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1. The detailed experimental and theoretical studies of the deep-inelastic scatter­
ing ргчсе-.-ел provide the impor tant infoiillation un the applicabili ty of per tu rba t ive 
principle* for describing the observed (J 2 -dependence of the nucleoli s t ruc ture func­
tions (SI- j l\(.r.Q-) {i = 2.:{) and of the related moments 

A/„(Q2)= [ in-4\{x.Q2)di (1) 
Jo 

within the framework of QCD. The non-singlet (NS) SF / F 3 ( j . Q 2 ) = ( J - F 3 " V + 
.!•/•'} % )/'J. which characterizes the difference of quark and ant iquark dis t r ibut ions , 
can be measured in the deep-inelaslic processes with charged electroweak currents . 
The most pre< isc experimental (lata for this quant i ty were recently obtained by the 
CCFK group al the Fertnilab Tcvatron [1]. The comparison of these da t a with the 
pert i i rhat ive Q C l ) predictions for .r/';, was originally made with the help of the com-
puler program developed in Kef. | ' i]. based on the solution of the .Altarelli Parisi 
equat ion. Tin' lits were made for various Q2 cuts of the da ta . In part icular , fitting 
the da ta at Q' > 10 Ci \"1. the CCI 'H collaboration obtained the following value of 
the pa ramete r .\!1L [|) : 

, \ ! ^ = 171 ±:\2{s(al)±'A("y.<t) M<V . (2) 

This value tu rns out to be almost non-sensitive to the variation of the Q2 cu ts , 
imposed for allowing one to neglect the effects of the high-twist ( H T ) contr ibut ions 
at low energies. 

Another impor tan t result, obtained by the C C F R collaboration, is the accura te 
measurement of the Gross-Llewellyn Smith sum rule 

1 f> iFZ^^ii O2) 
GLS{Q2) = i / ^ 2 {^Udl ( 3 , 

i Jo i 
at the scale Q2 = :i C„Y2 [3]: 

<:l.S(Q2 = .{ d '<l ' - ' | = ->.50 ± ().0IS(.srur.) ± 0.07$(.iyst.). (4) 

It was already shown [4] that this value of t h e GLS sum rule is consistent with the 
QCl ) predic t ions , provided one takes into account not only the pe r tu rba t ive QCD 
corrections [o. 6] to the quark-par ton prediction GLSA> = 3, bu t the non-per turba t ive 
three-point function Q C D sum rules es t imates of the H T contr ibut ions [7] as well. 
However, the interest ing question of the possibility of ex t rac t ing the Q 2 -dependence 
of the GLS sum rule from the C C F R da t a remained non-studied. 

In recent works [8, 9] we analysed this problem with t h e method of the SF re­
construct ion over their Mellin moments , which is based on the following expansion of 
the SF over the Jacobi polynomials [10]-[12j: 

xF?—"(r.Q2) = x"{l - x / l f V ^ W E ^ V . / : ^ {Q2) . (5) 
n=0 j=0 
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where с" (а.З) are the coefficients that are expressed through i-functions and tiie 
values of the parameters a. J. namely Q = 0.12 and J = 2.0. were determined 
in Ref. [11]. The Q2 evolution of the moments .\/j\j fan he determined from the 
solution of the corresponding renormalization-group equal ion expressed in the form 
presented in Ref.[13]. The hasic expansion parameter is of course the QCI) coupling 
constant o , . which can be expressed through the QCI) scale parameter \ш\р- in the 
standard way: o,(Q2)/U = 1 /4 l n ( Q J / . % ) - Л I» 1 " ( У 7 - % ) / tf UAQ'/V^) 
where A0 = 11 - 2 / 3 / . ,tx = 102 - 38/3 / . t h e relation of Kq. (">i. supplement»! by 
the corresponding solution of the renormalization-group equation for -ИД}, forms tin-
basis of the computer program created by the authors of Ref. [II]. It was previously 
tested and used by the members of the HCDMS collaboration in the course of a 
detailed QCI) analysis of the experimental data for Fi(x.Q') SF of the deep- inelastic 
muon-nucleon scattering [II]. We were using in our studies also this program, thus 
building the bridge between the determination of AJiL from l-'A-r-Q1) -md r!•',(.r.Q1 \ 
SFs. 

2. In accordance with the original NS lit of the CCI'R collaboration [I. 3j. 
we have chosen the paraiuctrization of the partou distributions at fixed momentum 
transfer in the simplest form 

rFi(T.Q?t) = ,\[Ql)r4Qi\\ - / ) - '« ' . ((>) 

The constants .4(Q3). HQl) and <~(Q„) in Kq. (6) and the QCI) scale parameter 
\LL wore considered as free parameters, which were determined for concrete values 

of Ql- Following the original CCFK analysis we used the experimental points of the 
concrete CCFR data in the plane (r,Q-) with 0.015 < x < 0.(ir> and 10 C<\"1 < 
Q! < r)01 Gc\'2. At the current stage of our analysis we are neglecting the target 
mass (TM) corrections and the HI effects. Note that we restricted ourselves by 
taking / = 1 throughout the whole work. Moreover, we did not take into account 
any threshold effects in the process of our analysis. 

