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We present a critical assessment of what can be learned from the present data on inclusive polarized DIS.
We examine critically some of the simplifying assumptions made in recent analyses and study in detail the
guestion of the determination of the gluon, strange sea, and valence quark polarized densities. We have also
carried out a new NLO QCD analysis of the world data. We find an excellent fit to the data and present our
results for the polarized parton densitigS0556-282198)08321-0
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[. INTRODUCTION of the measured values ic=0 is a subtle matter, so that the
moments of the structure functions should not be considered
Deep inelastic scatterindpIS) of leptons on nucleons has as genuinely experimental quantities.

remained the prime source of our understanding of the inter- Experiments on unpolarized DIS provide information on

nal partonic structure of the nucleon and one of the key areae unpolarized quark densitiegx,Q?) and gluon density

for the testing of perturbative QCD. Decades of experiment$§S(x,Q?) inside a nucleon. Measurementsgi(x,Q?) give

on unpolarized targets have led to a rather precise determits more detailed information, namely, the number densities

nation of the unpolarized parton densities. Spurred on by thef quarksg(x,Q?) .. and gluonsG(x,Q?).. whose helicity is,

famous European Muon CollaboratidEMC) experiment respectively, along or opposite to the helicity of the parent

[1] at CERN in 1988, there has been a huge growth of interhucleon. The usual densities are

est in polarized DIS experiments which yield more refined

information about the partonic structure. Many experiments a(x,Q*)=0.(x,Q*) +09-(x,Q?%,
have been carried out at SLAQ-6] and CERN[7-1(0] on 5 5 5
proton, deuterium, anéHe targets, and there are major pro- G(x,Q9) =G (x,Q9)+G-(x,Q%), @

grams under way at SLACE155, DESY (HERMES[11]),
and CERN(COMPASS.

In addition to the unpolarized structure functions
F1(x,Q%) and F,(x,Q?) there are two independent spin

and the new information is then contained in the polarized
structure functiorg;(x,Q?) which is expressed in terms of
the polarizedparton densities

structure functiong;(x,Q?) andg,(x,Q?) and their unam- Ag(x,00) =0, (x,0?) —q_(x,Q?),
biguous determination requires measurement of both the lon-
gitudinal asymmetryA; and the transverse asymmetfy AG(x,Q) =G, (x,Q) - G_(x,Q2). )

obtained with a target polarized parallel or perpendicular to
the lepton beam direction, respectively. In recent years there Several theoretical analys¢43—21 based on next to
has been great improvement in the quality of the data on thizading ordeXNLO) calculations in perturbative QCD calcu-
structure functiong,(x,Q?), obtained from measurements lations [22] have sought to pin down the polarized parton
using a longitudinally polarized target, and a big extension irdensities. Each of them utilized the different data sets avail-
the kinematic range& andQ? covered. Moreover, it has be- able at the time the analyses were performed. Only in the
come possible to present data in bins ®f@?) rather than analyses 0f(16,19,2Q are essentially all the present data
simply averaged ovef? at eachx. The spin-dependent used, the exception being the very recent final E143 results
structure functiong,(x,Q?) has now also been extracted [5]. And none have completely used the information con-
[2,5,19 from the data although with limited statistical preci- tained in the more detailed binning of the data iQ@?).
sion compared to thg, determination. Moreover, there are differences in the assumptions to aid the
The data at very smail have taught us that extrapolation analysis, differences in the choice of the renormalization
scheme, and differences in the form of the input parton den-
sities and the valu®3 at which they are determined. And

*Email address: e.leader@physics.bbk.ac.uk finally, there are still significant disagreements about the re-
"Email address: sidorov@thsuni.jinr.ru sults. To quote one example, Altareéi al. [16] have ob-
*Email address: stamenov@inrne.bas.bg tained a significant polarized gluon densityG(x,Q?),
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whereas Bourrelgt al.[21] claim that a perfectly acceptable AS = (Au+AU)+(Ad+AE)+(As+ As) (5)
fit can be obtained witth G(x,Q?)=0. ’

Our aim in this paper is twofold: (i) We discuss what
can be learned from the data, in theory and in practice, anandAG. [Note thatAqg is defined in such a way that its first
examine the role played by the various assumptions used ioment isv3 times the expectation value of the eighth com-
the theoretical analyseéij) we carry out a new study of the Ponent of the Cabibbo axial vector 8) current]
world polarized data. In addition to the data used in our We are trying therefore to obtain information about four
previous analysi§18] the more accurate SLAC/E154 neu- functions ofx and Q? on the basis of experimental data on
tron data[6], the new more precise SMC proton déf®] the two independent functios” (x,Q?) andg{"(x,Q?). It
which do not indicate a rise af, at smallx, the HERMES is simpler to discuss the situation in terms of the contribu-
data[11], and the final data resulf§] of the E143 Collabo- tionsAqs;, Agg, A3, andAG.
ration at SLAC are now included. In trying to extract as well We have
as possible the polarized parton densities we pay special at-
tention to the observed scaling violations in the data and 1(2
use all the information contained in the more detailed bin- ahM(x,Q%) == (—)
ning of them in &,Q?). As in our previous work we use the 219
following parametrization for the input polarized parton den-
sities: +6Cs®A+ SCRAG

Aq(x,Q3)=f(x)q(x,Q)), (3)

in which we now utilize thenew Martin-Roberts-Stirling-
Torn (MRST) set of unpolarized densitieq(x,QS) [23].

