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Magnetism Reflectometer Data Reduction Manual
Data reduction on the Magnetism Reflectometer begins by connecting to the analysis computer

mrac.sns.gov using software that supports X-Windows connections via the SSH port (port 22),
also known as X11 tunneling. On a system with NX Client installed, start the application from

the start menu:

@ M Client for Windows

The NX Client Login window will appear:

tm nx =] & S
NOMACHINE
Login [19g
Password [
Session [ mrac |

[~ Login as a guest user

Configure... Login | Close |

Enter your XCAMS username and password. Please note that you must already have requested

access to the beam line 4A analysis computer (mrac) prior to logging in. Once you have
successfully connected to mrac a terminal window (also referred to as a shell) will appear:

m xterm EI

1qgBmrac “1$ sns_idl_tools |l




Type the command shown above (sns_idl_tools) with the “&” symbol at the end (so you type
sns_idl_tools&). You will be asked which tool you wish to run:

[Im SNSIDL toels

[7] SNS IDL tools
IDL tool

REFreduction (High Resolution Mode) |V|

Preview of tool selected
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Infos about tool selected

This is the latest version of the data reduction GUI for the Reflectometers.

GO

| LAUNCH TOOL SELECTED |

Select REFreduction (High Resolution Mode) from the pull down list at the top of the tool, and
click the button labeled LAUNCH TOOL SELECTED. You will see the IDL startup widow:

Upgrade fo a development version of IDL and:

+ interactively explore your data in the IDL environi

* develop cross-platform applications for distribution

* test custom data analysis algorithms

Find out more at www.rsinc.com/IDL




Click anywhere on the IDL window to continue:

[ Reflectometer Data Reduction Package - 1111 ===
HeLP
ToAD REDUCE | Pots | DecWmone | Loc ook |
DATA ] NORWALIZATION
2 i o~
BROWSE MeXus ... TATA FUN MUMBER: |} Archived  ~r AL] MeMus W% summar 5 '| Jaan ]

=

INFO

=

|| I—

% vs TOF [X vs TOF (3D)[ ¥ ve X (23] ¥ us ¥ (GD)

Notice that the button labeled Archived is selected. Click the button labeled All NeXus. Now
type in the run number you wish to analyze and press the Enter key on the keyboard. You will
see a window asking you to select a NEXUS file. For polarized data each run file contains
multiple NEXUS files; one corresponding to each spin state collected. Currently the maximum
number of spin states possible in a single run file is two. These are distinguished by the suffix on
the NEXUS file name (pO for spin flipper OFF, and p1 for spin flipper ON). Select which spin
state you wish to analyze and press the button labeled LOAD. Note that four spin states appear

in the NEXUS file pull down list. Files ending with p2 and p3 are not yet supported, and are not
present.




m Reflectometer Data Reduction Package - 1111
HELP

LOAD ] e | pots | macHmone | oo ok |
DATH ] wormaLizatrow |

BROUSE Meltus ... frchived AL Hel _I
s DATA RUN NUMBER: ~ Archive ST )Pec | N summary | 20 0H|

Seb R NEXUS FILE

#SNS/REF _W/ TPTS-1307 /21 /4551 NeKus/REF_M_4551_p0.nxs — |

TITLE: Mol
HOTES :HONE
START TIME:2008-11-16T22:30:07-04:00
END TIME:2008-11-16T23131:53-04:00
DURATION:1,00736 hour
PROTOM CHARGE :2,E3883e+12 picoCoulonb
[TOTAL MOMITOR,/entrysmonitor/data,SUM] ERROR; COULD WOT OPEN PATH
SAKPLE:
NAME:Magnetic multilayered thin film 1
MATURE:Magnetic multilavered thin film 1

TATAS
BANK1: [304,256,501]
[ BANKZ,/entrysbank2/data, DIMS] ERROR3 COULD NOT OPEN PATH
[ BNKZ, fentry-diff/bank3/data, DIMG] ERROR; COULD NOT OPEN PATH
TPROBLE_LOG, fertry/ShSproblem log/datal ERROR: COULD NOT OPEN PATH

L=|

IHFD
3
CANCEL
ROI and Peak/Background Selectiaon ] Contrast Editor ] Range Displayed ]
Region OF Intersst, (ROT}| Peak /# Background | 2001 mods|  Current werking selection —> Ynin
e Sj Wi | g Gl | = Retrisving full list of DATA Run Murber: 4550 ..... oK a

i —=> Please select one of the 4 Nelus file found

ROL file Hame: I SAYE ROI FILE

¥ vs TOF % vs TOF (30D ¥ ws % (2D} [V us X (3D}

4

Once the data has finished loading you will see the two dimensional position map of the
requested NEXUS file:



ROI file Hame: I:"/rasults/REF_M_4551_data_rni.dat

SAYE ROI FILE

¥ vs TOF % vs TOF (30D ¥ ws % (2D} [V us X (3D}

ng
iNexus path: /SNS/REF_M/IPTS-1307/21/4551 NeXus/REF_H_4551_p0, nxs )

[} Reflectometer Data Reduction Package - 1.111 ===
HELP |
LoAD ] e | pots | macHmone | oo ok |
OIATH ] HORMALIZATION
BROUSE Meius . DATA RUN NUMBER: | 4551 < frohived 4 A1l Nexus ISR |><: 10 V3129 COUNTS: O |
& N summaru]ZDUH]
TITLE: NoO S
NOTES :HONE
START TIME;2008-11-16T22330307-04100
EMD TIME:2002-11-1ET23:31:59-04:00
TURATION: 100736 hour
PROTON CHARGE:2.63809e+12 picoCoulonb
[TOTAL HOMITOR,Aentry/monitor/data.SUM] ERROR: COULD MOT OPEM PATH
SAMPLE:
NAME3Hagnetic multilayered thin film 1
MNATURE ;Magnetic multilayered thin film 1
TATA;
BANR1:[304,256,501]
[ BAMK2,Fentrusbank2/data.DIMS] ERROR: COULD MOT OPEM PATH
[ BANK3,/entry-diff/bank3/data,DIMS] ERROR; COULD MOT OPEM PATH
JPROBLEW_LOG, fentru/SHSproblem_logsdata] ERROR: COULD NOT OPEM PATH
INFO
i £
ROI and Peak/Background Selectiaon ] Contrast Editor ] Range Displayed ]
Region OF Intersst, (ROT}| Peak /# Background | 2001 mods|  Current werking selection —> Ynin ]
Tuinz |2 s | o el BEEL Lt Opening selected file ..... Loy

|| —

This is a linear scale contour plot of the neutron intensity as a function of spatial position on the
detector. It is instructive to view the data in Log scale. Click the tab labeled Range Displayed,
and then change the display from linear to log by clicking the button labeled linear and select log

instead:




m Reflectometer Data Reduction Package - 1111
HELP

LOAD ] e | pots | macHmone | oo ok |
DATH ] wormaLizatrow |

BROUSE Nekus ... DATA RUN NUMEER; | 4 < frchived  “ RIL Nellus

ROI and Peak/Background Selectiaon ] Contrast Editor ] Range Displayed ]

