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We present a next-to-leading order QCD analysis of the presently available data on the spin structure
functiong, including the final data from the Spin Muon Collaboration. We present results for the first moments
of the proton, deuteron, and neutron structure functions, and determine singlet and nonsinglet parton distribu-
tions in two factorization schemes. We also test the Bjorken sum rule and find agreement with the theoretical
prediction at the level of 10944S0556-282(198)07117-3

PACS numbd(s): 13.60.Hb, 13.88te

I. INTRODUCTION in this analysis include the final results] presented by the
Spin Muon Collaboratior(SMC). From the world data we
We present a perturbative QQPQCD) analysis in next- determine the first moments of the polarized structure func-
to-leading order(NLO) of the world data on polarized tions.
lepton-nucleon deep inelastic scatteriiiyS). The data used The accuracy of the experimental data on the polarized
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structure functiong,(x) has improved significantly in the this topic over the last few yeaf§—8]. The E154 Collabo-
past few years. All experiments have confirmed the smalration has recently presented their PQCD analysis of the data
values of the first moments @ of the nucleon, thus con- [9]- The SMC has published results in which the PQCD
firming the violation of the Ellis-Jaffe spin sum rlg] and ~ analysis was used to evaluate the first momdifts" at a

the small contribution of quark spins to the nucleon spgig ( fix€d Q” [10—132, but a detailed description of the procedure
in the naive quark parton modeMotivated by the availabil- E;S;? PQCD analysis was not given. We do that in this
ity of accurate experimental data, theoretical tools to analyz ; . .

tﬁ/em have been Fzjldvanced e.g., NLO calculations in PQ)E:IB hln the”P(bgCD_analys% apart fSromCthe debI'sged data from
for the spin structure functions. The nucleon spin can now b ther collaborations at CERN, SLAC, and DESY, we use a

. . . ew and final set of datfl] from SMC which includes im-
separated into some of its components in the framework o roved values of; at low x obtained by requiring the pres-

PQCD. Of special interest is the role played by the polarized,ce of a high energy hadron in the final state. In addition, an
gluon distribution. It has been sugges{@ that if the po-  improved value of the beam polarizatiéwith respect to our
larized gluon distribution is found to be significant, it could previous publication10-12) was used in the evaluation of
explain the small value of the quark contribution to the pro-the asymmetries. We study the impact of each experimental
ton spin. data set and the sources of theoretical uncertainties on the
The Bjorken sum rul¢4] is a relation between the first first moments of the spin structure functions and on the po-
moments of the spin structure functions of proton and neutarized parton distributions.
tron. It is a fundamental result of QCD first derived using In Sec. Il, after a brief overview of the theoretical frame-
current algebra. Most experimental efforts in the past havevork needed for the PQCD analysis, we describe the method
been oriented towards the direct confirmation of this relationused. We performed this analysis using two different math-
The determinations of the first moments from the experimenematical approaches and computer codes. With the improved
tal data depended on extrapolations due to the limited kinedata available today, we determine the polarized parton dis-
matic range of the experiments. In this paper we address thisibutions and study their stability. A comparison of results
issue within the framework of PQCD: we first present aobtained in the two programs allows us to do this. We dis-
PQCD analysis of the world data assuming the Bjorken suncuss the main features of the two programs used for calcu-
rule to be valid, and discuss the uncertainties in the analysisiting the Q? evolution emphasizing their differences and
and their origins. We then release the Bjorken sum constrairgimilarities, and compare the results obtained. The choice of
and check if the available data and the theoretical frameworkhe factorization scheme has been discussed extensively in
of PQCD allow a test of the Bjorken sum rule. Refs.[6, 15]. It has been shown analytically that the choice
A number of theoretical papers have been published ois arbitrary, and that one can translate results from one
scheme to the other. We chose two widely used schemes in
the field of polarized DIS and present results based on world

aDeceased. data in those two schemes. Recently, Altarellal. [8] have

PNow at CERN, 1211 Geneva 23, Switzerland. presented results on the determinatiorxgusing the PQCD
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rule. We present two evaluations of the Bjorken sum rule: 1, (tdy
one from the QCD fit in NLO and another from a fit re- 91(X,t):§<e )j 7
X

X
Cqs(_-a's(t))AE(Yut)
stricted to the nonsinglet part of the spin structure function. y

X
+2nfC9(—,as(t))Ag(y,t)

Il. THE QCD ANALYSIS—PROCEDURE y
AND UNCERTAINTY ESTIMATION

+Cls gias(t))AQNs(y,t) , 4

A. Introduction: Experimental measurement of g,
In polarized DIS experiments the asymmety,, of the | hare <ez>:nf—12Ef:leE is the average squared quark

cross sections for parallel and antiparallel orientations of th%harge t=In(QZA2) where A is the QCD scale parameter
beam and target spins A% andAqyg are the singlet and nonsinglet polarized quark
P | distributions

(1) n¢
AE(X,t)zZl Agi(x,t),

A=
[ s

is measured. The evaluation of the asymmaeifyrequires n

knowledge of the incident beam and target polarizations, and 2

of the dilution factor which accounts for the fact that only a AQNS(X’U:; (e7/(e*) = DAgi(x.), ®)
fraction of the target nucleons is polarizable. The asymmetry

A, and the spin-dependent structure functigrare related to  and Cd \s(ag(t)) and C%ay(t)) are the quark and gluon
the virtual photon-nucleon asymmetrids and A, [16] by coefficient functions. The andQ? dependence of the polar-
ized quark and gluon distributions is given by the
Dokshitzer-Gribov-Lipatov-Altarelli-ParisiDGLAP) equa-

(A+7Ay), (2 tions [24]

Fs
A=D(A;+7Ay), glzm

d A3 =
a (X,t)—

ag(t) fl dy
27 Jy 7

Piq(f,asm)Az(y,t)
in which the factorsy and y depend only on kinematic vari- y
ables and on the nucleon mass, while the depolarization fac- X
tor D depends on kinematic variables and the ratio of total +2anqg(—,aS(t))Ag(y,t)}, (6)
photoabsorption cross sections for longitudinally and trans- y

versely polarized virtual photorR= ¢ /0. The structure d agt) [1dy
function g, is computed using Eq2) and parametrizations — Ag(x,t)= — J — { Pyl = as(D) [AS(y,1)
for F, [1] andR. Forx<0.12 a parametrization d® based dt y y
on the data from Ref.13] was used, while fox>0.12 the X
parametrization in Ref.14] was used. For other experimen- +Pygl = as(t) Ag(y,t)}, (7)
tal aspects of thg; measurement see Ref4,12]. y
In the PQCD analysis presented in this paper we use the agt) [1[dy X
final SMC proton and deuteron data from REf] with Q2 — Aqus(X,t)= S f [_ PNS = ag(t) |[Agns(Yst),
>1Ge\?, the proton data from the European Muon Col- dt 2 Jx Ly My
laboration (EMC) [17], the proton and deuteron data from (8)

