2-D data reduction in Nika, part I Tuesday, March 9, 2010

2-D data reduction using Nika package, part |

Basic Nika setup

This handout describes how to reduce 2D SAXS (pinhole) data using Nika
package. In this case we use data collected on 15ID beamline during February
2010. Note, that the data reduction varies from instrument to instrument, this is
just one of methods how to reduce the data.

This handout has number of parts. This is part I - basic setup and calibration. Part II
is data reduction itself.

Experiment description (aka: what you need to know):

We used MarCCD detector. This is detector, which produces, in 2x2 binning, 1k x 1k
images (with circular active area, see below). The pixel size is (after 2x2 binning)
0.158mm x 0.158mm. Image file format is Tiff.

We used 12keV X-ray radiation (1.0332 A).

Our detector was approximately 570mm from the sample area.

We collected following frames to provide calibration and data corrections:
Dark image at necessary times

Empty beam shot at necessary times

Ag Behenate measurement (distance/beam center calibration)

Glassy Carbon measurement (intensity calibration). Note: transmission of Glassy
Carbon is: 0.818 at this energy.

We measured transmissions for samples, provided below:
Sal was measured as 0.943
Sa2 was measured as 0.979
Sa3 was measured as 0.960

Sa4 was measured as 0.968
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Basic Nika setup

Main Panel

Start Igor Pro and use “Load Nika 2D SAS Macros” command in “Macros” to load
Nika package.

3 Macros

Find a Wave
Fix colors in Top Graph

# [root: : Set Autosave
isplay root 5
Load ASAXS Macros
& waves
Dlvarisbies | | ;"__fh sons Load USAXS Macros
gf;:"’s 5 Load Irena SAS Macros
Rrit Load Nika 2D SAS Macros
— Load Curvefit Control
Load Graph utilities
Load Image Procedures
a Load HDF utils
e e g Load BIOCAT macros

Load NIST Analysis macros

Load Clementine MEM modeling
Clementine MEM modeling help

Select a wave icon to see 3 plot

000 Untitled
Tue, Mar 9, 2010 10:44:48 AM starting this file from 'Prg HD:Applications:lgor Pro 6.1 Folder: O
~
|
v
[~

Save experiment with appropriate name (just in case).

Use command “Main Panel” from “SAS 2D menu” to load the main Nika panel.
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eO00n Main 2D to 1D conversion panel

2D to 1D data conversion panel

C Select data path y Image type .tif '+)

Select input data here ) Invert 0, 0 corner?

( Retresh )

Lo T——

(_Save/Load Config )

—
Export image

 creimmon )
\ Store image )

Match : Start(--- /%)
Select contiguous range: —
- _

[ Main | Param [ Mask | Emp/Dk | Sectors | Prev [ LineProf
Sample to CCD distance [mm] 500 EJ
Wavelength [A] |1 %] X-rayenergy [keV] 12.3[7]

Direction X (horizontal) Y (vertical)
CCD pixel size [mm] 1 [5|  CCD pixel size [mm] 1 ||
Beam center 500 @ Beam center 500 @
Horizontal Tilt 0 Vertical Tilt 0

C Use sample thickness (St)? [ Use pixel sensitivity (Pix2D)?

(2 3:2 §$S:§ g?::;:::;:?:cgr): C]g Subtract constant from data (Ofst)?
[_J Use Solid Angle Corection (O)'.’D LBel Il orenpty he]d..’

) Use Monitor (10)? ] Use sample measurement time (ts)?
() Use Dark field (DF2D)? [J Use empty measurement time (te)?
[ Use Empty field (EF2D)? ) Use dark field measurement time (td)

l l

(

Ave & Display sel. file(s) ) ( Ave & Convert N files ) N=1 @
(_ Convert sel. files 1 at time ) )} Skip bad files?

( Ave & Convert scl. files ) @ Dis[’lav RAW data.“D Display beam cente
P O Display Processed'™) jsplay sects/Lines
pa Colors Terrain 4] () Log Int display?

(] Image with Q axes? [ Img w/Q axes with grids?

Tuesday, March 9, 2010

Let’s populate the panel with known information... We will start at the top and go

towards bottom.

First, push button “Select Data Path”. Navigate to where the example Images are.

OO Choo

Select pa

< > SRR v W Examples of samples

[_INika CCD images

DEVICES |

] version 2010
& PRG \ .
=i Pra HD ‘ |_llrena and Nika Handouts
T =
‘5 T:n all (=] Desktop
R 4 ilavsky 0 8H
SHARED \ (@ Users
@ar. | Ziprg HD
| & PRG

PLACES

Now the “Select input data here” Listbox should be populated by example images

included :
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NeNe Main 2D to 1D conversion panel
to ata conversion panel
( Select data path ) Image type .tif '#)
Prg HD: Users:ilavsky: Desktop:Irena and Nika Handowts:version 2010:Nika CCD images: Examples of samples:
Select input data here ) Invert 0. 0 corner?
Sal _40s 067.tif
Sal_60s_068.tif
Sa2 40s_069.tif
Sa2 60s 070.tif
Sa3 40s 059.tif <
Sa3 60s_060.tif s

Match : Smn[..__ 03‘

Select contiguous range:
End[--- %)

Next, we need to fill the first tab with parameters. This is tab called “Main” (and
should be open by default. If not click on it):

[ Main | Param | Mask | Emp/Dk | Sectors | Prev | LineProf
Sample to CCD distance [mm] 500 E]
Wavelength [A] | [ﬂ X-ray energy [keV] l2.3[§

Direction X (horizontal) Y (vertical)
CCD pixel size [mm] 1[5  CCD pixel size [mm] 1 [/
Beam center 500—@ Beam center 500—@
Horizontal Tilt 0 Vertical Tilt 0

() Use sample thickness (St)? () Use pixel sensitivity (Pix2D)?

g ILJISC samp:e tcransn:_issict)“n (tT)'.: C]D Subtract constant from data (Ofst)?
) Use sample Corection factor (C)*, 3 e

() Use Solid Angle Corection (0)? — AL P held.. )
() Use Monitor (10)? [ Use sample measurement time (ts)?

