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Introduction...

Indra 2 set of macros was developed to aid users of USAXS instrument in data evaluation. With time it
became bit complex piece of code to reduce data into standard intensity-error-q vector triplets, including
(from version 1.86 and higher) dQ resolution etc.

GUI, graphics and notes making capabilities make this piece of code flexible and useable even by users with
minimum knowledge of Igor, package in which the code is written...

However, | strongly suggest learning Igor — at least basics. Using these macros does not at all use their full
potential... And | am not going to reproduce functions, which are part of 1gor package aready...

| hope that most users will continue with their specific data evaluation procedure inside the Igor without the
need to export data. For this purpose | wrote other tools packages:

Irena—for SAS data analysis

Nika—for 2D detector (“area detector’) SAXS and WA XS data reduction.

Thiswill result, believe or not, in the most efficient data evaluation procedure, especially since the current
USAXSSAXS/WAXS instrument can produce large number of measurements, which probably need to be
processed in the same manner. And that is where Igor excels...

| am open to any suggestion of the users — especially | will be happy to help anyone to code their functions —
if these then become available for other users. Note, that this, however, means that the code has to conform
to minimum readability requirements and to use of my naming convention...

For USAXS/'SAXSWAXS unique capabilities check this web site:
http://usaxs.xray.aps.anl.qgov

Please, review the Readme.txt included with the macros. It contains latest comments on the bug fixes
and minor changes, which may not bereflected in this manual.
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Basics of IGOR

Introduction

While | havereally tried to make sure that user does not need to know Igor logic to be able to use these
macros, some basics of Igor logic are useful. Further the user needs to know some terms regularly used in
this manual in order to understand.

Details on selected items

Experiment Igor callsit’sown file “experiment”. Thereforeif Igor person says, | haveit in my Igor
Experiment “XX”, it just meansitisin the Igor file “XX”. It's similar to Excel related person saying “itisin
my Excel worksheet “XX””. Means the same — and says who developed which piece of software...

Folders. Wavemetrics Igor graphing package was originally developed on Macs and it’s underlying
logicis“Mac-like”. The datawithin IGOR are organized in folders; the basic folder is“root:”. Directly
accessible from menu functions in Igor are usually only datain the current working folder (indicated by red
arrow in Data Browser), macros have way to address datain different folders, therefore it is possible to
manipulate and visualize data from various folders. Handling folders represents second largest overhead in
these macros (after GUI).

Waves. Somehow unusual from my point of view isthe fact, that data are organized in waves, which
effectively are separate columns of data. Most other packages (Kaleidagraph, Origin, Excel) work with
tables of data. While Igor can have multidimensional waves (tables=2D, 3D and 4D datasets), these macros
use only waves as single columns of data. These waves can be manipulated with and graphed. Igor does not
really require separate wave for X axis— it by default uses“calculated” X axis scaling (assuming equidistant
spacing of data). However, in most of our cases we have separate datafor X axis, for Y axisand for error
bars. These can be properly plotted and manipulated... However, when manipulating waves one has to keep
in mind, that if datain one wave (let’s say intensity) are reordered or some are deleted, one has to do exactly
same reordering or deleting to waves with datafor X-axis and error bars.

Igor knows also something, which is heavily used in Indra 2 set of macros, called wave notes. These are text
blocks appended to waves. | now use these wave notes to keep notes about what has happened to the data. So
inside the wave note you can find the whole history of the data in that wave —which file it came from, how it
was processed, what was the sampl e thickness, which data were used as blank and so on... Read wave notes,

they are very useful...
Variables  Variablesareitemsused in Igor to store numerical values.
Strings Strings in Igor contain text information. Very useful type of string islist, where dataare

divided by separator (e.g. “;”). Even more refined type are list with key words, which contain datain
following form: “KW1:numberl;KW2:number2;...”, where KW1, KW2 are text strings. These lists are very
useful, since to get number, one needs to know only the keyword KW. These lists are used in these macros to
store all the information from header of SPEC file, such as positions of al motors, ring parameters etc.
Keywords used in thislist are obtained from the SPEC file header, where these are defined.

Data Browser Data Browser is window in Igor, which shows folder structure and items listed in the folders.
Valuesin the Items (waves, lists, variables) can be displayed by double clicking the item in the data browser
- the value appears in the history window (usually down on the screen). Another important function of the
data browser is possibility to change working folder. Working folder isindicated by red arrow pointing to the
folder in the data browser window. This arrow can be dragged to any other folder to change the working
folder. Only waves and other items in the current working data folder are available in toolbar functions of
Igor, so before appending wave to the existing graph one needs to switch into folder, which contains the
wave(s) which are supposed to be appended. ..

Save command is, asusua in the first menu item from left (File).
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Transporting data from computer to computer is simple, if both computers are equipped with Igor. Files are
cross-platform compatible, so there is no problem switching between Mac and PC.

Print command isagain, as usually in the first menu on left. Igor can print graphs, notebooks, etc... as
needed. | suggest using LogBook, exporting that and printing from Word, which can format the file much
better.

Notebook is basic wordprocessor within Igor, available for user to type in, paste picturesin etc. It has
some basic formatting options and is actually quite useful. Note, that you can have alarge number of
notebooks open at the same time. Macros create special notebooks: oneis called “Quick Manual” with really
brief review of the procedure and second is called “Logbook”. The macros automatically log in this
“Logbook” all what is done (similar to History window). Both of these Notebooks are persistent — cannot be
killed, just hidden. Also the macros can create summary as another logbook....

Exporting Notebook can be done if notebook window is active, in File menu will be commands such as
Export Notebook. Use rtf if word processor isyour target.

Copying data from one lgor fileinto another —it isactually very ssmple. Let’s say, dataarein Igor file
XX and you need them now in your current Igor experiment. Go into DataBrowser, use command “browse
experiment”, find the Igor file “XX”, in it the data you are looking for and grab them into your current
experiment... Now suggestion — always grab the whole specX X directory, it contains all info to that
particular sample and the macros should then work with no problems... Should — note that due to
development of macros there may be some time-related incompatibilities...

What to do, when you get error message?

Check, that you have done stepsin proper order... And if yes, scream for me, if | am around!!! If | am not
around, do following steps: Make notes on piece of paper (or in the computer (Word) file with copy of
screen) about the message and what exactly you were trying to do — that includes as many steps back, as you
can recall. Save me a copy of (Save as) Igor fileand keep it so | can figure out, what happened. Then start
again with data evaluation from somewhere early in data evaluation — for USAXS data for example start with
re-evaluating datafrom R-waves etc...

My experience s, that most errors are generated due to skipping (by mistake) necessary steps and forgetting
to create at some point output waves/strings/variables.
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Installing & Loading the macros

Obtain “Universal Installer xxx.pxp” installer Igor experiment from my depository:
http://usaxs.xray.aps.anl.gov/staff/ilavsky/indra 2.html .

For instructions how to install, check my Y outube channel - search for “llavsky Irenaand Nika SAS
software”.

After installation, restart Igor Pro and you should have “Load USAXS macros’ in the “Macros’ menu of
Igor Pro.

To start, head to menu “Macros’ and select “Load USAXS macros’. The Igor should load immediately
compile the macros, so new menu “USAXS’ should appear. Also quick manual will open... Following is
the screen you should see (Windows version, Mac is dlightly different).

[ Dot BiRead Me i
e T O 2 OO NN G T =
3 <
Plzee o ] EEEE] entiners]

Quick Manual for Indra2 version of USAXS macros
This is version 1.51 of Indra 2 macros, date: 5/17/2007

< Procedure review:
1. menu "USAXS" - "Import RAVY data"
2. menu "USAXS" - "Reduce data main" This wil open main panel which is used to reduce data.
Ifyou want absolute intensities, you will need to know the sample thickness
atthis time. Ifyou dont have that now, you will need to repeat this procedure
from this step. [NOTE: not exactly true, you can calculate t, if you know linear absorption coefiicient]
MSAXS carrection - only if data are contaminated by mulitple scattering is done in the main tool also.
Main menu also allows user to subtract background and export the data for use in external programs.
This is not needed and should not be used if data evaluation tools in Irena are going to be used.
3. menu "USAXS" - "Desmear data" - you will need Irena package which contains the desmearing routine
menu "USAXS" - "Export all data”
menu "USAXS-=USAXS Plotting tools"
"Standard ..." standard USAXS type plots (Int-Q, Porod plot, Guinier plot)
"Basic ..." offers wave variables most likely to be used in USAXS plots
"Generic ..." allows user to plot any available wave variables (only one for non-USAXS data)
menu "Macros" - "Load NIST models"
This starts small code to aid use of NIST SAS modeling functions and loads a set of these functions.

Suggestions:

a. Set Autosave (menu "Macros" - "Set Autosave") to reasonable time, it will save autornatically for you.
{you need autosave xop installed for this feature)

b. Do notwork with Igor files over an NFS network connection, first copy those files to a local disk.

c. Use automatic logging functions -

menu "USAXS" - "Log in Notebook” - "Create loghook" and "Create Summary Notebook".

Make notes of any bugs and forward them to me. Make notes of any suggestions on changes in the wording of
dialogs - | am opened to any reasonable changes....

BJL 1< | AV
Next Autosave at 21:13:26 7/12/2007

If you see what isin above picture, congratulations, you can start...

Data structure

lvool % . . . s .
— The data structure for the Indra 2 version of macrosisrelatively rigid. The
¥ wWaves -3 roo

I Vot @ 5_asProc name of the wave is now reliably indicate what data are in that wave. The
V' Strings E:> # [ Packages

¥ infe e further details about the wave are in the wave note. Together name and

¥ Plot

T R wavenote (which by the way contains also the name of the wave for cases
Browse Expt. when you copy and rename the waves) are fully explanatory...

Help

BElete

Preferences...

Evecute Grd

Data structure within Igor file:
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The data structure has three main folder areas, related to Indra 2 macros:

1. raw thisfolder contains copies of original step scanning (Spec) data, asimported. The data can be
at any time — and any number of times — converted into USAXS data (if appropriate) or in another type data
(Escan, Ascan, etc). Note, thisfolder may not exist (or contain different stuff) if your data came from
Flyscanning mode of USAXS instrument and are loaded by separate method.

2. USAXS thisfolder containsthe USAXS data.

3. Packages thisfolder contains working directories for the various procedures from Indra 2 macros set as
well asfrom other Igor packages.

Othe folders with data from SAXS, WAXS or other sources...
NOTE THAT THE ONLY FOLDERSWITH USAXSUSER DATAISTHE USAXS FOLDER. DO NOT

MANIPULATE DATA IN FOLDERS* Packages’ UNLESS YOU KNOW WHAT AND WHY ARE YOU
DOING...

fa & Hereisthe data structure in more detail for the two data folders.
&~ Tesiflore Raw data folder: _ _
5B specz The data are separated in folders called specX X, where XX isthe spec run
i number. They can be within subfolder (as“IN2_Test file” folder in example).
= The subfolder name is by default proposed to user as the spec file name
e (IN2_Test file.dat). Thisfolder name can be changed by user to anything
o reasonable.
&3 spect The names of spec scan folders —* specX X” - should NOT be changed by user,
L T since functionality of the macroswill break... Thereis no simple way for meto
raas protect these names, all | can do hereis WARN you...
- Comment: Theraw folder isno place for user to do anything! There should
Tl Ee no need within routine use of these macr os, when user would need to be
s s il here...

The raw folder, however, contains very important data— it contains all data from within SPEC file in more
manageable form. It is place where to go if everything elsefails...

USAXSdatafolder:

Thisisareawith user data.

The data can be — but do not have to be — organized in subfolders here. The macros make assumptions: there

islimited subfolder structure to one additional level. The most complex path to datais assumed to be:
“root:USA X S:SubFolder: SampleFolderName”.

The USAXS data are created by one of two conversion procedures, and the default sample folder nameis

formed from the spec number — SXX (where XX represents scan number from Spec run) - and from the first

20 letters or so of comment (hopefully sample name) used by user when setting up the USAXS run. The

overall length islimited, so there is a need to have useful information in the spec comment at the beginning

of the text, not at the end...

NOTE:



Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015
Different folders can contain the same USAXS datal!! ThisisaFEATURE for user to be able to evaluate the
SAME datain more different ways.

