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User guide

Preamble

Scatter is a program intended to analyse Small-Angle X-8&attering (SAXS) and Small-
Angle Neutron Scattering (SANS) data either by canmg the measured 2D pattern with a
simulated one, calculated using a theoretical madethe structure under test, and/or by
performing an adaptive fitting of the scatteringweuobtained after reduction of the raw 2D
data.

The program is a standalone executable that ruimdows environments. So far, it has
been successfully tested on PCs running Window® 200 Windows XP.

Getting started with Scatter

Double-clicking onScatter.exe opens the main Graphical User Interface (GUI)niip the
user can load, display and analyze:
- 1D data (scattering curves) using a general GUttdhulD scattering curve). As
stated in the preamble, in this case it is assutim@ddata reduction has already been
done

- 2D data (scattering patterns), using the general Gi¢ned by the2D scattering
pattern button.

The program assumes number to be entered in theafoll1234.334, i.e. the decimal
delimiter is a point, and not a comma. In some gages as to be adjusted in the Windows
country options.

1D data analysis, simulation, and fitting

In this GUI of Scatter the user can load the 1D reduced data in orddisflay and compare
them with a simulated curve according to a chosedah After choosing a reasonable model
for the data, the user can initialize the modeapeaters and start the fitting operation.

Data formats

Scatter is able to read 1D ASCII data written column-wageording to the following
conventions:

- *.txt or *.out: raw reduced SAXS data or Gradzielski-like formsigcific to beam-
line IDO2 at the ESRF. Such a file contains two tbree columns of values
corresponding t@ andl(q), or toq, I(g) anderr(q) respectively, separated byTab
character or by one or more whitespaces. In thelZskski format, data is preceded



by a header of about fifty lines, each of themtstgrwith a # character. Err(q) is
not provided explicitly, its value is estimated3natter a$(q)/100.

- *.csv. comma-separated valuesfi(q), anderr(g). Similarly, err(q) is estimated as
1(g)/100 if not provided explicitly. Blanks are tolezdtbetween a comma and the next
value on a line. The file has no header.

- *.pri, *.mul, *.sub, *.fun: blank-separated, 1(q), anderr(qg) values, preceded by a 5-
lines header.

- *.asc: Tab-separated| andl(q) values. The first line is skipped since it jusgsaho’s
who.err(q) has to be estimated like for the other formats.

- *.uxd: blank-separated|, and I(q) values, after a 57-lines header. Agaém,(q) is
estimated afterwards by the program.

- *_chi: fit2d output. The format is similar tauxd, excepting that the header has only 4
lines.

- *.csw is a comma-separated data format specifiSdatter. It is used to save the
evolution of a set of ten parameters while analyzime datax axis, I, dl, qu, qv,
angle, gx, qy, gz, and the cut type (horizontal, vertical ocular).

Loading and plotting the 1D data
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Fig. 1: GUI for the 1D-data treatment



Simulation and adjustment of parameters

Once your data are loaded and displayed as requicedcan simulate curves according to
several theoretical models. In order to displayhe main plot the scattering profile of the
theoretical model, you have to choose the partibbpe (sphere, cylinder, etc...), the particle
nature (homogeneous, core-shell, etc....) and the &fnattice (FCC, BCC, none, etc...).
You can do this by checking the correct optionsheCrystal Lattice, Particle andParticle
interior boxes. Once the model has been chosen, you camagimthe corresponding
scattering profile by pressing tkalculate button. To adjust the profile height with respiect
your experimental data, use th{@) parameter. In case of a constant backgroundyasetine
value can be adjusted as desired.

Numerous models are available and the basic infiemancluding some fundamental
references, are listed below.

Particle Structures

Formfactors for different particulate structurestsas spheres, cylinders, lamellae (disks),
vesicles, liposomes, Kratky-Porod-chains and exugiolume chains can be calculated.

Anisometric particles (cylinders, disks) are assdinite have an isotropic orientational
distribution. The particles are schematically shawhig. 1.
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Fig. 2: Particle shapes that are used in Scatter.

Particles can have a core/shell-structure congisti a homogeneous core, and a
homogeneous or inhomogeneous shell.

Fig. 3: Cross-sectional density of core/shell-particles



Inhomogeneous shells are assumed to have a densfile of the formg~ r?, i.e. a scaling
law typical for polymer brushes. The value of depends on the geometry (spherical,
cylindrical, or planar polymer brush) and the salvguality. A value oftx = 0 corresponds to

a homogeneous shell. Further, the rgdie @J@. of the shell and the core density at the
interface have to be specified.

Spheres
You need to specify
» the sphere radiuR and
* its relative standard deviatian
For homogeneous core/shell particles in addition
» the outer radiu&, and
» the density ratip have to be given.
For inhomogeneous shells further
* the parametem has to be specified.
For spherical polymer brushes this parameter hasalyvalues between 1 (theta solvent) and
4/3 (good solvent).

Cylinders
You need to specify

» the cross-sectional radius of the cylin&er

* its relative standard deviatian and

» the length of the cylinddr.
The scattering curve is calculated for isotropistribution of cylinders. For homogeneous
core/shell cylinders in addition

* the outer radiu®, and

* the density ratip have to be given.

* For inhomogeneous shells further the parancetess to be specified.
For cylindrical polymer brushes this parametertiypgcal values of 2/3.

Lamellae
A lamella is modelled as a disk of thicknels®2R and a lateral radiuR>. You need to specify

* R(i.e. half its thickness),

* its relative standard deviatian and

* the lateral radiu®p.
The scattering curve is calculated for an isotragigtribution of disks. For homogeneous
core/shell particles in addition

* the outer radiu®, and

» the density ratip have to be given.
For inhomogeneous shells further

* the parametem has to be specified.
However, for planar polymer brushes this valueypcally equal to zero corresponding to a
homogeneous shell. In this case, the calculati@mulghbe performed for the homogeneous
core/shell-case which is much faster.



Vesicles
You need to specify
* the radiusk to the inner rim of the bilayer, and
* the radiusR, to the outer rim of the bilayer.
The bilayer thickness is then equalle= R, - R;. Further you need to specify
* the relative standard deviation of the vesicleuadi and
» the relative standard deviation of the bilayerkhiessop.

Liposomes
A liposome is understood as a multi-lamellar vesieith an onion-like structure. As for the
vesicle you need to specify
* the radiusR to the inner rim of the bilayer,
* the radiusR, to the outer rim of the bilayer,
» the relative standard deviation of the vesicleuadk, and
» the relative standard deviation of the bilayerkhi&ssop.
In addition you need to specify
» the number of concentric vesicles (shells), i.e.ldmellarity.
All shells are assumed to have the same distartter@spect to each other.

