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Preface

PDFgetX2 Software LicenseAgreement

By downloadingandinstalling a copy of the PDFgetX2Software and Documentationyou agreeto the
following terms.

Noti cation of Copyright: PDFgetX2is a proprietaryproductof Michigan StateUniversity ("MSU")
andis protectedby copyright laws andinternationakreaty You (as"End User") musttreatPDFgetX2like
ary other copyrighted materials. Copyright laws prohibit making copiesof the Software for ary reason.
You may make copiesof the Documentatiorfor usewith alicensedversionof the Software;however, MSU
noti cations of copyright mustbe left intact. If you have ary questionsoncerninghis agreementplease
contactthe Copyright LicensingOf ce, MSU, EastLansing,Michigan48824U.S.A. (517)355-2186.

License:MSU grantsEnd Usertheroyalty-free,non-exclusie, non-transferableght to usePDFgetX2
software for researchor educationajpurposes.You may not redistritute, transfer rent, lease,sell, lend,
sub-licensepreparederivative works,decompile or reverse-engineghe PDFgetX2Softwarewithout prior
expresswritten consenpf MSU attheabove address.

MSU retainstitle to PDFgetX2,including without limitation the Software and Documentation.End
Useragreedo usereasonablefforts to protectthe Software and Documentatiorfrom unauthorizeduse,
reproductiondistribution, or publication.All rightsnot speci cally grantedn this Agreementareresered
by MSU.

Warranty: PDFgetX2Software and Documentatiorare provided "as is." MSU MAKES NO WAR-
RANTY, EXPRESSORIMPLIED, TOEND USERORTOANY OTHERPERSONORENTITY. SPECIF-
ICALLY, MSU MAKES NO WARRANTY OF MERCHANTABILITY ORFITNESSFORA PARTICU-
LAR PURPOSEOF PDFGETX2SOFTWARE OR DOCUMENTATION. MSU WILL NOT BE LIABLE
FOR SPECIAL, INCIDENTAL, CONSEQJENTIAL, INDIRECT OR OTHER SIMILAR DAMAGES,
EVENIF MSU ORITS EMPLOYEESHAVE BEENADVISED OF THE POSSIBILITY OF SUCHDAM-
AGES.IN NO EVENT WILL MSU LIABILITY FORANY DAMAGESTO END USEROR ANY PER-
SONEVEREXCEEDTHE FEEPAID FORTHE LICENSETO USETHE SOFTWARE, REGARDLESS
OF THE FORM OF THE CLAIM.

Generallf ary provisionof this Agreements unlawful, void, or for ary reasorunenforceabldt shallbe
deemedsererablefrom, andshallin no way affectthe validity or enforceabilityof the remainingprovisions
of this AgreementThis Agreemenshallbe governedby Michiganlaw.
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Chapter 1

Intr oduction

1.1 What is PDFgetX2?

PDFgetX2is a userfriendly programto obtainthe atomic pair distribution function (PDF) from X-ray
powderscatteringdata. Theinteractionbetweerusersanddatais facilitatedby a ratherextensve graphical
userinterface (GUI). The supportedplatformsinclude Linux, Windows, and Mac OSs. Pleaserefer to
AppendixA for detailedinstallationinstructions.The supportedle formatsinclude SPEC,CHI, andfree
dataformat. Pleaseeferto AppendixB for details.

The PDFR, , iIs a real spacefunction telling the probability of nding pairsof atomsseparatedby
distance in the material. The experimentalPDF canbe thoughtof asthe sumof snapshotef the instan-
taneousatomic arrangementsver the datacollectiontime. Accordingly the PDF cantell us aboutboth
the local structure(low region) andaveragestructure(high region). The PDF methodhasbeenused
asearlyas 1931 by Debye[1] to studyliquid mercury and hasmostly focusedon glassandamorphous
materialg2; 3]. Not until recently the PDFanalysishasbeensuccessfullyappliedto crystallineandnano-
crystallinemateriald4]. We wouldlike to directyou to arecentbook by EgamiandBillinge (2003)[5] for
moretechniquedetailsandrecentPDF applications.

ThePDFR , is obtainedby adirectsineFouriertransformatiorof the structurefunction , Where

is themagnitudeof the scatteringvector However, the collectedraw dataduring X-ray scatteringexper
imentssubjectto variousinstrumentandsampleeffects,which have to be properlycorrectedo extractthe
. This program,PDFgetX2 livesto sene this purpose.Standardcorrectiong5; 6; 7] implemented
includesubtractiorof backgroundcatteringsampleabsorption X-ray polarization unwantedComptonin-
tensity andnormalizatiorby theaverageatomicscatteringpower. Particularlyfor theRA-PDFexperiments
recentlydevelopedby Chupasetal. [8] utilizing theimageplateareadetector additionalcorrectionsdue
to obliqueincidentangledependenc§d] andthe detectorenegy dependencglQ] arealsoimplemented.
Statisticaluncertaintiedue to limited intensity countsare estimatedand are propagatedup to the PDF,
, which becomesvery importantwhen asthe and dataareincreasinglybeing modeled
usingregressioralgorithms.In addition,simpledatasmoothinganddampingarealsopossible.
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CHAPTER 1. INTRODUCTION UsersGuide

A standingalonefunctionalityin this programis to preprocessheraw SPECdatato a single4-column
dataset. You have the optionsto applythe detectordeadtime correctionson monitoranddetectorcounts;
measuredhtensitiesfrom differentscananbeeithernormalizedby theircollectiontime or monitorcounts.
Scalingbetweerdifferentscansvhenmegedinto asinglesetis automaticallicomputedo achieve thebest
overlap.Error propagations alsocarriedout.

All featuresof the programis accessiblérom thebuilt-in GUI, however, manuallyeditingdataprocess-
ing parameterarepossiblethroughatext window. Onenotevorthy featureis theautomaticadditionof data
processingarameterito the and les asheadehistoryinformation. The historyinformation
canalsobe sared alone. Restoratiorof the history informationwill reproducehe original and
which may becomemuch desirablewhen careful examinationof dataprocessings found necessanat a
laterstage.

1.2 What is new?

To nd out aboutrecentupdatesof PDFgetX2or to get further information, pleasevisit the PDFgetX2
homepagat thefollowing site:

http://wwwtotalscattering.gvprograns/PDFgetX2/

1.2.1 Versionl.0

Somebugsin the programhave been x ed sincethe Betarelease.SomeGUIs are enhanced.The most
notablechangds optimizationroutine(still undertest).

1.2.2 Betarelease

The PDFgetX2codingprojectstartedout asan upgradeto the Yorick programPDFgetX[6] developedin
our group. Theinteractve datalanguaggIDL 1) waschoserfor its cross-platforncompatibility andbuilt-
in GUI capability The datacorrectionmethodsusedin PDFgetXwereinherited. However, this releaseof
PDFgetX2is not a translationof programPDFgetX,i.e. with only anadditionof GUI. The two programs
differ alot in programingstructureandconceptsbut do give quantitatvely consistentesults.As thecoding
efforts moved on, numerousew featureshave beenconstantlyadded,.andsomeexisting capabilitieswere
expanded. A tour of the featuresavailablein PDFgetX2is bestmadeby going throughthe tutorial data
providedin thismanual.

1.3 Using PDFgetX2

Publicationof resultstotally or partially obtainedusingthe programPDFgetX2shouldstatethatPDFgetX2
wasusedandcontainthefollowing reference:

!IDL is aregisteredrademarlof ResearctBystems|nc. for their Interactire DatalLanguagesoftware
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X. Qu, J. W. THOMPSON, AND S. J. L. BILLINGE "PDFgetX2: A GUI driven program
to obtainthe pair distribution function from X-ray powder diffraction data”, J. Appl. Cryst.
(2004),37, 678678

1.4 Usingthis manual

Pleasenotethatthis manualdescribeonly the useof the program.For a detaileddescriptionof the imple-
menteddatacorrectionspleaseseethe book by EgamiandBillinge [5].

1.5 Acknowledgments

Theauthorsarein greatgratitudeto Dr. Jeongfor the generousharingof his literaturecollectionof X-ray

dataanalysismethods,alsofor his valuableinputs. Greatappreciationgjo to Dr. Proffen for his lateral
helpswith early codingconsulting latex templatefor this manual,andthe windows self-installerprogram.
We would to thanksall the pre-betaversionusersfor their patiencedealingwith the maliciousbugsin the

program,andtheir kindnesgo reportthemin details. An incompletelist of hamesncludesMr. Masadeh,
Ms. Kim, Mr. Malliakas,Mr. Mtshatavani. Dr. Petlov andDr. Bozin shouldalsobethanled for the useful
discussions.

Someopensourceutilities written by David Fanning,and Craig Markwardt have beenusedin this
programwithout modi cations. Several X-ray scatteringtatulateddata les aretaken from the DABAX
databasefrom ESRFwebsite(http://ftp.esrf.fr/pubtssoft/xopDabaFiles), asguidedby the GNU general
publiclibrary license.

Financialsupportfrom the National ScienceFoundationthroughthe grantsDMR-0304391and CHE-
0211029%ndfrom U.S. Departmenbf Enegy throughgrantDE-FG02-97ER45651aswell asthe Center
for FundamentaMaterialsResearcfCFMR), aregratefullyacknavledged.
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Chapter 2

Quick Start Tutorial

Pleasenotethatthe datacorrectionscarriedout on the dataarenot describedn this manual just the useof
the program.For a detaileddescriptionof the correctionspleaseseeEgamiandBillinge [5].

2.1 Installation and start-up

Detailedinformationaboutwhereandhow to obtainthe programPDFgetX2canbe foundin AppendixA.
Beforeyou start,it might be a goodideato checkfor updatesand/orbug x es. Waysto invoke PDFgetX2
onfor differentplatformsarealsoexplainedin AppendixA.

Now let's startthe programandthewelcomewindow shouldappeamlasshovn in Fig. 2.1. Thelook and
feel of the GUIs variesslightly on differentplatforms.

—* PDFgetX2 beta @ Wed Apr 21 11:24:08 2004
File. Switch—> Help

LOCAL STRUCTURE
FROM DIFFRACTION

MICHIGAN STATE

U Wil MOE R3S DT ¥

Figure 2.1: ThewelcomeinterfacewhenstartingPDFgetX2
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How to usethe tutorial

Stepby stepinstructionswill be given with the tutorial data. Somedetailedexplanationsare addedas
slantedtext with anoffset. They arefor furtherreadingonly, thuscanbe safelyskipped.Thedirectoryand
le namesaretypedasitalicized Thebold textsreferto thewidgetnamesonthe GUI.