The folders can be named as user wishes (within Igor limits of length and symbol types), Indra 2 macros will
make sure that the folder names do not duplicate... The folders can be renamed at any time with no directly
bad consequences for user. The only one | can figure out is the fact that this step is outside the automatic
creation of the log file environment such that the old records will be left with original folder name. However,
the procedure will make comments into the automatic log, that the folders were renamed... Thereis no need
to for the SXX_... in the beginning of the folder name. However, | think it is reasonable idea to keep it there.

Quick review of usual steps

Here | present short review of steps most users will need to evaluate data from standard USAXS runs. |
assume that you do not need multiple scattering corrections.

1 Get datainto Igor and pre process them. Three options:
a. From Flyscans of the USAXS instrument (= Import FLyscan data)
b. from step scans of the USAXS instrument (= Import StepScan data)
c. from Rigaku instrument (not tested in few years, so this may not work by now).
2. Reduce data. Thiswill do all of the following steps in oen package
a. Create Rocking curve data (R data— Q, intensity, error)
b. Subtract blank run from sample run
c. Dothecadlibration
d. For Flyscanning: Rebin datato smaller (user selected) number of bins.
Resultsin dlit smeared data for 1d collimated USAXS: SMR_Qvec, SMR Int and SMR_error. For 2d
collimated USAXS would result in pinhole collimated data: DSM_Qvec, DSM_Int, DSM_error.
NOTE: from version 1.86 there will be fourth wave of data, SMR_dQ (or DSM_dQ) which reflexts the Q
smearing in the high resolution direction (aka: Q smearing). Note is later on what and how thisis.
3. Desmear datato get pinhole collimated data (DSM_Qvec, DSM Int, DSM_error). Thistool is
now in Irena package. Download Irena package from usaxs web site, please...
4, Plot and fit data to learn something about the material. Publish...

The macros can help you most of the way, except publishing... They cannot do that.

Note: Thereisno real manual for import from Rigaku instrument. It is basically transparent and should be
intuitive. If it is not, contact me and | will create chapter.
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Automatic logging feature

This feature has not been updated recently and should not be relied on until it isimproved in the future.

Experience has suggested, that speed and ease of data conversion and manipulation results in troubles for
users, because users do not make enough detailed notes (especialy me) and then do not know what they have
done... Therefore quite complex logging procedure was created. Automatically, when Indra2 macros are
started logging notebook is created. This notebook is one of the persistent Igor notebooks, which cannot be
killed, only hidden. Macros then make notes in this notebook, as they are run. Many commentsin the
notebook may be difficult for user to read, but believe me, | tried really hard to put in all details| thought
could be useful. An example as proof — if user renames the folder, function run from time to time by some
procedures finds this out and makes comment into the log notebook. Some user actions are difficult to catch
— for example deleting folders — but that may be fixed in the future. | have someidesas...

Note, that user isfree to modify the logbooks as wish... Anything can be added, deleted, modified in this
notebook. Also this notebook can be printed or saved as rtf file... | strongly suggest users make as much
comments in this notebook, as possible — or even better, open new Igor notebook and use that one for own
comments... Thisisthe best way to work, based on my experience...

The logbook can be anytime accessed from “Logging notebook” menu. The items in this menu are quite self
explanatory, just note, that it is possible to insert in the notebook figuresin color or in black and white...
Really great feature, since the notebook saved as rtf file can be opened in Word (for example) and good
quality graphs can be directly used for publications...
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Using Indra2 macros

Import USAXS Stepscan data

Here we will get sample datafrom SPEC datafile (IN2_Test file.dat) into the New Igor experiment. As
mentioned above, this experiment should be included with the macros distribution and is called Indra 2
test.pxp.

But before the import itself, let’s ask question:

Which data are in the spec file?

Getting information about the spec data file is quite important and not easy. Therefore we have macro, which
pulls out of spec data file comments and command lines, so user can check before loading data. Thisis
especially important when the datafileisreally large or computer is slow.

In menu “USAXS’, submenu “ Spec” select macro “Read comments from SPEC file”. Select datafile:
Select file 2] x]
Look in: |alndra2 j & &k B~

File name:  [Test file.dat
Files of type: |Data Files [ dat) ﬂ Cancel I

Following dialog customizes the macro run parameters:

Give me Name for the Notebook, 11 letters max

Include dark current comments?

| ro |
Cancel | Continue I Help |

The data are inserted into Igor Notebook (see details prior in this manual). Y ou can have large number of
notebooks in Igor Experiment, so modify name into something useful, if needed.

Spec file may contain large number of Dark current comments, so it is advisable to select no here, if the dark
currents are not needed.
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B indra 2 test - Igor Pro 4.03
File Edit Data Analysis Macros Windows MNotebook Misc Help Spec USAXS Logging Notebook USAXS Plotting tools

% Read Me _Iml x|

% SpecComment: Spel: File Comments !E]E
Eoner _L....H.L.,.._..._l. o X 5 s “ .
I L L L
|zoo [ hormal ¥ ‘ J
Quick Ma [ homal ] BHHEEHNE  BEEE8 inches ]

This is versior, This is Extraction of Commands and Comments from the Spec File.

Procedure revi, Spec file: C:Program Files:WaveMetrics:lgor Pro Folder:User Procedures:Indra 2:IN2_Test file.dat
1. ment

2 ment #C Andrew Allen January 2001 User = gabriell

Note,  #C Fri Jan 19 09:33:53 2001. do dinner.mac.

3. ment| #C Fri Jan 19 09:33:55 2001. CENTER = 11.6112 for next scan.

4 ment

Ifyou | #S 1 uascan ar 11.6288 11.6223 0.6112 0.0002 793150 115 1 600 5

atthis #C Sample 1

from 1| ¥C Sat Jan 20 07:31:39 2001. Sample 1.

‘65-) MEN. 4C Sat Jan 20 07:36:412001. CENTER = 11.6233 for next scan.

@ Tho'sl #S3 uascan ar 11.6305 11.624 0.6112 0.0002 793150 11513005

difiere, #C blank 1
() men. #C SatJan 20 11:31:12 2001. Sample 2.
sizes| #C SatJan 20 11:36:14 2001. CENTER = 11.6245 for next scan.
Twio ¢
@) ment| #S 4 uascan ar 11.631 11.6245 0.6112 0.0002 79 3150 115 1300 5
#C Sample 1
#C Sat Jan 20 12:17:28 2001. Blank 1.

<A 2
=B

=
)
z |Im

@
=]
2

Dl—l..

g

(10)  men. #S5 uascan ar 11.6304 11.6239 0.6112 0.0002 793150 1151300 5
This ¢/ #C Blank 2
#C Sat Jan 20 14:08:51 2001. Blank 3.

g”ggesnggi\l #C Sat Jan 20 14:13:53 2001. CENTER = 11.6245 for next scan.

h. Donc
c. Usez

#S 6 uascan ar 11.6307 11.6242 0.6112 0.0002 793150 11513005
#C Blank 3

#C Sun Jan 21 05:24:32 2001. Blank 4.

Make notes of  #C Sun Jan 21 05:29:34 2001. CENTER = 11.6243 for next scan.
dialogs - | am

#S7 uascan ar 11.6308 11.6243 0.6112 0.0002 793150 11513005
#C Sample 2, thickness 0.395mm

#C Sun Jan 21 06:07:38 2001. Sample 2, thickness 0.395mm.

#C Sun Jan 21 06:12:41 2001. CENTER = 11.6241 for next scan.

ment

#S 8 uascan ar 11.6306 11.6241 0.6112 0.0002 79 3150 115 1300 5

The above picture shows start of the data obtained. Short description:
First line has comment on what is in the notebook.
Next line has location of the data file from which the comments are obtained.

Next three lines relate to the header of Spec datafile are not really important.

Line starting #S 1 shows spec command which was used to generate the scan. The USAXS data are created
by uascan command (or is case of SBUSAXS sbuascan). Following are measurement parameters.

Next #C line has comment which user gave as sample name... Hopefully something useful and short.

Rest of #C lines until next #S line are comments during the run of one sample. Various numbers of those
may be generated.

Minimize, export notebook from within Igor or close file as needed.

10



Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015

Importing data from SPEC to Igor

Select from “USAXS’ “Import RAW data’. Select datafile:

Select file 2x]
Look in: I‘-_jlndraZ j - % B2~
_1 AppleFilelnfo

IN2_Test file.dat

File name: |IN2_Test file.dat | Open I
Files of type: IData Files [*.dat) LI Cancel |

Following panel is presented:

CIETTr—— 1o
N Load SPEC scans
el
=1 Load / Reload Spec file I Spec file:  IN2_Test file.dat
Sh
lat & Disp ; LA o 4 Convert directly to US4XS data?
SF bl atistl ] Dvenarite raw data if they already exist?
ka [M Load all scans [ Load selected scan(s) [] Load range of scans
Scan1 Sample 1 :J

Scan3 blank 1

Scan4 Sample 1

Scan5 Blank 2

ScanE Blank 3

Scan? Sample 2, thickness 0.395mm

Scan8 Sample 3, thickness 0.752mm -
Scan39 Sample 4, thickness 0.268-0.30

Scan 10 Sample 5, thickness 0.134mm Ll

Save datain: ['INZ2_Test file' Load data l

This panel alows to select which data are imported from spec file to Igor experiment. Thisroutine is generic
and loads ANY types of spec scansinto the Igor experiment.

The controls/parameters are as follows:

1. Button “Load/Reload Spec file” allows user to select different (or actually samefile) to be reloaded.
Current loaded file is listed next to the button. Note, that the listed file is currently cashed locally and
unless you reload the file by the button, you will not get new data. ..

2. Checkbox: “Display and convert USAXS scans only” alows you to select if the data listed and
loaded are usaxs data or all data (including tuning macro).

11
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3. Checkbox: Convert directly to USAXS data—if selected the code will continue automatically into the
“Convert raw datato USAXS’, and thiswill be called without any user further intervention with
default values of parameters. Usually right ones...

4. Checkbox “Overwrite raw dataif they exist” will do asit says—if the raw datafolder exists, it will be

overwritten, no questions asked. Usually correct choice.

5. Checkbox “Load all scans’ will load all VISIBLE scans — therefore depends on the selection of
checkbox “Display and convert USAXS scansonly” ... Y ou cannot control the datain the Listbox.
Checkbox “Load selected scan(s)” — allows user to select any combination of scansin the Listbox
Checkbox “Load range of scans’ — allows user to select continuous range of datato load.
“Savedatain” contains string, which will show the subfolder (under root:raw) in which the raw data
will be stored. The “root:raw:” will be added, if not present.

9. “Load data’ button —will be available, if one of the“Load...” checkboxesis selected and then this
will call further data loading procedures.

0o N

The panel can be killed as necessary and reused many times.

After first time (only thefirst time in particular experiment) loading datainto an Igor experiment, it is
necessary to setup “lookup table” which relates spec column names to USAX S wave names. Following panel
IS presented:

W IN2_RawToUSAXSPanel -0 x|
Create “conversion" from SPEC data to USAXS data
Select Raw sub-Folder | root:ra

Select Spec un | rootraw:'07_07"spec23: ¥
Select proper wave for each of following:

S,
Select Photodiode int. data | USAXS_PD ¥
Select 10 monitor data | 10 = o
Select PD range data | pd_range ¥ [
Select Angle data (4R Enc) | ar_enc v
Select Time data | seconds ¥

Conllnue ‘
|

If you are REALLY SURE, you _
emove?

Note, that this sets default setting fo. ih Igor file .l

Ifthe data from diffr tSPECﬂ e loaded
This macro may haw tb 1

Note, that only the panel commands are active. First select in the first two pull down menus ANY data JUST
loaded. The first pull down menu islikely set correctly. Set the second to ANY specX X name, for example
specl or any other (spec3 here). It isnot really needed, that it is USAXS scan, but surely is safer ...

The purpose of this panel isto let macros know, which spec data columns contain the USAXS data, i.e.,
which Spec column name contains Photodiode intensity, intensity monitor, photodiode range, Analyzer angle
data and time. The macros attempt to suggest proper parameters to be selected, so in each pull down menu
thefirst item isthe most likely item to be selected. However, the logic behind it cannot cover all possibilities.
Proper selection at thistime is as follows, note that lately we name the photodiode counts as USAXS PD or
something similar:

Note, that thisis one of the few “paper notebook” issues for user to note during experiment. The changesin
the wave names happen accidentally. In 2001 and 2002 the USAXS PD was used as name of the PD
photodiode counts...