() Use Dark field (DF2D)? [ Use empty measurement time (te)?
() Use Empty field (EF2D)? [} Use dark field measurement time (td)

Input known parameters, we may optimize some later, but let’s fill it in:

' Main ‘ Param [ Mask [ Emp/Dk I Sectors [ Prev I LineProf \

Sample to CCD distance [mm)] T[ﬂ
Wavelength [A] W@ X-ray energy [keV) 2z ] I;]
Direction X (horizontal) Y (vertical)
CCD pixel size [mm]) WE] CCD pixel size [mm]) W[ﬂ
Beam center 500 | E] Beam center 500—@
Horizontal Tt '© | Vertical Tit 0 |
{J Use sample thickness (St)? () Use pixel sensitivity (Pix2D)?
U Use sample transmission (T)? ("] Subtract constant from data (Ofst)?

[} Use sample Corection factor (C)?

M 7
B iy e

[ Use Monitor (10)7 [C) use sample measurement time (ts)?
[ use Dark field (DF2D)? O use empty measurement time (te)?
() Use Empty field (EF2D)? () Use dark field measurement time (td)?
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Beam center and distance calibration

Next, we need to deal with Beam center and optimize the distance calibration.

Use command “Beam center and Geometry cor.” In “SAS 2D” menu:

SAS 2D ;&0

Main panel

Beam center and Geometry cor.
Create mask

Create flood field

Image line profile

Configure Nika GUI and Uncertainity
Instrument configurations >
HouseKeeping

Remove stored images

Open Nika pdf manual
Remove Nika 1 macros
About

L 4

and you should get new panel:

0 0 O 4800 Beam center and calibration panel
2D Refinement of Beam Center & Calibration

: Select path to data File type: .tif | ‘3

Prg HD:Users:ilay

Selectinpul  Select data set to use:
Sal_60s_0
Sa2_40s_0
Saz_60s_0
Sa3_40s_0
Sa3_60s_0
Sa4_40s_0
Sad_60s_0

Match :

Select con ( Make Image

[ Logimage? [ Dezinger? ) Use Geom. corrs?
O

(“main | ¢ [ BeamCour | Catibrant | Refinement | L Use Mask?

Sample to [ Zoom to area of attn. beam & fit 2DGauss or Manually guess l

( Fit 2D Gaussian D) (" Read CursorA )
D

CCD pix Beam center X = 500 Fl  step=(1 |F

Beam ce & o

Horizoll Beam center Y = 500 H step= | 1 [Ll

orizof
™ Display circle?

) Use sampl
) use samp| O 1 [
O use samp|
(O use solid
O Use Monif O —— @
() use Dark

O Use Empt o

Ave & Display sel. file(s) Ave & Convert N files N=[1 |
O skip bad fles? | _SeE—
© Display RAW 6ata? () pypiay beam center? o
O— O DisplayProcessed? (7 pigpiay sects/Lines?

P Colors Terrain '33 ) Log Int display?
) Image with Q axes? ) Img w/Q axes with grids? _isting experiment.

Use “Select path to data” to locate folder with Ag Behenate data provided:

@ Jan Ilavsky



2-D data reduction in Nika, part |

3 (] Nika CCD images s
- [ version 2010 |
(_llIrena and Nika Handouts
(=] Desktop

£ ilavsky O %H

(NeNe Beam center and calibration panel

Refinement of Beam Center & Calibration
( Select path to data ) File type: |.tif | ]

Prg HD:Users:lavsky:Desktop:irena and Nika Handouts:version 2010:Nika CCD images:Ag Behenat|
Select data set to use:
AgBehenate_003.tif

Tuesday, March 9, 2010

Make Image
Select the file with measurement and push “Make image” to create 2D image on the
screen:
OO0 Beam center and calibration panel I (LN NG) CCDI! ntr:BmCntrDisplaylmag;
| Refinement of Beam Center & Calibration - —
Fie type: tif [+
| Prg HD:Users:iavsky: and Nika H: ersion 2010:Nika CCO :Ag Behenat S

Select data set to use:
AgBehenate_003.tif

Make Image ) $

) use Geom. corrs?

m
' BeamCntr ‘ Calibrant T Refinement ] L Use Mask?

[ Zoom to area of attn. beam & fit 2DGauss or Manually guess l

O Logimage? () Dezinger?

( Fit 2D Gaussian ) (_Read Cursor A )
Beam center X = 500 [l step=[1 |F
Beam center Y = | 500 @ step= 1 @
@ Display circle?
O 1

o |Terrain '+
—_—0

First we need to find reasonable estimate to beam center. Note, the red dot above
the beamstop shadow, that is our default estimate for beam center. You can walk the
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center there - set steps for both Beamcenter X and Beamcenter Y to something
sensible and you can click the red dot to sensible estimate. Also, you can use slider
below “Display circle” checkbox to create circle around the center to help with
alignment:

~

800 Beam center and calibration panel | CCDImageForBmCntr:BmCntrDisplaylmage
300 400 500 600 700 800

Refinement of Beam Center & Calibration
File type: tif [$)

Prg HD:Users: : cirena and Nika Hi ~version 2010:Nika CCD images:Ag Behenat|.
Select data set to use:
AgBehenate_003.tif

Make Image g

O Log image? (@] Dezinger? () Use Geom. corrs?
[ use Mask?

[ BeamCotr | Catibrant | Refinement |

{ Zoom to area of attn. beam & fit 2DGauss or Manually guess 1

C Fit 2D Gaussian > ( Read Cursor A )
Beam center X = 480 @ step= 10 H
Beam center Y = 570 E] step= 10 EJ
M Display circle?
=0 96.5668

—_—

This is reasonable estimate for now...