2.2 Copy tutorial data

The data les usedin this shorttutorial can be found in the tutorial subdirectoryunderthe PDFgetX2
installationdirectory (e.g. C: ProgramFiles PDFgetX2in Windows). You needto copy three les, in-
gaas_tutorial.specingaas_tutorial.int andingaas_tutorial.bkgo a local directory of your choice. The
tutorial directoryalsocontainsthe data les we planto obtainin this chapterfor your referenceonly. For
all supportediata le formats,pleaseeferto AppendixB.

2.2.1 Description of the tutorial experiment

Thetutorial sample semiconductoalloy , wasmeasurect10K with at-plate transmission
geometryat the Cornell High Enegy SynchrotronSource(CHESS).The x-ray enegy usedwas60.0keV
( A) selectedwith a Si(111) double-bouncenonochromator The scatteringfrom the empty
at platecontainemwasalsomeasuredandfoundto beratherlow. All datawerecollectedusingprogram
SPEC , aUNIX-basedsoftwarepackagdor instrumentcontrolanddataacquisition.

2.3 PreprocessSPECformat data

2.3.1 Objective

Theobjective is to obtainusable(i.e. properlycorrecteddatafor the generalpurposePDF dataprocessing
in section2.4Get X-ray PDF.

1 Do I needto preprocessny data?

This step,preprocesshe data,is necessarjf ary oneof thefollowing conditionsis met.

e morethanonescanexists,andmeiging is required(seeAppendixB)

thedetectorcountsneedto be correctedor deadtime effects

thedataneedto be normalizedooint by point, with the normalizatiorfactorstoredin one
column

the datahave beenproperly preprocessedyut don't have the estimatedstandardincer
tainties.
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If noneof the abare describegour situation,you probablydon't needto go throughthis step,
andpleasgump to section2.4. If preprocessings requiredtheinput ®le needgo bein SPEC
format. ASCII ®les canbeeasilycorverted(seeAppendixB).

Thejusti®cationfor this datapreprocessings thefollowing. A SPECdata®le usuallycontains
morethanonescanswvith eachscancovering portionsof the measuredeciprocalspace Every
scanisa row by columndataset. Onerow represents measurediatapoint, andthe
columnsrecordthe , detectorcounts,monitor counts,collectiontime, and someother
values. However, what's of our interestis the scatteringntensityversus overtheentire
measuredange.This simply meango meigethescangogethemandextracttheusefulcolumns.
However, differentscansoften have differentscalesdueto eithervarying collectiontime or
incidentbeamintensity changes.Even within one scan,eachpoint may also requireproper
normalizatiordueto the small uctuationsf the incidentbeam.Often moresigni®cantly the
non-linearresponsdcountingrate dependence)f detectormieedso be correctedon the raw
counts®rst. Thuseachscanneeddso betreatedndividually beforebeingmeigedtogether

2.3.2 Load SPECdata le

First, we needto load the SPEC le. The tutorial raw datafrom the samplewere saved into the SPEC
format le, ingaas_tutorial.spe A simplebut sufcient descriptionof the SPECformatcanbe foundin
AppendixB.1. In principle,all supportedle formats(AppendixB) canbe used,but areall corvertedinto
SPECformatinternally If your le is notof oneof thoseformats,aformatcorversionis necessary

Following the menuSwitch—>to PreprocessSPECformat data (shavn in Fig. 2.2),youwill activate
themainpreprocesSPECformatdataGUI asin Fig. 2.3.

-"" PDFgetX2 beta @ Wed Apr 21 11:24:08 2004

File -Swit-:h—::—l Help

——— Preprocess SPEC Format Diata

Get X-Ray PDF STRUCTURE
FROM DIFFRACTION

MICHIGAN STATE

N VOE RS DT X

Figure 2.2: Click the PreprocessSPECFormat Data buttonto switchto the GUI in Fig. 2.3

Clicking on the button SPEC Data File (Fig. 2.3) will bring up a graphicdialogto selectthe desired
le. You may needto go throughdirectoriesto locatethetutorial le ingaas_tutorial.specEitherdouble
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| -~ PDFgetX2 beta @Wed Apr 21 12:11:57 2004 i
File Switch—> Help

History -» | SPEC Data File: | 1 Edit Formatl PLFgetXals || Reset -+ I
Seams Info: 0Fcans, 03elected 0 Highlighted Column & Detector SetlUp
Flease festt dnidatalfiloton. QBTherGol:  [=Clickmes =~ | Moo e |
Detectors Col. Quantty: O s | SetlUp:  SPEC | RALA

- _.| MOA e _.| Sew | SPEC _.|

3 S e s I
;3 | A g - | e BEED = |

o | b e | [5oEE S|
— _ o | ae seac — |
Toggle Scan(s) Sel_ecﬁonFlagl List Scans: All 5 | '
i ; : ; Data Visvalizat
Editing Correction SetUp for Column:  <Click me> — | Monitor Column FraRASRRESERS
+ Fast Overdew “* Raw SPEC
i -~ Plot 3tyle:
DeadTime Cor. SetlUp  Type: < Theory -« Pulser Mone... 4 Simple Flot View Diata Type: | v Comeated Soans

#4% Mo deadtime correction will be applied on this column *+% o
Coloon Selecton: ) Compare Detectors w Merged Detector(s)

KColmmn:  <Click mex = | I Morm: Col:

Rrgs B i T | Y Colomn:. <Click me> — | Bave Data | Plot Data |
A i Rang e B |c B he Bess Control Room
Update Scans Apply Correctionsl Ierge Boans | Advanced = |
Deglitch SetUp: Threshold |iﬁ.00 Interval |:5 Anto Search | Edit |
User Message:

Figure 2.3: ThemainpreprocesSPECformatdataGUI

click oningaas_tutorial.spe or pressthe OK buttonwith ingaas_tutorial.spetighlightedwill make the
selection After a successfutlatareading(waiting time depend®n computerspeed)thetop left portion of
the GUI shouldresemblé-ig. 2.4 (moredetailson eachGUI sectioncomelater).

2.3.3 Overview of scansinformation

In generala SPEC le containsmultiple scans.The programreadsthe scanheadeline beginningwith #S
in the SPEC le (AppendixB andreproduceshemin the GUI window (Fig. 2.4) allowing you to select
the scansyou want. Fig. 2.4 shawvs the GUI portiondisplayingthe scandnformation. The labelon thetop
tells usthatthis SPEC le contains ve scans.Thefollowing 5 Selectedshaws the total numberof scans
selectedb Highlighted shaws the total numberof scansbeinghighlighted. Eachline/itemin this list box
representgnescanin thedatale. Scaninformationsuchasthe scannumbernumberof datapoints,value
rangeof the columnof interest(readon for details),andthe selectionag areshavn astext contents.We
canseethat all scansare selectedyou can highlight all of themusingthe mouse),which explainsthe 5
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Scans Info: 58cans, 5 Selected 5 Highlighted

2,00 Selected

1401 Points,
1401 Poi 10 . g=]
1401 Points. ) Selecte |

Togele Beanis) Selecton Flag] ListBcans: Al o

Figure 2.4: TheGUI portiondisplayingscangnformationin the SPECdata.

Selected5 Highlighted in thelabelabove thelist.

On the last row, the button Toggle Scan(s)SelectionFlag will togglethe selection ag of currently
highlightedscansWhena scanis agged asSelectedit will be usedwhenmeging scangwhich happens
ata muchlaterstage).If unselected it will not be includedduring meging. You alsohave the choiceto
shawv only the selectedor all scangn thelist throughthedroplistlist next to thelabelList Scans Thisonly
becomesecessarywhenyou have mary “bad” scandn thedata.

2.3.4 Setup SPECcolumns

The next stepis to tell the programseveral columnnamesof interest. This is donein the upperright side
of the GUI asshavn in Fig. 2.5. You needto specifythe columnnamesfor , monitor column,and
detectorcolumn(s).Only the detectorcanhave morethanone columns,in the casethat multiple detectors
areusedduring measurementsThe allowed maximumnumberof detectords 10. For eachdetectoryou
needto specifyits columnnamein the SPEC le

In our data,eachscanhasl13 columnswhosenamesarelistedin thedroplistfor eachcolumnselection.

columnshouldbesetto pmQ, while themonitorcolumnsetto IC2. Sinceonly onedetectomwasused

duringthe experimentthe numberof detectorss 1, whoseSPECcolumnshouldbe ELASTIC . In theend,
the GUI shouldlook like Fig. 2.5.
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Column g Detectori3etlp
G2 Theta Col.: Pt —|| bonitor Sal.: prney el
Betectors Col. Quantty: 1 = | BetlUp: SFEC I BATA
I 1 SPEG: ELASTIC — I Rl G | dress  3EEG =
e Lty = | R Y Y S =
| P Ty S G =] dhees 3BES =
o4 s Lraly = | AR o | i HER

Figure 2.5: TheGUI sectionto setup SPECcolumns

2.3.5 Setup deadtime correction

Once SPECcolumn namesare set, we arereadyto setup the deadtime correctionon the monitor and
detectorcolumn(s).They arelC2 andELASTIC columns,respecirely. The GUI for thisjob is locatedat
thelower left panel,asshavn in Fig. 2.6.

1 Is deadtime correctionnecessary?

This is determinedy whetherthe countrateis within thelinearresponseegime of the detec-
tor. Deadtime correctionis rarely neededor in-houseX-ray measurementsyhile becomes
necessarywhendataarecollectedat high ux synchrotrorsourceslf you arenot sure,please
checkthe speci®cationf the detectoragainstyour maximumcountrate (i.e. the strongest
Braggpeak). For moredetailson why andhow detectordeadtime correctionis applied,see
thebookby EgamiandBillinge [5].

Fromthe GUI, thedeadtime correctionsetupfor ONLY ONE columnis directly displayedandeditable.
Switchingbetweercolumns(the monitoranddetectorcolumns)is donevia the Editing Correction SetUp
for Column dropliston thetop portionof this GUI section.Oncea selectionis made,the GUI below will
beupdatedby selectedcolumnsettings.Our monitor countsarefrom ion chambersthereforedoesnt need
ary deadtime correction sopleaseselectNone For thedetectorcolumnELASTIC comingfrom thesolid
statedetecto(SSD),you caneitherchooseo usetheoryor pulsermethod(seeChaptels of [5]). If youuse
thetheorymethodyouwill needthethetotal countsin thedetectorandthe measuringime andthedetector
deadtime. SelectthedatacolumnTOTAL andSeconddor the rst two. For this Ge detectora deadtime
of 11.6 sworkswell. The pulsermethodrefersto the useof anelectronicpulser([5]) thatis propagated
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with thedata.Youwill needto selecthecolumnof datacontainingthepulsercounts'PULSER”. Eitherthe
theoryor pulsermethodwill work well for our data,howeverthetheorymethodis recommendetecausé
introducedessnoise.If you areinterestediry thembothfor comparisonThe GUI is shavn in Fig. 2.6.

