First steps for USING QENSH (version 21 Jul 2009)

NOTE: The most recent version of QENSH can be downloaded from the MIBEMOL
webpage: http://www-l1lb.cea.fr/en/Phocea/Page/index.php?id=21

Overview of QENSH:

QENSH is a data treatment program for time-of-flight (TOF) quasi-elastic neutron
scattering data. Raw TOF data comes in the form of scattered intensity as a function of
scattering angle and time, i.e. S(20,ttor). QENSH can read the raw data of several TOF
spectrometers (from LLB, ILL, HMI, IPNS, ISIS). The general principle of QENSH is to
read in a set of raw data into one of 20 workspaces and carry out later on various
operations (plotting as function of energy, Q, angle..., energy fitting etc.) on these
workspaces.

The following document is presented in several parts:

- Definition of a user
- Definition of instrument
- Definition of pathways (for raw data)
- Looking up brief summary of run details
- Read raw data, in time-of-flight
o visualising raw data prior to any conversion and treatment
- Elastic Scans
o 1initial treatment of samples to identify the temperature corresponding to an onset
of some type of motion
- Data Normalisation and Grouping
o preparation of data for the analysis of detailed quasi-elastic broadening,
conversion into S(Q,m).
- Viewing data
o viewing normalised and grouped data
- Constant energy binning
O necessary step prior to fitting of quasi-elastic data
- Exporting binned data for future fitting
o saving normalised, grouped and energy binned data, ready to be fitted
- Formula Entry
o some simple operations possible to carry out on data sets, if needed
- Data fitting
o detailed fitting of quasi-elastic broadening



If you now double click on

the following appears

i Qensh General Menu v.4.05.2007 x|

File Instrument El. Scans Inelastic Diffraction Plot Tools Help

‘Welcome I User | Preferencesl Yellow_bookl Energy scalel

QENS Data Reduction and Analysis program
C:\Qensh_exportyQensh.sav

You are the User :

NO_USER_DEFINED_YET

x

i User directory not Found.Using Directory where Qensh was started from, to store data. User name set to
\) MO_USER_DEFINED_YET. We strongly advice that you create your own Qensh USER profile. To do so, go to the
USER tab of the general menu window and select the NEW USER tab.

It can be that the above message appears, it is OK, read it and follow the instructions it
gives you!



1) Definition of a user (in TAB User)

#] Qensh General Menu v¥.4.05.2007

X|

File Instrument El Scans Inelastic Diffraction Plot Tools Help

Welcome User IPrefeiencesl Yellow_bookl Energy scalel

Existing user New user |

Type below the new USER name to be defined
then press return key

|ECSTATIC_USEHI

Select ‘New user’ TAB and write down a new name (NOTE: no spaces in the name)
* Press Enter

Rechercher un dossier d b

Select user ECSTATIC_USER working directory.

[=] < Datas (D:) ;]
Ia 1a13c8a18c2dc21010563b
() ccleaner
() COSMOS-Works
& donnees
() menelle
@ Ocnsh users
[2) RECYCLER
) sweo07
I System Volume Information

|
Créer un nouveau dossier | oK I Annuler |

Y
Select the D:\ drive, make a new directory ‘Qensh_users’, and select it

Go back to the Welcome TAB, it will show now ‘ECSTATIC _USER’ at the bottom, if
you click on ‘ECSTATIC USER’, the following path to the user directory appears




DWeditor

#] Qensh General Menu v.4.05.2007

. File Instrument El Scans Inelastic Diffraction Plot Tools Help

Welcome | User | Preferences | Yellow_book | Eneray scale |
GENS Data Reduction and Analysis program

C:\Qensh_export\Qensh.sav
Mozilla Firefox

)

Mozilla CCleaner

Thunderbird

Sy N o
(g 1)  This USER directory is D:\Qensh_users|ECSTATIC_USER,

/ OK
Windows Media  Internet
Player Explorer

IDL6.1

3 2}
eDrawings Corbeille
2007

4 /pémarrer| (2} @ 4@ > ] demo-instal qens...[ 1) 2 Windows Expl... 'I £Z] Runtime App I £] Qensh General M... | ] Information

2) Definition of instrument

&l Qensh General Menu, v.4.05.2007
File BUECIEY El. Scans Inelastic Diffraction Flot Tools Help
QENS (ANL/IPNS, Argonne, USA)
Pibémol (LLB, Saclay, Franc asc and .ust (i.e. old) format.
| mat

i INS (ILL, Grenoble, France) --> raw format

DL6.1 NEAT (HMI, Berlin, Germany) --> INO format.
NEAT (HMI, Berlin, Germany) --> DON format
IRIS (ISIS, Didcot, UK) --> RAW format

_

Select Path for Fit Results

14 start /7 Microsoft Outlook T} QENSH-data-treatme... | 7 Runtime App 2 Gen . ! : £

* Going to TAB Instrument — choose the appropriate instrument, all of the current data
acquired on MIBEMOL are .nxs and .nex format

Definition of pathways (in TAB Preferences)
a) click on ‘Select path for raw data’ and select a path



\ ? ) You have selected: \\Takoumaluseritdvmiblatlantisidnex). Is this correct?

Yes No |

*  When working in LLB, the raw data are stored in the above path. To get to takouma
you need to select:

Browse For. Folder @

Select a shared network folder

J My Network Places ~
=] “ Entire Network -
= €Y Microsoft Windows Network
= o E
d Agamemnon
ﬂ Artemia
ﬂ Arum
:& Bainem
'3 Bali
3 Bofill
4 Camonile
ﬂ Crabe
:ﬂ DapdcS
9 Dapmcf119
ﬂ Dapmcf122
:ﬂ Dapnia
:ﬁ Dapnt1 3

TN —

o (o]

e Then scroll down to find ‘takouma’ and continue to select ‘user’ etc.

