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Preface

PDFgetX2SoftwareLicenseAgreement

By downloadingand installing a copy of the PDFgetX2Software and Documentation,you agreeto the
following terms.

Noti�cation of Copyright: PDFgetX2is a proprietaryproductof MichiganStateUniversity ("MSU")
andis protectedby copyright laws andinternationaltreaty. You (as"End User")musttreatPDFgetX2like
any othercopyrightedmaterials. Copyright laws prohibit makingcopiesof the Software for any reason.
Youmaymakecopiesof theDocumentationfor usewith a licensedversionof theSoftware;however, MSU
noti�cations of copyright mustbe left intact. If you have any questionsconcerningthis agreement,please
contacttheCopyright LicensingOf�ce, MSU, EastLansing,Michigan48824U.S.A.(517)355-2186.

License:MSU grantsEndUsertheroyalty-free,non-exclusive, non-transferableright to usePDFgetX2
software for researchor educationalpurposes.You may not redistribute, transfer, rent, lease,sell, lend,
sub-license,preparederivative works,decompile,or reverse-engineerthePDFgetX2Softwarewithoutprior
expresswrittenconsentof MSU at theabove address.

MSU retainstitle to PDFgetX2,including without limitation the SoftwareandDocumentation.End
Useragreesto usereasonableefforts to protectthe SoftwareandDocumentationfrom unauthorizeduse,
reproduction,distribution, or publication.All rightsnot speci�cally grantedin this Agreementarereserved
by MSU.

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

General:If any provisionof thisAgreementis unlawful, void,or for any reasonunenforceable,it shallbe
deemedseverablefrom, andshallin nowayaffect thevalidity or enforceabilityof theremainingprovisions
of this Agreement.This Agreementshallbegovernedby Michiganlaw.
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Chapter 1

Intr oduction

1.1 What is PDFgetX2?

PDFgetX2is a userfriendly programto obtain the atomic pair distribution function (PDF) from X-ray
powderscatteringdata.Theinteractionbetweenusersanddatais facilitatedby a ratherextensive graphical
userinterface(GUI). The supportedplatformsinclude Linux, Windows, and Mac OSs. Pleaserefer to
AppendixA for detailedinstallationinstructions.Thesupported�le formatsincludeSPEC,CHI, andfree
dataformat.Pleasereferto AppendixB for details.

The PDF, �

��� �

, is a real spacefunction telling the probability of �nding pairsof atomsseparatedby
distance

�

in thematerial.TheexperimentalPDFcanbethoughtof asthesumof snapshotsof the instan-
taneousatomicarrangementsover the datacollectiontime. Accordingly. the PDF cantell us aboutboth
the local structure(low

�

region) andaveragestructure(high
�

region). The PDF methodhasbeenused
asearly as1931by Debye[1] to study liquid mercury, andhasmostly focusedon glassandamorphous
materials[2; 3]. Not until recently, thePDFanalysishasbeensuccessfullyappliedto crystallineandnano-
crystallinematerials[4]. Wewould like to directyou to a recentbookby EgamiandBillinge (2003)[5] for
moretechniquedetailsandrecentPDFapplications.

ThePDF, �

��� �

, is obtainedby adirectsineFouriertransformationof thestructurefunction �

�����

, where
�

is themagnitudeof thescatteringvector. However, thecollectedraw dataduringX-ray scatteringexper-
imentssubjectto variousinstrumentandsampleeffects,which have to beproperlycorrectedto extract the

�

��� �

. This program,PDFgetX2,livesto serve this purpose.Standardcorrections[5; 6; 7] implemented
includesubtractionof backgroundscattering,sampleabsorption,X-ray polarization,unwantedComptonin-
tensity, andnormalizationby theaverageatomicscatteringpower. Particularlyfor theRA-PDFexperiments
recentlydevelopedby Chupaset al. [8] utilizing the imageplateareadetector, additionalcorrectionsdue
to obliqueincidentangledependence[9] andthe detectorenergy dependence[10] arealso implemented.
Statisticaluncertaintiesdue to limited intensity countsare estimatedand are propagatedup to the PDF,

�

��� �

, which becomesvery importantwhen as the �

��� �

and �

�����

dataare increasinglybeing modeled
usingregressionalgorithms.In addition,simpledatasmoothinganddampingarealsopossible.
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CHAPTER 1. INTRODUCTION UsersGuide

A standingalonefunctionalityin this programis to preprocesstheraw SPECdatato a single4-column
dataset. You have theoptionsto applythedetectordeadtime correctionson monitoranddetectorcounts;
measuredintensitiesfrom differentscanscanbeeithernormalizedby theircollectiontimeor monitorcounts.
Scalingbetweendifferentscanswhenmergedinto asinglesetis automaticallycomputedto achieve thebest
overlap.Errorpropagationis alsocarriedout.

All featuresof theprogramis accessiblefrom thebuilt-in GUI, however, manuallyeditingdataprocess-
ing parametersarepossiblethroughatext window. Onenoteworthy featureis theautomaticadditionof data
processingparametersinto the �

��� �

and �

�����

�les asheaderhistoryinformation.Thehistoryinformation
canalsobesavedalone.Restorationof thehistory informationwill reproducetheoriginal �

��� �

and �

��� �

which may becomemuchdesirablewhencarefulexaminationof dataprocessingis found necessaryat a
laterstage.

1.2 What is new?

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

http://www.totalscattering.org/programs/PDFgetX2/

1.2.1 Version1.0

Somebugs in the programhave been�x ed sincethe Betarelease.SomeGUIs areenhanced.The most
notablechangeis �

��� �

optimizationroutine(still undertest).

1.2.2 Beta release

ThePDFgetX2codingprojectstartedout asanupgradeto theYorick programPDFgetX[6] developedin
our group.Theinteractive datalanguage(IDL 1) waschosenfor its cross-platformcompatibility, andbuilt-
in GUI capability. Thedatacorrectionmethodsusedin PDFgetXwereinherited.However, this releaseof
PDFgetX2is not a translationof programPDFgetX,i.e. with only anadditionof GUI. Thetwo programs
differ a lot in programingstructureandconcepts,but dogivequantitatively consistentresults.As thecoding
efforts movedon,numerousnew featureshave beenconstantlyadded,andsomeexisting capabilitieswere
expanded.A tour of the featuresavailable in PDFgetX2is bestmadeby going throughthe tutorial data
providedin thismanual.

1.3 UsingPDFgetX2

Publicationof resultstotally or partiallyobtainedusingtheprogramPDFgetX2shouldstatethatPDFgetX2
wasusedandcontainthefollowing reference:

1IDL is a registeredtrademarkof ResearchSystems,Inc. for their Interactive DataLanguagesoftware
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X. QIU, 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, 678–678

1.4 Using this manual

Pleasenotethatthis manualdescribesonly theuseof theprogram.For a detaileddescriptionof theimple-
menteddatacorrections,pleaseseethebookby EgamiandBillinge [5].

1.5 Acknowledgments

Theauthorsarein greatgratitudeto Dr. Jeongfor thegeneroussharingof his literaturecollectionof X-ray
dataanalysismethods,alsofor his valuableinputs. Greatappreciationsgo to Dr. Proffen for his lateral
helpswith earlycodingconsulting,latex templatefor this manual,andthewindows self-installerprogram.
We would to thanksall thepre-betaversionusersfor their patiencedealingwith themaliciousbugsin the
program,andtheir kindnessto reportthemin details.An incompletelist of namesincludesMr. Masadeh,
Ms. Kim, Mr. Malliakas,Mr. Mtshatawani. Dr. Petkov andDr. Bozinshouldalsobethankedfor theuseful
discussions.

Someopensourceutilities written by David Fanning,and Craig Markwardt have beenusedin this
programwithout modi�cations. Several X-ray scatteringtabulateddata�les aretaken from the DABAX
databasefrom ESRFwebsite(http://ftp.esrf.fr/pub/scisoft/xop/DabaxFiles/), asguidedby theGNU general
public library license.

Financialsupportfrom theNationalScienceFoundationthroughthegrantsDMR-0304391andCHE-
0211029andfrom U.S.Departmentof Energy throughgrantDE-FG02-97ER45651,aswell astheCenter
for FundamentalMaterialsResearch(CFMR),aregratefullyacknowledged.
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Chapter 2

Quick Start Tutorial

Pleasenotethatthedatacorrectionscarriedout on thedataarenot describedin this manual,just theuseof
theprogram.For adetaileddescriptionof thecorrections,pleaseseeEgamiandBillinge [5].

2.1 Installation and start-up

Detailedinformationaboutwhereandhow to obtaintheprogramPDFgetX2canbefoundin AppendixA.
Beforeyou start,it might bea goodideato checkfor updatesand/orbug �x es.Waysto invoke PDFgetX2
on for differentplatformsarealsoexplainedin AppendixA.

Now let's starttheprogram,andthewelcomewindow shouldappearasshown in Fig. 2.1.Thelook and
feelof theGUIsvariesslightly on differentplatforms.

Figure2.1: 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, thuscanbesafelyskipped.Thedirectoryand
�le namesaretypedasitalicized. Thebold texts referto thewidgetnameson theGUI.

2.2 Copy tutorial data

The data�les usedin this short tutorial can be found in the tutorial subdirectoryunder the PDFgetX2
installationdirectory (e.g.C:� ProgramFiles� PDFgetX2in Windows). You needto copy three�les, in-
gaas_tutorial.spec, ingaas_tutorial.int, and ingaas_tutorial.bkgto a local directoryof your choice. The
tutorial directoryalsocontainsthedata�les we planto obtainin this chapterfor your referenceonly. For
all supporteddata�le formats,pleasereferto AppendixB.

