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Abstract

We proposea precisionmeasuremenét low momentumtransfer (

GeV ) of the Gerasimeo-Drell-Hearnintegral for the deuteronusing
the Hall B CLAS detector By combiningthesedatawith the protondatataken
undersimilar conditions(appraved E03-006)we canextractthe GDH integral on
the neutron. Thesedatawill provide a benchmarkfor neutronChiral Perturba-
tion Theory( PT) calculations.Also, atthe very low of the proposedexperi-
ment,extrapolationto will permitacheckof the (realphoton)GDH sum
rule. Dueto the compleity of nuclearmediumeffects, extractionfrom both the
deuterorand Heis necessaryo have con dencein neutrondataat very low
An experiment1] with thesamegoalsasthis proposalput usinga Hetamgetwas
approedin Hall A. In addition,asrecentlyemphasize®], the GDH sumfor the
deuteronis afascinatingquantityin its own right andpresents signi cant testof
our presentunderstandin@f the propertiesof few-body nuclei. The experimen-
tal conditionswill bethe sameasthoseof appraved experimentE03-006,except
for the contentof the targetcell. The combineddatasetwill thereforeprovide a
self-consistentestof the Bjorken sum,which is believed to be the bestquantity
to measuren the contet of linking the partonicandhadronicdescriptionsof the
stronginteraction.To performthis measurementye requesB80daysof beamtime.
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1 Intr oduction

We presenhereaproposafor measuringheextendedGerasime-Drell-Hearn(GDH)
integral onthe neutronanddeuteroratiow . In thefollowing pageswe ®rst de®ne
the GDH sumrule andbrie y recallits theoreticabasis.After a shortreview of GDH
experimentaktatus we describethe extensionof the GDH integralto ®nite . Then
we discussthe motivationsfor sucha measuremerdt low Q . We will endthis doc-
umentdescribingthe proposednmeasuremerdndthe beamtime requiredto meetour
goal.

1.1 The Gerasimov-Drell-Hearn Sum Rule

The Gerasime-Drell-Hearnsumrule for real photonscatteringat is afunda-
mentalrelationthatrelieson only afew generalssumptions:

1. Lorentzandgaugeinvariancen theform of thelow enegy theoremof Low [3],
GoldmanandGoldbeger([4].

2. Unitarity in theform of the opticaltheorem.

3. Causalityin the form of an unsubtracteddispersionrelation [5] for forward
Comptonscattering.

For atargetof arbitraryspin , thesumrule [6] reads:

— (1)

where and representhe crosssectionfor photoabsorptionvith the photonhe-
licity parallelor anti-parallelto the target spinin its maximalstate. The integration
extendsfrom the onsetof theinelasticregion, throughthe entirekinematicrangeand
is weightedby thephotonenegy . and representhetargetmassandanomalous
magnetiaonomentrespectiely.

Experimentaldataandtheoreticalboundssuggesthat the integral corverges[7],
and the only assumptiorthat might be opento questionis the validity of the non-
subtractiorhypothesis.

Eq. (1) re ects the factthat the presencef an anomalousnagneticmomentis a
clearsignatureof internalstructure.However, a very smallanomalousnagneticmo-
mentdoesnot necessarilymply thatthe particleis nearlypoint-like. The deuteronijn
particular hasquite small dueto the cancellatiorof protonandneutronanomolous
magneticmoments,yet it hasa large spatialdistribution dueto it's relatively small
binding enegy. If the GDH sumrule holds, thanthis cancellationmustbe alsore-

ected in the integral side of eq. (1). Arenhovel et al. [8] point out the importance
of thethresholdphotodisintgrationchanneln satisfyingthedeuteronGDH sumrule,

concludingthatthe disintggrationchannelmustbe approximatelyequalin magnitude
(but oppositein sign)to all otherinelasticprocessesThis strongcancellatioris afas-
cinating featurethat demonstrates subtle connectionbetweenthe coherentnuclear
behaiour atlow enegy andtheincoherenteactionsatlargeenegy.



1.1.1 Experimental Status

A dedicatedestof the GDH sumrule hasbeenundertalen at the MAMI andELSA

facilities,andthe combineddataset[9, 10] indicatesthatthe protonsumrule is valid

to within 10%. Neutronanddeuterordatafrom a polarizedND targetwerealsocol-

lectedby the above collaborationsandanalysisis undervay. At JLab,anexperiment
is scheduledn Hall B to measurehe (real photon)GDH sumrule for the protonus-

ing a frozenspintamget[11]. An experimentwasapprosed at SLAC to speci®cally
investigatethe corvergenceof the GDH sum[13] but is not expectedto run dueto

theterminationof the SLAC ESA nuclearprogram.The questionof corvergencecan,

however, beaddresseth partwith the 12 GeV upgradeof JLah

At very small (but non-zero)momentuntransferthe GDH sumrule canbetested
by measuringhe -dependencendextrapolatingto the real photonpoint. Hall A
experimentE97-110[1] measuredhe -dependencef the GDH sumat very low
momentuntransferusingapolarized Hetarget. Thatexperimentshouldshedight on
the validity of the GDH sumrule for He, andalsofor the neutronprovidedthatthe
nuclearcorrectionsareundercontrol.

Checkingthe GDH sumrule for the protonaloneis not suf®cient to ensureits
validity. Thelow behaior of thetwo nucleonanaybevery different , which should
be consideredespeciallywhen we realizethat the non-subtractiorhypothesiss the
mostquestionabl@ssumptiorin the derivation.

1.2 The ExtendedGDH SumRule

Anselminoet al. [14] suggestedhat the GDH integral extendedto ®nite Q would
illuminate the transitionfrom perturbatve to non-perturbatie QCD, and pointedout
the connectionbetweenthe extendedGDH integral and the Bjorken sum rule [15].

