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. Tutorial: SAXS data reduction and analysis

M. Sztucki

ESRF
the European Synchrotron
Grenoble (France)

SAXS-WAXS
USAXS

-

ID2 =resoilen
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> |ID02 data and metadata concept
> understanding of the data formats (EDF, HDF5)

> detector dependent corrections (non-linearity, dark current, flat field,
spatial distortion, etc.) as well as the normalisation to an absolute
intensity scale and the azimuthal integration to obtain one dimensional
SAXS profiles

> data reduction schemes
+ SPD (saxs programs)
+ DAHU (PyFAl)

> SAXSutilities
+ 1D, 2D visualization
+ 1D, 2D data reduction

> More advanced features include direct modelling (standard models in
small-angle scattering)
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. ID02 data and metadata concept

" SAXS-WAXS )
SAXS, WAXS and USAXS USAXS

-

ID2=2005
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. ID02 data and metadata concept
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ID02 data and metadata concept
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{

EDF DataBlockID = 1.Image.FPad ;
EDF Binary3ize = 1440254 ;

EDF HeaderSize = 8192 ;
Bytelrder = LowByteFirat »
DataType = FloatValue ;

Dim 1 = 1000 ;

Dim 2 = 360 ;
Durmy = -10 ;
Dhummy = 0.1 ;

Offsec_ 1 =10 ;

Offzec_ 2 =0 ;

History-1 = ""C:\\Program Files (x2&)\\SAXSutilitis
C:wiData\\5A2X5utilities_Testdata‘\‘\h5/og22 saxs

HeaderID = EH:000001:000000:000000 ;

Compression = None ;

Image = 1 ;

SaxsDataVersion = 2.40 ;

Size = 1440256 ;

}

VIR VTR VTR TR TR TR TR VTR VTR VTR VTR TR T
VTR VTR TR TR TR THA T THA TR THA  THA T
VIR VTR VTR VTR TR TR Y TR VTR VTR VTR TR T

The European Synchrotron



. ID02 data and metadata concept
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. ID02 data and metadata concept

data.h5
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. understanding of the data formats (EDF, HDF5)

http://lwww.esrf.fr/files/live/sites/www/files/Instrumentation/software/data-
analysis/OurSoftware/SAXS/SX parametrization-ref-short_20130125.pdf

PETER BOESECKE SX parametrization-ref-short 20130125.doc 2013-01-25

Peter Boesecke
ESRF
38043 GRENOBLE cedex 9
FRANCE
Tel +33 4 7688 2400

Email: boesecke@esrf.fr

Contents

SX-Description of Small- and Wide-Angle Scatfering

L8]

Basic Geometry (concept)
Prerequisites and Desired Properties
Conventions

Basic Small Angle Scattering Geometry
Geometrical Standard Parameters
Configuration
Basic Parameters for Rastered Detectors
Basic SAS Parameters

Basic Wide Angle Scattering Geometry
Geometrical Standard Parameters
Configuration
Basic WAS Parameters

=T R - - R - I e

—

Misalignments and GISAS Geometry. 10

Extensions and Generalizations 14
Page 9 Users Me General Description of the Object Translation and Rotation 14
Sample Translation and Rotation 14
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. understanding of the data formats (EDF, HDF5)

SX General Parameters

e Dim I, Dim 2,...(Dim_1 default is 0, all others are 1)
®  RasterOrientation (1 to 8 possible, 9-16 for compatibility, needs to be tested, default 1)

SX Image Parameters

o  Offset I, Offset 2, ... (default: 0)
® BSize I, BSize 2, ... (default: 1)

SX Scattering Parameters
e PSize 1, PSize 2, ... (no default) [m]

e (Center I, Center 2, ...(PoNI in image reference system including offsets, no default)
e  SampleDistance (no default) [m]
*  WaveLength (no default) [m]

*  DetectorRotation 1. DetectorRotation 2, DetectorRotation 3, ... (default: 0) [rad]

Additional SX Scattering Parameters

e  ProjectionType (Saxs|Waxs, default: Saxs: distances proportional to tan(23))
e  AxisType 1, AxisType 2. ...(Distance, Angle, Numerator, default: Distance)

SX Intensity Calibration and Normalization Parameters
e ntensity0 (no default), Intensityvl (Intensity()
*  NormalizationFactor (default 1)
o  SampleThickness (no default)
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. understanding of the data formats (EDF, HDF5)

Lo : :
2 EDF_DataBlockID = 1.Image.Psd ; special case ehf/edf files
EDF Binary3ize = 1440254 ;

EDF_HeaderSize = 8192 ;

Bytelrder = LowByteFirst ;

DataTlype = FloatValue ;

Dim 1 = 1000

Dim 2 = 360 »

9 Dummy = -10 ;

10 Dlummy = 0.1 ;

I = T s BT O

11 Qffset 1 =10 ; Peter Boesecke SaxsKeywords.doc 2013-01-25
12 Offset 2 =0 ;
13 History-1 = ""Ci\\Program Files (x8&)“\SAXSuti

C:\\Data\\SAXSutilities Testdata\\h5/og22_ Keywords for SAXS Data in EDF Files

4  HeaderID = EH:000001:000000:000000 »
15 Compression = None ;
5 Image = 1 ; EDF DataFormatVersion = 2.42
17 SaxsDataVersion = 2.40 ;
- Slze = 1440236 5 PeterBoesecke—
9 ’ ‘

- . - .

210 Keywords for SAXS Data in ED“

. = df

21 EDF_DataForgat Vgl . ‘ ___________________________________
w N e_ -

—

22 s "a 1

23 - e‘\_ada - 6

24 - . \e m -

- - S\b - 6

B e ces - !