L eave “remove waves from RAW data’ to properly instructed users... | went overboard with coding here...

Push button continue...
12
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Note, that this created reference table for the macros to know, how the data columns in the spec file relate to
USAXS data. Thisis aways the same for data collected during one experimental run, but may change if data
from different runs (different experimental times) are being loaded in one Igor experiment. This table then
needs to be manually corrected for dataloaded. ONLY one copy of thistable is saved in the Igor experiment.
We try to avoid changing the spec names, but it happens.

How do you find out, that things do not work right and the RAW-to-USAX S table needs to be fixed? If
things do not seem to work in next steps and the datalook like real junk, there is good chance that thistable
needs to be checked. The USAXS data created with wrong conversion table need to be deleted (NOT
RAWI!!I) table needs to be fixed (“ Spec” —“Fixesfor conversion” —“Fix Spec to USAXS waves’) - make
sure, that proper sample at the top of the panel is selected, and Raw-to-USA XS macro (any one of them)
needs to re-run.

The following is the structure of data created by this procedure: Note the Logbook, which can be at any time
opened by selecting “Open Logbook” from “Logging Notebook” menu. The notebook can be closed at any
time — it cannot be killed. The macros are making notes there about what was done. Further note History are
at lower end of the screen, where comments during import are written.

File Edit Data Analysis Macros Windows Notebook Misc Help Spec USAXS Logging Notebook USAXS Plotting tools

HiLogBook: Log of data evaluation
=] Frr

= Data Browser

. P T T . T .UM T R T .
Current Data Folder: 3
D |root :raw: IN2_Test file: Mormal ] BeEEE Inches ]
o | This is log of the data evaluation with USAXS macro set.
Display
¥ Waves @ Packages A 772072001, 7:42 PM
vV Variables 8 raw
[V Stings = =) IN2_Testfile
IV Info &5 spect 7/20/2001, 7:47 PM
[V Plot i snec3 Imported data from SPEC file :  IN2_Test file.dat
New Folder | # P Data saved in : root:raw: IN2_Test file"
B specd Data in : root:raw:IN2_Test file"spec1: are Sample 1
Browse EXDL.| # specs Data in : root:raw:'IN2_Test file"spec3: are blank 1
Help | # spech Data in : root:raw:IN2_Test file" specd:  are Sample 1
— #--[9 spec’ Data in : root:raw: IN2_Test file spech: are Blank 2
o UeEter & 3 specs _ Datain: root:raw: IN2_Test file" spech:  are Blank 3
Preferences... & specd Datain : root:raw:IN2_Test file"spec?: are Sample 2, thickness 0.335mm
Eyecute Crd & 3 speci0 - Datain: root:raw: IN2_Test file"spec8: are Sample 3, thickness 0.752mm
— i — Datain: root:raw:IN2_Test file" spec9: are Sample 4, thickness 0.268-0.300
Datain : root:raw:'IN2_Test file"spec10: are Sample 5, thickness 0.194mm
Datain : root:raw:'IN2_Test file"spec11: are Blank 4
Data in : root:raw: IN2_Test file" spec12: are Sample
Data in : root:raw: IN2_Test file"spec13: are Sample 7, thickness 0.752mm

At this moment we have raw dataimported into the Igor file.

13
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Import USAXS Flyscan data

This data collection method was developed in Fall of 2013 and it is much more time and X-ray efficient
method. It became default standard data collection method during 2014 and is used for most of the user
program. It is likely most users will need to use this method.

Data collection method:

In this case the USAXS instrument collects data while moving through the scattering angles. Three motors
perform coordinated motion while passing through small angles very slowly and then for higher scattering
angles moving faster and faster. Total of 8k points are collected during this motion which cover the user
selected angular range. These 8k points are spaced non-linearly with small steps between the points at small
angles and progressively larger steps at higher angles. AT the end these 8k measured intensity, 10, and time,
points including angles at which they were collected are saved in one HDF5 file. Thisfile contains all data
and metadata related to this one measurement.

Thisfileisautomatically placed into subfolder created in the working folder of the spec. Thisfolder nameis
based on name of current spec file.

Therefore, let’ s say we run our experiment using 10 14 Test.dat spec file. Thisfolder will be in folder likely
called 2015-10 (Y ear-month), created by beamline staff. In thisfolder spec will create new subfolder, which
will have name: 10_14 Test fly and inside this subfolder should be all HDF5 files for the USAXS scans
collected while using this spec file.

Note, that the naming structure follows original spec convention, so if a USAXS scan was done as thrrd scan
in tthis spec file with user sample name :” Thisis my Sample’, the HDF5 file will be named

“S3_This is my_Sample.h5”

Therefore one would find thisfilein:

...12015-10/10 14 Test_Fly/ S3 This is_ my Sample.h5

Note, that the name was “ sanitized” of all non letter-number-“_” characters and was made into single word
to guarantee that it is correct name for all platforms.

Data import:

Below isthe panel, which is created when you select “Import USAXS Flyscan data” .

Controlslsiting:

Select data path — select path to datawhere the HDF5 files are.

Refresh —if the content fo the folder changes, refresh the content. Thisis useful at the beamline when we are
collecting data.

Data Path — do not type in, use the button above to set it. Thisistelling you where you are looking for data.
Data extension —typically h5, but just in case we happen to changeit.

List of availablefiles- thistable lists the data found (and possibly matched by the Match name). Y ou can
select one or more of data here to import. Double click will import the data which are double click (onefile
only). Button Import at the bottom will import all selected files.

Match name —thisis usual Irena/Nika/... way of scoping down the files listed in the table. Input string which
you want the names to contain. Uses Regular expressions. Some hints:

To show only fileswhich contain “tape” in the name, just type in tape in this filed. No quotes.

To show fileswhich do NOT contain “tape” in the name, type in this fun: ~((?'tape).)*$

Oh yes, the regular expressions...

14
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(000

| (&)
Import USAXS Data )
| Select data path | | Refresh
Data path : [ Pro-Usersilavsky-Documents:Experiments:AUSAXS dataUSAXS data)
List of available files s L
S181_IMAT0.hS
‘ S182_IM471.h5
Match name (string): | ] ") Latest on top?
| ) Reduce XPCS data?
) | Select All | Deselect All | Porcone
bpen in Browsel ‘ Import ‘ Configure

‘ Match name (string): [ tape ] [7) Latest on top?

Latest on top — check to display latest files (higher SXX number) at the top of the list.

Reduce XPCSdata — no function at this time, for future use...

Slect all , Deselect all —obvious, | think.

Open in Browser — opens selected file in Igor HDF5 browser for manual inspection. DO not forget to clse the
file after you are done...

Import — imports selected data.

Configure — controls more behavior:

® Configure FlyScan Import

Configure FlyScan import params |
Impart on DbiClick |

| Browse on DbiClick

Temp Number of points [ 5000 |

'Note, that Temp Number of points” isused only during operations when USAXS collects up to 45k of
points which are rarely used. On typical 8k Flyscan users use, thisis not used. So thisis generally not useful
diaog.

Importing data is done either by double click of the file name or by use of Import button. Data are stored in
Igor experiment and are used by same data reduction routine asif they were step scans.

15
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Processing USAXS data

Thisisone GUI performing many steps at once.

Note, that one needsto first process instrumental curve = aka: blank, empty, capillary, ... Whatever is
appropriate to be subtracted as background scattering.
And then one can process samples. Any measurement can be processed as blank and also as sample.

GUI description:
Sdlect “Reduce data” from USAXS menu.

At the top of the GUI is checkbox, which controlsif the tool is used to process instrumental curve (check the
Process as blank) or sample (uncheck the Process as blank. Existing blank required).

1 @ USAXS data reduction

USAXS data reduction panel é

) Proces as blank

outa (== - I —
Blank folder [ === B we:[

| Load and process | | Load Process Savenext | | Save Data |

sampie | Diode | Geometry | Calibration | Msaxs

") Calibrate Arbitrary
Calibrate [em2/cm3]
") Calibrate {cm2/g)

Sample Thickness [mm]=[0 ][ Specvaiue

(7] Calculate Thickness

Sample Transmission = 0

Sample absorp. coef [l/ecm] = 0

Sample filled fraction = 1
pinDiode Transmission = 0 Use?
Peak-to-Peak T= 0
MSAXS/pinSAXS Cor= 0
FlyScan rebin to = [ 300
(7] Remove Fiyscan dropouts? Drpt. Time [s] = | 0.1 ?I
Intg. pnts (~50) = | 50 g Drp Int, fract. (0.1-0.7) = | 0.5 g
To limit range of data being used for subtraction, set cursor A

on first point and B on last point of either sample of blank data

| Recaleulaze | | Remove point with csr A

16
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Blank conversion

Check the “ Process as blank” and select folder with USAXS data containing instrumental curve. Then push
button “Load and process’:

® USAXS data reduction O O«
USAXS data reduction panel (&) @ Dispiay Peak Fit ( FixGamwica ) [Rem pes wiMarque: ) © Med. Gouss  (FirMod Gaoms | (__ri
A v —_—— Gauss f—
Proces as biank = Recalculate [ ——— [
—_ Lorenz
Data fide: Fldr
Data fid: [ S30_Blank B : g il
wei:l | e BX10
. — . 10”3 \
Load and process Load Process Savenext | | Save Data \
\ >4
Owa MO e i \ 5 .
-+ _| \ E 97 -
10 \ . F '~.-
Fe u X a 27 e S
: o2 i .-
\ - -
' Sample ' Diode ’ Geometry Caibration | MSAXS 107 = ‘.‘ 1=+ e
3 \ ++
\ oy T
A 10.3140 10.3135
© angs
10" AR angle [deg|
e E
§
= 107
10° 4
9
10 3
-1
1077+
FWHM 2.0173 +/- 0 arc-sec
Max 0.0065511 +/- 3.8286e-05
e = Bm Cntr 10.31358 +/- 8.8071e-07 deq.
Remove Fiyscan dropouts? Dept. Time [s] = [0.2 E 10"
Intg. pats (~50) =[50 E] Dep Int, fract. (0.1-0.7) = [0.5 B k T — T T T
To limit range of data being used for subtraction, set cursor A 10”® 10 g 10 : IO" 10 ,
on first point and B on last point of either sample of blank data Q [AJ]
| Recalculate | wA | o A B pnt % Y ax =
o [:]B pnt X Y aY o

The data are loaded and graph is created... Thisis aready resulting blank data, but following items should
be checked:

1. Inthetop right corner, isthefit to peak looking good??? If not, you can move cursorsin this graph
and refit the peak by using “Fit Gauss’ or “Fit Lorenz”.
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2. Select tab Diode on the main panel

® USAXS data reduction (@]
USAXS data reduction panel C °cso ay Peak Pt (CrxGamwien ) (Rempors whtarguar) @ Mod Gaume - (st G ) (¥
v = ——————=()
Proces as blank Recalculate —— (¥ Lorenz
) Lore
Data fidr:| 530_Blank B ] 4P ——— " ,
Wy [ ] . ox10
N
¥ \ 5=
‘0 3 - \( 5
Load and process Load Process Save next | Save Data
4
:- z
i - 4 23 ]
10 & %
T : . . 24 ‘% Py
- A
] -
Sample l Diode | Geometry | Calbration | Msaxs 10® E 1 .
UPD Vo ffactor : [1.0¢+05 | i e T
1 103140 103135
-ln‘.»m 10*‘ ‘; ! AR angie joeg|
1.0e+06 3 \

Intensity

T D — :
Backgroud 1] [ Comm
Buckgrow 2| [ —
e— | —

{ 4

Background 4[x4 | Exf6.5 H
| | e

[ — 3 FWHM 20173 +/- 0 arc-sec E
Overwrite Background 5|0 | Max_ 00085511 +- 3.8286e-05
| - — Bm Cntr 10.31358 +/- 8.8071e-07 deg
@ Remove ropouts Dept. 3]« [02 (8] 10" =
NS 5] " 0.1-07) = [03 & T T T T T

Intg. prits Drp Int. frace. (0 T
| To limit range of data being used for subtraction, set cursor A 10‘.' 10 o4 10 S 10 o/ 10 !
| on first point and B on kst polm of either sample of blank data a
PR (.
( Recalolate | [ Remove poist with car A Oa i pnt % ¥ 4% i A
—_— — D B ont ¥ AY

and check, that the diode ranges match reason: reasonably well. CoI ors hel p |dent|fy the rang&s Y ou can
change dark currents (“Background” on the ranges if they happen not to match). Happensrarely...
3. Check the Geometry tab :