Editing Correction SetUp for Column: 122 = | Monitor Colmmn Editing Coreection SetUp for Cobunn:  ELASTIC — | Dretector ©olurmm

DeadTime Cor. SetUp  Type: - Theory - Pulser DeadTime Cor:Betllp  Typel r Theory ~ Mone .

*+# Mo deadtime correction will be applied on this ¢olurpm ***

Pulser Colummn: PULBEE —

Merge Scans Betup 17 Norm. Col: 122 4 | is:  Comnts -1 |

Uopooot  Edithy Scan

o Auto Soale Qitth Range M |p_1normt Max:

Figure 2.6: TheGUI to setup deadtime correctionsor monitor (left) anddetectorcolumns(right)

2.3.6 Setup detector(s)merging

In generalwhendataarecollectedin morethanonescan thedifferentscanseedto be normalizedby their
respectre monitor countsor measuremertime beforebeingmemged. Therefore to setup the programfor
meiging scanswe mustassignthe datacolumnfor normalization alsothe rangeof eachscan,andscaling
betweenscansWe should set lower and uppercutof valuesfor eachscanto exclude the experimental
artifactssometimesappearingat eitherendof the data. Be awarethatyou needto setup EVERY detector
columnin caseof multiple detectorsAlso for thisreasonthe GUI to setup eachdetectoiis accessethrough
the Editing Correction SetUpfor Column droplistusedin settingup the detectordeadtime corrections.
Thesectionfor thisjob is in thelower sectionof Fig. 2.6.

In ourcasewe setthenormalizatiorcolumnto IC2, whichis themonitorcounts,andoptnotto useauto
scale Qmin shouldbe0.0A , with Qmax of 40.0A . Theright panelof Fig. 2.6 shavs the settings
for detectorcolumn ELASTIC . Herethe rangeof from 0.0 to 40.0A is for the meged data. Setting
individually usedrangefor eachscanis promptedby clicking onthe Edit by Scansbutton.

2.3.7 Actions and visualization

Now, we have givenall the needednformationto prepargheraw SPECdata.\We canturnto our attention
to the GUI sectionof actionandvisualizationasshawvn in Fig. 2.7.

Thebuttonsto issuecalculationcommandsrein the bottomrow. Button Update Scansis only useful
whenMCA dataareavailable(underdevelopment)thoughit doesnt hurtto click it. Clicking buttonApply
Correctionswill apply the corrections(the detectordeadtime correction,normalization,etc) to monitor
anddetectorcolumnsasyou speci ed. Clicking button Merge Scanswill take all selectedscany agged
as“selected”)and meige theminto the single meilged data,which is whatwe setout to obtainin the rst
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Drata Wisualizaton

wr Bagt Ovendeiy wr Faws 3PEC
Flot Btyle:
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X Colurnn: piny gl I Morrn. Col.: Ll gl |
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Update Scans Apply Corrections Merge Heans I Adranced -= |

Figure 2.7: The GUI sectionto plot/save dataandprocessiata.

place.Whenmultiple detectorsaareusedthe meigeddatafor eachdetectoiis storedasonescanin thetotal
meigeddatain SPECformat. The melgeddatanow hasmorethanonescanshowever conceptuallythisis
differentfrom the usuallymeaningof SPECdata.

In the end,we have dataat threestagesyaw SPECdata,scansdataafter correction,andthe meged
detectorsWe caneithersave or plot themaftermakingour selectionslf the Save Data buttonis clicked,
you will be asled for a le nameto save the selecteddata. If the Plot Data button is pressedihe same
selecteddatawill beplottedin aseparatevindow, with additionalsettingsdescribedelov. The Plot Style
shouldbe practicallysetthe Simple Plot View atall times.

Dataselectionis madeasthe following. First, choosefrom the Raw SPEC, Corrected Scans and
MergedDetectorsunderbuttongroupData Type. WheneitherRaw SPECor Corr ectedScanss selected,
thetamgeteddataarethosescansurrentlybeinghighlighted If the button Compare Detectorsis selected,
all the detectorcolumnsfor the r st highlightedscanare selected.In all casesyou have the freedomto
selectthe valuesto plot via thedroplistX Column. UnlessCompare Detectorsis selectedyou canalso
choosehe datato plot via droplistY Column. In addition,if you preferto have a normalizationcolumn,
youcando soby enablingnormalizatiorcolumn(by settingtheNorm. Col. button). In thiscasetheplotted
Y Column will bedivided by the normalizationcolumn. If this soundsratherconfusing,pleaseplay with
theinterfacefor betterunderstanding.

After carryingout the actions(Update Scans Apply Corrections Merge Scans we needto check
the correctionresults. We shouldnot selectCompare Detectorssinceonly onedetectoris presentin the
tutorial data.Setthe X Column aspmQ, theY Column aseLASTIC , theNorm. Col. asunselectedand
highlight all the scans.To visualizethe raw SPECdata,selectRaw SPEC asthe Data Type, thenclick on
thePlot Data button. Theplot window appeaiasFig. 2.8left panel.lf the CorrectedScansis selectedwe
shouldseeFig. 2.8right panel.All scangmatchquite nicely afterthe correctionsandnormalization.
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Figure 2.8: Visualizationof theraw SPECdata(left) andthe correctedSPECdata(right)

2.3.8 Save mergeddata and the history

Following the abore section,if Merged Data is selectedasthe Data Type, we canvisualizethe meged
dataasin Fig. 2.9. Clicking on Save Data will invoke a dialogto selecta le to save the meged data.
You canuseyour favorite plot programto comparewhatyou have just got with the provided referencele
ingaas_tutorial.int(underthetutorial directorywherewe copiedthetutorial data).

Themegeddatahave four columns.The rst is column;theseconds thedetectorcountcolumn;
thefourth columncontaingthe error (standardieviation) of the detectorcount,i.e. thesecondcolumn. The
third columnis presenfor compatibilityreasonsvith all valuessetto zero. Thedetectorcounterroris rst
estimatedisthesquareootof thedetectoicount,thenpropagatethroughthecorrectionsandnormalization
steps.This formatis alsocompatible(andthe default format)with the next stepGet X-ray PDF described
in next section.

All the settingscanbe saved into a history le. Pushingthe History -> andthenthe Save ... button
will promptto selectthe le to save the historyinformation. The savedhistory le canbeloadedbackinto
the programby clicking onthe Load ... buttoninstead.This tutorial alsocontainsan examplehistory le
ingaas_speed.xhst Loadingthis le will setupwhatwe have gonethroughin this section.

2.4 GetX-ray PDF

2.4.1 Objective

Our goal for this stepis to obtain the structurefunction , thenthe PDF, . Thoughonly the
elasticscatteringntensitiesarewhatwe areinterestedn, the collectedraw scatteringntensitiesinevitably
are subjectto variousinstrumentand sampleeffects. The backgroundshould be subtracted. Standard
correctiongiueto partialX-ray polarization sampleabsorptionanddoublescatteringieedto beperformed.

PDFgetX2v1.0 Page: 17



CHAPTER 2. QUICK START TUTORIAL UsersGuide

Figure 2.9: Visualizationof the meigeddataobtainedirom preprocesSPECformatdata

TheunwantedComptonintensitiesshouldalsoberemaoved. This sectionwill shav you how thesearedone
in this program.

2.4.2 Setupworking directory

Following the menuSwitch—>to Get X-ray PDF asFig. 2.10,youwill actvatethegetX-ray PDFGUI as
in Fig. 2.11.

Changingworking directoryis doneby clicking onthe buttonWorking Dir ectory in thetop portion of
Fig. 2.11.Thiswouldbringup adirectoryselectiorwindow. We shouldselecthelocal directorycontaining
all thecopiedtutorial data les (seesection2.2).

The Working Directory displayedon the GUI (Fig. 2.11) canbe very useful. First, whenselecting
data les, thedirectoryto startthe searchwill alwaysbethe Working Directory. More importantly the
programby default savesthe and les automaticallyunderthe Working Directory. A log le
(.pdfeetx2.1a) andtemporaryhistory le (.pdfgetx2.xhstarealsosavedundertheWorking Dir ectory when
exiting the program.A recommendede organizationis to have all thedata les underonedirectory then
setthis directoryto be the Working Directory. This will alsomale data le selectioneasierandall the
autosaed les will alsobein the samedirectory The default working directoryis whereyou startup the
programPDFgetX2.In Linux/UNIX, it's whereyou run the pdfgetx2commandjn Windows, doubleclick
ona*.xhstwill setits directoryastheWorking Dir ectory.
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Figure2.10: Click theGet X-ray PDF buttonto switchto theGUI in Fig.2.11

Figure 2.11: ThemainGetX-ray PDFGUI
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2.4.3 Input data les

In this tutorial, we will usethe provided le ingaas_tutorial.intasthe sampledata,ingaas_tutorial.bkags
the samplebackgrounddata. Certainly you canalso usethe meiged dataobtainedin section2.3 asthe
sampledata.Containerandcontainebackgrounddataarenot usedin thetutorial. Input of eachdata le is
doneby clicking onthe correspondindputton (asin Fig. 2.12),whichwill invoke aGUI to selectles. Data
les arenotimmediatelyreadin after beingselected.For your referencethe correspondingsUI section
shouldlook similarto Fig. 2.12.

Figure 2.12: Readin the sampleandsamplebackground®les.

1 Whatarethosedatatypes?

Fourkinds of dataareused.Sampledatarefersto the scatteringntensitywhensamples mea-
suredwhich meango containcontritutionsfrom sample containen(if used),andbackground
scattering. Samplebackgrounddatarefersto the backgroundscatteringwhen sample(and
containeiif used)is remasedfrom the beam.Containeratarefersto the scatteringvhenonly
containeris positionedn the beam.The containetbackgroundefersto the backgroundvhen
containelis removedfrom the beam(this is usuallythe sameasthe samplebackground)Only
sampledatais mandatoryto proceedhe analysisthoughbackgroundiatais alwayspreferred
to have. The classi®catiorof datatypesshouldnt be restrictedto their names.The essential
differencespetweerthemarethetypesof correctionsapplied(seeEgamiandBillinge [5]).

2.4.4 Experiment setup

GUI sectionof experimentakon gurationsis accesseby clicking the Expt. Con®guration button(among
the button groupin the middle of the GUI). Similarly, you canswitchto otherGUI sectionsby clicking on
the correspondindputtons.In our casewe only needto input the X-ray wavelengthandpolarizationfactor
No Iter wasusedduringthe experiment. The absorptioncoefcient of the containeris only necessaryn
caseof stronglyabsorbingcontainers.

For our exampledata,the X-ray enegy of 60.0keV wasused giving thewavelengthof 0.2067A (type
is Customize...). Thedatawerecollectedat a synchrotrorsource(CHESS)wherebeamis highly linearly
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polarized. The polarizationfactoris around0.94 (type is Customize...) in this case. You would have
somethindike in Fig. 2.13.

