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AbstratWe propose a preision measurement of the neutron virtual photon asymmetryAn1 in the Deep Inelasti Sattering region up to xBj= 0.71 using 8.8 and 6.6 GeVbeam energies and the Bigbite spetrometer in Hall A. The proposed measurementwill provide the �rst preision data in the valene quark region above xBj= 0.6 andtherefore test various preditions inluding those from the relativisti onstituentquark model and perturbative QCD. Sine the preditions from pQCD are quitesensitive to the manner in whih quark orbital angular momentum (OAM) is han-dled, this experiment will provide onsiderable insight into the evolving piture ofthe role that quark OAM plays in the nuleon wavefuntion. Also, if our proposeddata on An1 are taken together with similar data on Ap1 it will be possible to performa avor deomposition of the polarization of the parton distribution funtions. Fi-nally, sine this experiment plans to use existing equipment in Hall A, it an runsoon after 8.8 GeV beam is available in Hall A as a ommissioning experiment,and will establish the Bigbite spetrometer as an invaluable devie for studyingintermediate to high luminosity physis in Hall A after the 12 GeV upgrade.
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1 IntrodutionWe are proposing a preision measurement of the virtual photon asymmetry An1 of theneutron in the Deep Inelasti Sattering (DIS) region (W 2 > 4 GeV2) using the Hall Apolarized 3He target and the Hall A Bigbite spetrometer up to xBj� 0:71. Within the quarkparton model, the asymmetry A1 provides well de�ned information about the spin arriedby the quarks. At high values of xBj, where the sea quarks make a minimal ontribution,knowledge of A1 for the neutron and proton taken together translates into a avor separatedmeasurement of the polarization of the parton distribution funtions. Perhaps even moreinteresting, however, is the fat that in the high xBj region A1 an be alulated usingperturbative QCD (pQCD). These alulations are quite sensitive to the manner in whihquark orbital angular momentum (OAM) is handled. A measurement of A1 thus gives usinsight into the important question of the role of quark OAM in the nuleon wave funtion.Both pQCD and the relativisti onstituent quark model (RCQM) predit that as xBj! 1both Ap1 and An1 asymptotially approah unity. Until quite reently, however, the measuredvalues for An1 had either been negative or onsistent with zero. A reent measurement ofAn1 , however, provided lear evidene of An1 beoming positive above roughly xBj=0.5 [1℄.The value measured was onsistent with expetations from the RQPM, but not with pQCDalulations in whih \hadron heliity onservation" or HHC is assumed. The assumption ofHHC essentially preludes a ontribution to An1 from quark OAM. The apparent disagreementbetween the measurement of ref. [1℄ and the earlier pQCD alulations an be interpretedas evidene for the importane of quark OAM. Indeed, more reent pQCD alulations thatretained oeÆients with logarithmi dependenes are more onsistent with observation.These more reent alulations expliitly inlude e�ets that orrespond to non-zero quarkOAM.The �gure learly shows that the urrent experimental auray of An1 in the high xBjregion is insuÆient. Furthermore, most of the theoretial preditions for An1 have beenmade in the Bjorken limit. The naive expetation has been that sine A1 is roughly the ratiobetween the struture funtions g1 and F1, both of whih show similar saling violations dueto gluon radiation, A1 would show little or no Q2 dependene. However, we have no under-standing of the Q2 dependene of A1 arising due to quark orbital angular momentum e�etsand higher twist e�ets. Therefore if we are to understand the behavior of An1 approahingthe Bjorken limit, we need to measure it not only at a single set of Q2 values, but over arange of Q2 values. The large aeptane of the Bigbite spetrometer ombined with thehigh polarized luminosity of the hall A polarized 3He target allows us to measure An1 over arange of Q2 values in the high xBj region.Due to the large momentum aeptane of the Bigbite spetrometer, the proposed exper-iment also provides us with two \free" datasets in the resonane region overing the highxBj and high Q2 region. Altogether, the proposed measurement provides a omprehensivemapping of An1 in the DIS and resonane regions up to xBj� 0:83 and Q2 � 10 GeV2.
4



x

A
1
n

E142

E154

HERMES

E99−117

−0.5

0

0.5

1

0 0.2 0.4 0.6 0.8 1Figure 1: A sample of Previous An1 results [1, 2, 3, 4℄ ompared to theoretial preditions: preditionsof An1 from SU(6) symmetry (xBjaxis at zero) [5℄, onstituent quark model (shaded band) [6℄, statistialmodel at Q2 = 4 (GeV/)2 (long-dashed) [7℄, quark-hadron duality using two di�erent SU(6) breakingmehanisms (dash-dot-dotted and dash-dot-dot-dotted), and non-meson loudy bag model (dash-dotted) [8℄;preditions of gn1 =Fn1 from pQCD HHC based BBS parameterization at Q2 = 4 (GeV/)2 (higher solid) [61℄and LSS(BBS) parameterization at Q2 = 4 (GeV/)2 (dashed) [62℄, LSS 2001 NLO polarized parton densitiesat Q2 = 5 (GeV/)2 (lower solid) [11℄ and hiral soliton models [12℄ at Q2 = 3 (GeV/)2 (long dash-dotted)and [13℄ at Q2 = 4:8 (GeV/)2 (dotted).

5



2 Collaboration ontributions to 12 GeV baseline equipmentThere are four items listed under Hall A 12 GeV baseline equipment:� ar energy measurement system,� the Compton polarimeter,� the Moller polarimeter,� the HRS readout eletronis.This ollaboration intends to make major ontributions to the readout eletronisupgrade of HRS. In this projet we plan to ontribute in development of the software andhardware as well as in ommissioning of eletronis in beam. The members of the Univer-sity of Virginia group are already involved in the upgrade of the Compton polarimeter.This involvement will ontinue into upgrading and ommissioning of the Comptonpolarimeter for the high energy beam. As proposed this experiment will be a ommission-ing experiment for Hall A, so the ollaboration intends to made major ontributions indesign and ommissioning of the equipment for ar energy measurement system. Thespokespeople of this experiment inlude members of three strong university researh groupsthat have played a major role in the Hall A physis program. From the ineption of HallA these spokespeople have made signi�ant ontributions to the base equipment in Hall A.These inlude important ontributions in the instrumentation and ommissioning of the HallA high resolution spetrometer pair, onstrution and support of the Hall A polarized 3Hetarget and instrumentation and ommissioning of the Bigbite spetrometer.The following is a list of personnel (and FTE-years) from the institutions ommitted tothe 12 GeV Baseline equipment:� The university of Virginia group has three faulty members, one post-do and severalgraduate students ommitted to this projet. The major soure of researh funding forthis group is DOE. Intended ontribution is 2 FTE-years.� Temple University group has one faulty member, a post-dotoral assoiate, a researhassoiate, and several graduate student. The major soure of researh funding for thisgroup is DOE. Intended ontribution is 1 FTE-years.� University of Glasgow group has three faulty members, two researh sientists and onepost-do ommitted to this experiment. The major soure of researh funding for thisgroup is the UK Engineering and Physial Sienes Researh Counil, EPSRC. Intendedontribution is 2 FTE-years.We would like also to point out that with this proposal, our ollaboration is ommittingitself to maintain and improve the Hall A polarized 3He target and the Bigbite spetrometer.Although Hall A polarized 3He target is not in the list of 12 GeV Baseline equipment,it is entral to many important experiments planed with the 12 GeV beam and its peakperformane will be ruial to the 12 GeV physis program in both Hall A and Hall C. Aswe have shown in this proposal, Bigbite will be a valuable devie for moderate luminosity6



