Polarization Analyzed SANS

Flip neutron spin at will with respect 3He cell can spin analyze a
to the polarization axis using divergently scattering beam.
electromagnetic coil of RF flippers. /
Sample
H
Nelftron Spin NBE ﬁ (+,+)
SF TL (+: _)
& ' ‘T ('5 +)
Detector NS (9

/

H defines polarization axis.
Select out one spin orientation.

Structural scattering does not flip
neutron spins; magnetic scattering can
(provides means to separate the two).

|.  Spin leakage correction (Reduction, J. Appl. Cryst. 45, 546-553, 2012)
ll. Magnetic interpretation of cross-sections (Analysis, J. Appl. Cryst. 45, 554-565, 2012). 1




Standard Instrumental Data Corrections

v [Sensitivity set DIV file file:| ask
v Mask set MASK file file: ask
v/ Absolute Scale set ABS params parameters: | ask

e 2D Detector Sensitivity: Corrects for bad pixels with DIV file
* Absolute Scaling: Normalize to Incident Beam Intensity

* Mask scattering from detector edges and “bad” spots

ALSO

Math for Sample-Specific Corrections
COR = (SAM - BGD) - [Tsam/Temp](EMP - BGD)

Blocked Beany(BGD) measure
of electroni¢ and ambient bgr

Empty Cell (EMP) measure of bgr
from sample holder and main beam

Sample Scattering files (SAM)

Sample and Empty Cell transmissions
relative to intensity of incident beam




Polarization Correction

Before correction structural After correction four-fold magnetic
Bragg peak dominates symmetry becomes apparent
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Non spin-flip contains structural scattering and usually is much more intense than
magnetic-only spin-flip. Thus, spin-flip is more strongly affected by leakage.




Getting Started with IGOR for - lgorPro 804 64-bit

. File Edit Data Analysis Statistics Macros Windows Panel Misc SANS  Help
NG7 PASANS RedUCtlon FeEHde2 B @BEd B4 Load NCNR Analysis Macros
Load SANS Reduction Macros r
Load USANS Reduction Macros r

lgor software and macros found at Load NCNR SANS Live Data

http://www.ncnr.nist.gov/programs

Load Real Space Modeling

/Sa nS/data/rEd anal.html Event Mode Processing

Load Batch Fitting - Beta

Load Simulation Run Builder
Automated SANS Reduction - Beta

— Load VSAMS Procedures

Flipping Ratio

1 Fundamental Cell Parameters
2 Cell Decay

3 Flipper States

4 Polarization Correction

# | SANS Reduction Controls | B ||| Save State of.. »

Restore State of.. r
| Pick Path | «» | Help | | Feedback |

Faw Data Reduction 1-0 Ops 20 Ops Misc Ops

e —— First Steps:
»' * Pick Path for
[ Pach GlassyCoFe20410KHFData NG7 files
[ Transmission._| e Listfiles

e Plot 2D data

| RealTirme Dizplay |



http://www.ncnr.nist.gov/programs/sans/data/red_anal.html
http://www.ncnr.nist.gov/programs/sans/data/red_anal.html

Checklist of files needed:

 Open Beam transmission (SM IN, 3HE OUT) for absolute scaling at every
detector distance [often obtained during alignment]

 Sample transmission (SM IN, 3HE OUT) needed for absorption scaling

* Blocked beam transmission for each detector distance

* Blocked beam scattering for each detector distance

* A Trans. SM OUT, 3He OUT
e B Trans. SM OUT, 3He IN

* CTrans. (T1) SM IN, FLIP OFF, 3HE OFF

* DTrans. (' T)SMIN, FLIP ON, 3HE OFF

* ETrans. (& &) SMIN, FLIP ON, 3HE ON

* FTrans. (T &) SMIN, FLIP OFF, 3HE ON |
* G Scatt. (1) SM IN, FLIP OFF, 3HE OFF

* HScatt. (& 1) SMIN, FLIP ON, 3HE OFF

* JScatt. (\ &) SMIN, FLIP ON, 3HE ON

* KScatt. T &) SMIN, FLIP OFF, 3HEON _

} Measures 3He decay (repeat every few hours)

