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Abstract
An NLO QCD analysisof theZEUSdataon ����� deepinelasticscatteringto-
getherwith fixed-target datahasbeenperformedfrom which the gluon and
quarkdensitiesof theprotonandthevalueof thestrongcouplingparameter,�����
	���� , have beenextracted.Thestudyincludesa full treatmentof theex-
perimentalsystematicuncertainties,includingpoint-to-pointcorrelations.Dif-
ferentwaysof incorporatingcorrelatedsystematicuncertaintiesinto thefit are
discussedandcompared.

1 INTR ODUCTION

Studiesof inclusive differential crosssectionsand structurefunctions,as measuredin deepinelastic
scattering(DIS) of leptonsfrom hadrontargets,have playeda crucial role in establishingthetheoryof
perturbative quantumchromodynamics(pQCD).Measurementof the structurefunctionsasa function
of � and � � yields informationon theshapeof thepartondistribution functions(PDFs1) and,through
their � � dependence,on thevalueof thestrongcouplingconstant� � �
	���� . Most analysesusethefor-
malismof thenext-to-leading-order(NLO) DGLAP evolution equations[1] which provide a successful
descriptionof thedataover abroadkinematicrange.

In recentyearstheuncertaintieson PDFsfrom experimentalsources,aswell asfrom modelas-
sumptions,have becomean issue. The subjectof this paperis an evaluationof the experimentalun-
certaintieson theextractedPDFsandon thevalueof �����
	�� � . Variousmethodsof treatingcorrelated
systematicuncertaintiesarediscussed.Themethodselectedfor themainanalysisis conservative, reflect-
ing knowledgethat suchsystematicuncertaintiesarenot alwayswell understood.Model uncertainties
have alsobeenestimated.

2 Description of NLOQCD fit

Full detailsof the analysisaregiven in [2], herewe give only a summary. The kinematicsof lepton
hadronscatteringis describedin termsof thevariables� � , the invariantmassof theexchangedvector
boson,Bjorken � , the fraction of the momentumof the incoming nucleontaken by the struck quark
(in thequark-partonmodel),and � , which measurestheenergy transferbetweenthe leptonandhadron
systems.Thedifferentialcross-sectionfor theprocessis givenin termsof thestructurefunctionsby� ���� � � � ���

��� � ������ �! �#"�� � ��$%� � ��& � � "�' � �($%� � ��&  () � "�* � ��$%� � �,+ $
where

 .- �0/21 � / & � � � . Thestructurefunctionsaredirectly relatedto PDFs,andtheir � � dependence,
or scalingviolation, is predictedby pQCD. For � �43 /�56565 GeV� , " � dominatesthe charged lepton-
hadroncross-sectionandfor � 3 /�5

) � thegluoncontribution dominatesthe � � evolution of " � , such
thatHERA datain this kinematicregion provide crucial informationon quarkandgluondistributions.
(Schematically, " �87 �:9 , � " ��; �=<?> � � 7 � �A@�BDC ��E ).

1In this paperthetermPDFwill beusedto referto partondistribution function,ratherthanto probabilitydensityfunction,
throughout.
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A globalfit of ZEUS[3] andfixedtargetDIS data[4] hasbeenperfomed.Thefixedtargetdataare
usedto provide informationon thevalencequarkdistributionsandtheflavour compositionof the sea,
andto constrainthefits at high � . All datasetsusedhave full informationon point-to-pointcorrelated
systematicuncertainties.(ZEUS � � � cross-sectiondata;NMC, E665,BCDMS F & � and F &HG " �
data;CCFR IJ$�KIL� " * dataon an Fe target). A total of 71 sourcesof systematicuncertainty, including
normalisationuncertainties,wereincluded.

Theanalysisisperformedwithin theconventionalframework of leadingtwist,NLO QCD,with the
renormalisationandfactorizationscaleschosento be � � . In thestandardfit thefollowing cutsaremade
on the ZEUSandthefixed target data: (i) M �ON � 5 GeV� to reducethesensitivity to target massand
highertwist contributions,whichbecomeimportantathigh � andlow � � ; (ii) � �PN �RQTS GeV� to remain
in the kinematicregion whereperturbative QCD shouldbe applicable. The heavy quark production
schemeis thegeneralmassvariableflavournumberschemeof ThorneandRoberts[5].