experiments with the upgraded CEBAF beam. Therefore the suessful ommissioning ofBigbite for the high energy beam with this proposed experiment has the potential of providinghigh importane result as soon as high energy beam available from aelerator, signi�antlyreduing the Beam time pressure on Hall C, and inreasing the physis output of upgradedJe�erson lab.
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3 Physis Motivation3.1 BakgroundWhen Bjorken �rst published his famous sum rule in 1966 [14℄, he referred to it as a \worthlessequation", assuming that it dealt with quantities that were impratial to measure. By thelate 1970's, however, the �eld of the spin struture of the nuleon was �rmly established.Interest in the �eld soared when the EMC published their result on the integral of theproton polarized struture funtion gp1 whih indiated that the total spin arried by quarkswas very small, � (12�17)% [15℄, a paper that at the time of this writing has 1293 itations,making it the 99th most ited paper on Spires. The EMC result was in sharp ontrast to theexpetations of SU(6) in whih 100% of the spin is arried by the quarks, or the relativistionstituent quark model in whih roughly 75% of the proton spin is expeted to arise fromthe quarks.The various ontributions to the spin of the nuleon an be summarized by a simpleequation: SNz = 12�� + Lqz +�G + Lgz = 12 ; (1)where SNz is the nuleon spin, �� is the fration of the nuleon spin due to the spin of thequarks, and Lqz, �G, and Lgz are the ontribution to the nuleon spin due to the orbitalangular momentum (OAM) of the quarks, the spin of the gluons, and the OAM of thegluons respetively. Within the MS renormalization sheme, it is generally aepted thatabout (20� 30)% of the nuleon spin is arried by the spin of the quarks. While the existingdata on �G are still quite limited, it now appears likely that �G is relatively small, inontrast to some early speulations. Thus, by proess of elimination if nothing else, itappears inreasingly likely (although not ertain!) that OAM plays an important role in thestati spin properties of the nuleon.When the disovery was made at JLab that GpE=GpM dereases almost linearly with Q2, itquikly beame apparent that the OAM of the quarks plays an important role in the nuleonwave funtion. As already mentioned in the introdution to this proposal, further evidenefor the importane of quark OAM ame from the disagreement of the measured value for An1at x = 0:6 measured by Zheng et al.[1℄ with pQCD preditions based on HHC. There arenow, in fat, quite a few results from JLab from whih one an draw similar onlusions.3.2 De�nitionsThe virtual photon asymmetry A1 is de�ned asA1(x;Q2) � �1=2 � �3=2�1=2 + �3=2where �1=2(3=2) is the nuleon's photo-absorption ross setion with total heliity of the ��Nsystem being 1=2(3=2). A1 an be related to the unpolarized and the polarized struturefuntions F1 and g1 as A1(x;Q2) = g1(x;Q2)� 2g2(x;Q2)F1(x;Q2) (2)8



where 2 � Q2�2 = (2Mx)2Q2 and at large Q2 one has A1 � g1=F1. The struture funtions F1and g1 have expliit impliations in the quark-parton model:F1(x;Q2) = 12Xi e2i qi(x;Q2) and g1(x;Q2) = 12Xi e2i�qi(x;Q2) ; (3)where qi(x;Q2) = q"i (x;Q2)+ q#i (x;Q2) and �qi(x;Q2) = q"i (x;Q2)� q#i (x;Q2) are the unpo-larized and the polarized parton distribution funtions, respetively.3.3 SU(6) Non-Relativisti Constituent Quark ModelIn the simplest non-relativisti onstituent quark model (CQM) [16℄, the nuleon is made ofthree onstituent quarks and the nuleon spin is due entirely to the quark spins. AssumingSU(6) symmetry, the wavefuntion of a neutron polarized in the +z diretion then has theform [5℄: jn "i = 1p2 ��d"(du)000�+ 1p18 ��d"(du)110� (4)�13 ��d#(du)111�� 13 ��u"(dd)110�+ p23 ��u#(dd)111� ;where the two spetator quarks form a \diquark" state and the three subsripts are thediquark's total isospin, total spin (S) and the spin projetion along the +z diretion (Sz).For the ase of a proton one needs to exhange the u and d quarks in Eq. (4). In the limitwhere SU(6) symmetry is exat, both diquark spin states with S = 1 and S = 0 ontributeequally to the observables of interest, leading to the preditionsAp1 = 5=9 ; An1 = 0 ;�u=u = 2=3; and �d=d = �1=3: (5)In the ase of DIS, exat SU(6) symmetry implies the same shape for the valene quarkdistributions, i.e. u(x) = 2d(x). Assuming that R(x;Q2) � �L=�T is the same for theneutron and the proton, one an write the ratio of neutron and proton F2 struture funtionsas Rnp � F n2F p2 = u(x) + 4d(x)4u(x) + d(x) : (6)Applying u(x) = 2d(x) gives Rnp = 2=3. However, data on the Rnp ratio from SLAC [17℄,CERN [18, 19, 20℄ and Fermilab [21℄ disagree with this SU(6) predition. The data showthat Rnp(xBj ) has almost linear dependane on xBj starting with Rnpjx!0 � 1 and droppingto below 1=2 as xBj approahes 1. In addition, Ap1(x) is small at low xBj [22, 23, 24℄. Thefat that Rnpjx!0 � 1 may be explained by the dominane of sea quarks in the low xBj regionand the fat that Ap1jx!0 � 0 ould be explained by the polarization of the sea quarks beingquite small. At large xBj , however, there are few sea quarks and the deviation from SU(6)predition indiates a problem with the wavefuntion desribed by Eq. (4). In fat, SU(6)symmetry is known to be broken [25℄ and the details of possible SU(6)-breaking mehanismsis an important issue in hadroni physis. 9



3.4 SU(6) Breaking and Hyper�ne Perturbed Relativisti CQMA possible explanation for the SU(6) symmetry breaking is the one-gluon exhange intera-tion whih dominates the quark-quark interation at short-distanes. This interation hasbeen used to explain the behavior of Rnp as x! 1 and the � 300-MeV mass shift betweenthe nuleon and the �(1232) [25℄. It an be desribed by an interation term proportionalto ~Si � ~Sj Æ3(~rij), with ~Si the spin of the ith quark, and hene is also alled the hyper�neinteration, or hromomagneti interation among the quarks [26℄. The e�et of this pertur-bation on the wavefuntion is to lower the energy of the S = 0 diquark state, ausing the�rst term of Eq. (4), jd " (ud)000i (for the neutron), to beome more stable and to dominatethe high energy tail of the quark momentum distribution that is probed as x! 1. Sine thestruk quark in this term has its spin parallel to that of the nuleon, the dominane of thisterm as x ! 1 implies (�d=d)n ! 1 and (�u=u)n ! �1=3 for the neutron, while for theproton one has �u=u! 1 and �d=d! �1=3 as x! 1 : (7)One also obtains Rnp ! 1=4 as x ! 1, whih ould explain the deviation of Rnp(x) datafrom the SU(6) predition. Based on the same mehanism, one an make the followingpreditions: Ap1 ! 1 and An1 ! 1 as x! 1 : (8)The hyper�ne interation is often used to break SU(6) symmetry in the relativisti CQM(RCQM). In this model, the onstituent quarks have non-zero OAM whih arry � 25% ofthe nuleon spin [27℄. The use of the RCQM to predit the large xBj behavior of the nuleonstruture funtions is justi�ed beause of valene quark dominane at large xBj . That is, inthe large xBj region almost all quantum numbers, momentum and the spin of the nuleonare arried by the three valene quarks whih an therefore be identi�ed as onstituentquarks. Isgur has shown that despite various di�erenes, most hyper�ne-perturbed RCQMpreditions of An1 in the large xBj region, when appropriately onstrained, fall within areasonably narrow and well de�ned band [6℄. Even at x = 0:6, whih is well below unity, ourpreviously measured value for An1 is in reasonable agreement with Isgur's predition.3.5 Perturbative QCD and Hadron Heliity Conservation in DISIn the early 1970's, in one of the �rst appliations of perturbative QCD (pQCD), it wasnoted that as x ! 1, the sattering is from a high-energy quark and thus the proessan be treated perturbatively [49℄. Furthermore, when the quark OAM is assumed to bezero, the onservation of total angular momentum requires that a quark arrying nearly allthe momentum of the nuleon (i.e. x ! 1) must have the same heliity as the nuleon.This mehanism is alled hadron heliity onservation (HHC), and is sometimes referredto as leading-order pQCD. In this piture, quark-gluon interations ause only the S = 1,Sz = 1 diquark spin projetion omponent rather than the full S = 1 diquark system to be10



suppressed as x! 1, whih gives�u=u! 1 and �d=d! 1 as x! 1 ; (9)Rnp ! 37 ; Ap1 ! 1 and An1 ! 1 as x! 1 : (10)This is one of the few plaes where pQCD an make an absolute predition for the xBj -dependene of the struture funtions or their ratios. However, how low in xBj and Q2 thispiture works is unertain. HHC has been used as a onstraint in a model to �t data onthe �rst moment of the proton gp1, giving the BBS parameterization [61℄. The Q2 evolutionwas not inluded in this alulation. Later in the LSS(BBS) parameterization [62℄, bothproton and neutron A1 data were �tted diretly and the Q2 evolution was arefully treated.Preditions for An1 using both BBS and LSS(BBS) parameterizations are shown in �gure 1,and are seen to be inonsistent with our previous data point at x = 0:6[1℄.HHC is based on the assumption that the quark OAM is zero. However, as mentionedearlier, most explanations of the reent experimental data on GpE=GpM involve alulations inwhih quark OAM plays an important role[57, 58, 59, 60℄. Studies of single-spin asymmetriesalso appear to require signi�ant quark OAM to be understood. In addition to the reentmeasurement of An1 , there are other experiments at JLab that appear to signal a breakdownof HHC inluding data on the tensor polarization in elasti e�2H sattering[52℄ and neutralpion photoprodution[53℄. The fat that the measured value of An1 at x = 0:6 disagrees withHHC onstrained pQCD alulations is probably an indiation that quark OAM plays animportant role in QCD dynamis at x = 0:6. Improving our understanding of An1 at highxBjwill allow detailed omparison with pQCD alulations, and may well lead to a betterunderstanding of the limits of HHC and the role of quark OAM.3.6 Other PreditionsThere are many other theoritial preditions for An1 inluding those from hiral soliton mod-els [12, 13℄, next-to-leading order (NLO) QCD parametrizations [11℄, bag model [8℄ andquark-hadron duality [64℄.3.7 About the Q2-Dependene of A1In this subsetion we review briey several points onerning the Q2 dependene of An1 .While the Q2 dependene of An1 an legitimately be expeted to be fairly weak, it is thease that the preise magnitude of the dependene has not yet been determined, partiularlyin the high-xBjand relatively low-Q2 kinemati region in whih we are interested. As ourstudy of An1 goes beyond mere exploration, it is ritial that the ontributions to the Q2dependene of An1 be better understood. Lukily this an be done without performing anexhaustive mapping over both xBjand Q2. By onsidering two or three values of Q2 at asingle value of xBj , it is possible to haraterize various e�ets well enough that we anonstrain the degree to whih Q2 dependene will inuene the interpretation of our results.From Eq.(2) one an dedue that A1 � g1=F1 at large Q2. One an then naively expetthat the Q2-evolution of g1 and F1 follow the same rule in the framework of perturbative11



QCD and anel exatly in their ratio, hene A1 beomes independent of Q2. Unfortunatelythis is not true even if one ignored the obvious 2g2 term (whih annot be negleted in thekinemati region ahievable at JLab): Only the leading-order and the next-to-leading-orderQ2-evolution of g1 and F1 follow the same rule, while their higher orders (� N2LO) and highertwist ontributions are di�erent. Therefore, although there is some evidene from data thatA1(x;Q2) is almost independent of Q2 and it has almost beome a tradition in experimentalpratie to ignore it, there is no justi�ation for believing A1 to be exatly onstant [72℄. Theexperiment proposed here will likely be used for fairly preise avor-separated determinationsof the polarizations of the parton distribution funtions, omparison with pQCD alulations,and omparison with lattie alulations. The potentially far-reahing qualitative onlusionsthat will ome out of our proposed experiment may well depend ritially on our ability toquantitatively understand Q2 dependene and onstrain the degree to whih it a�ets ourresults.Typially, one an write for g1(x;Q2) [71℄:g1(x;Q2) = g1(x;Q2)LT + g1(x;Q2)HT (11)where \LT" denotes the leading twist (� = 2) ontribution to g1, while \HT" denotesontributions to g1 arising from QCD operators of higher twist, namely � � 3. The LTontribution an be further written asg1(x;Q2)LT = g1(x;Q2)pQCD + hTMC(x;Q2)=Q2 +O(M4=Q4) (12)where g1(x;Q2)pQCD is the well known (logarithmi inQ2) pQCD ontribution and hTMC(x;Q2)are the alulable kinemati target mass orretions, whih e�etively ould belong to theLT term. The HT ontribution an be written asg1(x;Q2)HT = h(x;Q2)=Q2 +O(�4=Q4) (13)where h(x;Q2) are the dynamial higher twist (� = 3 and � = 4) orretions to g1. Thedynamial HT are related to multi-parton orrelations in the nuleon, are non-perturbativeand annot be alulated without using models. Similar desriptions as Eq.(11-13) also workfor F1(x;Q2). Among all ontributions, only the LO and NLO terms of g1(x;Q2)pQCD andF1(x;Q2)pQCD have the same Q2-dependenes.In Ref. [71℄ a formalism was presented to extrat the higher-twist ontribution to g1 fromdata: h g1(x;Q2)F1(x;Q2)iexp = g1(x;Q2)LT + h(x)=Q2F1(x;Q2)exp : (14)where F1(x;Q2) is replaed by its expression in terms of the usually extrated from unpo-larized DIS experiments F2 and R. Eq. 14 provides a model-independent way to extrat theHT term from data. Results for hg1(x) for both the proton and the neutron are presentedin Ref. [71℄. However hn;g1(x) is found to be onsistent with zero above x = 0:2.As x! 1, it is well known that higher twist e�ets should beome more important. Whatis not known is the preise manner in whih this happens. By measuring An1 at several valuesof Q2 it should be possible to quantify or at least onstrain these e�ets.12



3.8 Summary of motivation for the proposed experimentThe spin asymmetry A1 provides several types of insight into the wave funtion of thenuleon. Within the quark parton model, it provides a diret measurement of the polarizationof the parton distribution funtions in the valene region. It is also one of the rare quantitiesdesribing nuleon struture that is alulable within the framework of pQCD. As suh itprovides a valuable opportunity to ompare theory with experiment, helping us re�ne ourunderstanding.Prior to JLab, ahieving good statistial auray on A1 was largely impratial at highvalues of xBj . This hanged with E99-117 in whih An1 was measured up to a value of x = 0:6.While still limited to a moderate value of xBj , E99-117 was the �rst experiment to observe An1to beome de�nitively positive. This by itself is an extremely important result, as a failureto beome positive would signal profound onfusion regarding the nuleon wave funtion.Furthermore, as disussed above, the point at x = 0:6 was onsistent with the RCQM, andinonsistent with early pQCD alulations in whih HHC was assumed. Taken within thebroader ontext of the various other experiments at JLab that appear to see a breakdownof HHC or other evidene indiating the importane of quark OAM, this is an extremelyinteresting result.Using BigBite's large aeptane and the higher beam energies that will be availableafter the upgrade, we an greatly improve our knowledge of An1 . Despite the rapid drop-o� in event rate, we demonstrate in this proposal that we an push the range in xBjoverwhih An1 is known from xBj= 0.6 to xBj= 0.71. While naively this may seem like a modestimprovement, the expeted value of An1 , based on the trend observed during E99-117, wouldbe nearly double what it is at xBj= 0.6. Furthermore, the statistial auray with whih An1will be known at values of xBj less than 0:71 will be improved by more than a fator of two.In short, the data will begin to seriously onstrain theory, thus shedding onsiderable lighton a host of issues ranging from quark OAM to higher-twist e�ets. The large aeptaneof BigBite will also make it possible to begin to study the Q2 dependene of An1 , somethingthat is partiularly important when studying high-xBjphysis.
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4 The MeasurementWe are proposing to use 8.8 GeV and 6.6 GeV longitudinally polarized (Pe = 0.8) CEBAFeletron beam and the Hall A polarized 3He target. Bigbite spetrometer, loated at 30:0Æwill be used to detet sattered eletrons in the range of 1.6 GeV to 3.3 GeV. With the targetpolarization diretion set parallel and perpendiular to the eletron beam, the experimentwill measure the parallel asymmetry A3Hek and the perpendiular asymmetry A3He? . Onemagneti �eld setting of the Bigbite spetrometer with, B= 1.2 Tesla, overs the entirekinemati range of 0:20 � x � 0:71 of this proposal. The beam heliity will be reversed ata rate of 30 Hz.The Hall A left HRS spetrometer, at �30:0Æ will be used to measure the unpolarizedross setion �3He0 for eah proposed bin with high preision. The asymmetry data from HRS,while at a lower statistial preision than the data from Bigbite, will provide an importantross hek of every aspet of the data aumulated on Bigbite. The left HRS momentumwill be stepped aross to over the kinemati range 0:20 � x � 0:71 to measure the absoluteross setion as a funtion of xBj .A beam urrent of 10 �A ombined with a target density of 2.5�1020 atoms/m3 providesan e� ~n luminosity of 5 �1035 m�2s�1 over a 30 m of target length.4.1 The Polarized BeamIn this proposal we are assuming an 80% beam polarization with a 10�A urrent. Thepolarization of the beam will be measured with the Hall A Moller and Compton polarimeters.4.2 The Green Compton PolarimetryThe eletron beam polarization an be measured in Hall A using the Compton polarime-try: Beause the asymmetry of Compton sattering an be alulated exatly in QuantumEletro-Dynamis (QED), the eletron beam polarization an be extrated from ross setionasymmetry of sattering between the eletron beam and a high power laser. The urrentCompton Polarimetry in Hall A utilizes a Fabry-Perot avity operating at 1064 nm (IR) laserwith about 1.5 kW intra-avity power. Both sattered eletrons and photons are detetedand the beam polarization is extrated from the measured asymmetry of either eletron-onlyevents or eletron-photon oinidene events. The �gure of merit (FOM, �hAi2) is propor-tional to k2 � E2 with k the photon energy and E the eletron beam energy. The presentCompton provides a systemati unertainty of about 3% for a 4 GeV beam.For the next a few years there are a few experiments approved to run in Hall A whihrequire higher preision. To meet the requirement of these experiments, an upgrade is beingplanned [28℄: The existing Fabry-Perot avity will be replaed by a 532 nm (green) avitywith twie the power, resulting in a four-fold enhanement of the FOM of the Comptonpolarimeter. Assoiated improvements to the eletron detetor, the photon alorimeter, anddata aquisition method are also required. These upgrades are expeted to omplete in thenext ouple of years and are ruial for both the upoming experiments at 6 GeV and futureexperiments at the 12 GeV Upgrade. For an 11 GeV beam, the magneti hiane needs14



to be upgraded as well and it will be likely to ahieve a 0.5% absolute auray of beampolarization measurement after the upgrade is ompleted.One of the spokespersons of this proposal is already heavily involved in the Green Comp-ton Upgrade whih is on-going in the Green Compton Polarimetry Lab in the ARC buildingof Je�erson Lab. We expet to ontinue this e�ort and make signi�ant ontributions to theGreen Compton development and ommissioning at both 6 and 12 GeV.4.3 The polarized 3He targetThe polarized 3He target at JLab is based on optial pumping of a vapor of alkali atoms andsubsequent spin exhange between the polarized atoms and the 3He nulei.Figure 2: Typial layout of a polarized 3He target. Note that for simpliity, only one of the three sets oforthogonal Helmholtz oils shown.
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Figure 2 shows the basi layout of the polarized 3He target whih urrently exists forresearh in Hall A [29℄. The target holding �eld is provided by two sets of Helmholtz oilsoriented normal to eah other, hene the target spin diretion an be aligned either parallelor perpendiular to the eletron beam. Fig. 3 shows a piture of a standard 40 m longell. The ells for these experiments onsist of a two hamber design. The upper spherialhamber ontains the alkali vapor while the lower hamber is used for eletron satteringfrom the polarized 3He. 15



Figure 3: A standard polarized 3He target ell. The ell onsists of a spherial \pumping hamber," aylindrial \target hamber," and a \transfer tube" onneting the two hambers. The eletron beam passesthrough the 40 m long target hamber as shown.