The generalizatiorconsistsof replacingthe photoproductiorcrosssectionsof eq. (1)

with the correspondingjuantitiesfrom electroproduction.However, mary possible
generalizations exist, dependingon the choiceof the virtual photon ux, andonthe
way the spinstructurefunction isincluded.

Among the different GDH extensions,the one of Ji and Osborn[17] standsout
becausdt generalizesotonly theintegral sidebut thefull sumrule. Hence,it retains
the predictive power thatis lost with otherde®nitions. In addition,the sameauthors
shovedthatthe Bjorkenandthe GDH sumrulesaretwo limiting casef theirgener
alizedGDH sumrule. For anarbitraryhadronictargetit is written:

— (@)

where is thefamiliar spinstructurefunctionand is the forward Comptonampli-
tude.In eq.2, the overbarrepresentgxclusionof the elasticcontribution.

For examplethelow behaiors of thenucleonspinstructurefunctions and  areknown to differ.
For areview, see[16].



TheforwardComptonamplitudesarepresentlycalculableusingchiral perturbation
theoryatlow Q , andthe highertwist expansionatlargerQ . Eventually lattice QCD
calculationshouldprovidecalculationsatary Q . Letusnotethatmomentf thespin
structurefunctionarequantitiegparticularlywell suitedfor lattice QCD calculations.

For futurereferencewe introducethe quantity

— 3)
whichwe will referto asthe GDH integral.

1.2.1 Experimental Status

The CERN, SLAC and HERMES collaborationg[18, 19, 20] have measured(Q )
mainly in the DIS regimefor proton,deuteriumand He targets.At JLab,experiment
E94-010measuredhe GDH integral on the neutron[89] and He [22] down to

= 0.1 GeV , while in Hall B, the EG1 collaboration[23, 24, 25 performedsimilar
studieson the protonanddeuterordown to GeV .

The PAC in recentyearshasrecognizedhe importanceof extendingthesemea-
surementgo the lowestpossible , approving E97-110with A  rating for 22 days
andE03-006for 20 dayswith A rating. TheHall A experimentuseda Hetargetdown
to amomentumransferof 0.02GeV in orderto test PT andthe GDH sumrule for
theneutronandfor He. It is expectedthatthe mostdif®cult partof thatanalysiswill
beto understandhe nuclearcorrectionsatlow  well enoughto extractthe neutron.
In Hall B, experimentE03-006is scheduledo runin Spring2006, usinga polarized
NH targetdown to =0.01GeV . E03-006will determine from anabsolute
(polarized)crosssectionmeasurementherebyeliminatingthe signi®cantsystematic
uncertaintythat arisesfrom the target dilution factor To this end, a new Cerenlov
counteris beinginstalledin onesectorof CLAS to improve the ef®ciengy at smallan-
gles.E03-006will take dataatbeamenepiesof 3.2,2.4,1.6,and1.1GeV, with ashort
runat 0.8 GeV to studyradiative corrections.

The kinematicrangeof this proposalis wherenuclearcorrectionsare expectedto
be the mostdif®cult. But presentlyonly He hasbeenusedto accesghe neutronin
thisregion. For every otherregion (seetablel), both He andthe deuterorhave been
utilized to ensurea full understanding@f the neutronextractionsystematics.

2 Motivations

We proposeto perform a precisionmeasurementf the GDH integral in the range
0.01<Q<0.2GeV , usinganND tametandthe CLAS detectorasupgradedor ex-
perimentE03-006. Apart from the target, this experimentwould have an identical
setupandsimilar beamenepgy requirement®f E03-006.In thefollowing sectionsve
discusghe motivationfor performingthis experiment.
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Figurel:  evolutionof the GDH integralonthedeuterorandneutron.

2.1 The Neutron Extended GDH Sum at Low

The extendedGDH sumcan be measurecand comparedo calculationsat any
Henceit is a usefulquantityfor studyingthe transitionfrom the partonicto hadronic
descriptionsof the stronginteraction. As such,the dependencef the extended
GDH sumhasbeenanimportantfocus of the JLabexperimentalprogram([1, 26, 10,
89]. Theneutronis particularlyimportantbecausef thelong-standingclaim thatthe
GDH sumruleis brokenfor the neutron,andthe accesst providesto the Bjorkensum
(discussedn section2.4). As discussedn sectionl.1.1,the veri®cationof the sum
rule on protondoesnot precludeits violation for a neutrontarget.

Thelow- domainfor the neutronis underinvestigationat JLab (via He) [1].
However, the neutronextractionat low is complicateddue to the increasingim-
portanceof nucleareffects[28, 8]. An experimentusinganothertargetfor which the
nuclearcorrectionsandthe relatedsystematiaincertaintiesare completelydifferent
is crucial to establishcon®dencedn the existing neutronresults. In appendixA, we
recallthe proceduresisedfor neutronextractionin the DIS region and,for integrated
quantities,in the intermediate  domain. To summarizethe appendix,the extrac-
tion of neutronmomentscanbe performedwith a PWIA method(convolution model),
which canbe approximatedo a goodlevel by the DIS methodaccountingsimply for
the effective polarizationof the nucleonswithin the nucleus. The magnitudeof the
correctiongrows atlow , wherethereis no furtherjusti®cationof the useof effec-
tive polarizationsbesidethe factthatthe resultsarecloseto the PWIA method.Since
PWIA is known to be unreliableat low , both the corvolution modelandthe ef-
fective polarizationmethodscannotbe useda priori atlow . More sophisticated
modelsor calculationshave to be usedthat accountfor nucleareffects, suchas®nal
stateinteractionsmesonexchangecurrents EMC effectsor Pauli-blocking. Work is
on goingto include ®nal stateinteractionsthat are believedto be the mostimportant



at low [97]. Suchwork mustbe comparedo experimentalresultsfrom both the
deuterorand Heto establistthereliability of neutronextraction.