Kratky-Porod Chains
For the Kratky-Porod chain you need to specify
» the contour length and
+ the persistence length
For an infinitely thin Kratky-Porod chain you sdlewne for the internal structure. If the
Kratky-Porod chain has a finite thickness, then
* the radiuR and
» its relative standard deviatianhave to be specified.
For inhomogeneous chains further
» the outer radiu&, and
» the density ratip have to be given.
For inhomogeneous shells further
* the parametem has to be specified.
For cylindrical polymer brushes this parametertiypgcal values of 2/3.

Excluded Volume Chains
For the excluded volume chain you need to specify

» the radius of gyratioRy,
* the Flory-exponent and
* the parametey.

Cube
You need to specify
» the cube edge length
» itsrelative standard deviatian



2D-data/orientational distribution functions

When 2D-data sets are considered, i.e. horizonéatical, or azimuthal slices through 2D-
data generated with crystal3d, in addition
» the relative standard deviation of the cylindersliskso, have to be specified.

Further, the orientational distribution of the oglers has to be given. For this several
orientational distribution functions can be chosarch as an isotropic distribution, all
cylinders or disks oriented in thedirection, and further Gaussian, exponential, ©Qasa
Maiper-Saupe, Heaviside, or Laguerre-type distrdsutunctions.

For the orientational distribution functions
» the average anglé (dbeta) has to be specified.

The orientational distribution functions for typalc/alues are shown in Fig. 22.
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Fig. 4: Orientational distribution functions used in Seatt

Lattices

A number of different lattices can be calculated¢hsias lamellae, cylinders packed in

hexagonal, square or centered rectangular lattibes, fcc, sc, hcp and body-centered
tetragonal structures (bct), ordered bicontinouscsires such as the gyroid (la3d), double
diamond (Pn3m), plumbers nightmare (Im3m), randdosezpacked-layers, Percus-Yevick

liquid-like structures, fractal-like aggregates am-dimensional arrangements of spheres or
cylinders typical for GISXAS/GISANS-experiments.
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Fig. 5: Lattice types available for calculations

For each of the structures

» the unit cell dimensioa (and possibly),

» the average domain size,

* and the average displacement from the ideal |gpiidet (Debye-Waller factor)
need to be specified. The average domain sizeviexrsely proportional to the peak width.
Large displacement values will diminuish the intees of the higher order reflections.
Further

* a maximum hkl-value should be given.
The number can be arbitrarily large, but this witiw down the calculation.

Further a peak shape can be selected, for whidéreiift peak shape functions are available
such as Gaussian and Lorentzian peaks, modifiednitoans 1 and 2, the Pseudo-Voigt, the
Pearson-VIl and a generalized Gamma-function. @kethree function require to
» specify an additional parameter that can have gahetween zero and one for the
Pseudo-Voigt and the Pearson-VIl function, and eslbetween 0 (=Gaussian) and
infinity (Lorentzian) for the generalized Gamma dtian.
The anisotropic Gaussian function is only applieabl 2D-data sets.

The calculations for the bicontinuous structuresdgone in an approximation, where vesicles
are arranged on body-centered (la3d, Im3m) or &ngpbic (Pn3m) lattices such that the

hydrophilic/hydrophobic volume fractions correspdadhe correct values. As a consequence
the relative intensities of the higher order reflats are not correct, but the positions are.



Data analysis
Plotting your data

A typical data analysis would proceed as followise Data file is loaded wit®penFile. The
program will autoscale the data and display therannmage. The minimum and maximum
values of x (g-axis) and y (intensity-axis) areegivn the greyPlot Option box on the right of
the image. The number of data points and the maxinmtensity are given in thBata box
below the image.

You an choose different ways how to plot your daténePlot Option box. Clicking onx-axis
log will automatically plot the data on a logarithmieaxis. Similarly you can chooseaxis
lin, y-axislin, ory-axislog. In thePlot Option box instead ofj vs| you can further select
other types of plots such as Guinier, Zimm, Holtzératky or Porod plots just by clicking
onto them. For the Guinier plot the program wilt@uatically do a linear regression to give
you the radius of gyration, its relative error, tteglius of an equivalent sphere, and the
correlation coefficient of the fit in thieit Results box below the image. By adjusting the first
and last data point to be considered for the regyesin theData box, and clicking on
PlotData (or Ctrl D), the regression only considers the values inélicat black, and ignores
the data indicated in blue. The results of the negvession are again given in thié Results
box.

Similar the Zimm-plot will automatically make a diar regression to give you the intercept,
from which the molecular weight could be calculat@ad the slope, from which the radius of
gyration could be calculated. However, for thedeutations the intensity on absolute scales
as well as the optical constants of the experinhant to be known. The Holtzer-, Kratky-,
and Porod-plots will automatically fit a horizontale through the data, from which the the
mass per unit length (Holtzer) or the internal scef area (Porod plot) could be calculated,
given that the intensity is on absolute scalesthatithe optical constants are known.

To choose a patrticular range for plotting your dstau can deselect autoscale and enter the
desired values in the x (min/max) and y (min/maeldt, and clickPlotData (or Ctrl D).

Often, measured background, e.g. scattering afahent, has to be subtracted from the data.
The background file is loaded by selecti@penBkgrd. The program assumes that the
background file has the g-values as the dataTie program then displays the background
data in green together with the data in the im&gether it subtracts the background from the
data and displays th&mple data in red also in the image. The factor by whikbh
background is multiplied and subtracted from tht&ada by default equal to one, but can be
changed in théntensity/Background box below the image. This factor can also beditteéhe
subtract checkbox is checked. If background is loadedregtessions in the Guinier, Zimm,
Holtzer, Kratky and Porod-display apply to geenple data (in red).

The plot can be cleaned by pressingdiearPlot button.

Modelling your data
You can start modelling your data by choosirgatiice and aParticle and enter the required

parameters. You further have to specify the intgn§roportional to the primary beam
intensity) and a horizontal flat background in tingensity, Background box just below the
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image. By clicking onCalculate (or Ctrl C) the program will calculate the corresponding
scattering curve and display it together with tledad The progress of the calculation is
displayed in the progress bar above the image.u@aions can be very fast in case of spheres,
but also slow in case of cylinders, or inhomogeseaore/shell structures, where the
calculations are mathematically more demanding. Yan interrupt any calculation by
pressing theESC-button. By choosing some lattice/particle modeld aadjusting the
parameters one can quite often get some first ned® agreement between the calculation
and the experimental data.

If calculations have been performed, the prograiowal one to plot the size distribution of
the particles by checking theze distribution box in thePlot Options box and selecting
PlotData (or Ctrl D). Similarly by checking théensity profile box and selectinglotData (or
Ctrl D), the density profile is displayed. One shouldag®only one of both check boxes. If
both are checked, then only the size distributsodisplayed.