- -

T Hing [0.00000 e [B00.000 RESET -AHIS
T e [oo00000 s [Boz0m0 RESET Y-AHIS FULL RESET
EES e [ooon000 s [B703.00 Linear | | RESET 2-AXIS

log
¥ vs TOF[¥ us TOF (03[ ¥ ws # (200 [ Y us X a0y ks

Hy 367 Y30 COUNTS: O

NE summary ]Z (] H]

TITLE: N
NOTES :HONE
START TIME;2008-11-16T22330307-04100
EMD TIME:2002-11-1ET23:31:59-04:00
DURATION:1.00736 hour
PROTON CHARGE:2.63883+12 picoloulonb
[TOTAL MOMITOR,/entru/monitor/data,SUH] ERROR: COULD MOT OPEM PATH
SAMPLE:
NAME3Hagnetic multilayered thin film 1
MNATURE ;Magnetic multilayered thin film 1

TATA;
BANK1:[304,256,501]
[ BANK2,/entrusbank2/data,DINS] ERROR: COULD NOT OPEM PATH
[ BANK3, /entry-diff/bank3/data, 0IMS] ERROR: COULD MOT OFEN PATH
{[PROBLEW_LOG, /entry/SNSproblem_log/data] ERROR: COULD NOT OPEN PATH

L=|

INFD

=

Opening selected file ...., [Done
iNexus path: /SNS/REF_M/IPTS-1307/21/4551 NeXus/REF_H_4551_p0, nxs )

|| —

Now your display shows significantly more features:




[} Reflectometer Data Reduction Package - 1.111 =2 E=R <)

HELP |
LoAD ] e | pots | macHmone | oo ok |
DATH ] wormaLizatrow |
BROUSE Meltus ... : firchived ALl HeX |+ JPEG | s : 3
_BRONSE Melus ... | DATA RUN NUMBER; | 4881 < Brchive ST e | WY summary | 200 n]ETL_ W3 COUNTS: 0 |
TITLE: Hot =
NOTES:HONE
START TIHEt2008-11-16T221 3030704100
END TIME:2008-11-15T2%; 31:55-04100
TURATION:1.00736 hour
PROTON CHARGE:2.638659+12 picaCoulanb
[TOTAL HONITOR, fentru/nanitor/data,SUH] ERROR: COULD NOT OPEN PATH
SAHPLE:
NAHE3Hagretic maltilayered thin Film 1
MNATURE ;Magnetic multilayered thin film 1
TATA:
BANRL: (304,256, 501]
[ BANKZ, /entrusbank2/data, DIHS] ERROR: COULD NOT OPEN PATH
[ BANKS, fentrudi F£/bank3¢data, DIMS] ERROR: COLLD MOT OPEM PATH
{[PRIELEH_LG, fentry/SHSprablen_log/data] ERRORY COULD MOT OFEN PATH
INFOD
i £
ROI and Peak/Background Selectiaon ] Contrast Editor ] Range Displayed ]
e = n
T ins [o.00000  taxs [B00.000 RESET H-AXIS
Yraxis v P f5) Opening selected file (... Done 4
inz |D.00000  Hax: |B03.000 —IRESET bt Bl IMNexus path: /SNS/REF_M/TPTS-1307/21 /4551 NeXus/REF__4551_p0,nxs)
Z-axi > 2
P ans (000000 e [B703.00 [ e ] RESET -S| J
]
¥ vs TOF % vs TOF (30D ¥ ws % (2D} [V us X (3D}

Note that in this orientation the edge of the transmitted beam is on top and the reflected beam is
on the bottom. In the linear plot the remnant of the direct beam was intense enough to obscure
the reflected signal when the data was contoured. Click on the tab labeled ROI and
Peak/Background Selection. Make sure the Region of Interest (ROI) sub-tab is selected. Now
it’s time to define signal and background regions. While still in the ROI tab, note that to the
right of the sub-tabs the words “Current working selection -> Ymin” this means that if you place
the mouse cursor in the data window and press the let mouse button that the computer will record
the x-channel corresponding to the mouse position as the ymin channel. This channel will be
indicated by a white line, and the Ymin box will display the channel you selected. You can
change your selection by changing the number in the box. Clicking the right mouse button
toggles the selection between ymin and ymax. The current working selection will display which
of the two you have selected. Once you are satisfied with the selection for ymin, press the right
mouse button to toggle to ymax, and repeat the process used for ymin. When you are satisfied
with the selection of both, click the button labeled SAVE ROI FILE. Note that you may type
channel numbers into either the ymin or ymax box regardless of the current working selection.
This setting only affects channels selected using the mouse. The data window now looks like
this:

10



[} Reflectometer Data Reduction Package - 1.111 =2 E=R <)
HELP |

LOAD ] e | pots | macHmone | oo ok |
DATH ] wormaLizatrow |

EROUSE Nedus ... DATA RUN NUMBER: | 4551 s Archived A1l Helus —+ | PEG |K: 154 W3 280 COUNTS: 0 |
& N summaru]ZDUH]

TITLE: N
NOTES :HONE
START TIME;2008-11-16T22330307-04100
EMD TIME:2002-11-1ET23:31:59-04:00
DURATION:1.00736 hour
PROTON CHARGE:2.63883+12 picoloulonb
[TOTAL MOMITOR,/entru/monitor/data,SUH] ERROR: COULD MOT OPEM PATH
SAMPLE:
NAME3Hagnetic multilayered thin film 1
MNATURE ;Magnetic multilayered thin film 1
DATA:
BANK1:[304,256,501]

L=|

[ BANK2,/entrusbank2/data,DINS] ERROR: COULD NOT OPEM PATH
[ BANK3, /entry-diff/bank3/data, 0IMS] ERROR: COULD MOT OFEN PATH
{[PROBLEW_LOG, /entry/SNSproblem_log/data] ERROR: COULD NOT OPEN PATH

INFD

=

lze Ufup) or Didoun) to move selection vertically pixel per pixel.