Measurementat forwardanglecanbedif®cult dueto increasingbackgroundsind
thegrowing importanceof radiative correctionsWe notethattheanalysiof thelowest

dataof experimentE97-110will be complicatedby the miswiring of the septum
magnetusedto detectthe forward electronsfor partof the Hall A run. This problem
will increasehe systematiauncertaintieoonthelowest  points[29]. Finally, sim-
ulationsshav thatthe lowest  reachablewith the combinationof CLAS andthe
new Cerenlov is 0.01GeV [26], afactorof two timeslowerthanthelowest  point
coveredby E97-110.

It is notthe goalto thethis proposato improve on the measuremerdonein Hall
A, asidefrom providing thenecessargatato have con®dencen theneutronextraction
method. It is dif®cult to competewith resultsfrom a polarized He target giventhe
presentperformanceof polarizedND targets. However, we canreacha comparable
precisionbelow GeV wheretheneutronextractionmethodstartsto beunre-
liable andwhereacrosscheckis mostvaluable.Also, dueto thelow anglecoverageof
thenew CLAS Cerenlov detectorandto thefactthatthe He experimentencountered
technicaldif®culties, an experimentin Hall B would provide betteraccurag for the
verylow  pointsasillustratedin ®g 7.

2.2 Testing PT

The JLAB resultson GDH at intermediateQ [30, 23, 24, 89] triggereddiscussions
shaving a largeinterestfor pushingmeasurement® smallerQ . It is clearfrom the
neutronresultson spin polarizabilities[30], especiallyfor the longitudinal-transerse
polarizability  , thatmoretheoreticalwork is neededo understandhe dataandthe
transitionfrom partonicto hadronicdegreesof freedomof the stronginteraction.Sim-
ilarly, preliminaryresultsfrom the 1.6 GeV EG1resultson the protonandthe deuteron
shav consisteng with PT calculationsashighas = 0.1 but only within the large
statisticaland systematiauncertaintiesof the data(seeFig. 1). PT calculationsare
the only rigorouscomputationsvailable presentlyfor 1(Q ) atlow momentuntrans-
fer [31, 32]. However, thereareseveraltheoreticalissuesregardingthe accurag and
domainof applicationof PT. For example:

1. Thepredictionfor theslopeof I(Q ) atthephotonpointchangesignwhengoing
from leadingorderto next to leadingorder, soit is not obviousthatthe ®rst few
termsof the chiral expansioraresuf®cientfor establishingareliably corvergent

PT prediction.

2. Theimportanceand methodof inclusionof theresonancem PT calculations
is still uncertain.

3. TheQ rangeof applicabilityof PT needgo betested.

Providing dataat the lowestpossible is crucial to constrainthe PT calculations
andto addresgheseissues.



A checkon PT on the neutronwill necessarilybe lessaccuratethanits proton
counterpartHowever, a satisactoryunderstandingf PT hasto includeboth nucle-
onsevenif oneof themis harderto access.

2.2.1 GeneralizedSpin Polarizabilities

The spin polarizabilitiesare fundamentabbsenablesthat characterizenucleonstruc-
ture and presentone of the besttestsof PT calculationsatlow . Like the GDH
sum, they arerelatedto integralsof the nucleonexcitation spectrumandrely on the
samebasictheoreticalassumptionsAt the real photonpoint, the electromagnetipo-
larizabilitiesre ect the nucleons responsdo an external electromagneti®eld. The
generalizegolarizibilities represenain extensionof thesequantitiesto virtual photon
comptonscatteringat ®nite . The polarizabilitiesare expectedto corverge faster
thanthe®rst momentsandthusreducethe dependencef measurementsn extrapola-
tionsto theunmeasuredegionsatlarge .

2.3 Extrapolation to the Real Photon Point

Measuringhe GDH sumrule by extrapolationfrom nearlyrealphotondatawould pro-

videacompletelyindependentross-checkf thetechniquegresentedh sectionl.1.1.

In particulay measuringhe GDH sumatthephotonpointdemandsletectiorof hadrons
while at®nite , asimplerinclusive measuremens suf®cient. We presenthreepos-
sible scenarioshatmaybe encountereih anattemptto extrapolateto therealphoton

point:

1. Thedatais foundto exhibit linearbehaiour atlow . In this caseit will be
straightforvardto extrapolateto

2. We ®nd a morecomplicateddependencaith  thatagreeswith PT calcu-
lations. We may thenutilize the PT calculationsto guide the extrapolation.
(We note, however, thatthe available calculationsall predictlinear behaior at
present.)

3. The dataexhibits a complicated dependencand disagreesvith PT. This
would make the extrapolationdif®cult, but is perhapshe mostinterestingand
exciting possibility asit would requirea seriousre-examinationof the funda-
mentalpreceptof PT.

We discusghe systematiaincertaintyof suchanextrapolationin section4.5.