Fitting your data

If there is reasonably good overlap between tha datl the calculation, one can start fitting
the model calculation to the data set. For this careselect the first and the last data point to
be considered in thBata box. After clicking onPlotData (or Ctrl D) the data points to be
considered are displayed in black, the other daitatpin blue. Then seleEit 2 Initialize in

the main menue. It displays thé& Option group box where the number of iterations for the
Simplex-fit and the number of iterations in the seduent Levenberg-Marquardt-fit can be
specified. Further you can specify minimum and mmaxn g-values dmin, gmax) to be
considered, and the minimum intensikgnifh). In theFit-Options box you can limit the range
of a number of parameters to physically or matherally plausible ranges. For the first fit
default values are used.

To obtain a first good fit to your data, one cantke following. Choose a small number of
iterations, e.g. 20, for the simplex fit and zdryations for the Marquardt fit. If Marquardt fit
is checked with zero iterations, the Marquardt atgm will just give you an estimate of the
fit error, but will not fit further. The range linations of the parameter are only taken into
account in the simplex fit. By checking the boxestnto the parameters in the Lattice,
Particle and Intensity box, you select the pararsetie be fitted. At the beginning, choose
only a few, i.e. 1-3 parameters such as intenpgyticle radius, peak width to see if the fit
converges. By clickingrit = Fit, Ctrl F, or theFit-button you start the fitting procedure. The
left progress bar shows you the progress in théf fjou decide to interrupt the fit, just press
the ESC-button. In theFit-Option group box the number of the current iteration,dheent fit
values of the fitted parameters are displayed. Sihgplex algorithm stops automatically, if
the relative tolerance gets below a preset valug@esfl5. After completion of the fit, the
program will plot the fitted function and lists tfited values in théit Results box together
the relative fit error obtained from the covariantatrix generated by the Marquardt-
algorithm. Also, the covariance matrix (upper ridpaif) is displayed. If parameters are not
statistically independent from each other, a ‘#isplayed in the corresponding lines. In this
case you should lower the number of fitted pararedtehave better statistical significance of
the fitted values. The old parameters are ovemvriby the new fitted values. If the fit results
are unacceptable, you can get back the old parasiayeclickingReset in the main menue or
the RESET button in the Fit-Option group box. If the fit wasccessful, you can fit more and
finally all parameters of your model and chooseuffigent number of iterations. You can
save the calculation or the fit by clickiigave - SaveCalculation andSave - SaveFit. The
files are stored in Excel-format (comma-separased) you have to add *.csv as the extension.
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If you just want to display your data together wiitle fit, you deseleatalculation in thePlot
Options box. You can store the plotted image as a bitmapetbectingSavelmage. Here you
need to add the extension *.bmp.

If the fit takes very long, you can bin the datadbyposing an appropriate number of data to
bin in the Data box, before loading the data. Chmp4 means that 4 subsequent (q, 1)-values
are averaged to get one data point. A smaller nummbdata points will considerably speed
up the fitting procedure.

Many times it is just not possible to obtain anegtable fit. There can be many reasons such
as that the assumed model is incorrect, numericablgms during the calculations,
parameters with unphysical values etc. Often omestid manually adjust the parameters to
obtain a reasonable agreement with the data ante stoe calculated curve with
SaveCalculation.

Series fitting

The program allows to automatically fit large numbé data files such as files from time-
resolved studies. A requirement is that subseggmitering curves do not differ too much, so
that the fitted values of the first curve can beduas starting parameters for a fit to the next
curve. Before starting a fit series, choose thst fitata file and perform a fit so that the
parameter values are set to an optimal start value first/last point, gmin/max and Imin for
the fit will apply to all data sets.

The program assumes that your file series has secative numbering in the file name, e.g.
samplename001.ext, samplename002.ext, ... sample@&meall To tell the program where
in the filename the consecutive numbers are coatiaiyou seledtileSeries and clickChoose
File format. In the new box below the image check the posstionthe file name, where the
numbering occurs. You can choose up to 4 positiemshat a maximum of 10000 files can be
fitted. To first check if the files can be propeilyaded, first selecFileSeries and click
ViewFileSeries. Then the program asks you to select the firstdiid the last file of this series.
It then displays these files in the image. The nafrtae first file is displayed in the FileName
box above the image, the name of the last seldii¢eid the Backgrd box above the image.

By selectingrileSeries and clicking orFitFileSeries you select the first and the last file to be
fitted. Then the program is automatically loadiglefile, fitting the data, plotting the fit, and
writing the fitted values in a matrix. After the,fthe program asks you for a flename, where
the fitted parameters should be stored. The filgriten in Excel-format (*.csv). It contains
the consecutive number, the fitted parameters rekaive fit errors and a warning, if the
parameters are not independent. This file canigote. directly imported into Excel or Origin
to display selected parameters for the whole sefidata sets.

If there is no consecutive numbering in the filenes, you can store the files in a separate
folder. WithViewFolder andFitFolder you can perform the same series fitting as above.
Storing and loading parameter files

All parameter values and settings can be storedparameter file that can be loaded later to
proceed with the analysis. For saving the parametelectParameter and click onSavePar
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to choose a filename. The extension should be *plais parameter file can be loaded by
selectingParameter and clicking orOpenPar.

Multiphase calculations

By selectingOptions and clicking orMultiphase Systems a new box right to thelot Options
box appears. You can add three different scattanimges to a resulting scattering curve. By
selectingPhase 1, all subsequent calculations will be stored assBHa By selectinghase 2,

all subsequent calculations will be stored as PRasand similarly forPhase 3. The three
phases are added in proportion to the coefficigiuen in thelntensity fields. For the
calculation clickMultCalc. The calculation can be stored by selectfage and clicking on
MultiPhase.

2D data analysis and simulation

Data formats

Scatter can handle several specific image formats:
» EDF (ESRF/Klora data format), BSL/OTOKO,
» raw and T-files output by ILL scattering beam-lines
* AIDA (*.pcb) used by some image plate detectors,
» spreadsheet (ASCII) 2D data generated by prodiiab (*.spr),
» *.img format as used at the ALS (Berkeley Lab),
* Pilatus *.cbf and *.tif formats
« common formats like Bitmag (omp), 8-bit and 16-bit TIFF, and PNG.

Anisotropic structures (crystal3d)

Spheres
You need to make the same specifications as irstiiepic case.

Cylinders

For the anisotropic case you need in addition &xi$p the relative standard deviation of the
cylinder length and the orientational distributioh the cylinders. There is a choice of
orientational distribution functions. They are dissed below. The cylinders are ideally
assumed to be oriented in the z-direction (001).

Lamellae

For the anisotropic case you need in addition txi$p the relative standard deviation of the
lateral disk radius and the orientational distribtof the disks. There is a choice of
orientational distribution functions. They are dissed below. The disks are ideally assumed
to be oriented with their normal in the z-directi@®®1).