the E143 Collaboratiohl8-20, and the neutron data from - ; e :
ihe EL4421) E154(22), and HERMES 23] Collaboratons.  ""ereFy &€ poarzed sptting functions.
) ' il plitting
AS In our previous pu.bhcéat.lonELO], we assume that the  ¢nctions[26] has been computed up to next-to-leading order
deuteron structure fun.ctlog1 is related to the proton and as. At next-to-leading order the splitting functions, the
neutron structure functiong andg; by coefficient functions, and in general the parton distributions
depend on the renormalization and factorization schemes,
zgcli while the physical observables, such@gs remain scheme
h+gl=—u—o, (3)  independent. Parton distributions in different schemes can be
[1-(3/2)wp] different but they are related to each other by well-defined
transformation$15].
wherewp=0.05+0.01 is theD-wave state probability in the ~ Two widely used schemes in the PQCD analysis of the
deuteron. spin structure function data are the modified minimal sub-
traction MS) schemg27] and the Adler-Bardee(AB) [6]
scheme which is a modifieblS scheme. In th&1S scheme
the first moment of the gluon coefficient functi@¥ is equal
The structure functioy, is related to the polarized quark to zero, which implies that the gluon densitg(x,Q?) does
and gluon distributions through not contribute to the integrdl, = f3g,(x)dx [see Eq.(4)].

B. Theoretical framework

112002-3
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In the AB scheme the axial anomaly~ay(Q?)Ag(Q?)] 9,(x)
contributes explicitly td";. The first moments of the singlet T E
quark distribution in the two schemes differ by an amount . Proton i Proton
proportional toaAg: 0rs [
ay Q) s |
AYgs(Q?)=ASpg—n —_—Ag(Q), (9 ;
™ 025 [
where Ag(Q?) is the value ofAg that one obtains in an 0 Forremienefeues e
analysis performed in the AB scheme. Since at leading order AT LA . S R
the first moment of the polarized gluon distribution behaves  *° [ Deuteron | o2 [ Deuteron

as 1k, the scheme dependence in E9). persists at alR?
and is potentially large if the first moment of the gluon dis-
tribution is large[3].
C. Method of QCD analysis
Polarized parton distributions are extracted from experi-

mental structure function data in the following way. One PP Y R
needs an initial functional form for the parton distributions at = SMC X Neutron
an initial Q= Qiz. It needs to be flexible enough to allow for O EMC
the description of the low as well as the higk behavior of A E143
the data and to connect the high and lewehaviors with a . ::;i
minimal number of free parameters. In this spirit we param- o HERMES
etrize the initial polarized parton distributions at a starting
PR — PROGRAM 1
Q°=Qy as ---- PROGRAM 2 o
2 -1
AF(x,Q%)=N(ay,Bs,a) nx*(1=x)P(1+ap), ” ° X

10 _
(10 FIG. 1. Comparison of the two programs in tMS Scheme.

whereN(a, 3,a) is fixed by the normalization condition Data ong)®" from CERN experimentsleft column, SLAC, and
DESY experimentgright column are shown at their measur€f
1 with their statistical errors. The results of the QCD fits using the
N(a,B,a) fo x“(1-x)f(1+ax)dx=1, two programs at the measur€f of the data are shown by con-
tinuous and dashed lines in each plot. Note that some of the fits for
SLAC and DESY experimentgight columr are almost indistin-

andAf denotesA, Aqys, or Ag. With this normalization quishable.

the parameterg,, 7ys, andzs are the first moments of the
gluon, the nonsinglet quark and the singlet quark distribu- o on i )
tions at the starting scale, respectively. We evolve the initiafinglet quark densitiegys are fixed using the neutron and
parton distributions to th€? of the data points using Eqs. Nyperong decay constants and assuming(S\lavor sym-
(6)—(8) and evaluatey; with Eq. (4). We determine g2  metry 7R8=(*)3(ga/gv) + 3a5. We use|ga/gy|=F+D
using this calculatedg;, ¢g%9x,Q?), the measured =1.2601*0.0025[28] andF/D=0.575"0.016[29]. In the
09%%x,Q?), and its statistical uncertaint§,g*(x,Q? as  analyses in this paper which test the Bjorken sum rule the
value ofg,/gy will be made a free parameter in the fit. In
" caldx Q?)— g% x,0Q2)]2 order to be able to estimate the effect of the yet unknown
XZZE [o3” (.0 3at o a(2 S ) (11 higher-than-NLO corrections to this analysis, the factoriza-
i=1 [5stagl a(XuQ )]

tion scaleM? and the renormalization scale? in this analy-
Here n stands for the number of experimental data pointsSI

s were taken to be of the forM?=k;Q? and u?=k,Q?
used in the PQCD fit. We minimize thj& by changing the with k;=k,=1 for the standard fit. The variation in the fac-
initial parton distribution coefficients;, «;, B¢, anda; to

torsk; ,and its role in the uncertainty estimation is discussed
; 2y _
get the best fit parton distribution at the initi@iz. Only in Sec. Il G. The value ofrs(Mz)=0.1180.003[28] was

statistical errors on the data were used in the fit. Variou

éjsed in the analysis. Some tests were done to study the de-
. B 2 . B

systematic uncertainties, being correlated, had to be handl rmination ofas(Q%) from the spin structure function data.

separately and will be discussed in Sec. Il G. Unless other-

ey will be discussed in Sec. Il F.
wise mentioned we chose the initial sca@?=1 Ge\~.
Since most of the experimental data lie in the rangeQ@?
<10 GeV?, when it was relevant to study i@’ dependence The PQCD analysis by Badlt al.[6] has been used in our
of a result, we have done so usi@j= 10 Ge\ as the upper previous publicationg10-12 for evolving our data from the
limit for the initial scale. The normalization of the non- measured)? to afixedQ2=Q§. In this paper we shall call

D. Comparison of two QCD evolution programs

112002-4
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TABLE I. Comparison of results for the fitted parameters obtained with the two programs. The results are
given for fits with an initial scal®@?=1 Ge\? andQ?= 10 Ge\?. All fits are performed in thé1S scheme.
The uncertainties are statistical only.

Q’=1GeV? Q?=10 Ge\?