@ USAXS data reduction
USAXS data reduction panel A) @ Ospiay Poak it (o Gaimwcn ) [Rem po wiarque: ) © Mod. Gauss (i Mod, Gauss
v — ) Ga
Proces as blank = Recalauiate Remove pet wiesr A | L:u:‘
Data fidr:[ S30_Blank B i 4 ———
w1 o x1
] %
10‘A - \ 5
Load and process Load Process Save next. | Save Data ) \ .
i a1 1 \ z y
RER— % ®
“@ | )
103 \ E & .
2 ‘- -
v - 2 8
sampe | Diode [ Geometry | caibration | msaxs 10° \ 1+
Command: flyScan ar 175217 170206 14,5895 2665 26,2612 ¥95-0.1 191 0100 | 3 \ 0 -
PD size [mm] =|5.5 10° 4 ) 103 AR ml‘:li:?
Wavelength [A] =[0.688801 e 3 \
SD distance [mm] = | 895 | § )
A L .E 10 -
Slit Length [A*-1] = 00280282
Number of steps = 100
10 3
1073
lo'hJ -
3 FWHM 20173 4/-0 arc sec
0.0065511 - 3.8286e-05
' = . - = Banrr 10.31358 4' 8.8071e-07 deg
@ Remove Fiyscan dropouts? Drpt. Time (3] = [ 0. )& -1
” B t alls =) 10"+
Intg. pnts (~50) = [ 50 1€l Dep Int. fract. (0.1-0.7) = [0.5 & T B B | T T T T T =
| To limit range of data being used for subtraction, set cursor A 10”7 10" 10” 107° 10"
| on first point and B on last point of either sample of blank data QA ,L
| Recaloulate Remove point with o A | o A i pnt N % Y ax%: 4 #k]
e —— = e [le 2 Ui prt % e av: ]

for measurement parameters, if they areright. They should be...

4. Remove Flyscan dropouts.
During some flyscans we can get artifacts, which come from counting system and look like momentary
drop inintensity. See left of the next two figures around Q~0.01 A™. If this happens, you can choose
remove Flyscan droputs? And tweak possibly the parameters around these controls (start with Time) to
remove it, see theright figure for the results.
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ene

" Rocking curve piot
ece Rocking curve plot ° e i
© Dawey Pesk 71 Vi A ] | o o w sy | © Vet G (55 et
- | Gasn.
Rovsuber | [ Rovene pwewd | <
;-\\ ey
5]
10° 4 \ N 10
\’ ;4
o \ 2+ 10 4
104 \ £ A %
| e 3 R
10°4 \ e ay 10° o
\ o
T T
\ ware 0 -
10°4 AR 2egre Viog) > 1071
& £
5
£ 2 ol
E 1074 10
S
10° o 10
w.]
10° 10
w0
L FWHM 20173 +/-0 aro-sec b FWHM 20173 o 0
C.0063811 +- 38086605 Max 000G o 3828605
" B Cotr 10.31358 o/ 88071007 deg 10'" 1 e - oeg
10
T T T T T T T T
10* 10+ 10? 10¥ 10" 10" 10" 1w0? 10 10"
Q') . QA"
| — | “ por £ v I3
i o 2 z & =51 : : 5 i

Basically thisis all which needs to be done for Blank, push button “ Save data” and it will change from red to
grey, indicating, that data were saved...

10 0O USAXS data reduction 000
USAXS data reduction panel g © Ospiay Peak Fit (FixCamwica ) (Rempos witarguer| @ Mod. Gauss  [(FieMod Gauss | (_FitGuss )
| Gauss
@ Proces as blank % [ Recalculate [Rmm:mx-ctA]QmM (Fistorems )
Data e (530_Blank 0] — 1 ’ '
we:[ ] 610" 7]
107
[ Load and process | [ Load Process Savenext | | Save Data | 3
Sample name:  Blank 10.‘ 3 e
Folder name:  root:USAXS:'10_21_Samples':S30_Blank E :“ o
[ sampe | Diode | Geomety | caibration | msaxs | 10° +;+
Command: flyScan ar 175217 17,6206 14.5595 2-05 26,2812 895 -0.1 1910100 1 :
PD size [mm] =[5.5 | 10° ]
Wavelength [A] =[0.688801 e 3
SD.disance fmm] <[5 | B ]
Slit Length [A-1] = 0.0280282 A
Number of steps = 100 1
10 3
10
lo'“’-:
I FWHM 20173 +/-0 arc-sec
1 Max 0.0065511 +/- 3.8286e-05
=S , o 4y ] BmCntr 1031358 +/- 8.8071e-07 deg.
k 10 3
ntg. pnts (~50) = [50___JE] Drp . fract. (0.1-0.7) = [05___JB) T — T — ——Trr - —rrrry
o limit range of data being used for subtraction, set cursor A 10° 10™ 10° 10% 107
on first point and B on last point of either sample of blank data Q™)
Recalculate Remove point with cst A ‘O A: i pnt: X Y: aX: l
|18 pnt: X! Y aYy
= . _ * - -
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Processing sample

Uncheck the “Process as blank” checkbox.

Select sample folder in the top popup and blank in the bottom. Push “Load and process’. Datawill be loaded
and automatically processed the whole way to SMR data (for dit smeared USAXS) or DSM data (for 2D
collimated USAXYS). Any changes in parameters made by user later wil be automatically processed and
results recalculated. So the data are in thisway “live”. The only thing which is not processed automatically
are changes in cursors positions in graphs on right (in the main graph and the insets), where user needsto
push one of buttons...

® Rocking curve plot

®
USAXS data reduction panel 2; © Oispiay Peak it (FixGainwicA _  pars wkarquet | @ Mod. Gauss ([ Fie Mod. Gauss Fit Gauss
| ) Proces as blank v Display Align Sa and Blani Recalculate = e
Data idr:| $33_GlassyCarbon_M4 B P &
Biank folder [ F0OLUSAXS:"10_21_Samples":530_Blank: [ : ] . =1l
Load and process | Load Process Save next | Save Data 10
[Data WOT wves | )
107
f Sample ] Dicde | Geometry | Cafbration | Msaxs 10° <
_JCrSa i ey ] Calculate Thickness —100
Calibrat: F
) Calibra 6 _| 7 »
> 10 2
Sample Thickness [mm] = | | é f
= 7 ]
= 10 4
Sample Transmission = 0.927803 Z
Sample absorp. coef [I/em] = 0.74936 10
Sample filled fraction = | 9 =10
10" 3
pinDiode Transmission = 0.927803 Use?
Peak-to-Peak T= 0.943888
MSAXS/pinSAXS Cor = 0.982958 10"+
toSran 1 3 JFWHM 1.9209 +/- 0 arc-sec
5 30( i
FlyScan rebin to =300 Max 00061835 +/- 3.7484e-05 |
P R M deot e ., ]BmCntr 10.31356 +/ 8.4753¢-07 deg
emove Flyscan dropouts pt. Time [s] = [0.2 &l 10" =
ntg, pats (~50) = [ 50 ] Drp Int. fract. (0.1-0.7) = [0.5 5 T — T T — T — T
| To limit range of data being used for subtraction, set cursor A 10 o 10 4 10 10° 10 !
on first point and B on last poimt of either sample of blank data . |
QA ]
( Recaloulate | [ Remove poins with est A =eh A 3 [ pat X Y AR v
: =e | <] ot ] b 1 &Y L ]

Thisis graph with processed data. User should check various items:

1. Thefitin the top right graph (note: the checkbox in the graph top left corner needs to be here
“Display peak fit”). If thefit isnot right, select different range of data and refit with Modified Gauss,
Gauss or Lorenz and/or remove point (set cursor A (circle) on the point and push button on main
panel “Remove point with csr A” —remove cursor B (square) from the graph first).

2. Check theright thickness and overwrite if necessary. Y ou can also calculate the thickness from
known linear absorption coefficient (1/cm) and measured sample transmission. Filled fraction value
is used to correct for known porosity value for samples.

3. NOTE: There are two Sample transmissions in the system — measured by pindiode (only for dlit
smeared USAXYS) and calculated from peak-to-peak height. Under regular conditions this should
correct absolute intensity calibration for multiple scattering effects.

4. There are three methods for absolute intensity calibration — ar bitrary (sample thickness not known),
cm2/cm3 solid samples/liquids where thickness makes sense and is known, and cm2/g for powders.
Description and options here are bit complex, so at this moment, please consult with beamline staff
on the proper calibration. Thisis CRITICAL to get right for the best data.
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5. Check the diode ranges by selectl ng the “Diode” tab

USAXS data reduction

USAXS data reduction panel ) onw ay P Fit Cragmwea) Mo Gaor | (i Gaos
[7) Proces as blank v () Dsplay Algn Sa and Blank Recalculme [ Fntoren |
Data fde:| $33_GlassyCarbon_M4 Fide: | o -8
Blank folder | root:USAXS:'10_21_Samples":S30_Blank B— -6
3 ks
Load and process | | Losd Process Svenext | | Save Dass | 10 4 L
| Oor O s | y §s ba
10”4 z
Sample |- Diode | Geometry | caibravon | msaxs | 10° ! .
+
UPD V to f factor : [1.0e+05 - [-100
10313 re
L 10 e Fog
- 1.0¢+06 s s 3
5 35
08 2 4 2
E o7 g
1 . ot | Fa3 =
Gaind [ 1.0¢+10 | E
s
10" 9§
Background 1] [ o
Background 2[ | ] ; 10
- 1074 i
==t | I ] e
Background 4 s4 | 6.5 ] b
10 _| 5
kS| | e 10 :
FWHM 19209 +/-0 arc-sec 4
Overwrite Burl\gmundS 0 Max 00061835 +/- 3.7484e-05
L84 ks
9 Rasiove Fiyecia decpods Drpt. Teve (5] = [04 o™ Bm Cnir 10.31356 +/- 8.4753e-07 deg
intg. pnts |—r Orp nt, fract. (0 ﬁi N I e —
To limit range of data being used for subtraction, set cursor A 10° 10" 10° 10° 10"
on first point and B on last point of either sample of blank data 1
i -_..Cﬂ:‘_l |
Recalculase | Remove poim witkcsc A | ’_GA i pat: ¥ ax: w
pot:_ av: L

If the sample and Blank cross and the subtracted intensity is negatlve it can be fixed by subtracting
less of background from sample on range 5. Thisis correct fix and has no effect on data quality, as
there will always be unknown amount of flat background left in the measured data.

6. Check the peak-to-peak alignment by selecting the ckecbox “Display Align Saand Blank” at the top
left corner of the main graph. Note: it is the right top inset graph which replaces the peak fit. Sample
|s red and blank is black lines.

2 [ IO ] Rocking curve plot
USAXS‘ data reduction pane, % () Dspiay Poak Fit Sample transmission (peak max) | 0.943888 1 g
() Proces as blank Y © ospisy Aign 5 and Blank Q offset [0 B &

Data fuir-($33_GlassyCarbon_M4 B el I r
- . — 7
ank foldes (TOOL USAXS: 10_21_Samples-S30_Blank: | L6
3 5
| Losd mnd process | | Load Process Savenext | | Save Dasa | 10 g
== ] . ba
1074
es'-S31 2
sample | Diode | Geometry | Caibration | msAxs 10°
UPD V to ffactor : [1.0c-05 | Y 100
10° g
> He =
1.0e+06 @ 5 X
-]
1.0¢+08 é 107 o 8
o0 3 2
Gaindgi[1.0¢710 E]
1.0e+12 2

Hackgroumd 1| | o
Background 2| | — ;
(== | — 073
|
]

Background 4[ x4 | Ex[6.5

- | XN FWHM 19200 4/-0 arc.sec
Overwrite Background 5|0 Max 00061835 +- 3.7484e-05

Bm Cntr 10.31356 ol 8.4753e-07 deg

" @ Remove Fiyscan dropouts? Dept. Time [s] = [j 10"

intg. pnts (~50) = [50 & Dep Int. fract. (0.3-0.7) = [05___|[&] T T —r—ry maa Ty
. To limit range of data being used for subtraction, set cursor A 10 5 10 4 10 3 10'2 10 !
" on first point and B on last point of either sample of blank data QA"

( Recal culuce | [Removepoimwithcw A | 6D A ] Prpat: % e Jax
=[] 8- ot K3 v | &y

If the automatic routine fails, you can improve fit by changing transmission (allgn peak heights)
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and/or Q shift. Failsrarely. Especially the Q shift.