Figure 2.13: Theexperimentcon®guration

2.4.5 Sampleinformation

Accessof the sampleinformation GUI is via clicking the Sample Information button. Then, clicking
the Add/Remove Atoms button, will presentyou aninterfacemimicking the periodictableto specifythe
chemicalspeciesn your material. After the selectionof atoms,it maytake sometime for the GUI to create
text boxesto enterthe fraction, valence,etc. of eachatom. Only the atom fractionsare required. The
tatulatedX-ray scatteringdatabaseusedincludessomecommonions, so enteringthe valenceinformation
may help. Other elds suchasfl andf2 arethe dispersioncorrectiongo the scatteringfactorthatbecome
importantin resonantscatteringexperiments. Samplemeasuremengeometryis required,as well asthe
measuregampleattenuatiorcoefcient t.

Fig. 2.14shavs the seriesof GUIs you shouldgetandthe valuesyou needto enter Atomsin, Ga,and
As are rst chosenthenthefractionsaresetto be 1, 2, and3 respecirely. Samplegeometryis selectedo
beFlat Plate Transmission andthevalueof sampleattenuatiorcoefcient t, 1.11.

At the bottomaresomeoptionalparameteraboutthe sample from which the theoretical t valuecan
be automaticallycalculated.This cansere asa consisteng checkagainstthe measured t value. Also the
numberdensityhereis usedto computehebaselindor the , Whichalsosenesasanpreliminarycheck
of thePDFscale.Thusit'sadvisedo Il outthesenformationproperly thoughthesenumbersarenotused
in the correctionsexplicitly.

2.4.6 Setup corrections

The only thing we needto specifyhereis the X Column Format, whichis Q(A ) in our case.The Iter

correctiondoesnt applyto our data. The effective scatteringrolumecorrectionis not signi cant dueto the
ratherlow backgroundevel. All otherdefault valuesare ne. The setupGUI on the right arestill under
development.
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Figure 2.14: The GUI to input samplechemicalinformation

2.4.7 Setup corrections

This GUI sectionis shavn by clicking onthe S(Q) Corr ection button. Too mary availablecorrectionshere
aresomevhatmisleadingoecaus®nly afew arenecessaryn mostcasesWe shouldalwayssetthe method
to be Generic, asthel(Q) Simu is not functioningyet. For this tutorial data,correctionso be appliedare
SampleSelf-Absomption, Multiple Scattering, andCompton Scattering

In addition,we needto applythe Laue Diffuse Scattering andWeighting correction. The weighting
functiontype shouldbe <asf> . Othercorrectionsare mostly cosmetic,only neededn specialsituations.
At this pointin time, the setupis done! For the technicaldetails,pleasereferto the book by Egamiand
Billinge [5]. At last,checkwhetherwhatyou have is thesameasin Fig. 2.4.7.

1 Whatcorrectionsshouldbe appliedto Comptonscattering?
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Figure 2.15: The GUI to setup corrections

TheoreticalComptonintensitiessometimesequireadditionalcorrectionglependingntheex-
perimentaketupandthe detectorcharacteristicsThe Rulandwindow function[11] shouldbe
multiplied whenthe measuredotal intensitiescomefrom theintegrationwithin a ®nite enegy
window., Whenthe enegy window is properlyset,as increasesthe Comptonscattering
graduallyfalls out of the enegy window, giving cleanersignalsin high Q region. The Ru-
landwindow functionis anempiricalanalyticalformulato take accounbf this enegy window
effect, with only one parameter Whenthe dataextendto high  values(say 25.0 ),
the Breit-Dirac recoil factorbecomessigni®cant. The exponentshouldtwo if the numberof
photonsis measuredthreewhen X-ray intensityis measuredq12]. The enegy dependence
correctionapplieswhenthe detectorcountsdependon the X-ray enegy, for example,theim-
ageplateareadetectors.Two empiricalforms areavailable: linearor quadratiowith the X-ray
enegy.

Comingto our experiment,a single-channebulse-heightinalyzen(SCA) wasusedto setthe
enegy discriminationwindow. Thereforethe Rulandwindow functionneedgo be applied.lt
wasfoundthe window width valueof 0.003works ®ne. The numberof photonswascounted
by a solid statedetector giving the exponentof the Breit-Dirac factorof two. Thereshallbe
no enegy dependenceorrectionto the solid statedetector

2.4.8 Setup transformation
Only adirectsineFouriertransformis performedwhengoingfrom to . Thus,theonly setupfor
is the Fourier transformrangeof , andthe calculated rangeof . Simply go to the GUI

sectionby clicking onthe G(r) Optimization, Il upthenumbersasin Fig. 2.4.8. You may be distracted
by otherwidgetsin the samesection.They aremostlyfor batchprocessindgestingswhenyou have a large
numberof dataset. The batchprocessings not userfriendly yet, andstill undertesting. They mayalsobe
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takenoutof the GUI.

Figure 2.16: the GUI for Fouriertransformsettings.

2.4.9 ProcessX-ray data

Onceyou've lled in the requiredinformation,it's time for dataprocessingwhich is controlledby the
button groupabore the User Messagedisplay (referto Fig. 2.18). Therearetotally seven buttons. Reset
Datawill invalidatetheread-indata thusforcestheprogramto (re-)readhedata les whenGet 1(Q) button
is clicked next time. WhenGet I(Q) buttonis pressedjobsto do are,1) readthedata les if they havent
beenreadin yetor ResetData hasbeenpressedincethelastGet I(Q) action;2) applythe additive and/or
multiplicative correctionsto all data;3) subtractthe backgroundgcontainer scatteringfrom the sampleif
applicableg)2 to corversionif applicableand nally obtain with the speci ed Xmin andXmax.

Setup experimental data

After the data les arereadin (by pressinghe Get I(Q) button), we may needto setup the experimental
dataif the data les arenot of the default format (four columns, , ,  (notused), ). For
data les of all supportedormats,if the numberof columnsis lessthanfour, extra dummycolumnswith
all valuesof 1.0will beaddedto have totally four columns.All columnsarestill identi ed by their names.
If the data les don't have columnnames;suchasthe ASCII format, default columnnameswill
be given basedon their columnnumbers.Provided that all data le readingsare successfulall available
columnnameswill beshavn in thedroplistsin Fig. 2.4.9.

Figure 2.17: the GUI for settingup experimentadata

Three columnsare requiredto be speci ed, the X ( ), detectorcount, and the error (standard
deviation) of detectorcount. If the detectorcount error columnis not presentin the data, just specify
None... In this case,the squareroot of the detectorcountwill be usedasthe error Error propagation
is carriedout at all stepsall the way to and . Here we also have the freedomto do some
simpleadditve andmultiplicative operationsn all four datatypes. Thefunctionof eachwidgetshouldbe
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self-explanatory

Theprogramwill doaconsisteng checkon somemostapparenparametersandreportthe exceptions.
You have to correctthoseparameterso be ableto proceed However, the parametecheckis nowherenear
complete.For ary othersituation,an errormessagevill be shavn. Pleasaeportthis errormessagéo the
authorswith detaileddescriptiorhow to reproducehis errormessagdor example,attachinghehistory le
andrelateddata les. Also pleasecheckthe User Messageandthe programoutputon theterminalfor ary
hint aboutthe possibleerrorsourcesinvoking Calc Corr ectionswould do several early stagecalculations
including 1) absorptiorncorrectioncalculation;2) multiple scatteringcalculation,3) polarizationcorrection
calculation,4) calculationof theoreticalelasticscatteringand Comptonscatteringintensities. Get S(Q)
buttonwill take the data,applythe speci ed correctiongo get and . The
sineFouriertransformis performedto compute whenthe Get G(r) buttonis clicked. After all those
buttonshave beenpressedye arereadyto look attheresults.

Figure 2.18: Frombottom,the User Messagalisplay the actionbuttons,the datavisualizationselections

2.4.10 Data visualization

Thedata o w diagramin the programgoesfrom thefour data les (sample samplebackgroundcontainer
containerbackground)o the sampleonly scatteringintensity , thento the structurefunction ,
nally tothePDF . Within eachstep therearemaybealsoseseralcorrectionsapplied.ln consideration
of this, Data Typeis rst selectedor the Data Visualization. Then,dependingon the Data Type, some
choicegnaybeavailableto selecthemorespeci ¢ corrections Almostall internaldatausedin theprogram
canbe directly plotted,which canbe very usefulfor problemdiagnosis.To give you someexamplesthe
Raw Data, 1(Q), and G(r) represendirectly the dataasthe namesuggests.Othersreferto correction
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or calculationstepsinvolving moreintermediatedatasets. We hopethe meaningof eachselectionis self
explanatoryenough.Onethingto note,all correctiontermsarecalculatedegardlesof whetherthey will be
appliedor not. Thus,you canvisualizeall correctionterms,keepingin mind thatit doesnt necessarynean
thatthey have beenapplied.

Clicking the Plot Data button will plot the selecteddata. The sameplot window will be reusedfor
subsequentisualizations thusthereis no needto closethe window. If your and datalook
like Fig. 2.19,chancesareyou have successfullynished this tutorial; congratulationsThe datahave been
publishedn [13] and[14].
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Figure2.19: The (a) andthe (b) for your reference

2.4.11 History les and data saving

Thefull GUI sessiorcanbesavedinto ahistory le, andreloadingthehistory le will restoreghesaredGUI
session.History saving andloadingis via the menubutton History, locatedat the upperright of the GUI.
ThelLoad History... andSave History... from the mainmenuFile will do thistoo. This built redundang
wasto make the Get X-ray PDF somehw independentWhenexiting theprogramatemporaryhistory le

(.pdfeetx2.xhs) is alsosavedunderthe Working Dir ectory. An examplehistory le ingaas_gtxpdfxhstis
includedunderthetutorial directory You canloadit upto checkwhetheryou have the samesetup.

During dataprocessingthe , , and dataare automaticallysared by default. You can
resetthis behaior by toggling the File AutoSave droplist. The default le nameshave the samebaseas
thesampledata le, with sufx esof .sgqand.gr, respeciiely. The historyinformationis alsosavedinto the
threeautosaed data les explicitly in the header However, it's still advisedto save history les because
thoseautossed les aresimply overwrittenduring dataprocessing.If you wantto save otherdatatypes,
theauthorshave to askyouto usethe Export ASCII functionof the plotting window. This meansyou rst
selectthedatatypeto save, thenplot it, andexportit to a le of yourchoice.
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GUI WidgetsReference

Quite a few tableswill be shawvn to describethe GUI widgets. They all containthreecolumns. The rst
columnis the nameof thewidget,whichis usuallythetext displayedon thewidgetor the labelin its front.
Thesecondcolumnindicateghewidgettype. Thethird columnexplainsthefunctionof thewidget. Table3
explainswhateachtypemeansn this context.