ROI and Peak/Background Selectiaon ] Contrast Editor ] Range Displayed ]

Ymm: fmaxs |13 OR LOAD ROI FILE

ROI file Hame: I:"/rasults/REF_M_4551_data_rni.dat SAYE ROI FILE

Opening selected file ..... Done
iNexus path: /SNS/REF_M/IPTS-1307/21/4551 NeXus/REF_H_4551_p0, nxs )

Region OF Intersst, (ROT}| Peak /# Background | 2001 mods|  Current werking selection —> Ynin ‘ N

| T—

¥ vs TOF % vs TOF (30D ¥ ws % (2D} [V us X (3D}

Now click the Peak/Background sub-tab. Note the two buttons: Peak and Background. Click
the one labeled Background. Using the procedure that we used for selecting the reflected signal,
select a region that will be used for background subtraction. Remember to pick a region that
contains only background. Once you are satisfied with the background region information, click
the button labeled SAVE BACK. FILE. The data window now looks like this:

11



m Reflectometer Data Reduction Package - 1111
HELP

5

LOAD ] e | pots | macHmone | oo ok |

DATH |

HORMALIZATION ]

He 92 Y30

< frchived 4 AL Nells

EROUSE Mekus ...

DATA RUN NUMBER: | 4551

N summaru]ZDUH] o

TITLE: N
NOTES :HONE
START TIME;2008-11-16T22330307-04100
EMD TIME:2002-11-1ET23:31:59-04:00
DURATION:1.00736 hour
PROTON CHARGE:2.63883+12 picoloulonb
[TOTAL MOMITOR,/entru/monitor/data,SUH] ERROR: COULD MOT OPEM PATH
SAMPLE:
NAME3Hagnetic multilayered thin film 1
MNATURE ;Magnetic multilayered thin film 1

TATA;
BANK1:[304,256,501]
[ BANK2,/entrusbank2/data,DINS] ERROR: COULD NOT OPEM PATH
[ BANK3, /entry-diff/bank3/data, 0IMS] ERROR: COULD MOT OFEN PATH
{[PROBLEW_LOG, /entry/SNSproblem_log/data] ERROR: COULD NOT OPEN PATH

L=|

Preview of “fresults/REF_M_4551 data_back.dat

bankl_90_238
bank1 90_233

ROL and Peaks/Background Selection ] Contrast Editor ]
Region OF Intersst. (ROT | Pask / Background | 20011 mods |

v kak “* Background

Range Displayed ]

Current warking selection —» Ymin

bank1_30_.
bank1_30_
bank1_30_
bank1_90_
barkl_90_.
barkl_90_.
bankl_90_.
bank1_30_.
bank1_30_
bankl_90_
bankl_90_
barkl_90_
bankl_90_.
bank1_30_.
bank1_30_

bank1_90

240
241
242
243
244
245
246
247
248
249
250
251
252
263
254
256

=

LOAD BACKGROUND SELECTION FILE

Ymin: |80 maxs |BO R

Back. File Mame: Ii"/resu1ts/REF_M_dBEl_data_back.dat

SAVE BACK, FILE I

| Opening selected file ...

. Done
iNexus path: /SNS/REF_M/IPTS-1307/21/4551 NeXus/REF_M_4551_p0,nxs)

¥ vs TOF % vs TOF (30D ¥ ws % (2D} [V us X (3D}

I
e m——=

Now we are ready to reduce the data. Click on the tab labeled REDUCE. You will see the data

reduction window:

12




[} Reflectometer Data Reduction Package - 1.111 ==
HELP

LOAD ] RE | eots | macHmone | oo ok |
~INTERMWEDIATE PLOT

IATH
Runs: I’[SNS/REF_WIPTS—130?/21/4551/NE>(us/REF_M_4551_DO.nxs

I Data Combined Specular TOF Plot

Region of interest (ROL) Files “/results/REF_M_4551 data_roi,dat i Ul i e ety
i Data Combined Subtracted TOF Plot
Background Selection File; “/results/REF_M_4551_data_back.dat
Mormalization Combined Specular TOF Plot —- NOT AVAILABLE! —-

Background; A, N
R Nornalizabion Conbined Background TOF Plat —— HOT AYATLABLE! —

Mormalization Combined Subtracted TOF Plot -- NOT AVAILABLE! --

HNORHMALIZATION v fes 4 No
A R vs TOF Plot

I R us TOF Conbined Plot |

COMMAND  LIME GENERATOR STHTU‘S] REDUCTION XML FILE]

=)

Hins | o Hax | 2 Widths I,oooﬁ 4 linear -+ log “

0
’VV futa, < Hanual

fingle Offsst
’7 fingle Yalust N/A Valua:l}_ -t A degress + radians ‘

Filtering Data: A Yes Mo
dtsts w Yoz N z
REDUCTION STARTUS

Overwrite Data Instrument Geometry: w Tes Mo | ‘

Overwrite Normalization Instrument Geometry! .- Yes “* Mo

Output #dresultsd | File Mame: | REF_H_4B&10M, txt

> »»START DATA REDUCTIOHNKL € |

Preview of the Command Line (CL)

srun -l -p mracq reflect_reduction /SNS/REF_M/1PTS-1307/21/4551/Neus REF _H_4551_p0,nxs —-data-roi-file="/results/REF_M_4551_data_roi,dat --dbkg-roi-file="/results/REF_H_4551_data_back.dat
—-inst=REF_M --mom-trans-bins=0,,2,,0001,1in --output="/results/REF_f_d5510M, txt --dump-rtof-comb

|1 T =

CL DIRECTORY ... |OR IZ’“/REFPEﬂuEtmn_EL/ aMp  CL FILE ... |OR IFEFFEductiDn_EL_EO0Eu_12m_15d_15h_11mn_083.txt ==>  CREATE COMHAND LINE FILE