Parameter Program 1 Program 2 Program 1 Program 2
75 0.19°55 0.18°55 0187507 012753
as —0.46"073 —0.43°913 —0.61°513 —0.7291¢
Bs 3.05°03 3.23°05 381504 36043
as -13.0'}2 -12.2'}% -21.0"23 -22.9%2
g 0.21°551 0.38°55 0227915 0.61%¢55
ag 0.48353 1.02° 1% 0.56 g5 —0.447 555
ans —0.11°56 —0.12°552 —0.29°53 —0.29"503
Brs 1.69°518 1.68513 2.22°538 2127518
X2 127.4 119.8 122.6 118.8
Npe 133-8 133-8 133-8 133-8

this program 1. Another program for tl@? evolution was  without producing any significant change in the results.
developed within the SMC31]. In this paper we shall call Result of the comparisorrigure 1 shows the best fits to
this program 2. This section comments briefly on the evoluthe ggld'” data at the measure@? obtained using the two

tion programs 1 and 2. In the next section we present &.oqrams in theMS factorization scheme and starting the
comparison of results obtglned with the two progr.ams n thet5~volution froin2= 1 Ge\2. Since the data do not constrain
MS scheme. The comparison of results for polarized partory highx coefficient 3, for the gluon, it was fixed to 4.0

distributions from two different programs allows us to studyfrom QCD sum ruIe$38] for all analys,es in this paper. The

the reliability and stability of our results. coefficientsa; [see Eq.(10)] for the gluon and nonsinglet

In program 1 the Mellin transformation of the evolution arton distribution functions were not used in this compari-
equation and the coefficient and splitting functions is used” P

The DGLAP equations are solved in the moment space witFO" and Wﬁ forczra]d the nonsn;fglgt proton and neutron Q|str|—

the boundary condition of Eq10) at an initial scale value of butions to 1 ave the same coe icientaind 5 as was done n

Q2. The inverse Mellin transformation needed to return to.RefS'[6’8]' Both fits describe th_e dat_a well. '_I'he compatibil-

(xl 0?) space is performed numerically. This is CPU inten_|ty of the two programs and the invariance with respect to the
' P P y: initial Q2 was further tested by repeating the fits W@f

sive and the computation time goes approximately linearly

with the number of data points used in the QCD analysis. For_ 10 GeV. The parameters for the two sets of fits are given

further details on this analysis the reader is referred to Ref" Table 1. The _qua_rk singlet and nonsinglet qoeﬁ|C|ents for
6], the parton distributions are nearly the same in both fits and

The other evolution prografi81] computes the evolution ;Eg'rwsgrarn;etrzrriSargncciﬂzségggzqd V;’ﬁg gg;?ggg;ﬁg ct))fy the
in (x,Q?) variables on a grid covering the range of the ex- _programs. Y, .
gluon distribution are poorly determined in both programs,

perimental data. Differentials i@? are approximated by fi- . o
nite differences. The convolution integrals which appear inand as such the polarized gluon distribution seems to be only

Egs. (4)—(8) are evaluated using the exact form of the SpIit_marglnally determined by the data. Because of the approxi-

. . 2
ting and coefficient functions and values for the distributionmate scale independence atypg), sinceag(Q") reduces

functions interpolated between adjacent grid points. The cont-)y a factor~2 between 1 and 10 Gé\the first momentyg

volution integrals of a splitting or coefficient function and a IS Iexpec;edz tql-rgnc]tﬁ?zevb)( the samer faCt?T: b?itl\;\lle?vqit;hiﬁ two
general parton distribution then only need to be computed alues ofQ". The fitted values ofy, are compatible

o o ir large errors.
the initialization stage of the procedure. In addition, becaus er L . . ,
the parton distributions are evaluated numerically, the The parton distributions obtained in the above fits, per-

method imposes no practical restrictions on their functionaf©'med at?izzl and 10 Ge¥in theMS scheme, evolved to
forms. The computation time rises roughly linearly with the @ fixed Q=5 Ge\/? are shown in Fig. 2. The singlet and
number of nodes along t@? axis and roughly as the square nonsinglet quark distribution _functlons and their evolution in
of the number of nodes along theaxis. This approximation the two programs are very similar. However, the gluon dis-
of the convolution integrals produces satisfactory results if

only 30 nodes are used i which leads to a reduction in

computation time of more than two orders of magnitude Iror the purpose of comparison of the programs such constraints
compared to a straightforward numerical integration. @f¢  and assumptions make no difference, other than reducing the num-
region of interest was divided into 100 steps. As a check ober of free parameters. Later in this paper when we do fits which are
the accuracy of the method, the numbers@indQ? points  used in the evaluation of integrals we release some of these con-
were varied from 30 to 80 and from 100 to 200, respectively straints.
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PROGRAM 1 PROGRAM 2 ' i '
L AL B L L L B LA AL IR B 0.06
0.3 x-AX(X) —— From & 1GeV? -
F T From G’=10GeV’ i
_ 0.04 i
0.02 |
i - 0k
Foot b 4 FUTI DT b b bR~ it bl 3
0.03 |
0.02 |
001 [
o
o
T R e 001 |
100 10 10" 10 107 10" 107 10 I
AB scheme
FIG. 2. Polarized parton distribution functions @=5 Ge\? [ MS scheme 1
: . ) : -0.02 - .
resulting from the fits using program(left) and program Zright) R e S
with initial scales ofQ?=1 Ge\? and 10 GeV. 107 107 107 10 1

tributions show differences. Keeping in mind the large un- FIG. 3. xg?®" vs x. Comparison of fits done in two different

certainty in the determination of gluon distribution coeffi- schemesMS and AB. All distributions are given &d?=5 Ge\A.

cients this is not surprising. The wiggle inxgj is in a region ofx which has little data. The
Having performed such tests we conclude that given theincertainty in the QCD fit in this region is largsee Fig. 8, con-

accuracy of the presently available data different approachessquently, the wiggle itself has no physical significance.

used in theQ? evolution do indeed give consistent results

and show similar behaviors as far as the uncertainty estimates are concerned. As mentioned before, an independent

paper on the QCD analysis in program 1 has been published

TABLE II. Comparison of results of the QCD fits @*  [6]. This program has been used previously in the analysis of

=1 GeV in the MS scheme and the AB scheme. The errors areSpC data[10-17 and required minimal modification to

statistical only.

study the evolution in the two factorization scherhAgler-
Bardeen(AB) andMS]. In order to preserve continuity with

Parameter MS AB N S o
MS our previous publications and in view of the fact that pro-
7s 0.19°092 0.38'9:%3 grams 1 and 2 provide consistent results, from now on we
as —0.4801L 1.20"029 will present results using program 1 exclusively.
+72-0.10 r&V-0.27
0.40 0.63 o
Ps 3:29.0%5 40855 E. Comparison of results inMS and AB schemes
as —-13.8"13 (0.0 _ . R
095029 0.99" 17 The values of the fitted parameters obtained in K@
s e e and AB schemes for the initiaQ?=1 Ge\? are listed in
%g 0.3373 05 —0.70202 Table II. In this comparison we have released the constraint
aPs -0.19°3%% -0.15'5% requiring the shape of the nonsinglet parton distribution in
BRs 1.359% 1.42°923 the proton and neutron to be the same, i.e., we allow differ-
n 6+0:14 1013 ent values ofy, 8 in the Aqyg of the proton and neutron. The
s 0.06 013 001012 nearly equal values of thg? show that the data are equall
n y+0.52 g#O.Sl y q . g . q y
Bis 2.59 g8 2.48 o5 well described by the analyses performed in the two schemes
e 122.9 126.3 with the input parametrizations of EL0). In other words,
Npr 133-10 133-9 the functional form of the initial parton distributions in Eq.