Next we need to choose calibrant, pick tab “Calibrant” and select Ag Behenate:

e ~ O

CCDImageForBmCntr:BmCntrDisplaylmage
0 100 300 400 500 600 700 800

Beam center and calibrati'on panel

| Refinement of Beam Center & Calibration
! Fie type: 1 15)

| Prg HD:Users: o cirena and Nika H: wversion 2010:Nika CCD images:Ag Behenat &

Select data set to use:
AgBehenate_003.tif

Make Image g

O Log image? (@] Dezinger? () Use Geom. corrs?
N

' BeamCntr ' Calibrant I Refinement ] SHUsa Mazk7

{ Pick calibrant / own param, border lines l ™ pisplay?
Calibrant: ‘Aé behenate ' 3] Lineout Intg over (pix) = 5 El

M used1? d1 - 5838 width =15 7]

™ usedz? d2 - 29.185 width =15 |[%]

O use d3?

(O use da?

O use ds?

—_—
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Note, that you can define your own in case you have different material here.

Next we need to understand, what is going to happen next. There are now many
“rings” in the image. The white rings are calculated positions for diffractions rings
from our beam center, wavelength, sample-to-detector distance etc. The red ones
are limits set by the “width” fields. You can zoom in the image to see in more details:

(NoN&) CCDImageForBmCntr:BmCntrDisplaylmage

© 240 280 320 360 400 440 480 520 560 600 640 680 720
S

b

You can remove these lines by unchecking the “display” checkbox to see where the
rings really are. In the next step Nika will evaluate positions around the rings
between the two red circles - so we need to make sure the diffraction rings are
really between them. You may need to make them wider sometimes - or narrower.
In this case, we should be OK.

Now go to refinements and check following checkboxes: “Refine beam center” and
“Refine Sa-Det distance”. Wavelength is basically coupled to distance in small range
of angles, so it cannot be refined in SAXS. Most of the times, SAXS data do nto need
tilts refined, unless it is really bad...
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000 CCDImageForBmCntr:BmCntrDisplaylmage
360 400 440 480 520 560 600 640 680 720

18000 Beam center and calibration panel |
Refinement of Beam Center & Calibration

Fie type 5 %)
Prg HD:Usex and Nika H ersion 2010:Nika CCO images:Ag Behenat -

Select data set to use:
AgBehenate_003.tif

&
Make Image

[ Logimage? [ Dezinger? ] Use Geom. corrs?
() use Mask?

[ BeamCnir | Calibrant | Refinement ]

Select what to refine and run | Peak shape function: Gauss |+

M Refine beam center? Sa-det distance [mm] 570 @
M Refine Sa-Det distance?  Wavelength [A] 10332 [
() Refine wavelength? X-ray energy [keV] 12—@
(O Refine tits? Horizontal | 0 Vertical 0

Num sectors = 60 El ) Display in image?

( Run T > (& Return back >

o (Terrain (%)
—_—0

Now run the refinement. You will see progress on how the code evaluates intensity
in radial directions, fits Gaussian distribution to them and finally, uses least square

fitting to optimize the parameters as instructed.

800 Profile Fit window |
: L L S . . 000 CCDImageForBmCntr:BmCntrDisplaylmage
ra0d  [Angle - 354 B © 240 280 320 360 400 440 480 520 560 600
A > 120 g
e fenat
£ 100
£
80+
60
Pixels
nes T
S
Make Image p°
() Logimage? [ Dezinger? ) Use Geom. corrs? §

[ BeamCotr | Catibramt [ Refinement | [ Use Mask?

Select what to refine and run | Peak shape function: |Gauss '+ ]

@ Refine beam center? Sa-det distance [mm]  565.747 @
¥ Refine Sa-Det distance?  Wavelength [A] 10332 7
) Refine wavelength? X-ray energy [keV] 12 Fl
) Refine tilts? Horizontal 0 Vertical 0

Num sectors = 60 @ () Display in image?

C Run > (q Return back )

o [Terrain rt]
—_—0
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Notice, that the Sample-to-Detector distance changed, as well as the beam center
positions.

We can now close the three new widnows: “Profile Fit window”,
“CCDImageForBmCntr”, and “Beam center and calibration panel”. The parameters
were moved successfully to the Main Panel.

Mask design

Now we need to design correct mask to be used. The mask design tool is in “SAS 2D”
menu, called “Create mask”

I " "T
Main panel

Beam center and Geometry cor.
Create mask

Create flood field

Image line profile

Configure Nika GUI and Uncertainity
Instrument configurations >
HouseKeeping

Remove stored images

Open Nika pdf manual
Remove Nika 1 macros
About

Select it and new panel is created:
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®00 Create MASK panel _

Prepare mask file

( selectpathtodata ) File type: (7772 % )

Select data set to use:

[ Display log image? ( Make Image )
o ( StartMASKDraw )
O \ J
Colors (Terrain |+ ( Finish MASK )
Mask first columns : O [ﬂ Mask first rows : 0 [ﬂ
Mask last columns : 0 [ﬂ Mask last rows : 0 [ﬂ
[ Mask low Intensity points?
Save as ("_mask" will be added) :
( Erase MASK ) ¢ Save MASK )

Tuesday, March 9, 2010

Select “File Type” as tif, “Select path to data” to point to included Glassy carbon data:

i [ Nika CCD images

- [ version 2010

[ _Ilrena and Nika Handouts

[ Desktop

2 ilavsky O %H

Select any of these images and push button “Make Image”:
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000 Create MASK panel &0 0 CCDImageForMask:MaskCCDImage
0 100 200 300 400 500 600 700 800 900 1000

Prepare mask file
File type: tif [4]

Select data set to use:
GCBob_5s_200.tif
GCC16_5s_022.tif

) Display log image? ( Make Image )

o
( startMAsKDraw )

O
Colors(Terrain %) ( Finish MASK )

Mask first columns : 0 @ Mask first rows : 0

[ ¥

Mask last columns : 0 @ Mask last rows : 0

() Mask low Intensity points?

