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NEW PRECISION RESULTS ON THESPIN STRUCTURE FUNCTION gd1 �Maro ContalbrigoOn behalf of the HERMES CollaborationINFN � Sezione di Ferrara e Dipartimento di Fisia dell'Università di FerraraVia delle Sienze 12, 44100 Ferrara, Italia(Reeived July 16, 2002)The HERMES experiment studies the spin struture of the nuleonusing the 27:6 GeV longitudinally polarized positron beam of HERA andan internal target of pure gases. Reently, HERMES presented preliminaryresults on the deuteron spin struture funtion gd1 in the kinemati range0:0021 < x < 0:85 and 0:1 < Q2 < 20 GeV 2 based on a restrited dataset. Here, new, preise results are presented using the superior statistisof the 2000 data taking period. A redution of the systemati unertaintywhih ould be ahieved in this preliminary analysis relies in partiular onthe exellent performane of HERA and of the HERMES target. The datawill be disussed in omparison with previous measurements performed atSLAC and CERN.PACS numbers: 13.60.Hb, 13.88.+e1. IntrodutionThe HERMES experiment [1℄ has been designed to measure the nuleonspin struture funtions from deep inelasti satterings (DIS) of polarizedpositrons (eletrons) on polarized gaseous targets (H, D, 3He). The partoniinterpretations of the leading-twist struture funtions in the Quark-Parton-Model (QPM) are summarized in the following table (where the sum is over(anti)quark �avours; the dependenies on the photon squared 4-momentum�Q2 and on the Bjorken saling variable x are omitted for simpliity):� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3671)



3672 M. ContalbrigoProton DeuteronF1 12 Pf e2[q+ + q�℄ 13 Pf e2[q+ + q� + q0℄F2 2xF1 2xF1g1 12 Pf e2[q+ � q�℄ 12 Pf e2[q+ � q�℄b1 � 12 Pf e2 �2q0 � (q� + q+)�b2 � 2xb1The sum over all the heliity states of the quarks is measured with theunpolarized struture funtion F1. The polarized struture funtion g1 issensitive to the spin struture of the nuleon, and measures the number ofquarks with same (q+) or opposite (q�) heliity with respet to the nuleonthey belong to. For targets of spin 1 as deuteron, the tensor struturefuntion b1 ompares the quark momentum distribution in the 0 (q0) ornon-0 (q+ + q�) heliity state of the hadron [2℄. Although b1 is foreseen tobe so small for deuterium to give negligible e�ets on the gd1 measurement,it has not been measured yet for deuterium. HERMES will provide the �rstdiret measurement of the b1 struture funtion from a dediate data settaken in 2000 with a tensor polarized target and an unpolarized beam.2. HERMES setupThe HERMES experiment is installed in the HERA ring where thepositrons self-polarize by emission of synhrotron radiation (Sokolov�Ternove�et) along the diretion of the bending magneti �eld. The longitudinalpolarization at HERMES is obtained by two spin rotators. Two polarimetersbased on Compton-bak sattering of irular polarized laser light measurethe beam polarization [3℄. In 2000 the heliity of the positron beam wasreversed every 2� 3 months and average polarization values of 0.55 with anunertainty of 0.02 ould be ahieved.The peuliarity of the HERMES experiment is its gaseous target. AnAtomi Beam Soure (ABS) injets a polarized atomi gas into a ylindrial40 m long, 75�m thik Al tube (target ell) whih on�nes the gas along thepositron beam line. In 2000 the target density and thus the luminosity ouldbe inreased by a fator of about 2 by reduing the working temperaturefrom 100 K down to 60 K and using a ell with a smaller setion. Eah 90 sa diagnosti system measures the atomi and moleular abundanes and theatomi polarization inside the ell, then the polarization of the injeted gasis reversed. The target polarization is de�ned as the atomi fration enteringinto the ell from the ABS (�0) times the atomi polarization (Pa):Pt = �0 [�r + (1� �r)� ℄ Pa : (2.1)