Measures supermirror

— efficiency, flipper efficiency,

and any sample depolarization

Measures desired four
scattering cross-sections

Measurement conditions: 1) Sample at 10K and 1.2T with 3.5m and 14m detector settings
2) Empty at RmT and 0.07T with 3.5m and 14m detector settings




1) List files to make two tables
T — = Calculate Sample and Empty Transmissions

Pick Path | Path C:Uszers:borchers: Desktop:Meutran: Theiz-Brae

| | ] SANS Reduction Controls el @ [

st EMPTY file | filer JUNTED22.542 ICE_N133 | FickPath | | File Catalog | Help | | Feedback |
Bokis | %1=105X2=1231=562=72;

| UseEMPfarall |

Faw Data Reduction 1-0 Ops 20 Ops Mizc Ops

| Calculate SelectedFiles | | SortbyDate | | Display Baw Data | '

| Calculate All Files | | Sortbylabel | [ Paich
| Calculate Tatal Trans || Clear Selection || Done —

€ Tranzmizzion

—

| RealTime Display |

2) Associate Sample Trans files with
corresponding Open Beam file

‘5| TransmissionFiles

T_EMP_FnenameJ T_Filenames \ T Labels 4) Set region of Open Beam to use for

JUN16004.5A2_IC|JUN16203.5A2_IC/CD2_55 0.8 G 300 KTransml_ssyDn normalization' Calculate Tran5m|55|0n
JUN16004.8A2_1C/JUN16211.5A2_IC|CD2_SS 500 G 300 K Transmission

JUN1B021.5A2_IC/JUN16215. SA2_IC|CD2_SS 500 G 300 K Transmission # | Calculate Transmissions E = CEE
JUN16022.5A2_IC/JUN16217.5A2_IC|CD2_SS 500 G 300 K Transmission —
Pick Path | Path | C:Users:borchers:Desktop: Meutron: Theis-Broe
| List Files |
3) Associate Sample Scatt files with

e | JUN1E022.542 ICE_M133
Bowiz | #1=10022=1234"1=062=72;

zet EMPTY file
‘i

Jze EMP for ALL

corresponding Sample Trans file

a L1
S_TRANS_FiIenar‘ S_Filenames | S _Labels | LCalculate Selected Files | | Sart by Date |
JUN16203.5A2_IC|JUN16210.5A2_IC|CD2_SS 0.8 G 300 K Scattering |

JUN16211.SAZ_IC JUN16212.SAZ_IC|CD2_SS 500 G 300 K Scattering

Calculate Al Files | | Sobylabel |

JUN16211.SA2_IC JUN16213 SA2_IC/CD2_SS 500 G 300 K Scattering | Calculate Total Trans | [ ClearSelection | [ Done
JUN16211.5A2 IC JUN16214.5A2 1C/CD2 SS 500 G 300 K Scatterinc




Reducing Polarized Data in Four Easy Steps

=% Igor Pro 8.04 64-bit
File Edit Data Analysis Statistics Macros Windows Panel Misc SANS Help

Ferd2BiE @B O4 Load NCNR Analysis Macros
Load SANS Reduction Macros v

Load USANS Reduction Macros »
2 3
1) Define 3He Cells Load NCNR SANS Live Data

Load SANS Polarization Reduction
2) Measure 3He Time-dependence [eaealael e

Event Mode Processing
Load Batch Fitting - Beta
3) Measure supermirror and flipper Load Simulation Run Builder
9._g q Automated SANS Reduction - Beta
efficiencies
Load VSANS Procedures

Flipoig gk

1 Fundamental Cell Parameters
2 Cell Decay
3 Flipper States

4) Polarization correct scattering
files on absolute scale

4 Polarization Correction

Save
Restore State of.. ’