Select a shared network folder

B E e

HEEEE®

I B

4 Spppcp239 »~
4 Spppegl7?

4 Spppcql194

4 Spppcqlge

4 Spppcg19s

4 Spppcy185

J Spppcy196

4 Spppcy200

& Starckl

:ﬂ Starck2

]

L Budgets_LLB
L user

9 Titanic

ﬂ Unix-drecamx
:ﬂ Unix-dsmsac

:} Vaubani

Hekem

Make New Folder OF

I S S S )

v

I B

When working on PC other than in LLB you need to specify the path to where you saved the
data locally. These are .nxs files.

b) click on ‘Select path for intermediate runs’



Again, when working in LLB the path to intermediate runs is:

Question

\?/ You have selected: \\Takoumaluser\tdvmib\atlantisidatx}. Is this correct?

Yes No

The intermediate files are called .nxsl, .nxs2 etc...

¢) click on ‘Select path for fit results’
You should put the fit results in the user directory defined previously, i.e.:

Question

\?.) You have selected: D:\Qensh_users\ECSTATIC_IUSER). Is this correct?

3) Looking up brief summary of run details

#1 Qensh General Menu v.4.05.2007 @

File Instrument El Scans Inelastic Diffraction Plot Tools Help

Welcome | User | Preferences Yellow_book I Energy scale |

Retrieve Run(s) information from
Runt

| 22440

Uptorn#

|22442|

ok |

* Go to the TAB ‘Yellow book’ and enter the range of run numbers to be viewed, then
click on OK, the following table with details shall appear. It contains the run number,
date, wavelength, some chopper settings, temperature, duration and run title:



&l IDL Editor - D:\Qensh_users\ECSTATIC_USERYgensh_catalogue.txt

File

22440 2003-12-01 17:22:03 ™ wl(Ang)=6.00 * Nu chop4(rpm)=3333.0 * ratio=3.0 * ratio2=3.0 * delay=2078 * Chw=17.4 " rate=9.62 *Ti[K)= 243.010 *TH(K)= 243.010 * Dur (H)=18.4 ™ 22440 * D20
22441 * 2009-13-01 15:44:51 " wl{&ng)=6.00 * Nu chopd(rpm]=3333.0 * ratio=3.0 * ratio2=3.0 * delay=2078 * Chw=17.4 * rate=9.65 *Ti(K)= 294.320 *Tf(K)= 294.330  Dur [H)=17.1 ** 22441 * Nake
22442 2009-14-01 11:27:57 * wi[&ng)=6.00 * Nu chopd{rpm]=3333.0 * ratio=3.0 * ratio2=3.0 * delay=2078 * Chw=17.4 *rate=9.64 *Ti[K}=  297.440°Tf[K)]=  297.440 * Dur (H)=3.00 * 22442 * Emp!

<

Find Text: I _’ Info...
Next Word M

* C(Click on ‘Quit’ to close the table.

3) Read raw data, in time-of-flight (in TAB Inelastic)

This allows you to read the raw data (in time-of-flight), detector by detector and decide which
detectors to eliminate in the subsequent “Data Normalisation and Grouping” step.

&1 Read Raw Inelastic Data

(BN(=1eS)

Samplefs) Run # |19132 Normalization |No Ll

current_WS = 1 Q,=0.83 &' Norm.=
Empty Can Run #
e | Detector ID# 8 20=38.6°
Read itin stucture 1 lastic scar: of Hydlratecl lyslozyme }IID h=0.4|2 s W'L=EI> A, T=4:K1
<« >> : E
500 E
tof Integrated Current IDL index # 6 400F 3
s P e T P P 3 ~ 400F E
=1 3
2 E
& g00F E
o E
60 B0 B 3
3 E E
=} £ =
~ 200F E
= E 3
o|
40 40
;‘l 100F E
B
0 L L Sl & 3
= o 240 250 260 270 280 200 300
Channel #
o ° . N . ) x= | 231000 Y=| 627.841
0 2000 4000 6000 300¢ O 100 =200 300 400 S00
Chenoal #

Kmax = 300 Ymax = 0.
N levels 10 N Plot it 8 I Enor Bars
Wite to file [current detector data v |

Enter a Sample Run and press “Read it in structure”. On the left you see an integrated
TOF signal as a function of angle, as well as the full TOF signal for the different TOF

channels. On the right you see the TOF signal for a single chosen detector, with its ID
number in red.




* On the left, by changing the value of “N levels” you change the resolution of the
neutron count.

* The red line on the left image indicates the angle (i.e. the detector) that you see in
detail on the right image. You can double click on the left image to change the
position of the red line and thus the chosen detector. You can also scroll across the
detectors by pressing the double arrows below the right image. Note that Detector No
1 does not exist for MIBEMOL, it is the place of the MONITOR. So the detectors are
numbered beginning from 2.

* Any detector that shows abnormal signal (i.e. a double peak or not peak at all) has to
be noted down and excluded in the “Data Normalisation and Grouping” step. Below is
the example of detector No.2 of MIBEMOL, usually to be discarded:

% Read Raw Inelastic Data Q@@
Sample(s) Run # |13132 Normalization |N° L‘
current_ WS = 1 Qo=0.51 &* Norm.=
Emply Can Run &
P Detector ID# 2 20=23.5°
lastic scan of Hydrated lysozyme HD h=0.42 , WL=5 A, T=4 K {
Read it in structure 1 To < ooy : - :
<« >> b
0.8~ 4
tof Integrated Current IDL index # 0 [
B0 o [
=3 | - —
ER
5
E F
60 g 2 04 T
] L
=
e L
3
40 H 40 oz —
A L
{ 0.0 A A "
= = 240 250 260 270 280 200 300
Channel #
B | o ) i x= [ 23650 Y:] 1.19805
0 2000 4000 6000 300C O 100 200 300 400 S00
Channal #
Xmin = 240 Yimin = 0.
Xmax = 300 Ymax = 0.
Nievels 2 N Plotit <z I~ EnorBars
Wiite to fle [curent detector deta ~ |

4) Elastic Scans (in TAB El Scans)

Elastic scans are usually carried out as a first test on a sample. We record, in short runs, the
scattered intensity as a function of temperature. Instead of analyzing in detail the quasi-elastic
broadening, we simply integrate the scattered intensity across the elastic region and look for
any decrease in this integrated elastic intensity as a function of temperature. Any such
decrease indicates that some scattered intensity is beyond the elastic region, i.e. in the quasi-
elastic (or inelastic) region, which in itself indicates the onset of a particular type of motion.



