delete
Ctrl-C

|m= 25|

B | pySaxs Calculator E=1

Data set :

Variables
i0=CG-2011-06-20-MM400-300s_TIFF.rar scaled
i1=CG-2011-06-204upolen-1800s_TIFF.rar scaled
i2=CG-2011-06-20-DKMNC-1800s_TIFF.rar scaled
i3=CG-2011-06-20-NM400-1800s_TIFF.rgr scaled

Formula :
0 1]
Mew data name :

newdata

APPLY
| cance |

CAMCEL

(&) Olivier Taché / 22 novembre 2011

manipulation

Refresh : reload datas from file
Rename

Remove datas from list
Duplicate

Clip q range

Scale : change scale (g*10)

Concatenate

Derivate

Smooth datas

Find peaks

Interpolate (add points)

Calculator :
open a dialog box and let the user specify a
formula for data manipulations

Statistics

Generate noise on datas

Add a reference value : to compare with a flat datas

19 m:%ﬂg



GuiSAXS : data scaling

G 1
gp.dt AQ’

1(9) =

D |

e Cj is the number of counts detected on pixel ij during dt with
background substracted
o & IS the transmitted flux (photons/s) by the sample
¢0: ¢|ncident T.K
T is the transmission of the sample
K is the detector quantum efficiency
K=t
T2
171, Is the detector quantum efficiency for the counts C;;

n,, 1S the detector quantum efficiency when measuring the
incident beam.
e  AQisthe solid angle covered by one pixel seen from the center of
the sample.

2

AQ= 2
p is the pixel size and D the sample to detector distance

° e is the thickness of the sample (cm)

Intensity=(n-background)/ (time * DeltaOmega * Transmission *
Thickness * Flux * K)

— Absolute intensities are independant from

experiment

(=) Olivier Taché / 22 novembre 2011

&) SAXS Scaling L= |-
Parameters
[EC 0 I = v s ymomac\param_momac lupolen.par
Wavelength (A) : 0.709
Detector to sample distance {cm):  72.7
Pisel size (cm) @ 0.01
qby pixel (-1ifnotused):  -1.0
Exposition time (s) 1 3600.0
Background by second @ 0.0002
Background by pixel : 5.915
Total background (B by pixel +B by s *time):  6.635
Comment : 0.0
IncidentFlux:  4.94
Transmitted Flux :  3.61
Transmission : 0.730759230769
Thickness: 1.0
Delta Omega : 1.86628445161e-08
K constant : 14600000.0
Total Flux = Incident Flux =& (ph/s) :  72124000.0
Scaling
H Scaling Q range
Scaling I range
Data to apply scaling :
Data to apply scaling :
CG-2011-06-20-DKNC-1800s_TIFF.rgr
Select data for background :
Select data for background :
™
Close




Data substraction

.
@) pySAXS datas ESREERT=X

File Plot Help

Data for 1mm and 2 mm
thickness of water T}

1 UD T T T T T T

: : — 0OT-2010-02-12-eaul-3600s_raw2000.rgr scaled
— reference 0.016
— OT-2010-02-12-eau2-3600s_raw2000.rgr scaled

newdata

Substraction |
(gives 1mm of water) .

Reference (calculated value)

)

Data processing is done
by using interpolation of datas |

10'2 ............................................................................................... —
With propagation of
measurement’s errors
r | | | | |
| 3 : : : : : :
| 10 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

g (A-1)

- How could we do that in excel ?
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Fitting with models

Models integrated automatically in the menu

-
@) S:\MoMac\datas waxs\immo.dst —l @ pySaxs
File Edit Datatreatment [Compu‘te] Gnuplot Tools Help File Plot
Data set : Invariant i
b 023 s0USE, B Models b Core Shell Particle
v 025M-SAXS. bt _ o
W | IM-SAXS, bt DC- Shells: serni-gaussian distribution
¥ Imo1ICSM - CV Gt
v Imo25-CV

ot-2009-04-09-ICSM-capvide-10800s_tif.rar
ot-2009-04-09-1C5M-capvide-10800s_tif.rgr scaled
ot-2009-04-09-1C5M-gaelle 4mn-10800s_tif.rgr
ot-2009-04-09-1C5M-gaelle8mn-10800s_tif.rgr
ot-2009-04-09-IC5M-ima 1m-10800s _tif.rgr
ot-2009-04-09-1C5M-ima 1m-10800s_tif.rar scaled
ot-2009-04-09-ICSM-mo 25m-10800s_tif.rar
ot-2009-04-09-1C5M-ima 25m-10800s _tif.rgr scaled
ot-2009-04-09-me 1m-1800_tif.rgr

Data set Informations :
infos...

an

dataset

Imogolite Double Wall 5i/Ge
Imogoelite Single Wall 5i/Ge
Meono Cylinder

Mono Ellipse

Multilayer Cylinder

Porod

Porod Curved

Porod Layer

Spheres : Semni-Gaussian distribution ]
Spheres Monodisperse
Spheres poly-Gauss
Spheres poly-Gauss analytique ]
Spray Dried Grain

TEEET
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Fitting with models

@) Parameter for Imogolite Single Wall Si/Ge

@) pySAXS datas

File Plot Help

10°

101

107 F

Wuthor : Antoine Thill

Chi carre : 3419036.97777
Model parameters :

|Pescription Imodolite single wall variable thickness

Parameter Value

Si or Ge concentration (mol/fl) : 1.336e-01
Sior Ge in tube drcumference 2.016e+401
ratio of Siin the wall : 0.0002+00
[ Wall thickness (&) : 6.000e-+00
imogolite tube length (A) : 4,099 +02

Fit ] l Fit with bounds

101 Lo

200 e NN

Y type :

Fit? Min Max

[¥]fit 0.0002 +00 0.133605508231
fit 0.000e+00 55,0

Ol fit 0.000=+00 0.0002 +00
Ot 0.000e+00 1,200e+01

fit 0.000e+00 500.0

— Imol ICSM - CV model

— Imol ICSM - CV
— Imo25-CV
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= .

g (A-1)




Other functionalities :

e Datas saved as txt

* Datas saved by group (dataset) in xml

file
* Keeping measurements error bar

e X-Ray contrasts dialog box : for
calcutating transmission of sample

depending on composition and x-ray

energy

* PySAXS is given to users

* Easy Installation on Windows with
PythonXY

(&) Olivier Taché / 22 novembre 2011

@) X-Ray contrasts e
= 8.03 kev \EI 1M »
e —— e oo e Jre)
e o EYEEAEREN EY
e (o[ o m] e 1 o] o [ e o

uuu

BEan
Active Formula =

Symbole = Compound Mu_en/rho = 0.00000 (cm2/g)
Mame =

Atomic number = Density = 1.00 (gfem3)
Atomic weight = Electronic density = 0.00000e+00 {(1/cm3)
Fiemim= Scattering length density = 0,00000e +00 (1fcm2)
‘ Add H Remave H Remove Al | Thickness = 0.1 el
X-ray trans =
Ok

Datas from MIST X-Ray absorption tables

24 uf%ﬂg



Improvements

* Basic models
* |dentify specific models

 Xml format for dataset (list of datas) :
— Keep definition of parameters
— Linux and windows compatible

— Linux distribution

(&) Olivier Taché / 22 novembre 2011
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