(10) is flexible enough to describe the data. We observe in
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MS scheme AB scheme TABLE 1ll. The best fit parameters of the PQCD fit when
N A A I R ay(M3) was made a free parameter. All parameters are given at
03 [xAZ(X) T Q%=1 Ge\? except for the value ofxs which is given atQ?
0.2 ; =M2 Ge\2. The uncertainties are statistical only.
‘ i
0.1 E T Parameter Value Parameter Value
of ; 7s 0.39°38 7 0.98°3%7
S 1] 0.28 _ 0.22
0.3 1 xAg(x) T 5 s 1'228':; “o 078021
: Bs 4.0025'60 Bq (4.0
02 3|0a 1 3|0al 1
r p SIRALZ n B ! i
o b 7INs 3gv+4as NS 4gv+4as
' s —0.08'075 s 0.04575
F _ 1 0.26 0.54
02 ST T il A BRs 1.53'0% Bns 2.60" 579
| xaqls (x) g as(Mé) 0-12]:28:88%
: X2 125.1
02
i Npe 133-10
this paper for all further analysis. We will call this the stan-
dard fit.
F. Comments on the determination ofas(Q?)
The analysis presented so far starts with the spin-

dependent virtual photon-nucleon asymmetries measured by
g different experiments. We determine from these asymmetries
O R S R S S the spin-dependent structure functiansusing parametriza-

10 10" 10 10 10 10 10 10 tions of the unpolarized structure functiofs and R. The
information on scaling violations from the unpolarized
nucleon structure functioris, (which are measured with sig-
nificantly better accuracy compareddg), is hence an input
. , L to the analysis. These scaling violations have been studied
Fig. 3 th;it the fittedy, (x) distributions, evolved to the ref- 5,4 5ye Igd to a determinati%n of the strong coupling con-
erenceQ3=>5 Ge\?, differ very little in the range 0.003x stantas [32].
< 0.8 in which spin structure function data are available. In a recent publicatiof8] it was shown that the value of

The comparison of the fitted polarized parton distributionsy can be extracted using PQCD analysis of the spin struc-
(Fig. 4) clearly shows how the two schemes differ in theture function data, while results from another analy&§ib
singlet sector. In thé\S schemeA3, is constrained by the indicated that their analysis was sensitive to the value of
negative values o@‘f(x) at low x to become negative fot as(Mi) used.
=<0.05. The crossovex, is determined by the linear term in  To check the sensitivity of our analysis to the valuexgf
x(ag=—1/Xp). In the AB scheme, this term is not needed we make the value ofri(M2) (which normally is an input
because\3, remains positive over the full range of the data. parameter in the PQCD analysis free parameter in the fit.
The polarized gluon distribution is found to be larger in theTable Ill shows the fitted values and the statistical uncertain-
AB scheme and is shifted to lower values>otompared to  ties in the parameters &@7=1 Ge\”. The values change
that in theMS scheme. Differences of the same order belittle in comparison with those presented before in Table Il
tween gluon determinations in the two schemes have bedR" the AB scheme. Estimation of uncertainties due to ex-
reported in a previous analysi8] by the E154 Collabora- perlmentgl _systematlc effect_s in the data and_ those of theo-
tion. Within the precision of the data, the first moments off€fic@l origins (procedure will be described in Sec. NG
the polarized singlet and gluon distributions obtained in thé?'VeS
o Qszc r\‘,zmgso?aeég\r;pa“b'e with the relation in B.at |, \12)_0 121+ 0.002stay+0.006syst and theooz(lz)

The principal aim of the experimental collaborations is
the measurement of the first moments of spin structure funcfhe value ofag(M32) indeed comes out to be consistent with
tions gﬁ*d'”. Since the analyses done in both schemes seemhat determined from the PQCD analyses of the unpolarized
to describe the; data equally well it does not matter which data. As such, while the determination af is certainly
scheme we follow. In the past we have used the AB schempossible using the scaling violations gf, with the pres-
for our results[10—-12. In order to keep continuity with ently available data oA, it is difficult to separate the infor-
those publications we use the AB factorization scheme imrmation on scaling violations due 6, and due tdA; . In this

FIG. 4. Polarized parton distribution functions @5="5 Ge\?
obtained in two different schemelS and AB.
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X-AX(x)

SRR N S AL B AL

TABLE IV. First moments of the nucleon spin structure func-
tions atQ(2)= 5 Ge\? in the measured range from 0.003 to 0.8. The
first uncertainty is statistical, the second experimental systematic,
and the third due to the uncertainty in evolution. For comparison,
the integral over the QCD fit is given in the third column.

Nucleon J 88001 (x,QF) dx 800 (x,Q3)dx
Proton 0.136:0.003+0.005+0.004 0.132
Deuteron 0.036:0.004+0.003+0.002 0.040
Neutron —0.054+0.007+0.005-0.004 —0.048

06 F
04
02 L

0F
02 E
0.4 F
0.6 |
08 B

torization and renormalization scales, the valueagf the
functional form of the initial parton distribution function, the
values of quark mass thresholds, and the valugQfgy, .

We evaluated them by varying each of these parameters by
their known error§whenever availab)le The uncertainties in

the factorization and renormalization scales are related to the
uncertainty in the result due to the neglect of higher order
corrections in the PQCD analysis. This was estimated by
independently varying factorization and renormalization

" FIIDG'Csl'D POI‘"’:riZ?d p";‘rj"l” gis\t;ib$ﬂ°.” ﬂintc.tignsl detemt“r_‘etd fromgcale factork, andk, in Sec. Il C by 2 in both directions,
e PQCD analysis &0 =1 GeV'. Their statistical uncertainty as i.e., 0.5sk;, k,<2.0. For the standard fit the value of

obtained from the QCD fit is shown by a band with crossed hatch. N . .