2.2.1 Description of the tutorial experiment

Thetutorialsample,semiconductoralloy ������� �	��

����� ������� , wasmeasuredat10K with �at-plate transmission
geometryat theCornellHigh Energy SynchrotronSource(CHESS).Thex-ray energy usedwas60.0keV
( �����������! !" Å) selectedwith a Si(111)double-bouncemonochromator. The scatteringfrom the empty
�at platecontainerwasalsomeasured,andfoundto beratherlow. All datawerecollectedusingprogram
SPEC#%$ , aUNIX-basedsoftwarepackagefor instrumentcontrolanddataacquisition.

2.3 PreprocessSPECformat data

2.3.1 Objective

Theobjective is to obtainusable(i.e. properlycorrected)datafor thegeneralpurposePDFdataprocessing
in section2.4Get X-ray PDF.

¶ Do I needto preprocessmy data?

Thisstep,preprocessthedata,is necessaryif any oneof thefollowing conditionsis met.

• morethanonescanexists,andmerging is required(seeAppendixB)

• thedetectorcountsneedto becorrectedfor deadtimeeffects

• thedataneedto benormalizedpointby point,with thenormalizationfactorstoredin one
column

• thedatahave beenproperlypreprocessed,but don't have the estimatedstandarduncer-
tainties.
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If noneof theabove describesyour situation,you probablydon't needto go throughthis step,
andpleasejump to section2.4. If preprocessingis required,theinput®le needsto bein SPEC
format.ASCII ®lescanbeeasilyconverted(seeAppendixB).

Thejusti®cationfor thisdatapreprocessingis thefollowing. A SPECdata®le usuallycontains
morethanonescanswith eachscancoveringportionsof themeasuredreciprocalspace.Every
scanis a � row by � columndataset. Onerow representsa measureddatapoint, and the
columnsrecordthe

���

��� , detectorcounts,monitor counts,collectiontime, andsomeother
values.However, what's of our interestis thescatteringintensityversus

���

��� over theentire
measuredrange.Thissimplymeanstomergethescanstogetherandextracttheusefulcolumns.
However, differentscansoften have differentscalesdueto eithervarying collectiontime or
incidentbeamintensitychanges.Even within onescan,eachpoint may alsorequireproper
normalizationdueto thesmall¯uctuationsof theincidentbeam.Oftenmoresigni®cantly, the
non-linearresponse(countingratedependence)of detectorsneedsto becorrectedon theraw
counts®rst. Thuseachscanneedsto betreatedindividually beforebeingmergedtogether.

2.3.2 Load SPECdata �le

First, we needto load the SPEC�le. The tutorial raw datafrom the sampleweresaved into the SPEC
format �le, ingaas_tutorial.spec. A simplebut suf�cient descriptionof the SPECformatcanbe found in
AppendixB.1. In principle,all supported�le formats(AppendixB) canbeused,but areall convertedinto
SPECformatinternally. If your �le is notof oneof thoseformats,a formatconversionis necessary.

Following themenuSwitch–>to PreprocessSPECformat data (shown in Fig. 2.2),you will activate
themainpreprocessSPECformatdataGUI asin Fig. 2.3.

Figure2.2: Click thePreprocessSPECFormat Data buttonto switchto theGUI in Fig. 2.3

Clicking on the button SPEC Data File (Fig. 2.3) will bring up a graphicdialog to selectthedesired
�le. You mayneedto go throughdirectoriesto locatethe tutorial �le ingaas_tutorial.spec. Eitherdouble
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Figure2.3: ThemainpreprocessSPECformatdataGUI

click on ingaas_tutorial.spec or pressthe OK button with ingaas_tutorial.spechighlightedwill make the
selection.After a successfuldatareading(waiting time dependson computerspeed),thetop left portionof
theGUI shouldresembleFig. 2.4(moredetailson eachGUI sectioncomelater).

2.3.3 Overview of scansinformation

In generala SPEC�le containsmultiple scans.Theprogramreadsthescanheaderline beginningwith #S
in the SPEC�le (AppendixB andreproducesthemin the GUI window (Fig. 2.4) allowing you to select
thescansyou want. Fig. 2.4shows theGUI portiondisplayingthescansinformation.Thelabelon thetop
tells us that this SPEC�le contains� ve scans.Thefollowing 5 Selectedshows the total numberof scans
selected;5 Highlighted shows the total numberof scansbeinghighlighted.Eachline/itemin this list box
representsonescanin thedata�le. Scaninformationsuchasthescannumber, numberof datapoints,value
rangeof thecolumnof interest(readon for details),andtheselection�ag areshown astext contents.We
canseethat all scansareselected(you canhighlight all of themusingthe mouse),which explainsthe 5
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Figure2.4: TheGUI portiondisplayingscansinformationin theSPECdata.

Selected,5 Highlighted in thelabelabove thelist.
On the last row, the button ToggleScan(s)SelectionFlag will toggle the selection�ag of currently

highlightedscans.Whena scanis �agged asSelected, it will beusedwhenmerging scans(which happens
at a muchlaterstage).If unselected, it will not be includedduringmerging. You alsohave thechoiceto
show only theselectedor all scansin thelist throughthedroplistlist next to thelabelList Scans. Thisonly
becomesnecessarywhenyouhave many “bad” scansin thedata.

2.3.4 Setup SPECcolumns

Thenext stepis to tell theprogramseveral columnnamesof interest.This is donein theupperright side
of the GUI asshown in Fig. 2.5. You needto specifythe columnnamesfor

���

��� , monitor column,and
detectorcolumn(s).Only thedetectorcanhave morethanonecolumns,in thecasethatmultiple detectors
areusedduring measurements.Theallowed maximumnumberof detectorsis 10. For eachdetector, you
needto specifyits columnnamein theSPEC�le

In ourdata,eachscanhas13columns,whosenamesarelistedin thedroplistfor eachcolumnselection.
���

��� columnshouldbesetto pmQ, while themonitorcolumnsetto IC2. Sinceonly onedetectorwasused
duringtheexperiment,thenumberof detectorsis 1, whoseSPECcolumnshouldbeELASTIC . In theend,
theGUI shouldlook like Fig. 2.5.
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Figure2.5: TheGUI sectionto setupSPECcolumns

2.3.5 Setup deadtime correction

OnceSPECcolumnnamesareset, we are readyto setup the deadtime correctionon the monitor and
detectorcolumn(s).They areIC2 andELASTIC columns,respectively. TheGUI for this job is locatedat
thelower left panel,asshown in Fig. 2.6.

¶ Is deadtimecorrectionnecessary?

This is determinedby whetherthecountrateis within thelinearresponseregimeof thedetec-
tor. Deadtime correctionis rarelyneededfor in-houseX-ray measurements,while becomes
necessarywhendataarecollectedat high ¯ux synchrotronsources.If you arenotsure,please
checkthe speci®cationsof the detectoragainstyour maximumcountrate (i.e. the strongest
Braggpeak). For moredetailson why andhow detectordeadtime correctionis applied,see
thebookby EgamiandBillinge [5].

FromtheGUI, thedeadtimecorrectionsetupfor ONLY ONEcolumnis directlydisplayedandeditable.
Switchingbetweencolumns(themonitoranddetectorcolumns)is donevia theEditing Correction SetUp
for Column dropliston thetop portionof this GUI section.Oncea selectionis made,theGUI below will
beupdatedby selectedcolumnsettings.Our monitorcountsarefrom ion chambers,thereforedoesn't need
any deadtimecorrection,sopleaseselectNone. For thedetectorcolumnELASTIC comingfrom thesolid
statedetector(SSD),youcaneitherchooseto usetheoryor pulsermethod(seeChapter5 of [5]). If youuse
thetheorymethod,youwill needthethetotalcountsin thedetectorandthemeasuringtimeandthedetector
deadtime. SelectthedatacolumnTOTAL andSecondsfor the�rst two. For this Gedetector, a deadtime
of 11.6 � s workswell. Thepulsermethodrefersto theuseof anelectronicpulser([5]) that is propagated
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with thedata.Youwill needto selectthecolumnof datacontainingthepulsercounts“PULSER”. Eitherthe
theoryor pulsermethodwill work well for ourdata,however thetheorymethodis recommendedbecauseit
introduceslessnoise.If youareinterested,try thembothfor comparison.TheGUI is shown in Fig. 2.6.

Figure2.6: TheGUI to setupdeadtime correctionsfor monitor(left) anddetectorcolumns(right)

2.3.6 Setup detector(s)merging

In general,whendataarecollectedin morethanonescan,thedifferentscansneedto benormalizedby their
respective monitorcountsor measurementtime beforebeingmerged. Therefore,to setup theprogramfor
merging scans,we mustassignthedatacolumnfor normalization,alsotherangeof eachscan,andscaling
betweenscansWe shouldset lower and uppercutoff valuesfor eachscanto exclude the experimental
artifactssometimesappearingat eitherendof thedata.Be awarethatyou needto setup EVERY detector
columnin caseof multipledetectors.Also for thisreason,theGUI tosetupeachdetectoris accessedthrough
theEditing Correction SetUpfor Column droplistusedin settingup thedetectordeadtime corrections.
Thesectionfor this job is in thelowersectionof Fig. 2.6.