Vesicles
You need to make the same specifications as irstiiepic case.
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Liposomes
You need to make the same specifications as irstiepic case.
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Fig. 6: GUI for the analysis of 2D-data

Analyzing scattering patterns

Scatter is currently the only software that allows onestmulate the SAXS pattern of a given
sample using a theoretical model, and to comparedasult with the experimental 2D data. In
the following, we will present the steps of the lgsis using as an example a pattern obtained
at the ESRF on beam-line ID02.

After clicking on2D (scattering pattern) you enter the graphical user interface (GUI) fa th
analysis and modeling of 2-dimensional data. Dogbtking on the blue upper frame will

display the graphical user interface in full size.

Loading your data

In a typical analysis you first seleGampleFile in the main menue and select a file type.
These are typical detector files from beamlineBSRF, ILL, and HASYLAB/DESY. If your
file type is not among the list, you may use FitRDopen your file and export it in a
spreadsheet format (*.spr). This file type is amtrgselections in the list.
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Every specific data format has its own entry thaltsca dedicated procedure. Note that for
BSL data you must select the header fiknn000.mdd) as input; it contains all the
information needed to load the 2D data. Sub-m@ther formats can handle .png, *.bmp,
and 16-bit TIFF images. After selecting the filgay you can open your data file using a
standard WindowOpen dialog box. A progress bar placed below tBalculation box
illustrates the evolution of data loading.

Data display

After selecting your file, it will be displayed the lower left image@ata Image) in a 512 x
512 pixel window. If the original image is larger gmaller than these dimensions, it will be
stretched or reduced so as to fit the given arba.aBpect ratio is maintained.

The intensity is by default on a logarithmic scatel autoscaled. You can change the plotting
options in the upper left group b&tot Options. You can adjust the minimum and maximum
values of the intensity, a linear or logarithmiegentation and choose a color map. Changes
in the log/lin-option and the color map lead auttoadly to replotting of the whole image.
After adjustment of the min/max-values you can oefpthe image by selectingeplot Image

in the main menue. You can also choose whether rtiekks and tick labels should be
displayed. The upper imagan@alysis Image) displays the intensity scale on the left together
with the corresponding color scale on the rightgoantitative comparison.

To update théData Image, click Replot Image. Note that when the image is redrawn after
having modifiedzmin and/orzmax, the new intensity range is mapped onto the eutier-
map range.

The g-scales are calculated form the data parasgtéheData Info group box. Parameters
that are relevant for the calculation of the g-ssakre the wavelength, the sample-detector
distance, the pixel size, the beam position, aedntlimber of pixels on the detector. These
data are sometimes provided by the data file (e.gase of *.edf) and are read from the data
header. If not, default values are used to displajefault g-scale. In this case the default
parameter values and the g-values are coloredlinTiee user is expected to enter the correct
values in theData Info group box. The beam position, sample-detectoradcst and
wavelength can be determined using the beam cegtemd calibration routines. If the
correct values are entered, this is confirmed Bsgsing theDatalnfo OK Button. Then all
parameters and g-values are displayed in white.

In addition to those parameters already mentiooed,can find in th®ata Info group box a
description of the sample, the date of the expertraad the run number (if any), the sample
temperature during acquisition, the range of trexaye intensity in the image, and thg.

Background Subtraction

Often background has to be subtracted from the uned<data. For loading the background
data selectBkgrdFile from the main menue, select the file type and then file. The
background data are then displayed in the lowdat ilgage. For plotting the background data
the same plot settings in tikot Options group box are used that were specified for tha dat
file. The background file can be subtracted froendhata file by checking theeib checkbox in
Plot Options and specifying therefactor for the background data. It is by default set.th i
due to differences in primary beam intensity or sueament time this prefactor is different
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from unity, it can be adjusted accordingly. By séleg Replot Image from the main menue,
the subtracted data file is shown in ata Image. As long as theub checkbox is checked,
all calculations will be performed on the backgrdwsubtracted data.

Beam position

Usually, the beam position (in pixels) is alreadywn and can be entered in thatalnfo
group box. The most direct way is to collect angmaf the attenuated beam on the detector
and determine its center. If not possible, onetbateduce the beam position from scattering
patterns. For both procedures existing data redlncind analysis software packages (e.qg.
Fit2D) provide appropriate tools. If the beam positis not known, then Scatter provides
some means for the determination of the beam pasiti

To determine the beam position on the detectoecsBeam from the main menue. For the
specification of the beam position tbata Image is enlarged for higher accuracy. There are
four options to determine the beam position. ByasiiagBeam - Manual you can click with
the cursor on the beam position. The selected hmasition (in pixels) is displayed in the
Data Info group box and it is indicated by a white crossheData Image. If the cursor is
moved away from the beam position, also a whitglei@round the beam position is displayed.
The intensity along this circle is displayed in thaalysis Image. By comparing the position
of peaks or Debye-Scherrer rings with the circles ipossible to check whether the selected
beam position is correct. If not, a better positzan be selected by clicking on tbata
Image. If the position is acceptable, cli@eam - Accept beam position in the main menue.
Then the image is replotted with the new beam pwsit

Another option is to use trackbars by selectiregrB - Center with trackbar. This option
can be used when the scattering pattersotsopic or when the upper/lower half and left/right
half aresymmetric. By selecting track bars, one track bar on toghefData Image, and one
on the left side of th®ata Image are displayed. By dragging the rider to the leftight on
the upper trackbar, the intensity along horizootdk through th®ata Image at the vertical
position of the left trackbar are displayed in thgper image. The intensity towards the right
side of the beam center, indicated by the whiters displayed in red, the intensity towards
the left side of the beam center is displayed eegr When the two cuts superimpose, the
beam center is in the appropriate position. Thelgposition is given in the Datalnfo group
box. The same procedure is then used for the trackon the left side of thBata Image.
Dragging it up and down will shift the beam positiaccordingly. The intensity towards the
upper side of the white cross is displayed in tbe, intensity towards the lower side is
displayed in green.

A third option is to use data points on a circleusard the beam position by selectidBegam >
Center with circle. This option can be used for samples with circllabye-Scherrer rings
(e.g. silver behenate calibration sample) or saspith a set of Bragg peaks that are located
on a circle. This is the most accurate way to detez the beam center. After selecting the
Beam -2 Center with circle option, one has to click at least on three pofntaximum six
points) on a circle. After clicking on the thirdipg the beam position will be displayed by a
white cross. The position of the center (in pix&sjlisplayed in th®atalnfo group box. One
can select six points in total. One can followthié position of the beam as indicated by the
white cross and the pixel values in the Datalnfe & changing any more if more points are
selected. If the beam position is unacceptable RIBEET button displayed on the lower left
of theData Image can be clicked.