These parton densities account for the new, more precise )—%6 value of the charge squaresef-) when the number of

and ZEUS deep. inelastic scatter_ing data, for the reanalysis &avors,Nfz 3. Note that taking into account more than three
The C(E:FR neutrclino (_jata_, for the inclusive prlj?”?pt phot?jnfan ctive flavors does not change the main conclusions in this
arge Er jet production in proton-proton collisions, and for ,4'ihe next section.

the ch_arge asymmetry in DzreII-Yan re_actions. The MRST Let us first suppose that we have perfect data for a range

analy5|§ leads to a value,(M3) =02.1175 in excellent agree- ¢ andQ?, and that we try to determine the functiohss,

ment with the world average (M7)=0.118+0.005[24]. Agg, A3, andAG. ThenAq;s is determined uniquely and
trivially since

SCps®

3 1
iqu:;‘F ZAqs

: (6)

wheredsCys, 6Cg, andSCg are the nonsinglet, singlet, and
gluon Wilson coefficient functions, respectively. In EE),
denotes convolution with respectxoand 2/9 is the aver-

II. AMBIGUITIES AND SUBTLETIES IN DETERMINING
THE POLARIZED PARTON DENSITIES

1
There are several difficulties, specific to the polarized g_ff(x,Qz)—gg(x,QZ)=€5CNS®Aq3. )
case, which make it much harder than in the unpolarized case
to obtain reliable and unambiguous information about the

polarized densities. We are then left with
A. What can be deduced in principle gE(X,QZ)-i-gT(X,QZ)
In the unpolarized case the separation of the contributions 201
from partons of different flavors relies heavily upon the ex- = — | = 5Cns®AQg+ SCs®AS + SCe@AG .
istence of both charged current neutrino and neutral current 914
electromagnetic data. At present, and for some years to (8)

come, the information from polarized inelastic measurements

will be limited to neutral current data. This raises the inter- _ _ _ 5 :

esting question as to what one can hope to learn, both in It is the difference in th&< evolution of the three terms

theory and in practice. on the right-hand sidéRHS) of Eq. (8) that enables them to
We have available data cg.ip)(x Q?) andg(ln)(x Q?) [or be determined separately. Indeed, by studying the first and

. B . . 2
9{%(x,Q?)] structure functions expressed as linear combinahgner derivatives of the LHS of E¢B) with respect tQ” at

4 4 L " Q2=Q§, and using the evolution equations, one can prove
tions of either the individual parton densities that Ay, AS, and AG are uniquely determined ap?

Au+Au, Ad+Ad, As+As, @ =9 _ _ .
It is immediately clear, given the limited range Qf
andAG or, equivalently, the S(B) flavor combinations available and the fact that the data aat perfect and have
errors, that the separation afqg, AY, andAG from each
Agz=(Au+Au)—(Ad+Ad), other will not be very clear-cut. Nonetheless, principle,
the data fixAqsz, Agg, A, andAG or, equivalently, via Eq.
Agg=(Au+Au)+(Ad+Ad)—2(As+As), (5), Au+Au, Ad+Ad, As+As=2As, andAG. But any
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hope of a successful analysis will depend upon findingso that they are sensitive to the assumption about the sea. On
simple enough parametrizations of these quantitie®%t the other hand, if the analysis is correct, neithieg; g,
=Q5. A3 (As), nor AG should change ak is varied.
It should be noticed that Eq&L0) and(12) are only valid
B. Valence and sea at Q?>=Q3Z. The equality(10) and therefore Eq(12) will be

(marginally broken because of the different NLO evolution
of the different sea quarks f@?> Qg.

