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This report was prepared as an account of work sponsored by an agency of
the United States government. Neither the United States government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those
of the United States government or any agency thereof.
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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 XWin-32 installed, start the application from the

start menu:

Internet _J My Documents
J Mozilla Firefox
7 §My Recent Documents  F

(o | E-mail
‘ﬂu Microsaft Office Outaok & -
) My Pictures

E@\g WinscP3 s;? Favorites 3
o My Computer
“lg Paint 5!

g My Network Places

@ Internat Explorer @ Eorioieat
C

EES Set Program Access and
OriginPra 7.5 @ Defaults

* ) Prinkers and Faxes
[ e
“fly Remate Deskiop Comnection

@ Help and Support
Microsoft Office Word 2003 -
L /.) Search
m Adobe Reader 7.0 77 Run...
@ Matepad HP Support

All Programs D

g Lag OFf @| Shut Down

The X-Win32 logo will appear on the menu bar at the bottom of the screen. Right click on it and
select XConfig:

Reset
Close

Sessions
Weindow

Copy ¥ Selection
Help
Regisker...

145 PM

Click the Add button to configure a new session. You will be asked what type of connection
type you want. Select StarNetSSH:




Connect Method fg

Fleaze select the method by whick pou want to connect with the
server, then click on "'MNest".

Connect Method

rsh
==
commard
| ¥DMCP

[ Mext » l ’ Cancel ] ’ Help

Then fill in the rest of the session information:

New Session g]
Session Name | mrac |
Location | |
Connect |
Hast Mame | Mrac. sns.goy |
Login 1qg
Command | s 11 REbin/sterm -] |
Pazzword I:\

PuT T Config | Default Settings “ |
PuTTY [c] Copyright Siman T atham 1997-2003
Kerberos [c] Mazzachuzetts Institue of Technaology

1992-2003

PuT T S5H Flags
[C]Enable Compression

(OS5H1 (@ss5H2 [ Dizable 11 Forwarding

Seszion Flags

] Auto Start
Wimcuhode [odat
[ Show Messages
[ Save l [ Carcel ] ’ Help

The session name can be anything you want. The host name should be mrac.sns.gov. The login
should be your XCAMS username. The command should be /usr/X11R6/bin/xterm —Is. Click
Save when you are done. The session is now ready to use. Click on the X-Win32 logo in the
menu bar again, and select the session you just created:

%Uii&mu[



Lo AT

Then enter your username and password information:

1:51 PM

StarMet55H HostfUser ID / Password

Host

Uszer ID

Password

= Mrac. zns.goy

|

!1qg

| Cancel

[ 5ave paszword bl shutdowe

If this is the first time connecting to this system, you may be asked to accept the host key:

PuTTY Security Alert E]

'j The server's host key is not cached in the registry. You
! have no guarantee that the server is the computer vou
think it is.
The server's rsa2 key fingerprink is:
ssh-rsa 1024 f4:F1:53:9F:97:87:d5:d3:dd: 3b:36:05:66: 4a:0F: 72
IF wou trust this host, hit Yes to add the key ko
PuTTY's cache and carry on connecting.
If wou wank to carry on connecking just once, without
adding the key to the cache, hit Mo,
If wou do not trust this host, hit Cancel to abandon the
conneckion.

Yes | [ Mo J [

Cancel

Click Yes, and the connection will be completed.

Tgg@mrac:~

1ggmrac “15

rd | AMAGRETISM
U S euucronmn




Select the run file, or run files, that you are interested in analyzing and use the translation service
to convert them into the Nexus file format in preparation for analysis.

1gg@mrac:~ [ZIE]E|

[1qg@mrac “1$ TS_translate_batch 1314-13170

In the example shown above the runs 1314 through 1317 are being translated with the command:
TS translate _batch 1314-1317

Note that the first time you run this program you will be asked one more time to type in your
password.

This will create the necessary files and store them in the appropriate location so that they may be
read by the IDL based analysis and reduction software, which is run by typing the command
data_reduction:

Tgg@mrac: -
[1qg@mrac “1% data_reduction [l

You will see the IDL startup widow:

%U Fi&mm



Upgrade toa devefopmenr version of IDL and:
» interactively explore your data in the IDL environ

+ 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:

Data Reduction @@

SELECT ¥OUR INSTRUMEMT

< Liquids Reflectometer

4 Hagnetism Reflectometer

ENTER

Click on the button next to Magnetism Reflectometer and press ENTER to run the Data
Reduction GUI:

Data Reduction GUI for REF_M

| SPALLATION NEUTRON SOURCE The nest qenertionof mateils esarch ﬂm

Dsts Redhistion | Sslection infos| Extra plots] Log book|

lavelength Ietector angle

min |2 fngstrons ||| 9 += b
e [A0 Bngstroms radians —
width [,1  Angstroms | Backgrounds &y N

Stanal - Pid file
Background - Pid Fils

Normalization: - Yes “* Mo

H L2
Orunt | - j Internediate plots

< tes o

Morm, bka.: -« Tes Mo

Selection:  “*GSignal - Back.l - Back 2 Selectionts) to keep: A Select,

| i Signal o Background + Infa

Distance sanple - detector (DRG3: Tistance moderstor - sample (DASD:
Tistance moderator - sample (NeXusds

Distance sample - detector (Mefusit

e QAGHETISM
b o
| J $ aERLECTOMETER
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Enter the desired run number in the Run Number text field at the upper left hand corner of the
window and press the OPEN button. The data file will be read, and the raw data displayed:

Data Reduction GUI for REF_M

File sns_idl_tools

e SPALLATION NEUTRON SOURCE The next generation of material research a@g I

Dsts Redhistion | Sslection infos| Extra plots] Log book|

Detector angle

Mavelength

wn [B meens (B m o
max |Ho Angstroms radians —

it !jm—nngsmms Beckgraund: A7 <
Sigral - Pid file i

Background - Pid File I

Normalization: - Yes “* Mo

i L2
Lrunt |I - ﬂ Internediate plots

< tes o

Morm, bka.z o fes <% No

14,
Dpenning/plotting Run # 1314,

Selection:  “*GSignal - Back.l - Back 2 Selectionts) to keep: A Select,

| ek Er | i Signal I Backaround AT

Distance sanple - detector (DRG:  2000,000000 mm Tistance moderstor - sample (DAS}: 18685, 28R000 mm

Distance sample - detector (MeXusi:  2.000000 m Tistance moderator - sample (Neusd:  18.5853n _

Insure that the Signal button on the selection panel is checked. Place the cursor slightly above
and to the left of the desired signal region. Click and release the right mouse button. Move the
cursor down and to the right until the entire signal is included within the resulting box. Click
and release the right mouse button to complete your selection of the signal region.

Dol e 9
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File sns_idl_tools

s [ || e ‘ SPALLATION NEUTRON SOURCE The next generation of materils esearch A

Dsts Redhistion | Sslection infos| Extra plots] Log book|

lavelength Ietector angle

min |9 fngstrons ||| 9 += b

nax |10 Angstrons radians ~

uidth !anngstrums Background: 4y N
Sigral - Pid file i

Background - Pid File I

Normalization: - Yes “* Mo

i L2
Lrunt |I - ﬂ Internediate plots

< tes o

Morm, bka.z o fes <% No

14,
Dpenning/plotting Run # 1314,

Selection:  “*GSignal - Back.l - Back 2 Selectionts) to keep: A Select,

CLEAR SELECTION | Sawe SELECTION | -1 Signal I Background ~ Info

Distance sample - destector (DAS::  2000,000000 mn Distance moderstor - sample (DAS):  18685,288000 nm

Distance sample - detector (MeXusi: 2.000000 m Distance moderator - sample (Meus):  18.6853m

If background is to be subtracted (and it usually is) click the Back_1 button in the selection
panel and repeat the process used above to select a background region.

File sns_idl_tools

SPALLATION NEUTRON SOURCE The next generation of materials esearch %@3

Data Reduetion| Selection infos| Extra plats| Log beok]

Run number | 1314 DPEN | ‘

Detectar angle

min |2 fingstrons ||| ¥ = B

max |10 Angstrons radians —

width !p,l—nngsmms Backgrounds Ay Ly
Signal - Pid file i

Background - Pid File i

Nornalization: < Yes # Ho

H i’
Lrune |i ]| Bl | e

wfes o

Morm, bka,: v Tes “Ho

134,,,
Hpenning/platting Run # 1314...

Selectiont . Signal < Back_? Selectionts) to keep: # select,

CLEAR SELECTION | SAWE SELECTION | - Signal . Background v Infa

Distance sample - detector (DAS?:  2000,000000 mm Distance moderator - sample (DAS):  186ED,288000 mm
Distance sample - detector (MeXus?: 2.000000 m Distance moderator - sample (Nedusk:  15.68593wm

If a second background region is desired, click the Back_2 button and repeat the process:
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Data Reduction GUI for REF_M

File sns_idl_tools

SPALLATION NEUTRON SOURCE

The next qeneration of mateials research “»'ISHS

Run nunber [ 1714 oFEN | |

Data Reduction Selestion infos|

Extra plots | Log book|

I

tector angle

nex |10 Angsbrons

Horialization: ~ Yes * ha

trne [T F ﬂ

Horm, bka.t w Tes “No

nin | D fngstrons (|| - |

uidth 9,1 Angstrons |Background: 4y
Signal - Pid file i
Background - Pid file| |

Interuediate plots

radians —

Yes o

13U,
Tperning/plotting Fun # 1314

CLEAR SELECTIOM |

Selection: ., Signal - Back 1 Selection(s) ta keeps 4 Galect,

SAVE SELECTION | - Signal I Background e inte

Distance sanple - detector (DRS?:  2000,000000 mn Distance moderator - sawple (DAS}:  18685,288000 mn

Distance sample - detector (Nelusdy  2,000000 w Distance moderator - sample {Nefus):  18,6883m

If you are satisfied with these selections, click the SAVE SELECTION button. Note that the
message window below the START DATA REDUCTION button will contain the message
“Signal & background selection — SAVED.” If you are going to use these exact signal region
and background region settings to analyze other run files you can save them to disk by clicking
either or both of the buttons (Signal and Background) in the Selection(s) to keep panel. The
signal and/or background information will be written to the same directory as the reduced data.
In the example above the file names containing the stored information are

REF_M_1314_signal_Pid.txt and REF_M_1314_back

ground_Pid.txt. These files, and the

information they contain, may be loaded later simply by clicking the Signal — Pid file button
and/or the Background — Pid file button and selecting the desired file name.

Data Reduction GUI for REF_M

File sns_idl_toals

SPALLATION NEUTRON SOURCE

Ihe next generation of materials research &!SNS

Run number | 130 OFPEN |

Dsta Reduction | Selection infos | Extra plots | Loa bosk |

Horm, bka.: o Ves “-No

Havelensth ! angle
win |D fngstrons ||| D Rl
nax |10 fngstroms radians
width |1  Angstroms |Background: &y o

Sighal - Pid file REF_M_1314_signal_Pit
Background - Pid file REF_H_1314_backgroun:

MNormalization: . Yes “* Ho

trnw | - ﬂ Intermediste plots

START DATA REDUCTION

wes o

Dpenning/platting Run #

1314,
Bignal & background selection — SAVED

Selection: ~ Signal

CLERR SELECTION I

w Back 1 % Back_2 Selection(s} to keep: 4 Select,

SAVE SELECTION | iGignal 1 Background nta

Distance sawple - detector (DASH: 2000, 000000 mn Distance moderator - sample (DASY:  1BGE5, 288000 ww