7. Check the Geometry tab for parametersif they are correct (they should be).
8. Check the “Calibration” tab :
®

USAXS data reduction

y . = ——————
LSAXS data reduction panel s () Dsplay Poak Fit Sample transmission (peak max) | 0943888 v
Proces as blank =~ | @) Display Aiign Sa and Blank Q offset I 15
ata fior- | 533_GlassyCarbon_M4 B n~ ] 1 o | "’*\1
ox10 »
AXS les’ Blank: —— 1 - ! 6
root USAXS '10_21_Samples"S30_Blank. [ ‘ . d e b e
cad and process Load Process Save nex: | | Save Dam 10 . .
[ NOT | ]
10" o
Sample | Diode | Geometry | Calibration | msaxs 10° 4
Sample Maximum Intensity = 0.00618353 =% =100
Sample Peak Width [deg]= 0.000533577 s ‘Eﬁ o
3 10 3
Sample Peak Width [arc sec]= 1.92088 > ke =
k3 b+
Blank Maximum Intensity = |( % %
Blank Pcak Width [deg] 10.000 e 10 2
Blank Peak Width [arc sec]=[2.01729 X
10° 3
9 ~ { = " —10
Subtract Flat background= |0 v 107 3
Fo
6 |
1074 L i
JFWHM 1.9209 +-0 arc-sec 4
{Max_ 0.0061835 +/- 3.7484e-05 |
TS e .. |BmCntr 10.31356 +/- 8.4753e-07 deg
ot Time (3] = [0.4 10" o
] Drp Int .7) = [0 - T T mmaaa: T |
| To limit range of data being used for subtraction, set cursor A 10° 107 107 10” 107"
on first point and B on last point of cither sam X
- R TR, | ———7
Rocalculase Romove point wits s A OA " pot Y ax
———————= — Me ., po

and compare the peak widths for sample and Blank (or compare visually the graph at the top right
with the sample and blank peaks) to see, if there is any multiple scattering. FOR 2D COLLIMATED
USAXSONLY (no pindiode transmission) if the peak for sample is more than 5% (about) broader,
you may want to apply the MSAXS correction.

9. Note, that you can also subtract flat background here from the data, in case it isimportant/useful ...

10. FOR 2D COLLIMATED USAXSONLY (no pindiode transmission) : If Multiple scattering is
present (not the case of sample used as example here...), select “MSAXS’ tab and choose “MSAXS
correction on absolute intensity” checkbox. Thiswill present graph with the peaks for sample and
blank. Note, that any changes of cursorsin this graph are “live” and datawill be recal culated
immediately.

Folder name: root:USAXS:'07_07"-'S174_Doug 5"
/[ Sample\ / Geomety\ MSARS

[M MS4XS corectin on absolute intensity?
MSAXS Correction = 1.04873
MBAXS start point = -0.000140714
MEAXS end point = 0.00016953

Intensity

80x10™%

o 2,
T

200x10°
oA

To lirit range of data being used for subtraction, set cursor &
on first point and B on last point of either sample of blank data

s

The numbers here are calculated from the integrations of the curves. The MSAXS correction is
propagated automatically to the “Sample’ tab and at this time the sample transmission on this tab will
not agree with the peak-to-peak value in the graph.

22



Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015
11. Y ou can set cursors on the main graph to min and max values of Q which should be used — set them
on either Blank or sample curves. The position is retained when new sampleisloaded. Only data
between the cursors will be used for calculating of the resulting data. If you change position you need
to push button “recalculate” since the cursorsin this graph are not “live”.

B 1gor Pro 6.01 AlE -lOx]|
File Edt Data Analysis Macros Windows Panel Misc Help USAXS
1ol e o]
USAXS data reduction panel O Display Peak Fit Sample transmission (peak max) [0.436727
[ Proces as blank ® Display Align Sa andBlark  Q offset | O |
Data folder: [ 100t UISA%S:07_07-'5174_Doug 5. ¥ o,
- =
Blank folder | raotUSAX5:07_07'5169_Two Tape Blank” | K E 10
. E
((Losd maprocess | [ Losd & process e | 10 “ ¥
"
Sample name: Doug 5 42 S r
.
Folder name: root:USAXS:'07_07"'5174_Doug 5 10 * L 1o?
/ Sample\ / Diode \ / Geometry \ / Calibration \, /” MSAXS * E
13 Mveena
[ MSAXS corectin on absolute intensity? 10 T T R L
MSAXS Correction = 1.04873 . wh om0 F ®
MSAXS start point = -0.000140714 = F 5
MSAXS end point = 0.00016953 s 107 , I
2 B
B 15 F =
80x10™ 107 1 r =4
60 [
-3 L
& 16
fa 10 h
£ 1
E 10
20 F
17 [
0 10 X w r
T = i L
o . ] FWHM 2,97 +/- 0.0098955 arc-sec . 4
] 48 | Mex  40088e-11 - 11717e-13 % r
— - - 10 Bm Critr 1567430 +/- 1.0935¢-06 deg.
To lirit range of data being used for subtraction, set cwsor & Sy | .0
on first point and B on last point of either sarple of blank data T T T T AR e 10
5 4 3 -2 A
10 10 10 10 10
El
QlA ]
O A:BL_R_Int I pnt: 37 X:0.00015966 Y:4.7284e-14 dX: 0.099222
- D B: BL_R_Int pnt: 122 X:0.099382 Y: 6.3544e-19 dY:-4.7283e-14
Fieady >

12

Remove Flyscan dropouts
Hereis bad example of detection system misbehaving. Note the dropsin intensity on the red curve
(sample data) as well as on the subtracted and correct data set (blue).

USAXS data reduction

USAXS data reduction panel (81O oy e Sample transmission (peak max) [0.943888 |+
() Proces as blank = @) Dapiay Algn Se and Blank Q offset 0 =l
Data fr: | $33_ClassyCarbon_M4 B Fdri|
Blank fakées | FOOT:USAXS:'10_21_Samples"S30_Blank B
“Losd mndpeocess | [ Losd Proces Savenowt | Save De 107y

semole | Diode | Geomery [-Caibemon | msaxs

107 o
Sample Maximum Intensity = 0,00618353 100
Sample Peak Width [deg)= 0.000533577 10° 4 o
Sample Peak Width [arc scc}= 1.92088 0 £
)
Blank Maximum Intensity = | 0.00655113 .g §
Blank Peak Width [deg] 0.00056035 & 10 4 3
Blank Peak Width [arc sec]=|2.01729 =
(" Seec vas 10* A
Subtract Flat background=0 _? 10* b
10"
FWHM  1.9200 +/-0 arc-sec
Max 0.0061835 +- 3.7484e-05
—~ - Bm Cntr 10.31356 +/ 8.4753e-07 deg.
Remave Fiyscan dropowts? Drpt. Tima (] « n
10" 3
i O ot fract. (0. T T T T T
To limit range of data being used for subtraction, set cursoc A 10° 10 10° 10 10"
on first point and B on last poim of ither sample of blank data

1
- R | LM .

Recalculate [ Remove poimt withew A | O i ot ® Y & -

mi ot % ¥ av ¥ aad

And hereis after the correction:
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13.

|
Deta ftr: | 533_GlassyCarbon_M4 B Fi e g 2
’ . ,

® USAXS data re:

USAXS data reduction panel ) ) Dinpiay Posk Tt Sample transmission (peak max) [0.94388%

Siank toider | roOt:USAXS:'10_21_Samples”530_Blank: )
Sarve Duta

e | Geomevy | cabration | msaxs

Sample Maxi

Intensity

Aysuoiul HNS

Subtract Flat background= |0 5 107

— o ]

[]®

Bad data are removed and the curve now has no artifacts...
Qmin range selection and Flyscan rebin to points

The USAXS always collects data down to Q=0 (it measures through the main peak), but if the data
can be resolved to the nominal minimum Q (for standard USAXS setup ~0.0001 A™, for high
resolution USAXS setup ~ 0.00003 A ™) depends on the strength of scattering of the sample at low q.
Since the instrumental curve intensity grows very fast toward the low-q values, samples which do tno
scatter strongly may not be resolved. The uncertainty on the subtracted intensity points shows the
growing uncertainty there. It isimportant to select the right Q range where the data can be trusted. In
this case presented red and black curves deviate somewhere around 0.0005 A™ or so and data below
this are not too reliable. Simply set the cursor A (rounded one) on the curvesin that area and hit

recal culate button. Thiswill reduce the Q range of output data to reliable range. See the following
graph where the Q min is set by the cursor.

Also, since the Flyscans collects about 8k points, number of output points for the USAXS can be
controlled by user at this step. Typical small-angle scattering data do not need 8000 points — 200 to
300 may be enough to describe all scattering there is. Smaller number of points reduces needed CPU
time for modeling.

But, if thisis monodispersed system with lots of Bessel function oscillations or with diffraction
peaks, more points may be needed.

By selecting different Flyscan rebin to value user can trade between statistics in each bin and number
of bins. It istherefore possible to choose higher number when necessary, assuming there is enough
intensity to have sensible data. Below are examples for 2000 and 200 points. Choose wisely: too
many points bogs down analysis tools, too few reduces information content.
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coo  ene
| USAXS data reduction panel d © Ospiay Posk Tt (Cma
[7) Proces as blank Dapiay Algn S s e [ Recwiiore | (RemoveprwewA] 5
Duta | S33_GClassyCarbon_M4 Le
"530_Blank BJ .
| 107 3 7
Load s process | | Load Process svesexs | [0 Swelam | o
e N — 1 3
. 103 ;
ame 21 Samples’ 531 GessyCarbon &
[ sampie lmlwlcmmlm‘ 0%+ 3
) Catbrate Acbarary (7] Calestate Thickness
@ Calbrate [em2/cm3)
[} Cakbrute [em2/g) © s
1014
S g
Sample Thickness [mm] =1 [ srevae | g 5
£ 1074 3
Sample Transmission = (.927803 1o 2
@
Sample absom. coef [1/em] = 0.74936 10° 4 8
E 7
®
Sample filled fraction = 1 10°
= fo
pinDiode Transmission = 0927803 0 ve? 3
Peak-to-Peak T = 0943888 e
| MSAXS/ISAXS Cor = 0982958 10" 3 2
I FlyScanrchinto=[2000 | P Jaa0gno arcsee :
e e o Bin Crir 10.31388 o/ 8 4753607 dog
intg. prta (-50) = [50 E Drpint drace. (2.1.:0.7) = [05___ |} T T T T T T ‘
| To limit range of data being used for subtraction, set carsor A 10°* w0 101 ‘02 10"’

an first point and B on last poist of either sample of blank data

1
. QA
| Recalculax | [ Remewepoimwith e A | ¥ A Fat | r Kl>1m = X:00005538827578 V' 1 S31793003¢-08 | aX
= pdw X: R | av

2000 points (way too much for the needs)
USAXS data reduction 0 0C
I USAXS data reduction panel & @ 2w o Garwicn ) (e k) © Mod Game (iibiod G

| () Protes o tlaen =10 Dspey Ao sa st ek [ Rocalcer | [ Remowe prewiew A )

Lovwas

Oata fte | S B [ ] -
Bk fokder | 100U USAXS"10_21_Samples 530 Blank [ s
3] 7
(otmirmen ) (i eS| (D RSESID 19 &
>
Corbon I 10"
¥ FoctAISAXS: arrpies’ S33_GasryCarbon M4 ‘
[Sampe | Dode | Geomety | cusbraron | msaxs | 10° 4 3
) Calbeate Artitrary (] Calelate Thickamss
8 Culbrate [em2/em3} =
() Cabbrate (em2/g) 10° 4 2 ¥
Sample Thickness {mm] =[1 Scvae | E 3
1074 3
Sample Transmission = 0.927803 40 =
Sample absorp. coef [1/em] = 0.74936 10° 4 "
.
7
Sample filled fraction = 1 s
1074
pinDiade Transmission = 0.927803 Use? s
Peak-to-Peak T= 0.943888 A
i MSAXS/pinSAXS Cor= 0982958 10"
. s Goo | FWHM  1.9209 +/- 0 arc-sec
| FlyScanrebinto=[200 ] Max  0.0061835 +- 3.74846.05 :
1) ) hmiyvn A RS [:{‘ = m ‘0_” i Bm Cntr 10.31356 +- 8.4753e-07 deg
heg. gots (-50) =[50 Drp it fruct. (0.1-0.7) « [05 5] T T T T T
z‘mllmllnnn:MM-belumhmmm.mwA 10° 10" 10* 10% 10"
oe firss poent and B on last poizs of cither sample of blank data A
QA
Revaboulase | | Retnove potss with cw A | ARt 227 % 0000633827679 ¥ 183179950308 -~
B 1 [ > v &y . N

200 points, just about enough for the needs. ..