TheDGLAP equationsyield thePDFsatall valuesof � � , providedthey areinputasfunctionsof �
atsomeinputscale� �U . ThePDFsfor V valence,

�
valence,total sea( �2W ), gluon( ��E ) andthedifference

betweenthe
�

and V contributionsto thesea,areeachparametrizedby theform

�.X � � � � �ZY �\[^] � / & � � [`_ � /ba �.c � �
at � �U �ed GeV� . Theflavourstructureof thelight quarkseaallows for theviolationof theGottfriedsum
rule andthestrangeseais suppressedby a factorof 2 at � �U , consistentwith neutrinoinduceddimuon
datafrom CCFR.The parameters�ZY & � * , �:c areconstrainedto imposethe momentumsum-ruleand
thenumbersum-ruleson thevalencedistributions.Thereare11 freeparametersin thestandardfit when
thestrongcouplingconstantis fixedto � � �
	 � � �f5 Q /6/`g [6], and12 freeparameterswhen � � �
	 � � is
determinedby thefit.

3 Definition of h � : tr eatmentof correlatedsystematicuncertainties

Traditionally, experimentalcollaborationshave evaluatedanoverall systematicuncertaintyon eachdata
point and thesehave beentreatedas uncorrelated,suchthat they are simply addedto the statistical
uncertaintiesin quadraturewhenevaluating h � . However, moderndeepinelasticscatteringexperiments
have very small statisticaluncertainties,so that the contribution of systematicuncertaintiesbecomes
dominantandconsiderationof point to point correlationsbetweensystematicuncertaintiesis essential.
An obviousexampleof a correlateduncertaintyis theoverall normalisationof thedata,but thereother
morecomplex correlatedeffectswhichaffect theevaluationof kinematicvariables.For example,asmall
changein thecalorimeterenergy scalecanmoveeventsbetween�($%� � binsandthusinducecorrelations
whichmodify theshapeof theextractedstructurefunction.

Theformulationof the h � includingcorrelatedsystematicuncertaintiesisikj
iml � "on:p6qsrstvuj �w� ��& " j �yx{z`|6} � +�~ ) Yj�l � "�� 'R�Z�(�s�l �w� ��& " l �?���`�J� � + (1)

where," n:p�qsrst�uj �w� � , representsthepredictionfrom NLO QCDin termsof thetheoreticalparameters� ," j �yx�z`|6} � , representsameasureddatapoint and~ j�l ��� j�l � �j a i����������j � �����%�l �
is the covariancematrix. The symbol � j representsthe one standarddeviation uncorrelatederror on
datapoint � from bothstatisticalandsystematicsources.Thesymbol

� ���%�j � representstheonestandard
deviation correlatedsystematicerroron datapoint � dueto correlatederrorsource� .

An alternative definitionof h � , which givesequivalentresultsto Eq.1, is constructedasfollows.
Thecorrelateduncertaintiesareincludedin thetheoreticalpredictionsuchthat

" j �w� $ � � � " n�p�qsrst�uj �w� � a�� � � ��� ���%�j �
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wheretheparameters� � representindependentvariablesfor eachsourceof systematicuncertainty. They
have zeromeanandunit varianceby construction.The h � is thenformulatedas

h � ��� j�� " j �w� $ � ��& " j �yx�z`|6} �,� ��s�j aH� � � �� (2)

Therearethentwo differentwaysto proceed.The systematicuncertaintyparameters� � canbe
fixedto zerofor minimisation,but usedin errorcalculations(seeSec.3.1),or theseparameterscanbe
fitted togetherwith thetheoreticalparameters(seeSec.3.2).

