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NEUTRON SPIN STRUCTURE EXPERIMENTSAT JEFFERSON LAB�Piotr A. �oªnier
zukFor the Je�erson Lab E99-117 and E97-103 CollaborationsDepartment of Physi
s & Astronomy, University of Kentu
kyLexington, KY 40506, USA(Re
eived July 1, 2002)Two experiments at Je�erson Lab have re
ently measured the neutronasymmetry An1 at 0:3 6 xBj 6 0:6 and the neutron spin stru
ture fun
tiongn2 at xBj ' 0:2 (0:6 GeV2 6 Q2 6 1:4 GeV2) in the deep inelasti
 region.A brief des
ription of both experiments is given and preliminary results forthe An1 are presented.PACS numbers: 13.88.+e 1. Introdu
tionPolarized deep inelasti
 s
attering provides an important insight intothe internal stru
ture of nu
leons. In a typi
al polarized DIS experiment,a longitudinally polarized ele
tron beam 
ollides with a longitudinally ortransversely polarized nu
leon target. The experimental quantities measuredare the asymmetries, Ak and A?, in the 
ross se
tion:Ak � �("+)� �("*)�("+) + �("*) ; A? � �("()� �("))�("() + �(")) ; (1)where the thin arrow stands for beam and the double arrow for target po-larization.The virtual photon asymmetry A1 has re
ently gained 
onsiderable in-terest. It is de�ned as: A1 � �1=2 � �3=2�1=2 + �3=2 ; (2)� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3683)
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zukwhere �1=2 (�3=2) denote 
ross se
tion with virtual photon spin anti-parallel(parallel) to the target spin. The A1 asymmetry 
an be expressed via theexperimental Ak and A? asymmetries:A1 = 1D(1 + ��)Ak � �d(1 + ��)A? ; (3)where D; d; � and � are kinemati
al fa
tors (see e.g. [1℄).The valen
e quark 
ontribution to A1 is presumed to dominate for highxBj. Thus, the 
onstituent quark models should work fairly well in thisregion. At the same time, for deep inelasti
 s
attering at high xBj, it ispossible to perform perturbative QCD (pQCD) 
al
ulations. The neutrondata at high xBj su�ers from high error bars, however, making 
omparisonwith the theory very hard (see Fig. 2).2. The E99-117 experimentThe experiment was 
arried out in Hall-A [2℄ at the Je�erson Lab (seeFig. 1) in the Summer of 2001. The goal was to measure An1 in the deepinelasti
 region for 0:33 6 x 6 0:61, see Table I.
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Fig. 1. Hall-A at the Je�erson Lab.
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ture Experiments at Je�erson Lab 3685TABLE IE99-117 kinemati
s.xBj 0.33 0.47 0.61Q2(GeV=
)2 2.74 3.57 4.89W 2(GeV=
)2 6.43 4.85 4.02The E99�117 experiment employed a longitudinally polarized beam of 5.7GeV ele
trons that was s
attered o� a 3He target. The target was polarizedeither in longitudinal or transverse dire
tion with respe
t to the in
omingele
tron momentum. The beam polarization, Pb = 82%, was 
ontinuouslymonitored by a Compton polarimeter and measured by a Møller polarimeterto a pre
ision of better than 3%. The beam heli
ity was �ipped with afrequen
y of 30 Hz. A set of two 
avities and an Unser monitor provided thebeam 
urrent measurement at the per
ent level. The 
urrent was limited toaverage 12 �A in order to prote
t the target from radiation damage and tominimize the depolarization. The Hall-A polarized 3He target is an improvedversion of the E142 target [3℄. In running 
onditions, the target polarizationPt ranged from 35 to 45%. Two independent methods were used to determineand monitor the target polarization with the a

ura
y better than 3%: NMRwith adiabati
 fast passage and EPR (Ele
tron Paramagneti
 Resonan
e).In order to minimize the systemati
 errors the target polarization and thesign of the beam heli
ity were regularly reversed.The s
attered ele
trons were dete
ted in two high resolution magneti
spe
trometers (�p=p ' 10�4) lo
ated symmetri
ally at either side of thebeam line. Dete
tor pa
kages 
onsisted of a set of wire 
hambers for tra
king,two planes of s
intillators for triggering, and a set of pre-shower, shower and�erenkov dete
tor for parti
le identi�
ation (� reje
tion fa
tor was found tobe better than 104).The experimental raw asymmetries were determined from the number ofs
attered ele
trons N� per in
ident live-time 
orre
ted beam 
harge Q�LT:Araw = N+=Q+LT �N�=Q�LTN+=Q+LT +N�=Q�LT ; (4)where + or � signs denote the beam heli
ity. The raw asymmetries werethen 
orre
ted for the target polarization Pt, beam polarization Pb and thedilution fa
tor f (� 0:92�0.94) to obtain physi
s asymmetries, A? and Ak:Aphys = Araw=(fPbPt). Radiative 
orre
tions were applied to the A3He?and A3Hek asymmetries using POLRAD pres
ription [4℄. Finally, the A3He1asymmetries were 
omputed from Eq. (3).