26 VTHRVTHERVTHR VTR TR TR g . ao - - Types of Header Values .
VIR THA VTR TR VT HA T aS\\\] . s Val .
1?+ii?+il?+ii?+il?+ii?l e - il e T

|
http://www.esrf.fr/files/live/sites/www/files/Instrumentation/software/data-

analysis/OurSoftware/SAXS/SaxsKeywords-V2.459P2.033E2.229.pdf
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. understanding of the data formats (EDF, HDF5)
I-TThe HDF Group

https://www.hdfgroup.org

data.h5

http://www.nexusformat.org

_@Nxmstrument— NXsource
counts[lOO]

—@Nxdetector { . gas_pressure[100]
two _theta[100]

NXmonochro mator

— @ NXdata | counts[100]
two_theta[100]
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. understanding of the data formats (EDF, HDF5)
I
ESRE NeXus files Ne v 4 u S

NXroot top level, one per file
NXentry one group per measurement
NXinstrument only one per NXentry E 5755 sars 0555 TanTE]

NXdetector .

NXdata one Nxdata group per plot o
measurement (@NXCO”eCtIOn) flattened view of everything 5 E 0o-ravonhecare 1
measured - only one per NXentry

o= [C) acquisition

& | 0922 saxs_04338 norm.h5

# [@enn_0000

o= [C) detector_information

o= [Z) image_operation

_ a8 PyFAl
NXprocess for analysis i N :
date end_time
Li_ @ process_norm | 9 ﬁ measurement |
MCS
=Q ? id02-rayonixhs-saxs
o Z4 TFG

i data s
o~ (24 id02-rayonixhs-saxs o= C) parameters |

& € parameters start_time
B title

processing_type
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. understanding of the data formats (EDF, HDF5)

Bl cg22 saxs_04338 rawhs |

“ N
raw data (*_raw.h5) [NXdata]: a‘gﬁi‘g’w"xs + [@entry 0000 ]
lentry_0000/measurement/id02-XXXX/data o

- ?ﬁidﬂz—raynnixhs—saxs |
raw metadata (*_raw.h5) ID2=TINE > £) acquisition
lentry_0000/measurement/id02-XXXX/parameters J ERESOLVED)
raw metadata (* _scalers * raw.h5)

Jentry 0000/id02/MCS - = o= [_) detector_information
/entry_0000/id02/TFG o~ L) image_operation
/entry _0000/id02/parameters end_time

? ﬁ measurement |

-l idlZ-rayonixhs-saxs

processed data [NXdata]:
lentry_0000/PyFAl/process_XXXX/data
lentry_0000/PyFAl/process_XXXX/q
/entry_0000/PyFAl/process XXXX/t

processed metadata:

/entry_0000/PyFAl/process XXXX/parameters

/entry _0000/PyFAl/process  XXXX/MCS .

Jentry_0000/PyFAl/process XXXX/TFG Ca\\(\g R
1\0 -

o= 24 idD2-rayonixhs-saxs

o= ) parameters
e t

processing_type
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. (online) data reduction

(" SAXS-WAXS )
USAXS

Wrie

=T IME
\ID2 :_RESOLVED/

(A) detector specific corrections
(B) scattering specific corrections

(C) sample and beam specific corrections
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. (A) detector specific corrections

CCD raw image [ADU] iraw
CCD dark image [ADU] Liark
Flat field image [photons/ADU] f2 (corrected for distortion)

identical exposure times

1. Dark image subtraction [ADU] I =1

raw ldark

2. Spatial distortion correction [ADU] [, = SPD (1 1)
3. Division by flatfield [photons] i3 = il / f2

*Subtraction and division are done pixel by pixel
*The spatial distortion correction consists of a horizontal and vertical
displacement of each pixel
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. (B) scattering specific corrections

4. Normalization to 10 [photons] and A
: : ) inclined
conversion to scattering cross section [1/sterad]
surface
—
# Photons : 2
( 1 j oo _ scattered 0 : l s 13 ) Lp . Lp
o0Q . & :
A # Photons,, iSE i e
. \ J
shortest sample to detector distance L, oy
sample to pixel distance Lp 1/AQ
pixel size P> P>

(see Bosecke, Diat, J. Appl. Cryst. (1997). 30, 867-871
and Narayanan, Diat, Bosecke, NIM A 467-468 (2001) 1005-1009)

X q

PoNI (Point of Normal Incidence, center)

# i h Olonsscattered
sterad

# Photons,,

primary
beam I
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. (C) sample and beam specific corrections

5. Normalization to transmission and : 1?1
scattering volume, e.g. thin film: = ol ol U
T=I1/10, d: sample thickness gl

6. Polarization correction (WAXS)

7. Reciprocal space mapping (WAXS)
(Ewald sphere projections in reciprocal
space, sample orientation required)

8. Azimuthal averaging
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(C) sample and beam specific corrections

WAXS projection

pixel

XS projection”

X 25

1d sphere
o =
# =
[~
radius g
raw projected azimuthally re grouped
WAXS pattern WAXS pattern WAXS pattern

(inclination 32.5 degrees)

In Waxs projection the scattering pattern of a tilted detector can be geometrically analysed (azimuthal regrouping etc.)
like a small angle scattering pattern.
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. data reduction steps

ADU + offset
1. dark image

ADU E
Ar E-
o
dark current
offset{
0 ° pixel

x_1/ pixel

Page 20 Users Meeting 2016
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. data reduction steps

ADU + offset

2. raw image

ADU 3
r A a
.
signal ¢
+ dark current
offset {
0 > pixel

x_1/ pixel

0 500 1000
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data reduction steps

ADU

3. raw image - dark image

X 2
j= 8
ol
><|
G 4
signal <
S0 > pixel

x_1/ pixel

0.001 1 1000
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. data reduction steps

# photo

ns

4. spatial distortion correction,
division by flatfield, masking

'
ERIE

image
intensifier

pixel

T

x_1/ pixel

=

calibration grid

0.001 1 1000
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data reduction steps

1/sterad

5. normalization to absolute
scattering units

primary
beam [

0.001 1 1000
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data reduction steps

(6. Ewald sphere projection)

\

pixel

N “WAXS projection”

plane

xi 2

projection

Ewald sphere

x_1/ pixel

0.001 1 1000
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. data reduction steps

1/sterad

360

7. azimuthal regrouping

angle/ deg

scattering vector

0.001

The European Synchrotron ‘

Michael Sztucki, ESRF

Users Meeting 2016
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. data reduction steps

1/sterad
1000
8. azimuthal averaging
r A
El.OOO
' averaging *;:
s = \‘
. L"“" ‘0“ I PR
Ofl - "ed\)o“ e 0.20
b - - eda\a ’a‘ct&*nm
- .“O('\\\“— gl