Name | Description

menu | acontainerof onegroupof next level widgets,mouseclick usuallydisplayssubmenusThe
description®f its submenusreshavn right afterbelov, andprecededy

action | usuallyabuttonleadingto valuechange®f dataor parametersr displayof anothemwindow

label | atext objectusuallyfor the solepurposeo displayusefulinformation
list | amultipleitemuserselectableeld by mouse

droplist | a multiple item userselectableeld, however the selectabletemsneedto be actvatedby
clicking onit rst to seeavailablechoices
checkbox| a ag to indicatethe choiceof a double-aluedvariable

radiobox | agroupof exclusive choicesselectionof onewill deselectll others

text/edit | atext eld whereusercanchangehevaluedirectly with the keyboard

Table 3.1: Explanationof thewidgettypes

3.1 Preprocesghe SPECformat data

3.1.1 Thetoprow

Thetop row of the GUI in Fig. 2.3right paneldealsdirectly with les andsomelessfrequentlyperformed
actions.Thedescription®f thewidgetfunctionsarelistedin Table3.2.

PDFgetX2v1.0 Page: 27



CHAPTER 3. GUI WIDGETS REFERENCE UsersGuide

Widget | Type | Description |

History-> | menu | shav the submenuwof load andsave history buttons(two below)
Load... | action | displayaGUI to selectahistory le toload
Save... | action | displaya GUI to selecta history le to save
SPECDataFile | action| displayaGUI to selectthedata le toread
Edit Format | action | customizeheformatof SPECdata le to beread
PDFgetX2| menu | intendedo run savedusercommandgunderdevelopment)
Reset->| menu | Shav thesubmenuo choosewhatto reset(four below)
All Defaults | action | resetthe defaultsof thethreechoicesbelav
ScansSelect| action | resetthescanselectionags to defaults
SPEC/MCASetup| action | resetthe SPEC/MCAcolumnssettingsto defaults
CorrectionsSetup| action | resetthe deadtime correctionandmeiging settingsfor all columns

Table 3.2: Descriptionf top GUI portionof the preproces$PECformatdata

3.1.2 List of scansinformation in SPECdata

Whenreadinga SPECdata le, the programonly looks for the scanstartingidenti er “#S”, the column
descriptionidenti er “#L”, andthe following dataof eachscan. “#S” and“#L” mustexist for eachscan,
andarethe only headelinformationchecled by the program.The scannumberimmediatelyfollowing the
“#S” shouldbe uniguethroughouthe le. Theblankspaceis thedefault eld separatorAfter you readin

thedata,all the parameteralueswill besetto defaults(which areusuallywrong,e.g.the rst columnwill

besetto be asthedefault. Thescandist in the GUI will tell you how mary pointsin eachscan,and
the Q/2 datarange.Thelast eld in the scanlist is anindicatorof whetherthatscanwill be usedduring
meging. The defaultis to useall the scanswhich hasmorethanone point. Whenyou highlight someor
all the scansan thelist, the columnnamesthat are commonto all the highlightedscanswill be shavn as
availablecolumnsfor selection.As you may noticethe changeof valuesin Q/2 , monitorcolumndroplist
andothers.Thelabelontop of the scanlist givesa brief overview of currentscandatastatus.SeeTable3.3
for details.

3.1.3 Setup SPECcolumn assignments

Columnsin the scandataareidenti ed by their namesafter the “#L". The columnnamesshawvn in the
droplistsarethe commoncolumnnamesof the currentlyhighlightedscans.The GUI operationshouldbe
mostly self-explanatorywith descriptionsn Table3.4. For eachdetectoryou canspecifywhetherit' Il used
duringmeming, its columnin the SPECdata le, andits columnin MCA data le (Table3.5).
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Widget | Type Description

Scandnfo | label displaysthe numberof total, selectedandhighlightedscans
ScanlList | list displaysthe summaryof eachscanasoneline. Oneor multiple scans
canbe highlightedwith help of Control or Shift keys. Highlighted
scansareusedto nd the commoncolumns. All the relatedcolumn
namedroplistswill be updated. The GUI may respondsomevhat
slow becausenary widgetshave to beupdated
ToggleSelectionFlag | action | thiswill reversetheselectionags for currentlyhighlightedscans
List Scans| droplist | chooseeitherto list All scansor scansSelectedOnly

Table 3.3: Descriptionsof the GUI displayingscansnformation

| Widget | Type | Description

Q/2ThetaCol | droplist | specifywhich columnis Q/2 . Notethatits changewill updatethe scan
informationin thelist to theleft, e.g.columnnameanddatarange.Cer
tainly the columncanalsobe or spacing,notrestrictedby its name
only

Monitor Col | droplist | specifywhich columnis monitor This monitor shouldeffectively mea-
suretheincidentbeamux onthesamplej.e.usuallytheclosesupstream
monitor Detectordeadtime correctioncanbeappliedto the monitorcol-
umn

DetectorQuantity | droplist | specifythe numberof detectorgo collectscatteringntensities.You will
notice the numberof editabledetectorsbelonv will changeaccordingly
Every detectorcanalsobe setup for detectordeadtime correction. The
detectorcolumnswill bethe columnsto mege

SPEC| action | actvatetheGUI to setupthedetectorcolumnsin SPEC le

MCA | action | actvatethe GUI to setup MCA data(underdevelopment)

Table 3.4: Descriptionsf the GUI to setup SPECcolumns

3.1.4 Setup deadtime correction

Detectordeadtime correctioncanbeappliedto monitorcolumnandall detectorcolumns.Table3.1.3shavs
thedescription®f the GUI elements,

3.1.5 Setup detector(s)merging

Before memging the scans,you may needto do two things. i) normalizationby the monitor countsor
measurementime point by point; ii) remove the spuriousfeaturessometimesappearingat the endsof
scansPleasaeferto Table3.1.4for usage Onefeaturestill underdevelopments theautomatiacemoval of
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Widget | Type Description

use ag | checkbox| indicatewhetherthis detectoris usedfor meiging dataor not. Onetrick canbe
donehereif youwantto applysomecorrectiongo non-detectocolumns:youcan
simply addonemoredetectoy but setit to be notusedsothatyou won't memgeit
arnyway. However, you canstill do correctiondo it asa normaldetectorcolumn
SPEC| droplist | specifythedetectors columnnamein the SPECdata

MCA | droplist | specifywhich columncorrespondso this detectorin MCA data.(underdevelop-
ment)

Use | droplist | choosewhetherto usethe integrateddatafrom MCA or just the SPECfor this
detector{underdevelopment)

Table 3.5: Descriptionsof the GUI to setcolumnsfor eachdetector

Widget | Type | Description |

Active columnselection| droplist | the availableselectionsare monitor anddetectorcolumn(s). The
selecteccolumnnamewill bethetamgetto setup thewidgetsbe-
low
Theory | radiobox | chooseo usethetheorymethodof deadtime correction
Pulser| radiobox | chooseo usethe pulsermethodof deadtime correction
None | radiobox| choosenotto performary deadtime correction
DetectorTotal | droplist | specifythetotal countscolumnfor thetamget
CollectionTime | droplist | specifythemeasuringime columnfor thetarget
DeadTime | text inputthe measuredieadtime of thetamget
PulserColumn | droplist | specifythe pulsercolumnfor thetarget

Table 3.6: Descriptionof the GUI to setup deadtime correction

the spurioussinglebin-width noisespikesfrom the electronics.

3.1.6 Actions and visualization

Thecommanddo procesghedatacorrectionsareissuedfrom this GUI section.Theintermediateand nal
datacanbe plottedwith somelevels of e xibility. Their simpleusagéds explainedin Table3.1.6. Thelast
row of the GUI is User Message which displayssomeinformationduring the dataprocessingaswell as
warningor errormessages.

3.2 GetX-ray PDF

Thetop frameof the GUI shavs somegenerakettingsasexplainedin Table3.2. Pleasaeferto Table3 for
the columndescriptionsn all tables.
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Widget | Type | Description
Normalize?| checkbox| choosevhetherto have a normalizationcolumnor not
Norm. Col | droplist | Specifythenormalizationcolumnfor the currentdetector
is? | droplist | specifythetypeof thenormalizatiorcolumn,whichaffectstheerrorprop-
agation
Auto Scale?| checkbox| indicatewhetherto scalethescansautomatically For autoscalingo work,
eachusedscanmusthave some overlapwith atleastoneotherused
scan.In mostcase this shouldnot be necessaryConsiderablenismatch
betweerscansaftercorrectiongprobablysignalsimpropercorrections
Q/tthMin | text setthe minimumvalueof for the currentdetector
Q/tthMax | text setthe maximumvalueof for the currentdetector
Editby Scan| action Thiswill re upaGUItoinputtheQ/2 rangeof eachscanfor currentde-
tector you canalsoinputchangeheaddictive andmultiplicative constants
for eachscan(auto scalingmay work betterwith presencef sufcient
overlapsbetweerscans).
Deglitch SetUp | GUI This partis underdevelopment
Threshold| text to be ableto identify glitches,the variationof eachpointis evaluatedand
comparedo its neighbors. if the ratio is over this thresholdvalue, it's
judgedto beaglitch (underdevelopment)

Intenval | text The variationof eachpointis only comparedo its closeneighborsthis
width valuesgivesthe numberof neighbordor comparisorn(underdevel-
opment)

Auto Search| action run the autodgylitch algorithmto searchor glitchesautomaticallyeither
for correctionscandataor the melgeddata(underdevelopment)
Edit | action Manually edit the glitches(underdevelopment)

Table 3.7: Descriptionsof the GUI to setup meging detectors

3.2.1 Input data les

You canspecifythe le formatby clicking on the Customize... button. PleaseseeAppendixB for all

supportedle formats.It shouldbestraightforvardto loaddataandbackgroundles. Onerestrictionis that
thefour kindsof le (samplesamplebackgroundcontainercontainermackgroundnusthave exactly the
sameformat, but canhave differentnumberof datapoints. In the caseof multiple scansn SPECformat,
eachscanis considerechsthe meiged datafor onedetector Datafrom morethanone detectorswill be
blendedtogetherto get . For eachdetectorsomedegreesof freedomis providedfor bothsampleand
backgroundiata. Table3.2.1shawvs the descriptionsnotingthatthey only becomeeditableafterdata les

arereadsuccessfullyby clicking onthe Get I(Q) button).
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Widget | Type Description
FastOverview | radiobox | in thisplot type,eachscanis plottedin a singlesmallwindow, sothat
you caneasilybrowvsethroughall the scansand make judgmentson
which scansare“bad”
SimplePlotView | radiobox | this shouldbe usedin general. The XYPLO T window offers use-
ful featuressuchaszooming,recenteringprinting, and exporting to
ASCII dataor postscriptgures
Rav SPEC| radiobox | raw SPECdatawill beplotted
CorrectedScans| radiobox | scandataafter detectordeadtime correctionand normalizationwill
beplotted
MergedDetector(s)| radiobox | the meigeddatafor detector(swill be plotted. Notethatin this case
the X, Y, error columnsin the dataare alreadyprede ned,thus not
selectable
CompareDetectors| checkbox| it's only usefulin caseof morethanonedetectors.In this caseonly
thedetectorof the rst highlightedscanwill beplotted
X Column | droplist | thecolumnthatwill beplottedasX
Y Column | droplist | thecolumnthatwill beplottedasyY
Norm. Col? | checkbox| choosaewhetherto usea normalizationcolumn(for plotting only)
Norm. Col | droplist | thecolumnthatwill beplottedasnormalizationcolumnto Y column
Save Data | action this will save the to be plotted datain a userselectedle in SPEC
format
PlotData | action thiswill plot thedatain agraphicwindowv
UpdateScans| action it only doesone thing. Programwill check eachdetectorto see
whetherSPECor MCA datais selectedor use. The active datawill
be setto the sameas SPECdataor resetthe value of detectorcounts
to betheresultof MCA dataintegrationaccordingly
Apply Corrections| action Thiswill performdeadtime correctionassetup to monitoranddetec-
tor counts.Then,performnormalizationto eachdetectorcounts
Merge Scans| action thiswill melgethescandor eachdetectomwith use ag on
Advanced> | menu (underdevelopment)