14



A fourth option is to calculate the center of gtgwf the Data Image by selectingBeam -
Center of gravity. This option can only be used if the data imaggymmetric with respect to
the beam position. Usually, already the shadowhef liteam stop holder will lead to non-
symmetric images. After selection, the beam pasisandicated in th®atalnfo group box.

If the selected beam position is acceptable, s8eamn - Accept beam position. This avoids
that further clicking in th®ata Image will alter the selected beam position.

For GISAS patterns often the primary beam doesitdbhe detector and therefore its position
cannot be determined from the measured 2D-datthisncase the primary beam position is
calculated from the position of the reflected beAifter selecting 2DHex (GISAXS) from the
Lattice group box, a field for the incident anglgpaars in the Datalnfo group box. After
selectingBeam - Manual or Beam - Center with Trackbar the position of the reflected
beam can be specified. A white cross corresponidirige position of the reflected beam and
a white cross corresponding to the calculated jpositf the primary beam are shown. The
position of the primary beam is then displayedhm@atal nfo group box.

Calibration

Usually, the experimental parameters from whichstegtering vector is calculated, i.e. pixel
size, sample detector position, wavelength, arevknand can be entered in the Datalnfo
group box. Assuming that at least the pixel sizeskamown,Scatter provides some tools to
determine the wavelength (then sample-detectoramtist has to be known) or the sample-
detector distance (then wavelength has to be knénm) measured calibration samples such
as silver behenate or rat tendon. This is also anséo check for consistency, if all
parameters are known.

For calibration the measured scattering patterthefcalibration sample is loaded into the
Data Image. For calibrating scattering patterns it is gooddisplay the intensity on a log-
scale and adjust the min/max-vales such as tolgleee as many reflections as possible.

To calibrate the wavelength selgcalibrate - Calibrate Wavelength and then select the
calibration sample. The wavelength is then caledldly assuming a given pixel size and
sample-detector distance whose values have to \mn gn theDatalnfo group box. The
calibration proceeds by clicking on the reflectiamghe Data Image. Before clicking on the
first reflection, the order of the first reflectidtnas to be given in th€alibration group box at
the lower right side of thBata Image.

Since the position of the lowest order reflecti@as be affected by the strongly increasing
diffuse scattering around the beam stop, the lessiits are usually obtained by selecting high
intensity higher order peaks, e.d! &nd 9" order of rad tendon patterns. After the firstlclic
the calculated wavelength is given in tatalnfo group box. For further peak selections the
order of the reflections is calculated and givertha Calibration group box. It should be
checked for correctness. An arbitrary number ofeotibons can then be clicked on and
checked in the Datalnfo group box, if the calcudateavelength stays consistently in a small
range of values.

For calibrating the sample-detector distance sd&latibrate - Calibrate detector distance
and choose the appropriate calibration sample. ililsbis case the order of the first refection
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has to be given. For further selected reflectitvesarder is calculated and the derived sample-
detector distance given in tbatalnfo group box.

If the calibration is acceptable, sel@alibrate - Accept calibration in the main menue.

After determination of the beam position and calilom, all parameters in thgatalnfo group
box can be accepted by clicking on hatalnfo o0.k. button in thdatalnfo group box. Then
all parameter and g-values that had previously lukgplayed in red are displayed in white.
Further theData Image is replotted with the valid g-scale on the gx- gyehxis.

Primary image analysis

If correct parameter values are given, moving thrsar over théata Image will give the gx-,
gy-, and gqz-component of the scattering vectohendroup box at the upper left of tbata
Image. It also displays the azimuthal angle and thenisitg of the pixel at the cursor position.

Further analysis is possible by checking the chmmptes in theCuts group box at the right of
the Data Image. Selecting theeft/horiz-box displays a horizontal line, along which the
intensity is taken and displayed in the upper imgg®lysis Image). By changing theilt
angle below theCuts group box, the intensity along lines with a fingegle with respect to
the horizontal can be viewed. This is of interddines and peaks are not exactly horizontal
or vertical to the detector axis. By selectlefy/vert or left/circle, the intensity along vertical
lines and circular lines can be viewed as welloAlk angles can be chosen for these options.

Note that it is possible to draw simultaneous hmrial and vertical cuts for tHeata Image
(left image) as well as thdodel Image (right image). For this, tick for images both theriz
andvert boxes. One can then move this “cross” simultanigamger both images. To get rid
of a section line or circle, un-tick the correspimigdbox in theCuts group box, then click on
the image.

Cuts can be stored by clicking on the cuts andctefgSave = Save left horiz data, Save 2>
Save left vert data, or Save = Save left circle data from the main menue. The file names
should have the extension *.csv (Excel format).

The most recent of the selected horizontal, vdraca circular cuts can be displayed in the
upper image by selectingot = left horiz data, Plot =2 left vert data, or Plot = left circle
data from the main menue.

Note: The intensity distribution over a circle iarficularly sensitive to the selection of the

beam position. If the intensity distribution appgesy be regular in the scattering pattern, but
has large deviations in the display in thealysis Image, then the beam position may be

wrong and may require a further refinement.

Zoom in/out
To analyse the central part of the scattering patite more detail, selecZoom - Zoom in
from the main menue. It displays the central quartéhe image around the beam. Horizontal,

vertical and azimuthal (circular) cuts can be dasalescribed above. To go back to the total
image, selecZoom - Zoom out from the main menue.
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Replot image

By selectingReplot Image from the main menue, thH2ata Image will be replotted. This is
often done automatically, e.g. upon changing thercamap or lin/log-scale. Replotting is
necessary e.g. after changing the min/max-valuedter displaying cuts as white lines in the
image.

Masking

For averaging over selected areas of the imagg,aften necessary to mask defective pixel
areas or the shadow area of the beam stop. Maskingbe done by selectingask >
Generate Mask from the main menu. By clicking on the Data Imgge sequentially specify
the corners of the polygon whose interior represém mask. The polygon is displayed with
white lines. If the drawn polygon is acceptablé&glkcMask = Accept mask in the main menue.
Then further masks can be generated. The maskets man be viewed by selectipsk -
Show mask from the main menue. If a drawn polygon is unataa, click on the RESET
button in theMask group box at the lower right of tH2ata Image. The generated masks can
be saved by selectinfave 2 Save Mask from the main menue. They should have the
extension *.msk. If mask files have been storedytban be loaded by selectiMpsk >
Load mask from the main menue. After loading, the maskeacklgixxan be displayed ask

- Show mask. Further masks can be generated and stored togeithaihe loaded masks.

In addition, pixels with values smaller than a agrtminimum cut-off value can be masked
by specifying this value in the Mask group box. &lpixels with values larger then a certain
cut-off value will be ignored, if this value is sjpged in the Mask group box.