The experimental systematic uncertainty is indicated by the verti-aS(MZ)_O'118 was us_ed. This value Wa_s Ya”ed between
cally hatched band, and the theoretical uncertainty by the horizond-118%0.003. Another input to our analysis is the assumed
tally hatched band. functional form of Eq.(10), the initial parton distribution

function. To evaluate its effect on the results two tests were
jone. First, we used different combinations of constraints on
he parameterg;, B¢, anda; in Eq. (10) including also an
additional termb+/x in the polynomial. If the confidence
level of the resulting fit was comparable to that of the best fit,
G. Evaluation of uncertainties then that functional form was accepted and the result of the
in the polarized parton distribution functions fit was considered for estimating the uncertainty due to the

Figure 5 shows the results for the parton distributions an&unctional form .O.f the initigll parton distribution. Second, we
their uncertainties. In the calculation of thé [Eq. (1)]  Started at an initial scal@y different from 1 _Ge\_? and ob-
only the statistical uncertainty on the data points was usecserved how different the resultant parton dlstrlbu_tlons were
The uncertainty in the parton distribution due to this isWhen evolved to the same commQ§. The theoretical sys-
shown(cross hatchwith the parton distributiortbold line in ~ tematic uncertainty bands were then added in quadraasre
the cross hatch functions ofx). The envelopes of such uncertainty as a func-

To estimate the uncertainty in a parton distribution func-tion of x for singlet and nonsinglet parton distributions are
tion due to the experimental systematic errors the followingshown in Fig. 5 by the horizontally hatched bands. The
procedure was used. For each data set the experimental sy#aminant uncertainties were due to the uncertainty in the
tematic uncertainties oA, due to all sourcesd},) were factorization scale{\/l , 'the renormalization _scalﬁ , and
added in quadrature to calculate a total systematic uncefil_l? to the uncertainty in the assumed functional form of the
tainty (o) for that data set. The QCD fits were then re- initial parton distributions.
peated with input values of asymmetridg+ crlyst. The un-
polarized structure functiofr, and R used to evaluate, lll. QCD ANALYSIS—RESULTS
from A; were shifted to the upper and lower limits of their A. Evaluation of first moments at fixed Q2
respective parametrizations to estimate their contribution to . _ . . :
the uncertainty. Then these experimenkd, andR contri- We use all available data in thel Kinematic reg@?
butions were added quadratically. The resulting envelopes 0?21 Ge\/z,' x=0.003 to e\éaluat€1=fogl(x)dx at a 2f|xed
uncertainty are shown in Fig. ®ertically hatched bancas a Q- Starting fromg,(x,Q%) at the measured and Q° we
function of x. obtaing; at a fixedQ3 as follows:

In addition to the statistical and systematic uncertainties a i i
significant source of uncertainty inythe parton distribution gl(x,Qg)=gl(x,Q2)+[gf1"(x,Q(2))—gf1”(x,Q2)], (13
functions comes from uncertainty in the various input param- A A
eters to the PQCD analysis. We call them “theoretical” un-wheregf'(x,Q3) andgf'(x,Q?) are the values ofj; evalu-
certainties. They include uncertainties in the values of facated atQ?, andQ? of the experiment using the fit parameters,

paper we henceforth always take the value of the strong co
pling constanizg(M32) =0.118+0.003 as given in Ref28].
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TABLE V. First moments of t_he structure_ functions @g x~g'1’(x) = SMC 4 E143 O EMC
=5 Ge\? from the unmeasurex regions and their total uncertain- 0.08 —r R LA T e e e R A At
ties due to the experimental systematics and the theoretical sources
in the evolution. |
Jai(x,QF)dx 0.0<x<0.003 0.8x<1.0 0.06

Proton 001288 000353} _

Deuteron —-0.015 5539 0.000" 9% 0.04

Newtron 002038 0.0003%

0.02

respectively’ We chooseQ3=5 Ge\? which is close to the
averageQ? of the world data set used in the analysis. In the

measured range 0.06X%<0.8 the contributions to the first 0

moments of the nucleon structure functions calculated from il

the data are given in Table IV, column 2. The first uncer- i %

tainty is statistical, the second is systematic and the third is _g 9o

due to the uncertainty in th@? evolution. The method used T I T

for combining different data sets is discussed in Rigfs33, 10 10 10 10 1

34]. Figures 6, 7, 8 and their insets showﬁ"”‘d, respec- X

tively, as a function ok. The areas under thg" curves are FIG. 6. xg} vs x for the world data with the QCD fit a?
given in Table IV, column 3. The integrals calculated in both=5 Ge\2. The lowx region is emphasized in the inset. The data
ways are very similar. points are shown with their statistical errors. The uncertainties of

To estimate the contributions to the first moment from thethe fit due to experimental systematics and theoretical sources are
unmeasured low (x<0.003) and highx (x>0.8) regions, shown by the vertically and horizontally hatched bands, respec-

we integrate ovegft calculated atQ?=5 Ge\? using the ~ fVely:

parameters for the parton distributions. The central valuegne largest three contributions are listed and the remaining
and the uncertainties in the low and highcontributions — gnes are added together in “other exp.” The largest three
are given in Table V. The areas under the QCD fit fortheoretical sources of errors, namely, the factorization and
x<<0.003 in Figs. 6, 7, and 8 and their insets correspond t9enormalization scales, the value @f, and the uncertainty
the lowx contribution. The uncertainties in the low and high i the form of initial parton distribution functions are also

X integrals are obtained using the same procedure as for t&tﬁ\/en separately. The rest of the sources such as the uncer-
_estimation of the uncertainty in the Q_CD evolution describedzinties in the quark mass thresholds, the values of the con-
in Sec. Il G. Had we taken the traditional approgtf—12  stantsy, /gy, ag, etc., are collected as one source and called
of using Regge extrapolation in the lawegion and a con-  «gthers.”

stantA; in the highx unmeasured regiotbounded byA, Our best estimate for the first momenléﬁ"d'”(Qé
<1), we would get results using the present data consistent 5 Ge\2) over the fullx range is given in the second col-
with those presented in Table V, but with significantly mp of Table VII. The first uncertainty is statistical and the
smaller uncertaintietsee Ref[11] for a detailed discussion  gecong is systematic. The third uncertainty is due to the low

The low x contributions to the first moments quoted in 54 highx extrapolation and th@? evolution; they are cor-
Table V rely on the validity of the assumption that the partong|ateq and are both of theoretical origin. The third column