Make sure the Background button is set to Yes, and the NORMALIZATION button is set to No.
In this configuration you will only be generating an Intensity versus TOF Combined plot, so
make sure that button is selected under Intermediate Plots. Enter any numbers in the Q Min Max
and Width fields. These numbers will not be used since we are not normalizing, but something
must be in these fields or the program will complain. In this example | have entered 0, .2 and
.0002. Note the file name that is automatically generated. | don’t like this file name, in part
because it does not distinguish one spin state from another, so | am going to change it to
something more useful. Make sure you leave the suffix for the file name as .txt. Some people
like to enter the signal and background information in the title. | prefer to enter it as a comment
line in the file later; the choice is yours. If the START DATA REDUCTION button is active
you are ready to reduce your data; if it is inactive there is something you still need to do. The
window above the button will contain instructions on what is needed. Once the program is
happy press the START DATA REDUCTION button. When the status is DONE your reduction
is completed. Note the output directory listed, since this is where your data is stored. Click the
Plot tab to get a coarse look at your data:

13



m Reflectometer Data Reduction Package - 1111 = ”E!
HELP

LOAD ] pemce | FITTS BATCH MODE | LG Bok |
REFRESH PLOT | “frssultsREF_H_ATH10FF , txt

From this you can see the max intensity of this data. Don’t pay any attention to the X-axis. Our
time of flight range will usually be from about 9000 to about 27000 microseconds.

Once the IDL software has finished, you may use gnuplot to view the data; type “gnuplot” to
start the program and get to the gnuplot command line. Gnuplot is a versatile plotting package.
Obtaining a simple plot requires only the command “plot ‘filename’ ”. Note that since your data
files will be in the “~results” subdirectory (in my case /SNS/users/1qg/results) you should
change your working directory to your version of that with the command *“cd ~/results” prior to
starting gnuplot. Also note that we do not use the .txt file for data analysis; we use the additional,
.crtof file for analysis. You will notice that if you simply type plot ‘REF_M_45510FF.crtof’
that the x and y axes may not be very well suited to your actual data. This is easily remedied by
modifying your plot request to include x and y axis ranges. From the initial plot we notice a
better the y range would be 0 to 400, and the xrange of 9000 to 27000 The modified plot request
is now plot [9000:27000] [0:400] ‘REF_M_45510FF.crtof’. Some minor tweaking after the
initial look (plot [9000:27000] [0:600] ‘REF_M_45510FF.crtof’) yields:

14




m Gnuplot |E“E|@

GO0

'REF_M_45510FF,criaf' +

500 F +

300 b i

2bo | +

100 F

+

i i+ L M L L M M M M
10000 12000 14000 1RGO0 13000 20000 22000 24000 26000

8480,57, 217,072

m xterm E| IE‘

Verzion 4,0 patchlevel 0
last modified Thu Apr 15 14:44:22 CEST 2004
Syztem: Linux 2,6,9-78,0,8,ELzmp

Copyright (C) 1985 - 1992, 1998, 2004
Thomaz Williams, Colin Kelley and many others

This iz gnuplot version 4.0, Please refer to the documentation
for command syntax changes, The old syntax will be accepted
throughout the 4,0 szeries, but all save files use the new syntas,

Tupe "help” to access the on-line reference manual,
The gruplot FAQ is awvailable from
httpi/Awa, gruplot, infosfags

Send comments and requests for help to
<ghuplot-infollists,sourceforge,net>

Send bugs, suggestions and mods to
<ghuplot-bugs@lists, sourceforge,net>

Terminal tupe set to 'x11'
Lot [9000:27000] [0:600] 'REF_H_4551DFF¢crt?f'

It is usually a good idea to take a quick look at your data prior to transferring it from the analysis
computer to a personal computer. If the plot looks OK, then it’s time to analyze the other spin
state (p1). Go back to REFreduction and click the Load tab. Everything should look as it did
before. Click in the DATA RUN NUMBER field and, without changing the run number, press
the enter key on the keyboard. You will get the window asking you to select which spin state
you want to analyze. This time select p1 instead of p0 and click LOAD. Once the file is loaded
you can go right to the REDUCE tab. Everything is still the same, except that it has auto

15



generated a file name again, which you should change in the same manner as before. Start the
data reduction and view the output as before. No need to save ROI or BACK files again, since
they do not change. We will also need to analyze a transmission run (a run with no sample,
collecting only the direct beam) if we want to generate a reflectivity file. In this example the
transmission run number is 4547. We may also have several runs at different sample angle
which will be analyzed in the same way, selecting the appropriate channel range for each angle.
In this example we have additional runs 4552 and 4553. Note that each sample angle usually has
a corresponding transmission run, which I don’t show here (the collimation of the transmission
run should match the collimation of the data run).

Some additional information you will need before starting to calculate reflectivity files:
Proton Charge for each spin state
The center channel of the reflected signal and transmitted signal for each angle.

The actual sample angle is calculated by taking the difference between the reflected center
channel and transmitted center channel, divided by 116.7 (in the current detector position there
are 116.7 channel between the transmitted and reflected signal for a sample angle of one degree).

The proton charge for each spin state can be obtained from the preNexus data. For example, run
4551 stores it’s preNexus data in directory /SNS/REF_M/IPTS-1307/21/4551/preNeXus/, and the
file containing the proton charge information is REF_M_4551 runinfo.xml.

m wterm E”E‘

<ScriptlDrnone</ScriptIDx
<RunStatus>Stopped</RunStatus>
<ExpTitlerHo title entered</ExpTitler )
</General Infox
<DetectorInfo id="40001000">
<CalibrationID> 98705 </CalibrationIDl
MaxScatPixel 1Tk 311296 </MaxScatPixellll
MaxBrPixel II> O </MaxBHPixellD>
“Reportedilliny B08 </Reported¥Dim>
<{Reportedfliny 512 </ReportedyDim:
<States rumber="4">
I <State index="0" pixel_offset="0" label="Off/0Ff" >
<Operational Infox
<AcceleratorPulses> 0 </AcceleratorPulses:
<PCurrent unitz="pC"» B,720378e+011 </Plurrent>
<Total¥etos»0</TotalVetos>
</Operational Infox
</Stater
<State index="1" pixel_off=et="77824" label="On/0ff" >
<Operational Infox
<AcceleratorPulses> O </AcceleratorPulses>
<PCurrent unitz="pC">» 1,986851e+012 </PCurrent>
<Total¥etos0</TotalVetos>
</Operational Info>
</Stater
<State index="2" pixel_offs=et="100648" label="Off/On" >
<Operational Infor
<AcceleratorPulses> 0 </AcceleratorPulses>
<PCurrent units="pC"> 0,000000e+000 </ PCurrent>
<TotalVetos»0</TotalVetos>
</0perational Infox
</State>
<State index="3" pixel_offzet="233472" label="On/On" >
<Operational Infor

Scroll down in the file until you find the lines that say State index=""0"" and State index=""1"".
These correspond to the p0 and p1 NEXUS files we analyzed. The values stored as PCurrent are
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the proton charge for each of the spin states. Remember that the other two spin states are not
used yet.