3.1 Offset methods

Traditionally, experimentalistshave used‘offset’ methodsto accountfor correlatedsystematicerrors.
The h � is formulatedwithout any termsdueto correlatedsystematicerrors( � � � 5 in Eq.2) for evalu-
ationof thecentralvaluesof thefit parameters.However, thedatapointsarethenoffset to accountfor
eachsourceof systematicerrorin turn (i.e. set � � �ea�/ andthen � � � & / for eachsource� ) andanew
fit is performedfor eachof thesevariations.Theresultingdeviationsof thetheoreticalparametersfrom
their centralvaluesareaddedin quadrature.(Positive andnegative deviationsareaddedin quadrature
separately.) ThismethoddoesnotassumethatthesystematicuncertaintiesareGaussiandistributed.

An equivalent(andmuchmoreefficient)proceduretoperformtheoffsetmethod[8] hasbeengiven
by PascaudandZomer[7]. Thesystematicuncertaintyparameters� � arefixedto zerofor minimisation.
However, the � � arevariedfor theerroranalysis,suchthatin additionto theusualHessianmatrix, 	 l%¡ ,
givenby 	 l%¡ � /�£¢ � h �¢ � l ¢ � ¡($
which is evaluatedwith respectto thetheoreticalparameters,asecondHessianmatrix, ¤ l � , givenby

¤ l � � /� ¢ � h �¢ � l ¢ � �
is evaluated.The 	 expressesthe variationof h � with the theoreticalparameters,accountingfor sta-
tistical and uncorrelatedsystematicerrors. It is the inverseof the correspondingcovariancematrix~ [ � 	 ) Y

. The ¤ matrix expressesthe variation of the h � with respectto theoreticaland sys-
tematicparameters.The correlatedsystematiccontribution to the covariancematrix is thengiven by~ [ � � 	 ) Y ¤¥¤§¦ 	 ) Y

[7] andthe total covariancematrix by ~�¨�©ª¨ � ~ [ a ~ [ � . Thenthe standard
propagationof errorsto any distribution " which is a functionof thetheoreticalparametersis givenby

« � �¬ N � � l � ¡ ¢ "¢ � l ~
l%¡ ¢ "¢ � ¡

by substituting~ [ , ~ [ � or ~ ¨�©ª¨ for ~ , to obtainthestatistical(anduncorrelatedsystematic),correlated
systematicor totalexperimentalerrorband,respectively.

Thisis aconservativemethodof errorestimationascomparedto theHessianmethods[8, 9], which
will bedescribedin Sec.3.2. It givesfitted theoreticalpredictionswhich areascloseaspossibleto the
centralvaluesof the publisheddata. It doesnot usethe full statisticalpower of the fit to improve the
estimatesof � � , sinceit chosesto mistrustthesystematicerrorestimates,but it is correspondinglymore
robust.

3.2 Hessianmethods

An alternative procedurewouldbeto allow thesystematicuncertaintyparameters� � to vary in themain
fit whendeterminingthevaluesof thetheoreticalparameters.‘Hessianmethod1’ achievesthisby using
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the formulationof the h � given in Eq, 2. The errorson the theoreticalparametersarethencalculated
from the inverseof a singleHessianmatrix which expressesthe variationof h � with respectto both
theoreticalandsystematicoffset parameters.Effectively, the theoreticalpredictionis not fitted to the
centralvaluesof the publishedexperimentaldata,but allows thesedatapoints to move collectively,
accordingto their correlatedsystematicuncertainties.Thetheoreticalpredictiondeterminestheoptimal
settingsfor correlatedsystematicshifts of experimentaldatapointssuchthat the mostconsistentfit to
all datasetsis obtained. Thus systematicshifts in oneexperimentarecorrelatedto thosein another
experimentby thefit.

Hessianmethod1 becomesa cumbersomeprocedurewhenthenumberof sourcesof systematic
uncertaintyis large,asin thepresentglobalDIS analysisin which71 independentsourcesof systematic
uncertaintywereincluded.RecentlyCTEQ[10] have givenanelegantanalyticmethodfor performing
theminimizationwith respectto systematic-uncertaintyparameters.They show thatthe h � canbewritten
as

h � �e� j
� "on:p�qsrst�uj �w� ��& " j �yx�z`|6} � + �� �j &®�¯ ) Y  (3)

where

 � �e� j � ���%�j �
� " n�p�qsrst�uj �w� ��& " j �yx{z`|6} �,+� �j

and ¯ �`° �±� �`° a � j � �����j � � ���%�j ° ; � �j $
suchthat the uncorrelatedand systematiccontributions to the h � can be evaluatedseparately. This
methodis referredto as‘Hessianmethod2’.