Save as ("_mask" will be added) : GCBob_5s_200.tif

( Erase MASK > I o Save MASK D)

Now select checkbox “Display log image” - helps to recognize artifacts.

1000 Create MASK panel ®00 CCDImageForMask:MaskCCDImage
o0 100 200 300 400 500 600 700 800 900 1000

Prepare mask file

Select path to data File type: .tif |+ ]

{

Select data set to use:
GCBob_5s_200.tif
GCC16_55_022.tif

™ Display log image? ( Make Image )

o
o Start MASK Draw
Colors Terrain [+ ( Finish MASK )

Mask first columns : 0 @ Mask first rows : 0 @
Mask last columns : 0 @ Mask last rows : 0 [ﬂ
[ Mask low Intensity points?
1 Save as ("_mask" will be added) : GCBob_5s_200.tif
| ( Erase MASK > I « Save MASK )
& S

Notice the dark blue areas - that is inactive area of the detector. This can be masked
by selecting “Mask low intensity points” (as these have 0 intensity always).

Next we need to mask off the beam stop. We will do it using combination of Igor
drawing tools. First push “Start MASK Draw”, this will add tools to the left top corner

of the image. You may need to move image around:
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000 Create MASK panel ge
1] 900
Prepare mask file
Fe s 18) -
Select data set to use:
GCBob_5s_200.tif =p 3
GCC16_5s_022.tif [g -
=y
g
&)
=3F
&
™ Display log image? ( Make Image )
e gl
o ( start MASK Draw
Colors Terrain 1 +) ( Finish MASK ) g
Mask first columns : 0 E] Mask first rows : 0 E]
Mask last columns : 0 E Mask last rows : O E §
8 Mask low Intensity points? Threshold Intensity : 0 E
2
ES
Save as ("_mask" will be added) : GCBob_5s_200.tif
( Erase MASK 3 € Save MASK ) g

Now you can zoom using mouse and unzoom (ctrl-A or cmd-A) as needed and use
tools (rectangles, circles, etc.) to draw over what needs to be masked over. Cover
area to remove. Note, that to zoom/unzoom, you need to select the very top button
in the drawing tools, to draw, select the one below that and then the right tool...

This was drawn using the polygon tool:

OO0  Create MASK panel
Prepare mask file
File type: 1if 1¥)

Select data set to use:
GCBob_5s_200.tif
GCC16_5s_022.tif

4 Doy oo
- o (__stnMASKDraw )
Mask first columns : |0 []  Mask first rows : [0 [l
Mask last columns : [0 [F]  Masklast rows : [0 [l
™ Mask low Intensity points? Threshold Intensity : 0 |+

Save as ("_mask" will be added) : GCBob_5s_200.tif

¢ Erase MASK 3 € Save MASK D)

Do nto worry about aspect ratios here, everything is scalled correctly using zoom.
The above cover is OK for the beam stop.

You can also cover first few columns/rows... many detectors have issues with edge
pixel sensitivity.

Push “Finish MASK”.
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Then add names as necessary to the field “Save as...” and “Save mask”.

800 Create MASK panel ™ O ) CCDlmageForMask:MaskCCDImage,UnderLevellmage
| 0 100 200 300 400 500 600 700 800 900 1000
‘ Prepare mask file — -
——— - =
Select path to data File type: .tif |'¥ =
1 Select data set to use:
GCBob_5s_200.tif =
GCC16_5s_022.tif £
Test_mask.tif
2
3
g i
&
™ pisplay log image? ( Make Image
O § 8
o C Start MASK Draw
Colors Terrain | +) Finish MASK =
=
Mask first columns : 0 |*| Mask first rows : 0 m
Mask last columns : O z Mask last rows : 0 @ §
@ Mask low Intensity points? Threshold Intensity : 0 m
2
3
Save as ("_mask" wil be added) : Test
Erase MASK I ¢ Save MASK §
= Tl

The mask has been created and also stored for use in current Igor experiment. In the
future you can load this mask from the stored tiff file with _mask.tif as part of the
name.

Close the “create MASK panel” and “CCDImageForMask” windows.

Absolute intensity calibration

We will use Glassy Carbon measurements (measured transmission 0.818). On the
main panel, find the path to the Glassy Carbon measurements:

v M Classy carbon

i || Nika CCD images i
- |_]version 2010 '
(_lIrena and Nika Handouts

=] Desktop

& ilavsky O %H

We will use GCBob_5s_200.tif measurement. Thi sis 5 second exposure
measurement. The processing for this image will be as follows... Select in the
checkboxes following ones:

Use Sample thickness (it is 1mm)

Use sample transmission (it is 0.818)
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Use sample correction (and we'll set it to 1 for now).
Use Dark filed
Use Empty field.

We will assume in this case, that the time is sufficiently good for normalization
purposes. If available, we could use Monitor values for higher precision...

This is the setup (Main tab; Param tab):
e Main 2D to 1D conversion panel
2D to 1D data conversion panel

Select data path ) Image type .tif ' %

Prg HD:Users:lavsky:Desktop:irena and Nika Handouts:version 2010:Nika CCD images:Glassy carbon|

Select input data here [ Invert 0, O corner?

GCBob_5s_200.tif (___Refresh )
GCC16_5s_022.tif [ Save/Load Config )
Test_mask.tif

. Export imag .