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zukThe sign of the physi
s asymmetries was 
he
ked by measuring the well-known elasti
 3He and �(1232) asymmetries. False asymmetries were mea-sured by polarized e� s
attering o� unpolarized 
arbon foils and were foundto be negligible when 
ompared to physi
s asymmetries.In its ground state, the 3He nu
leus is primarily S-wave and that is whatmakes it su
h an ex
ellent polarized neutron target. Small admixtures ofS- and D-wave 
omponents 
ause that the two protons 
ontribute to thetotal 3He spin. In our analysis we used a model of Bissey et al. [5℄ to extra
tthe An1 from A3He1 .Preliminary results for An1 are presented in Fig. 2. The error bars arestatisti
al only. A detailed study has shown that the statisti
al errors dom-inate the total un
ertainty. The E99�117 data are 
ompared with the worlddata from HERMES and SLAC and with some of the theoreti
al predi
tions.A 
loser inspe
tion of Fig. 2 reveals that our lowest x = 0:33 data point isin a good agreement with the existing data. Our high pre
ision data show
learly that An1 be
omes positive at large x.
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Fig. 2. Preliminary results for An1 
ompared with the world data and theoreti
alpredi
tions: CQM [6℄ (shaded region) and statisti
al model [7℄ (long dashed line)
al
ulations for An1 , g1=F1 LSS 2001 parameterization [8℄ (short dashed line) anda An1 
al
ulation of from E155 [9℄ g1=F1 �t at Q2 = 4 (GeV/
)2 (solid line).3. The E97�103 experimentOver 20 years ago Wandzura and Wil
zek [10℄ proposed a de
ompositionof the polarized stru
ture fun
tions g2(x;Q2) into two parts:g2(x;Q2) = gWW2 (x;Q2) + gHT2 (x;Q2) : (5)



Neutron Spin Stru
ture Experiments at Je�erson Lab 3687The gWW is purely leading twist (twist-2) and 
an be expressed in terms ofg1(x;Q2) as follows:gWW2 (x;Q2) = �g1(x;Q2) + 1Zx d�� g1(�;Q2) : (6)The se
ond term, gHT, 
ontains higher twist 
ontributions (twist-3 or higher)and is sensitive to quark�gluon 
orrelations in nu
lei. Be
ause of the 1=Qdependen
e of the higher twist e�e
ts, typi
al DIS measurements of g2 atQ2 � 5 GeV2 have limited sensitivity to gHT.The experiment E97-103 measured the gn2 and gn1 stru
ture fun
tions inlow Q2 region at a nearly 
onstant xBj, see Table II. TABLE IIE97�103 kinemati
s 
overage.E [GeV℄ 3.47 4.60 4.60 5.73 5.73x 0.17 0.20 0.18 0.20 0.21Q2 [GeV2℄ 0.58 0.96 0.80 1.14 1.36The experiment ran immediately after E99�117 and the experimentalte
hniques were the same for both experiments. The data for bot gn2 and gn1will soon be available. And with the improved pre
ision, roughly an order ofmagnitude better than the previous experiments, the E97�103 measurementis more sensitive to the higher twist e�e
ts.4. Summary and outlookThe experiment E99�117 provides �rst pre
ise data on neutron spinasymmetry An1 for 0:3 6 x 6 0:6. Data on the stru
ture fun
tions gn1 , gn2and An1 are also available. The results of this experiment provide a valuableinsight to the valen
e quark stru
ture of the neutron. The data allow to 
rit-i
ally test and improve various theoreti
al 
al
ulations. The measurementsof An1 are also an important part of the JLab 12 GeV upgrade [11℄, whi
h willallow to measure An1 up to x = 0:8 over a broader, 2GeV2 < Q2 < 10GeV2,Q2 range.The experiment E97�103 will provide �rst pre
ise data on gn2 stru
turefun
tion and possible higher twist e�e
ts in the low Q2 region of the DIS.
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