
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
PRECISION MEASUREMENTOF THE PROTON AND DEUTERONSPIN STRUCTURE FUNCTIONS g2�Stephen RokFor the E155 CollaborationUniversity of Massahusetts, Amherst, Massahusetts, MA 01003, USA(Reeived July 11, 2002)We measured the spin struture funtions gp2 and gd2 in the range0:02 � x � 0:8 and 0:7 � Q2 � 20 GeV2 by sattering 29.1 and 32.3GeVlongitudinally polarized eletrons from transversely polarized NH3 and6LiD targets. g2 approximately follows the twist-2 Wandzura�Wilzek al-ulation. The twist-3 redued matrix elements dp2 and dn2 are less thantwo standard deviations from zero. The data are inonsistent with theBurkhardt�Cottingham sum rule if there is no pathologial behavior asx! 0. The Efremov�Leader�Teryaev integral is onsistent with zero.PACS numbers: 13.60.Hb, 13.88.+e, 24.70.+s, 25.30.Fj1. IntrodutionThe deep inelasti spin struture funtions of the nuleons, g1(x;Q2) andg2(x;Q2), depend on the spin distribution of the partons and their orrela-tions. The funtion g1 an be primarily understood in terms of the QuarkParton Model (QPM) and perturbative QCD with higher twist terms atlow Q2: The funtion g2 is of partiular interest sine it has ontributionsfrom quark�gluon orrelations and other higher twist terms at leading orderin Q2 whih annot be desribed perturbatively. By interpreting g2 usingthe Operator Produt Expansion (OPE) [1,2℄, it is possible to study ontri-butions to the nuleon spin struture beyond the simple QPM.The struture funtion g2 an be written [3℄:� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3677)
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g2 �x;Q2� = gWW2 �x;Q2�� 1Zx ��y�mMhT �y;Q2�+ � �y;Q2��dyy ;gWW2 �x;Q2� = �g1 �x;Q2�+ 1Zx g1 �y;Q2�y dy ;where x is the Bjorken saling variable and Q2 is the absolute value of thevirtual photon four-momentum squared. The twist-2 term gWW2 was derivedby Wandzura and Wilzek [4℄. The transverse polarization density hT(x;Q2)is a twist-2 ontribution [3,5℄. whih is suppressed by the ratio of the quarkto nuleon masses m=M [5℄. The twist-3 part (�) omes from quark�gluonorrelations and is the main fous of our study.Eletron beams with energies of 29.1 and 32.3GeV and longitudinalpolarizations of Pb = (83:2�3:0)% struk approximately transversely polar-ized NH3 (average polarization hPti = 0:70) or 6LiD (hPti = 0:22) targets.The beam heliity was randomly hosen pulse by pulse. Sattered eletronswere deteted in three independent spetrometers entered at 2.75Æ, 5.5Æ,and 10.5Æ. We determined g2 from the experimental asymmetry by orret-ing for beam and target polarization, dilution fator, hadron ontamination,pair symmetri bakground, eletro-weak asymmetry, radiative orretionsand the ontribution of g1. The struture funtions for p, d, and n are re-lated by gd2 = (gp2 + gn2 )(1 � 1:5!D)=2, where !D = 0:05, the fration ofD-wave in the deuteron wave funtion. A more omplete desription of theexperimental method and results an be found in Ref. [6℄.The data over the kinemati range 0:02�x�0:8 and 0:7�Q2�20GeV2with an average Q2 of 5GeV2. Fig. 1 shows the values of xg2 as a funtionof Q2 for several values of x along with results from SLAC experiments E143and E155. The data approximately follow the Q2 dependene of gWW2 (solidurve), although for the proton, the data points are lower than gWW2 at lowand intermediate x and higher at high x. The preditions of Stratmann [7℄are loser to the data.To get average values at the average Q2 for eah x bin we used the Q2dependene of gWW2 : g2(Q2avg)=g2(Q2exp)�gWW2 (Q2exp)+gWW2 (Q2avg): Fig. 2shows the averaged xg2 of this experiment along with xgWW2 alulatedusing our parameterization of g1: The ombined new data for p disagreewith gWW2 with a �2=d.o.f. of 3.1 for 10 degrees of freedom. For d thenew data agree with gWW2 with a �2=d.o.f. of 1.2 for 10 d.o.f. The datafor gp2 are also inonsistent with zero (�2=d.o.f.=15.5) while gd2 di�ers fromzero only at x � 0:4: Also shown in Fig. 2 is the Bag Model alulation
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6-2002
8640A1Fig. 1. The struture funtion xg2 for the proton and deuteron as a funtion ofQ2 for seleted values of x: Data are for this experiment (solid), E143 (open dia-mond) and E155 (open square). The errors are statistial; the systemati errorsare negligible. The urves show xgWW2 (solid) and the bag model alulation ofStratmann [7℄ (dash-dot).