It has sometimes been claimed in the literafurg] that as

It is clear from the above that the inclusivelectromag-
netic current data give no information about the valence

partsAq, of the quark densities. It is of interest, however, to :

— . — . a result of the fits the sea always turns out to be flavor sym-
know theAqU_ Q”d_Aq or, e_quwalently,Aq anqu, SINCE —  metric. Clearly, from the above, one can learn absolutely
they play a distinctive role in other types of experiment, e.g., . — — 5
polarized semi-inclusive DIS, polarized Drell-Yan reactions,nOthIng from the data abo_uﬂu andAd .af‘d anyy” depen-
etc. Indeed, an attempt has been made to extract the polaq_ence om. must be an artifact of the fitting procedure.
ized valence densities from the semi-inclusive d2&], but
the quality of the present data precludes an accurate determi- C. Simplifying assumptions
nation of these densities. It is therefore important to make a

combined analysif26] of both the semi-inclusive and inclu- In order to limit the number of parameters being fitted, it

sive DIS data is always necessary to take simple functional forms for the
X parton densities, and sometimes additional simplifying as-

Further, for the unpolarized densities simple parametrizal i de. We h ready di din th
tions are normally given for the valence and sea quark denzUMPUONS are made. vve have aiready discussed in the pre-

. . — vious section the assumptions regarding the sea qliades
sities. One reason for this is that one expeagfsand q to

) . : - Egs. (9) and (10)] widely used in the literature. Another
have simple, but very different, behaviorsyas:0, and this  gomewhat arbitrary onéor its more recent use see Altarelli

feature is lost when dealing witty or q+a et al.[16]) is to assume that
There is some point, therefore, in wanting to deal directly
with the valence and sea densities and to this end it has been Ads(x,Q%) =CAqgg(x,Q?), (13

common practice to make some model assumptions about
the polarized sefl3,14,17-2}, which then allows a deter- whereC is a constant.

mination of the valence parts. For example, the apparently This is, of course, perfectly compatible with the evolution

innocuous assumption of a flavor-independent polarized Segquations and decreases substantially the number of param-

eters being fitted, but has no physical justification at all. This
assumption leads to a better determination of the rest of the
N . . . independent parton densities, but it is not clear whether the
implies thatAu, andAd, are determined, since the data fix | 5,5 and errors of the parameters are not thereby distorted.
As, Au,+2Au, andAd, +2Ad. It is important to check to what extent E@.3) is compatible

We believe it is important to study the consequences ofyith the results of other theoretical analyses of the data in
assumptions like Eq(9). Consider therefore the family of \hich this approximation is not used.

assumptions af?= Q3:

As=Au=Ad (9)

D. Scheme dependence

Au=Ad=2\As, (10
It is well known that at NLO and beyond, the parton
where\ is a parameter. densities become dependent upon the renormalizaton
Given that the data fiAqs g, AY, andAG and that factorization scheme. In the unpolarized case the most com-

monly used are the modified minimal subtractiong), MS,
— 1 and DIS schemes and parton densities in different schemes
As= g(AE_AQB)’ (11 giffer from each other by terms of ordeg(Q?), which goes
to zero asQ? increases.
There are two significant differences in the polarized case.
(i) The singlet densitiesAS (x,Q?), in two different
schemes, will differ by terms of order

we see that the result fdrs should not change asis varied.
This provides a serious test for the stability of the analysis.
Further the dependence of the valence densities ygen

given by ag(QH)AG(x,Q?), (14

1 _
Au,= E[Aq3+ Agg—4(A—1)As], which appear to be of order,. But it is known[27,2§] that,
as a consequence of the axial anomaly, the first moment

1 _
Ad,==[—Agsz+Agg—4(A—1)As],
1Tl T AT A% AN D) As] f 'AXAG(x,Q)* [ ay( Q)] (15
(12 0
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grows in such a way witl)? as to compensate for the factor first moment of the polarized gluon densityG(1,Q2) at
a(Q?) in Eq. (14). Thus the difference betweex® in dif-  small @?~1-10 Ge\. Note that what follows from QCD is
ferent schemes is only apparently of ordeg(Q?), and that|AG(1,Q%)| grows withQ? [see Eq(15)] but its value

could be quite large. atsmall @ is unknown in the theory at present and has to be
(i) Because of ambiguities in handling the renormaliza-determined from experiment.
tion of operators involvingys in n dimensions, the specifi- Although theAB scheme corrects the most glaring weak-