# Qensh Elastic Scan data reduction @

File Edit Search Tools Help

Results: <u2> vs T Live plots during process l ResultEL Int. vs T I CpwsT I
Sample runs) 1913213424 [ Intem.iuns
| lastic scan of Hydrated lysozyme HD h=0.42 , WL=35 A, T=4 K t
10[ ; : ;
Cell for Sample | [ o
B S g P
Vanadium  |[18989 gL
Cell for Vana. I B 6 ]
g I
o
Buffer | 2 4r -
£
Cel for buffer | L ]
Coef. for buffer sub. || 1 [
of
0 2 6
| Energy Integration Limits | Q* (A )
Temo (K= 286

1 of resol. HWHM over which EL Int. is defined |2,

Detector list for <u2> | All | Small Angles| Large Angles

G040

ao2f

|2-a1

I Normalize all run by first run of the list

G.00p

MSD

I Group Spectra by l 1 —Q.02 _
Detector list for El Int. | All' | Small Angles| Large Angles —0.04
[25-30 -G080 . . ]
0 100 200 20¢
: Temp. (K)
FiEzEsbEb e 1 Intearation between S-/— 0.165 meY

Above: In the Elastic Scan window, specify the run numbers corresponding to the
sample, can of sample, vanadium, can of vanadium (if any). It is advisable to try
without the run numbers of the two cans, to see the effect they have on the data.
Vanadium is used here to normalise the intensities and thus correct for different
efficiencies of detectors.

The acceptable separators for run numbers are "-" and ",". For example, if we have the
runs 22441, 22442, 22443 and 22449 for the sample, we enter: 22441-22443, 22449.
For more information about the correct syntax, hold your mouse over the “Sample
run(s)” button, a yellow information box comes up. For the moment, DO NOT USE
the option “Interm.runs”.

Further, you specify the number of HWHM of the resolution function over which the
integration of the scattered intensity is to be carried out.

You can select only a certain region of detectors over which the analysis is to be
carried out, there are two types of analysis. For each temperature you obtain:

 a) <u™ (mean square displacement - MSD, related to vibrational amplitude),
which is the slope of a linear fit of the logarithm of the integrated elastic
intensity versus Q”.

* b) the sum of the integrated elastic intensities across the detectors specified
(this is useful for tracing the evolution of the intensity of a Bragg peak, for
example)

If you wish to use all detectors for the two types of analysis, leave the fields below
“Detector list for <u®>” and “Detector list for EL. Int” empty. Otherwise, define a
detector range, e.g. 2-30.

Ticking the option “Normalise all runs by first run of the list”, you normalise the
integrated elastic intensities at a given temperature by those of the first run. By
definition, the MSD of the first run is thus equal to zero, and the MSD of all
consecutive runs is a kind of MSD relative to the first run — one has to be careful with
the interpretation of such MSD.

You can group spectra by inserting a value greater than 1 into “Group Spectra by”.



5)

At the bottom, choose a workspace and press “Process Data Reduction” to carry out
the analysis. Several plots on the RHS shall appear.

The plots on the RHS are in 4 TABS. The first TAB gives you <u>> versus
temperature, it is identical to the bottom graph of the TAB “Live plots...”. The top
graph of the TAB “Live plots ...” is a plot of the Integrated Elastic intensity versus Q2
for the last run that you specified. You can see which detectors you are using for the
MSD analysis — the corresponding data points appear in red, as opposed to black. The
TAB “Result El It vs T” is the integrated elastic intensity versus temperature. The last
TAB gives you the heat capacity (cp) versus temperature.

Data Normalisation and Grouping (in TAB Inelastic)

Need to group sample and vanadium at each wavelength
Sample: enter runs for sample, empty cell for sample, vanadium, empty cell for vanadium
Vanadium: enter vanadium and empty cell ONLY (in first two windows, in place of sample)

The acceptable separators for run numbers are "-" and ",". For example, if we have the
runs 22441, 22442, 22443 and 22449 for the sample, we enter: 22441-22443, 22449.
For more information about the correct syntax, hold your mouse over the “Sample
run(s)” button, a yellow information box comes up. Note that it is possible to chose
only some subruns of a run, using e.g. 22442(1:6;8), which excludes the subrun 7 of
run 22442.

The buffer corresponds to a background sample that we might wish to subtract from
the sample of interest. For example, when studying water dynamics in a hydrated clay,
the buffer would be the signal from the dry clay, i.e. no water present.

The coefficient for buffer subtraction: Using the above example, in the simplest case,
we assume that the scattering from 1g of dry clay (i.e. the clay crystallites) is the same
as the scattering from 1g of clay crystallites in the hydrated clay sample. In this case,
the buffer coefficient would be just the ratio of the mass of clay crystallites in the
hydrated clay and the mass of the dry clay sample (contains only clay crystallites).
When the buffer and the sample of interest are of a different composition (i.e. a
different deuteration level), then the calculation has to contain the ratios of their
scattering cross-sections. Rigorously, the calculation should also include the different
transmissions of the buffer and the sample of interest.

You can subtract a buffer with a give subtraction coefficient at this stage, however it is
wiser not to. Deal first the data of the sample itself (including the buffer), separately
the buffer by itself. The subtractions rarely work perfectly, you can always subtract the
buffer at a later stage or even include it at the stage of the fitting procedure.