Table 3.8: Descriptionof the GUI for actionandvisualization

3.2.2 Experimental setup

In this section,X-ray wavelengthandpolarizationfactorcanbe selectedrom someprede nedvalues,or
enteredmanuallywhenchoosingtype asCustomize.... In caseof non-polarizedX-ray (in-housesource),
you will beasledto inputthe monochromatomformation,suchasthe crystaltype, whereit's positioned,
andthed-spacingof there ection planeused.
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Widget | Type | Description |

Title | text chooseatitle
Producer| text meantto bethe personwho analyzeghe data
History-> | menu | shav the sub-menuwf loadandsave historybuttons(two below)

Load... | action | displayaGUI to selectahistory le toload

Save... | action | displayaGUI to selectahistory le to save
File Autosare | droplist | choosewhether , and les should be automatically
savedduringdataprocessing
Quiet | droplist | choosewhetherto suppres®utputinformationduring dataprocessing,
thiswill speedhecomputingtime
Working Directory | action | bringupaGUI to selectworking directory

Table 3.9: Descriptionof the GUI top frameof GetX-ray PDF

Widget | Type | Description

use ag | checkbox| choosewvhetherto usethis detectordataor not
X Column | droplist | specifywhichcolumnis theX column
Det. Column | droplist | specifywhich columnis detectorcolumn
Det. Err Col | droplist | specifywhich columnis the standarderrorsof the detectorcounts. If not
existing, selectnone In this case the squareroot of the detectorcountwill

beusedtheerror
Xmin | text setthelower cutoff valueof dataX rangeto use
Xmax | text settheuppercutof valueof dataX rangeto use
Add Sam | text anadditive constanto sampledetectorcounts
Mul. Sam| text amultiplicative constanto sampledetectorcounts
text the meaningof othertext inputsis similar to Add Samor Mul. Sam, but

appliedto differentdatatype

Table 3.10: Descriptionsof the GUI to input andedit data®les

Theabsorptiorcoefcient of thecontaineronly becomesmportantwhenit' slarge. Whena Iter is used
afterthe sample(eitherto suppresshe uorescenceor Comptoncontrikutions),the absorptiorof the lter
is neededf elasticscatterings alsosigni cantly attenuatedOthersareoptional,mostlyfor the purposeof
keepinga goodrecord.

3.2.3 Sampleinformation

In this sectionyou needto input thechemicalcomposition®f your sample.Firstthing you needto dois to
specifytheelementsSeeTable3.2.3for details.
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Widget | Type Description
Add/Remae Atoms | action | thiswill bringupaGUI to inputthe elementsvith mouse
SampleGeometry| droplist | Thisis very importantfor absorptionmultiple scatteringcorrections,
thesupportedjeometriesire at platetransmission/re ectionat plate
transmissionandcylindrical capillary
AttenuationCoff. | text thisis avalueyou shouldmeasuren thesample
NumberDensity | text input the numberdensityof your material
PackingFraction | text usuallythe valueshouldbe around0.5. This valueis usedto estimate
thetheoretical t.
Thickness/Diametef text how thick is the sample,it shouldbe the inner diameterof the glass
tubein caseof capillary
Theoretical t | text programwill displaytheestimated t here(noteditable)
Table 3.11: Descriptionsof the GUI to setup sampleinformation
Widget | Type Description
SampleSelf-Absorption| checkbox| shouldbeturnedon all thetime, this correctiontakesthe sample

Multiple Scattering

Obliqueincidence

Fluorescencs

X-ray Polarization

checkbox| multiple scatteringis only calculatedup to double scattering,

checkbox| thisis only applicableo areadetectorsuchasimageplates.This

checkbox| in caseof photoncountingwithout ary enegy discrimination,

checkbox| it shouldbeturnedon unlessthe polarizationfactoris 1.0.

absorptiorcoefcient andsamplegeometryasparameters

which is oftenthe dominantcontritution to multiple scattering
intensity Youonly needto applythis correctiorwhenthesample
is quiteabsorbing.

correctiononly becomessigni cant at high anglesand high X-
ray enegies,wherethe absorptionof imageplateis quite small.
It takesthe X-ray transmissiorcoefcient of the detectorasone
parameter

andthe X-ray eneqgy is closeto one or more atom absorption
edge,you needto subtractthe uorescenceintensity Now, only
theimageplategeometryis supported

Table 3.12: Descriptionsof the GUI to setup correctiongl)
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Widget

Type

Description

ComptonScattering

ComptonPro le

RulandwinFunc

Breit-Dirac Factor

Enegy Dependent]

Scalingwith High Q

LaueDiffuse
WeightingFunction
Edit S(Q)

Smoothing

DampingF(Q)

Interpolateto 0.0

checkbox

droplist

checkbox

checkbox

checkbox

checkbox

checkbox
checkbox
checkbox

checkbox
checkbox

checkbox

Comptonscatteringcorrectionis one of the mostimportantcorrec-
tionsfor properdatacrunching.TheoreticalComptonscatteringoro-
le will becalculatedirom takulatedvalues. This shouldbe turned
onall thetime.
choosewhich theoreticalpro le to use. This haslittle effect onthe
dataanalysis
It's only usedwhenComptoncontritution is only presentatlow
e.g. enegy discriminationby channelanalyzerswas used. In this
case,the theoreticalComptonpro le is multiplied by an empirical
Rulandwindow functionto emulatethe functionality of channelan-
alyzers.Thiswindow width parametede nesthewidth of thewin-
dow. Thereforeyoushouldgive alargervaluein caseof wideenegy
window width in your analyzersetup,andvice versa
we needto apply this correctionespeciallyif you have Comptonat
high . Otherwisetheeffectis minor. Differentmechanismsf pho-
tondetectiorusedifferentexponentsjn caseof countingthenumber
of photons,the exponentshouldbe 2; in caseof measuringX-ray
intensitiesthe exponentshouldbe 3
this correctionbasically takes considerationof the enegy depen-
denceof quantumef ciency of detectorslt becomeguiteimportant
in caseof imageplatesthebestway is to measuret andgive it asa
userprovidedcurwe. At presenteitheralinearor quadraticempirical
formulais usedasanapproximation
scalingis always performed. However, when this knob is turned
on, the programwill automaticallyscalethe datausingthe high
method.Otherwise userspeci edvalueis used.
it shouldbeonin general
it shouldonin general.Thefunctiontype shouldbe <ASF>
this shouldnot be usedin mosttimesunlessyou have soundreasons
to doso. It simplyappliesanadditive constaneandonemultiplicative
constantto resulted . You canturn to this for help whenyou
really cant proceedtherwise
a corvenientway to smoothvery noisy data. The startingQ value
andthewidth of the smoothingboxcarareneeded
aconvenientway to dampthe with a Gaussiarfunctionwhen
datawith very limited Q rangeareprocessed
asimplelinearinterpolationto

Table 3.13: Descriptionsf the GUI to setup

correctiongll)
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3.2.4 Setup corrections

This GUI sectiontells the programwhat correctiongo apply aswell assomeparameteralues.It's notas
complicatedasit maylook like. At this moment,only the Generic correctionmethodis implemented.So
keepit setall thetime. For all othercorrectionspleaseseeTable3.2.3and3.2.3.

3.2.5 Setup transformation
Underthe GUI sectionof G(r) Optimization, what's of mostinterestis the rangeof to useandthe
rangeof to generate.lt shouldbe straightforvard to input thosevalues. In particular Qgrid of 0.0

meansll Q valuesin thedatawill be used(eitherregularor irregular).

3.2.6 Data processingand visualization

Datavisualizationhasbeedescribedn detailsin Section2.4.10.Dataprocessings triggeredby the row of
buttonsnearthe bottom.Whatthey dois explainedin Table3.2.6.

Widget | Type | Description

ResetData | action | initial datawill beinvalidated,data les will be readagainduring next
Getl(Q) event
Getl(Q) | action | datales will bereadin if initial dataareinvalid. First,theadditve and
multiplicatve constantswill be appliedon correspondinglatatypes.
The, backgroundwill be subtractedaswell asthe container Multiple
detectorawill be blendedif applicable.X columnis corvertedinto
The nal datais , which will be automaticallysaved if the File
AutoSaveison
Calculatecorrections| action | Thisis atime saver sincemostcorrectionsaresimply the directresults
of theknown experimentakon gurations.You do not needto redothis
whenyou changearything in the S(Q) Corr ectionsGUI section
GetS(Q) | action | Thiswill takethe datathenapplycorrectiondasednyoursetup.
Both the structureand reducedstructurefunctionsare calculated,and
may alsobe automaticallysavedif theFile AutoSaveis on

GetG(r) | action| Simply dotheFouriertransformof to obtain
Save/PlotData | action | awindow will shaw thedataasyou speci edin theData Visualization
sessionSave Data will save thesamedatainto a le you select

Table 3.14: Descriptionsof the GUI to visualizedataandprocesglata

Thelastrow of theGUI is User Messagewhich displayssomeinformationduringthe dataprocessing,
aswell aswarningor error messagesWhenrunningon Linux/UNIX platforms,the programalsowrites
message® theterminal.
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Installation and Start-up

A.1 Obtain PDFgetX2and IDL

Therecommendevay to obtainprogramPDFgetX2is to dovnloadit directly from its homepageat
http://wwwpa.msu.edu/cmp/billinggroup/programs/PDFgetX2/

Recentupdatespug x es,andotherrelatedinformationare alsopostedon-line. Pleasecheckbackfrom
timetotime. If thewebis notaccessiblepleasesendusemail (billinge@pa.msu.eduo arrangealternatve
shipment.