cationMS doesnot define a unique scheme. Really there is aness of theMS scheme, it does not consistently put all hard
family of MS schemes which, strictly, should carry a subla-effects into the coefficient functions. As pointed out 81]
bel indicating howys is handled. What is now convention- one can define a family of schemes labelled by a parameter
ally calledMS is in fact the scheme due to Mertig and van &:
Neervener{22] and Vogelsang22], in which the first mo-
ment of the nonsinglet densities is conserved, i.e., is inde- (AE) _(AE) as (0 2(8)qgc o A%
pendent ofQ?, corresponding to the conservation of the non- AG/ \AG/s 27 \0 0 AG/ s
singlet axial-vector Cabibbo currents. (20)
Although mathematically correct, it is a peculiarity of this
factorization scheme that certain soft contributions are inwhere
cluded in the Wilson coefficient functions, rather than being
absorbed completely into the parton densities. As a conse- Zge(x;a)=N¢[(2x=1)(a—1)+2(1-x)], (2D
guence, the first moment @, is not conserved so that it is ) ) ) ) )
difficult to know how to compare the DIS results A& with N all of which Eq.(19) holds, but which differ in their ex-
the results from constituent quark models at IQ#. pression for t_he higher momentéThe AB scheme corre-
To avoid these idiosyncrasies Ball, Forte, and Ridd/§] ~ SPonds to taking=2,) ,
introduced what they called th&B scheme, which involves Among these we believe there are compellmg reasons to
a minimal modification of théViS scheme, and for which choose what we shall call the JET scherae=(1), i.e.,

JET

AZ(x,Q%)ap=A%(X,Q")irs =2Ni(1=). (22
ag(Q?) This is the scheme originally suggested by Carlitz, Col-

2 . .
+ Ny fx VAG(y,Q )W lins, and Mueller[28] and also advocated by Anselmino,

Efremov, and Leadd32].! In it all hard effects are absorbed
2y 2y__ into the coefficient functions. In this scheme the gluon coef-
AG(XQas=AGX.Q%)ms (16 ficient function is exactly the one that would appear in the
or, in the Mellinn-moment space, cross section for
s(Q ) pp—jet(ky) +jet( — k) + X, (23

AZ(n,Q%)ap=A%(n, Q%) s+ Nt ——— 5 AG(, Qs
i.e., the production of two jets with large transverse momen-
P N tum k; and —ky, respectively.
G(n,Q%)as=AG(N,Q%)ws- 17 More recently Miier and Teryae\[33] have advanced

ThatAS (n=1).g is independent 062 to all orders fol- rigorous and compelling arguments, based upon a generali-
lows from the Adler-Bardeen theorefad] zation of the axial anomaly to bilocal operators, that removal

The sinal f the fi fth f _of all anomaly effects from the quark densities leads to the
tion ge singlet part of the first moment of the structure func JET scheme. Also a different argument by ChgBdj leads
b to the same conclusiorfCheng calls the JET scheme a
chirally invariant(Cl) schemel.
r(S)(Qz)_f dxg®(x,Q?), (18 The transformation from th&1S scheme of Mertig, van
Neerven, and Vogelsang to the JET scheme is given in mo-
then depends oAS andAG only in the combination ment space by
ad(Q?) AZ(n,Q%)er=A%(n,Q%)ws
ap(Q%) =A% (1Q%)ms=A2(1)as— Ny o AG(1Q%) (0
S

(19 +2me AG(n,Q%s,

and the unexpectedly small value for the axial chaage

found by the EMC[1], which triggered the “spin crisis in AG(n,Q%)er=AG(N, Q%) (24)
the parton model’'{30], can be nicely explained as due to a

cancellation between a reasonably si2&(1) and the gluon

contribution. Of importance for such an explanation are both There is misprint in Eq.(8.2.6 of [32]. The term Ifi(1
the positive sign and the large vallef order O(1)] for the  —x/x)/(x/x)] should be{In[(1—x/x")/(x/x")]—1}.
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Of course, Eqs(17) and(24) become the same for=1. In Eq. (28), N=p,n andd=(p+n)/2.

In this paper we carry out the fitting procedure in 18 To calculateA'l“(x,QZ)NLo in NLO QCD and then fit the
scheme and the results can then be transformed to the othéata we follow the same procedure described in detail in our
schemes via Eq4$16) and (24). However, it will be impor-  paper[18]. Here we will recall only the main points.

tant to carry out the fittingn the other schemess a check on The Q? evolution, in the NLO QCD approximation, is
the stability of the whole analys[85]. carried out for then-space moments of the polarized quark
and gluon densities. Then using the known NLO expressions
IIl. METHOD OF ANALYSIS AND INPUT for the moments of the Wilson Coefficien&:q(n,as) and
PARTON DISTRIBUTIONS 6Cgs(n, ;) (see, e.g[14]) one can calculate the moments of

. _ . the structure function
The spin-dependent structure function of interest,

91(x,Q?), is a linear combination of the asymmetrié§ N X
and AY (or the related virtual photon-nucleon asymmetries M™(n.Q%) =3 % €q
AT,z) measured with the target polarized longitudinally or

Ni¢

5Cq(M[Ad(n,Q?)+Aq(n,Q?)]