14. Push the button “ Save data’ and all is done...

Wednesday, October 28, 2015
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@ USAXS data reduction

It 17,
USAXS data reduction panel &) @ Dapiay sk
") Praces as blank v () Dspiay Algn S2 »
Dasa [ $33_GlassyCarbon_M4 B ks
Bank foides [ FOOT USAXS'10_21_Samples':530_Blank: |3 te
N 10 4
e pr— oad Procem Save ot Sone D
T
10!
[ sample | 0wde | Geometry | Cawration | msaxs 10°
) Call | Cakulate Thckness =
Cat
) cat E 10° + A ancgo [deg] 2
Sample Thickness [mm] = |1 Soe vale 'E =
5
B 107 3
Sample Transmission = 0.927803 10 <
Sample absorp. coef [l/em] = 0.74936 10°+ te
5
Sumple filled fraction = | . s
107
pinDiode Transmission = 0.927803 G vt
Peak-to-Peak T= 0.94388%
MSAXS/pinSAXS Cor= 0982958 10"
SR 3 FWHM 1.9200 +- 0 arc-sec
FlySeanrebinto =300 | Max 00061835 +- 3.74846-05
P T — ., ] BmCnir 1031356 +/ 84753¢-07 deg
vpe. Time [s] = [0.4 3
| ___IE 10" <
[ o T T T T T
To limit range of data being used for sabtraction, set cursor A 10”° 10" 107 107% 10"
an first point and B on last poian of cither sample of blank data A
QA’]
Recaoulace “Remove ot wih ce A Oaen 1 ot 227 X:00005635925678 Y. 183179950508 | &X ""'
8 pat X &Y ¥zl

To process next sample in the row with the same blank, select “Load Process Save next”. Thiswill process
next sample with the same Blank and save it immediately.

If the data are from dlit smeared USAXS they may need to be desmeared — the tool is now part of Irena
package — download the package and read the manual for the desmearing routine.
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Q resolution

In version 1.86 | have added generation of Q resolution (“dQ”)to help wit proper modeling of the USAXS
data. Q resolution iswell known in SANS experiments where pixels and beam sizes are large and the
wavelength spread is aso significant. Therefore, when one has Intensity for specific Q value, it actually
contains intensity for relatively wide range of Q values — defined by the Q resolution. Modles the should also
smear the results by this Q resolution.

Thisversion of Indra (USAXYS) is coming out to public2015/11 and at the same time the releases of Irena
will support (in Modeling I1) use of this Q resolution (“dQ”). And simultaneously Nika release will support
generation of qQ for its reduced data.

OK, so what is on dlit smeared USAXS the gQ?

Let me be clear, it isNOT dlit length, that is known and it has been accounted for by either dlit smearing in
Irena or removed by desmearing routine (in Irena also) for long time. It represents the relatively poor
collimation we have in the instrument in horizontal direction. Typical values are for all points ~0.03 A™.

But if you think about how we measure on the USAXS instrument, we are using angular slit with high
resolution in the vertical direction. High resolution, but not infinite. The angular resolution for standard
USAXS s about 0.00008 A™ and 0.00003 for high resolution USAXS. If we measure points down to
0.0001A ™%, then thisis actually significant.

>>> S0 each “point” in USAXS does has known Q resolution, which is significant at low-q and infinitely
small at high-g. Thisistrue for points collected on step scannitn of USAXS.

However, during flyscanning of USAXS we collect data for each “point” we measure (typically 8000 points
over the measured range) over range of angles. This range changes depending on speed and some other
parameters. So each measured point has some resolution. For small g values thisis small number compared
to USAXS Q resolution itself (we collect about 20 points over the rocking curve width so the channelcut, so
Q resolution there is /20 of the USAXS Q resolution). At higher angles this may not be true.

And then user can rebin the data at high-q to reduce number of noisy points to much smaller number.
Therefore we average over even larger range of angles at high-g. This changes Q resolution of the instrument
depending on user choice of number of bins.

The SMR_dQ or DSM_dQ provides the best possible guess on Q resolution | am able to come up with. The
construct is bit complicated, but after some testing | believe it should be reasonably usable.

If you have polydispersed samples you can safely ignore this. For monodispersed samples, diffraction peaks
etc you may need to deal with this.

27



Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015

Using model intensity to estimate USAXS signal

Very important question, often raised about unknown samples and USAXS instrument is, if the scattering
from the sample will be detectable for a given sample or not. Thisisrelated to the unusual USAXS feature —
that it is practically impossible to change sensitivity of thisinstrument. Increasing exposure time makes
generally no difference and there are very few methods to improve sensitivity (if you know about any, let me
know, please...)

Anyway, so | often get question, if system, which we can describe — or measure on another instrument — will
be measurable on USAXS — either dlit smeared or 2D collimated. Thistool is here to answer this question —
or at least give us some estimate.

What you need:

Calibrated (1/cm units) Intensity and associated Q. This can be result of previous measurement on USAXS
or another SAXS/SANS camera (SANS data need to be scaled by ratio in scattering contrasts) or result of
one of the modeling tools in Irena package. Sample thickness and estimated transmission.

What you get : Approximate difference from instrumental curve at basic energies build in the tool. For now
12keV and 18keV, both dlit smeared and 2D collimated.

Using the tool
Select “Calculate Scattering from model” in USAX S menu:

-' o i T B o b i Data selection: at the top, select data you want to for
RN “‘"""”"ﬂmﬁ W — model. This can be USAXS data, qrs data or Irenamodel.
Data input || ju i o el Remember to pick sensible model - that is Intensity/Q
[ foldert | === S vector pair, not size distribution. At this moment no
Wiv with X icla daw [—== 58 attempt is made to check for this and avoid user selecting
Wavo with Y nxiu duin [-== M meaningless input.
Wave with rror data (===

: Then select Energy to be used, estimate transmission and
(__Losd modei duin sample thickness. Select geometry and you should receive
following graph:

fglect enany « L1 2key "H
Transmisaion = || [ 1]

Bumple thickness [niml = [ I]=]

M N Amigaied {L8A XYY

{3 2d-golllmisd (ABUSAXST
M Mmearel il ruule] aia
B By | AA] = (3001 ||.|

28



Indra 2 manual, © Jan

[ humW:IﬂHWMM wn el

(PRI

Mool o SRR TR

1] hl|| IIIII

Wednesday, October 28, 2015

‘ r'ml o4 l.‘

1 |I]

Note selected data are results of model. In this case | modeled using USAXS desmeared data, therefore when
| want to model USAXZS dlit smeared | also need to smear the data. Slit length 0.04 is good estimate for

usual setup.

| estimate that the transmission is 0.5. If you need to estimate the transmission, use Anomal ous scattering
calculator from Irena package. It can calculate very good estimate for transmission.

Sample thicknessisin mm.

In the graph you see blue dotted line with original model intensity (against right axis). Then Black is

instrumental curve and red is estimated USAX S measurement — after scaling the sample and balnk together
by 1/transmission for easy understanding how much your sample scatters above the Blank.

Note, that in general to get good data, you need at |east factor of 3x above the instrument curve. Anything
below ismarginal and anything less than factor of 2 isusually bad... 10% is useless... Remember, the axis

areall log-scalel!!!
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Rest of this manual is informative but likely obsolete (yet mostly
valid and may be useful)... You should not have to read it.

30



Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015

Plotting tools

There are three different plotting tools available in the Indra2 macros. They were developed subsequently
and anyone can provide basic plotting of the data obtained during data evaluation... Their choiceisreally
based on users taste.

The only plotting tool really general and fully flexibleis Igor itself. Igor can produce nearly any graph user
wants — assuming user is capable of using Igor to its potential. Major problem which user isfacing are the
datafolders. Navigating data folders — and making useful legends for the graphs, since the sample names are
in the data folder names and in the wavenotes, is the reason why the user needs to be quite Igor proficient.
All Indra2 macros are trying to handle the data folder structure transparently for user.

Note, that all of the plotting tools were devel oped only to display data of one of standard USAXS data types,
such as R-wave, SMR wave, DSM wave etc. Thereis no tool for displaying different data typesin one graph
—you are on your own, if you want to do so...

Plotting tools do not make any notes into the logbook... Does not seem to make sense. And also note, that
since the data are usually copied into special folder (in root: Packages:) one cannot use “ save recreation
macro” routine from Igor to save the graph for future use. On the other hand, the macros can freely modify
the datain the plot without modifying the measured data in the original folder.

USAXS plots with math

Thisisthe most complex —and most complicated but capable — plotting tools. | suggest trying this one first.
Also thisisthe only one | intend to develop in the future.
This tools can:

Display two standard graphs of the same data

Do ssimple math — such as multiply intensity, subtract background, limit Q range to each dataset
separately

Do smplefittings (Porod, Guinier) and display fitsin different plot types

Handle, | believe, up to 20 data sets. While the datasets cannot be removed, they can be made
invisible in the graph...
Another words, this tool was designed to be as flexible as possible.

Warning: Thistool routinely redraws the graphs from scratch, so any customizations are lost when data are
added, removed, axis are modified etc. Keep thisis mind when making custom changes to the graphs.

Thistool uses separate folder in “Packages’ to keep copies of the data. It has to be done thisway, since this
tool needs to be able to do ssimple math with the data. The tools uses more flexible interface with panel... By
the way, to end using thistool, just close all associated windows and the panel ...

Types of datawhich can be ploted:

R wave “raw data’ reduced intensity vs q, before blank subtraction.
SMR dit smeared data (before desmearing from 1D collimated USAXYS)
DSM desmeared data (after desmearing or from 2D collimated USAXYS)

Select “ Standard USAXS Plot” from “USAXS plots” menu, you will get following panel:
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i Indra 2 test - Igor Pro 4.03

File Edit Data Analysis Macros Windows Panel Misc Help Spec USAXS Logging Notebook USAXS Plotting tools

I Data Browser

[ Standard Plot panel

Curent Data Folder: Standard USAXS plots panel
P [root:
|root j Select data type: I SMRA_Int 'I
Display

W, 23 root Add Data to Plot| vl
aves
¥V Variables [ V_ASNextSave

[V Stings [/ V_ASInterval )
[l; IF?I?l extraProcess Modify data :

[ S_ASProc Selected: [ - »]
New Folder... I i
Browse Expt...l . g ;‘;ii?:i”“ﬂle Multiply Intensity by: Fmyv 0<0.00027
M :_ . g [T: A%S Subtract backgiound: [0 O R
Pref[:reelzfes... SetBloifz=t ICI L1 i fem aeh?
M’ TOP plot control: Log ais?
Select TOP graph type: m ™ LogX axis?
[ Error bars?
BOTTOM plot control: o Log axis?
Select awave icon to see a plot Select BOTTOM araph type: I_E [ LogiX axis?
[ Eror bars?

Other data controls:

= Indra 2 test

Y_Flag=0; ¥_min=0; ¥_max= 11.0911; Set point w/csr A to NalN I Set pnts Q< csi(4) to NaN |
Y _Flag=0; ¥_min=0; ¥V_max= 0.918834,
Auto-saving at 19:40:16 7/24/2001 Set pnts btwn 4-B to NaN I Set pnts B> csid) to NaN I

Auto-saving at 20:27:21 7/24/2001

Auto-saving at 20:57:23 7/24/2001

Auto-saving at 15:45:35 7/25/2001
+IN2S_StandardUSAXSPlots()

|Ready [

Description of areasin the panel:

1. top part - selection of the data type (each change here resets the whole tool and needs to be
confirmed by dialog). Selection of datain the pull down menu. When data are selected, they are
automatically added into the list. Same data can be added multiply. | believe that 20 datasets can be
added, the data sets cannot be deleted, just made invisible...