Select no grouping (to view all 72 detectors), click Group in Structure (=Workspace)
X, (there are 20 workspaces in total) — you shall see the following:



& Qensh Normalization_2 @

File Edit Search Tools Help

Sample run(s) |22440 |
Samp. Temp (K] |243.01U e B 22440 D20 bulk e=2 mml (New Mibemol annular) WL= 6 Ang (
14 [T
Cell for Sample |I22442 IAuto LI s ]
12 o ¢ ]
Vandium [22441 F A &
CellforVana. || 10 PR .
= L SR gy e o
buer || Z ok SRt BT e 78 gy e S
Cellfor buffer | 2 oot (Q)=Hkexp( =02 <u?>) ]
s r 2 _ _ ]
Coef. for buffer sub. I 1 \hci Ll <u>= —0.82+/- 0.160 -
- r K= 8.328+/— 0.444 ]
Bad detectors list | 4 .
2f ]
ol I | | 1
0 4

Select a grouping No grouping v >
# of det. by group: 15 QF (AT

I IXmin= |-1. << ||1 >> W h
<« II‘I >> | IXmax= |1' Plot it Ymax = 0.

Group it in Structure

. If clear Bragg peaks appear, remove data by inserting numbers of Bad detectors (e.g.
10,11 etc). Click on the double arrows beneath the plot to scroll across the detectors
and identify their IDs (as you might have already done in the “Read Raw Data” step):

i Qensh Normalization_2 [Z]

File Edit Search Tools Options Help
Sample run(s) |2244U |
Samp. Temp (k) [[243.010 [4uto =l 440 D2Q bulk c=2 mml (New W ibemol '.im.ml,ﬁr.) WL~ 6 Ang
L . ]
Cell for Sample |I IAU“’ Ll q
Vanadium  |[22441 3 1
. 1.5x10" @ ,
Cell for Vana. I = F B
A J
Buffer | by i s ]
1]
=4 s -
Cellfor buffer || ﬁ Leaetr ]
Coef. for buffer sub. I 1 o 1
e 4
ER: . ]
List of ID of bad detectors: | B 5 ox10t © _
L s L b
ol %g | s Soapm Qe GRaED SN e Mo
Select a grouping No grouping 2 0.0 0.5 1.0 15 2.0
# of det. by group: %( A :
) : 15 Current Detector ID=65 28=119.2° Q=1.804 !
[<min = o [ 0ss3673 , 186158, [min = [o
Group it in Structure << II1 IXmax = |U | « IIEZ IYmax = ID

. In the above example we had to remove 50-51,57-59,64-66, we see the end results as:



i Qensh Normalization_2 [Z]

File Edit Search Tools Help
Sample run(s) |2244D |
el =l | [p2440 £20 bulk =2 mm! (New Mibemal annulor) WL= 6 Ang (
Cell for Sample ||22442 [t ~| i ]
Vandum  |[22641 sl ]
Cell for Vana. I :
Bufer | Y 8  Integration between +/— 0.379 meV .
Cellfor buffer | 2 oot (Q)=Hkexp( =02 <u?>)
8 2 _
Coef. for buffer sub. |1 tc-', 4 <= —0.03+/- 0.006 ]
= + K= 8.688+/— 0.016
Bad detectors list | :
5051,57-59,64-66 ar —
- " 1} [ I 1 1
Select a grouping No grouping v o ” 2 "
# of det. by group: [s F(A)
l lein= |-1. <« ||1 > W ’07
Group it in Structure || <« II‘I > | [<ma = [1. Plat it W ,07
. Once you are satisfied that all bad detectors are removed, select Standard Grouping

and rewrite the workspace X with grouped data (Click Group in Structure again), you

shall see:

i Qensh Normalization_2 @

File Edit Search Tools Help

Group it in Structure || < II‘I > |

Sample run(s) |2244U |
Samp. Temp () |[243010  [auto || [ [22440 D20 bulk e=2 mml (New Mibemnal annular) WL= 6 Ang (
. DT o e e M B
Cell for Sample | |22442 |A"‘t° L] : o 4 :
F v V_
Vandum 22441 sl h
Cell for Vana. I F
Bufer | Y 8  Integration between +/— 0.379 meV -
Cellforbuffer || gt leet(Q) =ICrexp(—0Q% <u”>)
2 F 2 — _ _
Coef. for buffer sub. I 1 EC", 4 <ut>= —0.02+/— 0.009 _
I K= 8.705+/— 0.023
Bad detectors list | i
50515753 64-66 ar -
Sel ing | [Standard ol : ' '
elect a grouping tandar v 0 1 2 4
# of det. by group: |15— QF(A?)
! [min = [1. « ||1 5> | [fmin= 0.
leax= I‘I.

Plot it Ymax = 0.

* In the above treatment for sample, vanadium is used to normalise the intensities and
thus correct for different efficiencies of detectors. Grouped Vanadium signal by itself
shall be used later in the fitting procedure to provide the elastic peak.

* Plot that appears on the RHS: Logarithm of the scattered intensity integrated between
the limits shown as a function of Q. From a linear fit the following is obtained:

<u”>: slope (related to vibrational amplitude)

K: y intercept, i.e. logarithm of the total scattered intensity at Q=0, together
with the mass of the sample it is used for subtracting signals of reference
samples, e.g. dry and wet samples.

* Close the ‘Qensh_normalization 2’ window by clicking on the cross top RHS.



