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Abstract

A discussioris presenteaf the mannerin which uncertaintiesn partondis-

tributions andrelatedquantitiesare determined.One of the centralproblems
is the criteria usedto judgewhat variationof the parameterslescribinga set
of partonsis acceptablevithin the contet of a global fit. Variousways of

addressinghis questionareoutlined.

1 Intr oduction

Theprocedureof determiningpartondistributionsby so-calledglobalfits to data,mainly structurefunc-
tions,is long established1]-[9]. However, it is arathermorerecentdevelopmentto try to determineghe
errorson thesedistributionsat the sametime. This hascomeaboutfor a numberof reasonsFirstly, the
sheeramountof data(full referencesn [10]) sensitve to variouspartondistributions,andthe precision
of this data,hasbecomesuchthatan accurateleterminatiorof all partondistributionsis possible(with
someproblemsonly in difficult to reachregionsof phasespaceg.g. = very nearto 1). Secondlythe
understandingf the experimentalerrorson this datahasreacheda new level of sophisticationith the
systematierrorsbeingunderstoodar betterin termsof their separatesourcesandcorrelations.Lastly,
thetheoreticalunderstandingt NLO in ag hasimproved sothatsubtletiedueto e.g. heary quarksare
now understood.

Thereare mary issuesin the determinationof errorson partondistributions, and a discussion
of thesemay be found in [10]. However, one of the main outstandingproblems,and the focus of a
discussiorsessioratthis meeting is themanneiin which onedeterminepreciselythesizeof theerrors.

2 Quality of fit

Thequality of thefit to asetof datais generallypresentedh termsof thex?. Takingfully into accounthe
correlatedsystematicerrorsthis may be calculatedoy the covariancematrix method,i.e. the covariance
matrix is constructeds

n
_ 2 k
Cij = 0ij0; star + Z Pij0k,iOk,j> Q)
k=1

wherek runsover eachsourceof correlatedsystematiterrorandpfj arethecorrelationcoeficients. The
x? is thendefinedby

N

x> =YY (Di — Ti(a)Cj; (Dj — Tj(a)), (2)
i=1j=1

where N is the numberof datapoints, D; is the measuremenandT;(a) is the theoreticalprediction

dependingon partoninput parameters. Alternatively, onecanincorporatehe systematierrorsinto the
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theoryprediction

fila,s) = Ti(a) + Y sklir, 3)
k=1

whereA;;, is the one-sigmacorrelatecerrorfor points from sourcek. The x? is thendefinedby

N 2 n
X2:Z<DZ _.fz(a73)> +Zsi, (4)
i—1 Oi,unc k=1

wherethe secondterm imposesa penaltywhenwhen variesthe valuesof s, away from zero. This
producesdenticalresultsto the correlationmatrix definitionof x? if theerrorsaresmall. In mary cases
the statisticaland systematicerrorsare simply addedin quadraturegitherfor simplicity, becausehis
may have muchthe sameresultasthe above proceduresn somecasespr dueto lack of informationon
the correlationsof systematicerrors. (The sophisticatedreatments foundto be essentiafor Tevatron
jetswherecorrelatedsystematierrorsdominate.)

All groupsperformingglobal fits usesomecombinationof the above waysto calculatey?, and
minimizing with respecto thedefinedy? completelydetermineshe partondistributions. In generalthe
quality of the total fit is reasonablygood,e.g. for CTEQ60neobtainsy?/d.o.f. = 1954/1811 andfor
MRST2001x?/d.o.f. = 2328/2097.
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Fig. 1: Thequality of thefit to theindividual datasetsincludedin the globalanalysisoy MRST, shavn togethemwith thegrand
total x2, asafunctionof as(M2)

In principle,theonee erroron someparametein thefit, e.g.thevalueof a5 (M%) or oneof the
parameterslescribingthe input partondistributions, canbe determinedoy allowing the value of x? to
vary oneunit from its minimum. In practice this resultsin unrealisticallysmallerrors.This is shavn in
Fig. 1, which shaws the variationof the x? with a.g(M%) for thetotal fit, andfor individual setswithin
theglobalfit for the MRST partons.
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It is alsodemonstrateth analternatve mannerin Fig. 2, wherefor the CTEQG6fit the extraction
of a5 (M%) obtainedoy allowing x? to increaseby oneunit for eachdatasetwithin thefit is presented
[11]. Clearlythesizeof theerrorsandthe scatterof the pointsareunrealistic.
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Fig. 2: Valuesof as(M2) obtainedoy CTEQfrom thequality of fit to individual datasetswithin the globalfit.