Theresultsfor theZEUSfit analysisarecomparedfor thesemethodsbelow.

4 Fit results: experimentaland modeluncertainties

4.1 Experimental undertainties: offset method

Thestandardfit hasbeenperfomedtreatingtheexperimentalcorrelatedsystematicerrorsby theoffset
method,with � � �
	 � � ��5 Q /6/`g fixed.Thefit givesanexcellentdescriptionof thehigh-precisionZEUS
dataandof thefixed-targetdata,seeref [3]. TheseaandthegluonPDFsextractedfrom thisfit areshown
in Fig. 1. ThesePDFsagreewell with the latestdistributionsfrom MRST2001[11] andCTEQ6[12].
Theerrorbandsshown in thefigureillustratetheexperimentaluncertaintiesfrom i) statisticalanduncor-
relatedsystematicuncertaintiesalone;ii) total experimentaluncertaintyincludingcorrelatedsystematic
uncertainties;andii) additionaluncertaintydueto allowing � � �
	 ��� to bea parameterof thefit.

Clearly, in thelattercase,thefit alsodeterminesthevalueof � � �
	���� , with its correlationsto the
PDFparametersfully accounted.Thevalue� � �
	 � � ��5 Q /6/`²6²§1³5 Q 56565�g �y´vµv¶¸·6¹A¹ � 1º5 Q 565�» � �y¶¸·6¹¼¹ � 1³5 Q 565�»6² �yµ�·6¹Ax � (4)

is obtained,wherethe threeuncertaintiesarisefrom the following: statisticaland other uncorrelated
sources;correlatedsystematicsourcesfrom all contributing experimentsexceptthatfrom theirnormali-
sations;thecontribution from thelatternormalisations.Thecontribution from normalisationuncertain-
ties is shown separatelyfrom the other systematicuncertaintiessince,for many experiments,quoted
normalisationuncertaintiesrepresentthelimits of a box-shapeddistribution ratherthanthestandardde-
viationof aGaussiandistribution. To accountfor this,onemayallow thenormalisationsof thedatasets
to beparametersof thefit, restrictedwithin limits givenby theirquoteduncertainties.Thisdoesnotshift
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Fig. 1: Comparisonof thegluonandseadistributionsfrom theZEUS-SNLO QCD fit for various È ] values. In this figure,

thecross-hatchederrorbandsshow thestatisticalanduncorrelatedsystematicuncertainty, thegrey errorbandsshow the total

experimentaluncertaintyincludingcorrelatedsystematicuncertainties(both evaluatedfrom thestandardfit with É�ÊAË�Ì ]Í�Î�ÏÐ�Ñ�Ò%ÒÔÓ
) and the hatchederror bandsshow the additionaluncertaintycoming from variation of the strongcouplingconstantÉ Ê Ë�Ì ]Í�Î .
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thecentralvalueof � � �
	 � � significantlybut it reducesthecontribution of normalisationuncertaintyto1P5 Q 565�/�5 .
4.2 Model uncertainties

In addition to the experimentaluncertaintyon the fitted parameters,thereis potentially a model un-
certaintydue to the specificassumptionsmadewhensettingup the NLOQCD fit. Sourcesof model
uncertaintywithin the theoreticalframework of leading-twistNLO QCD are: theeffect of varying the
valueof � �U , andtheminimum � � , � and M � of dataenteringthefit; thechoiceof datasetsenteringthe
fit; variationof the form of the input PDFparameterisations;thechoiceof theheavy-quarkproduction
scheme.Thesensitivity of theresultsto thevariationof theseinput assumptionshasbeenquantifiedin
termsof theresultingvariationin � � �
	�� � , sinceit is themostsensitiveparameter. This leadsto amodel
uncertaintyin �����
	�� � , of

� �����
	�� � 7 1P5 Q 565�/`g , considerablysmallerthantheerrorsfrom correlated
systematicandnormalisationuncertainties.The PDF parametersaremuchlesssensitive to the model
assumptionsthan � � �
	�� � . It follows that the error bandsillustratedon the partondensitiesin Fig. 1
representreasonableestimatesof thetotaluncertaintieswithin thetheoreticalframework.