Distance sample - detector (NeMus):  2,000000 w Distance moderator - sample {(NeXus):  18.B853m
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Notice that when you pressed SAVE SELECTION some additional information has been filled
in. If you only wish to view and manipulate the intensity versus wavelength data select the NO
button in the Normalization section. If you wish to normalize the data using a previously
collected and reduced transmission run click the YES button and enter the run number of the
transmission run in the Run # text field located next to the Normalization Yes No buttons. You
may request to view plots of the intermediate data by clicking the Yes button in the
Intermediate plots panel. You will get another window asking you to select which intermediate
plots you want:

‘List of intermediate plots

7 Signal region summed TOF
7 Background summed TOF
I© Mormalization region summed TOF

I7 Background region From normalization summed TOF

Validate | Cancel I

Note that by default all plots are selected. The last two plots will only be valid if you said Yes to
Normalization. Adjust the selection buttons to suit your preference and click the Validate
button. The message panel in the Data Reduction GUI will inform you how many valid
intermediate plots will be generated:

Humber of plots zelectedy 2

Note that since we said No to Normalization there are only two valid intermediate plots.
Information on the signal and background regions that you selected using the cursor is available
by clicking on the Selection info tab:

Tata Reductiun] Selection inFUs] Extra PlUtS] Log bUUk]
Signal (uhite)] Background #1 (Hellow)] Background #2 (red)]

The two corners are defined byt

Bottom left corners

pixelIl#: 24472 fx= 162r y= B0 intensity= 15)
Top right corner:

pixzelIl#: 52700 <x= 158: y= 173 intensity= 43}

General infos about selectiong

= Mumber of pixellDs inzide the surface: 558
- Selection width: 6 pixels

- Selection height: 93 pixels

- Total inside selection counts; 718327,

- Total outside selection counts: 2,12783e+06
- Average inside selection counts: 1283,40
- fuerage outside selsction counts: 27,5391

Click the tab for the region you want to view. In this example we are viewing the Signal tab,
which shows that we defined our signal region to be from x channel 152 to 158 and y channel 80
to 173. Number of pixels in each direction are calculated by subtracting the high from the low

et S 12 NS
c\ B




(the bounding channels are not counted towards the total number of pixels). The counts in these
channels are summed, and the average counts per internal channel is calculated. Similar
information is calculated for the region outside (beginning with the bounding channels) the
drawn box.

The START DATA REDUCTION button will become active once you have completed your
selection. Press the START DATA REDUCTION button:

File  sna_id]_tools

e [ _even | SPALLUTION REUTRON SOVKCE

Havelength Datector angle
i B aaeone B = [

nae [0 fegstrons radiens |

Signal = Pid Fils EF_M_1%14_s1gnal _Pai
Rackgroud - Pid filn] | PEPLH130 Backoroue

Mormalizetion: o fas * Ho

s 1] o ssts ]
Norm, Ba.: - Yer A Mo Yo <l
.-plat 12 g
L-Full process 1s dore
i
Seleetion!  -Signal oo Bach 1 Back 2 Snlectionds) Lo keep: & Salmet,
CLERR SELECTION _ G saLecTion | < Simal .t Background ~ Info
Distance sample - debactor (DRG] 2000,000000 Distance moderator = saple (BG)] 1ERES, FERO00 me T-anlss  lin - lon Win; |[O.0DOODD Mz |—_'m.onu
ESTRE
Tistance seaple - detector Cheliar):  2,000000 n Distence moderator - swple elim): 10,6055 YoMl S 1 o Top Hink ,m o ’m

The data will be reduced, and the resulting plot will be displayed on the right hand side. Notice
in this example they we did not ask for normalization, so our data plot is simply intensity versus
wavelength. Also notice that the lower right hand corner now contains a panel where axes
scaling can be modified, or the the default settings can be restored. You may view any requested
intermediate plots by clicking on the Extra plots tab located in the tabs section of the GUI. Note
that while the actual data is plotted as a function of wavelength on the x axis, the intermediate
data is plotted as a function of time of flight on the x axis. As a result, when you simply switch
tabs to the Extra plot tab to view an intermediate plot you will see nothing with the current x axis
setting.

Data Reduction| Selection infos| Extra plots | Log book|

Bzl o] | |

13
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Notice that the x axis is only looking out to 10 microseconds. We will need to expand the x axis,
using the x-axis Max: field in the lower left corner

z-anist A lin o log Hing I 0.00000 Maxs IQoooo.ooo
RESTORE

y-axist © lin < log Hin: | —2.a1336  Hax I 2dz61.2

Which incorporates all the data in the plot window

Data Reduction| Selection infos | Extra plots | Log book |
Signal | Background] | |

Note that the axis settings for the background are quite a bit different than those for the signal

H-anist 4 lin .- log  Hing lzo.ooooo Haxs Itiuouo
RESTORE

v-anis: & lin - log  Hing Ili Max: I.i

But the background region is still there:

Dsta Reduction | Selection infos| Extra plots | Log book |
Signsl | Backgrownd] | |

14
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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 “local/REF_M” subdirectory (in my case /SNS/users/1qg/local/REF_M) you
should change your working directory to your version of that with the command “cd
~/local/REF_M” prior to starting gnuplot. You will notice that if you simply type plot
‘REF_M_1314.txt’ 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 x range is 0 to 10 and the y range would be 0 to 36,000. The modified
plot request is now plot [0:10] [0:36000] ‘REF_M_1314.txt’:

1qa@mrac: ~/local/REF_M

GHUPLOT

Version 4.0 patchlevel O

last modified Thu Apr 15 14144322 CEST 2004
Systems Linux 2,6,5-42,0,3,ELsnp

Copyright [C) 1986 - 1553, 1988, 2004
Themas lilliams, Colin Kelley and many others

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

Type "help’ to access the on-line reference manual,
The gnuplot FAQ is available from
httptdfwuw,gnuplot., info/Fag/

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

Send bugs, suggestions and mods to
<gnuplot-bugsBlists,sourceforgs net>

Terninal typs set to 'xll'
anuplot> plot [0:10] [0:360001 'REF_M_1314.txt’

|§ gruplot>

This produces a more appropriate plot for your test data:

Gnuplot Q[ﬁl@

TREF_M_1314 txt”  +

36000 i

30000 4

25000 + .