The European Synchrotron ‘ ESRF
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. data reduction schemes

Page 28

+ SPD (saxs programs)

."?'.':Tfﬁfa mcizfmw :
e

:
%
g

D

"
= ’?g“@“’ Fmsehet S ‘i

+ DAHU (PyFAl)

U

:

-
I
5L

=
5

— project for 2016: online variance calculation in PyFAI

http://www.esrf.fr/Instrumentation/software/data-
analysis/OurSoftware/SAXS/SaxsDownloads.html

The European Synchrotron ‘ ESRF
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. SPD - saxs programs

ID02 online data reduction (SPD) package was developed by P. Boesecke,
A. Sole and R. Wilcke during 2001-2005

saxs programs are command line oriented programs (C) to perform certain tasks
for data reduction

Program name Short description

saxs_mac standard operations on images, e.g.

multiply by factor and add constant
saxs_add, add, subtract, multiply, divide

propagation of statistical errors

saxs_sub, several images

saxs_mul,

GUl is available for most common i
tasks in SAXSutilities saxs:normn flatfield correction and

normalization of scattering patterns

example: to absolute units in 1/sterad
saxs_waxs waxs projection and backprojection

» saxs_normn -p -ofac 1.8/2.75 -omod n saxs_angle transformation to polar coordinates

+pass +flat -i3nam flat.msk -scal SaxXs_row, row, column projection of images

] 00/ saxs_col
-ilnam .. stp3_%%"%.edf,2,39 saxs_ascii convert images to ascii
i saxs_patch patch images to other images
- 04,0/ 0 -
onam stp3_%%°%.nrm obin 4 4 saxs_stat calculate image statistics

P. Bosecke, "Reduction of two-dimensional small- and wide-angle X-ray scattering data," J. Appl. Cryst. 40, 423-427 (2007)
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. Saxs programs

further info:

http://www.esrf.fr/files/live/sites/www/files/Instrumentation/software/data-
analysis/OurSoftware/SAXS/SaxsPrograms-V2.459P2.033E2.229.pdf

PETER BOESECKE SaxsPrograms.doc 2013/01/25
OPTIONS AND ARGUMENTS OF THE SAXS PROGRAMS..........ccorccereceenn 4
Version: 2013-01-25 4
Introduction 4
Prompts 4
Arguments 5
Options 5
Examples 6
Some Useful Commands 6
Geometry 8
Coordinate System and Orientation in Space 8
Raster Orientation 9
Pixel Coordinates 9
Reference System Coordinates 10
Parameters and Keywords 10
Axis Types 11
Projection Types 11
List of Options 12
Example: 12
Option Values 12
Arithmetic Expressions as Values 13

P. Bosecke, "Reduction of two-dimensional small- and wide-angle X-ray scattering data," J. Appl. Cryst. 40, 423-427 (2007)
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. PyFAl - Fast Azimuthal Integration in Python

¥ python

PyFAl is a novel library for azimuthal integration which already provides geometric equivalence with
SPD (Bdsecke, 2007) and Fit2D (Hammersley et al., 1996).

* designed to reduce SAXS, WAXS and XRPD images into 1D curves (azimuthal integration)

* as a library, the aim of pyFAl is to be integrated into other tools with a clean pythonic interface
(e.g. beamline control systems)

* both local and total intensities are conserved in order to obtain accurate quantitative results during
the transformation from cartesian space to polar space

* parallelized on graphic cards (GPU)

* shares the geometry definition of SPD

* features also command line tools for batch processing (however not directly compatible with 1D02
metadata concept)

[1] J. Kieffer and D. Karkoulis, PyFAl, a versatile library for azimuthal regrouping, Journal of Physics: Conference Series 425,
202012 (2013)

[2] J. Kieffer and J.P. Wright, PyFAI: a Python library for high performance azimuthal integration on GPU, Powder Diffraction 28,
S339 (2013)
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. ID02 online data processing

Page 32

ehf/edf

]
SPD

L

edf
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[ ]
DAHU (PyFAl)



SAXSutilities

(= ol s

Dr. Michael Sztucki (michi@sztucki.de)
ESRF - The European Synchrotron
Beamline ID02 and ID13, CS 40220

38043 Grenoble Cedex &

B saxsutilities

SAXSutilities
reveiopec By Hcho® e http://www.saxsutilities.eu

() 02 February 2016

(online treatment and fitting of SAXS data)

(averaging, background subtraction, normalization of ASCI data, etc.)
(processing of 2D SAXS images - compatible with SAXS Programs
by P. Boesecke)
(S;?ﬁggnfée?kt:;ﬁmun' etc. of EDF images - based on SAXS Programs nts |kl e
I Moverview saxsutiities
ASAXS (ASAXS data analysis) BHplot
BHfit
M Form Factors
=[] hard spheres
Credits: L
+T. Narayanan, E. Di Cola, M.D. Alaimo, A. Shukla, M. Fernandez, P. Kwasniswski (ESRF) 5] Matiab code
+ SAXS programs by Peter Boesecke =\ core-shell spheres
(hitp:dhwewew esrf friinstrumentation/software/data-analysis/OurSoftware/SAXS) =
+ unspec by Petr Mikulik (http:/www sci.muni czi~mikulik/) £] Matiab code
+ gawk (http:/fwwwe.gnu.org/software/gawkigawk. html) = cylinders
published under GNU General Public License (hitp:/iwww._gnu.org/copyleft/gpl himl) [ Matiab code
SAXSutilties are freely available for non-commercial purposes. =11 core-shell cylinders
SAXSutilties are provided free of charge, "as is”, and with no warranty. ] Matlab code
= L] vesicles
=1 unilamellar lipid vesicles
) [£] matiab code
EHL ellipsoids
[E] Matiab code
B specific functions
& size distribution
0] Aggregates
=1 Structure Factors
EHA repulsive potential
[£] matlab code
EHE square-well potential
[£] matlab code
=11 Two-Youkawa potential
[£] Matiab code
[£] DataTools
Page 33 Users Meeting 2016 - Michael Sztucki, ESRF =) EDFplot

E] Read EDF with Matlab

m

Overview SAXSutilities

<) SaXSutilities

i Dr. Michael Sztucki (michi@sztucki de)
SAXSutilities European Synchrotron Racation Faciity
i i Beamiine ID2, BP 220
developed by Michael Sztucki 015 s el s
() 16 February 2012

Erplot | (online treatment and fiting of SAXS data)
DataTaools | ging, backg ian, lization of ASCH data, efc.)

