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Role of higher twist in polarized deep inelastic scattering
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The higher twist corrections™(x)/Q? to the spin dependent proton and neutggrstructure functions are
extracted in a model independent way from experimental dag'éx,Q?) and found to be non-negligible. It
is shown that the NLO QCD polarized parton densities determined from the data orcluding higher twist
effects are in good agreement with those found earlier from our analysis of the dgidfnandA; where
higher twist effects are negligible. On the contrary, the LO QCD polarized parton densities obtained from the
data ong,, including higher twist, differ significantly from our previous results.
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. INTRODUCTION and (Ad+Ad)(x,Q?). The polarized strange sea density
~ (As+As)(x,Q%) as well as the polarized gluon density
Spurred on by the famous European Muon Collaboratiorh G(x,Q?) are still weakly constrained, especialyG. The
(EMC) experiment{1] at CERN in 1987, there has been a nonstrange polarized sea-quark densifiesand Ad cannot
huge growth_ of interest |polgrlzeddeep |ne_|ast|c_scatterlrjg be determined, even in principle, from the inclusive DIS ex-
(DIS) experiments which yield more refined information periments alone without additional assumptions.
about the partonic structure of the nucleon, i.e., how the There is, however, an important difference between the
nucleon spin is divided up among its constituents, quarks ankinematic regions of the unpolarized and polarized data sets.
gluons. Many experiments have been carried out at SLACWhile in the unpolarized case we can cut the Q& andW?
CERN and DESY to measure the longitudina ) and data in o_rder to eliminat_e the I_ess known nonperturbative
transverse A,) asymmetries and to extract from them the higher twist effects, it is impossible to perform such a pro-
photon-nucleon asymmetrie&;(x,Q%) and A,(x,Q?) as cedu_re for Fhe present data on th'e spln-d_epend(_am structure
well as the nucleon spin-dependent structure functionyncnons without losing too much information. This is espe-
> 2 . cially the case for the HERMES, SLAC and Jefferson Lab
0:1(x,Q%) and g,(x,Q%). Many theoretical analyses of the

i d Sa. based lead| q q experiments. So, to extract the polarized parton densities
world data c_)nAl andg, based on leading or ¢LO) an from the experimental data og?(x,QZ) the higher twist
next-to-leading order(NLO) calculations in perturbative

) : . corrections have to be included in the data fits. Note that the
QCD have been performed in order to test the spin propertiesy|arized parton densities in QCD are related to the leading-
of QCD and extract from the data the polarized parton,s expression of;.

densities: It was demonstrated that the polarized DIS data It was shown[3—5] that to avoid this problem and to

are in excellent agreement with the perturbative QCDgetermine polarized parton densities less sensitive to higher

(PQCD predictions forA}(x,Q?) andg(x,Q?). What also  twist effects it is better to analyze data 8g(~g;/F;) us-

follows from these analyses is that the limited kinematicing for theg,; andF; structure functions theileading twist

range and the precision of the present generation of inclusive T) expressions. It is found that if forgg),+ an NLO ap-

DIS experiments are enough to determine with a good acciproximation is used, the “effective higher twist” corrections

racy only the polarized parton densitieAu+Au)(x,Q?)  to A,, extracted from the data, are negligible and consistent
with zero within the errors, which means that the higher twist
corrections(HT) to g; and F, approximately cancel in the

*Electronic address: e.leader@ic.ac.uk ratio g;/F;, or more precisely, di)ur/(91)r
TElectronic address: sidorov@thsundl.jinr.ru ~(F)ur/(Fy)i7-
*Electronic address: stamenov@inrne.bas.bg In this paper we present a detailed study of the higher

INote that the theoretical analyses have been mainly concentratdwist contributionshN(x)/Q? to the nucleon structure func-
on the A;(g;) data because the measurements of the quantitieion g’I‘(X,QZ). The quantitieshN(x) have been extracted
A,(g,) are much less accurate with the exception of the very recerrom the data in anodel independentay. The role of higher
data of E155 Collaboration at SLARZ]. Another reason is that the twists in the determination of the polarized parton densities
theoretical treatment aj, is much more complicated. is discussed.
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Il. CONNECTION BETWEEN THEORY
AND EXPERIMENT