20000 +

15000 &

10000 i %

5000 3 +

-

P
|}

AMAGNETISM

$errLEcTomETiR

0

782101, 2B05E,2
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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 you are satisfied with the file, 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

=1 Session
- Stored sessions
=l Enwironment
- Directories
Preferences
Set defaults
Shell icon...
: Toals..
[[] &dvanced options
[ About I [ Languages Save Lagin 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. ..

Uzing usemame "1qg"

“1gg@mrac.shs.goy' session password:
[l |
ak 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:

LIS i 16 SN
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o
CEE e WS 5 TG -

% C localDisk  [w] 4o - = [ AR &t
Mame = Ext Size  Twpe Chz Mame Ext Size | Changed Rights
®.. Parent directory izl 5. 3/13/2007 3:52...  ranc--—-—-
| absorption calcs File Folder 121 REF_M_1314.bkg 18,537 3/13/2007 4:29...  ra-r--r--
[C3)acNS 2006 File Folder 5i4f REF_M_1314.rmd 760 3/13/2007 4:29...  rw-r-r-
D) Acrobat Docs File Folder 3: b e 1302007 4:29...  pw-r--r--
) airplanes File: Folder 2f2s Open 13/2007 4:28...  rw-r--r--
[Cbackgrounds File Folder 121 Edit 13/2007 4:28...  rw-r--r-

I Calenders File Folder 3z Copy F5

[ Detector Docs File Folder a9 3 -

) disples File Folder 1f2f Duplicats... Shift+F5

|C)Excel Dacs File Folder et "5 Move... F&

@First measurements File Folder 12/e Mave ta... Shift+F6

|5 Golive Docs File: Folder 217}

- Dielet Fa

| ZiHouse Pictures File Folder 7lE e

(Sahumar File: Folder a2 +7  Rename F2

Shlcons File Folder 831 Custom Commands »

[Chlustrator Docs File Folder 121 |

() InDesign Documents File Folder S1E Filg:Names E

(S Instrument Pics File Folder 7i31 gr Propetties F2

[Z)IRR Dacs File Folder a4

|Ckaleidagraph Docs File Folder 12)e

[C)LES Dacs File Folder 1zje

= rmmnrak Fila Erldar 120 ¥
2 | @l | [is ke
0B of 17,388 B in 0 of 47 0B of 785998 inOaf &

& FzRename | F4Edt 23 FS Copy U3 FeMove F F7 Create Directory 3¢ FE Delete 57 F9 Properties ) F10 Quit
85628 4508 B 8 O e SFTP (v3) 0:02:07 >
B - |

Pick the destination for the data file:

Copy file 'REF_M_1314.tat' to local directary

EE:\Documents and Setingzi10g4Desktoph™ " v| |. Browsze J

[ Transfer on background [add to transter queus]

More = ] [ Copy ][ Cancel ] [ Help ]

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

- 17
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B Edt Fams Yew el
PF /:m“ln(a‘l/kEF MAI007_1_AA_SCI/LI14 /Nexus /REF_M_1314. nxs -

kl ZDD)’-O! 13 1! "9 28
Numbier

umi
" Yi:'!r 1314 .\nﬂwer 4n no sample no polardzer no Flipper
[#C NOTAS: NONE

#c pevector angle: gl

#C Provon charue s shm?hzzo?on. ‘microamp*hour' )

J’ 1 Spectrum ID ('bankl', (0, 01)

#h 3
L -’.wﬂrn h{angstroms) Inten A, £

L0 g‘; 74 43 677477075 ) )
.1 's.iuu- 35587 i.BD?DBi 0751
.2 -3.52253B69077 2. 6BSBT1LOEG
.3 5.B7905522412  3.4TELOM34TSS
.4 -1.27216340877 2. 59583583078
L5 3.BTE3A042160 3, 2B3BS45008T
L6 32, 31BB4BOTST 7, 043574330134
L7 10083112195 9. 72453753350
5] 28. 531167700  14.12802526%2
.9 70, SAB0EI2ST 4, 4074307
.0 0B, 160967 49, 2095443692
-1 776, J44THILY T.ATAETIIIEY
v 35.00600624 A4, 7367211000
-3 T128, 32BELEE3 0. 1335303066
-4 96, 930574 B4, 4502 587578
+% BRI IFIIGG11  BR. BODSEGRRTG
"] 346, B340 5. 3046020554
=7 (437.3234103 3. 6OTEOLOL34
B 0353, 3167136 54, 604162615
1.5  11686.012 102, 597285203
2.0 A379, 09B3GTE OB, $7 7461097
2.1 7394, BIOTRST 24, 520350211
2.2 Ba54. IERAD! 327, BA1631R%
.3 4835, 5680124 AL 901236223
] 0306, 0520003 63.130384463
.5 32215.51 6B. 724674214
.6 34240, 040357 £B. 482527551
2.7 3571%.3403133 177, 99213069
2.8 5252, (L095E% 73.BER6IIALT
2.9 ALG7, 0735153 67, BETRI%14
3.0 30339.0003660  164.2030404
3.1 60B2. 4835830 $0.42000374
3.2 26471.2902973  152.95266254
3.3 ??J.,JEQBN! 145, 65
3.4 2625, 5224611 37,
3.9 0928855728 138, 280,
3.6 1RGP, GLEIA4T 31.11 M6 -