perpendicular to the lepton beam, respectively. Neglecting as 1 )
usual the subdominant contributiofesee, for exampld8]), + N_f‘SCG(”)AG(”'Q )|- (29)
A’{‘(x,Qz) can be expressed via the polarized structure func-
tion g’f(x,QZ) as As already mentioned above, all calculations are per-
N formed in theMS scheme. To account for heavy quark con-
Nyo 2y ,. 91(x,Q%) tributions we use the so-called fixed-flavor scheii6,14
Ar(x,Q9)=(1+7%) FN(x,Q?) and set the number of active flavors in E§9) N;=3. In
contrast to our previous analydi$8], we now use for the
9y(x,Q?) values of the QCD parameterAys: Aws(ni=3)

- W[ZX(PF RY(x.Q], (29 =353 MeV andAs(hs=4)=300 MeV, which correspond
to ag(M2)=0.1175, as obtained by the MRST analy<l8]
where of the world unpolarized data, in excellent agreement with
the world averagerg(M2)=0.118+ 0.005[24].
RN+1=(1+ y?)FY/2xFY (26) Finally, to reconstruct the spin structure functions
g7 (x,Q?) in Bjorken x space from their moment&9) with
and F) and F} are the unpolarized structure functions. Inthe required accuracy, we use the Jacobi reconstruction

Eq. (25) the kinematic factor/? is given by method[37,38. Note that in this method the structure func-
tions are given analytically.
) 4Mﬁx2 The same procedure has been used to calculate the unpo-
Y=Tg7 (27)  larized structure functiong=}(x,Q?)nio from their mo-
ments.
It should be noted that in the SLAC kinematic regipian- We choose the input polarized densitie3gt=1 Ge\? in
not be neglected. the form
In some cases the theoretical analyses of the data are pre-
: Niw 2 XAU,(X,Q32) = p,Ax%uxu, (X,Q3)
sented in terms of; (x,Q<) as extracted from the measured (% 0) = Tuu vi0/

values ofA’I‘(x,Qz) according to Eq(25), using various pa-
rametrizations of the experimental data foy andR.
As in our previous analysis we follow the approach first

XAd,(X,QF) = 7gAaxexd, (X,Q3),

used in[14], in which the NLO QCD predictions for the spin xAsedx,Qf) = nsAsx*sxsedx,Qp),
asymmetry A'l“(x,Qz) are confronted with the data on 5 a 5
Al(x,Q?), rather than with theg)(x,Q?) derived by the XAG(x,Qp) = 7gAgx X G(X,Qp), (30

procedure mentioned above. The choiceAdfshould mini-
mize the higher twist contributions which are expected towhere on RHS of Eqg(30) we have used the MRST unpo-

partly cancel in the ratig25), allowing use of data at lower larized deﬂsitie$23]. o
Q2. Bearing in mind that in polarized DIS most of the small The guiding arguments for such an ansatz are simplicity

x data points are at lo\®?, a lower than usual cut is needed (not too many free parametgrand the expectation that po-

(Q2>1 GeV?) in order to have enough data for the theoret.l"zed and unpolarized densities have similar behavior at

. : ; T largex. In Egs.(30) the parameters; account for the dif-
ical analysis. We believe that in this approach such a@ow : .
cut is more justified. ference of the lowx behavior between the polarized and

In the NLO approximation unpolarizeq parton densities. The normalization facb_@n{s
are determined in such a way as to ensure that the first mo-

gN(x,0?) ments of the polarized densities are given#y.

AV(X,Q2) 0= (14 ?) 1N’—2N'-°_ (28) In the previous section we explained why we chose to

F1(X,Q%)nLo deal with valence and sea quarks instead of their singlet and
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nonsinglet combinations. For the polarized light and strange TABLE I. Results of the NLO QCD fits to the world} data
sea quark densities §5=1 Ge\? we adopt the assumption (Q3=1GeVA). For fit A errors are statistical, for fit B, totah,

(10). Then =0.6 (fixed).
A_ A_ Asea ns (31 Parameters Fit A Fit B
S= ==, o,
921 T2t Nor 3545 118-5
_. , X2 318.4 86.1
\i‘vﬁerens is the first moment of the strange sea parton densniZ/NDF 0.912 0.762
S . . , a, 0.250+0.023 0.255 0.028
We would like to emphasize once more that in contrast toad 0.231+0.088 0148-0.113
the valence quark densitied,s should not depend on the ag 0.576+0.152 0.8170.223
flavor sea decomposition, i.e., arin our casdsee Eq(11)], e —0.054+0.012 — 0.049*+ 0.005
and as will be seen below, our numerical results confirm this 0.34+0.24 0.82-0.32
The first moments of the valence quark densitigsand a::AE(l)M—S 0.253+ 0.079 0.28%0.041
74 are fixed by the octet hypergh decay constant39] A (1)pp 0.332+0.096 0.476-0.084

ga=F+D=1.2573-0.0028,

bined fit to the &,Q?) data onAT presented by E142, E143,
and SMC Collaborations and the averaggétidata given by
EMC, E154, and HERMES as fit A. Since for most of these
data(E142, SMQ the systematic errors are not published, in
7,=0.918-2(\ — 1)A§( LQ?,), fit A onl_y statistical errors all\lre taken into account. T_he results
of the fit to the averaged; data alone(118 experimental
data points given by all the collaborations mentioned above
are also presentdfit B). In this case the totdktatistical and
systematit errors are included in the analysis. “Higher
twist” corrections are not included in the present study. As

ag=3F—-D=0.572-0.025 (32

to be

7g=—0.339-2(A—1)As(1,Q3). (33)