. . . . . ey 2_ 2
distribution functions behave as® at the initial Q°=Qf ot this taple gives the values of the first momentsQg
whenx—0 with the values ofx quoted in Table Il for the _ 15 ge\? using the SMC data in the measuredange.
AB scheme. Under this conditiog(x,Q3) becomes nega-

tive below x=0.001, i.e., slightly below the lowest data B. Ag and a, determination
available(Fig. 6). The g%(x,Q2) becomes negative below LA di i
=0.02(Fig. 7), while g)(x,Q3) is negative for alk (Fig. 8). +Ag(Qp) and its evolution
Other functional behaviors aj, at low x (x<0.003) have Our analysis performed in the AB scheme using an initial
been investigated. The resulting contributions to the moQizzlGe\/2 results in
ments were found to be in the range of systematic errors L
quoted in Table V. :f A 21 Ge\®)dx
The uncertainties in[?*"(Q2), for Q3=5Ge\? are I 9(Q )
separated by sources in Table VI. The experiments giving
= 0.99 54 ](stad* 33 sysh” F4dth). (14)
The procedure used to estimate the uncertainties was the

2From now on the superscript “fit” indicates that the quantity was same as described in Sec. Il G. When evolved to 5 and 10

calculated using the best fit parameters of the QCD fit. Ge\? the values ofpq become 1.7 and 2.0, respectively. The
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0.05 x-g{(x) m SMC 4 E143 x-g3(x) A E142 e E154 O HERMES
R [ T T T T T T T T UNREREEERL F TOTTTITTUTT T T L R L ||||u:
L 0.004 , : . . 1 0.05 - ; - : . .
r ] - 0.0025 | B 1
0.04 [ *™%} = 004 | °F ]
r 0 1 [ -0.0025 [- ]
L ] [ 0005 | 1
0.03 |- ] 0.03 - -0.0075 E
[ ] r -0 b
r b 0-02 [ -0.0125 ]
0.02 |- ] F o5 ]
r ] 0.01 [ oors| . ]
: 1 10° 107 10° 107 1072 ]
0.01 [ - 0 [ ;
[ 1 -0.01 | ;
0 g : ]
C ] -0.02 [ 1
] . I
001 ¢ 4 0.03 g
L sl Loaoy el ol o] 4| M| 31 P 2| YT 1‘ |||||.|:
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X X

FIG. 7. xg? vs x for the world data with the QCD fit a©? FIG. 8. xg] vs x for the world data with the QCD fit a@?

=5 Ge\2. The lowx region is emphasized in the inset. The data =5 Ge\2. Only statistical errors are shown with the data points.
points are shown with their statistical errors. The uncertainties off he lowx region is emphasized in the inset. The uncertainties in the
the fit due to experimental systematics and theoretical sources afé due to experimental systematics and theoretical sources are
shown by the vertically and horizontally hatched bands, respecshown by the vertically and horizontally hatched bands, respec-
tively. tively.

analysis indicates that the uncertainty in the measurement @&lues are compatible within errors as required for a scheme
this quantity is large. Very little can be said about this quan-independent quantity and Correspond to akg)uf the naive
tity on the basis of the present data. Measurements in whicQuark-parton mode{QPM) expectationa,=ag=0.58. The
the gluon is involved in the leading ordgsuch as the
photpn-gluon fusion procesare _needed, in addlthn tq more TABLE VI. Uncertainties on the first moments resulting from
precise DIS data og,, for an improved determination of the PQCD analysis separated by sources given in this table in three
ULE parts. In the top part the first momentsg;q’fd'n at Q(2)=5 Ge\ are
o given with their total experimental systematic and theoretical uncer-
2. g determination tainties. In the central part the total experimental systematic uncer-

The values of the singlet axial current matrix elemagt tainty from above is split into contributions from different experi-
determined from the fits are shown in Fig. 9 for values ofments, w_hile in the lowest part the total theoretical uncertainty is
Q?=1, 4, 7, 10 Ge¥ in the MS and AB schemes. The estj- SPIit into its sources.
mated uncertainty is shown f@le Ge\? only. The un-

Total Total

certalntlles at hlghe?i are comparable. The solid curve IS @ Nycleon i exp. sys. theory
calculation for theQ~ dependence dd, based on the best fit
. . T 0.007 0.007
performed withQ?=1 Ge\? in MS scheme. The results ob- Proton 0.122 38'8(1)% 38'832
tained in this scheme for high®? values fall consistently Deuteron 0.025 L0010 0020
on this curve. FoQ?>1 Ge\? the Q* dependence is weak Neutron —0.068 20011 ~0020
and is below the sensitivity of the existing data. In & Other
schemegay is identified with the integralys of the singlet  Exp. sys. SMC E154 E143 exp.
quark distribution(Table 1) while in the AB scheme the Y Yy Y ool
gluon contribution must be subtracted: Proton ~0.008 ~0.005 ~0.004 ~0.002
Deuteron +0.004 +0.005 +0.000 +0.001
@ Nt S
o : . ) .
AB S eutron _o. _o. —o. _o.
aO(Qz) = 775 — nf 27T ng(QZ) (15) 0.008 0.005 0.004 0.002
Theory Scale ag PDF Others
Figure 9 shows that the world data are good enough to test,ion +0.005 +0.002 +0.004 +0.002
the above relation. In the AB schemeQ@§=1 Ge\? we get Deuteron +0.003 +0.001 +0.004 +0.001
ao=0.23+0.07(stah +0.19sysh while at the sam&?2 in the 10000 10.008 0.008 10001
g ' - 0 Neutron ~0.020 ~0.003 -0.001 ~0.001

MS scheme we gediy=0.19+0.05sta)+0.04sys). These

112002-10



NEXT-TO-LEADING ORDER QCD ANALYSIS OF THE . .. PHYSICAL REVIEW D 58 112002

TABLE VII. Table of I' %" at Q3=5 Ge\? for the world set of datéleft), and atQ3= 10 Ge\? for SMC

(right).
World SMC
I'1(Q3) Q3=5 Ge\? Q3=10 GeV?
Proton 0.12%0.003* 0.005+ 0.017 0.12@ 0.005*+ 0.006+ 0.014
Deuteron 0.02% 0.004+0.003+0.016 0.01%0.006+0.003+0.013
Neutron —0.075+0.007+0.005+0.019 —0.078+0.013+0.008+0.014

systematic errors in the, determined from the analysis in this analysis does not support this suggestion.
the AB scheme is larger than the one determined inMige

scheme because of the correlation introduced\gyand its C. Determination of Bjorken sum rule
uncertainty in the evaluatiofsee Eq.(15)].
The first moment$ P ™9 can also be expressed in terms of 1. Bjorken sum rule from QCD analysis
the matrix elementa,, a; andag [2]. If exact SU3) flavor The Bjorken sum rule is a fundamental result in PQCD. In

symmetry is assumed for the axial octet currentandag  this section we present a method of testing this in a way
are given by the coupling constants for neutron and hyperogonsistent with the PQCD analysis presented so far. The con-
decaysaz=F+D andag=3F—D, respectively. Under this ventional method of testing the Bjorken sum r@lehich has
assumption and using the input values quoted in Table Vibeen used in most experimental papéssto evaluate the
we obtain aQ?=5 Ge\? a,=0.13+0.17. This result is con- difference between the first moments of the proton and neu-
sistent with those obtained befofirectly from QCD analy-  tron polarized structure functions at a fix€§ and to see if

sis) but note that in the measuredange the sam®? evo-  the relation

lution has been used in all these results.