In ourcase,wesetthenormalizationcolumnto IC2, whichis themonitorcounts,andoptnotto useauto
scale. Qmin shouldbe 0.0 Å �

�

, with Qmax of 40.0Å �

�

. The right panelof Fig. 2.6 shows thesettings
for detectorcolumnELASTIC . Here the rangeof from 0.0 to 40.0 Å �

�

is for the mergeddata. Setting
individually usedrangefor eachscanis promptedby clicking on theEdit by Scansbutton.

2.3.7 Actions and visualization

Now, we have givenall theneededinformationto preparetheraw SPECdata.We canturn to our attention
to theGUI sectionof actionandvisualizationasshown in Fig. 2.7.

Thebuttonsto issuecalculationcommandsarein thebottomrow. ButtonUpdate Scansis only useful
whenMCA dataareavailable(underdevelopment),thoughit doesn't hurt to click it. Clicking buttonApply
Correctionswill apply the corrections(the detectordeadtime correction,normalization,etc) to monitor
anddetectorcolumnsasyou speci�ed. Clicking buttonMergeScanswill take all selectedscans(�agged
as“selected”)andmerge theminto thesinglemergeddata,which is whatwe setout to obtainin the �rst
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Figure2.7: TheGUI sectionto plot/savedataandprocessdata.

place.Whenmultipledetectorsareused,themergeddatafor eachdetectoris storedasonescanin thetotal
mergeddatain SPECformat.Themergeddatanow hasmorethanonescans,however conceptually, this is
differentfrom theusuallymeaningof SPECdata.

In the end,we have dataat threestages,raw SPECdata,scansdataafter correction,andthe merged
detectors.We caneithersave or plot themaftermakingour selections.If theSave Data button is clicked,
you will be asked for a �le nameto save the selecteddata. If the Plot Data button is pressed,the same
selecteddatawill beplottedin a separatewindow, with additionalsettingsdescribedbelow. ThePlot Style
shouldbepracticallysettheSimplePlot View atall times.

Dataselectionis madeas the following. First, choosefrom the Raw SPEC, Corrected Scans, and
MergedDetectorsunderbuttongroupDataType. WheneitherRaw SPECor CorrectedScansisselected,
thetargeteddataarethosescanscurrentlybeinghighlighted. If thebuttonCompare Detectorsis selected,
all the detectorcolumnsfor the �r st highlightedscanareselected.In all cases,you have the freedomto
selectthe � valuesto plot via thedroplistX Column. UnlessCompare Detectorsis selected,youcanalso
choosethe � datato plot via droplistY Column. In addition,if you preferto have anormalizationcolumn,
youcandosoby enablingnormalizationcolumn(by settingtheNorm. Col. button). In thiscase,theplotted
Y Column will bedividedby thenormalizationcolumn. If this soundsratherconfusing,pleaseplay with
theinterfacefor betterunderstanding.

After carryingout the actions(Update Scans, Apply Corrections, Merge Scans, we needto check
thecorrectionresults.We shouldnot selectCompare Detectorssinceonly onedetectoris presentin the
tutorial data.SettheX Column aspmQ, theY Column asELASTIC , theNorm. Col. asunselected,and
highlight all thescans.To visualizetheraw SPECdata,selectRaw SPECastheData Type, thenclick on
thePlot Data button.Theplot window appearasFig. 2.8 left panel.If theCorrectedScansis selected,we
shouldseeFig. 2.8right panel.All scansmatchquitenicelyafterthecorrectionsandnormalization.
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Figure2.8: Visualizationof theraw SPECdata(left) andthecorrectedSPECdata(right)

2.3.8 Savemergeddata and the history

Following the above section,if Merged Data is selectedasthe Data Type, we canvisualizethe merged
dataas in Fig. 2.9. Clicking on Save Data will invoke a dialog to selecta �le to save the mergeddata.
You canuseyour favorite plot programto comparewhatyou have just got with theprovidedreference�le
ingaas_tutorial.int(underthetutorialdirectorywherewecopiedthetutorial data).

Themergeddatahave four columns.The�rst is
���

��� column;thesecondis thedetectorcountcolumn;
thefourthcolumncontainstheerror(standarddeviation) of thedetectorcount,i.e. thesecondcolumn.The
third columnis presentfor compatibilityreasonswith all valuessetto zero.Thedetectorcounterroris �rst
estimatedasthesquarerootof thedetectorcount,thenpropagatedthroughthecorrectionsandnormalization
steps.This formatis alsocompatible(andthedefault format)with thenext 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 thehistoryinformation.Thesavedhistory�le canbeloadedbackinto
theprogramby clicking on theLoad ... button instead.This tutorial alsocontainsanexamplehistory �le
ingaas_specred.xhst. Loadingthis �le will setup whatwehave gonethroughin this section.

2.4 Get X-ray PDF

2.4.1 Objective

Our goal for this step is to obtain the structurefunction �

��� �

, then the PDF, �

�����

. Thoughonly the
elasticscatteringintensitiesarewhatwe areinterestedin, thecollectedraw scatteringintensitiesinevitably
are subjectto various instrumentand sampleeffects. The backgroundshouldbe subtracted. Standard
correctionsdueto partialX-ray polarization,sampleabsorption,anddoublescatteringneedto beperformed.
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Figure2.9: Visualizationof themergeddataobtainedfrom preprocessSPECformatdata

TheunwantedComptonintensitiesshouldalsoberemoved.Thissectionwill show youhow thesearedone
in this program.

2.4.2 Setupworking dir ectory

Following themenuSwitch–>to Get X-ray PDF asFig. 2.10,you will activatethegetX-ray PDFGUI as
in Fig. 2.11.

Changingworkingdirectoryis doneby clicking on thebuttonWorking Dir ectory in thetopportionof
Fig.2.11.Thiswouldbringupadirectoryselectionwindow. Weshouldselectthelocaldirectorycontaining
all thecopiedtutorialdata�les (seesection2.2).

The Working Dir ectory displayedon the GUI (Fig. 2.11) canbe very useful. First, whenselecting
data�les, the directoryto startthe searchwill alwaysbe the Working Dir ectory. More importantly, the
programby default savesthe �

�����

and �

��� �

�les automaticallyundertheWorking Dir ectory. A log �le
(.pdfgetx2.log) andtemporaryhistory�le (.pdfgetx2.xhst) arealsosavedundertheWorking Dir ectory when
exiting theprogram.A recommended�le organizationis to have all thedata�les underonedirectory, then
setthis directoryto be the Working Dir ectory. This will alsomake data�le selectioneasier, andall the
autosaved �les will alsobe in thesamedirectory. Thedefault working directoryis whereyou startup the
programPDFgetX2.In Linux/UNIX, it' s whereyou run thepdfgetx2command;in Windows, doubleclick
on a*.xhstwill setits directoryastheWorking Dir ectory.
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Figure2.10: Click theGet X-ray PDF buttonto switchto theGUI in Fig. 2.11

Figure2.11: ThemainGetX-ray PDFGUI
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2.4.3 Input data �les

In this tutorial, we will usetheprovided �le ingaas_tutorial.intasthesampledata,ingaas_tutorial.bkgas
the samplebackgrounddata. Certainlyyou canalsousethe merged dataobtainedin section2.3 as the
sampledata.Containerandcontainerbackgrounddataarenot usedin thetutorial. Input of eachdata�le is
doneby clicking on thecorrespondingbutton(asin Fig. 2.12),whichwill invoke aGUI to select�les. Data
�les arenot immediatelyreadin afterbeingselected.For your reference,the correspondingGUI section
shouldlook similar to Fig. 2.12.

Figure2.12: Readin thesampleandsamplebackground®les.

¶ Whatarethosedatatypes?

Fourkindsof dataareused.Sampledatarefersto thescatteringintensitywhensampleis mea-
sured,whichmeansto containcontributionsfrom sample,container(if used),andbackground
scattering. Samplebackgrounddatarefersto the backgroundscatteringwhen sample(and
containerif used)is removedfrom thebeam.Containerdatarefersto thescatteringwhenonly
containeris positionedin thebeam.Thecontainerbackgroundrefersto thebackgroundwhen
containeris removedfrom thebeam(this is usuallythesameasthesamplebackground).Only
sampledatais mandatoryto proceedtheanalysis,thoughbackgrounddatais alwayspreferred
to have. Theclassi®cationof datatypesshouldn't be restrictedto their names.Theessential
differencesbetweenthemarethetypesof correctionsapplied(seeEgamiandBillinge [5]).

2.4.4 Experiment setup

GUI sectionof experimentalcon�gurationsis accessedby clicking theExpt. Con®guration button(among
thebuttongroupin themiddleof theGUI). Similarly, you canswitchto otherGUI sectionsby clicking on
thecorrespondingbuttons.In ourcase,weonly needto input theX-ray wavelengthandpolarizationfactor.
No �lter wasusedduring theexperiment.Theabsorptioncoef�cient of thecontaineris only necessaryin
caseof stronglyabsorbingcontainers.

For ourexampledata,theX-ray energy of 60.0keV wasused,giving thewavelengthof 0.2067Å (type
is Customize...). Thedatawerecollectedat a synchrotronsource(CHESS)wherebeamis highly linearly
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polarized. The polarizationfactor is around0.94 (type is Customize ...) in this case. You would have
somethinglike in Fig. 2.13.