Store image

Match : start [=== :]

Select contiguous range:
End|--- |'¥

l Main [ Param [ Mask r Emp/Dk f Sectors [ Prev r LineProf |

Sample to CCD distance [mm] 565.747 |+

Wavelength [A]  1.0332 g X-ray energy [keV] 12 5
Direction X (horizontal) Y (vertical)
CCD pixel size (mm] 0.158 |+ CCD pixel size (mm] 0.158 |+
Beam center | 480.901 1’ Beam center | 569.341 15 [ Main ' Param I Mask [ Emp/Dk [ Sectors [ Prev [ LineProf |
Horizontal Tilt 0 Vertical Tilt 0 M Geometry correction? (] Polarization correction?
™ Use sample thickness (5t)? () use pixel sensitivity (Pix2D)? = . =
Use sample transmission (T)? O Subtract constant from data (Ofst)? L Use fict? Sample thickness [mm] 1 -
Use sample Corection factor (C)? A ) Use fict? (e 0
M [ Use 10/10ef fi field? UJ Use fnct? Sample transmission 0.818 v
() Use Solid Angle Corection (0)? = LDl U CIy P
M o 1 ? M . =
_J Use Monitor (10)? : DG DI TR () ) Use fnct? Correction factor 1 -

[2[ Use Dark field (DF2D)? Use empty measurement time (te)?
M Use Empty field (EF2D)7 ) Use dark field measurement time (td)?

C/St*(1/T*(Sa2D-DF 2D)-(EF2D-DF2D))

; Ave & Display sel. file(s) : Ave & Convert N files : N= [ 1 | =
(_Convert sel. files Lattime ) () Skip bad files?
(Ave & Convert scl. files ) Q Display RAW data? ) pigpiay beam center?
() Display Processed? O Display sects/Lines?
—) ColorsM [ Log Int display?
] Image with Q axes? O Img w/Q axes with grids?

Note, that we selected also “Geometry correction?” checkbox. Read more in manual,
but in this short sample-to-detector distance this is better. Remember to input
0.818 for Sample transmission.

Further, in Mask Tab select “Use Mask”.
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( Main T Param ' Mask l Emp/Dk [ Sectors T Prev r LineProf |
M Use Mask?
( Select mask data path )
Test_mask.tif
( Create new mask ) ( Load mask )
( Add mask to image ) ( Remove mask from image )
Mask color grey '+ |

Since we just created the right mask, we can just use the one in Nika now. Else you
would need to load mask you want from saved file (located with the data) or create
new mask...

In Next tab, “Emp/Dk” use the “Select...” button to navigate to where empty and
dark field measurements are:

v = Empty and dark fields

| LI Nika CCD images
|_lversion 2010
|_llrena and Nika Handouts
|=)] Desktop
2N ilavsky 0 3%H

i

choose Dark_5s_003.tif and push “Load Dark Field”. Choose “Empty_5s_014.tif” and
push button “Load Empty”. The files are loaded and displayed...
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EmptyOrDarkimage:EmptyData_dis

000 Main 2D to 1D conversion panel 800
[ 300 400 500 500 700

2D to 1D data conversion panel
€ Select data path >, Image type |.tif | % ]

Prg and Nika 2010:Nika CCD images:Glassy carbor
Select input data here ) Invert 0, 0 corner? =
GCBob_55_200.17 (___Refresh )
GCC16_5s_022.tif Save/Load Config

Test_mask

Match : Start | —-- ';)

Select contiguous range:
End(--- |% )

Main Param [ Mask ' Em/Dk' Sectors [ Prev [ LineProf ]

() Dezinger 2D Data?
(" Select path to mask, dark & pix sens. fies ) Image type .tif [+)

Dark_40s_007.tif
Dark_5s_003.tif
Dark_60s_008.tif
Empty_40s_018.tif
Empty_Ss_014.tif
Empty_60s_019.tif

Load Empty ) Dezinger Empty
Load Dark Field ) Dezinger Dark
Match :

Empty file: Empty_S5s_014.tif
Dark file: Dark_5s_003.tif

(__Ave & Display sel. file(s) Ave & Convert N files Ne 1 Fl
Convert sel. files 1 at time () Skip bad files?
(_Ave & Convert sel. files @ Display RAW data? (] pispiay beam center?

P S—— O Display Processed” (7 pispiay sects/Lines?
——C) Colors | Terrain ‘3) O Log Int display?

) Image with Q axes? ) Img w/Q axes with grids?

Next we will use “Sectors” tool to generate for our GCBob measurement the radially
averaged data. Make selections as in the figure below:

[ Main T Param T Mask T Emp/Dk ] Sectors I Prev T LineProf }
™ use? ® Qspace? () dspace? () 2 Theta space?

Min Q (0 = automatic) 0 Max Q (0 = automatic) 0

™ Log binning? (] Max num points?

@ Do circular average? Number of points T@

(] Make sector averages?

M Create 1D graph?
@ Store data in Igor experiment? () Overwrite existing data if exist?

() Export data as ASCII? ( Select output path )

@ Use input data name for output?

ASCII data name
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We will use log-Q binning (useful for SAXS), 250 points is more than enough, we will
do Circular average (this is isotropic sample) and create 1D graph. We can use the
image name for data name - makes everything easier...

Now, in the main panel in the top listobox “Select input data here” select the
“GCBob_5s_200.tif” file and push button at the bottom of the Main panel “Convert
sel. Files 1 at time”. This will convert the file into 1D lineout:

Main 2D to 1D conversion panel CCDImageToConvertFig:CCDImageToConvert_dis

2D to 1D data conversion panel ] 300 420 s00 600 700
Select data path Image type .t

Prg HD: Users:ilavsky: Desktop:irena and Nika Handouts: version 2010:Nika CCD ima carbon

GCBob_5s_200.tif

Select input data here O Invert 0, 0 comer? 8

GCBab_5s_200.4f (__Refresh )
GCC16_5s_022.1if (SavelLoad Config )
Test_mask.tif gt gt
Store image
Match : Start fe==0
Select contiguous range:
End[--- %)
["Main ["param | Mask | Emppk | scctors | prev | Linepror |
™ Geometry correction? (J Polarization correction?
O Use fct? Sample thickness [mm] | 1 Fl
O Use fict? Sample transmission 0.81% Fl
O Use fct? (. TeNe) LineuotDisplayPlot_Q
1
2 — 'r_GCBob_55_200.1if_C'
10°4 e
o
? q
g 2
£ 004 L
o
q
2
Ave & Display sel. file(s) 1 T 4 s s “0|l T M S
Q vector A

& O Display Processed? [ pigpiay sects/Lines?
ey Colors Terrain [3] O Log Int display?