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8640A2Fig. 2. The struture funtion xg2 for all spetrometers ombined (solid irle) anddata from E143 (open diamond) and E155 (open square). The errors are statistial;the systemati errors are shown at the bottom. Also shown is our twist-2 gWW2 atthe average Q2 of this experiment at eah value of x (solid line). The urves arethe bag model alulations of Stratmann [7℄ (dash-dot) and Song [5℄ (dot) and thehiral soliton models of Weigel and Gamberg [13℄ (short dash) and Wakamatsu [14℄(long dash).



3680 S. Rokof Stratmann [7℄ whih is in good agreement with the data, a hiral solitonmodel alulation [13℄ whih is too negative at x � 0:4 and the Bag Modelalulation of Song [5℄ whih is in lear disagreement with the data.Using the OPE, the moments of g1 and g2 for even n � 2 at �xed Q2an be related to twist-3 redued matrix element, dn, and higher twist termswhih are suppressed by powers of 1=Q. Negleting quark mass terms we�nd that:dn= 2 1Z0 dx xn�n+1n g2(x;Q2)+g1(x;Q2)�= 2n+1n 1Z0 dx xn(g2�gWW2 ) :The matrix element dn measures deviations of g2 from the twist-2 gWW2term. Note that some authors [2, 12℄ de�ne dn with an additional fatorof two. The part of the d2 integral for x below the measured region wasassumed to be zero beause of the x2 suppression. Beause g2 is small athigh x, that ontribution was negligible. We obtained values of dp2 =0:0025 �0.0016 � 0.0010 and dd2 =0:0054 �0.0023 �0.0005 at an average Q2 of5 GeV2. We ombined these results with those from previous SLAC ex-periments on the neutron, proton and deuteron to obtained average valuesdp2 =0:0032�0.0017 and dn2 =0:0079�0.0048. These are onsistent with zero(no twist-3) to within 2 standard deviations.Fig. 3 shows the experimental values of d2 for proton and neutron withtheir error, plotted along with theoretial models from left to right: BagModels (Song [5℄, Stratmann [7℄, and Ji [8℄); sum rules (Stein [9℄, BBK [10℄,Ehrnsperger [11℄); lattie QCD alulations (Q2 = 5 GeV2, � = 6:4) [12℄;and hiral soliton models [13, 14℄. The lattie and hiral alulations are ingood agreement with the proton data and two standard deviations belowthe neutron data. The sum rule alulations are signi�antly lower than thedata. The Non Singlet = 3 (dp2 � dn2 ) = �0:0141�0.0170 is onsistent withan instanton vauum alulation of � 0:001 [15℄.TheBurkhardt�Cottingham sum rule [16℄ for g2 at largeQ2, R 10 g2(x)dx=0,was derived from virtual Compton sattering dispersion relations. It doesnot follow from the OPE sine n = 0. Its validity depends on the lak of sin-gularities for g2 at x = 0: We evaluated the Burkhardt�Cottingham integralin the measured region of 0:02 � x � 0:8 at Q2 = 5GeV2. The results for theproton and deuteron are �0:044 �0.008 �0.003 and �0:008 �0.012 �0.002 ,respetively. Averaging with the E143 and E155 results whih over a slightlymore restritive x range gives �0:042 �0.008 and �0:006 �0.011. This doesnot represent a onlusive test of the sum rule beause the behavior of g2 asx! 0 is not known. However, if we assume that g2 = gWW2 for x < 0:02, anduse the relation R x0 gWW2 (y)dy = x �gWW2 (x) + g1(x)�, there is an additionalontribution of 0.020 (0.004) for the proton (deuteron).
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8640A3Fig. 3. The twist-3 matrix element d2 for the proton and neutron. Also shownare theoretial model values from left to right: Bag Models [5, 7, 8℄, QCD SumRules [9�11℄, Lattie QCD [12℄ and Chiral Soliton Models [13, 14℄. The regionbetween the dashed lines indiates the experimental errors.The Efremov�Leader�Teryaev (ELT) sum rule [17℄ is for valane quarks.It takes the form:1Z0 xhgp1(x) + 2gp2(x)� gn1 (x)� 2gn2 (x)idx = 0 ;if the sea quarks are the same in protons and neutrons. We evaluated thisELT integral in the measured region using our g2 data and the �t to g1. Theresult at Q2 = 5GeV2 is �0:013� 0.008�0.002 , whih is onsistent withthe expeted value of zero. Inluding the data of E143 and E155 leads to�0:011� 0.008. The extrapolation to x = 0 is not known, but is suppressedby a fator of x. REFERENCES[1℄ E. Shuryak, A. Vainshtein, Nul. Phys. B201, 141 (1982).[2℄ R. Ja�e, X. Ji, Phys. Rev. D43, 724 (1991).[3℄ J.L. Cortes, B. Pire, J.P. Ralston, Z. Phys. C55, 409 (1992).[4℄ S. Wandzura, F. Wilzek, Phys. Lett. B72, 195 (1977).
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