All the lines beginning with the “#” symbol are comment lines containing information about
conditions under which the file was collected. Using Origin, or another software package, you
can plot, manipulate and fit your data file. Starting Origin, select Import, Multiple ASCII from
the File menu:

lication Data\ e Files AUNTTTLED
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Fat

5';1 UNTHLED | Tipe
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g i ASCI] Hers ko seponale webabeets Coler Mubdcalion Datal  Radan

Select the desired file name:




Impart Mulliple ASCIT

Lok e | [ Dinsitny =] + @t EB-

bty bopmerts 7 e

5 My Compuear

Ly

1 OutaR eductionttarusl

JexsForan

T—

Flagene  [REF_ W14 ox

Flozcd o [Test Fle 1) ] Removefissl|  Cacel
bt e e o —
[ Pakane | Templute E I moghed
REF_M_T314 bt ORIGEN &l 23T 1673
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Origin will read the comment lines and generate column labels that are not really appropriate for

the data.

D[X) 00703130{152331(v)

#D 2007-03-13 15:29:31

#c Run Number:
#C Title: 1314
#c Notes: NONE
#C Detector | Angle:
#C Proton Charge:
#s 1 Spectrum
#N 3 nsity[Coun
i thiA

g q

0| 10.58318| A.66776

0.1 5.5433 3.80709

0.2 -3.52254| 2.68587)

0.3 5.87906] 3.4781

0.4 -1.27216| 2.59984

0.5 3.87834| 3.28385

0.6/ 52.31665| 7.04375

20 [~ (@ [en & feo e =

0.7/100.83112| 9.72454

FM1314 - C:\Documents and Settings\1gg\Desktop\REF_M_131...

CEX

These labels may be changed to something more appropriate simply by double clicking on them:

Worksheet Column Format | - Col{1) @@

<4 Prew I Next>> I ,D—K|
Colurn Name: Caneel
I~ Enumerate all to the right
Oiptions-
PlotDesignation: [ ¥]
Fomat | Text & Numeric

Display JDeclmaI:T oo

Mumeric Display: | Default Decimal Digits ~

I Apphe to &ll columing to the right

Column width: |8 ™ Apply to al

B
B

Colurmn Label Cut | Copy| Paste| Undo
2

-

Change the column name, and remove all the contents of the Column Label field at the bottom.
Repeat this process for all labels until you get labels you like.
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10.58318| A.66776

5.6433| 3.80709

-3.52254| 2.68587

5.87906 3.4781

-1.27216| 2.59984

3.67834| 3.28385

52.31665| 7.04375

100.83112| 9.72454

228.53117| 14.12803

779.54806| 24.49764

2608.16099| 49.29954

3776.5448| 57.67667

7128.32682| 80.13393

§196.93057| 84.45026

9482.2722| 88.80057

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2 5138.09601| 64.75672
1.3
1.4
1.5
1.6| 10346.83406] 95.3049
1.7 _10437.32342| 93.6976
1.8 _10553.31671| 94.60418
1.9/ 11989.01208/{102.59729
2 14379.09637/108.57746
2.1 17394.87079/124.52035

AREF_M_1314.txt

The data may now be plotted by selecting the desired plot type from the Plot menu:

& Origintro 7.5 - CiWocuments

SEWser Files WM TTTLED

Fle Edt View | por Colewn Andbyss Sasies Took Format Window  Heb
n|g]u /_ B % .I||_| =) e 7T Y 551 O ] Y 5
I /lm-m il LLE PN I j j = ]m :' ]
Sgeciad Ly s
B
il e | Lamd  Infen: Sigma A
Spmcil B, Tk v ==
L L
= e '
g "
30 Surf scefContour Fots.
BupbleiColr Magped ¥
Shatitical Graphe ¥
Pagel . hd 151 1&58}]} _AGRTTE)
B | 55433 380709
¥ _:.3-52251 260507
3 v | 0,3 G706 3419
1 e | 04127216 259984
L oy 05 52,31'&3; us;gs
B st ik 231665 7,0437%
| 10083112 9.72454
9 o aame Coae 22953117 1412903
47 gacton KIAM T79.54B0624.49764
U wectin XY .16l 49.29954
B femglus Lbewy.
196,53057 !!Mﬂ
942,272 88,00057
5
1 259729
‘20 1437909537 10857746
o P Pt | ) e L) P L) [ B B
3 UNTITLED | Typn o
=t Eoml Worksheet 3
REFM13I4 Workahmet
< ¥
Pk sedectod dals as & Line Graph Codcr Pubic ation REFMIZI4 Padar
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i‘!ll!ﬂﬂﬁﬂ!!

20 Sué



And selecting the axes:

I Plot Setup: Select Data to Create New Plot
REFM1314

Plot Type:

Cobmn |Label | 1ot Data'Value | Fosiion
Lamda 1} 1
Intensity 1058318 2
Column / Bar | L Sigma 466776 E

Area

Fill Area

High - Low - Close

Flaating Calumn v

The data will now be plotted:

Intensity

40000
35000—‘
30000—‘
25000—‘

20000 H

Y Axis Title

15000
10000

5000

-5000 T J T y T . T J T ! T
0 2 4 3 8 10

X Axis Title

Note that this plot looks very similar to the one we generated with gnuplot. The benefit of using
Origin is demonstrated more clearly in the following example: generating reflectivity data.
While the IDL based data reduction software is capable of creating reflectivity curves, there may
be times when you want to generate the reflectivity data from the raw data by hand. For this
example we are going to need four run files: two with only the transmitted beam at different
collimations, and two of the beam reflected off our sample (in this case 500 A of iron on a silicon
substrate) These run files were reduced in the manner described above and will be copied to my
local PC by selecting each file in WinSCP while holding down the Ctrl key.