The nucleon spin-dependent structure funcg’qﬁ‘rﬁx,Qz)
is a linear combination of the asymmetri@lﬁ andA" (or the
related virtual photon-nucleon asymmetrié@‘ and Ay)
measured with the target polarized longitudinally or perpen
dicular to the lepton beam, respectively. The most direct wa

the ratio of the structure functiong)/F) . Such data have
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mental values onA} [1,8] neglectingA,, "Al(x,Q%)4,,,
are really the experimental values Af‘(x,Qz)/D and that
the latter quantity is very well approximated by
(1+97)gy/Fy .
Using the relation between the unpolarized structure func-
tion F,(x,Q?) and the usually extracted from unpolarized

DIS experimentd,(x,Q?%) andR(x,Q?)

y
to confront the QCD predictions to the data is a fit to data on

2xFY=FY(1+?»/(1+RY) (N=p,n,d), (7)

been directly presented by SLAC/E143 and SLAC/E155 ex£q. (6) can be rewritten as

periments[6]. Most of the Collaborations, however, have
presented data on the asymme@@} which, in practice, are
data onAf'/D. The photon-nucleon asymmeta) and the

: N
ratio g;

metry Al' by
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whereD denotes the photon depolarization factgrand y
are kinematic factorsy is proportional toy and vy is given

by
AMZx?
o

’)/2

)

/F’iI are related to the measured longitudinal asym-

91 (x,Q?)

N 2
FS'(X,QZ)ZX[1+ R™(x,Q9)].

Al(x,Q?)= 8

Up to now, two approaches have been mainly used to
extract the polarized parton densitigaPD from the world
polarized DIS data. According to the firgt,5] the leading
twist LO/NLO QCD expressions for the structure functions
g} andF! have been used in E¢f) in order to confront the
data

{gl(Xsz)} - gl(XaQZ)LT
Fl(X’QZ) exp Fl(X:Qz)LT,
01(x,Q%) 11

2 2
Aq(x,Q )exp®(1+ Y )Fl(X,QZ)LT.

(€)

In Eq. (9) we have dropped the nucleon target lalelt was

In Eq. (3) My is the nucleon mass. It should be noted that inShown[3—5] that in this case extracted from the data “effec-

the SLAC and HERMES kinematic regiong cannot be
neglected on left-hand sid&HS) of Eq. (2).

The magnitude oA’z\' has been measured by SMC, SLAC/
E143 and SLAC/E155 and found to be snj&ll7]. Then to a
good approximation its contribution to the RHS of E¢b.
and(2) can be neglected aml andg!/F! can be expressed
as

AN

N_ T
A=, @

N AN

9 A

2\~ I

1

tive” HT correctionsh®1(x) to A;:

01(X,Q?)11 N h*1(x)
F1(x,Q%)r Q?

are negligible and consistent with zero within the errors,
h®1(x)~0 (see Fig. 1 What follows from this result is that
the higher twist corrections tg; and F; compensate each
other in the ratiay, /F, and the PPD extracted this way are
less sensitive to higher twist effects. We stress again that the
polarized parton densities in QCD are related only to the
leading-twist part ofy;.

According to the second approaf®,10], g, /F; andA;
data have been fitted using phenomenological parametriza-
tions of the experimental data fé%,(x,Q?) andR(x,Q?)

Al(XlQZ):(1+ ')’2) ’ (10)

It is important to note that due to the additional small factor

(y— ) in Eq. (2) the ratiog)/F! is better approximated by
the measured asymmetr&h\‘ [Eq. (5)] than the virtual

photon-nucleon asymmetd)’ [Eq. (4)].
Using Eqgs.(4) and(5) we reach the well known relation

97(x,Q?)