Step 1: Define Your 3He Cells

# | Fundamental Cell Parameters E =] @
| Add Cell | | Save Parameters | | Revert Parameters | | ? |
RO | | |I"u’lauerit:k | |E|
g . . CellMame | lambda | Te | gmr_Te | mu | ET_miu |
T¢ (transmission of glass) is y—— 5 0a7 201 2184 0z N
known a ,DI’IO/'I Burgundy 5 0.8 0.01 3.138 0.15
Olaf 7.5 0.87 0.005 3.2 0.005
Hollywood 7.5 087 0.005 3.023 0.005
v (effective cell path |ength) is Oilaf2 TE 0.87 0.005 22 0.005
k . . ClafB 7.5 0.87 0.005 3.2 0.005
nown a prlorl HollywoodB 7.5 0.87 0.005 3.023 0.005
DlafC 7.5 087 0.005 3.2 0.005
Nominal values will be available HollywoodD 75 087 0.005 3.023 0.005
. . lafE 7.5 0.87 0.005 3.2 0.005
within the IGOR framework. |
4 P

|

What you need to know: Every 3He analyzer cell has its own decay curve.




Step 2: 3He Decay Curve

A Cell Decay Parameters /USGI" entered EI@

Cell Ol=fC Clear Table Clear Row ?

RO Label | ] | [

Ded Decay_ClafC[)[0] Decay_ClafC[)[1] Decay_ClafC[][2] Decay_ClafCl][2] Decay_ClafC[)[4] Decay_ClafC[)[5] Decay_ClafC{][8] Decay_ClafCl)[7]
B Trans He In Trans_He Out Bloced mu_star Paol_Cell T_Major Include elapsed_hr ~

132 120 2 245114 0.08528 0.41142 1 0
144 142 2 240874 0.983955 0.294247 1 0880822
151 150 =] 2.30929 0.280488 0.3572687 1 584194
L] TMajor |s the tra nsm|SS|On Of 158 157 9 f_.zzewa n.a?f-se-ct 0.328527 1 11.0028
164 163 9 214105 0.972748 0.3201733 1 15.1617
majonty Sp|n State 171 170 9 2.07011 0.98868 0.281088 1 19.5906
183 182 = 200474 0.9843561 0.283284 1 23.4381

1 [

* [ is decay constant in hours

Calc Sel Row

Function: exp
24 Coefficient values + one standard deviation __ShUW Calc
¥ =00 :
A =24347 +0.00768

e P, isinitial atomic polarization;

PceII is effective polarization 23] imTau  =0.0083347 + 0.000256
: FIT RESULTS
. muPo of 3He | 2. 43468 +/- 0.00768
b May override val ues, if desired E 22~ Po of 3He| 0.760839 +/- 0.002679!
T0| 02-SEP-2012 15:34:53
2.1 Gamma (h) 119.98 +/- 3 68971
Ovemride TO?
20

° ° 10 15 20

time (h}

|

Use Files A and B: Unpolarized transmissions define 9
time-dependent decay curve.




Py is automatically calculated for
times at which polarized
transmissions are taken.

Sample depolarization of the
neutron beam is condition
dependent.

Step 3: Polarization Efficiencies

User entered
. ] Flipper and Supermirror EI@ |

RO

CondGell_HighF|Cor Cond_HighField] Cond_HighField] C‘.:}nd‘_HighFiEI:H Cond_HighField] Cond_HighField]| Cond_HighField] Cond_HighField] Gend_HighField
EA JU_Trans DU_Trans DD_Trans UD_Trans a:‘cxe:l Pol_SM_FL Pol_SM Include
Burgundy1 81 62 59 58 a3 0867447 0.885382

Burgundy1 24 25 27 26 83 0.86771 0.8809386

Burgundy1 24 25 59 58 83 0.847259 0.800662

Burgundy1 81 g2 27 26 a3 0.885485 0872314

Burgundy1 36 35 34 a3 0868748 088778

Burgundy1 49 5 52 51 63 0862444 0.88403

Clear T abie
Show Calc

0.866587 +/- 0.0188711
0886647 +/- 0.0193037

|

Use Files C, D, E and F: Measure ™M1, L1, and ™
transmissions to obtain polarization of super mirror,
polarization of flipper, and sample depolarization.