Figure2.13: Theexperimentcon®guration

2.4.5 Sampleinformation

Accessof the sampleinformation GUI is via clicking the Sample Inf ormation button. Then, clicking
theAdd/Remove Atoms button,will presentyou an interfacemimicking theperiodictableto specifythe
chemicalspeciesin yourmaterial.After theselectionof atoms,it maytake sometime for theGUI to create
text boxes to enterthe fraction, valence,etc. of eachatom. Only the atomfractionsare required. The
tabulatedX-ray scatteringdatabaseusedincludessomecommonions,soenteringthevalenceinformation
mayhelp. Other�elds suchasf1 andf2 arethedispersioncorrectionsto thescatteringfactorthatbecome
importantin resonantscatteringexperiments.Samplemeasurementgeometryis required,aswell as the
measuredsampleattenuationcoef�cient � t.

Fig. 2.14shows theseriesof GUIs you shouldgetandthevaluesyou needto enter. AtomsIn, Ga,and
As are�rst chosen,thenthefractionsaresetto be1, 2, and3 respectively. Samplegeometryis selectedto
beFlat PlateTransmission, andthevalueof sampleattenuationcoef�cient � t, 1.11.

At thebottomaresomeoptionalparametersaboutthesample,from which thetheoretical� t valuecan
beautomaticallycalculated.This canserve asa consistency checkagainstthemeasured� t value.Also the
numberdensityhereis usedto computethebaselinefor the �

��� �

, whichalsoservesasanpreliminarycheck
of thePDFscale.Thusit' sadvisedto �ll out theseinformationproperly, thoughthesenumbersarenotused
in thecorrectionsexplicitly.

2.4.6 Setup ������� corrections

Theonly thing we needto specifyhereis theX Column Format, which is Q(Å �

�

) in our case.The�lter
correctiondoesn't applyto our data.Theeffective scatteringvolumecorrectionis not signi�cant dueto the
ratherlow backgroundlevel. All otherdefault valuesare�ne. The setupGUI on the right arestill under
development.
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Figure2.14: TheGUI to inputsamplechemicalinformation

2.4.7 Setup � ����� corrections

ThisGUI sectionis shown by clicking on theS(Q)Correctionbutton.Toomany availablecorrectionshere
aresomewhatmisleadingbecauseonly a few arenecessaryin mostcases.Weshouldalwayssetthemethod
to beGeneric, astheI(Q) Simu is not functioningyet. For this tutorial data,correctionsto beappliedare
SampleSelf-Absorption, Multiple Scattering, andCompton Scattering.

In addition,we needto apply theLaue Diffuse Scattering andWeighting correction.Theweighting
function typeshouldbe <asf>� . Othercorrectionsaremostlycosmetic,only neededin specialsituations.
At this point in time, the setupis done! For the technicaldetails,pleaserefer to the book by Egamiand
Billinge [5]. At last,checkwhetherwhatyouhave is thesameasin Fig. 2.4.7.

¶ Whatcorrectionsshouldbeappliedto Comptonscattering?
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Figure2.15: TheGUI to setup ������� corrections

TheoreticalComptonintensitiessometimesrequireadditionalcorrectionsdependingontheex-
perimentalsetupandthedetectorcharacteristics.TheRulandwindow function[11] shouldbe
multipliedwhenthemeasuredtotal intensitiescomefrom theintegrationwithin a®niteenergy
window. When the energy window is properlyset,as

�

increases,the Comptonscattering
graduallyfalls out of the energy window, giving cleanersignalsin high Q region. The Ru-
landwindow functionis anempiricalanalyticalformulato takeaccountof thisenergy window
effect, with only oneparameter. Whenthe dataextendto high

�

values(say, � 25.0 � �

�

),
theBreit-Dirac recoil factorbecomessigni®cant. The exponentshouldtwo if thenumberof
photonsis measured;threewhenX-ray intensity is measured[12]. The energy dependence
correctionapplieswhenthedetectorcountsdependon theX-ray energy, for example,theim-
ageplateareadetectors.Two empiricalformsareavailable: linearor quadraticwith theX-ray
energy.

Comingto our experiment,a single-channelpulse-heightanalyzer(SCA) wasusedto setthe
energy discriminationwindow. Therefore,theRulandwindow functionneedsto beapplied.It
wasfoundthewindow width valueof 0.003works®ne. Thenumberof photonswascounted
by a solid statedetector, giving theexponentof theBreit-Dirac factorof two. Thereshallbe
no energy dependencecorrectionto thesolidstatedetector.

2.4.8 Setup � �
	�� transformation

Only a directsineFouriertransformis performedwhengoingfrom �

�����

to �

�����

. Thus,theonly setupfor
�

��� �

is the Fourier transformrangeof �

��� �

, andthe calculated
�

rangeof �

��� �

. Simply go to the GUI
sectionby clicking on theG(r) Optimization, �ll up thenumbersasin Fig. 2.4.8. You maybedistracted
by otherwidgetsin thesamesection.They aremostlyfor batchprocessingtestingswhenyou have a large
numberof dataset.Thebatchprocessingis not userfriendly yet,andstill undertesting.They mayalsobe
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takenoutof theGUI.

Figure2.16: theGUI for � ��� � Fouriertransformsettings.

2.4.9 ProcessX-ray data

Onceyou've �lled in the requiredinformation, it' s time for dataprocessing,which is controlledby the
buttongroupabove theUser Messagedisplay(refer to Fig. 2.18). Therearetotally seven buttons. Reset
Data will invalidatetheread-indata,thusforcestheprogramto (re-)readthedata�les whenGet I(Q) button
is clicked next time. WhenGet I(Q) button is pressed,jobsto do are,1) readthedata�les if they haven't
beenreadin yetor ResetData hasbeenpressedsincethelastGet I(Q) action;2) applytheadditive and/or
multiplicative correctionsto all data;3) subtractthe background,container, scatteringfrom the sampleif
applicable;4) 2� to

�

conversionif applicable,and�nally obtain �

�����

with thespeci�edXmin andXmax.

Setup experimentaldata

After thedata�les arereadin (by pressingtheGet I(Q) button),we mayneedto setup theexperimental
dataif thedata�les arenot of thedefault format (four columns,

���

��� , �

��� �

, �

�

(not used),���

�����

). For
data�les of all supportedformats,if thenumberof 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 readingsaresuccessful,all available
columnnameswill beshown in thedroplistsin Fig. 2.4.9.

Figure2.17: theGUI for settingupexperimentaldata

Threecolumnsare requiredto be speci�ed, the X (
���

��� ), detectorcount, and the error (standard
deviation) of detectorcount. If the detectorcount error column is not presentin the data, just specify
None.... In this case,the squareroot of the detectorcountwill be usedas the error. Error propagation
is carriedout at all stepsall the way to �

�����

and �

��� �

. Here we also have the freedomto do some
simpleadditive andmultiplicative operationson all four datatypes.Thefunctionof eachwidgetshouldbe
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self-explanatory.

Theprogramwill doaconsistency checkonsomemostapparentparameters,andreporttheexceptions.
Youhave to correctthoseparametersto beableto proceed.However, theparametercheckis no wherenear
complete.For any othersituation,anerrormessagewill beshown. Pleasereportthis errormessageto the
authorswith detaileddescriptionhow to reproducethiserrormessage,for example,attachingthehistory�le
andrelateddata�les. Also pleasechecktheUser Messageandtheprogramoutputon theterminalfor any
hint aboutthepossibleerrorsources.Invoking Calc Correctionswoulddo severalearlystagecalculations,
including1) absorptioncorrectioncalculation;2) multiple scatteringcalculation,3) polarizationcorrection
calculation,4) calculationof theoreticalelasticscatteringandComptonscatteringintensities. Get S(Q)
buttonwill take the �

��� �

data,applythespeci�edcorrectionsto get �

�����

and �

��� �

�

� �

�

��������� �

. The
sineFourier transformis performedto compute�

��� �

whentheGet G(r) button is clicked. After all those
buttonshave beenpressed,we arereadyto look at theresults.

Figure2.18: Frombottom,theUserMessagedisplay, theactionbuttons,thedatavisualizationselections

2.4.10 Data visualization

Thedata�o w diagramin theprogramgoesfrom thefour data�les (sample,samplebackground,container,
containerbackground),to the sampleonly scatteringintensity �

��� �

, thento the structurefunction �

�����

,
�nally to thePDF, �

��� �

. Within eachstep,therearemaybealsoseveralcorrectionsapplied.In consideration
of this, Data Type is �rst selectedfor theData Visualization. Then,dependingon theData Type, some
choicesmaybeavailableto selectthemorespeci�c corrections.Almostall internaldatausedin theprogram
canbe directly plotted,which canbe very usefulfor problemdiagnosis.To give you someexamples,the
Raw Data, I(Q), and G(r) representdirectly the dataas the namesuggests.Othersrefer to correction
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or calculationstepsinvolving moreintermediatedatasets.We hopethemeaningof eachselectionis self
explanatoryenough.Onethingto note,all correctiontermsarecalculatedregardlessof whetherthey will be
appliedor not. Thus,you canvisualizeall correctionterms,keepingin mind thatit doesn't necessarymean
thatthey have beenapplied.

Clicking the Plot Data button will plot the selecteddata. The sameplot window will be reusedfor
subsequentvisualizations,thus thereis no needto closethe window. If your �

�����

and �

��� �

datalook
like Fig. 2.19,chancesareyou have successfully�nished this tutorial; congratulations.Thedatahave been
publishedin [13] and[14].

Figure2.19: The � ����� (a)andthe � � � � (b) for your reference

2.4.11 History �les and data saving

Thefull GUI sessioncanbesavedinto ahistory�le, andreloadingthehistory�le will restorethesavedGUI
session.History saving andloadingis via themenubuttonHistory, locatedat theupperright of theGUI.
TheLoad History... andSave History... from themainmenuFile will do this too. This built redundancy
wasto maketheGet X-ray PDF somehow independent.Whenexiting theprogram,atemporaryhistory�le
(.pdfgetx2.xhst) is alsosavedundertheWorking Dir ectory. An examplehistory�le ingaas_getxpdf.xhstis
includedunderthetutorial directory. Youcanloadit up to checkwhetheryouhave thesamesetup.