(processing of 20 SAXS images - compatible with SAXS Programs:
EDFplat | by P. Bogsecke)
(averaging, subtraction, etc. of EDF images - based on SAXS Programs
EDF Tools | by P_ Boesecke)

ASANS | [(ASANE data analysis)

Credits:

+ T. Marayanan, E. Di Cola, W.D. Alsimo, A, Shukla, M. Fernandez (ESRF)

+ SAXS programs by Peter Bossecke (htp: Merww esrf fricompulinglecientific/SAXS)
+ unspec by Petr Mikulik (hitp: feoere sclmunt czf~mikulkd)

+ gavwk (hetp: fhwaw g orglsotbwareigawkigawk hirm)

publshed under GNU Gereral Public License (http: sy gruorgicopylettipl bim)

SAXStities are freely available for non-commercial purposes,
SANSutifles are provided free of charge, "as is”, and with no warranty.

close updates ext

SAXSutilities (BHplot, DataTools, EDFplot, EDFfools, ASAXS) are Matlab based graphical user
interfaces which have been developed for the online processing and analysis of Small Angle (X-ray)
Scattering data. They are grouped in the package SAXSutilities which is available in a compiled
version (not requiring a Matlab licence) for Windows and Linux (Mac is currently not supported)

m
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SAXSutilities

Get latest Windows version (WindowsXP, Vista, Windows7, Windows$) -

Download and install program files using the installer (64bit): SAXSutilitiesSetup64.exe
Do not forget to install the Matlab runtime environment!!
You will be asked at the end of the installation routine to download and install this mintime environment. The installation has to be done only once.

Download 32bit version: SAXSutilitiesSetup32.exe
This version might not support all features of the 64bit version!!

Get latest Linux version (64-bit only!) (developed under Debian6):

=]

New procedure since October 2013 (Matlah R20138) 11!

Download and unpack to a folder of your choice: saxsutilities. zip

> unzip saxsutilities.zip

Download and unzip: MCRInstaller2013b glnxag4 zip

> unzip MCRInstaller20l3b glnxa6d.zip

Then, run the MCR Installer script from the directory where vou unzipped the package file by entering:
> ./inatall

Add the environment variables LD LIBRARY PATH and XAPPLRESDIR to vour system as indicated in the last step of the installation procedure.

Note that this has fo be done only once for each new release of Matlab.

Add an environment variable SAXSUTILITIESPATH to vour system which points to the directory created in step 1.

Note that unspec by P. Mikulik has to be installed.

Note that zaxsprograms by P. Bésecke have to be installed.

Note that roca by P. Bésecke has to be installed. (Since version saxs V2.461P2.043E2.236R1.500 included in saxsprograms)
Start SAXSutilities from the folder created in step 1.

You can also use a start script like:

#!/bin/csh

setenv LD LIBRARY PATH [...a3 indicated by MCRInstaller...]
getenv XAPPLRESDIE [...a3 indicated by MCEInstaller...]
getenv SAXSUTILITIESPATH [/path/to/directory/of/SAXSutilities]
[/path/to/directory/of/SAXSutilities] /SAHSutilities

http://www.saxsutilities.eu

Users Meeting 2016 - Michael Sztucki, ESRF
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SAXSutilities — 2D visualisation (EDFplot)

(B eorplor (= =lE e

Data Analysis Programs Setup EDFplot 2.71 - Michael Sztucki - 2 February 2016

\bldatalid02\data s= g =0 [ mark
e

SrTTot R distance from (0,0} =0
= i - pb01_saxs_00031_norm.h5 - LUI34 42;’1(3

cross ON / zoom OFF l [ section ] (pixel): 5

variance

width [ save [T manual
x

use y:| mouse

>

01

fiter data:  +rayy ghf *nrm edf *ang.|  update list

pbD1_saxs_00028_dark h35 -
pb01_saxs_00028_norm.h5
pb01_saxs_00028_raw.h5 =
pb01_saxs_00029_ave.hS

pb01_saxs_00029_azim hs 0.05
pb01_saxs_00029_norm.h5
pb01_saxs_00029_raw.hS
pb01_saxs_00030_ave.h5
pb01_saxs_00030_azim.hS
pb01_saxs_00030_norm.h5
pb01_saxs_00030_raw.hS
pb01_saxs_00031_ave.hS
pb0 \:DE!Q=31 a S

pb01_saxs_00031_raw.hS [
pb01_saxs_00032_ave.hS 0
pb01_saxs_00032_azim.hS
pb01_saxs_00032_norm.h5
pb01_saxs_00032_raw.h5
pb01_saxs_00033_ave.hS
pb01_saxe_00033_azim.h5
pb01_saxs_00033_dark.n5
pb01_saxs_00033_norm.h5
pb01_saxs_00033_raw.h5
pb01_saxs_00034_ave.hS
pb01_saxs_00034_azim.hS
pb01_saxs_00034_norm.h5
pb01_saxs_00034_raw h5 -0.05
pb01_saxs_00035_ave.hS
pb01_saxs_00035_azim.hS -

05

1

o i L L LA L
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08

regroup | x: 911.567 H find centre

[7] keep aspect ratio coordinate system:  colormap: Iog scale
[ keep zoom normal | |jet v [Clinvert

A ——

save highres Dsnnw y: B47.285 zpec| | create mask
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SAXSutilities — 2D visualisation (EDFplot)

Saxs COORDINATES < ¥ > Saxs PROJECTION

B EDFplot
Data Analysis Programs. Setup.