If you are satisfied with the files, you can use WinSCP (or some other secure copying package)
to transfer it to your computer. You will need to define a session for mrac.sns.gov:

WinSCP Login

Bl Session N
- Stored sessions
= Environment
- Directaries
Preferences
Set defaults
Shell icon...
i Toals
[ Advanced options
[ About... I [ Languages Saye Login Help

Click Login and you will be prompted for your XCAMS password:

"z Password - 1gg@mrac.sns.gov

Searching for host.
Connecting to host...
Authenticating. ..

Using usemame "1gg"

"1qgiE@nrac.sns.goy’ session password:
[l |
ok l [ Cancel ] [ Help

Once you have the connection established, change to the directory containing the data files and
select the desired file. Right click on the desired file and select Copy:
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~ &

SFTP-3

%5 results - 1qg@mrac - WinSCP
Eile Commands [Mark 3Session View Help
Address || /SMNSfusers/1qg/results
&= - v Default - S §F -
[ i  xchat? = || 11 1qg-200808140749-462 | 1qg-200811250750-21974
----- 1. 1qg-200805091340-7460 | 1qg-200808140750-511 | 1qg-200811250752-22453
----- | 10g-200805051342-8050 | 1qg-200808140750-586 | 1gg-200811250758-22848
----- !\ 1gg-200805051346-8805 | 1qg-200808140752-1123 | 1qg-200811250801-23275
""" ' 1gg-200806200833-28000 | 1qg-200808140752-1176 | | REF_M_4547_data_back.dat
""" L 3783 || 1q9-200808140904-4492 | | REF_M_4547_data_roi.dat
T :;‘:'3 | 1qg-200808140904-4734 [CI|REF_M 4547 0N, crtof|
_____ R % | 1qg-200808140935-7342 || REF_M _45470N.rmd
----- L 4212 | 1qg-200808140945-8763 || REF_M_45470N.bet
_____ : s | 1qg-200808140951-9309 || REF_M _4551_data_back.dat
_____ | 4259 | 1qg-200808250903-5062 | REF_M_4551_data_roi.dat
,,,,, | 4260 | 1qg-200808250908-6891 [ REF_M _45510FF crof]
..... L 4261 || 1 1qq-200800160758-27875 || REF_M_45510FF.rmd
..... || 4674 | 1qg-200809160802-28182 || REF_M_45510FF bt
----- | 4880 | 1qg-200809160805-28711 [E1|REF_M 4551 0N crtof|
----- | backgrounds | 1qg-200809190808-26707 || REF_M _45510M.rmd
----- oo | 1qg-200809190814-27154 || REF_M 4551 0N.txt
----- | data || 1qg-200811201325-24695 || REF_M 4552 OMN_123-127_bkgB0-110.crtof
----- |, Desktop || || 1qg-200811201328-25399 || REF_M 45520FF 123-127_bkgB0-110.criof
----- | fortran | 1qg-200811201342-27505 [T]| REF_M 45530FF 120-124_bkg80-110.crtof
""" ki goyette | 1qg-200811250737-20020 [ REF M 45530N_120-124_bkg80-110.crtof
""" g id |1 1qg-200811250744-21349
E ';;T.'Eds | 1qg-200811250746-21617
_____ - o ||| 1 199-200811250748-21765
- 4 results =
84,154 B of 331 KiBin 7of 45 5

uh

0:00:48 v

Pick the destination for the data file:

Copy file 'REF_M_1314.tat' ta lacal directary

|C:\Documents and Settingzh1gg\Desktoph” ™ v| L Browse... J

[ Trarsfer on background [add to transter queus]

More > ] [

Copy | [ Caeel | [ Hebp |

The data file may now be viewed or manipulated on your PC:

18




m xterm |£||E@
T datas /SNS/REF_M/IPTS-1307/21/4551MNefus/REF_M_4551_p0,rxs
#E 12294324374,99

#0 2008-12-16T08: 32354 ,993881-05 100

#C data Fun Mumber: 4551

#C data Titley _MoO

#C data Motesy MOME

#C data dt/ty 0,0163275774314

#C data Proton Charge: (2638223091070,0, 'picoCoulomb')

#C data Slitl Size; (0,004005699932575226, 'metre')

#C data 51it3 Size; (4,7599993234080315e-05, 'metre')

#L data 51it1-51it3 Distance; (1,80990001096725464, 'metre')
#C data dthetas (0,0021250396283908324, 'radians')

#C data theta: (0,0024853487340865631, 'radians')

#C data dtheta_over_thetay 0,855026720373

#C HLR Yersion - 1.4.6

#C DOM Yersion - 1,4,2

#C SCL Yersion - 1,2,1

#5 1 Spectrum ID ('bankl', (128, 1271)

#M 3

#L time_of_flight(microsecond) datal) Sigma()
0.0 0,0

0.0

0
0
R
0

oo oo
= R

oo oooooooooooo o oo ooo
oo ooOCoCooooooDooooooooOo
cooooCoCoooOoCooooooOooooo

1.1 Top

All the lines beginning with the “#” symbol are comment lines containing information about
conditions under which the file was collected. Prior to starting Origin, save a copy of the
template under a different name, preferably a name which includes the proposal number. Open
the REFCalculatorTemplate copy. You will see seven workbooks that are minimized at the
bottom of the Origin window. The workbooks labeled Book1 through Book4 are set up for
importing data for up to four different sample angles. The RunInfo workbook is set up to hold
information for individual runs. The workbook labeled Calc is set up to read information from
Books1-4 and Runinfo and to calculate Reflectivity and Q. The workbook R —vs- Q is a plot
window to automatically plot the calculated data in Calc. The workbook labeled Import, which
is the only workbook open, is for the initial import of data from the files we just copied using
WinSCP. With the Import workbook selected, select Import, Multiple ASCII from the File
menu:
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.I'lr||.' -' |||.-|.'| 5 .|> o EWser Files UWINTITLED
T )P T O 0 S

(8§ Cpen Eveel,.. ame Ll

Save Wiredow As...
Srve Template &5...