Approximately 100 Watts (total) of light from a set of 3-4 diode lasers is ombined usingan optial �ber oupler and direted through a series of optis to produe irularly polarizedlight at a wavelength of � 795 nm. This light is used to polarize the alkali vapor throughoptial pumping. The polarized alkali transfers its spin to the 3He nulei through ollisions.This target has been used by seven experiments in Hall A from 1998 to 2006. Duringthe reent GEn experiment [30℄ so-alled `hybrid' target ells [31℄ ontaining a mixture ofpotassium and rubidium were used to ahieve over 55% polarization with 8 �A of beamurrent. During GEn target ell Edna was used with a beam urrent of 8 �A for 6 weekswithout rupturing. Our studies showed that beam urrents up to 10 �A ould be usedwithout muh degradation in polarization and ell lifetime. Therefore we expet to ahievean average of 50% polarization for a 10 �A beam. We plan to hange ells at least everythree alendar weeks to avoid ell rupturing.The target polarization an be measured using two methods: NMR and EPR (Eletron-Paramagneti Resonane). Eah type of polarimetry an provide a relative 4% preision. Inthis doument we use a polarization of 50% to estimate the expeted unertainties and beamtime request.This target ontinues to be a agship faility for the Hall A program and will be rela-tively easy to adapt for use at 11 GeV in Halls A and C. Polarized target groups at theCollege of William and Mary and the University of Virginia ontinue to develop target ellswith onsistently-improving polarization. Through the ombined e�ort of these groups andthe polarized target groups and personnel at the University of Kentuky, Temple Univer-sity, Duke University and Je�erson Lab this ollaboration has the neessary experiene and16



Figure 4: Current design (side view) of the Hall A polarized target system for the series of experimentsplanned for 2007-08. It is expeted that this target system an be used with little modi�ation for the 11GeV programs in Halls A and C.

manpower for this polarized target system.4.4 The Spetrometers setupWe plan to use the Bigbite spetrometer in Hall A to take the bulk of the data, and oneHRS spetrometer, the left arm, to perform ross setion measurements , ross heks onasymmetry measurements and alibrations. Both will be loated at 30Æ with respet to theinident beam line.4.4.1 The BigBite spetrometerBigBite is a non-fousing large momentum and angular aeptane spetrometer that wasoriginally designed and built for use at the internal target faility of the AmPS ring atNIKHEF [32, 33℄. The spetrometer onsists of a single dipole magnet (maximum magneti17



�eld 1.2 Tesla) and a detetion system. The original detetor pakage inluded two sets ofmulti-wire drift hambers (MWDC), a plasti sintillator and an aerogel Cerenkov detetor.Sine 2002, when the potential of the BigBite as an eletron spetrometer for polarizedtarget level luminosity was shown in the GEn proposal (E02-013), a long series of highlyrated experiments has been approved to use this powerful devie; these experiments inludeE04-007, E05-009, E05-015, E06-010, E06-011, and E06-014. To meet the high rate and highresolution requirements, GEn ollaboration onstruted a new detetor pakage for BigBite.This detetor pakage inludes:� Three Multi-wire Drift Chambers (MWDC) for traking.� A double layer lead glass alorimeter for triggering on high energy eletrons and forpion rejetion.� A plane of sintillators.The set of MWDC, alorimeter and the sintillators were suessfully used during theGEn experiment, with the raw rates on the MWDC as high as 20 MHz per plane. The GasCerenkov ounter, needed for single arm e,e' mode, is being designed now to be used for theneutron d2 experiment (E06-014) whih is sheduled to run in early 2008.To the �rst order, momentum of the eletrons deteted by the Bigbite spetrometer isinversely proportional to the deetion angle (�def) through the spetrometer. This waslearly veri�ed in the GEn experiment where the momentum determined using the simplerelationship: Pe = (0:306 + 0:0189� xbend)�def + ::: (15)provides 1.5% level momentum resolution. As the sizes of the oeÆients indiates, theorretion based on xbend; (xbend < 0:5) m, the position of the trak at the bend plane of thespetrometer, is at the 5% level.For the GEn experiment, the Bigbite spetrometer was loated at 52Æ, 1.1 m from thetarget while the distane between the �rst and the third MWDC was 0.7 m. The limitingfator on luminosity for this experiment was high rate of low energy partile hits on MWDCs.As one would naively expet, the bakground hit rate (and the resulting MWDC urrentdrain) went down with the inreasing beam energy. During GEn the maximum operatingurrents for the 1.5 GeV and 2.6 GeV beam energies were 5.5 �A and 7 �A respetively.For 3.29 GeV running, the redued bakground levels allowed us to inrease the urrentto 8 �A. A Geant simulation, normalized to GEn bakground rates, indiates that Bigbitespetrometer loated at 30Æ, 1.5 m from the target and 6 GeV Beam energy (onditions forthe Hall A transversity experiment whih is sheduled to run in 2007) an be operated withbeam urrents up to 10 �A.For the proposed measurement we plan to loate the Bigbite spetrometer at 1.55 m fromthe target for 8.8 GeV and 6.6 GeV beam energy running. Given the empirial evidene andsimulation results, we expet to be able to run at beam urrents higher than 10 �A underthese onditions. However, we are taking a onservative approah in this proposal and haveassumed a 10 �A beam urrent for the rate estimates.18



The maximum momentum of the eletrons deteted in the GEn experiment was approxi-mately 1.6 GeV. For the proposed experiment we plan to use BigBite to detet eletrons upto 3.2 GeV. As a result, the bend angles for these eletrons will be about half of those for theGEn experiment. In order to aount for the smaller bend angle we will double the distanebetween MWDC #1 and MWDC #3 in the Bigbite detetor stak from 0.7 m to 1.4 m.This will approximately double the angular resolution, resulting in a 1% level momentumresolution for the 3.2 GeV eletrons, similar to the resolution ahieved for 1.6 GeV eletronsin the GEn experiment. This inreased resolution for the proposed setup has been veri�edusing the Bigbite Geant simulation desribed in the next setion.A 1% momentum resolution for the sattered eletrons leads to � 0.007 level resolutionin xBj for our highest bin at xBj = 0:71. With an approximate (1� xBj )3 dependane of theDIS ross setion in the high xBj region, the varation of ross setion over one � of xBj isroughly 7%. The bin size in xBj for this proposal is 0.05. Sine this is more than 8 times theexpeted resolution in xBj , the 1% momentum resolution is adequate for this experiment.4.4.2 Geant Simulation of BigBiteThe pakage of programs for the simulation of the BigBite spetrometer harateristis wasdeveloped by V. Nelyubin [34℄. The results from this simulation for the GEn on�gurationagreed very well with the momentum resolution and the solid angle aeptane ahievedduring the GEn experiment. The results of this MC study of the BigBite momentum reso-lution predited for the GEn setup are shown in Fig. 5, where the momentum resolution asa funtion of the eletron momentum for position resolutions of 0.2 mm (the resolution ofthe MWDC) and 1 mm are plotted. The ahieved momentum resolution of �1-1.5% agreesvery well with this simulation.This simulation has been repeated for the onditions of the proposed experiment; eletronmomenta up to 3.5 GeV, Bigbite loated at 1.55 m from the target with the distane betweenthe �rst and the third MWDC inreased to 1.4 m. Figures 6 and 7 show a top and a side viewof BigBite and the other experimental omponents as they were desribed in the simulations.For this ase, the expeted momentum resolution is �1%, the expeted position resolutionon target along the beam is �= 5 mm, and the expeted angular resolution in both satteringplanes is �=1 mrad. The solid angle of Bigbite for di�erent positions along the target isshown in Fig. 9. The solid angle averaged over the 30 m target length is 50 msr for satteringangles of 30� 4Æ.Additional MC studies were done to evaluate the parameters of the proposed experiment.The simulated range of Q2 vs. xBj aepted by the Bigbite spetrometer (with a 2 GeVmomentum threshold) is shown in Fig. 8.4.4.3 The Field Clamp Con�guration for BigbiteThe operation of the polarized 3He target requires a uniform magneti �eld; the �eld gradientaveraged over the target volume must be below 30 mGauss/m. During the GEn experiment,where Bigbite magnet was only 1.1 m away from the target, an iron \magnet box" wassuessfully used to shield the the polarized 3He target from the Bigbite �eld. Bigbite willbe plaed 1.55 m away from the target for the proposed measurement. Thus in this ase19
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magneti shielding of the target would be simpler than in the GEn ase. Over the next fewmonths we will study the options for reduing the stray magneti �eld from Bigbite for theonditions of the proposed measurement. Figure 10 shows the �rst iteration of this simpli�edmagneti lamp on�guration.
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Figure 10: The onept of the �eld lamp on�guration for the BigBite dipole.4.4.4 BigBite Detetor PakageFor the proposed measurement, the BigBite detetor pakage will onsist of� Three Multi-wire Drift Chambers (MWDC) for traking.� A Gas Cerenkov ounter between MWDC #2 and #3 for pion rejetion.� A double layer lead glass alorimeter for triggering on high energy eletrons and forpion rejetion.� A plane of sintillators.The detetor pakage on�guration for BigBite will be similar to that of the GEn ex-periment with the addition of the gas Cerenkov ounter that will be inluded for the HallA neutron d2 experiment. Sine the proposed experiment is inlusive the addition of theCerenkov ounter for pion and proton rejetion is ritial.The MWDC pakage was onstruted at the University of Virginia funded by a NSFMajor Researh Instrumentation grant. The pakage onsists of three large MWDC, eahwith three groups of wire-planes with wires oriented at +60Æ (u), -60Æ (v), and +90Æ (x).Eah group onsists of two wire planes. The third group of wires (x) allows unambiguoustrak reonstrution in a high rate environment. Furthermore, the middle hamber allows the23