EDFplot 2.71 - Michael Sztucki - 2 February 2016

\bidataic0zidata | x=0 L=l ] mark
variance

width [lsave [0 manual
s zomcre = e

pb01_saxs_00031_norm.h§ - LU34 e

Saxs PROJECTION (scattering pattern on a flat 2D detector)

choose directory:

A (distance of pixel from poni on detector) wavelengthO
SAXS coordinate = *
(distance of poni from sample) wavelength
where wavelengthQ is 1e-9 m

SAXS(Saxs) coordinate ~ s*nm for 2Theta<<1

Waxs PROJECTION (projection of the scattering pattern from the
Y EWALD sphere to a plane perpendicular to the incident beam

i L
0.04 0.02 0
logscale ||~ [_savescreen

e —

‘ .
0.02 0.04

[ show y: 647265

In the Waxs projection, the scattering pattern of the detector is
distorted in such a way that the SAXS coordinate of the new pattern is
equal to s:

Reference

Applied affine

system coordinate transformation
SAXS(Waxs) coordinate = s*nm
Array fa=f
Image fr= Offsct + f ' In Waxs PROJECTION the scattering pattern of a tilted detector can be
Region fa = (Offset + f) x BSize geometrically analysed (azimuthal regrouping etc.) like a small
Real fr = (Offset + f) x PSize angle scattering pattern.
Center fe = Offset — Center + f
Normal fv = (Offset — Center+ f) x PSize
Saxs fs = Normal(Offset,Center,PSize, f)/SampleDistance/( WaveLength/nm)
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SAXSutilities — 2D visualisation (EDFplot)

(8 eorpot [PES = FER )

Data Analysis Programs Setup EDFplot 2.71 - Michael Sztucki - 2 February 2016

\bldataVdl2idata =l i =0 ] mark
¥=0 variance cross ON / zoom UFF] i section I
distance from (0,0)=0

width D save |:| manual
(pixel): 2 2

use y:| mouse

choose directory:

n [ - max

pb01_saxs_00031_norm.h5 - LU34

_;.
2

I

01

fiter data: |+raw enf*nrmedf *ang.|| update list

pb01_saxs_000228_dark.hS P
pb01_saxs_00022_norm.hS
pb01_saxs_00028_raw.hS —
pb01_saxs 00029 ave.hS [
pb01_saxs_00029_azim.hS 0.05F
pb01_saxs_00029_norm.hS
pb01_saxs_0002%_raw h5
pb01_saxs_00030_ave.hS
pb01_saxs 00030_azim.h5
pb01_saxs_00030_norm.hS
pb01_saxs_00030_raw.h5
pb01_saxs_00031_ave.hS
pbl1_saxs 00031 m.h5
b0’ | rm.ns.
pb01_saxs_00031_raw.hS
pb01_saxs_00032_ave hS
[ P ErEy

Data  Analysis Programs Setup  EDFplot 271 - Michael Setucki - 2 February 2016

\bidatalin797\d02\data x=0 Hiee [ mark
y=0 cross ON/ z00m OFF

choose drectory: — distance from (003 =0

widn
(e

[ save [] manual
x

use y:| mouse

pb01_saxs_00001_norm h5 - empty_beam e

45 = ¥
i T ——
o B centering? (=2 ]
. -
= Find Beam Center - Michael Sztucki- June 2008
fiterdate:[iaur.enf nrmed -ang. |_update st | - T
b01_saxs_00001_avehs = —D1a o i
P01 Sare-00001_azimhs = A, x [911.4851 min
. b L D1b : 027943
E 005 L i —D2a .06 0.08
o0 _saxs_00002_ave S —| 10°F . H y (647.1829
a0 w0003 s s || | pord | 2bi i [ fing centre |
| = b
I | | form| ot [ create mask ]
2 = 2
use zoom to
limit range:
. 15 100k 4 for fitting.
e
h“\-\"‘s,«n—.‘-‘l‘ i
1 v find center
bz beamstop. I
= 2
0.05 [ 10°F E|
z 008 0.06 004 E 0 0 0.04 0.06 0.08 e
I keep aspect ratio coordinate system: _coormap: ) ogscale [save sersen | 2] x 5223 @HMJ
Cliespzoon  nomal =] [t <] Dlivert Dlanow_y|st6.3 !
k !“’“
5 ;
10} o 4 4
W i
i
s [
a 3
10° 10

Page 37 Users Meeting 2016 - Michael Sztucki, ESRF The European Synchrotron ‘



SAXSutilities — 2D visualisation (EDFplot)

B EDFplot (=] e [
Dota Analysis Programs Setup  EDFplot 2.71 - Michael Sztucki - 2 February 2016
"bldatalin797\id02\data x=0 ey mark - width [ save [ manual
y=0 variance cross ON/ zeom OFF I I section J (pixel); > - = | mouse
choose directory: @ distance from (0,0)=0
A manc
4.345

pb01_waxs_00418_raw.h5 - test

fiter data:  |%rgyw ehf*nrm.edf*ang| update list

pb01_scalers_00452 raw.hS -
pb01_scalers_00459_raw.hS

pb01_scalers_00450_raw.hS
pb01_scalers_00451_raw h5
pb01_scalers_004562_raw.hS
pb01_scalers_00463_raw.hS
pb01_scalers_00484_raw h5
pb01 scalers 00465 raw . hS
——

u waxs_calib2

WAXS calibration - Michael Sztucki / Peter Boesecke - November 2010

=

)

35

3

G i
1.5

1

0.5

0

0.08

— Identify reflections
Click on a ring to identify new reflection
| '
1 1 1 1 Il 1 1
f 0 reflections selected ' -0.06 -0.04 -0.02 0 0.02 0.04 0.06
Para Bromo Benzoic Acid (PBBA) >
200 (=0679 nm-1) w7 =y
min
0
weight: 11(50 ||
[#] 10g scale save screen regroup | x|947.342 find centre
- 934356 || % TR
radius [pix] tolerance [%] save highres | show ¥ 5 create mas
19 15 clear

— Fit parameters
ZALET 947.342
center 2 934.356
0 L I L I I L L L L :
0 200 400 600 800 1000 1200 1400 1600 1800 =k o] 119.263
rot 1 [rad] 0
rot 2 [rad] 0
[ fit
l OK ‘ \ Cancel |

