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MEASUREMENTS OF THE PROTON STRUCTURE AT LOW Q2

A. del RocioVargasTreviño1

DortmundUniversity, ExperimentalPhysicsE5
Otto-Hahn-Strasse4, 44227Dortmund,Germany

Measurementsof the protonstructurefunctionsat low Q2 arediscussed.An extensionof
previousF2 measurementsto largevaluesof x in thetransitionregion from non-perturbative
to perturbative QCDis presented,aswell asseveraldeterminationsof FL .

PACS: 13.60.-r, 13.60.Hb

1 Intr oduction

Measurementsof inclusive differential crosssectionsin deepinelasticscattering(DIS) have
playeda crucial role in the developmentof the understandingof perturbative quantumchro-
modynamics(pQCD).

The kinematicsof inclusive DIS are usually describedby the variablesQ2, the negative
four-momentum-transfer, andx, thefractionof theproton's longitudinalmomentumcarriedby
the struck quark. The reducedcrosssectionfor electron-protonscatteringin the one-photon
approximation,which is valid for Q2 � 100GeV2, is givenby theexpression:

� r = F2(x; Q2) �
y2

Y+
FL (x; Q2); Y+ = 1 + (1 � y)2; (1)

wherey is the inelasticity, given by y � Q2=sx, ands is the centre-of-massenergy of the ep
collision.

TheprotonstructurefunctionF2 is thedominantcontribution to theinclusive crosssection,
while FL contributesonly at high valuesof y. TheexperimentsH1 andZEUSat theHERA ep
collider have shown that theQ2 evolution of theprotonstructurefunctionF2 is well described
by pQCDthroughouta wide rangein x andQ2 [1]. However, at low Q2, wherethetransitionto
photoproductiontakesplace,non-perturbativeeffectsareobserved[2] andthedatacanbeonly
describedby phenomenologicalmodelslike Reggetheory[3]. This notesummarizestheresults
of new experimentalmethodsusedto investigatethebehaviour of F2 in thetransitionregion. In
addition,thedeterminationof theprotonstructurefunctionFL is presented.
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2 F2 Measurementat low Q2

In orderto studythetransitionregion Q2 � 1GeV2, HERA hasdeliveredpositron-protonscat-
teringdata,in which the interactionvertex wasshiftedby about70 cm in theprotonbeamdi-
rection. These“shifted vertex” runsallow largerpositronscatteringanglesto bemeasuredand
hencelowervaluesof Q2 canbeaccessed.Earlymeasurementsin thetransitionregionbetween
non-perturbative andperturbative QCD weremadeby the H1 andZEUS Collaborationsusing
shiftedvertex data[4].

TheH1 Collaborationhaspresenteda new measurementof theprotonstructurefunctionF2

in the transitionregion, 0:35 < Q2 < 3:5 GeV2, using shiftedvertex datataken in August
2000[5]. This datasampleis four times larger than that taken in initial shiftedvertex run in
1995.An extensionof theshiftedvertex measurementto largervaluesof x at low Q2 is possible
by studyinginitial stateradiative events(ISR). This analysisexploits the fact that thecentreof
massenergy

p
s of theepcollision is reducedby theemissionof thephotonandthereforelarger

x valuesareaccessed.
In contrastto theZEUSISR analysis[6], which will bediscussedlater, thenew analysisin-

troducedby H1 doesnotrequirethedetectionof theradiatedphoton.Theenergyof theincoming
electronis reconstructedfrom energy andlongitudinalmomentumconservation,assumingthat
thephotonis radiatedcollinearlywith theelectronbeam[7]. Usingthereducedincomingelec-
tron energy, thekinematicvariablesarereconstructedwith thesigmamethod[8] which makes
useof the scatteredelectronand the hadronic�nal state. In Fig. 1, the H1 ISR crosssection
measurementmadeusingtheshiftedvertex datafrom 2000areshown (closedpoints).TheISR
analysisextendsthepreviousshiftedvertex measurementto valuesof x up to 5 � 10� 3. Previous
ZEUSmeasurementswhich accesstheregion 0:0045< Q2 < 0:65 GeV2 usinga silicon strip
trackingdetectorandan electromagneticcalorimetervery closeto the beampipe [2], arealso
shown in Fig. 1.