All masked areas are ignored for the radial antbsieat averages.

Radial Averaging

Radial averages, e.g. averages over the azimuighd # give the intensity as a function of g,
can be obtained by selectiAgerage in the main menue. One option is to average thalevh
image. The obtained scattering curve is displayethé Analysis Image. It can be stored by
selectingSave - Save radial average in the main menue. The filename has to have the
extension *.csv as indicated by the filter in tlaes dialog. The most recent radial average
can be replotted in the upper image by selecRiay - Plot radial average in the main
menue. Masked areas are not taken into accouavéaging.

Often one likes to average just a particular seatdhe image. This can be done by selecting
Average 2 define sector from the main menue. THeata Image is then displayed in a larger

format for higher accuracy. A green and red line dgnawn from the beam center to the outer
periphery of the scattering pattern. The part @ $battering pattern between the two lines
will by averaged. This part corresponds to the pdmen going from the green to the red line
in the counter-clockwise direction. The angle of times can be changed by clicking on the
respective line, drag it to the desired positiord alick once more to leave it at this position.
The angular range to be considered for averaginglisated by the black sector in the center
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of the image. If the sector is appropriately chosstectAverage - Accept sector from the
main menue. The sector average is calculated legtsay Average - Average sector from

the main menu. Masked areas are not taken intouatdor averaging. The respective
scattering curve is displayed in tAaalysis Image. It can be stored by selectifgve - Save
sector average in the main menue. The filename has to have thension *.csv as indicated
by the filter in the save dialog. The most recesttar average can be replotted in the upper
image by selectinglot - Plot sector average in the main menue.

Model calculations

Scatter allows one to calculate scattering patterns ferrttost common ordered structures. It
can in particular calculate scattering patternaro$otropic and oriented structures. Just as in
the isotropic case, the Crystal Lattice is defiimethe greerCrystal lattice group box and the
Particle shape as well as its interior structurgh@ blueParticle group box. Further the
intensity and a flat background can be specifietth&i0 and Background group box.

For oriented structures an

» azimuthal domain size
which relates to the azimuthal peak width needédaospecified. Further, many structures
occur in the twinned form (fcc, bcc, hep). If twah the check botwinned will be checked,
and the

» fraction of each twin needs further to be entered.

For anisotropic patrticles like cylinders and diskeir main axis (cylinder axis, disk normal)
may be oriented in a certain direction with somgudax distribution around this direction.
For them in therientational Distribution Function group box
* an orientational distribution function needs tospecified together with
* aparameter dbeta, which is very small (<10) oo Zer perfect alignment, or large (20
— 50) for intermediate alignment to very large (8@)Lfor nearly isotropic orientations.

Further for oriented samples one needs to spdu#yotientation of the lattice structure with
respect to the beam. This is done in@aéculation group box. One needs to specify
» the Miller indices [hkil] of the direction in theeciprocal lattice that is parallel to the
beam.
To determine the crystal orientation with respecthie beam is usually a first task for a two-
dimensional data analysis. One can enter the ldké@s, e.g. 1, 1, 1 for the [111]-direction in
an fcc-lattice in the blue edit fields. For hexaglosystems an additional index i (here in grey)
is often given. It needs not be entered, sincelito calculated from the main Miller indices.
Next
» the Miller indices of the directions in reciprocgace that are parallel to the gx- and
gy-axis of the scattering pattern need to be §péci
Their Miller indices are entered in the edit fieldslow x (for gx) and y for (qy) on the right
side of the blue edit fields. If these directiome aot known, one can let the program select
directions by clicking the radio buttaone in the group boXix axis. If at least one direction
is known, it can be entered either in x- or y- #mel corresponding radio button x and y have
to be selected in thiex axis group box. As an example, directions paralleh®x-, y-, and z-
axis are [100], [010], and [001] for cubic unitlseland [2-10], [010], and [001] for hexagonal
unit cells.
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Rotations

Some experimental setups allow one to rotate thepkeato collect the scattering patterns
corresponding to different projections of the tatiFor modelling calculations the unit vector
corresponding to the [hKl] direction which has bepecified in the blue edit fields can be
rotated around an arbitrary axis specified by

» its Carthesian components in tte¢_axis edit fields by

* an angle (in degrees) that is specified inrtitate edit field.

This will yield a [hkl]-direction that is specified then(rot) edit field. In practice the sample
is usually rotated (a) around a vertical axis (2@), (b) around a horizontal axis (Fig. 2b), or
(c) around an axis that is parallel to the bearg.(Ec).

(a) In this case the rotation axis is parallel to tigeagis and the carthesian coordinates of
this axis are entered in tinet_axis edit fields. Since the directions of the qy-axil w
be the same for all rotated patterns, one wilttix qy-axis for this series of patterns

(b) Here the rotation axis is parallel to the gx-axisl @he carthesian coordinates of this
axis are entered in thet_axis edit fields. Since the directions of the gx-axidl e
the same for all rotated patterns, one will fix ¢ixeaxis for this series of patterns

(c) This rotation corresponds to tilting the scatterpajtern. Here a rotation axis needs
not be specified. Only the tilt angle has to erdenrethe tilt edit field.

Rotation axis

i :
A A
/ Rotation axis

|
ém Beam

Number of quadrants

Next the number of calculated quadrants of thetesgag pattern needs to be specified by
clicking on one of the radio buttons in ttygadrants group box. Most scattering patterns have
point symmetry (Friedels law) so that it is sufici to calculate just 2 quadrants of the
scattering pattern. In this ca8eis selected. The other half is generated by ineersThis
saves time required for the calculation of thegrattOften scattering patterns have four-fold
symmetry. Then it is sufficient to calculate justgtiadrant. Just to be sure, one can also
calculate all four quadrants, which then takes éwrigr the calculation of a pattern.

Centering
Scattering patterns can be calculated either viagir tcenter in the middle of the image, or

with their center at the position of the beam of torresponding experimental scattering
pattern that is displayed in tli¥ata Image. If the center should be in the middle, then gelec
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the radio buttormid point in the Center group box. This is an option for just modelling
scattering patterns without quantitative compargsda specific experimental data. For
guantitative comparisons with the data in Brata Image, the radio buttotveam is selected in
the Center group box. If data files are loaddstam is automatically selected.

For first analysis, the whole scattering pattersgally have to be calculated. For this the
radio buttonfull image is selected. For refinement of model parametess later stage it is
often sufficient to calculate just slices or cutshe whole pattern and to compare them to the
experimental cuts. This will later be done by sttecthedlice radio button.

The calculation is performed up to a maximum qg-gdiluat is specified in thgmax group
box. This can be either preset by selecting théorhdttonpreset and entering the desired
value below. For quantitative comparisons with dla¢a in theData Image, the radio button
data is selected in thgmax group box. Then the image will be calculated dyaeithin the
g-range of the experimental data. If data fileslaagled data is automatically selected.