10




Step 4: Polarization Correct Sample and Empty Data

#| PolCor_Panel EI@
Sk EMP BGD Condition | Cond_HighField lz‘ u
uu or + + DU or - +
Run # Cell Run # Cell
41 Olaf - 40 Olaf -
B Maverick o] Maverick
I - 63 M averick E
* Associate 3He cell used with file
e (Can add up to 10 files together DD or - - UD or + -
Run # Cell Run # Cell
30 Olaf - 31 Olaf -
* Data and empty scattering files z ey | i qusndy ]
I 53 Burgundy
are pol corrected separately
[ ]
- | -
* Fully reduce each detector - I I
Load ... Show Coef Matrix Clear Entrigs
1 e ——
SEtt"‘g Sepa rately | Change Dizplayed Data | Digplay 4 15
e
Use EMP? Use BGD?
7] Sensitivity  etDlV e | file: | Ples_08Men2010_NG3.div,
| Mask st MASE fila file: | DEFAULT.MASEK,
Abszolute Scale m parameters: | none
Average and Save | set AYERAGE params | parameters: | AYTYPE=Circular,PHI=0.DPHI=0D"
| Reduce Data | | Save Protocol | | Recal Protocol

Use Files G, H, J, and K: Need at least one of each ™, {1, 1
J. Appl. Cryst. (2012). 45, 546-553 d ¥, and T scattering files.




Followed by Standard Instrumental Data Corrections

X PaolCor_Panel EI@
saM | EMP | BGD Condtion | Cond_HighField | = | L2]
ud or + + DU or - +
Fun # Cell Fun # Cell
11 0laf - a0 Olaf -
E7 Maverick B3 Maverick
E 5] Maverick E
Average and Save:
Choose 2D_Ascii for
format of corrected data
DD or - - up or + -
Run # Cell Fun # Cell
30 Olaf - il Olaf -
45 Burgundy 44 Burgundy
an M averick, = A0 Burgundy E
| 53 Burgundy
Load... | Show Coef batrix | Clear Entries
| Pol Corect Data | | Change Dizplayed Data | Diizplay 4 X5
p—
e Subtraction of Empty Cell X UseEMP?  [] Use BGD?
V| Senszitivity set DIV file file: | Plex_08Mow2010_MG3.div,
* Detector Sensitivity 7] Mask et MASK i fe: | DEFAULT MASK,
. X| Abzolute Scale set ABS params parameters: | hone
e Detector Mask X| Average and Save [ ot AVERAGE params | parameters: | AYTYPE =Circular PHI=0.0PHI=0 D"
| Reduce Data | | Save Protocol | | Recall Protocol
* Absolute Intensity Scaling




Final Steps to Generate 1D Data Slices

7| SANS Reduction Controls EI [=] @
| PickPath | | FileCatalog | | Hep | | Feedback |
Faw Data Reduction 1-D Ops 2-0 Ops Mizc Ops Generate 1'D SECtOI’ CUtS

Dizplay 20 Copy ‘work, ( I nte 0 Slty U Q)

Dirawy b azk, YworkFile tath
R

Fead Maszk
| TileRaw 2D | |  EventData |
7 | SANS Reduction Controls o] @ [
| PickPath | | File Catalag | Help | | Feedback |

Raw Data Reduction 1-0 Ops 20 Ops Migc Ops .
Splice together data from

Plot [ 1D Arthmetic | different detector settings

| Combine 10 Files |

FIT

]

FIT/RP2
| SANS Reduction Controls EI = @

| PickPath | | FileCatalog | Help | | Feedback |

Raw Data Reduction 1-0 Ops 20 Ops Mizc Ops

<> | 1D Avithmetic |
Plot and then fit with Sasview! = (Cobeeiories ]
FIT

FIT/RP:




