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Abstract
A discussionis presentedof themannerin which uncertaintiesin partondis-
tributionsandrelatedquantitiesaredetermined.Oneof thecentralproblems
is thecriteriausedto judgewhat variationof theparametersdescribinga set
of partonsis acceptablewithin the context of a global fit. Variouswaysof
addressingthisquestionareoutlined.

1 Intr oduction

Theprocedureof determiningpartondistributionsby so-calledglobalfits to data,mainlystructurefunc-
tions,is longestablished[1]-[9]. However, it is a rathermorerecentdevelopmentto try to determinethe
errorson thesedistributionsat thesametime. This hascomeaboutfor a numberof reasons.Firstly, the
sheeramountof data(full referencesin [10]) sensitive to variouspartondistributions,andtheprecision
of this data,hasbecomesuchthatanaccuratedeterminationof all partondistributionsis possible(with
someproblemsonly in difficult to reachregionsof phasespace,e.g. � very nearto 1). Secondly, the
understandingof theexperimentalerrorson this datahasreachedanew level of sophistication,with the
systematicerrorsbeingunderstoodfar betterin termsof their separatesourcesandcorrelations.Lastly,
thetheoreticalunderstandingat NLO in �
	 hasimprovedsothatsubtletiesdueto e.g.heavy quarksare
now understood.

Thereare many issuesin the determinationof errorson partondistributions, and a discussion
of thesemay be found in [10]. However, oneof the main outstandingproblems,and the focus of a
discussionsessionat thismeeting,is themannerin whichonedeterminespreciselythesizeof theerrors.

2 Quality of fit

Thequalityof thefit toasetof dataisgenerallypresentedin termsof the �� . Takingfully intoaccountthe
correlatedsystematicerrorsthis maybecalculatedby thecovariancematrix method,i.e. thecovariance
matrix is constructedas ��������������� ���� ��� � � � !"#%$&(' #��� � # � � � # � �*) (1)

where+ runsovereachsourceof correlatedsystematicerrorand ' #�,� arethecorrelationcoefficients.The�� is thendefinedby � � �.-"� $& -"� $&0/21 �43657� /28:9;9 �=< &��� /21 �>365?� /28?9;9 ) (2)

where @ is the numberof datapoints, 1 � is the measurementand
5 � /28?9 is the theoreticalprediction

dependingonpartoninputparameters8 . Alternatively, onecanincorporatethesystematicerrorsinto the
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theoryprediction A � /28 )0B 9 �C57� /28?9 � !"#%$& B #ED � # ) (3)

where D � # is theone-sigmacorrelatederrorfor point F from source+ . The � � is thendefinedby

� � � -"� $& G 1 � 3
A � /28 )0B 9�H��� I ! � J � � !"#%$& B �# ) (4)

wherethe secondterm imposesa penaltywhen when variesthe valuesof
B # away from zero. This

producesidenticalresultsto thecorrelationmatrixdefinitionof �� if theerrorsaresmall. In many cases
the statisticalandsystematicerrorsaresimply addedin quadrature,either for simplicity, becausethis
mayhave muchthesameresultastheabove proceduresin somecases,or dueto lack of informationon
thecorrelationsof systematicerrors. (Thesophisticatedtreatmentis found to beessentialfor Tevatron
jetswherecorrelatedsystematicerrorsdominate.)

All groupsperformingglobal fits usesomecombinationof the above waysto calculate�� , and
minimizingwith respectto thedefined� � completelydeterminesthepartondistributions.In general,the
quality of the total fit is reasonablygood,e.g. for CTEQ6oneobtains���KELHM�NOM A M �QP�RTSEU K P�V:PTP andfor
MRST2001� � KELHM�NOM A M ��WTXTWTV K W*Y(R(Z .
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Fig. 1: Thequalityof thefit to theindividualdatasetsincludedin theglobalanalysisby MRST, shown togetherwith thegrand