AY(x,Q¥)=(1+»?
1(%,Q%)=( Y)FT(X,QZ)

(6)

gl(X7Q2)

- 01(%, Q)17 2x[l+ R(X!Qz)exp]
Fl(XiQ2)

exp FZ(X-Qz)exp (1+')’2)

01(X,Q%) 7

2
A(x,Q )expc} FZ(X,QZ)eX

2X[ 1+ R(X,Q%)expl-
' (1)

Note that such a procedure is equivalent to a fitde) {p.

usually used in the literature. However, as was already merbut it is in principle better than the fit to thgp, data them-
tioned, we have to keep in mind that the presented experiselves actually presented by the experimental groups. The
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NLO JET extract correctly the polarized parton densities from ghe
< oslF proton .+ data these corrections have to be included into data fits. Note
> [P + ] that a QCD fit to the data in this case, keeping in
© o0 - 4 gl(x,QZ)QCD only the leading-twist expression, leads to
® I some ‘“effective” parton densities which involve in them-
o 03 i ] selves the HT effects and, therefore, are not quite correct.

‘10| .
] lIl. HIGHER TWIST EFFECTS IN  g;(x,Q%)
05 - neutron l ] The usual PQCD expression for the nucleon structure
0.0 [a—a—ry function gf(x,Q?), in terms of polarized quark and gluon
- ! densities, arises from the contribution of the leading twist
05T ] (7=2) QCD operators and in NLO has the fofia similar
1ok i formula holds for the neutron structure functjon
osla + } + } + } + ] , , Ni¢ , . OIS(QZ)
3 [ deutron ) 08(x.Q%)poco=7 2 € (Ag+Ag)e| 1+ ———4C,
0.0 = 4 ¥ | ’
[ ay(Q?) oCq
05 T - + =
i ] o= AG® Ny |’ (13
‘10| .
[ P S S whereAq(x,Q2),Aq(x,Q?) andAG(x,Q?) are quark, anti-

0.0 0.2 0.4 0.6 0.8 quark and gluon polarized densities in the proton, which
X evolve in Q? according to the spin-dependent NLO
FIG. 1. Effective higher twist contributioh®1(x) to the spin  Dokshitzer-Gribov-Lipatov-Altarelli-ParisiDGLAP) equa-
asymmetryAY(x,Q?) extracted from the data. Compared to our tions. 6C(X)q ¢ are the NLO spin-dependent Wilson coeffi-
1999 resuli(Fig. 4[3] and Fig. 1[5]) we present here the results of cient functions and the symbal denotes the usual convo-
a new analysis including in the data set the SLAC/155 proton datdution in Bjorkenx spaceN; is the number of active flavors.
not available at that time. In LO QCD the coefficients$C(x) 4 and 6C(x)¢ vanish and
the polarized parton densities in E@.3) evolve in Q? ac-
point is that most of the experimental data @nhave been cording to the spin-dependent LO DGLAP equations.
extracted from theA; andg,/F, data using the additional It is well known that at NLO and beyond, the parton
assumption that the ratig,/F, does not depend o@?. densities as well as the Wilson coefficient functions become
Also, different experimental groups have usdifferentpa-  dependent on the renormalizati¢or factorization scheme
rametrizations fofF, andR. employed? Two often used schemes are the modified mini-
In the analyse$11,12 a procedure has been used whichmal subtraction 1S and the JET schemes. Both the NLO
is somehow a mixture between the two methods above, byiolarized coefficient functiongl3] and the NLO polarized
bearing in mind the sensitivity of the results to higher twistsplitting functions(anomalous dimension$14] needed for
effects it is analogous to the second one. In these fits thhe calculation ofg;(x,Q?) in the MS scheme are well
leading twist expression foF, instead of its experimental known at present. The corresponding expressions for these

values has been used quantities in the JET scheme can be found1if].
However, there are other contributionsgg arising from
01(%,Q?) 9:06,Q%) 1. [1+R(X,Q%)expl QCD operators of higher twistHT), namely 7=3, which
F.(x,Q?) exp‘:’ FZ(XaQZ)LTZX (1+2) are related to multiparton correlations in the nucleon. It can

be shown that these give rise to contributionsgft{x,Q?)
that decrease like inverse powers @f. The leading term
has the formh™N(x,Q?)/Q?, wherehN(x,Q?) could have a
slow, logarithmic dependence @¢.