identi�ation of multiple traks at high rates. The ative area of the �rst hamber is 35 m� 140 m while the ative area of the seond and third hambers is 50 m � 200 m. Duringthe GEn experiment these MWDC performed very well in a high rate environment where therate of raw hits on eah wire-plane was as high as 20 MHz. All 2600 wires in the hamberswere operational for almost ontinuous running during the 2.5 month long experiment withno noisy wires or dead wires. The hamber resolution obtained during online analysis wasapproximately 300 �m, this is expeted to improve to about 200 �m after further analysis.Figures 11 and 12 show the vertex reonstrution and momentum resolution ahievedafter online analysis of the GEn data.

Figure 11: The vertex reonstrution of the 12C foil target from the online analysis of GEn data.The eletron identi�ation in our ase is provided by the Cerenkov ounter in ombinationwith the eletromagneti alorimeter. The latter is omposed by of two sub-pakages. The�rst a preshower detetor made out of bloks of TF-5 lead glass spanning an ative area of210 � 74 m2 with 10 m depth (3 r.l.) along the partile diretion. This is followed by ashower detetor omposed with total absorption bloks of TF-5 lead glass overing an areaof 221 � 85 m2 with 34 m depth whih should ontain showers with energies up to 10GeV. The resolution of the alorimeter is about 8%=pE[GeV℄ leading to an expeted pionrejetion of 100:1 (after o�ine analysis).The Cerenkov ounter we plan to use for this experiment is urrently being designedfor the Hall A neutron d2 experiment at 6GeV (E06-014). It will be loated in the gapbetween the seond and third wire hambers and has the following dimensions: 200x60x60m3. Cerenkov radiation emitted by relativisti partiles will be olleted in 10 mirrors tiledin a 5x2 arrangement at the bak of the hamber. Eah of those primary mirrors fouses lightinto a 5" PMT by way of a at seondary mirror loated toward the front of the hamber.This on�guration allows the PMTs to be positioned away from the BigBite fringe �eld and24
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provides a relatively ompat design that an be installed in the existing BigBite detetorframe with minimal modi�ations.Our preferred hoie of Cerenkov radiator is C4F10 at 1 atm. This material is non-ammable, non-toxi, odorless, and does not require speial handling to remain a gas atroom temperature. It is urrently in use in Cerenkov devies in both Hall B and Hall C atJe�erson Lab. Its index of refration is 1.0015 giving a pion threshold of 2.5GeV/.We expet a pion rejetion ratio of at least 100:1 from the Cerenkov and, when oupledwith uts on the shower/pre-shower, we expet to ahieve a total pion rejetion of 104. This isadequate for the proposed measurement. The pion asymmetry will also be measured duringthe same experiment.
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Figure 14: JLab Hall A oor setup using the Bigbite, the left HRS spetrometer and the polarized 3Hetarget.
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4.4.5 Left High Resolution SpetrometerThe Hall A left High Resolution Spetrometer (HRS) will be positioned at 30Æ to measureabsolute ross setions in the same xBj range as the the BigBite spetrometer. We will usethe left HRS with its standard detetor pakage for eletrons whih onsists of :� Two vertial Drift Chambers (VDCs) for traking.� Threshold Gas Cerenkov ounter for pion rejetion.� A set of sintillators for triggering on harged partiles.� A double layer lead glass alorimeter for additional pion rejetion.As the E99-117 analysis shows, the pion rejetion fator with the Cerenkov ounter and thelead glass alorimeter are better than 1�105 with an eletron detetion eÆieny of 98%.This is suÆient for our worst ase senario.Spei� advantages make the HRS spetrometer a well mathed tool for the proposedmeasurement.� Good eletron events in the spetrometer are in priniple due only to eletron satteringo� 3He nulei sine the target ell glass windows are outside the spetrometer aep-tane. However, exellent target reonstrution by the HRS spetrometers allows forbetter bakground rejetion.� An exellent resolution of the spetrometers permits the measurement of elasti sat-tering o� 3He needed for an absolute alibration of the detetor in order to measureabsolute ross setions.4.5 Physis bakgroundThe physis bakground we enounter in the DIS region is due to harged and neutral pions.� The �� bakground an be suppressed using Cerenkov and lead-glass detetors, asdisussed earlier in this setion.� The deay of photo-produed �0 reates photons whih an produe (e+,e�) pairs. Theeletrons from this hannel an introdue a dilution fator in the measured asymmetry.Beause the yields of e� and e+ are the same in the pair prodution, one an measurethe e+ yield at the same kinematis to orret for this dilution. Due to the relativelylow energy of these eletrons, this dilution beomes signi�ant only at very low xBj .Measurement of the positron prodution ross setion during JLab E99-117 shows thatit is less than 3% of the total ross setion already at x = 0:33 and sattering angle of35Æ. It was also found that the asymmetry was negligible ompared to the statistialunertainty of the measurement whih was similar to this experiment. In any ase weplan to measure the positron ross yields using the left HRS spetrometer and BigBitewith reversed polarity from the eletron detetion mode.27



4.6 BigBite Optis StudyIn order for us to aurately determine the sattered eletron's angular oordinates, momen-tum and the position of the sattering vertex along the target, the optis of BigBite need tobe studied. Coinidene H(e; e0p) elasti sattering will be used to alibrate the optis. Thebeam will be sattered o� H2 gas �lled in the referene target ell. Bigbite will be set topositive polarity deteting the proton in oinidene with a high energy eletron deteted ina set of lead-glass bloks.A multi-foil arbon target will be used to alibrate the ytarget reonstrution of the BigBitespetrometer. The alibration will be performed at �rst with the the Bigbite magneti �eldset to zero, whih will o�er a hek of the wire hamber geometry. The magneti �eld willthen be turned on to its full value for the optis alibration.5 The Resonane region dataAlthough this proposal is optimized to study the DIS region, the large momentum aeptaneof Bigbite provides us with the opportunity to gather two preision datasets in the resonaneregion at no extra ost. The resonane region An1 data in the high xBj , highQ2 region overedby this proposal is of great interest:� This data allows for a preision test of quark-hadron duality for spin struture funtionsin a region never been explored before. This test is made even more powerful by thefat that the resonane region data and the DIS data are obtained simultaneously usingthem same setup, thus aneling most systemati errors in the omparison.� resonane region An1 data provides the opportunity to study spin struture funtions,their Q2 dependene and higher twist e�ets et. in the very high xBj region, whih isnot aessible in the DIS region.This opportunity to gather high preision resonane An1 data is exiting given the in-triguing new results from the Hall A spin duality experiment (E01-012) [35℄. Fig. ?? showsthe preliminary results for the four Q2 values of this experiment. The extration of An1 fromA3He1 has not been performed yet and the results for A3He1 are presented here. The qualitativebehavior of An1 will be similar to the behavior of A3He1 presented here. For the two lowestaverage Q2 data, it an be seen that A3He1 near or at the �(1232) peak is large and negativeunlike the DIS behavior. But as the Q2 inreases, A3He1 rosses zero and beomes positiveeven in the �(1232) region. This is due to the rising of the non-resonant bakground underthe resonane region. Moreover the fall o� of the �(1232) form fators redues the strengthof the �(1232) as Q2 inreases. Finally, the two highest Q2 sets of resonane data follow thesame trend (see Fig ??): this is an indiation that the Q2 dependene of A1 has weakenedas expeted from the DIS data.This may be the �rst indiation of \x-saling" for An1 in the resonane region. It wouldbe very interesting to see whether this apparent Q2 independene of resonane data willontinue into higher values of Q2. The two high Q2 points for the spin duality data are at2.6 (GeV/)2 and 3.6 (GeV/)2. The Q2 vs. xBj overage for the proposed measurement is28
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The radiative orretions will be applied in two steps. The external orretions will beevaluated using the Mo and Tsai presription [37℄. The internal orretions will be evaluatedand orreted for by using the presription by Kukhto and Shumeiko [38℄.5.2 Systemati UnertaintiesThe systemati unertainty on An1 is dominated by the following terms:1. E�etive proton polarization in the 3He: Pp = �0:028� 0:003.2. Unpolarized struture funtions F1: onstruted from PDF parameterizations. We usedthe weighted average of MRST and CTEQ for the unertainty on F p1 and F n1 1.3. Proton spin asymmetry AP1 : from a �t to world gp1=F p1 data, with unertainties [36℄.4. Beam and target polarizations Pb = 0:8(1� 0:5%) and Pt = 0:50(1� 3%).The systemati unertainties for the proposed measurement are smaller than or ompa-rable to the statistial unertainties.5.3 Extration of Neutron Information from 3HeThe neutron asymmetry An1 is extrated from A3He1 as [39℄An1 = F 3He2 [A3He1 � 2 F p2F 3He2 PpAp1(1� 0:0142Pp )℄PnF n2 (1 + 0:056Pn ) ; (20)where Pn = 0:86+0:036�0:02 and Pp = �0:028+0:009�0:004 are e�etive nuleon polarizations of the neutronand the proton inside 3He and their urrent known value and full unertainties evaluatedfrom three N-N potential alulations [40, 39, 41℄. The unertainty on Pp dominated thesystemati unertainty for the previous An1 measurement. The approved Hall A experimentE05-102 [42℄ is aiming in studying the 3He wavefuntion and the unertainties on Pn and Ppwill be improved by a fator of 4 after the ompletion of this experiment. We therefore take�Pp = 0:003 in our unertainty analysis. We used a �t to world gp1=F p1 data [36℄ to estimatethe unertainty on Ap1 needed in Eq. (20).For the unpolarized struture funtions F2 in Eq. (20), we use the latest unpolarized PDFparameterizations [67, 68℄ to onstrut F1 and a parameterization for R [69℄. The uner-tainties in F2 are evaluated using the unertainties of PDF's, R's, as well as the di�erenebetween the two PDF parameterizations.
1However, there is unertainty in Fn1 due to nulear e�ets in the deuteron, whih is not inluded in either MRST or CTEQanalysis. This unertainty will shift the An1 value for all xBj and hene is an orrelated unertainty.31



5.4 Kinematis and rate estimatesTable 1 gives the beam time estimates for E0 = 8:8 GeV prodution data and alibrationrunning while table 3 provides the entral values for sattered eletron energy, Q2 and W 2for eah xBj bin followed by the 3He(e,e0) rate and the expeted unertainties for An1 forthat bin. For the rate alulations we have assumed a beam urrent of 10 �A, and a 50 msrsolid angle for Bigbite averaged over a target length of 30 m. The resulting eletron-nuleiluminosity is about 5� 1035m�2s�1. The beam polarization was assumed to be 80% whilethe target polarization was assumed to be 50%. The ross setions were alulated by usingthe MRST [68℄ parametrization. The aluated beam times were inreased to aount foran assumed 90% DAQ life-time and a 75% traking eÆieny.Table 2 gives the beam time estimates for E0 = 6:6 GeV prodution running, while table4 provides the expeted unertainties for xBj bins for the E0 = 6:6 run.Task Time (hours)Prodution data; parallel asymmetry 275Prodution data; perpendiular asymmetry 75N2 dilution runs 103He elasti asymmetry runs (2.2 GeV on HRS) 153He delta asymmetry runs (2.2 GeV on HRS) 10Bigbite optis alibration runs using H(e,e0p) data 50Beam and target polarization measurements 25Total 460Table 1: Beam time estimates for E0 = 8:8 GeV prodution data and alibration running.Task Time (hours)Prodution data ; parallel asymmetry 70Prodution data; perpendiular asymmetry 20Total 90Table 2: Beam time estimates for E0 = 6:6 GeV prodution data.
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x E' Q2 W2 rate dA1n dA1n(GeV) (GeV2) (GeV2) (Hz) (Stat) (Syst)0.71 3.175 7.758 4.1 0.5 0.050 0.0300.66 3.025 7.133 4.6 1.7 0.021 0.0220.61 2.875 6.779 5.2 2.9 0.012 0.0170.56 2.725 6.425 5.9 4.1 0.012 0.0150.52 2.575 6.072 6.5 6.4 0.011 0.0130.48 2.425 5.718 7.1 8.2 0.009 0.0120.44 2.275 5.364 7.8 8.8 0.009 0.0100.40 2.125 5.011 8.4 6.2 0.011 0.009Table 3: Rate, Statistial unertainty and Systemati unertainty for the Bigbite data for eah xBj bin forthe E0 = 8:8 GeV run. x E' Q2 W2 rate dA1n dA1n(GeV) (GeV2) (GeV2) (Hz) (Stat) (Syst)0.61 2.587 4.576 3.8 1.3 0.065 0.0220.56 2.462 4.355 4.2 8.0 0.021 0.0170.52 2.337 4.134 4.7 12.0 0.017 0.0150.48 2.212 3.913 5.2 17.0 0.014 0.0130.44 2.087 3.692 5.6 23.0 0.011 0.0120.40 1.962 3.471 6.1 30.0 0.010 0.0120.36 1.837 3.250 6.5 30.0 0.010 0.0100.32 1.712 3.028 7.0 17.0 0.012 0.009Table 4: Rate, Statistial unertainty and Systemati unertainty for the Bigbite data for eah xBj bin forthe E0 = 6:6 GeV run.The total measurement time as given in table 1 inludes time for the following alibrationtasks:� referene ell running to determine the N2 dilution fator.� 3He elasti asymmetry and delta asymmetry runs to ross hek the produt of beamand target polarization for longitudinal and transverse polarization running. Theseruns will be taken with one pass beam (E0 = 2.2 GeV). The sattered eletrons will bedeteted on HRS-L.� Bigbite optis alibration runs using H(e,e0p) data, with Bigbite set to positive polaritydeteting the proton in oinidene with a high energy eletron deteted in a smallalorimeter.� Beam polarization measurements with the Moller polarimeter (beam polarization willalso be measured in-situ using the Compton polarimeter), and target polarization mea-surements using NMR and EPR methods.Figure 17 shows the expeted 3He(e,e0) rate for eah bin in xBj for 8.8 GeV runningompared with the expeted �� rate. The �� rate has been alulated using the Wiser33