& e s
et Preiew

Export ASCIL..
Ldebector

2 st Measrement dug 3 2005
Hhormoneal_soand

Ahecoontdl_seard E ().

5 Frst Measurement g 3 2006 ...

£ First Measurament by 21 2006

2REF 83 Thrma Galictc (5P,
Byt MATLAS..

B Pt Massswermt Ly 71 7006

Fat

o o P |1 o L e ) R P 1
3 UNTITLED | Typa xl
J Eosar Worksheet B
< »
et ik ASCH] s inko separate workhocks Coker Pubication Datal  Raddan

Select the desired files:

Lookin: |, Origin Documents B < N s

Name ° Date medified Type Size Tags bl
E, REF_M_4547TRANS 11/17/2008 1:43 PM  CRTOF File 13KB

Ej REF_M_45510FF 11/17/2008 1:43PM  CRTOF File 12KB

E‘j REF_M_45510M 11/17/2008 1:43 PM  CRTOF File 12KB

| REF_M 4552 ON 123-1... 11/17/2008 257 PM  CRTOF File 12KB 5
!i REF_M_45520FF 123-1... 11/17/2008 2:57 PM  CRTOF File 12KB 3
‘EI‘, REF_M 45530FF 120-1... 11/17/2008 2:46 PM  CRTOF File 12KB

E} REF_M_45520M_120-1.. 11/17/2008 249 PM  CRTOF File 12KB

Elrefcalculator 11/21/2008 :52 PM  Origin Graph 134 KB

ElRrefcalculator1307 12/1/20088:16 AM  Origin Graph 540 KB

ElrefcalculatorTemplate  11/21/2008 227 PM  Origin Graph 152 KB o

File name: 0-110.crtof" "REF_M_45520FF_123-127_bkg80-110.criof" "REF_M_45530FF_120-124_bkg80-110.criof" Add File(s) oK

Fles of type: | Al Fles () v| RemoveFiets] | Cancel |

[ Show Options Dialog,

File Name Template Size Modified £
REF_M_4547TRAN! ORIGIN 12KB 11417/08 13:43
REF_M_45510FF.cr ORIGIN 12KE 11A17/08 1342 =
REF_t_45510N.crt ORIGIN 12KB 11417/08 13:43
REF_M_4552_0ON_1 ORIGIN 12KB 11A17/08 14:57
REF_M_45520FF_1 ORIGIN 12KE 11A17/08 1457
REF M 45530FF 1 ORIGIN 12KB 11417/08 14:46 il

And click Add Files. Then click OK. The Import workbook will be replaced by a number of
workbooks equal to the number of imported files, each of which will be labeled with the name of
the imported file. In this example, we have seven files.

The first thing we want to do, after we save the project (save the project often), is start
combining some of the imported files. We have four books (Book1 — Book4) with nine columns
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each and we will start by copying the three columns of transmitted data into the first three
columns of each workbook we are going to use. Since we have three angles we are only going to
use three workbooks. We now have:

ook ===
TransTOF(X) | TransCounts(Y) | TransSigma(yEr+) | D(Y) | E(Y) | F(Y) | G(Y) | H(Y) | 1Y) | -
Long Name #F data: ISNS/REF_MNPTS-1

Units #E 1226947162 .43 -

Comments F
1 0 0 0 — — — — —
2 200 0 0 — - — - - —
3 400 0 0 - = il =t =
4 600 0 1) - - — - = -
5 800 0 0 — - — — - —
6 1000 0 0 - 25 . = 2 -
7 1200 0 1] - = e B =3 =
8 1400 0 0 — — — — —
g 1600 0 0 = - - - - =
10 1800 0 a - =5 = = = =
11 2000 0 0 — - — - —
12 2200 0 0 — - — — - -
13 2400 0 0 - = = = = =
14 2600 0 a - =5 - 2 = -
15 2800 0 0 — — - — - -
16 3000 0 0 - = = = =
17 3200 0 o = - - - - —
18 3400 0 i} — — — - —
19 3600 0 0 - = i =t =
20 3800 0 a - - e - = -
21 4000 0 0 — - — — - —
22 4200 0 0 — - — — - —
23 4400 0 0 - = = 4 = =
24 4600 0 0 — — — — —
25 4800 0 0 — - - - — —
26 5000 0 0 - - = = = =
27 5200 0 a - —: = = =
28 5400 0 0 — - — — - -
29 5600 0 0 - = = = = =
30 5800 0 o - = - = = -
3 6000 0 0 — — - — - -
32 6200 0 0 — - — - —
33 6400 0 0 = - - - - =
34 6600 0 i} — — — — - —
35 6800 0 0 — - — - —
36 7000 0 0 - - = - = =
37 7200 0 a - =, - = = Z
38 7400 0 0 — - - — - —
39 7600 0 0 - = = 4 = =
40 7800 0 a - = =5 = =
41 8000 0 0 — - - — — —
42 8200 0 0 — — - - —
43 8400 0 a - - = - —
44 8600 0 0 = = - - -
45 8300 0 0 = == - 2o = -

46 3000 0 0 — = — = = ) ¥

[+ ]\ sheett / | »

In each of our three workbooks that are nine columns wide. Now we finish populating one
workbook with the data from run 4551, flipper OFF data first and flipper ON data second.
Finally, change the work book name (both the short name and the long name, using the same
name for both) to reflect the run number of the associated data (A4551 for run number 4551,
A4552, etc.). Note that you do not need to change the workbook names, but it may help keep
track of which workbook holds which data set. Also note that when entering data into Book1-
Book4 and in the Runinfo workbook that the automatic calculations already entered in the Calc
workbook require the information in Book1 to be associated with line 1 in Runinfo, and likewise
for Book2 (and line 2 in Runinfo) through Book4. So where you place individual data sets is not
as critical as matching the book number (or workbook name if you change the workbook name)
to the proper line in Runinfo.
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() Orgeen & - CALseri\1qg) Deskaop! RelCalculateTemnplate - Folderl! =3 =R
Ede Ede Yiew Plot Colums  Werdsheet Amalysis  Ststetics  [mage  Tools Fomeat  Window  Help

DERRERRER FEEWE s & OIS & AEHD@ 16 PR -]

B Ocdewms «39 B T U - x ob A E~-W=-A~ LR =05 =[] o

A =L

%L E

i =
L | [11/21/2008 11:00 " (245679 - (25 sl - 531 [ =
| inpast ] Transigmattoa I | igmatrles) | | |

A A lSer 19\ Des Long Rame = data BNAREF_WAPTS #F i TANAIREF_WAFTS-13 o i TANEIREF_WAPTS-1

+ H Alggies Linits. SE 1226047182 43 L4 122694289531 #E 12260460624
g Comments.