Then the number of gridpoints of the calculatioredee to be specified. These are the
gridpoints within one quadrant of the calculatedttsring pattern. A number of gridpoints 20
will calculate a quadrant of 20x20 pixels yieldiagOx40 pixel image. For a calculation of 2
guadrants this gives a crude first image withol&ngthy calculation and is often sufficient to
give a first idea of the scattering pattern. Theimam number of gridpoints is 150.

Modelling — first phase / Find Lattice

From here the first part of the modelling usuallgirss. One needs to find out the type of
crystal lattice, its orientation and adjust thet weil dimension and particle dimensions so that
the positions of the calculated peaks resembletisition of the peaks in the experimental
pattern. This often takes time. As a help, choogp®ssible crystal lattice from thérystal
Lattice group box and specify a possible hkl-value for leam = gz-direction displayed in
light blue. By selecting=indLattice - Search from the main menue thPata Image is
displayed in larger size and the set of Debye-Seherings and Bragg-reflections
corresponding to the selected crystal lattice agaihb direction is displayed. Reflections in
green are allowed reflections, reflections in y@lland red are forbidden, but can sometimes
occur if the sample consists of domains with déferorientations (texture) or if the domains
are small. Moving with the cursor over tBbata Image will shift the position of the Debye-
Scherrer rings and Bragg-reflections. If thereasd)agreement between the positions of the
reflections, click on the cursor position. Then tioeresponding value of the unit cell size and
tilt angle are stored for a subsequent calculatibmo agreement can be found select
FindLattice = Done and check for other crystal lattices and beanctoes.

By selectingCalculate from the main menue the calculated image is dygglan the lower
right image Model Image). Moving the cursor over thdodel Image will display the g-values,
the azimuthal angle and the calculated intenidhyin the group box on the left side of the
Model Image. It will also index the peaks at the cursor positand give its Miller indices
below the intensityth. If a reflection is allowed then a green bar &plpear below the Miller
indices of the peak. Forbidden peaks can somethmegisible because of their large peak
width. These peaks will be indexed together wityellow or a red bar. The center of these
peaks will have some finite distance from the Ewalthe. This distance is given below the
bar. For allowed reflections this distance is z&eflections with large distances are indicated
by a red bar and are usually not or only slightsyble.
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Often theModel Image appears just to be rotated with respect toRa& Image by some
angle. By entering a value for the respectilteangle in theCalculation group box, a rotated
image will be calculated. This requires to setrtheber of calculated quadrants to 4.

For further help and visualization the projectidrthe structure in real space is calculated by
selectingProjection in the main menue. The projection is displayed iamall image right
above theModel Image. The projection corresponds to an image that waeldbtained by
transmission electron microscopy. It is the relévaformation in real space that corresponds
to the calculated scattering pattern (Accordinth®projection theorem of Fourier transforms,
a projection in real space corresponds to the esgadt pattern in reciprocal space). The
projection can be stored by selecti®aye - projection from the main menue. The image is
stored as a bitmap. The filename has to have ttemgwn *.bmp as indicated by the filter in
the save dialog.

Modelling — second phase

If the position of the reflections of tHdodel Image and theData Image are in reasonable
agreement, one can proceed with the next stageeafdta analysis. For this theodel Image
has to be calculated with at least 80 gridpointssBlectingleft/horiz andright/horiz in the
Cuts group box, a white horizontal line is displayedtire Model Image and in theData
Image. The intensity along these lines is displayedhia Analysis Image. For the Model
Image it is displayed in blue, for th®ata Image in red. One can then adjust the model
parameters, perform a new calculation and compagenew calculated values with the
experimental values. By selectihgft/vert andright/vert or left/circle andright/circle also
vertical and circular cuts can be compared. By Baneously selecting the horizontal and
vertical lines in each Image, peak positions irhbotages can be compared.

Within the course of the analysis, values of mamgdeh parameters will have to be adjusted,
requiring every time a calculation of a scattenragtern, which can be quite time consuming.
To proceed further it is possible just to calculhie slice of théModel Image that corresponds
to the horizontal, vertical or circular line dispéal in theData Image. This is done by
selectingdlice in the Calculation group box. When e.deft/horiz is selected, the intensity
distribution along the horizontal indicated by thieite line is displayed in th&nalysis Image.

To calculate the corresponding slice hit CTRL Gtart the calculation without moving the
cursor. This is much faster compared to the cdliculaof the whole image and the
optimization of the parameter values proceeds rfa€tee can similarly proceed for vertical
and circular lines in thBata Image. Also the tilt angle for the lines can be adjustédce and

a while the calculation of the whole pattern isessary, because for some parameters the
agreement may become better on the horizontal linemay become poorer along vertical
and circular lines. The calculated slice can beestaby selectingsave - Save dlice
calculation in the main menue. The most recent slice can fi@dadied in the upper image by
selectingPlot =2 dlice calculation in the main menue.

Modelling — third phase
At a stage, where thdodel Image has reached good agreement withDiaga Image, further

optimization of model parameters can become geiieotis, because many time-consuming
small adjustment have to be made. This is a stdggaeran automated fitting procedure can
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optimize the parameters further. In principle, aoleh2-dimensionaModel Image can be
fitted to theData Image. This would be very time-consuming and practicalbt feasible. In
addition, as the information on tib@ata Image is reduced to only a few structural parameters,
the information contained in tHgata Image is highly redundant. It is much more practical to
select a few lines or circles in tiiata Image from which the structural parameters can be
derived. These are e.g. lines through charactepstaks, oscillations and other features of the
scattering pattern. The intensity along these loaasthen be fitted to the model.

To select such lines/circles, selétteSeries 2 Select Lines/Circles Set from the main menue.
Now select e.g. by choositeft/horiz a horizontal line and move it to the desired posiand
click on it. The intensity along this line is novorsed. Then select another horizontal, vertical
or circular line, move it to the appropriate pasitiand click on it. Usually, 1 — 3 lines/circles
are sufficient for a first fitting analysis. At maxum ten lines/circles can be stored. The
lines/circles set can then be stored in a file ddgcingFileSeries 2 Sore Lines/Circles Set

for Fitting or by selectingsave - Save cuts for fit in the main menue. The filename has to
have the extension *.csw as indicated by the filtethe save dialog. The fitting will be
performed in thdD-Crystal program.

The parameter values that had been optimized caave in a parameter file. This is done
by selectingParameter = Save parameter file in the main menue. The filename has to have
the extension *.par as indicated by the filterhe save dialog. 1AD-Crystal the data can be
loaded, modelled and fitted.