A commerciallDL licenseddistribution (version6.0 or higher), or the freely downloadablelDL Vir-
tual Machine (IDL ), is the only prerequisiteto run PDFgetX2. The IDL is available from the
downloadsectionof the IDL websitehttp://www.rsinc.com/dwnload/ Supportedplatformsby IDL include
Linux/UNIX, WINDOWS, andMACINTOSH. No speci ¢ hardwareis usedby PDFgetX2. In principle,
PDFgetX2canrunonary platformwherelDL canbeinstalledandwidgetsaresupported.

A.2 How to install

PDFgetX2takesabout17 MB harddisk spaceincluding this manual,while a typical installationof IDL
maytake upto 200MB disk spacdor eitherthelicenseddistribution or thevirtual machine.

A.2.1 Linux/UNIX system

The le you shoulddownloadis pdfgetx2-xxxx-yymmddAlux.sh After a completedownload, go to the
saved directory andrun commandsh pdfgetx2-xx-yymmddAuxsh to initialize the installation. You will
be asled whereto put the sourceandthe executable just be surethat you have the right permission.For
example,with my computerunningRedHatLinux 9.0,1 gotthefollowing wheninstallingthe PDFgetX2
into alocal directory

PDFgetX2v1.0 Page: 37



APPENDIX A. INSTALLA TION AND START-UP UsersGuide

[xiangyun@knees ave ~/tmp]$ sh ./pdfgetx2-beta- 040416-l inu x. sh
Verifying archive integrity... All - good.

Uncompressing  pdfgetx2-beta- 040416. .. .. .. .. ..

Current  directory: tmp/selfgz31649

Source directory

Welcome to installation of PDFgetX2 beta

The liscense statement will be show first, use SPACEto scroll!
Press ENTERto continue

PDFgetX2

Software License Agreement

By downloading and installing a copy of the PDFgetX2 Software and
Documentation, you agree to the following terms.

Notification of Copyright: PDFgetX2 is a proprietary product of
Michigan State University ("MSU") and is protected by copyright laws
and international treaty. You (as "End User") must treat PDFgetX2
like any other copyrighted materials. Copyright  laws prohibit making
copies of the Software for any reason. You may make copies of the
Documentation  for use with a licensed version of the Software;

however, MSU notifications of copyright must be left intact. If  you

have any questions concerning this agreement, please contact the
Copyright  Licensing Office, MSU, East Lansing, Michigan 48824
U.S.A. (517) 355-2186.

License: MSUgrants End User the royalty-free, non-exclusive,
non-transferabl e right to use PDFgetX2 software for research or
educational purposes. You may not redistribute, transfer, rent,
lease, sell, lend, sub-license, prepare derivative works, decompile,

or reverse-engine er the PDFgetX2 Software without prior express
written consent of MSUat the above address.

MSU retains  title to PDFgetX2, including without  limitation the
Software and Documentation. End User agrees to use reasonable efforts
to protect the Software and Documentation from unauthorized use,
reproduction, distribution, or publication. All  rights  not
specifically granted in this Agreement are reserved by MSU.
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Warranty:  PDFgetX2 Software and Documentation are provided "as is."

MSU MAKESNO WARRANTY,EXPRESSOR IMPLIED, TO END USER OR TO ANY OTHER
PERSONOR ENTITY.  SPECIFICALLY, MSUMAKESNO WARRANTYOF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSEOF PDFGETX2
SOFTWAREOR DOCUMENTATION. MSUWILL NOT BE LIABLE FOR SPECIAL,
INCIDENTAL, CONSEQUENTIAL, INDIRECT OR OTHERSIMILAR DAMAGES,EVEN IF
MSUOR ITS EMPLOYEESHAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. IN NO EVENT WILL MSULIABILITY FOR ANY DAMAGESTO END USER
OR ANY PERSONEVER EXCEEDTHE FEE PAID FOR THE LICENSE TO USE THE
SOFTWARE,REGARDLESSOF THE FORMOF THE CLAIM.

General: If any provision of this Agreement is unlawful, void, or for
any reason unenforceable, it shall be deemed severable from, and shall
in no way affect the validity or enforceability of the remaining

provisions of this Agreement. This Agreement shall be governed by
Michigan law.

Do you ACCEPTthe above statement? (Y/N)y
Default installation directory: lusr/local
Default  location for executeable: {usr/local/bin
Use different directories? (YIN)y

NO space is allowed in the path!ll

New installation directory:/fu24/ xia ngyun/ softs rc
New executeable directory:/u24 /x ian gyun/b in
Start installation
installation directory: /u24/xiangyun/so ft src
location for executeable: /u24/xiangyun/bi n
coping files
making link
installation successfully completed, thanks!

please type: pdfgetx2 to run the program

A.2.2 Windows

The le you shoulddownload is pdfgetx2-xxxx-yymmdd-wigxe. Double click on the le will startthe
self-installation. An exampleof this startingstepis shavn in Fig. A.2.2. Following the GUI instructions
shouldcompletethe installation. A shortcutwill be createdon thedesktop.The le extension.xhstwill be
associateavith programPDFgetX2.The PDFgetX2groupis alsoinsertedto your programsnenu.
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Figure A.1: Thewindows self-installerGUI

A.2.3 Others

If the above two methodsdo not apply for your system the lastresortis to manuallyinstall the program
PDFgetX2whichis in factalsoratherstraightforvard. In this case you caneitherdownloadthe pdfgetx2-
xxxx-yymmdd.tagz or pdfgetx2-xxxx-yymmdd.zipncethe le downloadingis done,unzipand/oruntarall

le into adirectorywhereyouwantto installthe program.The le pdfgetx2.sawshouldbeableto run now,
providedIDL is alreadyinstalled.

A.3 How to start

Properstartingof PDFgetX2will rst displaysomemessagéo screerandthenshav thelogowindow asin
Fig.A.3

Figure A.2: ThewelcomeinterfacewhenstartingPDFgetX2
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A.3.1 Linux/UNIX system

Runpdfgetx2to invoke the programfrom terminals.Also make surethe executabledirectoryis includedin
your PATH variable. You canalsogive onePDFgetX2history le asanargumentfrom thecommandine,
andthehistory le will beautomaticalljoaded.Thedirectorywhereyou startthe programwill becomehe
Working Dir ectory.

A.3.2 Windows

If you installedthe PDFgetX2with the self-installer a shortcutwill be createdon your desktop,andthe
extension.xhstis associateavith programPDFgetX2.Doubleclick onthedesktopshortcutor onary *.xhst
le will invoke the program.The doubleclicked history le will be automaticalljoaded,andits directory

will becomeheWorking Directory.

A.3.3 Others

If noneof theabore worksfor you,youmayhaveto goto theinstallationdirectory andclick on pdfgetx2.sav
to re it up. If youwantto runit from command-lineyou maytry this: idl -vm=[thefull path]pdfgtx2.sav

A.4 Report problemsand suggestions

If you have ary problemsin installing & runningPDFgetX2or have ary suggestionspleasesendemailto
thefollowing address:

billinge@pa.msu.edu

Goodluck! Pleaseemembeto cite the paperdescribingthis program(seeSectionl.3 of this manual)
in your publicationsvhereyou madeuseof PDFgetX2.
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Supported File Formats

Data les have to bein ASCII format. The programdoesnt setthe singleline lengthlimit, which would
dependon your system. For all supportedle formats,you can rst specifythe numberof linesto skip
from the beginning. You canalso specifythe commentidenti er which startsa commentline insteadof
data. Changingthe le formatis doneby clicking on eitherthe Edit Format (Fig. 2.3) or Customize...
(Fig. 2.11)button, aGUI is providedto facilitateformatselection.

B.1 SPEC®Ie format

The SPEC le formathererefersto onewith compatibledataformatwith the output le from thecommon
diffractometercontrolanddataacquisitionprogramSPEC . First, let's shav anexampleSPEC le.

#S 1 ascan pmQ1 13 600 1

#L pmQereal elive Epoch Seconds IC1 IC3 | CESR PULSERTOTAL COMPTONC2 ELASTIC
1 2.07 1967 75931 2.11758 556914 396634 394.395 416 2866 233 31718 606

1.02 2.07 1.968 75934 2.11849 558523 396548 394.159 432 3000 217 31791 610

1.04 206 1.962 75936 2.10892 555188 394768 392.324 414 3030 253 31569 591

1.06 2.07 1.969 75939 2.11886 558933 396616 394.023 417 3138 240 31776 647

1.08 2.07 1.977 75942 21189 559126 396636 393.919 419 2923 246 31839 639

#S 2 ascan pmQ1 13 600 1

#L pmQereal elive Epoch Seconds IC1 IC3 | CESR PULSERTOTAL COMPTONC2 ELASTIC
1 2.07 1999 77606 2.11876 490517 396566 353.616 418 2397 186 27129 533

1.02 2.069 1.997 77609 2.11807 490872 396438 353.319 415 2486 194 27167 558
1.04 207 1.989 77612 2.11884 489377 396583 353.419 416 2672 177 27045 536

1.06 2.07 1.996 77614 2.11884 492200 396585 353.414 428 2551 195 27218 551

1.08 2.06 1.989 77617 2.10866 488500 394682 351.707 419 2458 199 26993 550
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Eachscanis a datablock delimitedby spacesThe rst line of eachblock muststartwith #S,followed
by oneor more spaceghenthe scannumbey which MUST be uniquethroughoutthe le. All othertexts
after the scannumberare taken asthe scantitle. The secondline in eachblock (exceptcommentlines)
MUST startwith #L, followed by columnnames.The columnnamesmeedto be spaceseparatedandhave
the samenumberof columnsasthe data. The dataare simply multiple-columnnumbers. You can have
commentineswith # asthe rst letteranywherein the le, however, the rst two letterscannotbe either#S
or#L.

SPECis theonly formatallowedto containmorethanonescan andmultiple scansof onemeasurement
have to bein one le (assumptiorof the program). If a le formatconversionor les meging becomes
necessangstrictly follow the SPECformatdescribedn the above paragraphln the simplestcase you only
needo addtwo linesin front of eachscanthe“#S <scamumber><scartitle>" and“#L <columnnames>".

B.2 n m ASCIl format

Only two kinds of informationcanbein this le format: commentinesanddatalines. All datalines must
have the samenumberof columns. If the numberof linesto skip is speci ed, thosestartinglines will be
quietlyignored.

B.3 CHI ®le format

In the CHI le format,the numberof linesto skip is setto be three. Otherwisejt's the sameasthen m
ASCI| format.
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PDFgetX2History File

Any PDFgetX2sessiomat ary stagecanbe saved into a history le, andloadingof the history le will
restorethe saved session. Eachinternal parameteiis given a key identi ed by a logical keyword in the
history le. Youcouldedittheparametevalues but this shouldrarelyhappersinceall essentiaparameters
areaccessiblérom the GUI.

