actaphysicaslovacavol. 55 No. 1, 103—-107 February 2005

MEASUREMENTS OF THE PROTON STRUCTURE AT LOW Q?

A. del Rocio VargasTrevifio
DortmundUniversity, ExperimentaPhysicsEb
Otto-Hahn-Strassé, 44227Dortmund,Germaly

Measurementsf the proton structurefunctionsat low Q? are discussed.An extensionof
previousF, measurement® large valuesof x in thetransitionregion from non-perturbatie
to perturbatve QCD is presentedaswell asseveraldeterminationsf F .

PACS: 13.60.-r 13.60.Hb

1 Intr oduction

Measurement®sf inclusive differential crosssectionsin deepinelastic scattering(DIS) have
playeda crucial role in the developmentof the understandingf perturbatve quantumchro-
modynamicgpQCD).

The kinematicsof inclusive DIS are usually describedby the variablesQ?, the negative
four-momentum-transfeandx, the fraction of the proton's longitudinalmomentuncarriedby
the struck quark. The reducedcrosssectionfor electron-protorscatteringin the one-photon
approximationwhichis valid for Q2  100Ge\?, is givenby the expression:

2
(S F(6Q) SFLOGQD Ve =1+ v ®

wherey is the inelasticity givenbyy ~ Q?=sx, ands is the centre-of-masgnegy of the ep
collision.

The protonstructurefunction F» is the dominantcontribution to theinclusive crosssection,
while Fi contributesonly at high valuesof y. The experimentsH1 andZEUS atthe HERA ep
collider have shavn thatthe Q? evolution of the protonstructurefunction F, is well described
by pQCDthroughouta wide rangein x andQ? [1]. However, atlow Q?, wherethetransitionto
photoproductiontakesplace,non-perturbatie effectsareobsened[2] andthe datacanbe only
describedy phenomenologicahodelslike Reggetheory[3]. This notesummarizesheresults
of new experimentaimethodausedto investigatehe behaiour of F, in thetransitionregion. In
addition,the determinatiorof the protonstructurefunctionF_ is presented.
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2 F, Measurementat low Q?

In orderto studythetransitionregion Q?>  1GeV?, HERA hasdeliveredpositron-protorscat-
tering data,in which the interactionvertex was shiftedby about70 cm in the protonbeamdi-
rection. These"shifted vertex” runsallow larger positronscatteringanglesto be measureand
hencdower valuesof Q? canbe accessedEarly measurements thetransitionregion between
non-perturbatie and perturbatve QCD were madeby the H1 andZEUS Collaborationsusing
shiftedvertex data[4].

TheH1 Collaborationhaspresented new measurementf the protonstructurefunctionF,
in the transitionregion, 0:35 < Q? < 3:5 Ge\?, using shifted vertex datataken in August
2000[5]. This datasampleis four times larger thanthat taken in initial shifted vertex run in
1995.An extensionof the shiftedvertex measuremerto largervaluesof x atlow Q? is possible
by studyingiBitiaI stateradiative events(ISR). This analysisexploits the factthatthe centreof
massenegy s of theepcollisionis reducedy theemissionof the photonandtherefordarger
X valuesareaccessed.

In contrasto theZEUSISR analysig6], whichwill bediscussedater, the new analysisin-
troducedby H1 doesnotrequirethedetectiorof theradiatedphoton. Theenepgy of theincoming
electronis reconstructedrom enegy andlongitudinalmomentumconseration, assuminghat
the photonis radiatedcollinearly with the electronbeam[7]. Usingthereducedncomingelec-
tron enepy, the kinematicvariablesare reconstructedvith the sigmamethod[8] which makes
useof the scatterecklectronandthe hadronic nal state. In Fig. 1, the H1 ISR crosssection
measurememnnadeusingthe shiftedvertex datafrom 2000areshawn (closedpoints). The ISR
analysisextendsthe previousshiftedvertex measuremerib valuesof x upto5 10 3. Previous
ZEUS measurementwhich accesgheregion 0:0045< Q? < 0:65 Ge\? usinga silicon strip
trackingdetectorand an electromagneticalorimetervery closeto the beampipe [2], arealso
shavnin Fig. 1.

QED Compton(QEDC) eventsareanotherclassof radiative processesvhich give accesgo
highvaluesof x in theregionwhereonly x edtargetexperimentshave previously measuredoa].
QEDCeventsarecharacterisetly anexchangeghotonwith low virtuality andby anexchanged
electronwith high virtuality. The scatterecelectronandthe radiatedphotonarereconstructed
in the backward detectorsandareback-to-backn the azimuthalplane. This analysiswasdone
usingdatataken by H1 in 1997[9] at the nominalvertex position. The reconstructiorof the
kinematicsis possiblefor 0:5 < Q? < 7GeV? andfor 0:001 < x < 0:06. This extensionis
achieved by introducinga detailedsimulationof the hadronic nal stateat low massesvhich
includesthe resonanceegion [10], andthroughanimproved understandingf the calorimeter
noise.Fig. 2 shavs the QEDCF, measuremertbgethemwith previousmeasurementsom H1,
ZEUSand x edtargetmeasurements.

3 F_ Determination

The rst directmeasuremendf F| at HERA wasmadeby the ZEUS collaborationusing ISR
eventsin which the radiatedphotonis explicity detected6]. As alreadydiscussedn the last
section,the reducedenegy of theincomingelectronleadsto a variationof the centre-of-mass
enegy andthereforey variesfor x edx andQ?, suchthatF_ canbe measuredUsinga MC
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Fig. 1. Measuredreducedcrosssectionfrom non-radiatve and ISR analysespsing shifted vertex data.
Comparisorwith previousmeasurementsom ZEUSand x edtargetexperimentsarealsoshowvn.
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Fig. 2. F» measuremerfrom QED Comptonscatteringby H1 (closedcircles),comparedvith othermea-
surementat HERA andwith x edtargetexperiments.Theinner error barsfor the QEDC datarepresent
the statisticalerrorsandthetotal errorbarsthe statisticalandsystematierrorsaddedn quadrature.
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Fig. 3. FL measuremenfTheinnererrorbarsshav the statisticaluncertaintiesvhile the outeronesshav
the statisticalandsystematiaincertaintiesddedn quadrature.

simulationwherethe F_ contribution is setto zero, the ratio of the numberof background-
substractediataeventsto the numberof MC eventsasa function of y is studiedleadingto a
determinationof F|_ . The measurementf F, madein a singlebin de ned by 1 < Q? <
30GeV? and0:11< y < 0:23, is shavn in Fig. 3 andis foundto becompatiblewith NLO-QCD
calculationswithin the large experimentaluncertainties.

The H1 Collaborationhasdevelopedvariousmethodsfor obtaininginformationaboutF .
As canbeseerfrom Fig. 1, thecontributionfrom F_ is visiblein thereducedrosssectiononly at
thelowestvaluesof x, which correspondo thehighestvaluesof y upto 0:9. This meanghatthe
contributionfrom F, canbedeterminednostpreciselyfor y belav 0:6 andthenanextrapolation
canbemadeinto the highy region usingtheH1 QCD t [11]. Finally the contributionfrom F
canthenbe extractedat high y by takingthe differencebetweerthe measurearosssectionand
the extrapolatedF, measurements:or low valuesof Q? the shapemethodfor extractingof F_
is introduced12]. This methodassumeshatthereducedcrosssectioncanbe parametrizeds

y2

fit = CX VI
i Y.

Fo; 2)
wherec; andF_ arefree parametersit eachQ? value. The rst termin Eq. (2) is the result
of previous measurementsyhich shawv thatF,(x; Q%) behaeslikex at x edQ? [13]. The
resultsof theF | extractionareshovnin Fig. 4 asafunctionof Q?, wheretheshapemethodwas
usedfor the extractionup to Q? = 7:5 Ge\?. TheextractedF_ valuesarein goodagreement
with the GBW dipole modelover thewhole Q? range.Thedatashaw thatF_ remainsnon-zero
down to low Q? andthatit is possibleto distinguishbetweerthe differentmodelsin the low x
region.
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Fig. 4. FL (Q?) at x edW = 276 GeV\. Thefull errorsincludethe statisticaluncorrelatedandcorrelated
systematierrorsaddedn quadrature.
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