6)

Viewing

data

in TAB Plot, X axis is energ

#l Qens visualization tool

| Struct. # ssp/Hissp Run # Title Type Style Error bars Smooth |A
Al oo« | 0 22440 [D20 buk e=2 mml (New Mibemol annula) WL=64 [S(@.w) ] g oAl o 2
oL | o] 12 | [siow ~] U
KT L s | sam | el o
K] Jall] oy | |s@w | -l o v
< | >
me‘;_.......,, E """"""""" —;
5x10‘§— WL —E
: I
- 4x10‘f— —f
3 E E M Export to ASCI
;ﬁ;axm‘;_ _g X = -0.0262898
1x10* - l & —é
cé llllllll e .l! ) “ lllllllll ’-‘I"!l“‘_ lllll _é X style | Linear 2
iy -1 ol gev y 2 Y style | Linear -
<l o)l L]
ol | I Intensity Nom.
Krnin = |.2 Kmax = |2 Yrnin = |.3333_55 Ymax = |53013v1
I X Autoscale 7Y Autoscale 3
< >
* Scroll on the ‘Struct’ to find the workspace desired (maximum 20 workspaces)
* Selecting the ‘Error Bars’ option allows the visualisation of error bars for individual
experimental data points.
* Selecting ‘Intensity Normalisation’ below the graph window: all the graphs in the
window shall be normalised to the same value at the maximum.
[ ]

Each Structure contains several subspaces (‘ssp’). Each ‘ssp’ corresponds to a S(Q,w)
curve at a different Q. To visualise which Q each ‘ssp’ corresponds to doucle-click on
the graph, a legend will appear mentioning the Q. To get rid of the legend, hold Alt
and double click.

.

| Struct. # sspittssp Run # Tile Type 8o Gmobce | S |
Kii| r[1 < o 22440 |D20 buk e=2 mml (New Mibemol annular) WL=64 [S@w) ~| ~ 4 mas =
Sl © ol ol © J |s@w > w U
Sl L J |s@w > m KL
Kl il 10| | Js@w -] I I (N
< | >
T o e e L S s |
6x10* ) - . -
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s E 3 Piint | Export to ASCIl
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B 3x10'E T = X= 0198517
7
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il i ¥ Intensity Norm.
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I~ X Autoscale I~ ¥ Autoscale 2
< 3 ..




*  You can also visualise the S(w), i.e. S(Q,w) integrated over all Qs, see in the options

¢ ),

Type’:
# Qens visualization tool Q@@

~
| Stuct # ssp/Hissp Run # Title Type Syle  Enorbais  Smooth ‘
| 1 4l |0 22440 D20 bulk e=2 i (New Mibemol annuia] WL=6A [s@m) +| Rl Gl
1 vlz d] ] 22440 020 bk os2rni Nowbbemol el wi-s 4 IR — Al ot E
)

JlEe| ] o] | alw) L
T b I S0 el Fodl o e
< Qfw.2'theta)

=

ax10*F- 3

sx10tf- 3

4x10tE- = Print | Exportto ASCI

W= -656943
Y = 2.02246e+006

Intensity ( AT. )
<
fal
3
3
T
|

Ll

2x10°F- 3

1x10f - 3

oL — FE—E— 1 n n n 1 n n n § Tt S S R SR S S | “”\T‘W S

-1¢ -8 -6 ol m;f, ) -2 ¢ ¥ style | Linear -
kil 24 |
lLl L[ I™ Intensity Norm.
Xmin = ] [-10.0000 Hmax =_|[1.50000 Ymin = ][1402.43 Vmax = |[60583.6
I~ XAutoscale VY Autoscale 9
< >

* Double clicking on the ‘Style’ for a given Workspace, brings up the following menu

and colours and symbols can be changed (click on Accept 2times):
£ Plot settings

I [ [ o [ [ [ o |
B O [ v ||

Current setting

Cancel | Accept

After general inspection of data, zoom in and determine spacing between successive points.
Determine a suitable zone for analysis around elastic peak (maximum 1800 times the spacing
found). — all this information is necessary for the next step of constant energy binning.

* Problem of elastic peak from sample and Vanadium being shifted in
energy with respect to each other: this is a consequence of the
sample/vanadium not being centred properly inside the sample well. This
modifies the distance sample-detector and thus the position of the elastic peak.
If you observe this you need to redo the step of “Data Normalisation and



Grouping” again with the Option “Impose elastic peak position from
Vanadium spectrum” being ticked:

Welcome | User  Preferences IYeIIow_hookl Eneray scale (IPNS only) |

Select Path for Raw Data
Select Path for Intermediate Runs
Select Path for Fit Results

v Impose elastic peak position from Yanadium spectrum |

Sample run(s) |2244U |
Samp. Temp () |[293010 [uto 440 Dzla) bulk e=2 rrlnml (New MiFemol armullar} WL= 6 %ng

Cell for Sample. | ]Aulo
A

, . @

Vanadium 22441 A © 1
Cell for Vana. C s ¢ 7]
SR, 4 ase]

Buffer I— ntegration Welkl +?— ﬁﬁg 1 me ]

Imat(Q)=Krexp(—Q% <u®>)
- <u®»= -0.77+/— 0.154
K= 8.439+/— 0.437

Cell for bufer

Eﬁ Cosf. for buffer sub.
ForlLL.doc -
List of ID of bad detestors:
Select a giouping No grouping v 1 2
: o g
#ofdet bygoup:  [f5 Q" (4™
[<min = [o [208280 I 149203 ffrmin = [o

Group itin Structure 1 max = 0 re) Ymax = 0

In(Elastic Int.)

3

ExtraTolntra

kL

(P —— r [ r [
+J start ] Runtime App %] Qensh GeneralMenu ... 3 Qensh Normalization 2 | ¢ Microsoft Outlook We... | D QENSH-data-treatme... En & H 15:00

7) Constant energy binning (in TAB Tools)

Why do we do this? The S(Q,w) data is collected at irregular energy intervals (it is collected
at regular time intervals which, when transformed to energy, results in irregular energy
intervals). We need to ‘rebin’ each S(Q,w) to a constant energy spacing. This will allow a
FFT of the data set, which is necessary if any data fitting is to be carried out.



Select Path for Raw Data

Select Path for Intemediate Runs

Select Path for Fit Results

74 start [ /7 Microsoft Outlook We... | G QENSH-data-treatme... | @ datx EN &) 16:42

# Data Rebining; Constant step

Rebin Data to Constant Step ’

Type of data to deal with Inelastic j
Struct. # Runtt Title
wi o ] ] o 22440 D20 buik e=2 mmi (New Mibemol annular) WL= 6 Ang (LF) T=243 K
Kmin= 1.0 Kmax= [1.0 Step = 0.015
Resut «| | | 3 22440 |D20_rebinned
Doit!