2.4 The BjorkenSumat Low

In combinationwith the E03-006proton data, we canform the difference

which is predictedat the photonpoint by the GDH sumruleson the protonandthe
neutron.This is the bestquantityto extrapolateto the photonpoint sinceits evolution
is smootherthantheindividual nucleonintegralsdueto the partial cancellatiorof the
resonanceontribution [27]. For the samereasonthe Bjorkensumis alsocalculable
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Figure2: GeneralizedzDH integralasafunctionof ~ for deuterorelectrodisintgra-
tion from Ref.[2].

in PT with a rangeof applicability thatis expectedto be larger thanfor the GDH
integral. In fact,theupper limit of PT calculationsfor the Bjorken sumis ex-
pectedto approactthe rangeof applicability of the Higher Twist Expansion At large

, the Bjorkensumis the only momentfor which the absolutevalueis predicted,n
contrastfor exampleto the Ellis-Jafe sums. Furthermorejts behaior at leading
twist is simpleranddoesnot involve gluon distributionsbecaus@nly non-singletco-
ef®cientsenterin the operatorproductexpansion. Finally, sincethe Bjorken sumis
botha momentanda avor non-singletquantity, it is particularly suitablefor Lattice
QCD calculations.Hence,it appearshatthe Bjorken sumis the perfectquantity to
provide benchmarkneasurement®r thethreetheoreticaframenorksthatareusedto
understandhe transitionfrom hadronicto partonicdegreesof freedom.It is therefore
amostimportantobjectto measureccuratelyontheentire  range.

An experimentin Hall B underthesamecircumstanceasE03-006would minimize
the pointto point systematierrors. In fact,the  -evolution is often moreimportant
than the absolutevalue of the sum since calculationsoften deal only with the -
behaior. Examplesare analyseswithin the OperatorProductExpansionframenork
(extraction of highertwists [37]) or comparisonto PT. Experimentsdoneon both
nucleonaunderthe sameexperimentakonditionswould provide the bestconditionfor
anaccuratecomparisoro theories.

2.5 The Deuteron Extended GDH Sum at low

The deuterorextendedGDH sumrule is anintriguing quantityin its own right in ad-
dition to its utility to provide accesgo the neutron. As in the caseof real photon
scatteringthe disintegrationchannelis expected[8, 2] to play a crucialrole, provid-
ing a large negative contribution that very nearly cancelsthe sumof all contributions

10
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at lower momentumtransfer Calculationsbasedon ArgonneV  potentialincluding
interactionandrelatiistic effects. Plot from Ref.[2].

from mesonproduction. Arenhovel et al. predictthatthe electrodisintgrationchan-
nel contribution is largestfor fm  whichis nearthe low kinematicrange
of this proposal(see®g 2). The electro-disintgrationchannelof He [38] andthe
deuteron[39] have beeninvestigatedoreviously at JLaband measuringhe deuteron
GDH integralasa functionof ~ will provide a signi®canttestof presentheoretical
understandingf the propertiesof few-bodynuclei[2]. Furthermore, PT calculations
are becomingavailablefor nuclei[40] without the issueof nuclearcorrections. The
logical choiceto checkthesenew calculationsis the deuteron sinceit is the lightest
nucleus.We notethatat the proposeckinematics the quasielastiegeactionwill bein-
signi®cantcomparedo electrodisintigrationasdisplayedn ®gure 3, so separatiorof
thesetwo channelswill not presentary dif®culty. A completedeuterormeasurement
will be challengingexperimentallybecausef the dif®culty of separatinghe elastic
scatteringcontribution on the deuteronfrom the inelastic states,beginning with the
breakupchannelat 2.2 MeV. However, we note that the previous EG1 experiments
were not hinderedby the coherentelasticcontribution. Becauseof this, we believe
we cancertainlymake a cleandeuterormeasuremerdt our largestfew proposed
points,aregionthatis still usefulfor a PT test,andwe will make all our dataavail-
ableandwork with theoristdo determinevhethemwe canplaceary constrainton PT
calculationson the deuteron.

Sinceit is unclearatthemomentatexactlywhich  theseparatiometweerelastic
andelectro-disintgrationwill becomeproblematic,in the restof this documentour
estimateon deuteronquantitieswill includeonly the incoherentpart of , iethe
contritution beginning from the pion-productiorthreshold.We notethatall previous
EGlexperimentsaanalyzedonly this partof the GDH integral.

11



2.6 Experimental Considerations

Measurementsf inelasticreactionsatlow  arein generaharderto carryout. Thisis
dueto largeradiative correctionsandincreasingoackgroundsA crosscheckof E97-
110 and this proposedexperiment,using completelydifferenttargetsand detection
systemsis notamotivationin itself. However, it would provide additionalcon®dence
in the measurementsilt is alsoworthwhile to note that the CLAS detectorwill re-
dundantlymeasureseveralkinematicbins, but with differentanglesandbeamenegy
(seeoverlapin Fig. 4). Therewill thereforebe differentbackgroundsandradiative
correctionsandwill provide animportantself cross-checlof our measurement.

12
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Figure4: Proposedinematiccoveragefor threeincidentenegies: 3.2,1.6 and1.1
GeV. Not shavn is theshort0.8 GeV run for radiative correctionstudies.

3 ProposedMeasurement

3.1 Kinematics

We proposeto cover the kinematicrange displayedin ®gure4, which requiresthree
incidentbeamenepies: 1.1, 1.6 and2.2 GeV. This will allow usto evaluatethe -
evolution of the GDH integral from 0.01to 0.2 GeV . A shortrun with a 0.8 GeV
beam,not shavn in the ®gure, will help reducethe systematicuncertaintiesarising
from theradiative correctionsin ®gure4, ary region wherethe elastictail is expected
to be prohibitively big hasbeenexcluded leadingto the cutoffs at low

3.2 Experimental Setup

In orderto performan absolutecrosssectionmeasurementye planto usea modi®ed
setupwhich includesthe new Cerenlov counterthatis beingcommissionedor E03-
006. Thisdetectoiis speci®callydesignedor theoutbending®eld con®guratiorwhich
is necessaryo reachthe desiredlow . This new detectorwill have a very high
electrondetectionef®ciengy (of the order 99.9%)to allow the measurementf the
absolutecrosssectionwith minimal correctionsanda high pion rejectionratio (of the
orderl0 ). Theothercomponent®f CLAS will bein standarccon®guration.