In the case of S(B) flavor symmetry of the sean(=1) we

take already discussed above, in the approach used their effect is
7,=0.918, 54=—0.339. (34) expected to be negligible.
The numerical results of the fita &1) are listed in Table
The rest of the parameters in E430), I. Note that7z= 74/6 in the SU3) symmetry case. The de-
pendence of the results on the flavor decomposition of the
{au,aq4,7s,8s,7g,ag}, (385  sea will be discussed below in detail.

] ] 5 It follows from our analysis that the value af; cannot be
have to be determined from the best fit to #f(x,Q%) data. el determined: i.e., the existing data do not constrain the
In some paperfl6,21, g, and, in otherssee, €.9[17]),  pehavior of the polarized gluon density at smallFor that
bothg, andag have been taken to be free parameters detefreason the fits to the data were performed at different fixed

mined by the best fit to the inclusive polarized DIS data. Weyg|yes ofag in the range Ga,=<1. In fit A the change of
do not favor such an approach because the values of theﬁ)@/NDF value from XZ/NDF(agzo):O_g:L? to XZ/NDF(ag
quantities, especiallg,, are determined from much more —1)=0.910 is negligible. The same conclusion is true for
precise experiments and using them improves the accuragye fits to the averagd, data. In Table | we present the

with which we can determine the polarized densities. results of the fits corresponding &= 0.6.
In Fig. 1 the SLAC/E143 and SMC data @& andA{ vs
IV. RESULTS OF ANALYSIS Q? for differentx bins are compared to our best fit A. The

In this section we present the results of our fits to thel\LO results for the averaged asymmetriaf (fit B) are

resent expetimental x 02): EMC proton shown in Fig. 2. It is seen from the values gf/Npr and
Fl]e,sgl_'toé Ei42 ietjtrgstga?gg, SQLKC E15A? r?eﬁi?ond;;?a Figs. 1 and 2 that _the NLO QCD predi_ctions are in a very
[6], SMC combined proton dafd0], the SMC deuteron data 9°0d agreement with the presently available dat;\ﬁ}m as
[9] which are combined data from the 1992, 1993, and  Well as with the correspondingf(x,Q?) data[see Figs. @)
1995 runs, HERMES neutron dgtal], and the final SLAC and 3b)]. We would like to draw speciallattention to the
E143 result{5] on g?/F? andg$/F¢. The data used354 excellent fit to the E154 neutron ddtsee Fig. 2, the most

experimental pointscover the following kinematic region: ~ &ccurate polarized DIS data at presépt=1.6 for 11 ex-
perimental data points

0.004<x<0.75, 1<Q?<72 Ge\A (36) One can see from Fig. 1 that the accuracy and the pres-
ently measured kinematic region of the data do not allow a
As mentioned in the Introduction, in contrast to the otherdefinite conclusion about the scaling violationsAfi(x,Q?).
analyses, we fit all possiblex(Q?) data rather than ones It is obvious that more precise data and an extension of the
averaged oveQ? within eachx bin. We denote this com- measured range to smallgrand largerQ? are needed to

114028-6
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FIG. 1. A} andA? vs Q? for differentx bins for the proton E14p4] and SMC dat410] and for deuteron E14B4] and SMC datd9].
Only statistical errors are shown. The solid curves correspond to fit A described in the text. The E143glath,care multiplied by the
kinematic factor (# v?).
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FIG. 2. Comparison of our NLO result§it B) for averagedA?(x,Qz) with the experimental data at the measurednd Q? values.
Errors bars represent the total error.

answer the question about te dependence of virtual pho- ratio Agqz/Aqg is shown atQ?=1 Ge\?, but it does not

ton spin asymmetra)'. . ~ change withQ? because the same evolution holds for both
The extrazcted valence, strange, and gluon polarized distrizA . and xAqg. We find a significant deviation from the
butions atQ®=1 GeV* are shown in Fig. @): fit A (solid approximation(13) used in[16] by Altarelli et al. Note that
curves and fit B (dashed curvgsExcept for the gluon these the Q2 evolution of the nonsinglets is the same in all the
two sets of densities coincide almost exactly in the measur((ajgchemeS discussed in Sec. Il D
X region. The polarized gluon densities extracted in fit A an ' .