O Image with Q axes? O imgwQaxeswithgrids? ) "~

We have got now correct profile, but scaling of intensity is still in arbitrary units. We
now need to calculate scaling constant which would put the data on absolute scale.
For this we need Irena package and calibrated ASCII data for GC Bob included with
the images.

Load Irena package from “Macros menu” using command :

Load Irena SAS Macros

Then we will import data using SAS menu command:

Help
Dataimport & export 2 import ASCIl data
Data Manipulation »  Import XML data

Export ASCII data

“Import ASCII”. This creates new panel:
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e 0N Import data

Import Data in Igor

Select data path

Data path :

Data extension:
List of available files e
) Skip lines?

( Test ) ( Preview J

Qvec Int Err QErr

Column 1
Column 2
Column 3
Column 4
Column 5
Column 6

Found columns : 0 @

M Qvec units [A”-1]
) Qvec units [nm*-1]
] Create SQRT Errors?

O % 2
( slectAll ) (( DesclectAl ) = Create n% Errors?

() Use File Nms As Fldr Nms?
() Use Indra 2 wave names?
() Use QRS wave names?

Select data folder (=== /% ]

New data folder:

[ Scale Imported data?
) Use QIS (NIST) wave names?

Q wave names

Intensity names Import
Error wv names

Select data path to the data:

(] Nika CCD images i
|l version 2010 [
[ Jlrena and Nika Handouts

(=] Desktop

& ilavsky O %H

Tuesday, March 9, 2010

And choose the “GC Bob Calibrated data.txt” file. The push “test” button and
“Preview button”. Igor will test how many columns of data it can find and show

preview of the data file:
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Import data

800 FilePr :GC Bob ¢ d data.txt

Tuesday, March 9, 2010

Import Data in Igor

C sacdnmt. )
Select data path

Data path : | Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:N]

Data extension:
List of available files

(O skip lines?
GC Bob calibrated data.txt
Test Preview

S

Qvec Int Err QErmr
coumm1 O O O O
Coumn2z O O O O
Coumn3 O O O O
Column 4
Column 5
Column 6

Found columns : 3 ||+

™ Qvec units [A-1]
O Qvec units [nm*-1]
(J Create SQRT Errors?
O Create n% Errors?

Select All Deselect All

=
0
=

Use File Nms As Fldr Nms?
Use Indra 2 wave names?
Use QRS wave names?

() Scale Imported data?
[ Use QIS (NIST) wave names?

Select data folder

New data folder:
Q wave names
Intensity names

[# DATAFILE=0823_gc.dat

* EPOCH=1124846359

#T2=-5

* SCAN_N=15

* SECONDS=3207676853

* DATE=Tuesday, Aug 23, 2005

*# HOUR=21:20:53

* COMMENT=GC-I1-A Bob

* SpecCommant scan ar 10.3538 10.3508 1 0.0002 98.9254500701.21505
* SpecComment=GC-11-4 Bob

* SpecScan=spec1S

# USAXSDataFolder =root:USAXS:'0823_ge':'S15_GC-11-4 Bob’
#* RawFolder=root:raw:'0823_gc":spec1S:
* UserSampleName="515_GC-11-4 Bob"
* Wname=DSM_Int

* Wavelengtl 1265

# SlitLength=0.034084

#* Number0fSteps=150

# SDDistance=450

* PeakFitFunction=Gauss

# BeamCenter=10.366

* Maximumintensity=1.3455¢-09

* FWHM=4.4606

# BeamCenterError=1.947¢-06

* MaximumintensityError=6.7628e-12
#* FWHM_Error=0.018472

# Thickness=1.06

* BlankComment=air blank 1

* Units=cm- 1

* BlankFolder=root:USAXS:'0823_gc':'SS_air blank 1°
# Kfactor=5.8828e-17

* Transmission=0.71949

* TransmissionError=0.0050235

# KFactorError=3.8517e-19

0t:USAXS:'0823_gc''S15_GC-11-A Bob":
* IntensityWaveName=SMR_Int

* Qwavename=SMR_Qvec

# ErrorwaveName=SMR_Error

* BackgroundFunction=PowerLaw w flat

* NumberOflterations=7

# BekgExtrapolationStartQ=0.33342
* DataSmoothedBeforeDesmearing=Yes
*

Error wv names

Please fill the Import Data in Igor panel as below and then push “Import” button.

e 0N Import data

4 e aC
* DataSmoothedAfter Desmearing=No

Import Data in Igor

( Selec )
Select data path

Data extension:

List of available files =
[ Skip lines?

Data path :  Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:Ni

Select data folder

GC Baob calibrated data.txt
( Test )( Preview )
Qvec Int Err QErr
Coumm1 & 0O O O
Coumnz O ™ 0O O
Coumn3 O O ™ O
Column 4
Column 5
Column 6
Found columns : 3 @
M Qvec units [A"-1]
O Qvec units [nm”*-1]

(" seectal ) (( DesclectAl )
M Use File Nms As Fldr Nms? Q Include Extension in fldr nm?
(] Use Indra 2 wave names? [:' Scale Imported data?
M Use QRS wave names? [_J Use QIS (NIST) wave names?