LI, o 21
TE wil



"z REF_M - 1qg@mrac.sns.gov - WinSCP

Local Mark Fles Commands Session Options Remote Help
& - PMEe @S H TitE Default - -
[ CLocalDisk v+ EARE @ | )
@®.. Parent drectary  3(16/20/
EAny Music File Folder 2f3/200 B ¥
(M Pictures File Folder 3j16j20 F_M_1322_signal_Pi... rer
W tspproved Target Buildi... 33,792 Microsoft Word ... 2/28/20 | [ REF_M_t323 blg -
BHBL4a call List 2,ppt 454,656 Microsoft Power.., 2(14j20 | B REF_M_1323.rmd -
‘e 1,682 Remate Deskto...  3/16 d r
& 74 Configuration 5., 25 PW-T
) SPEED DIALING ppt 18,432 Microsoft Power... 21 T -
[Z] REF_M_1323_signal_Pi... -
[EREF_m_1328.bkg rer
= REF_M_t328.rmd T
ruer
[] <t
[Z] REF_M_1328_backarou... 3 r
[E] REF_M_1328 _signal Fi.., 3 e
[ REF_M_1329.bkg 3 T
= REF_m_1329.rmd 30 rer
= reF_m_t320.5dc 13,000 3192007 4118...  rwr
= {19(2007 4:19...,
5562 3/19/2007 418, nwr
7,53 3/19/2007 4:18..  rw-r-
{ »
< 3| >
0B of 435 KB in ol 7
o FzRename | F4Edt 23 FSCopy 3 F& Move [ F7 Create Directory ¢ F& Delete [ F9 Properties J1. FLO Quit
16853 B 22408 B8 8 e SCP 0:01:20
i =

Now that I have them, I am going to rename REF_M_1322 and REF_M_1323 to
TRANS M 1322 and TRANS M 1323, so I call tell the transmitted files from the reflected
files. So now we have four files on the desktop:

TRANS M 1322.TXT .6 mm collimation transmission run
TRANS M 1323.TXT 1.2 mm collimation transmission run
REF M 1328.TXT 0.28 degree data run
REF M 1329.TXT 0.62 degree data run

It’s a good ides to give these files a more descriptive name so that later when you have a whole
bunch of files you can tell them apart. Since the data in these files is from a 500 A Iron (Fe)
sample on a silicon substrate the data files could be named FE1228. TXT and FE1329.TXT

I started Origin, and opened a new data file. Since all the collected data (transmission and
reflection) was collected with the same time binning the first column of each file (the wavelength
column) is the same. So I only include one column of wavelength data from any of the files, and
copy the last two columns from each of the four files. This gives me one data file with nine
columns of data, for which I used column labels that I could interpret. I also included six empty
columns that will be used to store the calculated reflectivity and uncertainty for each of the two
collected angles, as well as the calculated value of g (q=4nSIN6/)) for those angles. That is a
total of fifteen columns of data:
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Wavelengthpq] | 1322Intly) [13228igmafv)| 1323Iniy) [1323Sigmalv)| 1328Im[y) |1328Sigmay) [1329In1[y)[1329Sigma(y)
1 0| 16.47087 4.13@{ 13.67755 4.00853]  34.06486 5.92185| -1.09904 1.01772|
2 0.05 3.10925 1.75431 0.63015 1.15893 1.46198 1.26712] 5.81714 0.82538|
3 0.1 2.32293 1.34594) 1.62729 0.93952 0.08537 0.90373| -2.0797 0.9422
4 0.15 1.59455 1.21% 1.92905 1.29423 -1.79925) 0.0517 0.68208 1.07383
5 0.2 0.25999 0.39152| 1.11694 0.9852 -3.2824 0.08471] -4.38455 0.2922
3 0.25 0.19398] 1.01136 0.95004 1.42052 -1.32944 0.10059] 0.43884 1.00006
7 0.3 2.46364| 1.5@ 1.71215 1.02432 1.15472 0.98936] -1.41386 0.04883
8 0.35  -1.75297| 0.44805 1.65347 1.27201 0.12806 1.13158]  0.0137 0.63254
9 0.4 1.87299 0.55498| -0.68125 0.02112 0.59236 1.04648] 1.73433 1.00313
10 0.45 1.98003 1.61651 0 0 0.66607 0.96577 1.82942 1.44904
11 0.5 -0.48478 0.38543 0 0 0.87297 1.41266] 1.13965 1.43841|
12 0.55 7.28785 2.22555 17.95861 3.48013 1.29124 0.17903 _0.57481 1.42542
13 0.5  48.20909 553299 66.20947 6.30009 1.02775) 0.9036] -1.2272 0.90343
14 0.65  86.91421 7.2197| _ 131.33239) 8.79447 -0.69948! 0.84079] 0.82963 1.12722
15 07| 128.80823 9.05147] 20411065 11.42704)  -0.56069 0.46999 2.98127 1.47681
16 0.75] 189.88779 12.17122 301.3931 15.3548]  -0.08768 0.89423| -0.20566 0.50066
17 0.8] 223.71467 13.89616]  391.77097|  18.46916 0.90847 1.00574] 069517 1.00003
18 0.85] 293.65437 14.24468]  469.46333 18.543 1.06717, 0.36391] -2.26832 0.26361
19 0.9 568.04452 18.45768|  613.48976  21.89476 -0.18914 1.14217| -0.75438 0.86468|
20 0.95/ 1463.85974 29.7419] 1916.87862 _ 33.96511 1.79317 1.20781]  1.67734 1.3562
21 1| 3204.38568 47.60694] 3940.71632]  52.77981 1.15139 0.66475 -0.37345 0.76976
22 1.05]  3488.1174 54,00755  4464.89651 51.342% -0.09601 0.97921] -0.4861 0.01471
23 1.1 4309.49783 61.74358| 52063614  67.89065 -0.00218 0.02221|  1.5888 1.42315
24 1.15]_4003.56567 52.27381| 4804.96483  57.13435] 0.33944 0.33944] -1.97546 1.02944
25 1.2| 4739.36363 53.0398 5841.86248]  58.85255 1.18081 0.84083| -0.32581 1.25832
26 1.25] 5955.58449 7305.84858)  67.43967 1.88187 1.10143]  0.59464 1.30657
27 1.3|_8273.84099 79.62807 9554.18949)  85.19083 2.27503 1.58557| 0.36482 1.02375
28 1.35] 9611.77534 91.86448| 10964.48827  98.13772 4.47538 2.01435 5.09274 2.45688|
29 1.4] 8237.80131 79.58979)  9278.00601 84.57758 5.45373 1.98224|  4.00735 2.12415
30 1.45]  9872.5926 79.10766 10950.19559)  §3.34588 8.18235 2.37222| -1.76969 1.22929
31 1.5| 8599.98126 71.13396]  9817.84407 rﬁ.uaa 8.69831 2.50624]  1.6723 1.18154
32 1.55| 7773.89781 71.99278|  9629.05021 80.38409] 8.39027 2.75425| -1.40255 1.24648|
33 1.5|_8866.04405 86.4236 11848.49746] _ 100.31305] _ 12.06955 3.27705 _2.69738 2.57712
34 1.65/10812.92061 94.78978| 15617.91777| 113.86602)  16.79638 4.05628] 5.04478 2.67687
35 1.7/15452.47956]  103.49446] 22983.47964]  125.69147|  29.13487 4.4401] 3.20212 2.48475|
36 1.75] 15440.38839 97.08146] 23694.09642 120.30714 471901 5.68258|  4.83927 2.61781
37 1.8(14673.45669 94.91573| 23107.65643  119.33631 68.1331 678716 3.18334 263443