Theproposedinematicsaresimilar to experimentE03-006exceptfor the3.2 GeV incidentenegy.

14



We will usetheJLab/U\A ND polarizedtarget[41] usedin previousCLAS spin-
dependenmeasurements.This target exploits the Dynamical Nuclear Polarization
(DNP)techniquéo polarizethematerialwhichis maintainedn aliquid heliumbathat
1 K andin a5 Teslalongitudinal®eld. This systemoperatedsuccessfullyin previous
CLAS runs, providing typical deuteronpolarizationsof 35%. The deuteronpolariza-
tion will be monitoredonline by an NMR systemand then extractedof ine by the
analysisof quasi-elastiscatteringaventswhich arerecordedsimultaneouslyith the
inelasticeventsthanksto the large CLAS acceptanceThis methodprovidesa more
precisemeasuremenf the productof beamandtarget polarizationthandoesthe in-
dividual measurementsf the electronpolarizationusingthe Moller polarimeterand
the target polarizationusingthe NMR. The polarizedtargetwill be retractedby 1 m
upstreamto increaseheacceptancatlow , by reducingthe minimal anglefor the
scatterealectronallowing to reach GeV . Thetagetwill containtwo C
insertsof differing thicknessandanemptycell in additionto theND for background
measurementdachof thesecellscanbe movedinto the beamvia remotecontrol. In
additionwe will usea solid nitrogentargetto checkthe nitrogencontritution. There
will betwo ND cupsl cm,and0.5cmin lengthrespectiely. Bothwill be1.5cmin
diameter

We will exploit the highly polarizedJLab electronbeam. Previous experiments
have shovn thata typical polarizationof 80% canbe expected.Beamcurrentsin the
rangeof 1-4 nA will beused.In theseconditions,no signi®cantheatingof the target
materialtakes place. The beamwill be rasteredover the target surfaceto minimize
radiationeffects,usingthe existing Hall B raster Dueto thelow beamcurrentandthe
rasteringradiationdamageo thetargetmaterialwill belimited, andannealingwill be
requiredonly onceperweek. The beampolarizationwill be measuredy the Hall B
Moller polarimetey while asmentionedabove the ®nal value of the productof beam
andtargetpolarizationwill be extractedfrom thequasi-elastidata.

We notethatthe experimentalsetupis the sameasfor experimentE03-006,apart
from thetargetcell used.E03-006is scheduledo runin 2006,andrequiresinstallation
of the polarizedprotontargetanda new Cerenlov detectoy currentlyunderconstruc-
tionatINFN. If theexperimentdescribedn thepresenproposatanjustafteror during
E03-006,0newould take advantageof this to minimize boththe beamdown time and
theuseof manpaverin Hall B.

We will trigger CLAS by requiring a coincidencebetweenthe electromagnetic
calorimeterandthe new INFN Cerenlov counter which will beinstalledin only one
sector We will not acceptelectrontriggersfrom other sectorsof CLAS. In fact, in
orderto maximizeour usefuldataratefor scattereetlectronsye will turn off theother
®ve sectorof CLAS.

3.3 Extraction of

The useof absolutecrosssectiondifferencess arobustway of extracting because
theunwantedunpolarizectontribution cancelut. This extractiontechniquaneetsts
full interestwith the ND targetwherethe amountof unwanted(non-deuteronjarget
materialis necessarilyarge.
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Thespinstructurefunction  is relatedto the spin-dependerntrosssectionsvia:

- (4)

Here ,and with the ®rst superscriptndicating
the electronspin, while the secondrefersto the target spin orientation. The Hall B

polarizedtargetcanbe polarizedonly in the longitudinaldirectionat presentsothere
will be someerrorintroducedby neglectingthe perpendiculatermin eq.4. We have

estimatedhis effect by evaluatingthe contribution of to usinga®t to world
data[43]. Figure5 revealsthatatthe proposedinematicsthe effect of neglectingthe
contrikution is indeedquite small. Neglecting entirely resultsin a maxi-

mum 5% differencein  atour highest , andfalls to lessthan1% at

GeV . (Seetable2). Theseresultsarein generabgreementvith the EG1B systematic
analysig44]. Thesystematieffectwill be smallerthanthis of courseandwill depend
ontheaccuray of themodelusedto estimatethe perpendicualacontribution. Follow-
ing the EG1Banalysiswe assumeonseratively 50% uncertaintyon themodelinput,
which canbereducedwith morecarefulstudiesn thefuture.

3.4 Ratesand BeamTime Estimate

Ostensiblytheratesandbeamtime requesbf this proposalill besimilarto approved
experimentE03-006.We musthowever adjustfor the variationof ratesdueto thedif-
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(GeV) Difference
0.01 -0.0070620| -0.0070220| 0.6%
0.05 -0.0298287| -0.0292262| 2.1%
0.10 -0.0456892| -0.0442065| 3.4%
0.20 -0.0489075| -0.0464575| 5.3%

Table2: Uncertaintyin  dueto the lack of trans\ersedata.  representshe ®rst
momentof eq.4 evaluated43] assuming

fering targetsandattainablgargetpolarizationsandalsofor improvementsn various
JLabinstrumentations.

The expectedcountingrates[26] for inelastic scatteringfrom proton were esti-
matedassuminga binof 20MeV,a  binof 0.01GeV , apolarangularinterval

of 18 for onemoduleof the Cerenkov detectora beamcurrentrangingrom 1 to
4 nA dependingon the enegy, andbeamenegiesof 1.1, 1.6, and2.4 GeV. We as-
sumeda minimum electrondetectionangleof 5 degrees.A minimum enegy for the
outgoingelectronof 300MeV wasalsoassumedh integrationto obtainthe GDH sum.
The unpolarizednclusive electronscatteringcrosssectionwascalculatecbasedon a
parameterizatioof thetwo structurefunctions and  [43].