(12) In the kinematic regime where such terms might be rel-
evant it is important for consistency to realize that the QCD

It was shown by Glak-Reya-Strattmann-VogelsatGRSY)  expression(13) is derived under the assumption th@f

[4] that if the second approachl) is applied to the dataF, >Mﬁ, . There will thus beourely kinematicorrections to Eq.

andR are taken from experimenallowing at the same time (13), which involve a power series iMﬁ,/Q2 with small

“effective higher twist” contributionh”1(x)/Q? to the RHS

of Eq. (11), h*1(x) is found to be sizeable and important in

the fit. In other words, bearing in mind that a lot of data on 20f course, physical quantities such as the virtual photon-nucleon

A; andg, /F, are at smallQ? special attention must be paid asymmetryA;(x,Q?) and the polarized structure functiga(x, Q?)

to higher twist corrections to the structure functign To  are independent of choice of the factorization convention.

01(X, Q%) 7

2X[ 14+ R(X,Q?) exol -
Fa(X,Q%)1r [ Qe

Al(Xqu)expC:’
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coefficients. The leading term of these so-called target magen correlations in the target. The latter are nonperturbative
correctiong TMC) therefore has &2 behavior similar to the effects and their calculation is model dependésge, e.g.,

genuine HT terms, but it is not a dynamical HT effect. [18] and references therginThat is why amodel indepen-
In view of this we shall write dentextraction of the dynamical higher twidtgx) from the

5 5 5 experimental data is important not only for a better determi-

91(X,Q%) = 91(X, Q%) 11+ 91(X,Q)nr, (14 nation of the polarized parton densities but also because it

where we have dropped the nucleon target latieln Eq. \r/éc;lijrlgelead to interesting tests of the nonperturbative QCD

(14)
02(%,Q?) 1= 01(X,Q¥pocot h™C(x,Q%)/Q?,  (15)

whereh™(x,Q?) is exactly calculabl¢16,17 and In this section we will briefly describe the method of our
91(x,Q?) yr=h(x,Q?)/Q2. (16) analysis of th_e data on inclusiv_e polarized DIS taking into
account the higher twist corrections to the nucleon structure
As mentioned aboveh(x,Q?) denotes the dynamical higher function g)'(x,Q?). In our fit to the data we have used the
twist power corrections tg,; which represent the multipar- following expressions fog, /F; andA;:

IV. METHOD OF ANALYSIS

F1(x,Q%) FY(%,Q%)exp (14~

gY(x,Q?) 1+ hN(x)/Q?
Fg‘(Xsz)exp

gT(X,Qz)} gT(x,Q2>LT+hN<x)/Q22X[1+R(x,Q2>exp]
exp

AY(X,Q%)exp=

2X[1+ R(X, Q%) exgl (17)

whereg}(x,Q?),r is given by the leading twist expression sea densitiedu andAd cannot be, in principle, determined
(15). In Eqg. (17) hN(x) are a measure of the dynamical from the present inclusive datm the absence of polararized
higher twists. In our analysis theil@? dependence is ne- charge current neutrino experimentge have adopted the
glected. It is small and the accuracy of the present data doesnvention of a flavor symmetric sea

not allow to determine it. For the unpolarized structure func-

tions F5(X,Q%)exp and R(X,Q?) 5, We have used the NMC AUge;=AU=Adge,=Ad=As=As. (19)
parametrization19] and the SLAC parametrizatioRggg
[20], respectively. The first moments of the valence quark densitigsand

As in our previous analysig], for the input LO and NLO 74 are constrained by the sum rules

polarized parton densities @=1 Ge\? we have adopted a
Simple parametrization 3.3: gA: F+D=1.2670+0.0035 [23], (20)

XAUU(X,QS): ﬂuAuXa“XUU(X,Qg), a8=3F-D= 0.585-0.025 [11], (21)

where az and ag are nonsinglet combinations of the first
moments of the polarized parton densities corresponding to
3rd and 8th components of the axial vector Cabibbo current

XAd, (%, QF) = 7gAaxxd, (x,Q3),

XAs(x,Q5) = 7AX*xS(X, Q5), (18)
az=(Au+Au)(Q%) - (Ad+Ad)(Q?), (22)