Sourcesof uncertaintydueto thetheoreticalframework itself areconsideredin thecontribution of
R.Thorneto thismeeting.

4.3 Comparisonof Offset and Hessianmethods

FirstHessianmethod1 andHessianmethod2 havebeencomparedin afit to ZEUSdataalone,for which
thesystematicuncertaintiesandrelativenormalisationsarewell understood.Theresultsareverysimilar,
asexpected.However, if datasetsfrom differentexperimentsareusedin thefit, thesetwo Hessianmeth-
odsareonly similar if normalisationuncertaintiesarenot includedamongthesystematicuncertainties.
In Hessianmethod2 theminimisationwith respectto thesystematicparameterswhich control thenor-
malisationsof thedatasetsis doneanalytically, andthusonecannotrestricttheshiftsof theseparameters
to bewithin their onestandarddeviation estimates.Thuswe choseto excludenormalisationerrorsfor
thepurposeof comparison.

The offset methodhasbeencomparedto Hessianmethod2 by performingthe fit to global DIS
datausingHessianmethod2 to calculatethe h � . Normalisationuncertaintieswereexcludedand � � �
	 ���
wasincludedasoneof thetheoreticalparameters.Thisfit yields, � � �
	���� �±5 Q /6/ � 5(1Õ5 Q 565�/`» , wherethe
error representsthe total experimentaluncertaintyfrom correlatedanduncorrelatedsources,excluding
normalisationuncertainties.Thusthisvalueshouldbecomparedwith, � � �
	 ��� ��5 Q /6/`²6²v1�5 Q 565�»6» , eval-
uatedusingtheoffset method,alsoexcludingnormalisationuncertainties(seeEq. 4). Hessianmethod
2 givesa muchreduced‘optimal’ error estimatefor � � �
	 � � andthis is alsothe casefor the PDF pa-
rameters.Thevalueof � � �
	�� � is shiftedfrom thatobtainedby theoffsetmethod.ThePDFparameters
arenotaffectedasstrongly, theirvaluesareshiftedby amountswhicharewell within theerrorestimates
quotedfor theoffsetmethod.

Onecannotcomparethe h � of the fits doneusingthe offset methodandHessianmethod2 di-
rectly, sincetheoffsetmethoddoesnot usecorrelatedsystematicuncertaintiesin h � evaluation.For the
purposesof comparison,we re-evaluatethe h � for thedatapointsusingthetheoreticalparametervalues
estimatedby eachof thesetwo methodsin turn to obtainthe theoreticalpredictionandsimply adding
statisticalandsystematicerrorsin quadraturefor thecovariancematrix. For bothmethods� � �
	���� has
beenincludedamongthetheoreticalparametersandnormalisationuncertaintieshave not beenincluded
amongthesystematicparameters.Table1 presentsthis h � comparsion.Thetotal h � for Hessianmethod
2 is

� h � � � g6» larger thanthatof theoffset method.The resultsof Hessianmethod2 representa fit
with anunacceptablylargevalueof h � whenjudgedin thisconventionalway.
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Experiment datapoints h � /datapoint h � /datapoint
Hessianmethod2 offsetmethod

ZEUS96/97 242 1.37 0.83
BCDMS p 305 0.95 0.89
NMC p 218 1.50 1.26
NMC D 218 1.15 0.96
E665D 47 0.97 0.94
E665p 47 1.17 1.16
CCFRxF3 57 0.99 0.39
NMC D/p 129 0.97 0.93

Table1: Tableof Ö ] calculatedby addingsystematicandstatisticalerrorsin quadraturefor the theoreticalparametersdeter-

minedby theoffsetmethodandhessianmethod2

4.4 Parameter evaluation and HypothesisTesting

Assumingthat the experimentaluncertaintieswhich contribute have Gaussiandistributions, errorson
theoreticalparameterswhicharefittedwithin afixedtheoreticalframework arederivedfrom thecriterion
for ‘parameterestimation’ h �§× h �Ø j!Ù a�/ . Thegoodnessof fit of a theoreticalhypothesisis judgedon
‘hypothesistesting’criterion,suchthatits h � shouldbeapproximatelyin therangeÚ 1HÛ � � Ú � , whereÚ is thenumberof degreesof freedom.