During dataprocessing,the �

��� �

, �

��� �

, and �

��� �

dataareautomaticallysaved by default. You can
resetthis behavior by toggling the File AutoSave droplist. The default �le nameshave the samebaseas
thesampledata�le, with suf�x esof .sqand.gr, respectively. Thehistoryinformationis alsosavedinto the
threeautosaved data�les explicitly in the header. However, it' s still advisedto save history �les because
thoseautosaved �les aresimply overwrittenduringdataprocessing.If you want to save otherdatatypes,
theauthorshave to askyou to usetheExport ASCII functionof theplottingwindow. This meansyou �rst
selectthedatatypeto save, thenplot it, andexport it to a �le of yourchoice.
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GUI WidgetsReference

Quite a few tableswill be shown to describethe GUI widgets. They all containthreecolumns. The �rst
columnis thenameof thewidget,which is usuallythetext displayedon thewidgetor thelabelin its front.
Thesecondcolumnindicatesthewidgettype.Thethird columnexplainsthefunctionof thewidget.Table3
explainswhateachtypemeansin thiscontext.

Name Description

menu a containerof onegroupof next level widgets,mouseclick usuallydisplayssubmenus.The
descriptionsof its submenusareshown right afterbelow, andprecededby �

�

action usuallyabuttonleadingto valuechangesof dataor parameters,or displayof anotherwindow
label a text objectusuallyfor thesolepurposeto displayusefulinformation

list a multiple item userselectable�eld by mouse
droplist a multiple item userselectable�eld, however the selectableitemsneedto be activatedby

clicking on it �rst to seeavailablechoices
checkbox a �ag to indicatethechoiceof adouble-valuedvariable
radiobox a groupof exclusive choices,selectionof onewill deselectall others
text/edit a text �eld whereusercanchangethevaluedirectlywith thekeyboard

Table 3.1: Explanationof thewidgettypes

3.1 Preprocessthe SPECformat data

3.1.1 The top row

Thetop row of theGUI in Fig. 2.3 right paneldealsdirectly with �les andsomelessfrequentlyperformed
actions.Thedescriptionsof thewidgetfunctionsarelistedin Table3.2.
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Widget Type Description

History-> menu show thesubmenuof loadandsave historybuttons(two below)
�

� Load... action displayaGUI to selectahistory�le to load
�

� Save ... action displayaGUI to selectahistory�le to save
SPECDataFile action displayaGUI to selectthedata�le to read

Edit Format action customizetheformatof SPECdata�le to beread
PDFgetX2 menu intendedto runsavedusercommands(underdevelopment)

Reset-> menu Show thesubmenuto choosewhatto reset(four below)
�

� All Defaults action resetthedefaultsof thethreechoicesbelow
�

� ScansSelect action resetthescanselection�ags to defaults
�

� SPEC/MCASetup action resettheSPEC/MCAcolumnssettingsto defaults
�

� CorrectionsSetup action resetthedeadtime correctionandmerging settingsfor all columns

Table 3.2: Descriptionsof topGUI portionof thepreprocessSPECformatdata

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,
andaretheonly headerinformationcheckedby theprogram.Thescannumberimmediatelyfollowing the
“#S” shouldbeuniquethroughoutthe�le. Theblankspaceis thedefault �eld separator. After you readin
thedata,all theparametervalueswill besetto defaults(which areusuallywrong,e.g.the�rst columnwill
besetto be

���

��� asthedefault. Thescanslist in theGUI will tell you how many pointsin eachscan,and
theQ/2� datarange.The last �eld in thescanlist is an indicatorof whetherthatscanwill beusedduring
merging. Thedefault is to useall thescanswhich hasmorethanonepoint. Whenyou highlight someor
all the scansin the list, the columnnamesthat arecommonto all the highlightedscanswill be shown as
availablecolumnsfor selection.As you maynoticethechangeof valuesin Q/2� , monitorcolumndroplist
andothers.Thelabelon topof thescanlist givesabrief overview of currentscandatastatus.SeeTable3.3
for details.

3.1.3 Setup SPECcolumn assignments

Columnsin the scandataare identi�ed by their namesafter the “#L”. The columnnamesshown in the
droplistsarethecommoncolumnnamesof thecurrentlyhighlightedscans.TheGUI operationshouldbe
mostlyself-explanatory, with descriptionsin Table3.4.For eachdetectoryoucanspecifywhetherit' ll used
duringmerging, its columnin theSPECdata�le, andits columnin MCA data�le (Table3.5).
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Widget Type Description

ScansInfo label displaysthenumbersof total,selected,andhighlightedscans
ScanList list displaysthesummaryof eachscanasoneline. Oneor multiplescans

canbe highlightedwith help of Control or Shift keys. Highlighted
scansareusedto �nd thecommoncolumns.All the relatedcolumn
namedroplistswill be updated. The GUI may respondsomewhat
slow becausemany widgetshave to beupdated

ToggleSelectionFlag action thiswill reversetheselection�ags for currentlyhighlightedscans
List Scans droplist chooseeitherto list All scansor scansSelectedOnly

Table 3.3: Descriptionsof theGUI displayingscansinformation

Widget Type Description

Q/2ThetaCol droplist specifywhich columnis Q/2� . Notethat its changewill updatethescan
informationin the list to the left, e.g.columnnameanddatarange.Cer-
tainly the columncanalsobe � or

�

spacing,not restrictedby its name
only

Monitor Col droplist specifywhich columnis monitor. This monitor shouldeffectively mea-
suretheincidentbeam�ux onthesample,i.e.usuallytheclosestupstream
monitor. Detectordeadtimecorrectioncanbeappliedto themonitorcol-
umn

DetectorQuantity droplist specifythenumberof detectorsto collectscatteringintensities.You will
notice the numberof editabledetectorsbelow will changeaccordingly.
Every detectorcanalsobesetup for detectordeadtime correction.The
detectorcolumnswill bethecolumnsto merge

SPEC action activatetheGUI to setup thedetectorcolumnsin SPEC�le
MCA action activatetheGUI to setup MCA data(underdevelopment)

Table 3.4: Descriptionsof theGUI to setupSPECcolumns

3.1.4 Setup deadtime correction

Detectordeadtimecorrectioncanbeappliedto monitorcolumnandall detectorcolumns.Table3.1.3shows
thedescriptionsof theGUI elements,

3.1.5 Setup detector(s)merging

Before merging the scans,you may needto do two things. i) normalizationby the monitor countsor
measurementtime point by point; ii) remove the spuriousfeaturessometimesappearingat the endsof
scans.Pleasereferto Table3.1.4for usage.Onefeaturestill underdevelopmentis theautomaticremoval of
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Widget Type Description

use�ag checkbox indicatewhetherthis detectoris usedfor merging dataor not. Onetrick canbe
donehereif youwantto applysomecorrectionsto non-detectorcolumns:youcan
simply addonemoredetector, but setit to benot usedsothatyou won't mergeit
anyway. However, youcanstill do correctionsto it asanormaldetectorcolumn

SPEC droplist specifythedetector's columnnamein theSPECdata
MCA droplist specifywhich columncorrespondsto thisdetectorin MCA data.(underdevelop-

ment)
Use droplist choosewhetherto usethe integrateddatafrom MCA or just the SPECfor this

detector(underdevelopment)

Table 3.5: Descriptionsof theGUI to setcolumnsfor eachdetector

Widget Type Description

Active columnselection droplist theavailableselectionsaremonitoranddetectorcolumn(s).The
selectedcolumnnamewill bethetarget to setup thewidgetsbe-
low

Theory radiobox chooseto usethetheorymethodof deadtimecorrection
Pulser radiobox chooseto usethepulsermethodof deadtimecorrection
None radiobox choosenot to performany deadtime correction

DetectorTotal droplist specifythetotal countscolumnfor thetarget
CollectionTime droplist specifythemeasuringtimecolumnfor thetarget

DeadTime text input themeasureddeadtime of thetarget
PulserColumn droplist specifythepulsercolumnfor thetarget

Table 3.6: Descriptionsof theGUI to setupdeadtimecorrection

thespurioussinglebin-widthnoisespikesfrom theelectronics.

3.1.6 Actions and visualization

Thecommandsto processthedatacorrectionsareissuedfrom this GUI section.Theintermediateand�nal
datacanbeplottedwith somelevelsof �e xibility. Their simpleusageis explainedin Table3.1.6.Thelast
row of theGUI is User Message, which displayssomeinformationduring thedataprocessing,aswell as
warningor errormessages.

3.2 Get X-ray PDF

Thetop frameof theGUI showssomegeneralsettings,asexplainedin Table3.2.Pleasereferto Table3 for
thecolumndescriptionsin all tables.

