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We have measured proton and deuteron virtual photon-nucleon asymmétréesi A3 and structure
functions g5 and g4 over the range).03 < x < 0.8 and 1.3 < Q% < 10 (GeV/c)? by inelastically
scattering polarized electrons off polarized ammonia targets. Resuli, fare significantly smaller
than the positivity limit</R for both targets. Within experimental precision tge data are well
described by the twist-2 contributiorgy’ " . Twist-3 matrix elements have been extracted and are
compared to theoretical predictions.

PACS numbers: 13.60.Hb, 13.88.+e, 24.70.+s, 25.30.Fj

The nucleon spin structure functiong (x, 9?) and been confirmed within the uncertainties of experiments
g2(x, Q%) are important tools for testing QCD, models of and theory [2,3,5]. This sum rule has also been used to
nucleon structure, and sum rules. Experiments at CERNXxtract the QCD coupling constang at low Q2 [8].

[1,2] and SLAC [3-5] have measured and g, using The present work concentrates og} (x,0?) and
deep inelastic scattering (DIS) of longitudinally polarized g4 (x, 0%) which are dominant when longitudinally polar-
leptons on polarized nuclear targets. These studieiged leptons scatter from transversely polarized nucleons.
have largely concentrated qff , g¢, and g/, which are  The g, structure function probes both transverse and
dominant when the target is polarized along the beantongitudinal parton polarization distributions inside the
direction. Their results have established that the quarkucleon. Properties 0§, have been established using
component of the nucleon helicity is much smaller tharthe operator product expansion (OPE) within QCD [9,10],
the naive quark-parton model predictions [6]. In addition,and the interpretation of, in the light-cone parton model
the Bjorken sum rule [7], a fundamental QCD predictionis on firm grounds [11-13]. There are twist-2 (evolves
for the difference of the first moments of andg!, has logarithmically in 0?) and twist-3 (suppressed by an
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additional 1/4/Q2) contributions tog, which can be DIS structure function. The SMC has measurgd [2]
written (see Fig. 1) at four values afin the ranged.006 = x =
N WW 2 0.6 and1 < Q% < 30 (GeV/c)*>. These results are much
g2, Q%) = " (x, Q%) closer to zero than the positivity conditida,(x, 0?)| =
Lo (m ) 5.\ dy VR(x, 02), whereR(x, Q?) is the ratio of longitudinal to
- fx 5<ﬁhT(Y’Q )+ &(y. 0 )>7 transverse virtual photon absorption cross sections.
In this paper, we report on measurements of the
(1) proton and deuteron asymmetrigs and A4 and the
The twist-2 part comes frorgy"™ (x, 0?) and the quark transverse structure functiong, and g5 from SLAC
transverse polarization distributiohy(x, 0?), while the ~— experiment E143 over the rangel.3 < Q* <
twist-3 parté (x, 02) comes from quark-gluon interactions. 10 (GeV/c)> and 0.029 < x < 0.8. Results for g7
The Bjorken scaling variable is denoted by—Q? is the  and g from this experiment as well as details on the
four-momentum transfer squared,andM are quark and experiment and data analysis have been previously re-
nucleon masses, andis the x-integration variable. The ported [4,5]. Longitudinally polarized electrons with
2" expression of Wandzura-Wilczek [14], energy 29.1 GeV were scattered from polarized protons
U 2) gnd deuterons in cryogenic ammonia targets into two
eV(x, 0% = —g1(x, 0%) + ] g1y, Q dy, (2) independent spectrometers at a_nglgs of &itd 7. The
x y targets could be polarized longitudinally or transversely
relative to the beam by physically rotating the polarizing
magnet. The measured asymmetries were calculated from
the difference over the sum of rates for scattering longi-

can be derived from the OPE [9,10] sum rules gerand
g at fixedQ?,

o ) a, tudinally polarized electrons with negative and positive
fo x"gi(x,Q%)dx = o = 0,2,4,..., beam helicities from transversely ; ) and longitudinally

(A)) polarized targets. The most significant corrections

o 5 1 n to the asymmetries were made for the beam polarization

/; g, QF)dx = = ———(dy — an), n=2.4...  which was measured with a Meller polarimeter to be

typically 0.85 = 0.02; the target polarizations which were
®3) typically 0.65 = 0.017 for protons and).25 = 0.011 for
by keepinga, (twist-2) and neglecting thé, (twist-3) ma-  deuterons; the fraction of polarizable protons or deuterons
trix elements of the renormalized operators. The quantity
hr(x, Q%) in Eq. (1) contributes to leading order in quark-
quark scattering (e.g., polarized Drell-Yan processes), but

is suppressed by /M [12,13,15] in DIS. This component Nis Ila. ;-p-..._—_ff?_-__?:? : :
should not be confused with the twist-3 quark mass term o4l o 2-43 " ""-._.__-‘_'x_\_\_"""-\-u_\___\_\__ Y
that appears in the OPE nor with the average transverse e e . R
spin [15,16]gr = g1 + g that measures the spin distri- 0.2 _L
bution normal to the virtual photon momentum. | F oo ols e B Hﬁ: [&

The OPE analysis does not yield a sum rule for the on A - — |
first moment ofg, (n = 0). However, Burkhardt and i bl ry m——l
Cottingham [17] have derived the sum rufg,(x)dx = i e y — : :
0 in the Q% — o limit from virtual Compton scattering | Bk s |
dispersion relations. Due to the uncertainty in the very et Bl l:
small x behavior of g, it may not be possible to oz F -
experimentally test this sum rule [9,18]. : 5 it

The spin asymmetried; and A, for virtual Compton 0 ] w
scattering are directly related to the spin structure func- o -
tions. From the virtual photon transverse cross section 0.2 N | T ——
or and the transverse-longitudinal interference cross sec- 0.01 0.02 01 0.2 i
tion o’f, one can form the transverse asymmetry ¥

L (Q/v)[g1(x,0%) + g2(x,0%)] FIG. 1. Measurements for (a), and (b)A3 from E143 (two

Fi(x,0?) > data sets) and SMC as a function.af Systematic errors are
L indicated by bands. The curves show #{& [22] positivity
(4) constraints. The solid, dashed, and dotted curves correspond to
, L. the 4.5 E143, 7.0 E143, and SMC kinematics, respectively.
where E and E' are the incident and scattered leptonoverlapping data have been shifted slightlyxito make errors
energiesy = E — E’, and F,(x, Q%) is a spin-averaged clearly visible.