2. Modify data part. The data set can be selected from the pull down menu and then modified. The
macro remembers all modifications made to each dataset and when returned to previously modified
dataset, the proper numbers are shown. Note, that it is possible to multiply the Y axis (“intensity”),
subtract background, change Q offset (X-axis offset), remove points (set the points to NaNs) for
negative intensities and for intensity values (Y axis values) smaller than 0. Also by selecting lower
right checkbox one can set whole dataset to NaNs and therefore effectively remove the dataset from
graph — except, that the legend contains the dataset... I'll try to fix this.

3. Top/Bottom plot control centers— list plot types available and modifications available — log axis and
error bars. Check checkbox to have that particular feature.

4. Other data controls allow removal of specific part of data from graph.

Note, that thistool works only on separ ate copies of the data and does not in any way modify the
original datain the USAXS data folders.

Select data type which you want to plot — and confirm, that you want to reset thetool ... Select the Sample 1
data and select top plot as Int-Q and lower as Guinier.
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JT=TET]

= Standard Plot panel . o =] 59
Standard USAXS plots panel
- Select data lype:l SMRA_Int 'I
g 10° A — Add Data to Ploll rootUSAXS: Test file"'S1_Sample 1" ﬂ
£ 4 -
10" N Modify data :
e | Selectedzl vl
> SMR_Int *$1_Sample 1* Units: cm-1 ?
e il S
Y ?
0.001 0.01 0.1 Subtract background: D Rl

Q, 1/Angstrom
X 3
X B

?
CRUPTS — - B

TOP plot control: .
Lo v v by r v by v v v by v b by M Log ¥ axis?
- FitGuiniell E_ Select TOP graph type: l Int-0 VI 4 Log X asis?
E Y ?
10 - Error bars
F p : ,
E g : BOTTOM plot control s
c B :— Select BOTTOM graph type: l Guinier 'I [ LogX axis?
4 :_ [ Error bars?
2 -
=& SMR_Int *S1_Sample 1 Units: em-1 L Other data contrals:
00 0.2 0.4 06 0.8 Set point w/csr & to NaN I Set pnts Q< csif4) to NaN I
@2, 1/Angstrom Set pnts btwn A-B to NaN I Set pnts 0> csi#) to NaN I
D A I:D 4] pnt: X 3 | dax:
B: pnt: X: R | dv:
X D FLONZOUT

=IN2S_StandardUSAXSPlots()

[ R
IHeady I [—
Any graph can be now zoomed using standard Igor graph control. The button in the Guinier graph fits

Guinier fit between the cursors and transfers the fit in the other graph, assuming that graph is Int-Q:
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10° = Standard Plot panel
Standard USAXS plots panel
10° -
10 L Select data type:l SMR_Int 'I
g 10° = - Add Data to Plot I rootUSAXS: Test file"'S1_Sample 1" j
E 10% - L
o B Modify data :
1® o ¢ SMRnt 'St Sample 1 Units: om-t | Selected:l :I'
= Transfemred Guinier Fit  Units: 2
?
0.001 0.01 01 Subtract background: [0 ][9] LAl
Q, 1/Angstrom O
g Rmv from grph?
D A pnt: X: B [ ax: Set O offset: I:’
B: Ll pnt: X: B | dv:
MBottom Graph =18IxI| TOP piot control: i
Thnnnlnionoflasanllanaanlaonoeallas M Log Y ais?
8- = : | Q7
7 Fit Guinier | F oelect TOP graphitype: | IntQ |7 [ Loa X axis?
7 =
3 Guinier fit results: E [ Enror bars?
6 = | {g=0): 193.02 +- 1.7478 E
— 5 . Rg:280% + 011911 t | BOTTOM piot control: )
£ 7 1.2256< Ry * g < 2.3003 : [ LogY acs
c 4 - Select BOTTOM graph type: I Guinier 'l [ Log¥ axis?
3 _E E_ [ Error bars?
2 _; —> SMR_Int '$1_Sample 1" Units: cm-1 ;_
1 E —= Guinier Fit  Units: E Other data controls:
I T T T T I T T T T | T T T T I T T T T I T T T T | T 2
3 E
0 5 10 15 20 2510 Set point w/csr A to NaN I Set pnts 0< csr(d) to NaN |
@2, 1/Angstrom Set pnts btwn 4B to NaN I Set pnts B> csr(a) to NaN |
() A: BotYDatad o [pnt: 326 X:0.0019027  Y:4.8144 | ax: 0.0048003
[ ][5 Botrpatad | [pnt 381 X 0.006703 . 3.6205 | dv:-1.2847
T 4 - 90.Z0Z0 000900
b =-26313+£223
[T

IHeady I I—
Same behavior exhibits Porod line fitting in the Porod plot. This serves as useful check to verify, if the
Porod/Guinier dependence is fitted properly.

Note, that while the tool will happily fit Q" Porod dependence for smeared data (SMR) as well as proper
Guinier dependence for SMR data, itisVERY ADVISABLE TO USE DSM DATA!!! Especidly the
Porod region usually extends over the area where Q~slit length and the Porod slope changes from Q3 to Q™.

To demonstrate mathematical modifications, lets add more data (Samplel measured second time) and zoom
on the Int-Q plot...
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File Edit Data Analysis Macros Windows Panel Misc Help Spec USAXS Logging Notebook USAXS Plotting tools

=t l |_| [ Standard Plot panel I

.t Standard USAXS plots panel
53 10000
1000 == - | Select data type: I SMR_Int VI
) e, Add Data to Plot I oot USAXS: Test file"'S7_Sample 2, thickness 0.395mm": ﬂ
Z 100 o i -
= -
c -,
@ =
i= 10 | Modify data :
> Transfemed Guiner Fit  Units: \ Selected: | rootLISAXS: Test fie'54_Sample 1 7|
1 - = SMR_Int 'S1_Sample 1 Units: cm-1 2 - 9
SMR_Int *S4_Sample 1 Units: cm-1 pa Multiply Intensity by: [0.767125 b Rmv 8<0.00027
SMR_Int *$7_Sample 2, thickness 0.395mm’ Units: cm-1 = N BH In0?
T Do = my Int<07?
2 3 4 se715al S - RET. 9'0|1 R R T Subtract background: [00_]
3 _ [ Rmv from arph?
RNzt SetQoffset [T &)
O Al | pnt: X B I
| B: [ [ont: X: TR 1 | | TOP plot control
: =] 9] M Log axis?
A | IS ST (NN T T SN (N SN N TR SN NN SN SO T SR NN ST SN S T N S .
P — = Select TOP graph type: I Int-Q 'l LogX axis?
=l | Fit Guinier | =
7 E [ Error bars?
B EBR ! Guinier fit results: F
ERR | (q=0): 193.02 +- 1.7478 £ BOTTOM plot control: q
= 53 F________—————“Rg 28096 +- 0.11911 : [ Log avis?
% . _f . 1.2256< Rg * q < 2.3003 E_ Select BOTTOM graph type: | Guinier 'I [ LogX asis?
_E - e E_ [ Error bars?
3 3 > Guinier Fit  Units: e W F
) J = SMR_Int "$1_Sample 1 Unns cm I e F
= SMR_Int *S4_Sample 1* Units: cm-1 e E Other data controls:
1 SMR_Int 'S7_Sample 2, thickness 0.395mm’ Units: em-1 R . r
e e e e S L e S S S S B B S S S ™ Set point w/csr 4 to NaN | Set pnts 0< csrfA) to NaN I
-3
0 5 10 15 20 25x10
X Set pnts btwn A-B ta NaN | Set pnts 0> csif4) to NaN I
Q"2 1/Angstrom
O A | pnt: X 3 | dxX:
| B: | | pnt: X: R | dv:
[

|Heady I l_
Note, that to overlap the datain the graph we needed to take S4 Samplel dataset and multiply it by about 0.8
and add some background (subtract negative background)...

| strongly suggest to play for short time with this tool and verify it's behavior. It is complex tool and the
behavior is more issue of my feeling of what is expected behavior than of anything else... If there are
features, which need to be added or changes, it is actually quite easy, since thistool is nicely modular and
has should be possible to changeit smply and easly...

Just acomment at the end. The macro recalculates all the datain the graph every time any change is done to
any dataset. Therefore more datasets are displayed, slower it will be. On slower machines this tool may
become sluggish.

Generic plotting tool for power users

Thistool can generate “generic” plots—i.e., plot any waves against any other wave in the folder. It also
allowsto add error bars. Thetoolsis very easy to use, even though it may be cumbersome in data selection.
First select data folder with the data to be plotted. Data folders under root: USAXS:, root:raw:, and
root:Others: are shown.
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Generic USAXS Plot want to know: 2| x|

Select data folder for sample

coce_| |

Wednesday, October 28, 2015

Next select wavesto be used for Y axis, X axisand error bars — and select the type of axis (combination of

log or linear). An exampleis:

Select waves for Generic plot: 2] %]

Data type to plot on Y axis

| SMR_Int =l

Data type to plot on X axis

I SMR_Qvec j

Data typefor eror bars

SMR_Error

Type of plot ?

I Log-Log j
Coce_| |

Continue.

3[‘A_\glndra 2 test - Igor Pro 4.03

File Edt Data Analpsis Macros Windows Graph Misc Help Spec USAXS Logging Notebook LISAXS Plotting tools

T
Kilvindow | Acd another dota |
Resetwindow | Fitlne wieusors |
106 5 i | - | | | 1 |
10° %
\
10* X
g. 10°
@ 10+
10"
10°
——  SMR_Int 'S1_Sample 1" Units: cm-1
10° 10° 10 10° 107 10" 10
SMR_Qvwec
D A pnt: X: Y: [ dx:
QM B [ ] gpm: X ¥ dv:

Thisisthe graph whichis produced. It is possible now to add the SAME combination of waves from another
folder. The graph can be manipulated using the Igor graph modification tools... There is nothing more to it.

When done, push button Kill window.

Standard USAXS plots

Thistool produces standard USAXS related plots in less cumbersome way of data selection than the Generic
plots. The pitfall isthat it islimited to plotting only the datawhich | have coded in. It is predecessor of the

Standard USAXS plot tool discussed above.
First select the data type and type of plot:

Common plots need input ﬂm
Data type to plot on Y axis

| SMR_Int ~|
Type of plot ?

| Log-Log LI

Cancel Continue
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Next select the datafolder with data you want to plot. Note, that only the folders in root:USAXS: with the

datatype selected above are listed:

Common plots needs input ﬂm

Select data folder for sample
| root:USAXS: 'Test file"'S1_Sample 1" j

cocst_| eo_|

And the graph is here:

;;ﬁlndla 2 test - Igor Pro 4.03

Kil window | £dd another data

Reset window |

10 ——I I +I B S e e : I.I““——
1077 45\ ~
1075

100 7

SMR_Int

100 7

10" 7 —+—  SMR_Int 'S1_Sample 1" Units: cm-1

T T T T T T T UL B R R R AL B B R R R T

’ 10° 10" 107 107 10" 10°

10
A nt: X B X dx:
Q% B: I:I:I Eint: X ¥ |dY:
T

The graphsisvery similar to lthe previoustool. Again, kill graph when finished with thistool.

Other tools
Other tools are some fitting tools in the “USAXS Plotting tools” menu.

Draw line of xxx slope - bunch of simple tools which draw line with various slopes in the log-log graphs.

Very useful to test quickly, if datafollow some particular slope.
Make log-log graph decade limits — makes limits of the log-log graphsto be nicer. Very simple.

Fit line with cursors & Fit Power law with cursors — very useful two macros. Put cursors in the graph and
select the menu choice. Lineisfitted and label with the result of the fit are attached to the fitted line.

Comment: These tools were modified from tools of a colleague. If you know about any other small useful
tools, please forward them to me with explanation of what is expected etc... If possible I’ll be happy to
modify and include them in these macros.
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Channelcut calculations

During USAXS alignment it is necessary to perform some cal culations about the channelcut dimensions —
particularly about the spacing between the two crystals — to obtain particular number of reflections. The
small piece of code included in Indra2 macros—*“USAXS’ —*“Xtal gap calc” — provides interface for these
geometrical calculations.

The code should be flexible enough to handle any channelcut for Si 111 and Si 220 at any energy. The
interface provides easy way to input proper numbers, asit is graphical:

File Edit Data Analysis Macros Windows Panel Misc Help Spec US&XS Logging Notebook USAXS Plotting tools

[ ChannelCut Gap Calculations S [=] B3
ChannelCut Gap Calculations -
Length of second Xtal [mm] T £
Avoid 2nd X tal end [nm] [T ]9}
[ 3 g

Second Xtal offset [mm] v 5 x
- n Gap
: / o . ” Avoid TstX talend [mm] [T [0}

V .