) : : g L now examine how th mptic0 h
fit B are a good illustration of how large the uncertainty is in et us now e amine no the assu ptidi0) about the
flavor decomposition of the sea influences our results. As

determining the gluon density from the present data. Al-__. : . .
though the values of their first momengg are in agreement pom-ted Ou.t |n. Sec. IIB the strzzmge quark density and, in
within two standard deviations, their central values differ byParticular, its first momenAs(1,Qp) should not change as
a factor of more than 2ANote that in fits A and B the same IS varied. The results of the fits to the averagétidata (it
form of the initial parton densities has been uged. B) using different values ok are presented in Table II.

In Fig. 4(b) and Fig. 5 the nonsinglet combinatiox&qs, It is clear from the table that? and the central values of

xA(qg, and their raticAg;/Aqg are shown, respectively. The 7= A?( 1,Q§) and ngEAG(l,Qg) practically do not change

114028-9
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tions atQ?=1 Ge\? (A=1). Solid and dashed curves (@ corre-

spond to fit A and fit B, respectively.
0,08

“the present semi-inclusive data alone fail to defindd,
0,06

data.”
0,04

002 the MS (determined from the fitand AB [calculated by Eq.

0,00 (17)] schemes. The value afy (fit B),

o02| Eis4 4 xg," ] 75=AG(L1 GeV)js=AG(1,1 GeV)rg=0.82+ 032,
”()',01 — 01 . . . . o
(b) X is in a good agreement with the one obtained in fit A of Ref.

FIG. 3. Comparison of our NLO results fg)(x,Q?) (a) and [16]
XgT(X,QZ) (b) with SMC [9,10] and SLAC/E154 dat§6] at the AG(1,1 Ge\z)ABz 0.95+0.18 (38)
measured values @?. Error bars represent the total error.

as \ varies. We regard this fact as a very good test of theusmg almost the same data.

stability of our analysis. We thus conclude, somewhat in
disagreement with Ref16], that the separation into valence
and sea contributions need not introduce biases into the fit
provided sufficient care is taken. Of course, we have also
demonstrated very clearly that thku, and Ad, valence 3L
quark densities are sensitive to the assumptions about the
sea. This dependence is shown in Fig. 6.

What follows from our analysis is that one can use for
input distributions a parametrization in terms of valence and P e Rl
sea quarks. With a correct fitting procedure the strange sea
[or singlet; see Eq(11)] and gluon distributions defined
from the inclusive data do not depend on the assumption

Q2= 1GeV2

about the sea and, therefore, one can use them to test the ! — 0'01 — ""(')'1

remarkable relatiori19). On the contrary, as emphasized in

Sec. Il B, electromagnetic DIS does not fix the valence quark FIG. 5. Comparison between our resgplid curve for the
densities, which are sensitive to the assumption about theatio Aqs(x)/Agg(x) and approximation(13) used in Ref.[16]
sea. This implies that it is meaningless to cldig6] that (dashed ling

X
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FIG. 4. Next to leading order input polarized parton distribu-

distribution consistent with those extracted from inclusive

In Table | we also present our results for the first mo-
ments of the polarized gluon and singlet quark densities in
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TABLE Il. The results for the first moments of the polarized distributionQ4t 1 Ge\? using the assumptiofL0) about the flavor
decomposition of the sea.

2

A X —7s g un — g
0.5 85.97 0.0420.004 0.78&0.31 0.8690.013 0.38&0.013
1.0 86.11 0.0420.005 0.820.32 0.9180.013 0.33%0.013
2.0 86.08 0.056:0.007 0.86-0.34 1.0180.019 0.23%0.019
3.0 86.12 0.0480.004 0.930.35 1.113-0.020 0.14%0.020
Our result forAX(1)az, ent behavior at very small. The dependence of the mo-
ments of the physical quantities in polarized DIS on different
AZ(1)ag=0.476+0.084, (39 assumptions about the smallbehavior of the input parton

densities has been studied in detail ir5].

The simple Regge behavior of the unpolarized and polar-
ized structure functions as— 0, which was for many years a
guiding principle in our choice of the starting ansatz for the
parton densities, differs from that predicted in Q11,42
Moreover, the unpolarized DIS experiments at HERA have
shown that the simple Regge extrapolation of the structure
functions at smallx is not valid at largeQ?. There is an
éndication[B] that this is also true in the polarized case. The
question of the smalk behavior in the polarized case re-

is in agreement within two standard deviations with its con-
stituent value 0.640] and, within errors, coincides with the
value determined if16]:

AS,(1)ag=0.405* 0.032. (40)