QED Compton(QEDC)eventsareanotherclassof radiativeprocesseswhich give accessto
highvaluesof x in theregionwhereonly �x edtargetexperimentshavepreviouslymeasured[9].
QEDCeventsarecharacterisedby anexchangedphotonwith low virtuality andby anexchanged
electronwith high virtuality. The scatteredelectronandthe radiatedphotonarereconstructed
in thebackwarddetectorsandareback-to-backin theazimuthalplane.This analysiswasdone
usingdatataken by H1 in 1997[9] at the nominalvertex position. The reconstructionof the
kinematicsis possiblefor 0:5 < Q2 < 7GeV2 andfor 0:001 < x < 0:06. This extensionis
achieved by introducinga detailedsimulationof the hadronic�nal stateat low masseswhich
includesthe resonanceregion [10], andthroughan improvedunderstandingof thecalorimeter
noise.Fig. 2 shows theQEDCF2 measurementtogetherwith previousmeasurementsfrom H1,
ZEUSand�x edtargetmeasurements.

3 FL Determination

The �rst direct measurementof FL at HERA wasmadeby the ZEUS collaborationusingISR
eventsin which the radiatedphotonis explicity detected[6]. As alreadydiscussedin the last
section,the reducedenergy of the incomingelectronleadsto a variationof thecentre-of-mass
energy andthereforey variesfor �x edx andQ2, suchthatFL canbe measured.Using a MC
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Fig. 1. Measuredreducedcrosssectionfrom non-radiative and ISR analyses,usingshiftedvertex data.
Comparisonwith previousmeasurementsfrom ZEUSand�x edtargetexperimentsarealsoshown.
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Fig. 2. F2 measurementfrom QED Comptonscatteringby H1 (closedcircles),comparedwith othermea-
surementsat HERA andwith �x ed targetexperiments.The innererrorbarsfor theQEDCdatarepresent
thestatisticalerrorsandthetotal errorbarsthestatisticalandsystematicerrorsaddedin quadrature.
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Fig. 3. FL measurement.Theinnererrorbarsshow thestatisticaluncertaintieswhile theouteronesshow
thestatisticalandsystematicuncertaintiesaddedin quadrature.

simulationwherethe FL contribution is set to zero, the ratio of the numberof background-
substracteddataeventsto the numberof MC eventsasa function of y is studiedleadingto a
determinationof FL . The measurementof FL , madein a single bin de�ned by 1 < Q2 <
30 GeV2 and0:11 < y < 0:23, is shown in Fig.3 andis foundto becompatiblewith NLO-QCD
calculationswithin thelargeexperimentaluncertainties.

The H1 Collaborationhasdevelopedvariousmethodsfor obtaininginformationaboutFL .
Ascanbeseenfrom Fig.1, thecontributionfromFL is visiblein thereducedcrosssectiononlyat
thelowestvaluesof x, whichcorrespondto thehighestvaluesof y upto 0:9. Thismeansthatthe
contributionfrom F2 canbedeterminedmostpreciselyfor y below 0:6 andthenanextrapolation
canbemadeinto thehighy regionusingtheH1 QCD�t [11]. Finally thecontribution from FL

canthenbeextractedat high y by takingthedifferencebetweenthemeasuredcrosssectionand
theextrapolatedF2 measurements.For low valuesof Q2 theshapemethodfor extractingof FL

is introduced[12]. This methodassumesthatthereducedcrosssectioncanbeparametrizedas

� f it = cx� � �
y2

Y+
FL ; (2)

wherec; � andFL arefree parametersat eachQ2 value. The �rst term in Eq. (2) is the result
of previousmeasurements,which show thatF2(x; Q2) behaveslike x � � at �x edQ2 [13]. The
resultsof theFL extractionareshown in Fig. 4 asa functionof Q2, wheretheshapemethodwas
usedfor theextractionup to Q2 = 7:5 GeV2. TheextractedFL valuesarein goodagreement
with theGBW dipolemodelover thewholeQ2 range.Thedatashow thatFL remainsnon-zero
down to low Q2 andthat it is possibleto distinguishbetweenthedifferentmodelsin the low x
region.
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Fig. 4. FL (Q2) at �x edW = 276 GeV. Thefull errorsincludethestatisticaluncorrelatedandcorrelated
systematicerrorsaddedin quadrature.
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