Keep in mind that Origin accepts angles in radians, so you have to convert the sample angle from
degrees to radians (by multiplying by n/180). To calculate the reflectivity data, select the
column you want to fill in with the reflectivity data and select Set Column Values from the
Column menu:

Set Column Values E|@

:-5&53{3]1 For raw (i) lﬁuto o |.-’-\ut|:|
‘Abzolute value
ahis() - Add Function
collw avelength) = &dd Column

Col[Ref. 280 eqg)=

I Autollpdate fid | 0K | Cancel|

Note the column label where the data is to be stored (Ref.28Deg), and the calculation
(abs(col(1328Int)/col(1322Int)). This is dividing the reflected data at .28 degrees by the
transmitted data with a .6 mm collimation and storing the absolute value of the result in the
column labeled Ref.28Deg. Repeat the process for the .62 degree reflected data and the 1.2 mm
collimated transmission data, and store the result in the column labeled Ref.62Deg. In a similar
fashion we calculate the q columns (Q.28Deg and Q.62Deg):
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IAbslx) ; For row [i] i.t’-‘-.uto to I.t’-‘«utc-
Abzolute value
ahis() - Add Function
collw avelength) + Add Column

Coll@. 28deg)=

[ Autollpdate fid I ok | I:ance||

Again, note the column label (in this example Q.28Deg), and the calculation
(4*3.14159%*sin(.28*(3.14159/180))/col(Wavelength) for the .28 degree data). We should now
have all the data necessary to generate reflectivity versus g plots for both the sample angles we
collected. Now select Line + Symbol from the Plot menu:

Gl Column  Analysis  Statiskics
/ Line [
! .'- Seakker
1 Line + Symbal
| Special LineSymbol 4
B g
il column

Special Bar/Calumn 4
& Fic

3D WY 3

3D 2¥Z 3

3D SurfacefContour Plots

BubblefColor Mapped 4
Statistical Graphs L4

Panel 4

ﬁ Area

A Fil prea

i@ Polar

Ternary

& smith Chart
hlﬁ High-Law-Clase
=% eckor KYAM
A eckor ¥YaY

Template Library. ..

You will get the Plot Setup window:
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Ml Plot Setup: Select Data to Create New Plot

Flot Type: Diatal
B | pEr | L [Column |Label |1stData¥alue | Position

Calurmn # Bar | O [0 1323Cigma 082538 ]

Area O O [ FRef.280eq 0.47021 10

Fill Airea O | [ Sigma 280eg 0.72229 1

High - Low - Close = O O [ Refb2deg 923142 12

Floating Colurnn | | [  Sigmab2deg 071219 13

wrak Vector O [ 0.28deg 1.22821 14

S Vectar g | O [0 [0 0b2deg 271457 15

oK I Cancel ]

| < Il

Select the appropriate q and reflectivity data to plot. Your initial plot results will probably not

look quite right:

¥ Axis Title

—m— FHef28Day

A Axis Title

Double click on the Y axis (the axis, not the label):

Y Axis - Layer, 1

Scale

Selection:

—n
2
Harizontal

A

Tick Labels

]

Tupe

HRescale

| Minar Tick Labels |

Title&Fomat | GridLines

* Increment

Custom Tick Labels

4 b sjor Ticks

0] Logld -

-

Nommal

]

1 Minar Ticks

First Tick

1 Ereak

1

8

||

=]

Cancel
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Change the Type to Log10; change From to 0.0004, and To to 4 and click Apply. Click on the

Horizontal button to switch to the X-axis:

X Axis - Layer 1 [l
Tick Label: ] Minar Tick Labels 1 Custorn Tick Labels ]
Scale ] Title & Format ] Grid Lines 1 Break 1
Selection:

Erom ]U 005 ™ Increment 0.0

To 0.05 " 4 Major Ticks |°

Tupe Linear - # Minor Ticks |1

HRescale { Narmal = Firzt Tick

ak. Cancel Apply

Change From to 0.005, and To to 0.05 and click OK. You will now have a more recognizable
reflectivity plot:

—m— Ref 28Deg

14

@ 0.1 E u
= 1= =
[ | ]
» L
=< ]
< il S
> 001d  m "

] b

] —l...