Finally, let us turn to the first moment®8)(Q?) of the
spin structure functiorgT(X,QZ). Using our results of the
fits for the input polarized parton densities these quantitie
have been calculated for different values @f using Eq. ; . . .
(29) for n=1. The results are presented in Table Ill mains an open one and is a serious challenge to both experi-

The values of the first moments of the polarized partonmelgtr"’m?II thterort?/.n W moar ¢ oredictions for
densities and, therefore, the corresponding values of the fir 0 ustratio € compare our predictions 1o

N e P(10 GeV?) andT'}(5 Ge\?)
moments ofg; are very sensitive to the assumed small ~ 1 1 ’
behavior of the input parton densitiesee, e.g.[6,10]). Par-
ton densities which give the same results for the physical
guantities in themeasured xegion can lead to rather differ-

P10 GeV’)={0.136 (fit A), 0.139 (fit B)},

I'(5 GeV’)={-0.056 (fit A), —0.053 (fit B)},

S (41
Q2= 1GeV?2 - with their “experimental” valueq10,17
I'P(10 GeV?)=0.130+0.006stah+0.008sysh
+0.014evol), (42

I'(5 GeV?)=—0.058+-0.004stap~+0.007sysh
+0.007evol), (43

the latter chosen because the moments have been determined
by extrapolating the polarized structure functions into the
unmeasured region using QCD. It is seen from Eqgll)—

TABLE Ill. Determination of the first moment§')'(Q?) of
gY(x,Q?) using the results of our NLO QCD fits to the word

data.
Fit A Fit B
T2(5 Ge\) 0.134 0.138
(5 Ge\?) ~0.056 ~0.053
ool g

0.01 01 X I'{(5 GeV®) 0.036 0.039
’ ’ I'?(10 Ge\W®) 0.136 0.139
FIG. 6. Polarized valence quark densitiesGit=1 Ge\? for  I'}(10 GeV}) —0.057 —0.054

different values oh [see Eq(10)]. The solid curves correspond to T'$(10 Ge\?) 0.036 0.039
an SU3J) flavor symmetric seaN=1).

114028-11
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(43) that our predictions fol'§ andI'] are in good agree- cant deviation from the approximati¢f3) used in Ref[16]
ment with their “experimental” values. that the nonsinglet quark distributiondgs(x,Q?) and
Aqgg(x,Q?) have the same shape at fixed.

Although the quality of the data has significantly im-
proved via the recent experiments of the SLAC/E154 Col-
_We have performed a next to leading order QCD analysisaboration and the final Spin Muon Collaborati®MC) re-

(MS schemg of the world data on inclusive polarized deep sults on A?, the uncertainty in determining the polarized
inelastic lepton-nucleon scattering. The QCD predictionggluon density is still very large.

have been confronted with the data on the virtual photon- Despite the great progress of the past few years it is clear
nucleon asymmetry\?(x,Qz), rather than with the polarized that in order to test precisely the spin properties of QCD,
structure functiorg)'(x,Q?), in order to minimize the higher more accurate inclusive DIS polarized data and an extension
twist effects. In this paper, for the first time, the full world of the measured range to smalleand largeiQ? are needed.
data set orA) with its detailed binning inX,Q?) is utilized. =~ We hope the current DIS experiments at the DESYcol-
Using the simple parametrizatia30) (with only five free  lider HERA will help in clarifying the situation. In addition,
parametersfor the input polarized parton densities it was Semi-inclusive and charged current data will be very impor-
demonstrated that the polarized DIS data are in an excellefi@nt for a precise determination of the polarized parton den-
agreement with the perturbative QCD predictions forsities and especially, for an accurate flavor decomposition of
A(x,Q?) and the spin-dependent structure functiont_he polarize_d quark sea. There is some progress in thi_s direc-
g"(x,Q?). However, the accuracy and the presently meation [26]. Finally, a direct measurement HG(x,Q%) in
sured kinematic region of the data do not allow a definiteP0C€SSes such dsy production in lepton-hadron scattering
conclusion about scaling violations lkif(X,Qz). with a polarlzeq beam will answer the important question

We have studied the consequences of different Simplify_about the magnitude of the first moment of the gluon density

ing assumptions, usually made in recent analyses to aid tt@G(X'QZ)'
extraction of the polarized parton densities from the data. It

was shown that whereas the valence quark densities deter-

mined from inclusive polarized DIS data are sensitive to the We are grateful to O. V. Teryaev for useful discussions
assumptions about the flavor decomposition of the sea, thend remarks. This research was partly supported by a U.K.
extracted strange sea and gluon densities in our analysis dRoyal Society Collaborative Grant, by Russian Fund for
notdepend on such an assumption and can therefore be usEdndamental Research Grant No 96-02-17435a, and by the
to test the remarkable relatidfh9). We have found a signifi- Bulgarian Science Foundation under Contract Ph 510.

V. CONCLUSION
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