Fitting DIS datafor PDFparametersand ���^�
	���� is notacleansituationof eitherparameteresti-
mationor hypothesistesting.Within thetheoreticalframework of leading-twist-NLOQCD,many model
inputssuchastheform of thePDFparameterisations,thevaluesof cuts,thevalueof � �U , thedatasets
usedin thefit, etc.,canbevaried.Theserepresentdifferenthypothesesandthey areaccepted,provided
thefit h � fall within thehypothesis-testingcriterion. The theoreticalparametersobtainedfor thesedif-
ferenthypothesescandiffer from thoseobtainedin thestandardfit by morethantheirerrorsasevaluated
usingtheparameter-estimationcriterion. In this casethemodeluncertaintyon theparametersexceeds
the estimateof the total experimentalerror. This doesnot happenfor the offset methodin which the
uncorrelatedexperimentalerrorsevaluatedby theparameterestimationcriterion areaugmentedby the
contribution of thecorrelatedexperimentalsystematicuncertaintiesasexplainedin Section3. Theshifts
in theoreticalparametervaluesfor thedifferentmodelhypothesesarefound to bewell within the total
experimentalerrorestimates.However this is no longerthecasewhenthefit is performedusingHessian
method2. In this casetheshifts in theoreticalparametervaluesfor thedifferentmodelhypothesesare
outsidetheexperimentalerror estimates.Oneof themotivationsbehindmakingNLOQCD fits to DIS
datais to estimateerrorson the PDF parametersand ���^�
	�� � within a generaltheoreticalframework,
ratherthanasspecificto particularmodelchoiceswithin this framework, so that themodeluncertainty
on parameterswithin Hessianmethod2 mustbecarefullyevaluated.

TheCTEQcollaboration[10, 12] have consideredthisproblem.They considerthat h � × h � a�/
is not a reasonabletoleranceon a globalfit to 7 / � 565 datapointsfrom diversesources,with theoretical
andmodeluncertaintieswhich arehard to quantify andexperimentaluncertaintieswhich may not be
Gaussiandistributed.They have tried to formulatecriteriafor amorereasonablesettingof thetoleranceÜ

, suchthat h �³× h � a Ü � becomesthe variation on the basisof which errorson parametersare
calculated.In settingthis tolerancethey have consideredthatall of thecurrentworld datasetsmustbe
acceptableandcompatibleatsomelevel, evenif strictstatisticalcriteriaarenotmet,sincetheconditions
for theapplicationof strict criteria,namelyGaussianerrordistributions,arealsonot met. The level of
tolerancethey suggestis

Ü 7 /�5 . We have re-evaluatedtheerrorsfor Hessianmethod2 in thepresent
fit, usingvariousvaluesof thetolerance.We find that for

Ü �Ýd theerrorson thePDFparametersand� � �
	 � � arecomparableto thoseof the offset method. For example,we obtain � � �
	 � � �Þ5 Q /6/ � 5�1
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5 Q 565�»6» .
ThustheoffsetmethodandtheHessianmethodwith anaugmentedtolerance,

Ü �ßd , similar to
thatadvocatedby CTEQ,givecomparableerrorestimates.In choosingbetweenthesemethodsthereare
someadditionalconsiderations.In theHessianmethodit is necessaryto checkthatdatapointsarenot
shiftedfar outsidetheir onestandarddeviation errors.WhentheZEUSfits aredoneby Hessianmethod
2 someof thesystematicshifts for the10 classesof systematicuncertaintyof theZEUSdatamove by7 1�/ Qáà standarddeviations.Thereis nosinglekinematicregionresponsiblefor theseshiftswhichcould
beexcludedto reducethis effect. Whereastheseshiftsarenot very large, they differ significantlyfrom
thesystematicshifts to ZEUSdatadeterminedin theCTEQfit. Thechoiceof datasetsincludedin the
ZEUSfit alsochangesthevaluesof thesesystematicshiftsandmakingdifferentmodelassumptionsin
thefits alsoproducessomewhatdifferentsystematicshifts. It seemsunreasonableto let variationsin the
model,or thechoiceof dataincludedin thefit, changethebestestimateof thecentralvalueof thedata
points.