* Select type: Inelastic

* Enter the max, min, step determined previously (this is in units of meV) NOTE that
the maximum number of points possible is 1800. An error message appears if you go
over that number.

* Choose a NEW workspace (i.e. do NOT overwrite the unbinned data) for binned data
and insert a name for the rebinned data in the window provided. When carried out the
following message appears.

Information

Ld
1 ) Calculation has been performed.




Need to do binning for both SAMPLE and VANADIUM. At the end of rebinning you need to
check that the procedure has not distorted the data. So visualise both the original and rebinned
data together:

‘

| Struct. # ssp/ftssp Run Title Type Style Error bars Smooth |
Rii| RN | 11 22440 D20 buk e=2 mml (New Mibemol annular) WL=6 A [sw | v Al o —
4]l |3 4]] ] 1M 22440 |D20_sebinned |sinw v (B A
JollEe | Jalll | | [s@w > w LR
K| il | I [s@w > w SRSl [
< 3
E 77— 5
6x10* 3
E E] E
E Fat §(Q=1.87 &) D20 bulk e
5X10*F f | p— 3(Q=1.97 £ «) DR0_rebinmei
g I ]
E [ 1 7
— Ax10*E j- ! E
] E ] E Piint | Export to ASCII
4 E i % 3
~ = F =
B 30E / \ E [x="o2em8
o E =
§ E [ 1 E Ld I TN
B ax10tf- f J\ e
E f \ 3
E # ! 3
1x10*F- ! 4 3
E /[ X 3
: / hS ]
of “ 3 X style | Linear <
= 1 n n I 1 1 1 1 L 1 n I I 1 1 = |
—04 -0.2 0.0 0.2 0.4 ¥ style | Linear -
w { meV )
-
kil LRI 2
Kl | I Intensity Norm.
Kmin=_][.05 #max = |[05 Ymin = [-2889.34 Ymax= | (625445
I” X Autoscale I” ¥ Autoscale 3
< >

* The above shows a reasonable constant energy binning, the green and red curves are
almost identical. If you are not satisfied, redo the procedure with a different rebinning
step and use the same workspace for the final result to overwrite the old wrongly
rebinned data.

Exporting binned data for future fitting (TAB File; Export ../Import..)

In order not to have to repeat the procedures of data normalisation and constant energy
binning every times Qensh is launched, the normalised and energy binned data (both sample
and vanadium) can be exported into a binary file, that can later be imported and fitting carried
out directly afterwards.



8| Qensh General Menu  v.4.05.2007.
({3 Instrument El. Scans Inelastic Diffraction Plot Tools Help

Select Path for Raw Data
Select Path for Intermediate Runs.
Select Path for Fit Results

D

QENSH-dat. .

is start [/ Microsoft Outlock We... | [} QENSH-data-treatme... | @ datx ["#1 Runtime App.

# Qensh export

Type of data to deal with

Inelastic v

Struct. # Runtt Title

R 2 22440

IDZU bulk e=2 mml (New Mibemal annular) WL= 6 Ang (LF) T=243 K

Export it to BINARY | Expott it to ASCII

* Type: Inelastic

* Scroll to the workspace desired (NOTE the name CANNOT be changed at this stage)
and click on ‘Export to BINARY’

* To Import data at a next session of Qensh:



u{j‘»

QENSH

& Qensh General Menu  v.4.05.2007

Instrument El, Scans Inelastic Diffraction Plot Tooks Help

Export binary or ASCI for Future Qensh use
Import ASCII data

Energy scale |

Select Path for Raw Data
Select Path for Intermediate Runs
Select Path for Fit Results

Bin

74 start ["/7 Microsoft Outlook We... | ©f QENSH-data-treatme... | @ datx |53 Runtime App 5 . EN &) 16:56

Please Select a File for Reading

Look in: [ ) ECSTATIC_USER ~| « B erE-

ECSTATIC_USER_Qensh_user _preferences

&

My Recent
Documents

N

L'
Desktop

<

=

My Documents

My Computer
<
My Network  File name: ITest j &,

Places
Files of type: I".bin;".sav;.ascii _LJ m

* Choose the binary file exported previously and click on Open

£y




| Qensh import binary E]@@

You are importing --> energy <--- data.

Please select a workspace and push the Import button below

Struct. # Runtt

[ty @ o

Title

Import binary to Workspace above Done

* Scroll to an empty Workspace and click on ‘Import binary’

9) Formula Entry (TAB Tools)

This tool allows the manipulation of runs uploaded in any two workspaces. The runs can be
added, subtracted, with or without additional prefactors, i.e. W1-0.75*W2 etc. This serves for
the subtraction of a buffer, for example. Some extra, more sophisticated operations also exist,
you can find out about these by holding your mouse over the button “Do it” — a yellow
information box comes up. One functionality is summing S(Q,w/TOF) over all Qs:

#| Formula Entry E]@@

Formula Entry |
Type of data to deal with Inelastic L‘

Struct. # Runtt Title
wi o 4] | 2 18383 [Vanadium naked T=295K, WL=5 A
w2 4 o] o |
Result LI J _,| 3 |Vanadium summed over

|DF_sum_ovet_angles[W1] Doit!
!ﬂvﬁmple of valid entry is QF _s

The above functionality is sometimes used for treating the signal of Vanadium when the
statistics per angle is not sufficient (not counted for long enough). As the Vanadium signal is
independent of Q, this makes sense.



10) Data fitting (TAB Inelastic; Data fitting)

4l Qensh General Mej

Select Path for Raw Data

Select Path for Intemediate Runs.