Michael Sztucki, ESRF The European Synchrotron ‘ ESRF
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SAXSutilities — 2D tools (EDFtools)

s ~
EDFtools - | T | e S
= a- L T ¥ S BERR —e
Data Functions Programs Setup  EDFtools 1.61 - Michael Sztucki - 2 February 2016
Weldatalin797id02\data — EDF
choose directory: r— 2D eperations Conversion (S1)
i [ 51 minus 52 ] I divide 51 by 52 ] =
l average 51 and 52 ] l =AXS_Mac ]
H5 === EDF
-omod n
LEFizZEE |- update list — SAXS data reduction of selection S1
Selection 51 [ normalize -omod n
pb01_saxs_00029_ave.dat -
pb01_saxs_ 00029_ave.hS . y -
pb01_saxs_00029_azimhs regrouping omedn
pb01_saxs_0002%_norm.hS @
pb01_saxs_00028_raw.hS apply mask  ~ defaut [ variance
pb01_saxs_00030_ave.dat () user defined (S52)
pb01_saxs_00030_ave.hS B
pb01_saxs_00030_azimhS @ average Ifg) ;
pb01_saxs_00030_normh5 P — “omedn
pb01_saxs_00030_raw.hS ge llang
T = (R _ABAE: 7 ~scf 2_pi-head -hedl "g=nm [FNAME]_[TitleBody, 1" -ext dat
pb01_saxs_00031_ave.hS TLEr-EE] e Rict Rl LT i =
pb01_saxs 00031_azim.h5
pb01_saxs 00031_norm.hS |:| restrict integration: rt mod start data reduction
pb01_saxs_00031_raw.hs [ expert mode
pb01_saxs_00032_ave.dat
pb01_saxs_00032_ave.hS

pb01_saxs_00032_azim.h5
pb01_saxs 00032_norm.h5
pb01_saxs_00032_raw.h5
pb01_saxs 00033_ave.dat
pb01_saxs_00033_ave.hS

pb01_saxs_00033_azim.h5
pb01_saxs 00033_dark.h5 [ "center_1™: 512
pb01_saxs 00033 norm.hS -

— H5 data reduction of section 51 (requires to run DAHU: saxs2 and lid02gpu1 ONLY ¥).

D “PSize 17 2 4205 this uses dahu-reprocess on lid02gput:

|:| "PSize 2" 24205 + the filename has to follow the pattern:
mytitle_saxs 00001_raw.h5S
+ dark and scaler files are automatically selected but

ST e TR e - D “Center 2" 21z have to be present in the same working directory
] [ + - =
O + metadata are taken from header but can be over-
- 'scaling_factor™ [E:]

Selection 52 O <= written with the parameters listed on the left
pb01_saxs_00141_raw hS o [[] "SampleDistance”; 30.9 + dark_filename can be used to set a static dark file,
pb01:5ax5:00142:ave.dat . . to choose a pnnstant fnr subtraction or t.n disable
pbl1_saxs_00142_ave.hS [T "waveLength®: §.895e-11 dark-correction by sending an empty string.
ﬁggt::ﬁ:gg}:;:::mlss |:| "regrouping_mask_filename™: mask-31m.edf
pb01_saxs 00142_raw.h5 D "distortion_filename™:
pb01_saxs 00143_ave.dat
pb01_saxs_00143_ave.hS |:| “flat_filename™:

pb01_saxs_00143_azim.h5 N N
pb01_saxs_00143_normh5 [ "dark_fiename": 10 run DAHU
pb01_saxs 00143 _raw.hS

pb01_saxs 00144_ave.dat
nhN1_zave MN144 sus hf
] i + [

o] [ o]
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SAXSutilities — 1D visualisation (BHplot)

—— — = ——— o —— - — ~— ~
B eHplot SOMESRRCE X
Data Analysis Plot modes Setup Programs BHplot 4.82 - Michael Sztucki - 10 February 2016
F \data. tutorial UNZ016 ‘ 71 . . . ——— . T —— . . — ]
directory: background: show r i
- - 0922 saxs_07702_ave h5_00 - r T
22PC 0g22_saxs 07702_ave.h5_00
ASAXS 0022_saxs_08072_ave.h5 [ 7
BUp pb01_saxs_00001_ave hS
water pb01_saxs_00013_ave.dat q
pb01_saxs 00018_ave.dat 10

pb01_saxs 00028 ave.hS
pb01_saxs 002028 _ave.dat
pb01_saxs_00213_ave.dat -

4 n 2 F

- subtract F

Link SAXSIWAXS

*ave hb *.dat * txt * s
[V detais = 10
UYLL SRS _UTTUL_AVEID_U
0g22_saxs_07702_ave.h5_0
0g22_saxs_ 07702_aveh5 0 r
»_saxs_ 07702_avehS 0 r

wildcard fitter:

substring fitter:

UEE SARS_UT UL _avES_ Ui

og22_saxs_07702_ave.h5_00172

og22_saxs_07702_ave.h5_ 00173
»_saxs_07702_ave.h5_00174

0g22_saxs_07702_ave.h5_00175

0g22_saxs_07702_ave.h5_00179
0g22_saxs_07702_ave.h5_00180
0g22_saxs_07702_ave.h5_00181

»_gaxs 07702_avehS 00182
og22_saxs_07702_ave.hS_00183
og22_saxs_07702_ave.hS5 00184

I
|
|
|
|
|
|
saxs_07702_ave.h5_00178 |
|
|
|
|
|
|
_saxs 07702 _ave.hS 00185 |
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o0g22_saxs_08072_ave.h5 |
pb01_saxs_00001_ave.hS |
pb01_saxs 00013_ave.dat |
pb01_saxs_00018_ave.dat |
pb01_saxs_00028_ave.h5 |

og22_saxs_ 08072_ave.hS_00001[2(0
pb01_saxs_00001_ave.hS_00001]2(
pb01_saxs_00013_ave.dat 2016-0
pb01_saxs_00018_ave.dat_2016-0c
pb1_saxs_00028_ave hS_00001[2(

pb01_saxs_00208_ave.dat | pb01_saxs_00208_ave.dat_2016-0 1 U" 1 0'3 1[]1
pb01_saxs_00213_ave.dat | pb0i_saxs_00213_ave.dat_2016-0|= 1
pb01_saxs 00273_ave.dat | pb01_saxs 00273_ave.dat_2016-0: qfnm™ ]
|| [pb01_saxs_00278_avedat | pb01_saxs_00278_ave.dat_2016.0. ™ . cross hair ON ] |(q,|) ={0.00,000) | ’ print ] ’ help ] ’ e ]
4 T b
buffer data clear buffer plot each 10th curve = 130 323 ERl- WD T [C] show legend [C] keep zoom  [] variance [ columns ] [ fit data ]
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SAXSutilities — 1D tools (DataTools)