For yourreferencea history le isincludedbelon. Somelinesaretruncatedor readability

# Format:

# Two sections are in this history file:

# 1) Preprocess SPEC Data, 2)Get X-ray PDF

# First  delimiter is ###HHH(7)  which separates the two,

# second is #####(5) which starts each subsection following.

# Note:

# You may modify this history file using a text editor, however,
# extreme caution must be paid to preserve the format. There should
# no blank before or after "=" sign, except no info available, please
# don not change the number of strings in each line even that Iline s
# too long or too short!

#

History  written: Sun Jan 18 15:53:29 2004
Produced by xiangyun
i SPECData_Reducti on ###H#HHH

#iHHH  ScansData_ Setup ViewSelect Isa= 0

SpecFile=ingaas _tutorial .s pec Num_Scans=5

#L NO. Scannum Valid Select Highlight Has_MCA
0 1 1 1 1 0
1 2 1 1 1 0
2 3 1 1 1 0
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3 4
4 5
#H### SPECMCA_Setup

QColumn=pmQ MonitorColumn=I
#L Det # Used SPEC_Col
0 1 ELASTIC

#iHHH SPECCorrection_
### Monitor_SetUp

Set up

TargetColumn=IC 2

1 1 0
1 1 0
Cc2 Num_Detectors= 1
MCACol USE_SPEC Use_MCA
0 0
DTC_lIsa=1

DTC Isa=1

Theory lsa=0 TotoalCountsCol  um=<cl ic k_me>
MeasuringTimeCo lu mn=<cli ck_me> DeadTime=3.0000 00
Pulser_Isa=0 PulserColumn=<c li ck_me>

None_lsa=1

### Detector_SetUp TargetColumn=ELA STIC
Theory_lsa=0 TotoalCountsCol  um=TOTAL
MeasuringTimeCo lu mn=Seco nds DeadTime=11.6000 00
Pulser_Isa=1 PulserColumn=PU LSER

None_Isa=0

## Merge_Setup Normalize_lsa=

AutoScale Isa= 0

Qmin=0.100000

1 NormColumn=IC2

IDetector=0

NormColumnType =1
Qmax=100.000000

#L Scannum  Add Multiply Qmin  Qmax Imin Imax
-1  0.000000 1.000000 1.000000 12.900000 0.000000 0.000000
-1  0.000000 1.000000 1.000000 12.900000 0.000000 0.000000
-1  0.000000 1.000000 12.00000 40.000000 0.000000 0.000000
-1 0.000000 1.000000 12.00000 40.000000 0.000000 0.000000
-1 0.000000 1.000000 12.00000 40.000000 0.000000 0.000000
### ScanData_DeGlit ching Num_Glitches=4 2
#L  scannum column imin imax
-1 -1 -1 -1
### MergedData_DeGl it chi ng Num_Glitches=1
#L  scannum column imin imax
-1 -1 -1 -1
#H#HH Plot_Setup
PlotStyle=1 DataType=2  CompareDetector s | sa=0
XColumn=<click_ me> YColumn=ELASTIC NColumn_lIsa=0 NColumn=IC2
#HHH#HHE  Get XPDF ####H#
#iHHH  General_Setting
title=X-ray PDF
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workingdirector y=/u 24/xi angyun/p roj ects /P DFGet X/ tu to ri al/
quiet=0 debug=0 autosave_isa=1 savefilenameba se=in gaas_t uto ri al
igfilesurfix=.i q sqfilesurfix=.sq fqfilesurfix=. fq grfilesurfix=.g r

#####  DataFileFormat

datatype=0 (0:SPEC, 1.CHI, 2:nxm column, 3:unknown)
num_skiplines=0 comment_id=# delimiter=

### SPEC Format scan_id=#S scan_delimiter=
columnname_id=# L columnname_deli mite r=

data_id= data_delimiter =

### CHI Format

### nxm column Format

### End of file  format

####  Data&Background

samfile=ingaas_  tutori al. int num_sams=1
sambkgfile=inga as_tutori al .b kg num_sambkgs=1
confile= num_cons=1
conbkgfile= num_conbkgs=1
det# used xcol detcol deterrcol xmin  xmax add _det mul_det add _bkg mul_bkg
0 1 0 1 3 1.00000 40.0000 0.00000 1.00000 0.00000 ]

#HHH Experiment_Setu p
title=InGaAs local  structure
user=Dr. Jeong
facility=CHESS
temperature=300 .0 00 containermut=0 .0 00500000 filtermut=0.02 00000
## X-Ray radiationtype=3
(0: Ag K alpha, 1:Cu K alpha, 2:Mo K alpha, 3:Customize)

lambda=0.207800 energy=59.6655 polartype=2 polardegree=0.95 0000
## MonoChromator  crystaltype=0 (O:Perfect, 1:Mosaic, 2:None)
position=0 (O:Primary beam, 1:Diffracted beam)

dspacetype=2 (0:Si{111}, 1.Ge{111}, 2:Customize) dspacing=3.1350 O
##HH# Sample_Setup  information num_atoms=3

#L symbol valence fractions z weight macoef asf a[5] asf Db[5] asf ¢ compcoef_a[5] C
Ga 0.000000 2.000000  31.000000 69.723000 39.956245 15.758946 6.841123
As  0.000000 3.000000  33.000000 74.921590 46.441498 17.025642 4.503441
In 0.000000 1.000000  49.000000 114.820000 20.441433 6.196477 18.816183
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geometry=1 absorpCoef=1.1 100000 numberdensity= 0. 00000
thickness=0.000 00 packingFraction= 0. 00000 mut_theory=0.00 000

#H#H#  GetlQ_Setup

xformat=2

filtercorr_isa= 0 samfiltercorr_i sa=0 sambkdfiltercorr _isa=0
confiltercorr_i sa=0 conbkgfilterco rr_isa=0

scatveffcorr_is a=0 samconveffcorr_  is a=1 sambkgveffcorr . is a=0
conbkgveffcorr_ is a=0

nonegative_isa= 1 negativevalue=- 1. 00000

#H#HH:  Calibration_Dat a

## Detection efficiency energy dependence detedepxaxis=0

detedepfunctype =0 detedep_elastic= 1. 00000 detedep_fluores =1.80 000
detedep_quadra= 0. 00000 detedep_spline= 0. 00000 detedep_file=

## Detector transmission energy dependence dettcoefxaxis=0

dettcoeffunctyp e=0 dettcoef_elasti c=0. 950000 dettcoef fluor es=0. 60
dettcoef _quadra =0.0 0000 dettcoef_splin e=0.0 0000 dettcoef file=

#HHH  1Q_Simulation

### Elastic used_isa=1 mymethod=1

do_samabsorp=1 do_multscat=1 do_conabsorp=0 do_airabsorp=0
do_polarization =1 do_oblincident=0 do_energydep=0
do_breitdirac=0 breitdiracexpo=2 .0 0000

do_rulandwin=0 rulandwinwidth =0. 00100000

do_useredit=0 add_user=0.0000 O mul_user=1.0000 O

### Compton used_isa=1 mymethod=0

do_samabsorp=1 do_multscat=1 do_conabsorp=0 do_airabsorp=0
do_polarization =1 do_oblincident=0 do_energydep=0
do_breitdirac=1 breitdiracexpo=2 .0 0000

do_rulandwin=1 rulandwinwidth =0. 00300000

do_useredit=0 add_user=0.0000 O mul_user=1.0000 O

### Fluores used_isa=0 mymethod=1

do_samabsorp=1 do_multscat=1 do_conabsorp=0 do_airabsorp=0
do_polarization =1 do_oblincident=0 do_energydep=0
do_breitdirac=0 breitdiracexpo=2 .0 0000

do_rulandwin=0 rulandwinwidth =0. 00100000

do_useredit=0 add_user=0.0000 O mul_user=1.0000 O
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##HH#  Correction_Setu p

oblincident_isa
samfluoretype=0
multiscat_isa=1
highgscale_isa=
scaleconst_theo
comptonscat_isa
comptonmethod=1
detefficiency i
detefficiency_a
lauediffuse_isa
weight_isa=1
weightsmoothrmi
editsq_isa=0
editsgsmoothrmi
smoothdata_isa=
interpolategmin
dampfq_isa=0

#HHH  SqGr_Optimizati
varcovarfile=g

gmin=1.000000

rmin=0.000000

## SqOptimization

ftmethod=0
## S(q)
## G(r)

optgmin=20.0000
optrmin=0.00000
maxiter=20
fitbkgmult_isa=
fitoblique_isa=
fitrulandw_isa=
fitsimurulandw_
fitDetEdepsplin
fitDetTcoefquad

#iHH##  Save&Plot
datatype=SqtoFq
sqgcorrtype=DetE
gropttype=0ptFq

corrmethod=1
dettranscoef=0.9

samfluorescale=0

xraypolar_isa=1

1 highqgratio=0.49

ry =0.0 0159925

=0 99000
.2 3000000
samabsorp_isa= 1

0000 scaleconst=0.001

samfluore_isa=0

59925

=1 rulandwin_isa=1 rulandintewidt h=0.0 0300000
breitdirac_isa=1 breitdiracexpon ent =2
sa=0 detefficiencyt ype=0 (0-1: linear, 2-3. quadratic)
=1.0 500000 detefficiency_ b=9.9 999997e-0 5
=1
weighttype=0 (0: <ASF>"2, 1. <ASF"2>, 2: Data Smoothed)
n=3. 00000 weightsmoothwid  th= 100 weightsmoothcyc le s=600
editsgtype=0 add_sqg=0.00000 mul_sg=1.00000
n=3. 00000 editsgsmoothwid  th= 100 editsgsmoothcyc le s=600
0  smoothfunctype=0 smoothgmin=12. 0000 smoothboxwidth= 9
_isa=0 gmininterpolat io nt ype =0

dampfqwidth=23 .0 000

on Setup

rv ar _covar. dat
gmax=40.000000
rmax=20.000000
sqoptfunction=1

qgrid=0.000000
rgrid=0.010000

optgmax=40.0000 optqgrid=0.000 00
optrmax=2.20000 optrgrid=0.010 00000
relstep=0.0000 0 weighttype=2 weightfunc=0
0 fitsampmut_isa= 1 fitpolariz_isa =1
0 fitfluores_isa= 0
1 fitenergya_isa= 0 fitenergyb_isa =0
is a=1 fitDetEdepfluor es_isa=0 fitDetEdepquad ra_is a=0
e is a=0 fitDetTCoefEla stic _is a=0 fitDetTCoefFlu ore s_is a=0
ra_i sa=0 fitDetTcoefspl in e_i sa=0
Settings
igcorrtype=BkgSu b igsimutype=Sim  ulq
ff sqtofgtype=FqDat a

miscdatatype=Ato = m/SF
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