XAG(X,Q3) = 7gAgx%xG(X,Q7),

— 2 2

where on the RHS of Eq(18) we have used the Martin- 3= (AUTAW(QI+(Ad+Ad(QY

Roberts-Stirling-Thorne 199§MRST98 (central gluon —2(As+As)(Q2). (23

[21] and MRST99(central gluon [22] parametrizations for

the LO and NLO MS) unpolarized densities, respectively.  The sum rule (20) reflects isospin S(2) symmetry,

The number of active flavors isl{=3. The normalization whereas Eq(21) is a consequence of tt&U(3); flavor sym-

factors A; in Eg. (18) are fixed such thaty, are the first metry treatment of the hypergs decays. While the isospin

moments of the polarized densities. To fit better the data isymmetry is not in doubt, there is some question about the

LO QCD, an additional factor (% y,x) on the RHS is used accuracy of assumin§U(3); in analyzing hyperorn3 de-

for the valence quarks. Bearing in mind that the light quarkcays. We have previously studied the sensitivity of the polar-
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ized parton densities to the deviation &f from its SU3) TABLE |. Parameters of the LO and NL@ET) input parton

flavor symmetric valu€0.58). The results are given if24]. densities aQ?=1 Ge\? as obtained from the best fits to the world

In this analysis we will use foag its SU3) symmetric value  91/F1 andA} data including the HT corrections . The errors

(20). shown are tota(statistical and systemajicNote that the TMC are
In our past papers we have used the Jacobi polynomidicluded in @).r.

method to yield the structure function\;ﬁl\‘(x,Qz)LT from

their Mellin moments in n space. The details of this proce- " (g)io+ h(0/Q° (gnio+h(¥)/Q°
dure are given irf25]. But the accuracy of this method is pg 185-16 185-16
limited in the lowx region,x<0.01, so we have now used ,2 150.7 145.0
the inverse Mellin-transformation methddee, e.g.[26]) Y2IDF 0.892 0.858
which reconstructs very preciseg}'(x,Q?), from its mo- - 0.9262 0.9262
ments in the whole region. We have repeated our fits with- 5 0.000* 0.002 0.312-0.048
out including HT corrections in order to compare to our pre-, 1.556+0.261 02
vious resultd5] obtained by the Jacobi polynomial method. -0.3412 -0.3412
We have found very good agreement bgtween the resul 0.000+0.005 0.0060.049
obtained by both methods. The reason is that the presenf 2 808+ 1 249 02
kinematicx region of the polarized DIS data coincides with — 0.072+0.008 —0.045+0.007
the domain where the Jocobi polynomial method works WeII.ZS 0 601t0 664 1' 583 0 '434
Also, the difference between the structure functions calcu-* ‘ N : '
lated by Jacobi and inverse Mellin-transformation methods i’¢ 0.803 a 0.803-0.244
much smaller than the accuracy achieved in the present p&9 0376 0.376-0.503
larized DIS experiments. Nevertheless, bearing in mind its hP(x)[GeV’]
universality and, in particular, its applicability to the semi- 0.028 0.013-0.036 0.064-0.044
inclusive DIS processes, we have decided to use the inver$el00 — 0.076-0.032 — 0.007-0.034
Mellin-transformation approach in this analysis. 0.200 — 0.14580.032 — 0.060+0.035
The unknown higher twistaN(x) in Eq. (17) have been 0.350 — 0.030+0.035 — 0.008+0.038
extracted from the data following the method useda@]  0.600 0.0353:0.019 0.026-0.021
and[28] for the higher twist corrections to the unpolarized Xi h"(x;)[GeV?]
structure function$, andxFs, respectively The measured 0.028 0.2340.073 0.178&0.078
X region has been split into 5 bins and to axpin two  0.100 0.192-0.048 0.199-0.050
parameter&P) andh(" have been attached. We have found0.200 0.0350.056 0.079-0.059
that for a deutron the relation®=0.9250(" +h(")/2 isa  0.325 0.072:0.071 0.055:0.073
good approximation. So, to the parameters) conn(?c)ted with.500 0.0230.043 —0.020+0.040
. n
t:i |2nput F;F)’D(lS) we add the parametets” andh(" (i 3The parameter is fixed.,

All free parameters . . .
P The total(statistical and systemajierrors are taken into

) n account. The systematic errors are added quadratically.