In summary, theoffsetmethodhasbeenselectedfor severalreasons.Firstly, becauseits fit results
make theoreticalpredictionswhich areascloseto thecentralvaluesof thepublisheddatapointsaspos-
sible.Theselectionof datasetsincludedin thefit or superficialchangesto themodelarenotallowedto
changethebestestimateof thecentralvalueof thedatapoints.Secondly, becauseits errorestimatesare
equivalent to thoseof a methodwhich doesnot assumethat experimentalsystematicuncertaintiesare
Gaussiandistributed. Thirdly, becauseits resultsproducean acceptableh � whenre-evaluatedconven-
tionally by addingsystematicandstatisticalerrorsin quadrature.Fourthly, becauseits error estimates
takeaccountof thefactthatthepurposeis to estimateerrorsonthePDFparametersand � � �
	�� � within a
generaltheoreticalframework notspecificto particularmodelchoices.Quantitatively theerrorestimates
of the offset methodcorrespondto thosewhich would be obtainedusingthe moregeneroustoleranceÜ �ed in themorestatisticallypowerful Hessianmethods.

5 CONCLUSION

TheNLO DGLAP QCDformalismhasbeenusedto fit ZEUSdataandfixed-targetdatain thekinematic
region, � �#N �RQTS

GeV� , ² Q »�âã/�5
) c « � « 5 Q ² S and M ��N � 5 GeV� . Thepartondistribution functions

for the V and
�

valencequarks,the gluon and the total seahave beendeterminedand the resultsare
compatiblewith thoseof MRST2001andCTEQ6.TheZEUSdataarecrucial in determiningthegluon
andtheseadistributions.

Full accounthasbeentaken of correlatedexperimentalsystematicuncertaintiesfor all experi-
ments.Theresultingexperimentaluncertaintiesonthepartondistribution functionshavebeenevaluated
conservatively, suchthat themodeluncertainty, within the framework of leading-twistnext-to-leading-
orderQCD, is negligible by comparison.Hencethe error bandson the PDFsresultingfrom thesefits
representreasonableestimatesof thetotaluncertaintieswithin this theoreticalframework.

ACKNOWLEDGEMENTS

I would like to thanktheconferenceorganisersL.Lyons,M.Whalley, J.Stirlingandmy colleaguesonthe
ZEUSexperiment.

References

[1] V.N. Gribov andL.N. Lipatov, Sov. J.Nucl. Phys15 (1972)438,L.N. Lipatov, Sov. J.Nucl. Phys
20 (1975)94,G.Altarelli andG. Parisi,Nucl.Phys.B126(1977)298,Yu.L. Dokshitzer, Sov. Phys.
JETP46 (1977)641.

204



[2] ZEUSColl., S.Chekanov etal., forthcoming.

[3] ZEUSColl., S.Chekanov etal., Eur. Phys.J.C21 (2001)443.

[4] HEPDATA, http://durpdg.durham.ac.uk/HEPDATA

[5] R.S.ThorneandR.G.Roberts,Phys.Rev. D57 (1998)6871.

[6] ParticleDataGroup,D.E Groometal., Eur. Phys.J.C15 (2000)1.

[7] M. Botje,hep-ph/0110123.

[8] C. PascaudandF. Zomer, PreprintLAL-95-05.

[9] S.I.Alekhin, hep-ex/0005042.

[10] CTEQ Coll., D. Stumpet al., Phys.Rev. D65 (2001)014012,J. Pumplinet al., Phys.Rev. D65
(2001)014013.

[11] A.D. Martin etal., hep-ph/0110215

[12] J.Pumplinetal., hep-ph/0201195

205