It has often been suggested that the difference between 1(ga
the low experimental value af; and its naive QPM predic- FE—FE=€ — CTS(QZ) (16
tion could be explained by a large gluon contribution. The v
0.03+0.03+0.03 ;

value of s=0.38"ga3 005 0.05 N the AB scheméonly sta-

tistical uncertainty o is shown in Table I, obtained in holds. Hereg, /gy is the axial vector coupling constant. The

coefficientCTS(QZ) has been calculated to fourth order in

as(Q?) [35].

2
Jao(Ql ) NN —— Based on the PQCD analysis we have evaluated the first

0.6 |- . ] moments of the proton and neutron structure functions at
[< Naive QPM ® ABscheme | Q2=5 Ge\ given in Table VII. However, we cannot di-
i _— j rectly use them to evaluate the Bjorken sum rule because in
- u MS scheme | . . . /

05 |- 7 this analysis we have taken the first moments torlg=

+2|ga/gy| +3ag, with the value ofga/gy fixed to its

i ] nominal value of 1.260%0.0025[28]. In this way the

04 - ' 7] Bjorken sum rule is assumed in the analysis. We can test the
validity of the Bjorken sum rule by releasing this constraint
in our PQCD analysis and makingj, /gy one of the free
parameters to be fitted by tlgg data. The best fit parameters
for such a fit are given in Table VIII. The experimental and
theoretical uncertainty study presented in Sec. Il G was re-
peated for the uncertainty estimation fpt/gy . We obtain

=1.15"§ 3 stad "5.0dsysh o o4th). (17)

ol L TR R | L ! T S R |

Q? (é‘;vg) The _value ofga/gy determined here is co_nsisten_t with the
nominal value used above. The uncertaintiparticularly

FIG. 9. TheQ? dependence of, determined in this analysis theoretical are large. The largest contribution to the theoret-
using different schemes and with different starting scadgsis  ical uncertainty is the factorization and renormalization
shown. The curve shows the predic@8evolution ofa, in thems  Scales and due to the choice of the initial parton distributions.
scheme. The statistical errors ia, are shown only forQ? The above value of,/gy and its uncertainty when used
=1 Ge\2. The uncertainties for the other points at higigrvalues ~ to evaluate 'Fhe Va'“? of Bjorken sum In Ed6 to orQer .
are comparable. The expectation for the valuagbased on the O(as) (consistent with all other analysis presented in this
naive QPM is also shown for comparison. papej at Q(2)=5 Ge\ gives
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TABLE VIIl. Best parameters a@?=1 Ge\? wheng, /gy, is a free parameter in the fit. The uncertainties
shown are statistical only.

Parameter Value Parameter Value
s 0.389% g 0.94'558
ag 1.03"5:33 ag —0.71557
Bs 3.64°0:35 Bg 4.0
. 115'33
v

3lgal 1 3lgy 1
p —_ | —_— + — n —_— ] —_—
7INS ey 438 NS 4ig)" 4
afs —0.01'37 ans 0.20°974
BRs 1-86823 Bus 3.481'8:&732
X2 116.1
Npe 133-10

FE—F'{=0-174f8[8835taﬁ8j8335ysbfgjgggth)=0-174f8:8§§, Sec. |l C_ ex_cep_t that herg |t is done (Znnly with the nonsinglet
parton distribution. The initial scal®’=1 Ge\? was used

which is in excellent agreement with the theoreticall(lcszilcu-in this analysis as it was in the global PQCD analysis.
9 y The values of the fitted parameters are given in Table IX.

p_pn_ 2
lated value off"y—I"; =0.181=0.003[35] at the samdY;. The result of the fit aQ2=5 Ge\? is displayed in Fig. 10.

2. QCD evolution of §° The datg poin_ts.evolved to the sa@éf5 _Ge\/a are shown
_ ) ) _ with their statistical errors. The bold line is the curve calcu-
An alternative way to determine the Bjorken sum rule iSjated using the best fit parameters. The area under this line
by re_strlqtmg the QCD anaIyS|s to thg pure_ly ”O”S'r_‘gletcorresponds to the Bjorken integrﬁﬁ‘s'f”. The uncertainty
combination of the polarized parton distribution functions,nq around this line shows the total uncertainty estimated
Agys. Itis related to the structure functions, using B4,  from the experimental systematic and theoretical sources.
P(x,Q2)—gl(x,Q?) The uncertaintyexperimental systematic and that of theoret-
91(X, 91(X, . o : .
ical origin) for the fitted value ofy,/gy was estimated. We

1 1d X t
5| 7y[cmg(;,aSa))AqNs(y,t)}, a9

where t=In(Q¥A?). The Q? dependence ofAqys is de-
scribed by the DGLAP evolution equation for the nonsinglet
combinatior(Eq. (8)] and is decoupled from the evolution of At Q3=5 Ge\? this value of ga/gy corresponds to the
AS and Ag. Thus, havingg)—g] data points at different Bjorken sum

values ofQ? allows us to determing,/gy by parametrizing n_ 4 0.01 +0.01 40.01541 10.026

only Aqys at an initial scaleQ?, evolving it, and fitting the I3~ T1=0.18T"goristal” 5 01dsyst g ood ) =0.181 50
parameters including /gy to the data. The advantage of (21)

this method is that the analysis can be performed with fewegsing Eq.(16) when evaluated a@(ag). The result for
free parameters than the standard analysis presented in the/q,, agrees well with the nominal value and with the re-
previous sections. We use the parametrization sults of the standard fit with,/gy as a free paramet¢Eq.

Ia 17). Because of the smaller data set used the errors of ex-

Ov

Ja
gy~ 120°5star G i sysd Godth).