, © gD 1 ] 0 [ [} 0 ] ] [] ]
3 A 1qgAD 2 200 o [ 200 o ] 200 [ [
< A199\0 3 400 L] ] ane [] L] 400 [ ] =
Grusersiiqgites 4 500 ] [} 600 [ ] 600 [ ] =

5 800 ] [} 00 [ ] 200 [] ]
1177172088 13186 * (245070 [ 1000 ] [} 1000 [ ] 1000 [] ]
Morksheet Ras Locked columa, T 1200 ] [} 1200 [ ] 1200 [] ]
T [} 1400 a [ 1400 a a 1400 o [
A 212008 12:08 " (2450TR 9 1600 L] o 1600 L] (] 1800 o o
¢ impASC:X-Funetion Failed ta 0 1800 o o 1800 o o 1800 o o
s 1 2000 ] [} 2000 [ ] 2000 [] ]
=) [ 2200 [ [} 2200 [ ] 2200 [] ]
fopage T 2T 2400 0 [] 2a0 a ] 2400 [ [
Tnput 2600 [ [] 2500 [ ] 2500 0 0
Fname = Giyllsersyiqg\les 2800 [ [] 2000 [ ] 800 0 0
2000 [ [] 3000 [ ] 2000 [] 0
3200 [ [] 3200 [ ] 3200 [] 0
[11/21/2008 13:09 " (245479 1200 [ [} 3400 [] [] 2400 o o
"";':;::r 3800 a [ 3800 a ] 3800 ] o
. 2800 [ [J 2800 [ ] 1200 [] []
Fname = G\ Tqg\es
e MsErE I 4000 ] [ 4000 [ ] 4000 [] ]
4200 ] [ 4200 [ ] 4200 [] ]
[11/21/3008 13211 ' (205070 E 4400 ] [] 4400 [ ] 4400 [] ]
impnse 4500 ] o 4800 o o 4500 0 ]
Input 4800 o o 4800 L] 0 4200 0 ]
fname = G:\Usersiiqgibes T =000 ] [] 5000 [ ] 5000 [ ]
5200 ] ] 5200 L] ] 200 ] ]
[11/71/2088 13108 o (2usATY T 5400 ] [ 5400 ] ] 00 [ 0
impnse T 500 0 [] 5600 [ ] =500 [] 0
Input i 800 ] 0 5200 L] 0 800 o 0
Fname = Civlsershigqgiles 1] 000 0 L] 6000 (] ] 00 L] L]
3z 200 0 [ 6200 0 ] 200 [] ]
EE] £400 ] [ 6400 ] ] £400 [] ]
[11/21/2008 13:83 7 (245079 3 500 o o 600 o o 500 o o
"",::ﬁ, 38 300 a o 6800 a 0 800 [ 0
Fname = £:yllsersyiqgiles L] 7000 L] L 1000 L] a0 Tood L L
ar 7200 ] [ 7200 [ ] 7300 [] ]
@ 38 7400 ] [ 400 [ ] 7400 [] ]
[1172172008 13:45 " (245470 3 THO0 L] o 7600 L] 0 800 o o
e an Ta00 a [ 7800 a ] 7EH0 [ ]
Input . a1 5000 a ] 8000 o ] 000 [ o
Frane = BUsersviqgines a2 200 ] ] 8200 a ] 200 [] ]
2400 [ [} 8200 [ ] 2400 [] ]
[11/21/2088 13:07 ™ (2NERTD 8600 [ [] 8500 [ ] 2500 [] []
impast 2800 [ [] 8800 [ ] 2800 0 0
Input 2000 [ [] 9000 [ ] 5000 0 0
Thame = CiAUsers\Igg\Oes 200 [ [] 9200 [ ] 5200 [] 0
T[] Ll sneerr £ || K==
R T T R | ® | F F - N
= AU ON 1: (4551 Sheett 3111 ) Fadisn

Fill in the other two work books with the data for runs 4552 and 4553. Now we have three
workbooks with the data for each sample angle. Switch to the Runinfo workbook and fill in the
appropriate run number, channel numbers (ReflP for the center channel of the reflected beam,
and TransP for the center channel of the transmitted beam, the angle will be calculated
automatically) and proton charges for each sample angle. Enter all the scaling factors of 1 for
now. Note that the proton charge was entered in units of 10™ pC (the proton charges in the
preNeXus data for run 4551 were 6.72038x10™ pC and 1.966851x10* pC, but | entered them as
6.72038 and 19.66851 in the Runinfo workbook).
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@ Runlnfo

[E=H Eoh| )

Run() | RefP(r) | TransP(y)| Ang(v)®{ PCON(Y) | PCOFF(Y)| ScaleFactory) |

Units
Comments

[r=] e SN ) A N I R S

24
25
26

Long Mame | Run Mumb| Reflection

4551 127
4552 125
4553 122

Transmiss Sample An Proton Ch - Proton Ch

140 | 011141 | 19.66851
153 | 0.23996 | 2509956
185 | 053991 | 16.39234

6.72038
8.00592
5.53068

Scaling Factor

[< >\ Run Info /

A

m

Now switch to the Calc workbook. Right click on the first column and click Set Column Value:

£4] Cale - Calculated Reflectivity and Q

Plot
& cut
Copy

Copy (full precision)

Paste

Insert

Delete

Clear

Set As

Fill Column with

Sort Column

Sort Worksheet
MNermalize...
Frequency Count...

i 28 Statistics on Columns...
Column Width...

Set Sampling Interval...
Move Columns
Show X Column...
Swap Columns...