{au.aq.85.89, 75, 79( Y, Ya) (P 1} (24 We prefer to discuss the results of the NLO analysis in the
JET (or so-called chirally invariantfactorization scheme

have been determined from the best figtod'F; andA; data  [30]. In this scheme the first moment of single} (Q?), as

gsing Eq.(17),_ ie., effectiV(ZaIy by fitting @1)exp- NoOte that o o5 the strange sea polarizatiohst+ As)(Q?), are Q2

in the calculations 0@1(2X,Q )ur we have used for the strong  j,qenendenguantities. Then, it is meaningful to directly in-

coupling constants(Q”) the same procedure as in OUr Pre-yo et A as the contribution of the quark spins to the

vious papef5] (see the details in LSS206DRTRANCOdE @t 1y cleon spin and to compare its value obtained from the DIS

http://durpdg.dur.ac.uk/HEPDATA/PDF region with the predictions of the differeftonstituent, chi-
ral, etc) quark models at lovQ?. Later we will briefly com-
V. RESULTS ment on the scheme dependence effects on the results of the

) ) ) _analysis.
In this section we present the numerical results of our fits

to the world data oy, /F; [6] andA; [1,8]. The data used

: L . . : TABLE II. The values ofy? for the LO and NLO QCD fits
(185 experimental pointscover the following kinematic re- X Q

without HT included compared to those when the HT corrections to

gion: g, are taken into account. The TMC are included @) -
0.005<x=<0.75, 1<Q?<58 Ge\’. (25  Fit LO(HT=0) NLO(HT=0) LO+HT NLO+HT
X2 2445 218.8 150.9 145.0
DF 185 -6 185 -6 185 - 16 185 - 16
3Note that the moments of tley higher twists have been studied ,?/DF 1.36 1.22 0.893 0.858

in the SLAC/E143 pape€li6] as well as i17,29.
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_ Lo NLO JET N T T 0 A e
L . T 8 s ® NLO JET
ﬁ. 0sl Proton = o2f O NLO MS
= X
?N, 0.2} 1 1 . o1 b ]
= 0.1} + 1 i $> ]
¢ ) 0.0 H—
0-0|+ + + + Y _I ? # .
o1t ‘ 1 1 o1k t Proton
0.2} 1 : — ]
' ' 03} .
03 Neutron 1 ] I Neutron |
02 - + .
0.2“. -,+ ] ) ]
01} * + ] + 1 01 |
¢ ¥ | -
0.0—] 1 i + 0.0 J
01} 1 1 [ ! T |
0.1 .
-0.2f + 1 . 1 . 1 . 1 L 1 L
0.0 05 10 0.5 1.0 00 02 04 06 o x 10

X
) . ) FIG. 3. Higher twist corrections to the proton and neutgn
FIG. 2. Higher twist corrections to the proton and neuttan gy cture functions extracted from the data when the leading twist

structure functions extracted from the datagnin a case of LO ., iculations ofy,(x, Q%) Lo are performed in different factorization
. - 2 1% NLO
and NLO QCD approximation fog,(X,Q%) 7 - schemes.

A. Higher twist effects The small difference between the central values could be

The numerical results of our fits to the data are Summagon&dered as an estimation of the NNLO effectsg)(r.

rized in Tables | and Il. As seen from the values)df per

degree of freedon)yﬁ,F in Table I, a very good description of B. NLO polarized parton densities
the data is achieved. The best LO and NIBT) fits corre-
spond to x3¢, o=0.892 and toy3:y o=0.858. We have Let us discuss now the polarized parton densities ex-

found that the fit to the data is significantly improved, espelracted from the data in the presence of the HT corrections to
g,- We will call this set of parton densities P@ii(+ HT). In

Fig. 4 we compare the NLQOET) polarized PDg)-°
+HT) with those obtained in our analygiS] where we per-
formed fits to the data according to E§). We will call the
latter PD@Y-°/FY°). As seen from Fig. 4 the two sets of