1

A
Beam impact offset [mm] : —
¢ ‘/’: L Length of first Xtal [mm]
Beam height S
1
'J Vertical offset [mm}: [0/ Results [mm]-
Beam height [mm] Incoming beam in the channelcut:
Energy/Xtal data : For 2 reflections : < Gap <
SixtalHKL : [ 111 7] For 4 reflections : < Gap <
L L K — For 6 reflections : < Gap <

|
w
)

For 8 reflections : < Gap <

Bragg Angle [degrees] [11.40

Note, that input values are Si Xtal type (111 or 220) and energy — Bragg angle is calculated — and dimensions
of the crystals in separated channelcut. The results are the ranges of gap in which one can expect 2, 4, 6, and
8 reflections to pass through the channel cut.

Anyone is encouraged to use this code — and if possible to verify it. From our experience the results seem to
agree with the redlity.

Various other parts of code

Multiple small angle correction

In case of samples with multiple scattering, the beam height in the center is no longer appropriate indicator

of the sample transmission. To be able to recover calibration we need different tool to measure the sample
transmission. In such case we revert to standard SAXS & SANS method, when the peak intensities for
sample and blank are integrated over reasonable Q range and intensities are then compared.

To keep compatibility with the standard USAXS macros, however, the MSAXS correction macro is
standalone step in data evaluation. However, to indicate, that the data were corrected for MSAXS, new wave
namesare user : M_SMR_Int (etc.) for smeared dataand M_DSM _Int (etc. for Qvector and errors).

First the sampleis evaluated without the MSAXS correction and SMR (smeared) waves are created (i.e.,
Subtract sample and blank is finished).

Thenthe “USAXS’ —*MSAXS correction” isrun:
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MSAXS correction needs input: 2] x|

Select data to calculate MS2XS correction for

root:USAXS: 'Test file"'S1_Sample 1"

m Sample PD Intensity vs Q vector
1. Integrate Sa. | (4.) Export M_sxx Data | A ——"r =)
2. Integrate Blank | 5. Cont. Another sa. | Int. Intensity Blark [0 =)
3. Correct Data I
NI FETRE FNET SRR RTE ] TR FN AT ST RN RE TS NN RE RN R Qlwegl0 el
9 4 E
1.0x10™ 3 Tm E 9 @ min [0 |
E {/ = 1.0x10
08 3 Q" E Apparent MS4XS transm. coef [NaN 1=
I ﬁ E 0.8 coef to correct for MS4XS [NaN =)
" 3 f,\ ——  R_nt 'S1_Sample 1" Units:
<. E \  —— BLR_Int ‘S3_blank 1' Units: F &
g 0.6 ¥ \ E 06 i3
& E \ E 2
4.? = / '| \ﬁ =
] ] 3 =
g 0.4 E l & ¥ E 0.4 B
E ’[ \ \ 3
024 // \ E 02
E i ", E
E A} E
0.0 @4 0.0
....|.........|.........|.......1—.—|.........|.........|..:6
-100 0 100 200 300  400x10
Q vector
Select a wave icon to see a plot

|Ready | |_
This graph shows the R-waves for sample and blank overlayed (after correction for standard transmission).
These two measurements do not show significant multiple scattering component, but for the sake of this
example lets do this correction — it should come up with factor closeto 1...

Select area of Q vector with cursors. It is usual, that there are not enough data on the left hand side, so the
missing Q range on the left hand side is taken from the right hand side. Now follow buttons with numbers:
Integrate Sample(1) and Blank (2). The panel on the right hand side shows results as well as apparent
MSAX transmission coefficient and MSAXS correction — thisis here coefficient needed to be applied on
SMR datato get proper transmission. Note that no change is made to SMR data, new dataset M_SMR is
created. All follow up macros can handle M_SMR and M_DSM datasimilarly to SMR and DSM data.
Major problem arises only when M_ xxx and xxx data need to be compared together in plots as currently no

plotting tool supports mixing the data types...

Anisotropic MSAXS correction
Thisis specifically needed function for SBUSAXS. Who is not using this setup, stop reading here...
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Function generates panel which allows user to run steps as needed. The function generated few wavesin the
MSAX Scorrection folder. These are Folders, Transm, FWHM correction, Weight and Correct. User can
freely edit them (and is asked to do s0). Separate single MSAXS correction routines need to be run (Called
from the panel) for each measurement sector. These generate record in the Waves mentioned above. Panel
allows reseting of these waves. After all sectors are calculated, user needs to modify the Weights and Correct
as needed.

Weights use:

Weight =0 causes the sector to be neglected in calculation altogether, any weight higher than 0 is used
multiply the transmission in that sector for calculating average. The sum of weightsis normalized out, so the
values in weight are somehow unimportant really... Their ratio isthe important part, | use either 1 for all
sectors (if these are same width) or the actual width of each sector in degrees...

The overall correction factor is actually average of the “integral transmissions” multiplied by ratio of FWHM
of sample and blank peaks. These are weight-averaged and the “corrected transmission” of sampleis
produced. Thisis used further.

When being corrected, any folder with Correct=0 is skipped... Any non O number is corrected for average
Transission generated from the AnisoM SAXS calculations...

Merge two datasets

This macro has not been tested in real work applications. In principleit is here to allow working with
separated angular range measurements — usual way in early days of USAXS measurements at X23 ant NSLS.
At that time the data were obtained in subsequent measurements by measuring different angular ranges with
different angular steps. At that time it was not possible to change angular analyzer step during
measurements. So each sample was measured in few (~4) separate measurements which were then combined
together. It is possible to imagine need for this routine today, so | have coded it in... | already forgot how to
sue it, and no one ever needed that. If anyone ever needsit, 1’1l be more than happy to check it and make it
useable — and documented here... For now it looks as lost time for me...

Grazing angle USAXS

Thisis code under development and even | have very little understanding of the math behind it. Do not use it
—or if you understand, help me to verify the code and improve on the method...

Mathematics of the code
The proper math isin separate file. This one may n

This chapter briefly shows the mathematics, which the code uses. This math was pulled directly from the
code, so it should reflect the reality. It is amazing, how little math the code really does...
R wave

Function | N2A_Cal cul at eRnave( df)

USAXS_ PD —(MeasTime* DarkCurrent), 1
VtoF * AmplGain Monitor

Pdintendty =

Now error cal cul ati ons, general problem
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Si gmaUSAXSPD=sqr t ( USAXS_PD* ( 1+0. 0001* USAXS_PD) )
//this is our USAXS PD error estimate, Poisson error + 1% of val ue

Si gmaPDWDC=sqr t ( Si gmaUSAXSPD"2+( MeasTi ne* Err or Par amet er s[ pd_r ange- 1] ) *2)
/1 This should be nmeasured error for background

Si gmaPDWDC=Si gmaPDWDC/ ( VToFFact or * Local Par anet er s[ pd_r ange- 1] [ 0] )
A=( USAXS_PD)/ (VToFFact or * Local Par anet er s[ pd_r ange- 1] [ 0] )
//wi thout dark current subtraction

Si gmaMoni t or =sqrt ( Moni t or)

Si gmaRwave=sqrt ( ( A*2* Si gmaMoni t or 24) +( Si gmaPDWDC*2* Moni t or 24) +( ( A*2+Si gmaPDwWDC*2) * Moni t

or ~2* Si gmaMoni t or *2))
Si gmaRwave=Si gmaRwave/ ( Moni t or * ( Moni t or #2- Si gmalMoni t or 22))

PD_error=Si gmaRwave

This is our conplex and only approximate formula for the error, but do not have better.

Function | N2A_FitLorenzi anTop
K0=0
CurveFit/H="1000" Lorenzian with baseline fixed to O
Basel i ne=W coef [ 0] =0

BeanCent er =W coef [ 2] [ degr ees]
Maxi muml nt ensi t y=W coef [ 1]/ W coef[ 3] [ count s]
PeakW dth = sqrt(Wcoef[3])*2 [ degrees]

Function | N2A_Fi t GaussTop
K0=0
CurveFit/H="1000" Gaussian with baseline fixed to 0
Basel i ne=W coef [ 0] =0

BeanCent er =W coef [ 2] [ degr ees]
Maxi muml nt ensi t y=W coef[ 1] [ count s]
PeakW dth = Wcoef[3]*2*I n(2) [ degr ees]

Function | N2A_Creat eLogLogPI ot ()

_12.308424437 (A
DCM _EnergyikeV]
A . &
= —*gin(—* (BeamCenter — AR encoder Al
Q 7 (360 ( _ ) [AY]
SitLength = = * ¥  gin(PPSZdMM (A
2 A 2* DDist[mm|

Subtract blank from sample
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USAXS calibration

PeakWidthAcr Sec = PeakWidth* 3600 [arc seconds]

_ PDsize |, BlankPeakWidthArcSec, =
PDistance 3600 180

K = BlankPeakMax* Q* SanpleThicknesymm]* 0.1, 0.1 converts the sanpl e thickness from mm

tocm
SBUSAXS calibration, width given by rocking curve width

0= AsSageWidthArcSec, 7 , BlankPeakWidthArcSec, 7
3600 180 3600 180

AsSt ageW dth is assumed to be sanme as Bl ankPeakW dt h, user can overwite both val ues.
conment: it seens, that proper DSM calibration should include factor of 1.53(?) to
account for the use of single bounce sidebounces...

K = BlankPeakMax* Q* SanpleThicknesfmm]* 0.1, 0.1 converts the thickness fromnmto cm..

No calibration
K = SanpleThickness* 0.1
Q=1

Correctionsfor transmissions and peak shift for Subtract Sa & Blank

SampleMaximumintensity

transgmisson = , .
BlankMaximuml ntensity

SanpleQ_vec= R_ Qvec— QshiftNeeded ToAlignWithBlank

USAXS

Bl ankl nterp0| ated — 10| nt erpolated (1og(Blarkintensity) @ QvecPoint of Sampl )

R_Int — Blankinterpolated

MR Int=
- Kfactor

\/ R_error?
Kfactor t?

MR _error = +interp(BlankError))

SBUSAXS - create DSM data
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Bl ankl nterpOl ated — 10| nt erpolated (og(Blarkintensity) @ QvecPoint of Sample)

R_Int — Blanki nterpolated

DM Int=
- Kfactor

R_error?

DSV eror = \/
- Kfactor t2

+int erp(BlankError))

Note, that the Q shift is shifting the sanple data with respect to blank, which is
consi dered fixed...

M SAXS correction

Qmax

JR_int_sampIe
MSAXS _transmissionGVIR = 220

Qmax
j R_int_blank

Qmin

Qmax

JQR_int_sampIe
MSAXS _transmissionDIV = 220

Qmax
j QR_int_blank

Qmin

MSAXS _Correction = MSAXS _transmission(SVIR_or _DSM)

Transmission
Qmax Qmax Qmax Qmax
JR_int_sarrpIe, JR_int_bIank, J.QR_int_sampIe, IQR_int_bIank use | gor areaXxY
Qmin Qmin Qmin Qmin

function, which uses trapezoidal function. The missing Q range on the “short” side is
repl aced by range fromthe other side...

DSV _Int

M_DSM _Int= ,
- - MSAXS _ corrrection




Indra 2 manual, © Jan llavsky, Wednesday, October 28, 2015

M DSV Error = DSM _Error ,

- - MSAXS _ corrrection
M_SMR_Int= SMR_Int ,

- - MSAXS _ corrrection
M _ SMR_Error = SMR_ Error

MSAXS _corrrection
Anisotropic MSAXS problem:

Eval uate all anisotropic data for all sectors, the results are stored in the waves

(numeric “MSAXSResul ts” and text “MSAXSFol der”, both in root: Packages: MSAXSCorrection).
These waves can be edited before the correction is applied...

) MSAXS_ Correction
MSAXS _corrrectionAverage = '3

Number Of Sectors
M_DSM _Int= DSM —I_nt
- - MSAXS _corrrectionAverage
M _DSM _Error = DSM _Error

MSAXS _corrrectionAverage
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Final comments

This codeis under continuing development. | encourage anyone interested in using this code to get in touch
with me. It will help me to develop better and more useful code.

Bits and pieces of the code may be in the future used separately. | will at some point make generic versions
of specialized macros available and distribute it through web page, which | am in the process of creating.
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