\l
N
I.. =
1E-3 L2
1 “m
e
| |
T ) T Lg T L T L 1
0.01 0.02 0.03 0.04 0.05
X Axis Title

A similar plot can be generated for the higher angle data:
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Y Axis Title

1E-2 o

1E-4 o

Rewzdei

T
004

X Axis Title

We can put these two plots together if we want. Start with the .28 degree plot, and select Add
Plot to Layer — Scatter from the Graph menu

ABAGNETISM

iam:rwm

Data Analysis Took Format window Help

Plot Setup...

Add Error Bars..,
Add Function Graph..,

slusleel &l el

A Line + Symbal...

Mew Legend

E ‘

i Leg

Mew 2 Scaler

:l;_, Rescale ko Show Al cr+r |l column...

cril |l area. .

Stack Grouped Data in Layer
Exchange X-¥ Axis

Awailable Data:

\Workshests in Project =

Right-click on various panels
to bring up contest menus

Plot Type Dstsl |
% | ¥ | vk | L |Column [Label | 1stDataValue | Position =
Line + Symbol m] O O [ 1329%igma 0225328 i
Column / Bar (] ] O [ Ref.280eq 0.47021 10
Area (| | O [J  Sigma.280eg 072229 1
Fill Area = R O [ RefG2dea 923142 12
High - Low - Close 0 O O [ SigmsBldeg 071213 13 4
Flaating Colurnn ] O O [ 0.28deg 1.22821 14
KM Vector | 1 [} [ 0F2deq 271957 15 ~

e 1

. Daatal : . 28deq(¥), Riet 28D eglY)
¥, Datal: .52degi), Ref.52deqlY)

[1%199%) D00B17 < x < 1.22821 , B.O5Z79E-7 < ¥ < 17 65251
[1%199] 001367 < X < 271957 , 3.81939E-5 < ¥ < 325241

| Show

| Plot Ty

Scatter

Scatter

oK Cancel
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Once you click Add you will see the .62 degree data listed in the bottom of the window. Click

Apply and then OK. You will have to adjust the axes again, but both plots will be visible:

= Graphi

| = Ref.28Deg|
|
m N =
0 ]
'; [B ‘. m!
% 1E4 i} a ="s "mum
o [ ]
|
1E-5
1F-Fi
u
1F-7 4 T T T T T 1
0.02 0.06 0.08 0.10
X Axis Title

Click on the legend in the plot and change the symbol and color of the two plots:

Plot Details

=1-£4 Graphl

=] Layer
Datal : . 28deql<]. Ref. 280 eqlY)
Diatsl : 0. 62deal). Ref. 62deg(r]

Symbol l Drop Lines1

Preview Size 19 v]
: v Edge Thickness Default - 1

Edge Calar B G-
Fill Calor |:| Autamatic

[~ Overapped Paints Dffset Plotting

I Show Construction

Plot Tupe Scatter
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I like to keep the symbol the same but change the color...your choices may be different:

=l Graph1
| © Ref.28Deg|
1
0.1
0.01 &
G G 2
= 1E3 o
; G o %O ot
3 1E-4 8, & o oo 0o
- o
o]
1ES
1E-6
o]
1E-7 T T T T T T T T T 1
0.02 0.04 0.06 0.08 0.10
X Axis Title

Notice that the regions of total reflection which should, by definition, equal 1, need to be scaled.
Use the data reader tool (the E3 tool)and click somewhere along the flat section of the total
reflection plateau to read the reflectivity value. A window will appear displaying the x and y
axis values for the point you chose.

It is the y value that corresponds to the reflectivity, and which needs to be scaled to 1.0.
Determine the scaling factor to adjust this value to 1.0 and then apply it to all the reflectivity in
that data set. In our .28 degree example the value is 0.2186717, which requires a scaling factor
0f'4.5730654. A similar scaling factor can be determined for the 0.62 degree data. Now add two
new columns. Into one add the .028 degree reflectivity data multiplied by the 0.28 scaling factor,
and repeat the process for the 0.62 degree data and the 0.62 degree scaling factor. Now duplicate
the plotting process for the scaled data:
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[ o scaled.28Ref

0.1 4

0.01 o

Y Axis Title

m
1

1E-4

T 4 % 1
0.02 0.04 0.06
X Axis Title

Now the total reflection plateau for each data set is at 1, which is what it should be. Notice we
now have some agreement of features between the two plots, which we should also have.
However we also notice that there is too much overlap between these two angles, which tells us
that we picked angles that are too close together. Normally only a small overlap in the g range is
required to splice two reflectivity curves together; something on the order of 0.02 in q range
should be sufficient. We can merge the two files in a simple way, by hand, by cutting and
pasting in q ranges and the associated reflectivity data, from the two runs. I chose the q value to
splice my data to be q =.02158 which has pretty good agreement between the two curves, and
occurs right about at the critical edge:

E Grapht CE&E

[ 500 A Fe, 0.28 & 0.62 degrees Merged |

rr~L.rrrrre{’r@"—".r.rrrra
om 0.02 opo3 0.04 0,05 0.086 o.07 008

Q(a’)

Now we see the total reflection plateau from the 0.28 degree run and the higher q data, starting at
about the critical edge, from the 0.62 degree run. Notice that there is no distinguishable splice at
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the interface, which means that we chose a good point for the splice. We can add a final column
and generate the merged RQ* —vs- Q plot:

(S — - )

| © 500A Fe, 0.28 & 0.62 degrees Merged |

1E-7 o

rRQ'

1E-8

T 3 T ¥ T T T T ¥ T 3 1
001 002 003 004 005 006 007 008
A

Q (A"}

e 31

s

Bl