New Preision Results on the Spin Struture Funtion gd1 3673A orretion fator is needed to aount for the fration of reombined atoms(1 � �r) that may keep a residual polarization (� = Pa=Pm). In 2000 thereombination on the ell surfae was negligible (�r � 1). The present resultis therefore not sensitive to the unertainty on the � value, yet not diretlymeasured. Running onditions were very stable during 2000 and led to anaverage polarization of 85 %. In ontrast to the solid targets used by otherexperiments, the HERMES gaseous target does not su�er from radiationdamage (�owed gas), its polarization an be ontinuously measured andrapidly reversed, and is not diluted by non-polarizable material.In 2000 the extremely good and stable performanes of both HERA beamand HERMES target allowed the olletion of about 10 million positron DISandidates, a statistis 5 times higher than any of the previous data-takingyears.The HERMES detetor is a forward spetrometer with a dipole magnetproviding a �eld integral of 1.3 Tm. A horizontal iron plate shields theHERA beam lines against the �eld thus dividing the spetrometer into twoidential halves with a minimum vertial aeptane of �40 mrad. The a-eptane extends to �140 mrad vertially and to �170 mrad horizontally.Traking in eah detetor half is aomplished by 42 drift hamber planesand 6 mirostrip gas hamber planes. In this analysis positron identi�a-tion is aomplished using a probability method based on signals of threesub-systems: the lead-glass blok alorimeter, a transition-radiation dete-tor and a preshower hodosope. For positrons in the momentum range of2:5 to 27 GeV, the identi�ation e�ieny exeeds 98 % with a negligiblehadron ontamination, the average polar angle resolution is 0:6 mrad, andthe average momentum resolution is 1� 2 %.3. gd1 measurementThe kinemati range of this measurement is limited by resolution andtrigger requirements, therefore aessing a range in the Bjorken variablesof 0:0021 < x < 0:85 and 0:1 < y < 0:91. Inlusive events are seletedby the requirements: Q2 > 0:1 GeV 2 and W 2 > 3:24 GeV 2 (where �Q2and W 2 are the photon and hadron squared 4-momenta). For eah of the2-dimensional [x; y℄ bins the kinemati range is divided in, the asymmetrybetween ross-setions of parallel (!)) or antiparallel (!() heliities of thebeam and the target is alulated:Ajj = �!( � �!)�!( + �!) = 1PbPt (N=L)!( � (N=L)!)(N=L)!( + (N=L)!) : (3.1)The number of events seleted (N) are orreted per spin state for the bak-ground arising from harge symmetri proesses. The orresponding lumi-



3674 M. Contalbrigonosities (L) used for normalization are measured with Bhabha satteringwhere the rate is orreted for a spin-dependent ontribution due to a resid-ual polarization of the target gas eletrons. Pb (Pt) is the beam (target)polarization. The radiative orretions are alulated using POLRAD [4℄.The statistial error had to be enlarged to aount for radiative bakgroundby even a fator near 2 at low x. The spin struture funtion gd1 is extratedaording to gd1 = 11 + 2 �AjjD + ( � �)Ad2� � (1 + 2)F d22x(1 +R) : (3.2)The �rst term is the virtual-photon asymmetry, where D is the e�etivepolarization of the virtual-photon,  and � are kinemati fators, Ad2 isparameterized using the Wandzura�Wilzek relation [5℄. The seond termis the struture funtion F d1 in terms of the ratio R = �L=�T [6℄ and thestruture funtion F d2 , the latter is formed by F d2 = F p2 (1 + F n2 =F p2 ), usingparameterizations for F p2 [7℄ and F n2 =F p2 [8℄.The HERMES result on gd1 is presented in Fig. 1. The ontribution to thesystemati unertainty from the experiment is dominated by the aurayof the beam and target polarization measurements, whih are 2 % and 4 %respetively. The extration formalism adds a signi�ant ontribution at

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

10
-2

10
-1

1
x

g1
d

HERMES PRELIMINARY

at measured Q2

(’00 data, no smearing correction)

exp. systematic uncertainty

syst. unc. due to R and F2
d

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

10
-2

10
-1

1

g1
d

F1
d

HERMES PRELIMINARY

SMC

E143

E155
(averaged by HERMES)

(within x range of HERMES)

(’00 data, no smearing correction)

1

10

10
-2

10
-1

1

x

<Q2>
GeV2Fig. 1. HERMES result on gd1 (left): the error bars are statistial only and theshaded histograms show the systemati unertainty estimation. Comparison be-tween di�erent gd1=F d1 measurements [9℄ (right): data are shown at the measuredQ2 and the plotted errors are the quadrati sum of the statistial and systematiunertainties.



New Preision Results on the Spin Struture Funtion gd1 3675lowest x due to the insu�ient knowledge of the radiative orretions and atmost 1.8 % at highest x due to the knowledge of Ad2. The unertainty arisingfor the unpolarized struture funtion F d2 is estimated to be at most 3 %,whereas the unertainty due to R is as large as 14 % at lowest x and 2.7 % athighest x. Furthermore, the stability of the results under ut variations werestudied and the data have been investigated for non-statistial �utuationsby division into sub-samples de�ned by relevant parameters like dead-time,beam urrent and time periods. No additional systemati e�ets ould bedeteted beyond the statistial auray of the data.The HERMES result is the most preise available measurement of gd1 inthe 0:0021 < x < 0:85 and 0:1 < Q2 < 20 GeV 2 kinemati range, Fig. 2: itwill allow the extration of gn1 and an aurate test of the Bjorken sum rule.
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