0{ XN'—S(#TB]’ Wh'gh IIS an .|rr1]d|(.:at|on th?‘ the tail of ﬂ;,? ne polarized parton densities are very close to each other. This
glected higher order logarithmic correctionsgipresemble a g good illustration of the fact that a fit to the data on

power behavior of orde®(1/Q?) [31]. A similar behavior of Ay(~g,/F,) using for theg; and F, structure functions
2 has been observed in the QCD analysis of the unpolarize. e ; : ! 1 :
X ) e y P fheir NLO leading twist expressionsydy . o=0.859) is
structure functiorkFs(x,Q°) in [28]. equivalent to a fit to they, data taking into account the
The extracted higher twist corrections to the proton a”q*nigher twist corrections t@; (x2eno=0.858). In other
neutron spin structure functions?(x) andh"(x), are shown yqrds; this analysis confirms once more that the higher twist

in Fig. 2. As seen from_Fig. 2 the correctiqns for the protongqrections tog, and F, approximately cancel in the ratio
and neutron have a different shape. WHilg(x) changes g, /Fy.

sign in the LO as well in the NLO casd"(x) is non-

negative in the measuredregion in both cases. One can see

also that the HT corrections to the proton structure function 4, [10] the HT terms have been discussed using for them two
g% appear to be smaller when fog{),r the NLO approxi- phenomenological parametrizations. The authors conclude that they
mation is used. In Fig. 3 we demonstrate how the choice ofio not find a significant higher twist contribution gg in an NLO

the factorization scheme for the perturbative calculation ofreatment of ¢,),;. On the other hand, studying the higher twist
(91).r influences the higher twists results. The results areffects in the moments af,, it was shown in(17] that while the
presented for the JET adS schemes. It is seen that the HT first moment of higher twist is quite small, the higher order mo-
corrections tog; in both cases coincide within the errors. ments are relevant @~ few Ge\2.

cially in the LO case, when the higher twist correctiongib
are included in the analysisee Table ll. In contrast with
the case when the HT corrections ge are not taken into
account in the fits, the value qfo(HT) is very close to that
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FIG. 4. NLOJET) polarized parton densities P-C+HT) _ - _
(solid curves compared to PDﬁLo/FTLo) (dashed curvesat Q2 FIG. 5. LO polarized parton densities FQP—FHT) (solid
—1 Ge\® (see the text curves compared to POf;°/Fi°) (dashed curves at Q?

=1 Ge\? (see the tejt

C. LO polarized parton densities

: LO/=LO :
Let us turn now to the LO polarized parton densities. InIarIZGd PDG;"/F1”) does not agree with the data far

LO QCD AG(x,Q?) does not contribute directly tg; and < 0-25- Note that at the same time the ra_ng’/Fio fits the
the gluons cannot be determined from DIS data alone. Fo‘f"orld2 data 0”912“:1 and A, quite well in the measured
this reason the LO fit to the data was performed using for thé*,Q") region (xpr=0.921) [5]. The main reason for this
input polarized gluon densiT&G(x,Qg) the one extracted in P€culiarity is that the LO approximations for the unpolarized

the NLO fit to the data: structure functionsF,(x,Q?) and F;(x,Q?) [or R(x,Q?)]
presented in the literature are not self-consistent. The unpo-
AG(XaQ(Z))LOZAG(XvQ(Z))NLO(JET)' (26) larized parton densities in leading order QGmMore cor-

rectly in leading logarithmic approximation LDAare usually
It is important to note that in the polarized case the | o€Xtracted including in the data set of the analysis only the

approximation has some peculiarities compared to the unpda_xperlmgntalhdata OR> anfd |gnor|p]g the data Ofﬁ (Or.Fl)'
larized one. As a consequence of the gluon axial anomalyiemember thatin LLA of QCD the structure functions sat-