Select Path for Fit Results

Yistart | moosoftouookwe... | T Qenstdatartreatme... | @ dabx

‘

Runs selection I

Sample Ll_l _rl 0 |

Resolution LU _;I 0 |

Buifer < >0 |

X range for fit [meV)= (valid entry type: -1:-0.8, -0.6:-0.1,0.1:3 ) -1.2:

3

Fit index(es) ,—L|ﬂ Reverse |1

o &) s

Plot style I A

Default |

I v
< >

Current index : Thetaldea.): Q0&-1): |

Please select a function j [~ Model fitting I

Fitit!

ISelecl Printer ﬂ

|Paramname |Tied |Pa.am,Va|ue |Pavam.Enov

Param. Min

Param. Max |Fix

[

r

l | |
[ [ [
l | |
[ [ [
[ | |
l | |
[ [ [
l | |
[ [ [
l | |
[ | [
l | |
l | [
[ [ [

1T 1 77T 71T 1T 1T 11 11T 1T

v

-~

| | | | | | Print out |

1% s [ . [omesr  eps |

l:l ¥ Auto 0. 10000. -9502.3 Y style |Linear v

v

>

* Enter normalized and rebinned data for sample and vanadium (possibly buffer)

* Remember that for Vanadium, which is used in the fitting to define the width of the
elastic peak, you can use the Vanadium signal summed over all Qs, if your statistics
per Q is not sufficient. This of course makes no sense for the sample, as the signal for
your sample is most often NOT Q-independent.

* Define x-range for fit, this has to be at most the range over which the data has been

rebinned.



Select a fitting function. After a fitting function is selected, to view the explanation of
the fitting parameters, click on the “?” next to pull down menu of functions — a .pdf
file shall open. Once a function is selected, the following appears:

& Fitting Tool (=13}
Runs selection | ~

Sample | «| | »| 3 22440 [D20 rebinned Plot style [ErPeak — 8

Resdon | «|| b 4 22441 [Vanadum_rebimed Deladt [Steched Exp. e —
Buffer i BN [ [Lorentzian - 2
X range for fit(meV)= (valid enty type: -1:0.8,-06-01.01:3 ) [01:01 <
Fitindestes) | [ <] ﬂl Reverse |1 Current index: [ 1 Thetaldeg): [38:8432  QOA1): [0.69
it3_saw_se_in_w_conv_par_v | [ Fitit  |[SelectPrinter |
[Param name  [Tied [Param. Value ~ [Parem. Exor [Param. Min [Param. Maw [Fix DRO_rebinned
6x104E @ o
[0 [ePahit [ [0:000100000  [0.000000 020 0.20 e ot s o
[ [Resolshit 0.000100000  [0.000000 020 0.20 7 i \ o .
[ [pufershit | [ocooionon  [aow0m0  [020 020 7 10T
[5 [Teme [ [s00.000 0000000 o [ v E 3x10tE @
[+ [slha [ [0.000000 [0000000 " o [ 4 FzaoE ° R
,5_ [LeftBkad | [0.000100000 ™ [0.000000 o [auto v 1x10*F
IT [R.ghtakgd IP[S] |n 000100000 [uuuunnn |u Iauln v < _0105 0,2(10 " 0,65
[7 [ErPeakint | [10.0000 [0.ooo0o0 o [ r S ax0'F il
[e7 [sEMm [ [20000.0 0000000 [0 r :‘; ?::g:: / \
[37 [AMHw SEn 0.300000 0000000 [0 [ r Té_mo% -
[107 [sEbeta [ [1.0o000 [0:000000 " o1 - Vv = TRao —0.05 0.00 0.05
w (meV)
[117 [Cormme [ [0.000000 [0.000000 " [o [ v
[127 [Lor FwHMm | [0:100000 [0000000 " o [ v [ | | I[ | Pintout |
[ | Auo 00850000 DOEO0N0 [ o7 Eps |

. , v D v auto |255461 [s8a516 [ 39699 Y syle[Linear | L
< >

Now choose a fit index out of the pull down menu to fit a single S(Q,w). The Q that
you are fitting appears above the graph on the RHS.
Modify the initial values for the fitting parameters. Press enter after each modification
so that the new value is taken into account, the graph on the RHS changes accordingly,
telling you what the modelled signal looks like with the parameter entered.
NOTE: When you enter a number into a parameter followed by "', the same value
shall be used as the initial value for all Qs — very useful!
Then press ‘Fit it!” — after some iterations, the following appears, with the modelled
signal (in red) close to the measured signal (in black). If the two signals are nowhere
near, need to start with a different set of initial parameters — need to play with it at the
beginning to find the right set of parameters.
There is an option of fitting data in the log scale. Three steps need to be carried out
prior to using this option:

o In the pull down menu of the fitting function, choose the last function, the

name of which ends with “fit_log”
o Inthe TAB “Fitting Options”, make sure that “Fit in Log” is ticked
o In bottom RHS corner choose “Log” as the style for the Y axis of the graph.



# Fitting Tool =

Funs selection |

B

‘Palam name. |Tied

[Patam.Value ™ [Param.Evior ~ [Param. Min  [Param Max [Fix

Sample | «|| | 3 2240 D20 rebied Plotstyle AT N
Resoton | o[ | »| 4 22401 [Vanadum abimed Bty Sueched Exp. —
Bulfer « o0 [ [Coentzian — ——— -
Rrange for fit (meb (valid entey ype: 108, 0601013 ) [0101 < >
Fitindestes) BN <] A1 | Revers |2 Curtent index:[2 Thetsfdeg) [#43348 0O} [080 ‘
[ft3_saw_se_in_w_conv_par_~] [ [ Fii [sekctpiner <]
DRO_rebinned

6x10*F

[ [pufershit | [o.0o000000 [2.000000 | [ 7

~
o~ BX10E
2
= 4x10'E
& 3x10*E
_{5 2x10*E

DA0*E

1000

—1000
s, —R2000 -
—3000E-

—0.05

Teep—Ip (A1)

0.00
w (mev)

Pintout |
1% auo [00850000 oom0OW [ g7 s |

0.05

v

: Y R [ 39898 vaye[lnes |
* If you wish to fix certain parameters throughout the fitting, just put in the desired
value (followed by enter) and then check the box at the end ‘Fix’.
* You can tie parameters to the same value, such as is done above for the Right and Left
Background, i.e. parameter 6 is tied to parameter 5, P(5).
* You can insert min and max values for any parameter (followed by enter).