PDFgetX2v1.0 Page:30



CHAPTER 3. GUI WIDGETS REFERENCE UsersGuide

Widget Type Description

Normalize? checkbox choosewhetherto have a normalizationcolumnor not
Norm. Col droplist Specifythenormalizationcolumnfor thecurrentdetector

is ? droplist specifythetypeof thenormalizationcolumn,whichaffectstheerrorprop-
agation

Auto Scale? checkbox indicatewhetherto scalethescansautomatically. For autoscalingto work,
eachusedscanmusthavesome

���

��� overlapwith at leastoneotherused
scan.In mostcase,this shouldnot benecessary. Considerablemismatch
betweenscansaftercorrectionsprobablysignalsimpropercorrections

Q/tthMin text settheminimumvalueof
���

��� for thecurrentdetector
Q/tthMax text setthemaximumvalueof

���

��� for thecurrentdetector
Edit by Scan action Thiswill �re upaGUI to input theQ/2� rangeof eachscanfor currentde-

tector, youcanalsoinputchangetheaddictiveandmultiplicativeconstants
for eachscan(autoscalingmay work betterwith presenceof suf�cient
overlapsbetweenscans).

Deglitch SetUp GUI Thispart is underdevelopment
Threshold text to beableto identify glitches,thevariationof eachpoint is evaluatedand

comparedto its neighbors. if the ratio is over this thresholdvalue, it' s
judgedto beaglitch (underdevelopment)

Interval text The variationof eachpoint is only comparedto its closeneighbors,this
width valuesgivesthenumberof neighborsfor comparison(underdevel-
opment)

Auto Search action run theautodeglitch algorithmto searchfor glitchesautomaticallyeither
for correctionscandataor themergeddata(underdevelopment)

Edit action Manuallyedit theglitches(underdevelopment)

Table 3.7: Descriptionsof theGUI to setupmergingdetectors

3.2.1 Input data �les

You canspecify the �le format by clicking on the Customize... button. PleaseseeAppendixB for all
supported�le formats.It shouldbestraightforwardto loaddataandbackground�les. Onerestrictionis that
thefour kindsof �le (sample,samplebackground,container, containerbackground)musthave exactly the
sameformat,but canhave differentnumberof datapoints. In thecaseof multiple scansin SPECformat,
eachscanis consideredasthe mergeddatafor onedetector. Data from morethanonedetectorswill be
blendedtogetherto get �

�����

. For eachdetector, somedegreesof freedomis providedfor bothsampleand
backgrounddata.Table3.2.1shows thedescriptions,notingthat they only becomeeditableafterdata�les
arereadsuccessfully(by clicking on theGet I(Q) button).
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Widget Type Description

FastOverview radiobox in thisplot type,eachscanis plottedin asinglesmallwindow, sothat
you caneasilybrowsethroughall thescansandmake judgmentson
whichscansare“bad”

SimplePlot View radiobox this shouldbe usedin general. The XYPLOT window offers use-
ful featuressuchaszooming,recentering,printing, andexporting to
ASCII dataor postscript�gures

Raw SPEC radiobox raw SPECdatawill beplotted
CorrectedScans radiobox scandataafter detectordeadtime correctionandnormalizationwill

beplotted
MergedDetector(s) radiobox themergeddatafor detector(s)will beplotted. Note that in this case

the X, Y, error columnsin the dataarealreadyprede�ned,thusnot
selectable

CompareDetectors checkbox it' s only usefulin caseof morethanonedetectors.In this case,only
thedetectorsof the�rst highlightedscanwill beplotted

X Column droplist thecolumnthatwill beplottedasX
Y Column droplist thecolumnthatwill beplottedasY

Norm. Col? checkbox choosewhetherto useanormalizationcolumn(for plottingonly)
Norm. Col droplist thecolumnthatwill beplottedasnormalizationcolumnto Y column
SaveData action this will save the to be plotteddatain a userselected�le in SPEC

format
PlotData action thiswill plot thedatain agraphicwindow

UpdateScans action it only doesone thing. Programwill check eachdetectorto see
whetherSPECor MCA datais selectedfor use.Theactive datawill
besetto thesameasSPECdataor resetthevalueof detectorcounts
to betheresultof MCA dataintegrationaccordingly

Apply Corrections action Thiswill performdeadtimecorrectionassetupto monitoranddetec-
tor counts.Then,performnormalizationto eachdetectorcounts

MergeScans action thiswill mergethescansfor eachdetectorwith use�ag on
Advanced-> menu (underdevelopment)

Table 3.8: Descriptionsof theGUI for actionandvisualization

3.2.2 Experimental setup

In this section,X-ray wavelengthandpolarizationfactorcanbe selectedfrom someprede�nedvalues,or
enteredmanuallywhenchoosingtypeasCustomize.... In caseof non-polarizedX-ray (in-housesource),
you will beasked to input themonochromatorinformation,suchasthecrystaltype,whereit' s positioned,
andthed-spacingof there�ection planeused.
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Widget Type Description

Title text choosea title
Producer text meantto bethepersonwhoanalyzesthedata

History-> menu show thesub-menuof loadandsave historybuttons(two below)
�

� Load... action displayaGUI to selectahistory�le to load
�

� Save ... action displayaGUI to selectahistory�le to save
File Autosave droplist choosewhether �

�����

�

�����

, and �

��� �

�les shouldbe automatically
savedduringdataprocessing

Quiet droplist choosewhetherto suppressoutputinformationduring dataprocessing,
thiswill speedthecomputingtime

WorkingDirectory action bringup aGUI to selectworkingdirectory

Table 3.9: Descriptionsof theGUI top frameof GetX-ray PDF

Widget Type Description

use�ag checkbox choosewhetherto usethisdetectordataor not
X Column droplist specifywhichcolumnis theX column

Det. Column droplist specifywhichcolumnis detectorcolumn
Det. Err Col droplist specifywhich columnis the standarderrorsof the detectorcounts. If not

existing,selectnone. In this case,thesquareroot of thedetectorcountwill
beusedtheerror

Xmin text setthelower cutoff valueof dataX rangeto use
Xmax text settheuppercutoff valueof dataX rangeto use

Add Sam text anadditive constantto sampledetectorcounts
Mul. Sam text amultiplicative constantto sampledetectorcounts

... text the meaningof other text inputs is similar to Add Samor Mul. Sam,but
appliedto differentdatatype

Table 3.10: Descriptionsof theGUI to input andedit data®les

Theabsorptioncoef�cient of thecontaineronly becomesimportantwhenit' s large.Whena�lter is used
after thesample(eitherto suppressthe�uorescenceor Comptoncontributions),theabsorptionof the�lter
is neededif elasticscatteringis alsosigni�cantly attenuated.Othersareoptional,mostlyfor thepurposeof
keepingagoodrecord.

3.2.3 Sampleinformation

In thissection,youneedto input thechemicalcompositionsof yoursample.First thingyouneedto do is to
specifytheelements.SeeTable3.2.3for details.
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Widget Type Description

Add/Remove Atoms action thiswill bringup aGUI to input theelementswith mouse
SampleGeometry droplist This is very importantfor absorption,multiple scatteringcorrections,

thesupportedgeometriesare�at platetransmission/re�ection,�at plate
transmission,andcylindrical capillary

AttenuationCoff. text this is avalueyoushouldmeasureon thesample
NumberDensity text input thenumberdensityof yourmaterial
PackingFraction text usuallythevalueshouldbearound0.5. This valueis usedto estimate

thetheoretical� t.
Thickness/Diameter 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 theGUI to setupsampleinformation

Widget Type Description

SampleSelf-Absorption checkbox shouldbeturnedon all thetime, this correctiontakesthesample
absorptioncoef�cient andsamplegeometryasparameters

Multiple Scattering checkbox multiple scatteringis only calculatedup to double scattering,
which is often the dominantcontribution to multiple scattering
intensity. Youonly needto applythiscorrectionwhenthesample
is quiteabsorbing.

Obliqueincidence checkbox thisis only applicableto areadetectorssuchasimageplates.This
correctiononly becomessigni�cant at high anglesandhigh X-
ray energies,wheretheabsorptionof imageplateis quitesmall.
It takestheX-ray transmissioncoef�cient of thedetectorasone
parameter

Fluorescence checkbox in caseof photoncountingwithout any energy discrimination,
and the X-ray energy is closeto one or more atom absorption
edge,you needto subtractthe �uorescenceintensity. Now, only
theimageplategeometryis supported

X-ray Polarization checkbox it shouldbeturnedonunlessthepolarizationfactoris 1.0.

Table 3.12: Descriptionsof theGUI to setup ��� � � corrections(I)
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Widget Type Description

ComptonScattering checkbox Comptonscatteringcorrectionis oneof the mostimportantcorrec-
tionsfor properdatacrunching.TheoreticalComptonscatteringpro-
�le will becalculatedfrom tabulatedvalues.This shouldbe turned
on all thetime.