We assumea target polarizationof , abeampolarizationof , andanim-
proved DAQ rateof 6 khz. Takinginto accounthe ND /NH targetnucleonratio we
arrive at the beamtime estimatedisplayedin Table3 . We have excludedthe E03-
006 3.2 GeV incidentenegy and addeda very shortrun at 0.8 GeV to ensurewe
completelycontrol our radiative corrections.This enegy settingwill be dedicatedo
an unpolarizedmeasuremenf the elasticradiative tail andassuchrequiresa small
amountof beamtime. Giventhis allotmentwe cangather65%of the dataof theproton
measurementyhich translatedo a 25%larger statisticaluncertainty

The expectedprecisioncanbe seenin ®gs 6 and7. In ®g. 7, we assumed®0%
systematiaincertaintyon the procedureor neutronextractionfrom both He andD.
However, asdiscussedn appendixA, no calculationsare availablefor now. A com-
parisonof neutronresultsextractedfrom D to thoseextractedfrom Hewould give an
estimateon the size of the nuclearcorrectionsandhencewould constrainto the same
level the accurag of the neutronextractionprocedure Adding in quadraturehe sys-
tematicserrorson the n from D andn from He (ignoring the uncertaintydueto the
modelextraction)yield typically about20% (or 30%if theuncertaintieareaddedin-
early). Thisis thelevel to which the procedurdor neutronextractionwill bechecled.

Let usnotethatthis numberis relevantonly to the particularproblemof extracting
neutron.Nuclearmodelsthemseleswill befurtherconstrainedy directly comparing
ourdoubly polarizeddatato modelpredictions.

3.4.1 Overhead
We presentwo possiblescenarios:

1. If the currentproposalrunsin conjunctionwith E03-006,the overheads mini-
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Figure6: Expectedorecisionof deuteron . Thebandrepresentthesystematiaincer
tainty, while theerrorbarsonthepointsarestatisticalonly. Thecurvesfrom Bernardet
al. [31] andJietal. [17] are PT calculations.The curve from Burkert-loffe [47] and
Soffer-Teryaer [33] are phenomenologicainodels. The preliminary EG1B data[83]
areshavn for comparison.

| Enegy (GeV) | days| current(nA) |

0.8 0.3 1
1.1 9 1
1.6 10 2
2.4 10 4
| Total | 29 | |

Table3: BeamRequesSummary
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Figure7: Expectedorecisionof neutron . Theerrorbarcontainsbothstatisticaland
systematiaincertainty We assume20% uncertaintyfrom the neutronextractionfrom
both HeandthedeuteronTheprojecteduncertaintiegor thepresenproposainclude
the error on the proton measurement.The relevant domainfor comparingneutron
extractingfrom He andD is belov , wherethe known methodto extract
theneutronbecomedessreliable. The pointsathigher  areancillaryresultscoming
from the higherbeamenegy runsnecessaryo expandthe  coverageof the lower
points.See®g. 6 for a descriptionof theoreticakurves.
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mal, namelythe replacemenof the NH3 targetstick with the ND3 target stick
for eachkinematic. Thiswill requireapproximatel\8 hoursfor eachtargetswap.

2. If the currentproposalrunsindependentlythenthereare several new overhead
requirements\We estimate? hoursrequiredfor a passchangeandone8 hour
shift requiredfor linac change.Given our kinematicrequesthis would require
20 additionalhoursof beamtime.

Previous polarizedtarget runs have demonstratedhat the necessityto annealthe
target hasminimal impact on beamtime,as this procedurecan be scheduledduring
weekly beamstudies.Furthermorethe annealingprocedurewill be requiredlessfre-
quentlydueto thelow currentusedin Hall B.

This bringsthetotal requestedbeamtimencludingoverheado 29.8days.

4 SystematicUncertainties

4.1 Polarized crosssection

Onelimiting factorin measuringquantitieswith the polarizedtarget is the precise
knowledgeof targetthickness.Measurementwill be madeafterthe experimentakrun
to measurét atthe % level (for exampleby meltingtheammonisbeadsandmeasuring
the volume of ammonia). The total luminosity will be alsomonitoredby continuous
measuremertf thequasi-elasticrosssection.Suchmeasurememill beusedaswell
to extractthe productof the beamandtargetpolarizations.

All in all, we expecta 5% systematiaccurag [42] on the unpolarizedcrosssec-
tion measuremertieforeradiative correctionsand5% on the asymmetry Thesetwo
quantitiesareusedto form the differenceof polarizedcrosssections.

4.2 Radiative corrections

Radiatve correctionsareneededo extractthe Born crosssectionfrom the measured
one. This procedurds well establishedor both unpolarized45] andpolarized[46]
scattering.

At the low momentumtransferof this proposalelasticradiative tails canlimit a
meaningfulextractionof ~ from backgroundtontaminationWe arepresentlystudy-
ing themagnitudeof theradiativetail effects,anddetailedcalculationswill beavailable
shortly We expectto controlthe radiative tails systematicaincertaintyfrom external
radiative correctiondy runningwith differenttargetthicknesg0.5and1 cm). Together
with this systematicheck,ashortrunat0.8 GeV beamenegy will allow to minimize
the uncertaintyon the total (internal and external) radiative tails. Finally, datafrom
regionswherethe elastictail is large (crosssectiona few time larger thanthe inelas-
tic signal)will not be usedin the analysis(seeFig. 4). Oneof the main effect of the
radiative correctionss to redistritute the eventsalongthe target excitation spectrum.
Sincewe areinterestedy the integral over the excitation spectrumthe overall effect
of theradiative correctionsis someavhatreduced.All in all, we assumea systematic
uncertaintyof 5% or better
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The overlapof kinematiccoveragefrom differentincidentenepies(with different
radiative correctionswill helpensureghatwe understandhe systematido thislevel.