If the agreement between tModel Image and theData Image is sufficiently good, a direct
comparison can be made by merging parts ofMbdel Image into theData Image. If e.g.
you want to copy the right upper quadrant of Medel Image into the Data Image, then
select MergePlots = upper right quadrant from the main menue. This allows for a good
guantitative comparison of both images. Thata Image can be stored by selectiggve >
Datalmage from the main menue. The file is a bitmap andtbdsave the extension *.bmp as
indicated by the filter in the save dialog. TWedel Image can be stored by selectifgve >
Calculated Image from the main menue. Also this file is a bitmapl areeds the extension
*.bmp.

Data Series

Often one has a large number Dfta Images that were collected under the same
experimental settings, i.e. beam position, samefeaor distance. Then it is desirable to
consecutively analyse these data automaticallyt&calows one to calculate radial averages
(whole image or sector) and display and store dotsfurther analysis and fitting. As
described above, this can be done for file serig#is gonsecutive numbering or for all files
stored in a common folder.

To just quickly view a series of files seldateSeries 2 Select Series Specification. Then the
Series File Format group box appears on the upper right of Amalysis Image. Select the
positions in the file name that contain the nunmmeriThen press eitherext or previous

button in theView File Series group box on the upper left of tihaalysis Image to view the
previous or next file in a series of files.
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Series averaging

First one of the files is loaded and it is madeeghiat the parameters in tbatalnfo group
box like beam position, detector distance etccaresct. For averaging the full image of a file
series with consecutive number, seldetrage = Select Series Specification from the main
menue. Then thé&eries File Format group box appears on the upper right of Amalysis
Image. Select the positions in the file name that conthe numbering. Then selekterage

- ImageSeries from the main menue. Then click on the first fdad the last file to be
averaged. Then, as can be seen on the progre¢staes three times each file) each file is
loaded, displayed, averaged and then stored wehfitaname and the filename with the
name/extension * i.csv. If all files in a folder aslid be averaged, seleétverage >
ImageFolder from the main menue and select the folder comgitie files. Then all files in
the folder are averaged and the resulting scagfetiinves stored as *.csv files.

For sector averages define the sector as desalimee. Then seleétverage -2 Select Series
Soecification from the main menue to specify the file numberifigen theSeries File Format
group box appears on the upper right of the uppage. Select the positions in the file name
that contain the numbering. Then sel@etrage - Sector Series from the main menue. Then
click on the first file and the last file to be aaged. Then, as can be seen on the track bar
(moves three times each file) each file is loadisphlayed, averaged and then stored with the
filename and the filename with extension *_s.c$\alllfiles in a folder should be averaged,
selectAverage = SectorFolder from the main menue and select the folder comgithie files.
Then all files in the folder are averaged and #multing scattering curves stored as *_s.csv
files.

Line/circle sets and file series

To store line/circle sets @ata Images selectFileSeries 2 Select Series Specification from

the main menue to specify the file numbering of $kdes. Then sele&tlileSeries > Select
Lines/Circles Set from the main menue. Then by e.g. uslat/horiz, moving the horizontal
line with the cursor and selecting by clicking,esgla number of lines (horizontal, vertical,
circular) whose intensity should be stored for Hart modelling and fitting. Then select
FileSeries =2 Sore Line/Circle Set Series for Fitting from the main menue. Then select the
first and last file from which the line/circle sethould be extracted. Then, as can be seen
from the progress bar (moves two times each fimhefile is loaded and displayed, the
line/circle sets are extracted, and the files &meed as * _c.csw files. This can be similarly
applied for a folder by selectingileSeries = Sore Line/Circle Set Folder for Fitting. The
*.csw file series can then be series fitted in Xistal, so that an automated analysis of large
series of anisotropic data images is possible.

To just view a single line/circle of a file serigslectFileSeries 2 Select Series Specification
from the main menue to specify the file numberirighe series. Then clickileSeries 2
Select Lines/Circles Set and chooséeft/horiz, |eft/vert or left/circle to position a line or circle
on theData Image and click on it. Further seleoterlay or colormap from the radio buttons
in the Series File Format group box. Then sele€ileSeries -2 View Sngle Line/Circle Series
to view the data either as overlayed data poinesdoverlay) or as colorbandscdlormap) in
the Analysis Image.

To store a line/circle of a file series for displapt fitting), specify the file numbering and
select the line/circle as described above. TheectElleSeries 2 Sore Sngle Line/Circle
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Series for Display and select the first and last file from which theelcircle sets should be
extracted. Then the lines/circles are extractechftbe files and stored as * c.csv files. To
select the files from a folder, clidkleSeries = Store Sngle Line/Circle Folder for Display.

Note: In all cases that files from a folder ares#oit should be checked that the folder only
contains files of the same file type.

After storing or in case of inappropriate line/tarselection selectFileSeries 2 DONE to
reset the line/circle set to zero.

Print

A screenshot can be printed by selectinmt from the main menue. This is useful to have a
documentation of current parameter settings, daden@odel images.

Example

The default values in boxé&3rystal Lattice andParticle correspond to an image obtained at
the ESRF on beam-line ID02 (fike2304 0 _0829ccd). For this pattern, th€rystal Lattice is

a FCC (Fm3m), the Peak Shape is Gaussian, the size of thaunit cell is 79 nm (it's a cubic
Bravais lattice), the radial domain sizead. domain) which is inversely proportional to the
radial peak width, is 400 nm, the azimuthal domsige @zi. domain) which is inversely
proportional to the azimuthal peak width, is 180, rand the averagdisplacement from the
lattice as calculated from the Debye-Waller facter2 nm. The fieldnax. hkl: 5 indicates
that we take into account peaks up to the fiftreard

In the Particle box, we consider that tHearticle Shape is a Sphere with aradius of 13 nm,
and that theParticle Interior Structure is homogeneous. The polydispersity of the spheres
sigma(R) is 0.05 (this means 5% relative standard deviatiNote that the set of parameters
available in théParticle box depends on the particle shape and internadtsne. For instance,
a homogeneous cylinder is characterized alsolbygth and asigma(L).

Back to our example, make sure thatl, k=1, I=1 in boxCalculation. This corresponds to
the (1, 1, 1) direction of the FCC lattice. Tfie axis is x and the rotation axigdt_axis)
corresponds to the (1, 1, -2) direction. The caltoh can be done for one, two, or four
guadrants. In our case, one is enough because sfythmetry of the structure. Tenter of
the diffraction pattern corresponds to the indidateam position, rather than to the
geometrical center of the picture.

Click on Calculate (shortcutCtrl-C) to start calculating the scattering pattern. Agoess bar
follows the advancement of the computation. Theutabed pattern is then displayed in the
lower right image. For a more detailed calculatiome can increase the numbegaofpoints

in box Calculation. This will take some time.

You can interrupt the calculation at any time bggsingeSC.
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