ComptonPro�le droplist choosewhich theoreticalpro�le to use. This haslittle effect on the
dataanalysis

RulandwinFunc checkbox It' s only usedwhenComptoncontribution is only presentat low
�

,
e.g. energy discriminationby channelanalyzerswas used. In this
case,the theoreticalComptonpro�le is multiplied by an empirical
Rulandwindow functionto emulatethefunctionalityof channelan-
alyzers.This window width parameterde�nes thewidth of thewin-
dow. Therefore,youshouldgivealargervaluein caseof wideenergy
window width in youranalyzersetup,andvice versa

Breit-DiracFactor checkbox we needto apply this correctionespeciallyif you have Comptonat
high

�

. Otherwisetheeffect is minor. Differentmechanismsof pho-
tondetectionusedifferentexponents,in caseof countingthenumber
of photons,the exponentshouldbe 2; in caseof measuringX-ray
intensities,theexponentshouldbe3

Energy Dependent checkbox this correctionbasically takes considerationof the energy depen-
denceof quantumef�ciency of detectors.It becomesquiteimportant
in caseof imageplates,thebestway is to measureit andgive it asa
userprovidedcurve. At present,eitheralinearor quadraticempirical
formulais usedasanapproximation

Scalingwith High Q checkbox scaling is always performed. However, when this knob is turned
on, the programwill automaticallyscalethe datausingthe high

�

method.Otherwise,userspeci�edvalueis used.
LaueDiffuse checkbox it shouldbeon in general

WeightingFunction checkbox it shouldon in general.Thefunctiontypeshouldbe<ASF> �

Edit S(Q) checkbox this shouldnot beusedin mosttimesunlessyou have soundreasons
to doso. It simplyappliesanadditiveconstantandonemultiplicative
constantto resulted�

��� �

. You canturn to this for help whenyou
really can't proceedotherwise

Smoothing checkbox a convenientway to smoothvery noisy data. The startingQ value
andthewidth of thesmoothingboxcarareneeded

DampingF(Q) checkbox a convenientway to dampthe �

��� �

with a Gaussianfunctionwhen
datawith very limited Q rangeareprocessed

Interpolateto 0.0 checkbox asimplelinearinterpolationto
�

� ��� �

Table 3.13: Descriptionsof theGUI to setup ����� � corrections(II)
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3.2.4 Setup � ����� corrections

This GUI sectiontells theprogramwhatcorrectionsto apply, aswell assomeparametervalues.It' s not as
complicatedasit maylook like. At this moment,only theGeneric correctionmethodis implemented.So
keepit setall thetime. For all othercorrections,pleaseseeTable3.2.3and3.2.3.

3.2.5 Setup � �
	�� transformation

UndertheGUI sectionof G(r) Optimization, what's of mostinterestis therangeof �

��� �

to useandthe
rangeof �

��� �

to generate.It shouldbe straightforward to input thosevalues. In particular, Qgrid of 0.0
meansall Q valuesin thedatawill beused(eitherregularor irregular).

3.2.6 Data processingand visualization

Datavisualizationhasbeedescribedin detailsin Section2.4.10.Dataprocessingis triggeredby therow of
buttonsnearthebottom.Whatthey do is explainedin Table3.2.6.

Widget Type Description

ResetData action initial datawill be invalidated,data�les will bereadagainduringnext
Get I(Q) event

GetI(Q) action data�les will bereadin if initial dataareinvalid. First, theadditive and
multiplicative constantswill be appliedon correspondingdatatypes.
The,backgroundwill besubtracted,aswell asthecontainer. Multiple
detectorswill beblendedif applicable.X columnis convertedinto

�

.
The �nal datais �

��� �

, which will be automaticallysaved if the File
AutoSave is on

Calculatecorrections action This is a time saver sincemostcorrectionsaresimply thedirect results
of theknown experimentalcon�gurations.You donot needto redothis
whenyouchangeanything in theS(Q)CorrectionsGUI section

GetS(Q) action Thiswill takethe �

�����

data,thenapplycorrectionsbasedonyoursetup.
Both the structureandreducedstructurefunctionsarecalculated,and
mayalsobeautomaticallysavedif theFile AutoSave is on

GetG(r) action Simply do theFouriertransformof �

��� �

to obtain �

��� �

Save/PlotData action awindow will show thedataasyouspeci�edin theData Visualization
session.SaveData will save thesamedatainto a �le youselect

Table 3.14: Descriptionsof theGUI to visualizedataandprocessdata

Thelastrow of theGUI is UserMessage, whichdisplayssomeinformationduringthedataprocessing,
aswell aswarningor error messages.Whenrunningon Linux/UNIX platforms,the programalsowrites
messagesto theterminal.
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Installation and Start-up

A.1 Obtain PDFgetX2and IDL

Therecommendedway to obtainprogramPDFgetX2is to downloadit directly from its homepageat

http://www.pa.msu.edu/cmp/billinge-group/programs/PDFgetX2/

Recentupdates,bug �x es,andotherrelatedinformationarealsopostedon-line. Pleasecheckbackfrom
time to time. If thewebis notaccessible,pleasesendusemail(billinge@pa.msu.edu) to arrangealternative
shipment.

A commercialIDL licenseddistribution (version6.0 or higher),or the freely downloadableIDL Vir-
tual Machine (IDL � $ ), is the only prerequisiteto run PDFgetX2. The IDL � $ is available from the
downloadsectionof the IDL websitehttp://www.rsinc.com/download/. Supportedplatformsby IDL include
Linux/UNIX, WINDOWS, andMACINTOSH.No speci�c hardwareis usedby PDFgetX2. In principle,
PDFgetX2canrunon any platformwhereIDL canbeinstalledandwidgetsaresupported.

A.2 How to install

PDFgetX2takesabout17 MB harddisk spaceincluding this manual,while a typical installationof IDL
maytake up to 200MB diskspacefor eitherthelicenseddistribution or thevirtual machine.

A.2.1 Linux/UNIX system

The �le you shoulddownload is pdfgetx2-xxxx-yymmdd-linux.sh. After a completedownload, go to the
saved directory, andrun commandsh pdfgetx2-xx-yymmdd-linux.sh to initialize the installation. You will
be asked whereto put thesourceandtheexecutable,just be surethat you have the right permission.For
example,with my computerrunningRedHat Linux 9.0, I got thefollowing wheninstallingthePDFgetX2
into a local directory.
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[xiangyun@knees av e ~/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 SPACE to scroll!
Press ENTER to 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: MSU grants 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 MSU at 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, MSU MAKESNO WARRANTYOF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSEOF PDFGETX2
SOFTWAREOR DOCUMENTATION. MSU WILL NOT BE LIABLE FOR SPECIAL,
INCIDENTAL, CONSEQUENTIAL, INDIRECT OR OTHERSIMILAR DAMAGES,EVEN IF
MSU OR ITS EMPLOYEESHAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. IN NO EVENT WILL MSU LIABILITY 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 ACCEPT the above statement? (Y/N)y
Default installation directory: /usr/local
Default location for executeable: /usr/local/bin
Use different directories? (Y/N)y
NO space is allowed in the path!!!
New installation directory:/u24/ xia ngyu n/ so fts rc
New executeable directory:/u24 /x ian gy un/b in
Start installation ...

installation directory: /u24/xiangyun/so ft sr c
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-win.exe. Double click on the �le will start the
self-installation.An exampleof this startingstepis shown in Fig. A.2.2. Following theGUI instructions
shouldcompletetheinstallation.A shortcutwill becreatedon thedesktop.The�le extension.xhstwill be
associatedwith programPDFgetX2.ThePDFgetX2groupis alsoinsertedto your programsmenu.
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FigureA.1: Thewindowsself-installerGUI

A.2.3 Others

If the above two methodsdo not apply for your system,the last resortis to manuallyinstall the program
PDFgetX2,which is in factalsoratherstraightforward. In this case,you caneitherdownloadthepdfgetx2-
xxxx-yymmdd.tar.gzor pdfgetx2-xxxx-yymmdd.zip. Oncethe�le downloadingis done,unzipand/oruntarall
�le into a directorywhereyouwantto install theprogram.The�le pdfgetx2.savshouldbeableto run now,
providedIDL is alreadyinstalled.

A.3 How to start

Properstartingof PDFgetX2will �rst displaysomemessageto screenandthenshow thelogowindow asin
Fig. A.3

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

Runpdfgetx2to invoke theprogramfrom terminals.Also make suretheexecutabledirectoryis includedin
your PATH variable.You canalsogive onePDFgetX2history�le asanargumentfrom thecommandline,
andthehistory�le will beautomaticallyloaded.Thedirectorywhereyoustarttheprogramwill becomethe
Working Dir ectory.

A.3.2 Windows

If you installedthe PDFgetX2with the self-installer, a shortcutwill be createdon your desktop,andthe
extension.xhstis associatedwith programPDFgetX2.Doubleclick onthedesktopshortcutor onany *.xhst
�le will invoke theprogram.Thedoubleclickedhistory �le will beautomaticallyloaded,andits directory
will becometheWorking Dir ectory.

A.3.3 Others

If noneof theaboveworksfor you,youmayhaveto goto theinstallationdirectory, andclick onpdfgetx2.sav
to �re it up. If youwantto run it from command-line,youmaytry this: idl -vm=[thefull path]pdfgetx2.sav.

A.4 Report problemsand suggestions

If you have any problemsin installing& runningPDFgetX2or have any suggestions,pleasesendemail to
thefollowing address:

billinge@pa.msu.edu

Goodluck! Pleaserememberto cite thepaperdescribingthis program(seeSection1.3of this manual)
in your publicationswhereyoumadeuseof PDFgetX2.
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SupportedFile Formats

Data�les have to be in ASCII format. The programdoesn't setthesingleline lengthlimit, which would
dependon your system. For all supported�le formats,you can�rst specify the numberof lines to skip
from the beginning. You canalsospecify the commentidenti�er which startsa commentline insteadof
data. Changingthe �le format is doneby clicking on eitherthe Edit Format (Fig. 2.3) or Customize...
(Fig. 2.11)button, aGUI is providedto facilitateformatselection.

B.1 SPEC®le format

TheSPEC�le formathererefersto onewith compatibledataformatwith theoutput�le from thecommon
diffractometercontrolanddataacquisitionprogramSPEC#%$ . First, let's show anexampleSPEC�le.