parametrization [70℄. A 2 GeV lead-glass alorimeter threshold has been assumed. As the�gure indiates, the worst ase pion ontamination is about 20:1. This an be easily removedby the 104 level ombined pion rejetion ratio from lead-glass alorimeter and the Cerenkovdetetor.Figure 18 shows the expeted unertainties for the DIS data, ompared to the results fromJe�erson lab experiment 99-117, whih has provided the most aurate An1 data to date.
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8.8 GeV DIS Projected for BigBite: 350 hours

6.6 GeV DIS Projected for BigBite: 90 hours

E99-117 Results
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0 0.2 0.4 0.6 0.8 1Figure 18: The projeted data for the proposed measurement The solid irles show the published datafrom E99-117. The error bars shown are statistial only. The estimated systemati error for eah point isomparable to the statistial error as shown in tables 3 and 4.Figure 19 shows the expeted unertainties on the higher-twist ontribution to gn1 (x;Q2)if our DIS An1 data is inluded in the global analysis [?℄. The unertainties will be improvedsigni�antly in the region x>0.3.
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8.8 GeV Resonance Projected for BigBite: 350 hours

6.6 GeV Resonanace Projected for BigBite: 90 hours

X

A
1 n

-0.2

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1Figure 20: The projeted data in the resonane region from the proposed measurement.Fig 21 shows the expeted relative statistial unertainties for the ross setion measure-ments on HRS-L for eah xBj bin of the E0 = 8:8 GeV run. The asymmetries measured on36



HRS-L provides a valuable ross hek of the results from Bigbite. To improve the statistialauray, we will re-bin the HRS An1 results into 4 bins overing the xBj range of Bigbite.Fig 22 shows the projeted statistial unertainties for the HRS data at 8.8 GeV.
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8.8 GeV DIS Projected for HRS

E99-117 Results
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1Figure 22: The projeted statistial unertainties for the An1 data from HRS-L (for the E0 = 8:8 GeV run).6 SummaryIn summary, we are requesting 22.5 days of beam for a preision measurement of the virtualphoton asymmetry An1 of the neutron in the DIS region up to xBj= 0.71, using 8.8 GeVand 6.6 GeV beam energies with the Bigbite spetrometer and the polarized 3He targetin Hall A. The results of the experiment will represent a spetaular improvement in ourknowledge of An1 , adding greatly to our knowledge of the nulear wave funtion in the valeneregion. The experiment will push the top of the range of xBjover whih An1 is known from0:60 to 0:71, a hange in xBjover whih An1 is likely to roughly double in magnitude. Theexperiment will greatly redue the errors with whih An1 is known at lower values of xBj ,improving over E99-117 by more than a fator of two. And �nally, the experiment will beginthe important task of understanding the Q2 dependene of An1 , an issue that is ritial tothe interpretation of the results. The data obtained, together with orresponding data onAp1, will permit a signi�antly improved understanding of the avor-separated polarizationof the parton distribution funtions. And �nally, the data will enable detailed omparisonswith pQCD alulations, whih among other things is likely to improve our understandingof the role of quark OAM in the nuleon wave funtion.We have been very onservative in projeting our results. To estimate our bakgrounds,we have used measured bakground rates from E02-013, the Hall A GnE experiment, and to38



aount for the di�erent experimental setup, we have adjusted those measured rates withguidane from Geant. We assume an e�etive target length of 30 m, a value that an easilybe obtained using a 40 m 3He target ell and aggressive ollimation. We aordingly havehosen a beam urrent of 10 �A beam beause this is the urrent that will reprodue thesingles rates in our wire hambers that we suessfully tolerated during E02-013. Despitethese onservative assumptions, we �nd a �gure of merit that is roughly 2.5 higher than whatan be ahieved with the ombination of the SHMS and the HMS ombined. We believe,however, that we an substantially redue our bakgrounds, thus permitting the use of atarget with a 40 m e�etive length, and a 15�A beam, whih would push the improvementof the FOM to roughly 5. We have hosen, however, to base our estimates on what we believeare onservative assumptions.The performane of the Bigbite spetrometer in the GEn experiment ombined withomplete Geant simulations have indiated Bigbite as an extremely powerful devie for DISexperiments with the high energy CEBAF beam. Bigbite provides a large solid angle of50 msr averaged over 30 m of target length and an 80% momentum bite. And duringGEN, Bigbite was suessfully operated at a luminosity of around 4:5� 1036m�2s�1 (thisinludes beam-line windows, glass, et.). With its large aeptane in both solid angle andmomentum, Bigbite is a powerful instrument for experiments with the polarized 3He targetand other moderate luminosity appliations.Finally, we wish to emphasize three points. Firstly, the proposed experiment will om-pliment niely the kinematis being proposed for the An1 experiment in Hall C. Seondly,beause the proposed experiment will use only existing equipment (or in the ase of theCerenkov ounters equipment that is already under onstrution), this would make an exel-lent ommissioning experiment. And thirdly, we wish to point out that based on event ratesalone, the omparison of Bigbite's FOM with other spetrometers ontinues to be impressiveeven at xBj= 0.8 with an 11 GeV beam. As we learn more about bakgrounds and issuesrelated to partile ID, Bigbite may well be apable of even more kinemati reah than weonservatively propose here.
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