3
Agns(X,Q%) == |—|N x¥(1—x)# 2
Ans(X, Q%) 2 (@, BX )" (20 TABLE IX. Best fit parameters for thg)® fit with their statis-

tical errors.

with «, B, andga/gy being the three free parameters of the
fit. However, there is a disadvantage to this method. In order Parameter Value
to evaluate the value aff—g] to be used in this fit, the

values of the proton and neutron structure functions should 9a 1.20° 338
be known ideally the same valuesofnd Q2. This is true Ov

only for SMC [1] and E143[18—20 data. The SMC data a -0.20'913
points forg? andg? were combined as explained in REf]. B 1.42"949
The E143 data were treated similarly. In all we obtain 44 x2 524
data points forg}'s (12 from SMC and 32 from E143The Nor 44-3

general procedure of the analysis is the same as explained ia
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x-gNs(x) = SMC 4 E143 note that although the uncertainties in the first moments of
1 — T T T T T T T the proton and neutron are larg@ables V and VI}, the
1 uncertainty in the Bjorken integral from this region is rather
small.

0.08 3 3. Comments on Bjorken sum rule determination

In Section Il C 1 we have presented a determination of
the Bjorken sum rule, based on the final SMC data set and all
other published data og,. The result was obtained in a
NLO QCD analysis by directly fitting the value ofa/gy .

This is our best determination of the Bjorken sum in a fully
consistent way based on PQCD using the world data set.

The result we obtain is consistent with the expected value
and we confirm the Bjorken sum rule with an accuracy of
~10%. It also agrees well with the results of the NLO QCD
analysis of the E154 Collaboratid®]. Our estimate of the
uncertainty is larger for the following reason: we have taken
I ) the view that the errors due to the factorization and renor-
e malization scales and those duedipare uncorrelated where
10 10 10 10 1 as they have treated them as correlated. If we follow their
approach, the uncertainties become comparable.

FIG. 10. The result of the best fit tag)'® together with the data The method used in Sec. 1l C 2 to test the Bjorken sum
points used in the fit evolved 192=5 Ge\2. The error bars on the rule from g)'® is potentially very precise with regard to the
data points show statistical errors only, while the error band aroungheoretical uncertainty. It leads to a confirmation of the
the curve(cross hatchrepresents the systematic uncertainty of theBjorken sum rule at the level of15%. At present this
fit, including contributions from experimental systematic and theo-method suffers from a limited statistical accuracy but it is
retical sources. expected to be more powerful once the very precise data on

g} from E155[36] become available and are combined with
perimental origin are significantly larger. However note thatthe existing data og! from E154[22].
the theoretical error is slightly lower than in the case of the
standard fit.

The contribution to the Bjorken sum from the measuxed
region calculated from the data points and by integrating the We have performed a next-to-leading order PQCD analy-
fitted function are given in Table X in columns 4 and 5, sis of the world data on polarized deep inelastic inclusive
respectively. They are given for combined SME143 data  scattering, including new data from SMC. The results of the
atQ3=5 Ge\? as well as for SMC data &35=10 Ge\2. In  PQCD fit are used to evaluate contributions to the first mo-
both cases the integral over the measwednge evaluated ment ofg; over the entirex range. Consistent values of the
using the data and that evaluated using the best fit parameteginglet axial charge, are obtained from the first moments
agree within the statistical precision of the data. The high and from the fit parameters.
contribution to the integral makes little impact on the nons- The experimental data constrain the quark singlet and
inglet first moment. At both values 03% the contributions to  nonsinglet distributions rather well. This was tested using
the integralsl“?S from the unmeasured low region are two different analysis programs. The polarized structure
~5% of the total integral with small uncertainties. Hence wefunctions are equally well reproduced by fits in thkS and

0.06
0.04

0.02

IV. CONCLUSIONS AND SUMMARY

TABLE X. Integrals of the nonsinglet structure function in the measured and unmeasueseajes.
Integrals are calculated using ddtmlumn 4 and using fit parametefsolumn 5 at Q?=5 Ge\? using the
SMC and E143 data, and @%= 10 Ge\ using only SMC data. The indicated uncertainties in the measured
X range are the statistical and systematic uncertainties, respectively.

QZ
Data X range GeV? T (Qf) g e (o)
0-0.003 5 0.009
SMC+E143 0.003-0.8 5 0.174-0.011+0.013 0.170
0.8-1.0 5 0.002
0-+0.003 10 0.010
SMC 0.003-0.7 10 0.184-0.016+0.014 0.169
0.7-1.0 10 0.004
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the AB factorization schemes, although the shapes of th€ERN and PHENIX and STAR experiments at the RHIC
singlet distributions are found to be different. The singlet andSpin[38]. Measurements of the spin structure function in the
nonsinglet quark distributions are well determined, while thepresently inaccessible low region using the HERA polar-
gluon distribution is only poorly constrained by the fits. The ized collider[39] will provide crucial information on the low
gluon first moment is found to be positive but has an error o hehavior ofg; and also allow access to the polarized gluon
the order of 100% of its value. The singlet axial charge isgjstribution in that region.
found to be~1/3 of the value expected from the naive QPM.
Inclusion of the strong coupling constant as a free
parameter in the fit results in a value fag in excellent
agreement with the one obtained from the observation of
scaling violations in unpolarized DIS data. However, this
determination based ay, also involves-, and hence is not G. Ridolfi, and W. Vogelsang for many interesting discus-
independent of the determination @f from F,. sions. Special thanks are due to R. D. Ball, S. Forte, and G.
The Bjorken sum rule has been tested in two differentRidolfi for providing us with the PQCD analysis code. This
ways: in a global PQCD analysis and in an analysis restrictedork was supported by Bundesministeriumr fBildung,
to the non-singlet part aj; performed using a subset of the Wissenschaft, Forschung und Technologie, partially sup-
available data. In both caség,/gy| was left as a free pa- ported by TUBITAK and the Center for Turkish-Balkan
rameter of the fit. The sum rule is found to be verified in bothPhysics Research and Applicatiogzid University), sup-
cases, within an accuracy of about 10% for the global fit angorted by the U.S. Department of Energy, the U.S. National
15% for the non-singlet fit. Science Foundation, Monbusho Grant-in-Aid for Science
In the near future, the additional high precision data fromResearch(International Scientific Research Program and
SLAC E155 are expected to improve the accuracy of theSpecially Promoted Reseajcthe National Science Founda-
QCD fit. However due to the absence of data in the Jow tion (NWO) of the Netherlands, the Commisariak Energie
region, contribution to the first moment from this region is Atomique, Comision Interministerial de Ciencia y Tecnolo-
expected to be the largest source of uncertainty. Improvedia and Xunta de Galicia, the Israel Science Foundation, and
determinations of the polarized gluon distribution will be Polish State Committee for Scientific ReseafkBN) Grant
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