Users Meeting 2016

[ n DataTools

T — — ——— T R

DataTools 2.4 - Michael Sztucki - 24 January 2016

Data Options Functions Programs
ChData\SAXSutilties_Testdata\dat
choose directory:

avedat

-~

filter data: * dat *ave_hs update list
Selection 51

DataTools support currently only ASCII files with

2 or 2 columns (g data [stdev])

Mote: *.specfiles can be extracted from BHplot,

menu “Analysis”

[ convert *ave.hS to *.dat (S1) ] [

optiens

output filename
@) first file + suffix

*) last file + suffix

*) first + last + suffix

7) user defined + suffix

filename:

e |

close

Selection 52

0k25_saxs_08419-08802_0005.dat
0k25_saxs_08419-08802_0006.dat
0k25_saxs_08419-08802_0007.dat
0k25_saxs_08419-08802_0008. dat
0k25_saxs_08419-08802_0009.dat
0k25_saxs_08419-08802_0010.dat
0k25_saxs_08419-08802_0011.dat
0k25_saxs_08419-08802_0012.dat
0k25_saxs_08419-08802_0013.dat
0k25_saxs_08419-08802_0014.dat
0k25_saxs 08419-08802_0015.dat
0k25_saxs_08419-08802_0016.dat
0k25_saxs_08419-08802_0017.dat
0k25_saxs_08419-08802_0018.dat
0k25_saxs_08419-08802_0019.dat
0k25_saxs 08419-08802_0020.dat
0k25_saxs_08419-08802_0021.dat
0k25_saxs 08419-08802_0022.dat
ok25 saxs 08413-08802 0023.dat
0k25_saxs_08419-08802_0024.dat
0k25_saxs_08419-08802_0025.dat
0k25_saxs 08419-08802_0026.dat

nk?5 gaye NAA1CGNS80F 00T dat

0k25_saxs_08419-08802_0014.dat
ok25_saxs_08419-08802_0015.dat
ok25_saxs_08413-08802_0016.dat
ok25_saxs_08419-08802_0017.dat
ok25_saxs_08419-08802_0018 dat
ok25_saxs_08419-08802_0019.dat
ok25_saxs_08419-08802_0020.dat
ok25_saxs_08419-08802_0021.dat
ok25_saxs_08419-08802_0022. dat
ok25_saxs_08419-08802_0023 dat
ok25_saxs_08419-08802_0024.dat
ok25_saxs_08419-08802_0025.dat
ok25_saxs_08419-08802_0026.dat
ok25_saxs_08419-08802_0027.dat
ok25_saxs_08419-08802_0028 dat
ok25_saxs_08419-08802_0029.dat
ok25_saxs_08419-08302_0030.dat
ok25_saxs_08419-08802_0031.dat
ok25_saxs_08419-08802_0032.dat
ok25_saxs_08419-08802_0033. dat
ok25_saxs_08419-08802_0034.dat
ok25_saxs_08419-08802_0035.dat
lok?5 sawe NAA1G NRRNT ONAR dat

[ sum 51 ] l average S1 ] [ each 51 minus 52 ] [ dynamic rebin 51 ]
[] in groups of 10 | divideeachs1bys2 | TR 1
min. deta[logiq)] 0.005

[ metpyst | [ dwidest | | interpotestos2 | [ omwsiom ]

with 1 by 1 ’ nermalize S1 ] [ scaling @ low () high

Michael Sztucki, ESRF
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SAXSutilities — special routines (ASAXS)

rl;l ASAXS

PR

Data Setup

Programs

ChUsersisztuckiDeskiopl25PC\VASAXS

choose directory:

elirzeinpy =

fiter data: * dat

file selection

Br_fpr_Brennan_fpr-fdpr.dat
ik LS Sy AT
i L SR ey e e
ik SR ey [ e
e Sy S e
ik SR Sy AT
(1N i G Sy e i
ik SR ey AT ey
i LR ey [T

run10_36_egy-spitted_20160207T221033 dat

anocmalous scattering factors:

get onling browse

\sztucklDesktop\2SPCVASAXS\Br_fpr_Brennan_fpr-fdpr.daf

take energy in &V from:

header

@ file name

position: |14

ASAXS1.11 - Michael Sztucki - 3 December 2011

matrix:179/694, g=1.3735

1.0 ' : : : .
n ContrastCalculator @U Elﬂléj
1041 ]
— solvent
1031 b
102l | Water -|  chemical formula: oo
1.01+ 7 density: |1 g/cm3
1t ]
0991 b
— material
0981 b
oarl ] TTAB - chemical formula:  |C417H38NBr
0.96 7] density: [1.02 glcm3
0.9 1 1 1 1 1
1.24 1.26 1.28 1.3 1:32 1.34 1.3
0 fitting a+2bx+cx? x 10"
1.2 T T T T T T T — ASAXS contrast (opticnal)
ion: Br v' ionic radius:  |g 182 nm
1151 b '
11t 3 i — contrast
r mass M: 3353928 g/ mol
105} i number of electrons N: 182
. scattering length density: 0.00093384 nm-2
scattering length density (rel. soivent)  -5.4691e-06 nm-2
{
095+ 7 electron density: 332327 nm-3
0o electron density (rel. sovent): | 1.0453 nm-3
excess electron per ion: 25.5588
0.85 L L L L L L L
00 9 8 7 B 5 4 3 %,
’ help ] I close ]
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. SAXSutilities — special routines (ASAXS)

X-ray scattering factor of a single counterion:

Af(E) = Af, + f(E) +if "(E)

) .