total j?k , asa functionof l?monqprks?t
In principle,theone-

�
erroron someparameterin thefit, e.g. thevalueof �
	 /vu �w 9 or oneof the

parametersdescribingthe input partondistributions,canbe determinedby allowing thevalueof �� to
vary oneunit from its minimum. In practice,this resultsin unrealisticallysmallerrors.This is shown in
Fig. 1, which shows thevariationof the �
� with �	 /vu �w 9 for thetotal fit, andfor individual setswithin
theglobalfit for theMRSTpartons.
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It is alsodemonstratedin analternative mannerin Fig. 2, wherefor theCTEQ6fit theextraction
of �
	 /vu �w 9 obtainedby allowing � � to increaseby oneunit for eachdatasetwithin thefit is presented
[11]. Clearlythesizeof theerrorsandthescatterof thepointsareunrealistic.
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Fig. 2: Valuesof lHmonqp�ks t obtainedby CTEQfrom thequality of fit to individual datasetswithin theglobalfit.

This failureof the D � � ��P
rule mayhave varioussources.Firstly, it is clearfrom examination

that not all of the datasetsareconsistentwith eachother, i.e. the errorshave beenunderestimatedin
somemanner. Thusfitting thedatasimultaneouslyleadsto a certaindegreeof inconsistency. Onecould
keeponly thosesetswhich areclearlyconsistentwith eachother(within thecontext of NLO QCD) [9].
However, this leadsto a severerestrictionin theamountof dataused,andthepartonsin someregions
wouldloseimportantconstraints.(Dueto thecorrelationbetweendifferentregionsof � via sumrulesand
becauseevolutionequationsfor partonsinvolve convolutionsoverarangeof � , problemsin onerangeof� impactonthepartonsover thewholerange.)A secondproblemis thatcertainchoicesandassumptions
have to bemadewhenperforminga globalfit. Theseincludethecutsmadeon data,datasetsincluded
in the fit, theparameterizationfor input partonsets,the form of strangesea,the preciseheavy flavour
prescription,thedefinitionof theNLO strongcouplingconstant,thestartingscaleof evolution etc. In
many of thesechangescanleadto variationsconsiderablygreaterthanthoseobtainedfrom D �
� ��P

.
Finally, we do not have a perfecttheory– NLO-in- �	 QCD hasmany corrections.Obviously thereare
higherorders(NNLO), which arenot thatsmall in themselvesin QCD,but thereareotherproblems.In
particularat large andsmall � therearelarge logarithmsassociatedwith higherorders,i.e. at small �
therearetermsof the type � ! ���q� ! < & / P K�� 9 , andat large � termslike � ! ���q� � ! < & / P�3 � 9 . Thesearenot
fully understood.Also at low ��� therearehighertwist, i.e. � / P KT��� 9 correctionsthatareagainnotwell
understood.Hence,in fitting dataoneparametermaybeartificially well constrainedat someincorrect
valuein someregionof parameterspaceby thenecessityto accountfor missingcorrectionsto thetheory.
Thiscantheninfluenceotherregionsin themannerexplainedabove,e.g.anartificially largegluonin one
rangeof � canleadto it beingtoosmall in otherregionsbecauseof themomentumsumruleconstraint.

This hasled to variousmethodsto determineerrorsby allowing awider variationthanthecanon-
ical D � � ��P

. CTEQ actuallyallow D � � ��P%YTY
by variousconsiderations,including error limits of

individual experiments[12]. An exampleis the determinationof �
	 /vu �w 9 asshown in Fig. 3, where
theerrorbarsgive the

R*Y��
confidencelimit for eachexperiment(thesizeof which variesconsiderably

betweendatasets),andthetwo linesgive thebandof �
	 /vu �w 9 allowedby D �
� ��P%YTY
for theglobalfit

[11]. This is too conservative, andCTEQregardit asmorethana one-
�

error. MRST use D � � ��W*Y
as
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anapproximateone-
�

error instead,basedon theessentiallysubjective criterionof judgingwhenthefit
is goinguncomfortablywrongin someregion [2].
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Fig. 3: Allowedvalueof l m nqp ks t obtainedby CTEQfrom thequalityof fit to individual datasetswithin globalfit.

A morepreciselydefinedmethodis to useanalternative formulationfor � � . In theoffsetmethod
thefit is obtainedby minimizing

� � � -" � $& G /21 �43
A � /28 )0B ��Y 9;9� ��� I ! � J � ) (5)

i.e. thebestfit andparameters8o� areobtainedfrom only uncorrelatederrors.Thequality of thefit can
thenbeestimatedby addingerrorsin quadrature.Thesystematicerrorson 8 � aredeterminedby letting
each

B # ���=P
andaddingthedeviationsin quadrature.This is essentiallythesameas,andin practice

achievedby calculating2 Hessianmatrices

u ��� � ¡ �¢�
�¡ 8 � ¡ 8 � £ ����� ¡ �¤�
�¡ 8 � ¡ B � ) (6)

anddefiningcovariancematrices� �{� � � � u < & � �{¥�� � u < & £¦£¨§ u < & � �ª©«� �¬� �{� � � � � ��¥¢� M (7)

Thismethodwasusedin earlyH1 fits [13] andin ZEUSfits [6, 7] andis thestandardlinearpropagation
of errors.Much thesamemethodis usedfor polarizeddatain [8], asfarastheinformationoncorrelated
errorsallows. Themethodis not optimum,andit leadsto a muchbiggeruncertaintythanthestandard
methodfor D �� �P

[14]. However, it maybesuitablein practice[7], andZEUSestimatethesamesize
errorscouldbeobtainedusingthestandardmethodand D � � ��S*Y

.

Theresultsof thevariousapproachesmaybesummarizedin aselectionof theextractedvaluesof�
	 /vu �w 9 below [15].

CTEQ6 / D � � �P%YTY 9 �	 /vu �w 9 � Y M PTP�®TS �¯Y M YTY(®TS
ZEUS / D � �� ��� ��S*Y 9 �	 /vu �w 9 � Y M PTP�®T® �¯Y M YTYTY(V / uncor9 �¯Y M YTY(XTW / corr9�¨Y M YTY(XT® / norm9 �°Y M YTY?P�V / model9

MRST / D � � ��W*Y 9 �	 /vu �w 9 � Y M PTP�R �¯Y M YTY(W / exp 9 �°Y M YTY(X / theory9
H1 / D � � ��P 9 �	 /vu �w 9 � Y M PTP�S �¯Y M YTY?P±Z / exp 9 �°Y M YTY(S / theory9 (8)
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The valuesobtainedare consistent,and the errorsnot too dissimilar given the wide variation
in D � � used. This is largely becauseeachgrouphaschosena methodwhich givesa reasonableand
believableerror. H1 actuallyusethe standarddefinition, obtaininga small error, but areonly able to
do this becausethey usea muchsmallerdataset thanthe othergroups,i.e. their own dataplus some
BCDMS datawhicharefully consistent.If MRST andCTEQwereto usethesameapproachtheir error
wouldbetiny (andtheirextractedvalueof �
	 /vu �w 9 somestandarddeviationsawayfrom thatof H1, e.g.
MRST2001wouldobtain �
	 /vu �w 9 �²Y M PTP�RTW¨�¯Y M YTYTY(S ).
3 Conclusions

In determiningerrorsfor andfrom partondistributionsoneencountersa dilemma. Onecould fit to a
relatively small subsetof the available datawith a very conservative set of cuts so that dataareself
consistentand theory is truly reliable. However, this would lead to a poor determinationof partons
in certainregionsandwould give no ideahow well the theory is working overall. Alternatively, one
cantry to constrainthe partonsin aswide a region of parameterspaceaspossible,acceptingthat the
standardrulesfor errordeterminationwill beseverelystrained.Thewayin whichonecanobtainsensible
estimatesof therealerrorsin thelattercaseis a subjectvery muchopenfor discussion.
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