4.3 Large extrapolation.

An extrapolationto large is heededo accountfor theunmeasuretiigh enegy con-
tribution. The uncertaintyon the sumdueto this missingpartis not largerthan2%.
This hasbeenestimatedn the following way: we evaluatethetotal sum  usingthe
modelof Burkertandloffe [47] which agreesvell the JLabdatatakenatintermediate
andlarge  (seefor example[48]). Thesizeof theunmeasuregartof  is estimated
usingthe Bianchi-Thomagarameterizatiofd9] basedon a Reggeform constrained
by the polarizedworld data. A 50% uncertaintyon the magnitudeof the missingpart
wastaken asthe uncertaintyon the total sum. In the above calculation,the deuteron
wasformedusingthe protonandneutronpredictionsaccordingto the formula:

(5)

with

4.4 Other systematicseffects

A largenitrogenbackgrounds presentvhenammonigpolarizedtargetsareused.This
backgrounds mostly unpolarizedandcancelsoutin the differenceof polarizedcross
sections.The slight remainingpolarizationof the N will needto be corrected.We
expectl to 2% uncertaintyon the crosssectiondueto this correction.

Another systematiceffect in the measurementf polarizedcrosssectioncould
comefrom beamchage asymmetry We do not expect signi®canteffects sincethe
JLabbeamsourceis equippedwith parity violation quality monitoringandfeedback
devices.

4.5 Extrapolation to

The expectederrorson the GDH sumrule at the photonpoint can be estimatedby
extrapolatingthemeasuremerdtourlowest  pointusing®ve availabletheorypre-
dictionsnormalizedhedata.Thedispersiorof theresultsgivessomeindicationof the
uncertaintydueto extrapolationthatwe may expect. Thelowest  pointis well into
the domainwhereall available calculationspredictlinear behavior. Thus,the uncer
tainty onthe extrapolationis dominatedoy our experimentakystematic.

Following this estimate we expecta 9% uncertaintyon the incoherentdeuteron
GDH sum(i.e. the contribtution above the pion productionthreshold). The statistical
uncertaintyis negligible (0.9%). This accurag is similar to the precisionof the GDH
veri®cationmadeat MAMI andELSA onthe proton[9, 10].

Theslopepredictedby the GDH sumrule, PT calculationsrom Ji etal. [17], andBernardetal. [31],
andthe phenomenologicahodelsof Soffer andTerya [33], andBurkert andloffe [47].
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[ (Gev) | | | 1]

0.01 1.6 0.3 8.9 9.0 1
0.02 2.2 0.7 8.9 9.2 2
0.05 15 11 8.9 9.1 5
0.10 11 1.7 8.9 9.1 9
0.15 0.2 2.2 8.9 9.2 16
0.20 11 2.7 8.9 9.4 22

Table4: Systematiaincertainty(in percentlon . For referenceawe list the expected
statisticalprecisionin the®nal column.

The uncertaintyon the neutronGDH sumwould be 25%, assuminga 20% uncer
tainty dueto theneutronextractionfrom thedeuteron Thisuncertaintyshoulddecrease
with theoreticalprogressn the nuclearcorrections An uncertaintyof 10% on neutron
extractionprocedurevould reducethe uncertaintyon the neutronGDH to 18%.

5 Total Uncertainty

Table4 givesthe uncertaintieon  for different  points, which we describe
herein detail:
: theuncertaintyon  dueto the unmeasuredontritutionto theintegral
from to , assuminga 50%accurag of themodel.
GeV for all pointsexceptthe ®rst, for which theupperlimit is 1.8 GeV.

. the uncertaintydueto the absencef trans\ersetarget spindata. This
erroris discussedh detailin section3.3.

: the uncertaintyon the absolutepolarizedcrosssectiondifferenceaf-
ter radiative corrections.This includethe uncertaintieon absoluteunpolarized
crosssectionasymmetriespolarized N backgroundandradiative corrections.

: thetotal systematiancertaintyaddedn quadrature.

: the statisticaluncertainty

6 Summary

In summary we proposeto measureghe extendedGDH integral on the neutronand
deuterorin therange0.01<Q <0.2GeV . Themaingoalsof this measuremerdre:

1. To measurdehe neutronGDH integral extractedfrom the deuteronwhich is a
necessargomplemento thedataalreadytakenon He (Hall A experimentE97-
110[1]). The nuclearcorrectionsinvolved in the extraction of neutronfrom
a polarizednucleartarget are increasinglycomplex andsizableat low and
mustbe veri®edfor differentnucleammediums;
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2. To provideacheckof PT calculationsfor the neutron;

3. To measurghe Bjorkensumatverylow  whencombinedwith protondata
from Hall B experimentE03-00626]. Thesimilarexperimentaketupof thetwo
experimentswill minimizeary relative systematiaincertainty

Additionally, sucha measurementould provide:

1. A checkof the (real photon) GDH sumrule on the neutronand deuteronvia
extrapolationto ;

2. A benchmarkmeasuremenfior Chiral PerturbationTheory calculationsof the
deuteroratlow Q .

3. Insightinto the role the disintegration channelplaysin the satishction of the
deuteronGDH sumrule.

The proposedmeasuremenis very similar to the approred proton GDH experi-
ment, E03-006. With 30 daysbeamtime we canreacha statisticalprecisionat the
level of the protonmeasuremenwith a similar systematiaincertainty

A Extraction of Neutron Quantities from He and D.

Neutroninformationis essentialto our understandingf the stronginteractionand
nucleonstructure. Many groupshave worked out extraction procedureg§93]-[112],
althoughthis list of referencess not exhaustive. We will focus heremainly on the
work of Cio® Degli Atti andcollaborators.