New data folder: root:SAS:ImportedData:<fileName=:

Q wave names  Q_<fileName~

Intensity names R_<fileName>

Error wv names S_<fileName>

Import

A note is made in the history area about the process:
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Imported data from :Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:Nika CCD images:Glassy carbon Bob Cal data:GC Bob calibrated data.txt
Data stored in : root:SAS:I mportedData:GC Bob calibrated data:
New ‘Wave names are : R_GC Bob calibrated data  Q_GC Bob calibrated data ~ S_GC Bob calibrated data

Imported 1 data file{s) in total

Close the “FilePreview:...” notebook and “Import Data” panel.

Next we will use “Data Manipulation I” tool from SAS menu:

Help

nn ann 1nnn
Data Manipulation > Data manipulation | [one or two data sets]

Data manipulation Il [many data sets]
Data mining

Plotting |

Dlattin~ 1l

Select the command and this will create new panel:

000 Data Manipulation

Data manipulation input panel

First dataset  _ Indra2data [ QRS (QIS!_ Irena results [ Model

Data folder: -—- |+
Wave with X axis data --- ' ¥ ]

Wave with Y axis data (--- ' +)

-

Wave with Error data (--- 1%

Second data set | Indra 2 data [ QRS (QIS'_ Irena results _ Model

Data folder: (--- |+
Wave with X axis data --- ' ¥ ]

Wave with Y axis data (-—- & }
Wave with Error data | ——- ¥

(" Adddataand Graph ) ( ResetModify ) ( AutoScale )

Modify data 1 Modify Data 2
Multiply Int by | 1 [F] Multiply Int by | 1 [l
Shtrct bekg 0 g Shtrct bekg 0 5l
Q shift 0 g Q shift 0
Error multiplier 1 H Error multiplier 1 a
( RemQ<Csna) ) ( RemCsnA) ) (" RemQ>CsnB) )
) Combine data (D patal + Data2 [ Datal / Data2
() Datal - Data2 ) Datal using Q2 ) (Datal-Data2)/Data2
() Data2 - Datal [ pata1 [J pata2
() Reduce No pnts by ] ﬁ O Log Reduceto 100 @
O
[") Smooth (log) ) Smooth (lin)  Smoothing window? '3 @
A :
__ Smooth Spline €
Pick new data folder --- ' % ’
New data folder:
New Q wave nm
GO

New Intensity nm

New Error name SAVE \

We will use this tool for scaling the data together to get calibration constant...
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Select for both “First data set” and “Second data set” controls the “QRS (QIS)”
checkbox and then select for First Data set the data we just imported and for second
data set the Nika reduced data as below. Push button “Add data and Graph”:

XS] Data Manipulation IR1D_DataManipulationGraph

Data manipulation input panel J L
Firstdataset  _ Indra2 data ¥ QRS (QIS)_ Irena results () Model
Data folder; root:SAS:ImportedData:'GC Bob calibrated data": 3 4

Wave with X axis data Q_GC Bob calibrated data | & 10

Wave with Y axis data |R_GC Bob calibrated data /)

Ll
T T T

Wave with Error data_S_GC Bob calibrated data | +)

Second data set ) Indra 2 data ¥ QRS (QIS)_ Irena results () Model 10
Data folder: [F0OUSAS:'GCBob_5s_200.tif C': 1+)

Wave with X axis data |@_GCBob_5s_200.tif_C |+
Wave with Y axis data |r_GCBob_5s_200.tif_C '%
Wave with Error data | 5_GCBob_5s_200.tif_C ' &

Ll
T T T

Add data and Graph Reset Modify AutoScale
Modify data 1 Modify Data 2
Multiply Int by |1 (S Multiply Int by |1 &
Sbirct bekg 0 g Sbirct bekg | 0
Q shift 0 g Q shift 0 i 1
Error multiplier 1 g Error multiplier 1 g 10
Rem Q=CsriA) Rem CsriA) Rem Q=CsrB)

&l
Intensity [cm ]

Ll
T T

) Combine data O Datal + Data2 () Datal / Data2

() Datal - Data2 ) Daal using Q2 [ (Datal-Data2)/Data2

() Data2 - Datal O pata1 O paa2

() Reduce No pms(h}w 1 v [J Log Reduce to | 100 - 0

Ll
T T T

[} Smooth (log) [ Smooth (lin) Smoothing window? 3
) Smooth Spline €

Ll
T T T

Pick new data folder === ?

New data folder: root:SAS:ImportedData:'GC Bob calibrated data': o

T T T
8 2 4

. - T T
New Q wave nm | Q_GC Bob calibrated data_mod
ew Q wave 2 _GC Bob e e | mo w 2 4 6 8

New Intensity nm 'R_GC Bob calibrated data_mod

New Error name ' S_GC Bob calibrated data_mod SAVE a4
= = & QA W M1, 2010, 111205 44

The red data are absolutely calibrated data we are suppose to get, Blue are our
arbitrary calibrated data we got. We now need to scale them together. Place cursors
(A is the circle and B is the square, at the bottom of the graph) on the blue curve.
The area between the cursors is going to be used for scaling. The A should be may be
on point about 7 or so (to avoid the weird decrease in intensity at very low Qs), B
should be around 150 or so, to avoid the area where there is significant amount of
flat background in the USAXS measurement. Then push button “AutoScale”. The
value in “modify Data 2”, “Multiply Int by” is about 0. 0008445. This is our scaling
constant - NOTE, that in the current case, this scaling constant is time dependent
and this one is for 5 seconds. For other times we need to correct by scaling by
(5/time of exposure).