Add Sparklines...
Mask

Set as Categorical
Properties...

Cat Thirla

Run1{.\(x1)' Run10NRefiY 1} ‘RumONS\gma(yEr:

[E=2EoB
Run10FFRef(Y1) Run10FFSigma( Run2Q(X2) Run20NRef(ﬁ‘| Run20MNSigm| Run20FFRef( Run2OFFS\gma| Run3i *
4 iimONS\gma Run10FFRef Run10FFSigma Run2Q Run20NRef Run2ONSigm Run20FFRef Run20FFSigma Run
[

0.00531 076825 0.03462 0.01728 - 0.19952 0.00878
0.00526 0.75199 0.03441 0.01707 = 0.22607 0.00938
0.00532 0.77851 0.03402 0.01686 = 0.24572 0.00978
0.00449 0.81287 0.03591 0.01686 = 0.26511 0.01021
0.00459 0.76200 0.03479 0.01647 = 0.29112 0.01072
0.00453 0.79587 0.03569 0.01628 - 0.316 0.01121
0.00412 0.77906 0.03551 0.01609 = 0.30981 0.01113
0.00428 0.78573 0.03598 0.01591 = 0.35348 0.01201
vl 0.00421 0.83648 0.03723 0.01573 = 0.3502 0.01201
0.00373 0.83374 0.03736 0.01555 = 0.37445 0.01248
0.00403 072597 0.03517 0.01538 - 0.37164 0.0125
v | 0.00442 0.83547 0.03794 0.01521 = 0.37363 0.01265
| 0.00z72 0.79299 0.03721 0.01505 = 0.41409 0.01244
r | 0.00355 0.82158 0.03827 0.01489 = 0.40595 0.0134
reel 0.00348 0.82344 0.03842 0.01473 = 0.37983 0.01301
0.0038 0.89266 0.04034 0.01458 - 0.39711 0.01344
0.00387 0.8042 0.03848 0.01442 = 0.39625 0.01346
0.00247 0.85727 0.04002 0.01422 = 0.40009 0.01265
0.00394 0.76031 0.03815 0.01414 = 0.36971 0.01327
0.00372 0.85764 0.0409 0.014 = 0.38024 0.01357
0.00391 077435 0.03926 0.01386 - 0.38422 0.0138
0.00267 0.86836 0.04261 0.01372 = 0.36678 0.01382
| 0.00242 0.97109 0.04564 0.01359 = 0.22502 0.0132
(| 0.00326 0.82188 0.04284 0.01346 = 0.31672 0.0132
0.00387 0.8771 0.04508 0.01333 = 0.30488 0.0132
0.00379 0.85963 0.04529 0.0132 - 0.31426 0.01366
0.00425 0.86228 0.04662 0.01308 = 0.27826 0.01324
0.00412 0.81981 0.04401 0.01298 = 0.28654 0.01299
| 0.00478 0.92199 0.04516 0.01284 = 0.29524 0.01277
(| 0.00403 0.84897 0.04308 0.01272 = 0.29664 0.0127
0.00482 0.88551 0.04396 0.01261 - 0.3138 0.01306
0.0047 0.74981 0.04054 0.0125 = 0.31371 0.01305
000 0 95G16R 004604 001239 = 0279373 001972

You will get the Set Values Window
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7| Set Values - [Calc]Calculations!Col("Run1Q") e = )
Formula weol{l) Col(4) Fx)

Row [} Erom <auto: To <auto:

ke [x¢ [ Colfunia)=

4*pi*sin(Euninfo Ang[1]*pi~ 180.0)%252.78%21.043-84551 TransTOF ’

oy

Recalculate [gpply] [Qancel] [ (8 ] .

Before Formula Scripts -|

If you have not changed the column labels the only thing you will have to change is the
workbook name. In this example Runl is A4551, Run2 is A4552 and Run3 is A4553. Change
the workbook name, click Apply and then use the right arrow to move across the workbook and
change the workbook names in the equation to the appropriate workbook. If everything is
correct (and the Recalculate value is set to Auto), the calculations for Q and R should
automatically populate the calculated columns. If not, change something in the line and then
change it back again and click Apply and the column should recalculate. Once all the data is
populated, the plot will look like this:
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Rovs-Q - Reflectivity versus Q [=lE s

[ = JRunt1ONRef

Run1OFFRef
Run20NRef
Run20FFRef
Run30ONRef
Run30FFRef

PEERPRBER =
vYha4peo

014

Reflectivity
Il

m
o
|

1E-4 o

1E-5 _h .

— ‘ -
0.01 0.02 0.03 0.04 0.05 0.06
QA

Now let’s put in real scaling factors (remember they are all still set to 1). The low angle data
(the data with the total reflection plateau) should be scaled so the plateau for flipper OFF is 1.
Switch to the RuniInfo workbook and, while still observing the plot window, change the scale
factor until the Run1OFF curve reaches. In this case, a scale factor of 1000 gets close.

R-vs-Q - Reflectivity versus Q [SEE=])

Run1ONRef
Run1OFFRef
Run2ONRef
Run20FFRef
Run3ONRef
Run30FFRef

BREERPEE|— |

01

Reflectivity
|

m
la
|

1E-4 4

1E-5

Now change the scaling factors for the remaining angles. Our final set of parameters:
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£ Runinfo =l = =]
Rungx) | RePm | Transp | ano®| pconm | Peorrer| scateractorty) | -
Long Name | Run Numb Reflection Transmiss Sample An Proten Ch  Proton Ch  Scaling Factor
Units
Comments |
1 4551 127 140 011141 1966851 672038 1000
2| 4% 125 153 023995 2509955  8.00502 30
3| 4553 122 185 053991 1633234 553068 10
1 =
1 1
5
7
B L
- 3
10
11
2
13
14
15
16
7
8
19
20 i
21
22
23
24
25
36 -
(<[> T\ Runiinfo / I <1 m ¥
Gives us a good first pass at properly scaled data.
R-vs-Q - Reflectivity versus Q = EE]
il .
% = Run1ONRef
% ¢ Run1OFFRef
& 14 4 Run20NRef
- ¥ Run20FFRef
& 4 Run30NRef
014 » Run30FFRef
> 001
=
°
2
& 1E3d .‘h“%
3
L3
1E-4 4
-
I
1E-5 T 1
0.05 0.06

Don’t forget to save the project often.
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