Malx. Q%) = T
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which ranged from 0.12 to 0.17 fot®NH; and from T ' -
0.22 to 0.24 for'>NDg; the contribution from polarized 005 (a} xg;
nitrogen nuclei and for residual polarized protons in the =B s
NDj target; and the radiative corrections which include

internal [19] and external [20] contributions. These o
x-dependent radiative corrections typically shiftég by
+0.01. The corresponding shift ig, was +0.30 at low
x, decreasing rapidly te-0.002 at highx. The systematic
errors for the radiative corrections #o were typically as
large as the corrections themselves and were dominated 0.1 T

-0.05

by the uncertainty in the model fan(x, 0?). i 1 |
Both A, and g, can be expressed in terms of the ex- 0 " _
perimental asymmetries as j T|
4.5
Z . A
Y2 —y) [ y(1 + xM/E) } 0.1
As(x, Q%) = A . , —
2(x. 07) 2d 11— y) sig I il . :
0.05 0.1 0.5 1.0
F )[E + E' coy © "
co
2(x,0%) = % 1x 0%) , L= Ay, FIG. 2. Measurements for (a)gs and (b)xgi from E143.
8 / I ! > 19 ,
2d E' sind Systematic errors are indicated by bands. Overlapping data
have been shifted slightly in to make errors clearly visible.
where y = 2Mx//Q?, 0 is the scattering angley =  The solid curve shows the twist-25"" calculations for
(E — ENJE, d=(1—¢€)(2—y)/y[1 + €R(x Qz)] and E =29.1GeV and 0 = 4.5°. The same curve for °7is
el =1+ ’2[1 vy 2tark(0)2) For F’l(x Q’g) _nearly indistinguishable. Bag model calculations @t =

. 5.0 (GeV/c)*> by Stratmann [25] (dotted), and Song and
Fa(x, %) (1 + y*)/2x[1 + R(x,0?)], we used fits 10 McCarthy [16] (dashed) are indicated.

data for F, [21] and for R [22] which was extrapolated
to unmeasured regions for < 0.08. All results were
calculated using 28 bins for 4.5 and 20x bins for 7.

For the figures, every four bins were combined by erro2 for 48 degrees of freedom (DOF), while comparing
weighted averaging. to the hypothesisg, = g5 yields a y? of 43. The

Results forAg andA‘zi are shown in F|g 1. The error Corresponding confidence levels for agreement with the

bars are statistical only. Systematic errors, dominated bfypotheses are 32% and 67%, respectively. The deuteron
radiative correction uncertainties, are indicated by bandgesults are less conclusive because of the larger errors.
For a givenx, the 02 probed by the two spectrometers The x” tests forg, = 0 andg, = g, yield similar y*
differs by nearly a factor of two. Also in Fig. 1 are Values of about 45 for 48 DOF.

proton results from SMC [2] and th¢R [22] positivity By extracting the quantitygz(x, 0%) = £:(x, Q%) —
limits for each data set. The data are much closer to zerg2 = (x, 0%), we can look for possible quark mass and
than the positivity limit, although; is consistently>0.  higher twist effects. If the term in Eq. (1) which depends
The average value for} for both data sets (ignoring On quark masses can be neglected thgf, 0°) is en-
possibleQ? dependence) i8.030 + 0.009. Note thatA, tirely twist-3. Our results can be seen from the difference
is expected to be zero @2 — o because® — 0. It has between the data and the solid line in Flg 2. Within the
been suggested [23] that ti¥ dependence of, is of the ex_perimental uncertailjty the _data are consistent with
form 1/4/Q which is not measurable within the precision P€ing zero but also witlyz being of the same order of

of the data shown here. magmtude ag; - o _

Measurements ofcg, for the proton and deuteron Usmpg ourrisultsforthe Iongltudlnalspln structure func-
are Shown |n F|g 2 Th%g resu'ts are per nuc'eon ththl andg1 , We haVe Computed the fII’St feW moments
shown is theg) " curve evaluated using Eq. (2) at elementsd,. These moments are defined to B¢ =
E =29 GeV andf = 4.5°. We determine;)’™ using [, x"gi(x)dx and Y = [ox"gy(x)dx. For the mea-
g1(x, 0?%), evaluated from a fit to world data of; [24]  suredx region, we evaluategd; and corrected the twist-2
and assuming negligible higher-twist contributions. Alsopart of g, to fixed Q> = 5 (GeV/c)?, assumingg,/F, is
shown are bag model predictions [16,25] which includeindependent of? [24], and have averaged the two spec-
twist-2 and twist-3 contributions fo@? = 5 (GeV/c)?.  trometer results to evaluate the moments. Any possible
At high x the results forgs indicate a negative trend Q2 dependence df; has been neglected. We neglect the
consistent with the expectations fgp . Comparing contribution from the regio®) = x = 0.029 because of
the proton data to the hypothesjs = 0 yields ay? of  thex” suppression factor. Fdr8 = x = 1, we assume
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