For example for 50sec measurements, the Claibration constant will be 0. 00008445
etc. This could be avoided if we used Monitor for exposures - but while in real life
we do this, it would make this handout more difficult to follow....
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Data Manipulation (NoNé) IR1D_DataManipulationGraph

L ool L ool 1 Lo

Data manipulation input panel
Firstdataset () Indra2 data ™ QRS (QIS_ Irena results () Model
Data folder: root:SAS:ImportedData:'GC Bob calibrated data": _é]

Wave with X axis data |Q_GC Bob calibrated data '+
Wave with Y axis data R_GC Bob calibrated data '+
Wave with Error data | S_GC Bob calibrated data |+

Second data set () Indra 2 data ¥ QRS (Q1s._ Irena results ) Model
Data folder: ro0t:SAS:'GCBob_5s_200.tif_C': [+

Wave with X axis data | _GCBob_5s_200.tif_C '+
Wave with Y axis data _r_GCBob_5s_200.tif C '+

Wave with Error data | s_GCBob_5s_200.tif C ' % "g
;
(__Add data and Graph ( RestModify ) (_ AutoSeale %
Modify data 1 Modify Data 2 £
Multiply Intby 1 - Multiply Int by 0.0008445 |+ -
Sbtrctbekg 0 I Shtretbekg 0 v
Q shift 0 )& Q shift 0
Error multiplier 1 - Error multiplier 1
( RemQ<Csia) ) ( RemCsnA) ) (__RemQ>CsnB) )
() Combine data (O Datal + Data2 () Datal / Data2
(0 Datal - Data2 () Datal using Q2 () (Datal-Data2)/Data2
() Data2 - Datal (J Daa1 O pata2
() Reduce No nms(b)y 1 g [ Log Reduce to [ 100 g

[ Smooth (log) [ Smooth (lin)  Smoothing window? 3
[_) Smooth Spline

Pick new data folder --= |#

New data folder: vmm:SA\S:ln\puncdl);\m.'(;(‘ Bob calibrated data":

New Q wave nm  Q_GC Bob calibrated data_mod
New Intensity nm R_GC Bob calibrated data_mod e }
New Error name | S_GC Bob calibrated data_mod e —\( QA [P —

OK, finally, we have calibration constant for our measurements. For 5 seconds it is
0.0008445 and for other times we need to scale it by (5/time of exposure).

Testing

Let’s test the scaling constant... Close the “Data manipulation” panel as well as
“IR1D_DataManipulationGraph” window. Then in the “Param” tab of the “Main 2D to
1D conversion panel” set the Correction factor to the above value:

( Main ' Param ' Mask [ Emp/Dk [ Sectors f Prev f LineProf |

M Geometry correction? [_J Polarization correction?

O use fnct? Sample thickness [mm] 1 v
O use fnct? Sample transmission 0818 S
O use fnct? Correction factor  0.0008445 |+

and select the two measurements for Glassy carbons (GCBob and GCC16) provided
and push button “Convert sel. Files 1 at time”... If you get question about
overwriting, choose Yes.

You get new plot of the radial intensity:
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.00 LineuotDisplayPlot_Q

N N N N T | N A N N N P
| 27 — 'r_GCBob_5s_200.tif_C' i
i 103 — 'r_GCC16_5s_022.tif_C' -
| o3 :
! q- B
i . [
g ) i

@

c 17 3
o3 :
a7 X
27 L
0.] -.‘ L} L} L] L) L} L} Ll L] T T L] T L} L} T r

1 q s o 7?2 8 19 I 2 1 q s o6 7?2 8 19

0.1
Q) vector [A-' )|

Note, both overlap (they are basically same) and now intensity at low Q is about 30
or so. That is correct. To check further, use “Plotting tool I” from SAS (Irena)
package. The data are all QRS and you can now plot both Glassy Carbons Nika
reduced as well as the provided standard measurement:

General Plotting tool eno GeneralGraph
Plotting tool input panel el el e
D i @] fdru 2 data [,‘7‘ Ir{:a results .7 I
ata INpUt & ors(ois) O cansas a0 T L I
Data folder: [root:SAS:ImportedData:'GC Bob calibrated data': |'§ 34 L
Wave with X axis data |Q_GC Bob calibrated data _3]
24 L
Wave with Y axis data_(R_GC Bob calibrated data [+]
Wave with Error data | S_GC Bob calibrated data |+
N N/ - N/ - 10 o
Adddata  )( Removedan )( (Re)Graph )(  Kill Graph. Reset )| s -
74 L
( Modify da 69 L
Graph style NewUserStyle ' & I) 5 |
( Change graph details )
(Smemwemhayle ) (T Fumg )| — ] i
Manage Graph styles ) (_ Storcandrecallgraphs ) | € 31 -
A
>
X axis data X _|'% Y axis data Y | % z 27 B
c
™ Log X axis? ™ Log Y axis? 8
c
@ Major Grid X axis? M Major Grid Y axis? - 1
() Minor Grid X axis? () Minor Grid Y axis? E -
34 L
M Mirror X axis? M Mirror Y axis? 74 L
) 61 -
Xaxistitle g [A'S-1'M] 5 |
Y axis title  Intensity [em'S-1'M] " |
X offset 0 - Y offset 0 - N |
™ Append Legend? () Errors bars?
™ Use symbols? Symbol size 1 [+ 21 O
- A o =8= 'GCBob_5s_200.tif_C" -
™ Use lines? Line width 3 v & 'GCC16_5s_022.tif_C'
121 Vary colors? [Z’ Vary Symbols? M Vary lines? {3+ 'GC Bob calibrated data’
@ X axis autoscale? @] Y axis autoscale? 0.1 —
Min: | 1.5856¢-03 Min: e-02 T T T T T T T T T T T T T TTTT
2 3 4567 2 3 4567 2 3 4567
Max: | 9.5079¢-01 Max: | 5.2358¢+01 0.01 0.1
-1
4 qlA ] e M I, 20N, | 1SR AN
© s iy £ cr——

You can see that where the data overlap there is good agreement. AT high Q USAXS
data contain more flat background (that is usual).
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This is the end of handout part I. In Part Il we will see different methods of data
reduction.

Please, make sure you save current Igor experiment. You will need it in the Handout
part II. You can close the plotting tool and associated plot window...
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