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Outline

➔ SAXS instrumentation and theory

➔ SAXS data reduction and calibration

➔ Good practice for data recording 

➔ SAXS data formats

➔ Tools for (on-line) data reduction and visualization:
SPD, saxs programs, PyFAI, SAXSutilities

➔ Data Interpretation / modelling

➔ Form factor, Guinier / Porod law, Unified fitting, size distributions, 
structure factor

➔ Programs: SAXSutilities, IRENA, SASview, SASfit
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Momentum transfer and differential scattering cross section

scattering of X-rays at small-angles originate from spatial fluctuations 
of the electron density within the material

Momentum transfer

Narayanan T. (2008) Synchrotron SAXS. In: Borsali R., Pecora R. (eds) Soft Matter Characterization. Springer
https://doi.org/10.1007/978-1-4020-4465-6_17
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SAXS instrumentation

SAXS, WAXS and USAXS

µ-beam SAXS, WAXS
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SAXS instrumentation

SAXS, WAXS and USAXS

µ-beam SAXS, WAXS
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(On-line) data reduction

(A) detector specific corrections

(B) scattering specific corrections

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



Page 9 SAXS Tutorial -- Users Meeting 2020     -     Michael Sztucki, ESRF

(B) scattering specific corrections

normalizing a two dimensional scattering pattern measured 
with a plane two-dimensional detector to absolute intensities 
in units of scattered photons per steradian and per incident 
photon, i.e. scattering cross section dσ/dΩ per sample cross 
section A;
to correct for absorption the normalized pattern is divided by 
the sample transmission T
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(C) sample and beam specific corrections
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(C) sample and beam specific corrections

WAXS projection

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
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Good practice of data recording

background subtraction

flow-through cells

radiation damage
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Absolute intensity calibration

using secondary standards like
water, lupolen, glassy carbon, …
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Absolute intensity calibration

using secondary standards like
water, lupolen, glassy carbon, …

scattering of 1mm of water at RT: 0.00164
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ID02 data and metadata concept

data.edf data.h5

NXroot top level, one per file

     NXentry  one group per measurement

          NXinstrument only one per NXentry

               NXdetector

               NXdata one NXdata group per plot

          measurement (@NXcollection) flattened 
                                          view of everything measured -    
                                          only one per NXentry

               NXdetector

               NXdata one NXdata group per plot
data
metadata

          NXsample  
          user (@NXuser)

          NXprocess for analysis
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understanding of the data formats (EDF, HDF5)

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
→ SAXS programs → SX_parametrization

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
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understanding of the data formats (EDF, HDF5)
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understanding of the data formats (EDF, HDF5)

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html 
→ SAXS programs → Saxs Format Manual
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understanding of the data formats (EDF, HDF5)

raw data             pyFAI (normalized)    pyFAI (regrouped)       pyFAI (1D)          SAXSutilities/programs

NXDATA  :       data/data_errors (pyFAI),   array/array_errors (beamline)

   

metadata:         parameters (pyFAI),    header or header_array/header_array_errors 

NOTE:  only “header” describes NXDATA according SX_parametrization
             “parameters” are only a copy of header of raw data

NOTE:  “default” attributes tell you where to find data

HDF viewer: www.hdfgroup.org 

raw data             pyFAI (normalized)    pyFAI (regrouped)       pyFAI (1D)          SAXSutilities/programs
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ID02 tools for data reduction and visualization

available programs: http://www.esrf.fr/home/UsersAndScience/

+ spd Experiments/CBS/ID02/BeamlineDescription/

+ saxs programs DataReduction/SoftwareIntroduction.html

+ SAXSutilities

+ PyFAI

→ on-line and offline ← 

demonstration:
data reduction in 2D and 1D:
e.g. partial integration, averaging, subtraction, merging

typical artefacts
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raw:

reduced:

            ehf/edf                                                     h5

  SPD / saxs programs                     DAHU (PyFAI)  / SPD / saxs programs

               edf                                                        h5
        edf

new ESRF data policy
https://www.esrf.eu/datapolicy




ID02 online data processing
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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

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

propagation of statistical errors

GUI is available for most common 
tasks in SAXSutilities
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SPD – saxs programs

Note: double the number of ‘%’ in windows bat scripts...

saxs_arc 
-omod n 
-i1nam ra26_saxs_%%%%%_nrm.edf,1,500 
+mask 
-i2nam mask-2m5.edf 
-onam ra26_saxs_%%%%%_nrm_azim.edf 
+pass 
-p

saxs_curve 
-alf1 80_deg 
-alf2 100_deg  
-scf 2_pi 
-head 
-hedl "q*nm [TitleBody,,1]" 
-ext .dat 
-i1nam ra26_saxs_%%%%%_nrm_azim.edf,1,500 
-onam ra26_saxs_%%%%%_nrm_80-100_ave.dat 
-p
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saxs programs

further info:

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
→ SAXS programs → SaxsPrograms Package Manual

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

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
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SAXSutilities(2)

http://www.saxsutilities.eu

NEW in spring 2020:

SAXSutlitie2 divilopid in Python 3.6/3.7

packagi with Windowe / Linux inetallir
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SAXSutilities  –  SAXSutilities2 ready for restart of beamlines in spring 2020

http://www.saxsutilities.eu
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SAXSutilities(2) – 2D visualisation (EDFplot / plot2D)
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SAXSutilities(2) – 2D visualisation (EDFplot / plot2D)

Saxs COORDINATES  <  >  Saxs PROJECTION 

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

                    (distance of pixel from poni on detector)  wavelength0
  SAXS coordinate = -----------------------------------------* -----------
                    (distance of poni from sample)             wavelength
                                                                            where wavelength0 is 1e-9 m

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

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

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:

  SAXS(Waxs) coordinate = s*nm

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



Page 30 SAXS Tutorial -- Users Meeting 2020     -     Michael Sztucki, ESRF

SAXSutilities(2) – 2D visualisation (EDFplot / plot2D)
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SAXSutilities – 2D visualisation (EDFplot)
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SAXSutilities(2) – 2D tools (EDFtools / tools 2D)
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SAXSutilities(2) – 1D visualisation (BHplot / plot1D)
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SAXSutilities(2) – 1D tools (DataTools / tools1D)
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Outline

➔ SAXS instrumentation and theory

➔ SAXS data reduction and calibration

➔ Good practice for data recording 

➔ SAXS data formats

➔ Tools for (on-line) data reduction and visualization:
SPD, saxs programs, PyFAI, SAXSutilities

➔ Data Interpretation / modelling

➔ Form factor, Guinier / Porod law, Unified fitting, size distributions, 
structure factor

➔ Programs: SAXSutilities, IRENA, SASview, SASfit
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Form factor (dilute case)

in case of isotropic particles:

scattering amplitude:

in case of isotropic sperical particles:
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Form factor (dilute case)
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Form factor (dilute case)
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Limiting form of I(q):  Guinier and Porod law

analysis based on limiting form of I(q):     

Guinier and Porod plot

Guinier plot:

valid at low concentration and small 
values of q  qR

g
<1

plot of ln(I) against q2 has slope -R
g

2/3

radius of Gyration depends on particle shape Porord law:

for  qR
g
>>1
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Unified fitting (G. Beaucage)

for polydisperse systems consisting
of multiple structural levels

BR
G
4/1.62G = polydispersity index

M. Sztucki, T. Narayanan, G. Beaucage, J. Appl. Phys. 101, 114304 (2007)



Page 41 SAXS Tutorial -- Users Meeting 2020     -     Michael Sztucki, ESRF

Unified fitting (G. Beaucage)

using Irena package by Jan Ilavsky in Igor Pro:  https://usaxs.xray.aps.anl.gov/software/irena

● Unified fit
● Modeling
● Size distribution
● Guinier-Porod model
● Fractal model 
● Reflectivity 
● PDDF
● Peak fitting tool
● ...

Beaucage G (2012) Combined Small-Angle Scattering for Characterization of Hierarchically 
Structured Polymer Systems over Nano-to-Micron Meter: Part II Theory. 
In: Matyjaszewski K and Möller M (eds.) Polymer Science: A Comprehensive Reference, Vol 2, 
pp. 399–409. Amsterdam: Elsevier BV.
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Size distributions

Size distribution – using Maximum Entropy, Total Non-negative least square (TNNLS) & Regularization 
methods for evaluation of small-angle scattering from scatterers represented by number of different form factors.
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Size distributions
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Interaction → Structure factor

>>  structure factors for monodisperse systems

+ hard sphere repulsive potential, 
+ short range attractive square-well potential 
+ 2Youkawa potential
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Form (and structure) factor fitting
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SAXSutilities - modelling
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SAXSutilities – contrast calculation
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Crystal structures

indexing and identifying
different crystal structures
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SASfit

https://kur.web.psi.ch/sans1/SANSSoft/sasfit.html
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SASview

http://www.sasview.org/
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SASview

http://www.sasview.org/
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SASview 4
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SASview 5
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Conclusions

Saxs Programs:
http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
→ SAXS programs
Or directly: http://www.esrf.eu/Instrumentation/software/data-analysis/OurSoftware/SAXS

SAXSutilities:
http://www.saxsutilities.eu
--- there you will find soon this presentation ---

Irena:
https://usaxs.xray.aps.anl.gov/software/irena

SASfit:
https://kur.web.psi.ch/sans1/SANSSoft/sasfit.html

SASview:
http://www.sasview.org

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
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