This failure of the Ax? = 1 rule may have varioussources. Firstly, it is clearfrom examination
that not all of the datasetsare consistenwith eachother i.e. the errorshave beenunderestimatech
somemanner Thusfitting the datasimultaneouslyeadsto a certaindegreeof inconsisteng Onecould
keeponly thosesetswhich areclearly consisteniith eachother(within the context of NLO QCD) [9].
However, this leadsto a severerestrictionin the amountof dataused,andthe partonsin someregions
wouldloseimportantconstraints(Dueto thecorrelationbetweerdifferentregionsof « via sumrulesand
becausevolution equationgor partonsnvolve convolutionsover arangeof z, problemsn onerangeof
x impactonthepartonsoverthewholerange.)A secondoroblemis thatcertainchoicesandassumptions
have to be madewhenperforminga globalfit. Theseincludethe cutsmadeon data,datasetsincluded
in thefit, the parameterizatiofior input partonsets,the form of strangesea,the preciseheary flavour
prescription the definition of the NLO strongcouplingconstantthe startingscaleof evolution etc. In
mary of thesechangesanleadto variationsconsiderablygreaterthanthoseobtainedfrom Ay? = 1.
Finally, we do not have a perfecttheory— NLO-in-ag QCD hasmary corrections.Ohviously thereare
higherorders(NNLO), which arenotthatsmallin themselesin QCD, but thereareotherproblems.In
particularat large andsmall z therearelarge logarithmsassociatedvith higherorders,i.e. at small z
therearetermsof the type o In"~'(1/z), andat large = termslike o In**~'(1 — z). Thesearenot
fully understoodAlso atlow Q? therearehighertwist, i.e. O(1/Q?) correctionghatareagainnotwell
understood Hence,in fitting dataone parametemay be artificially well constrainedat someincorrect
valuein someregion of parametespacey the necessityo accounfor missingcorrectiongo thetheory
This cantheninfluenceotherregionsin themannerexplainedabore, e.g. anartificially largegluonin one
rangeof x canleadto it beingtoo smallin otherregionsbecaus®f the momentunmsumrule constraint.

This hasled to variousmethodgo determineerrorsby allowing awider variationthanthe canon-
ical Ax? = 1. CTEQactuallyallow Ax? = 100 by variousconsiderationsincluding error limits of
individual experiments[12]. An exampleis the determinationof as(M%) asshavn in Fig. 3, where
the errorbarsgive the 90% confidencdimit for eachexperiment(the sizeof which variesconsiderably
betweerdatasets) andthetwo linesgive thebandof a,g(M%) allowed by Ax? = 100 for the globalfit
[11]. Thisis too conserative, andCTEQregardit asmorethanaoneo error MRST useAx? = 20 as
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anapproximateoneo errorinstead pasedon the essentiallysubjectve criterion of judgingwhenthefit
is goinguncomfortablywrongin someregion [2].
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Fig. 3: Allowedvalueof as (M) obtainedby CTEQfrom the quality of fit to individual datasetswithin globalfit.

A morepreciselydefinedmethodis to useanalternatve formulationfor x2. In the offsetmethod
thefit is obtainedoy minimizing

% :§<(Di_fi(aa5:0)))2’ (5)

] a;
im1 1,unc

i.e. thebestfit andparameters, areobtainedfrom only uncorrelatecerrors. The quality of the fit can
thenbe estimatedoy addingerrorsin quadrature The systematierrorson a; aredeterminedy letting
eachs, = +1 andaddingthe deviationsin quadrature This is essentiallythe sameas,andin practice
achiezed by calculating2 Hessiarmatrices
2.2 2.2
ij = Ix V%jzax ; (6)
8ai8aj 8ai83j

anddefiningcovariancematrices
Cstat = M1 Csys = MﬁlVVTM?l Ciot = Cstat + Csys- (7)

This methodwasusedin earlyH1 fits [13] andin ZEUSfits [6, 7] andis thestandardinearpropagation
of errors.Much thesamemethodis usedfor polarizeddatain [8], asfarastheinformationon correlated
errorsallows. The methodis not optimum,andit leadsto a muchbiggeruncertaintythanthe standard
methodfor Ax? = 1 [14]. However, it maybesuitablein practice[7], andZEUS estimatehe samesize
errorscouldbe obtainedusingthe standardnethodand Ax? = 50.

Theresultsof thevariousapproachemaybe summarizedn a selectionof the extractedvaluesof
as(M2) belaw [15].
CTEQ6 (Ax*=100) as(M2) = 0.1165 4 0.0065
ZEUS (AxZ;=50) as(Mz) = 0.1166 + 0.0008(uncon = 0.0032(corr)
+0.0036(norm) + 0.0018(mode)
MRST (Ax?=20) as(MZ%) = 0.119 4+ 0.002(exp) + 0.003(theory)
HL (Ax?=1) as(M%) = 0.115 =+ 0.0017(exp) % 0.005(theory) (8)
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The valuesobtainedare consistent,and the errorsnot too dissimilar given the wide variation
in Ax? used. This is largely becauseeachgroup haschosena methodwhich gives a reasonablend
believable error. H1 actually usethe standarddefinition, obtaininga small error, but are only able to
do this becausehey usea much smallerdatasetthanthe othergroups,i.e. their own dataplus some
BCDMS datawhich arefully consistentlf MRST andCTEQwereto usethe sameapproacttheir error
would betiny (andtheir extractedvalueof as (M%) somestandardieviationsaway from thatof H1, e.g.
MRST2001would obtainag (M%) = 0.1192 =+ 0.0005).

3 Conclusions

In determiningerrorsfor andfrom partondistributions one encounters dilemma. One couldfit to a
relatively small subsetof the available datawith a very conserative setof cuts so that dataare self
consistentand theory is truly reliable. However, this would leadto a poor determinationof partons
in certainregions andwould give no ideahow well the theoryis working overall. Alternatively, one
cantry to constrainthe partonsin aswide a region of parametesspaceas possible,acceptingthat the
standardulesfor errordeterminatiorwill beseverelystrained.Thewayin whichonecanobtainsensible
estimate®f therealerrorsin thelatter cases a subjectvery muchopenfor discussion.
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