In thedescriptiorbelow, thelimitations of the extractionproceduresvill beappar
ent,thusdemonstratinghe needfor experimentakesultsfrom bothD and He. Tests
againstoothD and He experimentalkresultswill be neededo establishthe reliability
of themoresophisticateghrocedureshatarenecessaryo extractthe neutron.

A.l He

In ExperimentE97-110,neutroninformationhasto be extractedfrom He data. The
He nucleusis notin a pureS state. Theadmixtureof S andD statescanreachabout
10%. This makesthe protonsof the He nucleuscomeinto play. In DIS, this canbe
formalizedusingthe conceptof non-zeroproton effective polarization . For
the samereasorpart of the neutronspinis pointingin the oppositedirectionthanthe
He spin (neutroneffective polarization ). Othernuclearcorrectionsaccounted
for in this extraction procedurecomefrom the Fermi motion and the binding. The
correctionmethodfor DIS datawas®rst worked out for He by Friar et al. [93] and
thenby C. Cio® Degli Atti etal. [94]. The methodwasthenappliedto the GDH sum
rule by C. Cio® Degli Atti andS. Scopettd95].
The proton and neutroneffective polarizationswithin the He nucleusare com-
putedeither using three-bodyFadee calculationsor by integrating elementsof the
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matrix representinghe spin dependenspectraffunction (both methodsagree).With-
out ary nucleareffectsotherthanthe admixtureof the S andD states the different
spinstructurefunctionswould obey the equation:

(6)

with and [94].
Assumingthatthespinstructurefunctionshave the sameform for aboundnucleon
andafreenucleonthenthe Fermimotionandbindingeffect canbetakeninto account
by integratingthe structurefunctionsover a shiftedenepy transfer i.e., theseeffects
areaccountedor by corvoluting and  with a quantityrelatedto the He spec-
tral function [94] calculatedin the planewave impulseapproximation(PWIA). This
methodholdsin principle for the quasi-elasticyesonanceand DIS domains. Cio®
Degli Atti etal. demonstratehatin the DIS region Eq. 6 is alreadya good approx-
imation andthe re®nementy the corvolution methodmodi®esthe resultby at most
4% (for ) [94]. Howeverin theresonanceegion Eq. 6 is not suf®cient for a
reliableextractionof the neutrondata[95] dueto Fermimotionandbinding.
SincethegeneralizedsDH integralis anintegrationoverthespinstructurgunction

, the methodusedto extractthe spin structurefunctionson the neutroncanalsobe
appliedto thegeneralizedzDH integral. A comparisorof theextractionof theneutron
GDH integralusing,ontheonehand,only theeffective polarizationgnethod(cf Eq. 6)
and, on the otherhandthe PWIA method,shows thatin both caseshe GDH integral
is similar. Hence,for integratedquantities,in a domainwherePWIA is justi®ed, the
neutroncan be extractedeitherby simply accountingfor effective polarizationor by
usingthe corvolution method. However, PWIA doesnot accountfor nucleareffects
suchasFinal StatelnteractionsandMesonExchangeCurrentswhich areknown to be
increasinglyimportantatlow . EMC effectsarealsonot included. Furthermore,
Pauli blocking is not includedin PWIA andit shouldplay animportantrole at low

, which may explain the striking resultof experimentE94010which shovs a large
positivetrendof theGDH sumon Heatlow , whilethesumruleatthephotonpoint
hasalargenegativevalue(-498 barn)(see®g. 8) [113]. Theincreasingcompleity of
theextractionatlow s re ectedin theuncertaintyof the PWIA whichis estimated
torangefrom5%atlarge  to 10%at GeV . Thisestimateas obtainedby
comparinghePWIA andeffective polarizatiorresultsandassumindhatthedifference
is representatie of theneutronextractionuncertainty Althoughaccountingor nuclear
effectsappeardo be dif®cult atlow , thereis on-goingwork to include ®nal state
interactionsn the PWIA model[114].

A.2 Deuterium

In the DIS limit, a convolution methodbasedon the impulse approximationis also

usedto extract the neutronfrom the deuteron[96]. The electron-nucleorscattering
amplitudeis corvolutedwith the wave function of the nucleoninside the deuteron.
Themostimportantnucleareffects,for SSFin DIS, areFermi-motionandthe D-Wave

depolarizatioreffect. The corvolution canbe expresseds:
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Figure8: Preliminaryresultsonthegeneralized5DH sumon He.

— (7)

where is the “spin dependenéffective distribution of the nucleons”and

hasa sharpmaximumat andis normalizedto (1-1.5 ),
leadingto the usualapproximatdormula:

- (8)

with from N-N potentialcalculations Eq.8 becomesnexactconsequence
of Eq.7 if momentsareconsidered.

At ®nite  and , theintegrationlimit of eq.7 and become -dependent,

soin principle Eq. 8 doesnot hold. In practice,correctionsare small (0.3% effect at
=1GeV ).

Justlike for He, the simple Eq. 8 is not reliablein the resonanceegion dueto
Fermismearingput canbe usedto a goodapproximatiorfor momentsaslong as
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is nottoo small. The changen normalizationof with respecto
leadsto a correctionterm

- (9)

thatcanbeinterpretedasthe effective numberof nucleonsseenby the virtual photon.

Thecorrection growsatlow ,
and [96].
As for , hucleareffectsin deuterium,suchas®nal stateinteractionsthatare

known to be importantat low from unpolarizeddata,are not includedin the ex-

traction model. Given the large numberof theory groupsinvolved in thesetopics,
deuteriumdataavailable at low shouldpushthe calculationsbeyond the present
approximations.
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