. . o . i5fy the Callan-Gross relation XF;(x,Q?)=F,(x,Q?)
the difference between NLO antiquark polz_;\rlzatlahqi N Which leads toR=4M2x/Q2. However, the experimental

i i - Hata onF, and R do not satisfy these relations in a large
rable in magnitude to thaq; themselvegsee, e.9.[5]). I kinematic region. They are approximately satisfied only at
this case the leading order will be a bad approximation, afygex and/or largeQ?. At smallx andQ? the experimental

least for the polarized sea-quark densities. Also, bearing ijajyes ofF, are larger than those ofxE, by up to 30%.
mind that in polarized DIS most of the data points are at low

Q?, lower than the usual cuts in the analyses of unpolarized

data (QZ>4—5 Ge\f), the NLO corrections to all polarized &) ,pmtfm, I —— LO
parton densities are large in this region and it is better to take 075 F SLAC/E143 ]
them into account. Nevertheless, the LO polarized parton I \\ Q=5 GeV’
densities may be useful for some practical purposes; e.g., for S

preliminary estimations of the cross sections in future polar- 0.50
ized experiments, etc. They are also needed for comparison

with those extracted from semi-inclusive DIS ddt32],

where the NLO QCD analysis is still very complicated. The 025
extracted LO polarized parton densities @ﬁﬁ%— HT) are

shown in Fig. 5. Also shown in Fig. 5 are the LO polarized
PD(g:°/F.°) obtained in our analysig]. In contrast to the 0.00
NLO case, the two sets of LO polarized densities are signifi- 00l o1
cantly different. As a result we obtain different theoretical

curves forg, (see Fig. 6. To illustrate how these curves fit  F1G. 6. Comparison of the proton structure functigy? calcu-
the data, the SLAC/E143 experimental proton dateQat |ated using the polarized parton densities BE9¢+HT) (solid
=5 Ge\ are also shown. As seen from Fig. 6, the protoncurve and PDgL/F°) (dashed curjewith SLAC/E143 proton
structure functiong?(x,Q?), o calculated using the LO po- data.

074017-7



LEADER, SIDOROV, AND STAMENOV PHYSICAL REVIEW D67, 074017 (2003
That is why the extracted sets of LO unpolarized parton den- We have found that the polarized parton densities depend
sities (MRST, CTEQ, eto. are not quite consistent. While on whether the higher twist terms are or are not included in
they fit well the data orF,, they badly fail to describe the the analysis ofj;. Moreover, the NLO polarized parton den-
R(F,) data in the region of smakt and Q>. One way to sities extracted from the; data in the presence of higher
improve the situation would be to perform a LO QCD fit twist terms are in good agreement with those determined by
inClUding in the data set tI‘E(Fl) data too. Also, if the data our previous f|ti5] to the data OrgllFl and Al using for
at low Q?, lower than the usual cuts’>4-5 GeVf), are  the structure functiong, and F, only their leading twist
included in the analysis, the higher twist correctionsF  eypressions in NLO QCD. This observation confirms once
andF, should be taken into account. more that the higher twist corrections ¢g/F, andA; are
negligible so that in the analysis gf /F; andA, data it is
V1. CONCLUSION enough to account only for the leading twist of the structure

We have analyzed the world data on inclusive polarizedunctionsg, andF,. On the other hand, in fits to thg data
deep inelastic lepton-nucleon scattering in leading and nexthemselves the higher twist contributionde must be taken
to-leading order of QCD including in the analysis the higherinto account. The latter is especially important for the LO
twist hN(x)/Q? and the target mass corrections to theQCD analysis of the inclusive and semi-inclusive DIS data.
nucleon spin structure functiog’}'(x,Qz). We have found
that the fit to the data og, is essentially improved, espe-
cially in the LO case, when the higher twist terms are in-
cluded in the analysis. Thedependence of the higher twists
hN(x) have been extracted from the data in a model indepen- This research was supported by a UK Royal Society Col-
dent way. It is shown that the size of their contributiorgto  laborative Grant, by the JINR-Bulgaria Collaborative Grant,
is not negligible and their shape depends on the tahiéx) by the RFBR(No. 00-02-16695 INTAS 2000(No. 587 and
changes sign whilé"(x) is a non-negative function in the by the Bulgarian National Science Foundation under Con-
measure region. tract Ph-1010.
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