2

0-

Energy dependent scattering length density profile: : ol
Ap(r. E) = v(r)r, Af (E) : ;;W
s T 13474 ke[

Scattering amplitude:

F(q.E)=F,(q)+|f'(E)+if"(E)/(q) T TR T T

E [eV]

: Br K-edge

(g, E) = F2(q)+ 21 (E)E,(@(q)+ |f > (E) + f™(E)p(q)

/o \ \

Total Intensity measured  “Cross-term” “Self term”of the
Intensity far below the edge counterions

~ SAXS-Intensity

w» radial distribution of

F,(r) : non-resonant scattering units (macroion + constant part of counterions
v(r) :  resonant scattering units (radial distribution of counterions)
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SAXSutilities - modelling

' ~
u hard spheres & aggregates, square-well potential — - L= = |o B [
Data Programs Options  BHfit 3.22 - Michael 5ztucki - 16 February 2012
f3_hsa_sw - 1.1 - 14 February 2012 25_per_cent_190_av_lg.dat | [19.003C]
variables start low high result 3 j j L i T
— measured / fitted F(g)
F_scal 0.25557 0.1 10 0.25619| [ fixed S(q) fitted
F_rad 64.1053 64 65 64.1208| [F] fixed 4l | _
F_sigma 0.10646) | 0.0001 1 0.10518| [ fixed Y
S_phi 0.228 | 0.0001 1 0.228 fixed \
S.u 1.1 0 15 1.1 fixed sl | \
S epsi  [0.002766 0 1| | 0.0022862| [F] fixed L
Sc_scal 11.4802 0 100 8.9162| [ fixed \
Sc_corr 684.527 10 1000 559.0283| [F] fixed - . «J‘A/\f
Sc_exp 115 0 4 1.15| @] fixed 107 + g
L L . 0| [ fixed
L L 0 0| 7] fixed
0 0 0 0| [ ficed Tt start values .
0 0 0 0 fixed measured data
0 0 0 0 fixed best fit S
0 0 0 0| [] fixed -8 = = 0= = = 0
: : : : - 10 10™ 10 10° 40 107 10 10
fixed S Z
10 T . 10 T T
L L 0 0| 7] fixed
0 0 0 0 — measured data
) fitted F(q)
0 0 0 0 fixed 4 0
0 0 0 o Clrmea |10} J10° | T _
fixed
0 0 0 0 fixed
0 0 0 0 fixed . P
0 0 0 0 fixed 107k J102L |
0 0 0 0 fixed \
[ copy ] [ paste ] [ <<=« use results as new start ] 10;5 10_‘ L
add offsel 0|  decoup. approx. [¥] scaling| 1813 |
choose data: resnorm | 0.21299| [T inverse order T s F
25 per_cent 185 av lg.dat | [18.500C] S| 10 3107 F s 1
25_per_cent_190_av_lq.dat | [19.003C] Sc
25 _per_cent_195_av_lg.dat | [19.500C] bb
|| |25_per_cent_200_av_lg.dat | [20.002C] - 10—5 L . 130—5 . . S
3 2 1 | ) 2 1 0
1 i C 10 107 10 107 10 107 10 10
fit data 1 of 1 show legend low g for fitting: 0.0011987 N zoom mode on - use mouse to zoom [ fix zoom
(1 show start ] | start fitting save results high g for fitting: 0.173%1 Pl |' » | 109 [ zoom OFF ] [ print ] [ help ] [ close ]
h
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SAXSutilities - modelling

R R 5351 o o ey E
B[ : (1) ~(0.22 (b}
repulsive ILVis Rpa— E
glass L
s -
l_)m ‘E l(] ; {RRNRE NI ARE AR RARNRERT AR ORR R anen vs gue ,—...,__,_:,,_ = ;
1.24 A, ‘E’ mj‘s k|
. 1 N ] E
_ = ] _
-  attractive = 10 _
; o, _ | glass :  19.5 °C (x30)
phase separation | 10°4 21.0 °C (x10)

. i 23.5 °C (x3)
¢ 10° o 25.0°C

FEEEETIT|

10° 10° 10"
0.10 : (nm']}
- & O q
E/ 0.05 o< 1
o o°
—
0 1 -
o 024 AA ADA p Y P AA A ] PHYSICAL REVIEW E 74, 051504 (2006)
0.20 ] . . ors . . .
, Kinetic arrest and glass-glass transition in short-ranged attractive colloids
800 1
— o . B3 . .
E 500 F = ] M. Sztucki, T. Narayanan,” G. Belina, and A. Moussaid
o Oop o European Synchrotron Radiation Facility, BP 220, 38043 Grenoble, France
200 f C -
. 0o
2 CHE—5) F. Pignon
= ” Laboratoire de Rhologie, CNRS, UMR 5520, 38041 Grenoble, France
@ 00000
21 Og ] .
= s H. Hoekstra
0 00 © Katholieke Universiteit Leuven, W. de Croylaan 46, 3001 Leuven, Belgium
17 27 (Received 6 July 2006; published 17 November 2006)
Q
temperature (°C) A thermally reversible repulsive hard-sphere to sticky-sphere transition was studied in a model colloidal
system over a wide volume fraction range. The static microstructure was obtained from high resolution small
angle x-ray scattering, the colloid dynamics was probed by dynamic x-ray and light scattering, and supple-
p 45 . i mentary mechanical properties were derived from bulk rheology. At low concentration, the system shows
age Users Meeting 2016 - Michael features of gas-liquid type phase separation. The bulk phase separation is presumably interrupted by a gelation
transition at the intermediate volume fraction rance. At hiech volume fractions. fluid-attractive class and repul-



. Conclusions

Online data reduction and analysis are crucial for the productivity of any
Small-Angle X-ray Scattering instrument especially when dealing with large
amount of data or taking decision during a time-resolved experiment or
radiation damage testing. The developed programs and tools do not only
work at the ESRF beamline, but can also be installed at the home
laboratory for more detailed data analysis.

http://www.esrf.fr/Instrumentation/software/data-
analysis/OurSoftware/SAXS/SaxsDownloads.html

S
e w
el
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