#S 1 ascan pmQ 1 13 600 1
#L pmQ ereal elive Epoch Seconds IC1 IC3 I_CESR PULSER TOTAL COMPTONIC2 ELASTIC
1 2.07 1.967 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 2.06 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 2.1189 559126 396636 393.919 419 2923 246 31839 639

#S 2 ascan pmQ 1 13 600 1
#L pmQ ereal elive Epoch Seconds IC1 IC3 I_CESR PULSER TOTAL COMPTONIC2 ELASTIC
1 2.07 1.999 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 2.07 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 spaces.The�rst line of eachblock muststartwith #S,followed
by oneor morespacesthenthescannumber, which MUST be uniquethroughoutthe �le. All othertexts
after the scannumberare taken asthe scantitle. The secondline in eachblock (exceptcommentlines)
MUST startwith #L, followedby columnnames.Thecolumnnamesneedto bespaceseparated,andhave
the samenumberof columnsasthe data. The dataaresimply multiple-columnnumbers.You canhave
commentlineswith # asthe�rst letteranywherein the�le, however, the�rst two letterscannotbeeither#S
or #L.

SPECis theonly formatallowedto containmorethanonescan,andmultiplescansof onemeasurement
have to be in one�le (assumptionof the program). If a �le format conversionor �les merging becomes
necessary, strictly follow theSPECformatdescribedin theabove paragraph.In thesimplestcase,youonly
needto addtwo linesin front of eachscan,the“#S <scannumber><scantitle>” and“#L <columnnames>”.

B.2 n � m ASCII format

Only two kindsof informationcanbein this �le format: commentlinesanddatalines. All datalinesmust
have the samenumberof columns. If thenumberof lines to skip is speci�ed, thosestartinglineswill be
quietly ignored.

B.3 CHI ®le format

In theCHI �le format, thenumberof lines to skip is setto be three. Otherwise,it' s thesameasthen � m
ASCII format.
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PDFgetX2History File

Any PDFgetX2sessionat any stagecanbe saved into a history �le, and loadingof the history �le will
restorethe saved session.Eachinternalparameteris given a key identi�ed by a logical keyword in the
history�le. Youcouldedit theparametervalues,but thisshouldrarelyhappensinceall essentialparameters
areaccessiblefrom theGUI.

For your reference,ahistory�le is includedbelow. Somelinesaretruncatedfor readability.

# Format:
# Two sections are in this history file:
# 1) Preprocess SPEC Data, 2)Get X-ray PDF
# First delimiter is #######(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 line is
# too long or too short!
#
History written: Sun Jan 18 15:53:29 2004
Produced by xiangyun
####### SPECData_Reducti on #######
##### ScansData_Setup ViewSelect_Isa= 0
SpecFile=ingaas _t ut or ial .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 1 1 1 0
4 5 1 1 1 0

##### SPECMCA_Setup
QColumn=pmQ MonitorColumn=I C2 Num_Detectors= 1
#L Det_# Used SPEC_Col MCACol USE_SPEC Use_MCA

0 1 ELASTIC 0 1 0
##### SPECCorrection_ Set up
### Monitor_SetUp TargetColumn=IC 2 DTC_Isa=1
Theory_Isa=0 TotoalCountsCol umn=<cl ic k_ me>
MeasuringTimeCo lu mn=<cli ck _me> DeadTime=3.0000 00
Pulser_Isa=0 PulserColumn=<c li ck_ me>
None_Isa=1
### Detector_SetUp TargetColumn=ELA STIC DTC_Isa=1 IDetector=0
Theory_Isa=0 TotoalCountsCol umn=TOTAL
MeasuringTimeCo lu mn=Seco nds DeadTime=11.6000 00
Pulser_Isa=1 PulserColumn=PU LSER
None_Isa=0
## Merge_Setup Normalize_Isa= 1 NormColumn=IC2 NormColumnType =1

AutoScale_Isa= 0 Qmin=0.100000 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 ch ing 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
##### Plot_Setup

PlotStyle=1 DataType=2 CompareDetector s_I sa =0
XColumn=<click_ me> YColumn=ELASTIC NColumn_Isa=0 NColumn=IC2

####### Get_XPDF #######

##### General_Setting
title=X-ray PDF
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workingdirector y=/u 24/xi angy un/p roj ec ts /P DFGet X/ tu to ri al/
quiet=0 debug=0 autosave_isa=1 savefilenameba se= in gaas _t uto ri al
iqfilesurfix=.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 mi te r=
data_id= data_delimiter =
### CHI Format
### nxm column Format
### End of file format

##### Data&Background
samfile=ingaas_ tu to ri al. in t num_sams=1
sambkgfile=inga as _t ut ori 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 add_con mul_con add_conbkg mul_conbkg

0 1 0 1 3 1.00000 40.0000 0.00000 1.00000 0.00000 1.00000 0.00000 1.00000 0.00000 1.00000

##### 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 (0:Perfect, 1:Mosaic, 2:None)
position=0 (0:Primary beam, 1:Diffracted beam)
dspacetype=2 (0:Si{111}, 1:Ge{111}, 2:Customize) dspacing=3.1350 0

##### Sample_Setup information num_atoms=3
#L symbol valence fractions z weight macoef asf_a[5] asf_b[5] asf_c compcoef_a[5] compcoef_b[5] compcoef_c

Ga 0.000000 2.000000 31.000000 69.723000 39.956245 15.758946 6.841123 4.121016 2.714681 2.395246 3.121754 0.226057 12.482196 66.203621 0.007238 -0.847395 3.036000 5.176000 11.669200 8.294000 2.814800 104.577003 11.280300 2.066300 0.331400 0.038000 0.000000
As 0.000000 3.000000 33.000000 74.921590 46.441498 17.025642 4.503441 3.715904 3.937200 6.790175 2.597739 0.003012 14.272119 50.437996 0.193015 -2.984117 3.338500 5.622900 12.244900 8.866800 2.913800 82.487900 12.072300 1.831700 0.299600 0.034100 0.000000
In 0.000000 1.000000 49.000000 114.820000 20.441433 6.196477 18.816183 4.050479 1.638929 17.962912 0.042072 6.695665 31.009790 103.284348 0.610714 0.333097 4.703100 8.236100 16.420601 14.660800 4.949300 89.209602 8.996500 1.722900 0.206200 0.023800 0.000000
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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

##### GetIQ_Setup
xformat=2
filtercorr_isa= 0 samfiltercorr_i sa =0 sambkgfiltercorr _i sa =0
confiltercorr_i sa =0 conbkgfilterco rr _i sa =0
scatveffcorr_is a=0 samconveffcorr_ is a=1 sambkgveffcorr_ is a=0
conbkgveffcorr_ is a=0
nonegative_isa= 1 negativevalue=- 1. 00000

##### 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=

##### IQ_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 0 mul_user=1.0000 0
### 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 0 mul_user=1.0000 0
### 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 0 mul_user=1.0000 0
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##### Correction_Setu p corrmethod=1
oblincident_isa =0 dettranscoef=0.9 99000 samfluore_isa=0
samfluoretype=0 samfluorescale=0 .2 3000000
multiscat_isa=1 xraypolar_isa=1 samabsorp_isa= 1
highqscale_isa= 1 highqratio=0.49 0000 scaleconst=0.001 59925
scaleconst_theo ry =0.0 0159925
comptonscat_isa =1 rulandwin_isa=1 rulandintewidt h=0.0 0300000
comptonmethod=1 breitdirac_isa=1 breitdiracexpon ent =2
detefficiency_i sa =0 detefficiencyt yp e=0 (0-1: linear, 2-3: quadratic)
detefficiency_a =1.0 500000 detefficiency_ b=9.9 999997e-0 5
lauediffuse_isa =1
weight_isa=1 weighttype=0 (0: <ASF>^2, 1: <ASF^2>, 2: Data Smoothed)
weightsmoothrmi n=3. 00000 weightsmoothwid th= 100 weightsmoothcyc le s=600
editsq_isa=0 editsqtype=0 add_sq=0.00000 mul_sq=1.00000
editsqsmoothrmi n=3. 00000 editsqsmoothwid th= 100 editsqsmoothcyc le s=600
smoothdata_isa= 0 smoothfunctype=0 smoothqmin=12. 0000 smoothboxwidth= 9
interpolateqmin _i sa =0 qmininterpolat io nt ype =0
dampfq_isa=0 dampfqwidth=23 .0 000

##### SqGr_Optimizati on Setup
ftmethod=0 varcovarfile=g rv ar _co va r. dat
## S(q) qmin=1.000000 qmax=40.000000 qgrid=0.000000
## G(r) rmin=0.000000 rmax=20.000000 rgrid=0.010000
## SqOptimization sqoptfunction=1
optqmin=20.0000 optqmax=40.0000 optqgrid=0.000 00
optrmin=0.00000 optrmax=2.20000 optrgrid=0.010 00000
maxiter=20 relstep=0.0000 0 weighttype=2 weightfunc=0
fitbkgmult_isa= 0 fitsampmut_isa= 1 fitpolariz_isa =1
fitoblique_isa= 0 fitfluores_isa= 0
fitrulandw_isa= 1 fitenergya_isa= 0 fitenergyb_isa =0
fitsimurulandw_ is a=1 fitDetEdepfluor es _i sa= 0 fitDetEdepquad ra_ is a=0
fitDetEdepsplin e_is a=0 fitDetTCoefEla st ic _is a=0 fitDetTCoefFlu ore s_ is a=0
fitDetTcoefquad ra _i sa =0 fitDetTcoefspl in e_i sa =0

##### Save&Plot Settings
datatype=SqtoFq iqcorrtype=BkgSu b iqsimutype=Sim uIq
sqcorrtype=DetE ff sqtofqtype=FqDat a
gropttype=OptFq miscdatatype=Ato mASF
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