You can also fit several S(Q,w) curves in a row, by specifying the sequence in the box

to the right of ‘Reverse’ (clicking on the ‘Reverse’ button reverses the sequence that

you entered):

# Fitting Tool =

Funs selection |

B

‘Palam name. |Tied

[Patam.Value ™ [Param. Enior ~ [Param. Min  [Param Max [Fix

Sample | «||  »| 3 22440 [D20 jebinned Plot style EL Posk p—
Resoton | o[ | »| 4 22401 [Vanadum abimed Bty Sueched Exp. —
Buffer < 0 [ [Coenzan
X range for fit (meV)= (vald enty type: -1:08,-06:01.01:3 ) [01:01 < >
Fitindesfes) |[2~ «| Al | Reverse |2«3«4«5.5.7\ Curnent index : | 2 Theta(deg): [449948 001} [080 ‘
|f3_saw_se_in_w_conv_par > | | Fitdl|[select Printer v
DRO_rebinned

6x10*F

[ [pufershit | [o.0o000000 [2.000000 | [ 7

< >

~
o~ BX10E
3
= 4x10'E
& 3x10*E
_{5 2x10*E

DA0*E

5 1000F D//
2 0
& —1000 \/

T

5, —2000 F-
§ _s000k-

-0.05 0.00 0.05
w (meV)

Pintout |
1™ o [ooeso000 [0.0350000 [“g 71753 EPS
] auwo [2e3215 [p38707 39633 Y syle[Linear

v

v

<

>

Every time you press ‘Fit it!” a results file is formed in your user directory with all the

experimental data points together with the resulting values of the fit (a .dat file), a
figure with the final fit (a postscript file) and the final fit parameters (a .blk file).

Most of the output files are not so useful, as several tries are usually necessary to

arrive at a good fit. To note which files to keep you can enter a note in the window to
the LHS of ‘Fit it!’, this note shall be appended to the name of the file:



#l| Fitting Tool

EEX

Funs selection | A
sample | «|| »| 3 22440 [D20_rebinned Plot style EL Peak —|a
Resolton | (|| »| 4 22441 [Vansdum_rebied Defauk [SvechedEw. —  ———
Bufer | 4[| »| O [ Lorentzian ]
range for it (meV)= (valid entry ype: 1-08,-06-0101:3 ) [0101 = | &
Fiindentes) [2 <] i‘ Reverse |z,3,4,5,s,7 Curent index: [ 2 Thetsldeg) [ 449348  00(A1): [080 ‘
[ft3_saw_se_in_w_conv_par_~] KEEP [ Fii [sekctpiner <]
[Paramrams [Tied [P Value [Param B [Patem Min_[Param M [Fi D20 rebinned
6x10*F
[0 [ePstin 0.000100000  [0.000000 v 8 .
510
[ [Resalstit 0.000100000  [0.000000 4 i ol
[ [uffershit 0.000100000  [0.000000 v
,3_ Temp 300,000 0.000000 v "'tlf el 2
,4_ alpha 0.000000 0.000000 v Faach
[6 [LettBrad 0000100000 [0.000000 7 10
[ [Fiareekod  [Pe) 0.000100000  [0.000000 4
[7 [Evpeskin: 525310 050,60 r -
5 3
[a [sEmt 130362 8006.13 r 2 mog °/
[ MW SEn 00221160 [0.239753 r 'T; :;332 \/
1o [sEbet 1.00000 0.000000 7 -~ —8000% Yy 0.00 0.05
[iT [Corint 0.000000 0.000000 ¥ =
,T Lor. HwHM(m 0.100000 0.000000 v Print out ‘
[T ] auo [00850000 000000 [o7izes  ees |
: . N @ e 2275 638707 39639 Y syle|Linear  ~ A
< >

make sure the change in file is taken into account.

Every time you change the sample or resolution file, reselect the fitting function to

If you fit the entire set of Q values, you can visualise the resulting set of parameters

via ‘Plot = x axis is Q’, stay in workspace 1 and select “Fit result” as the Type to plot.
The subspaces now correspond to the different fitting parameters 0-12. Double click
on the figure to obtain the legend and see clearly which fitting parameter you are

visualizing:

~
| Stuct # sspiMissp Run # Tite Type Syle  Enorbas  Smooth | =
Al »l1v 4] E»| 8 34741 [Bukwater 50 mueV Lech_grp rebin_0.004 [Fitresut ~| g Al o 2
Sl Ll | | | S(@jebin v | rodl o =
SRR )<l RO | | | st@yebine > | m KU
I DIl D | | stayetin | oAl o e
< | B
7000 - T B T T B L T T K E T .
——  Fit result: SE It Bulk water 50 mueV Lech_grp ref
C P 1
:\ P = ]
6000 \ 3
F s
= E \\\
3} E \ E Print Export to ASCII
~ - \ ]
B 5000~ N\ = %= 1.33985
7 F ]
g E \ 1 = y= 733533
g E 1 Al
E \ 3
4000 |\
F v
[ »\ ]
E \
E ] [tinear ]
E \ i
sl ooy 1 — ave] Linear =
0.4 0.6 0.8 1.0 12 14 L S
o (4) Y style | Linear
Simultaneous ssp Scroll: ﬂJ ﬂ
I Intensity Norm.
Hmin =] [0.312524 Kmax = |[1.48505 Ymin = ] [2346.76 Ymax = |[6466.36
vV X Autoscale VY Autoscale 7
< >

THE END