I'sing Kq. (5) we reconstructed the theoretical expression for . i / ' , """[.\.b. r. A) 
in all experimental points (irJp. Q2,rl)) (for the detailed description see Ref. [S]). 
The determination of the free parameters of the fit (namely A.h.i. A) was made by 
minimization of \ 2 by the MI.NTTT program, which also automatically calculated 
their statistical errors. The numerical value of the GLS sum rule at different values 
of the reference scale Qi was determined by substituting the concrete values of the 
parameters A(Ql), b(Ql) and c(Ql) into Eq. (6) and calculating its first moment, 
which determines the expression for the GLS sum rule. The statistical errors for the 
sum rule were calculated from the statvstical errors of the parameters /4(<2jJ), 6(Qo) 
and c(Ql). 

id GLS A , ~FGLS~~2 ,dGLSK v2 

*cu = V<^TA-4)2 + ( ^ 7 Г Д 6> + ( ^ л с> • (7) 

The results of the concrete calculations, made for various QjJ points, are presented 
in Table 1 and Table 2. 
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NLO 

Q1» 

• } 

7 
10 
15 
25 
50 
70 

1(1(1 
150 
200 
:|(l() 
500 

l-W-4 
213 ± 31 
215 ± 32 
215 ± 31 
215 ± 35 
215 ± 31 
211 ± 31 
213 ± 33 
212 ± 34 
211 ± 33 
210 ± 31 
209 ± 33 
209 ± 33 
207 ± 35 

xi/. 
71.5/62 
71.8/62 
72.2/62 
72.6/62 
73.2/62 
74.1/62 
75.1/62 
76.1/62 
76.8/62 
77.6/62 
78.2/62 
79.0/62 
80.1/62 

GLS 
sum rule 

2,116 ± 0.081 
2,196 ±0.121 
2.525 ± 0.105 
2,553 ±0.107 
2,583 ±0.111 
2.618 ±0.113 
2.661 ± 0.119 
2.680 ± 0.120 
2.699 ± 0.123 
2.720 ±0.126 
2.735 ±0.127 
2.755 ± 0.129 
2.779 ± 0.155 

LO 

[.\hV] 
154 ± 29 
154 ± 28 
155 ± 27 
154 ± 29 
155 ± 28 
155 ± 17 
155 ± 27 
155 ± 26 
154 ± 29 
154 ± 29 
154 ± 29 
153 ± 29 
153 ± 29 

\h. 
87.7/62 
88.0/62 
88.3/62 
88.5/62 
88.8/62 
89.2/62 
90.2/62 
90.3/62 
90.7/62 
91.2/62 
91,5/62 
92.0/62 
92.7/62 

GLS 
sum rule 

2.525 
2.537 
2.549 
2,558 
2,569 
2.583 
2.603 
2.614 
2.623 
2.635 
2.643 
2.655 
2.664 

Table 1. I'll.- results of the LO and NLO QCD fit of the CCFR xF3 

SK data for / = 4. Q2 > 10 GiY2. .Vmu, = 12 with the corresponding 
statistical errors. The symbol \2 , is for the \2 parameter normalized to 
the number of degrees of freedom d.f. 

Ql[OtV'\ 
3 
5 
7 
10 
15 
25 
50 
70 
100 
150 
200 
300 
500 

A 
6.42 ± 0.09 
6.10 ±0 .18 
5.91 ± 0.16 
5.73 ±0 .15 
5.55 ±0 .15 
5.34 ±0.14 
5.09 ±0.14 
4.99 ± 0.13 
4.88 ± 0.13 
4.77 ± 0.13 
4.69 ± 0.13 
4.59 ± 0.13 
4.47 ± Э.15 

b 
0.794 ± 0.012 
0.757 ± 0.015 
0.737 ± 0.012 
0.717 ±0.012 
0.696 ± 0.012 
0.674 ± 0.012 
0.647 ± 0.012 
0.635 ± 0.012 
0.624 ± 0.012 
0.612 ± 0.012 
0.603 ± 0.012 
0.592 ± 0.012 
0.579 ± 0.014 

с 
3.218 ± 0.035 
3.328 ± 0.042 
3.395 ± 0.043 
3.461 ± 0.040 
3.531 ± 0.037 
3.612 ± 0.031 
3.711 ±0.031 
3.755 ± 0.029 
3.800 ± 0.029 
3.848 ± 0.028 
3.881 ± 0.028 
3.925 ± 0.028 
3.977 ± 0.030 

Table 2. The results of the NLO fits for the Q2-
dependence of the quark distribution parameters (6) 
with the corresponding statistical errors. 

The results of Table 2 at the scales 3 GeV2 and 10 GeV2 are in good agreement 
with the results A = 5.976 ± 0.148, 6 = 0.766 ± 0.010, с = 3.101 ± 0.036 obtained 
by CCFR group at the scale Ql = 3 GeV2 [3] and with the results of the fits of the 

3 



Protvino deep-inelastic neutrino scattering data at the scale Q„ = 10 Gi V"3, namelv 
6 = 0.71 ± 0.03 and с = 3.69 ± 0.10 [15]. 

Figure 1 demonstrates our results for the GLS sum rule obtained in the process 
of the next-to-leading (NLO) fit. 

3.0 a^-pajtoOiesull N L O 

I __Г ЛШ=213±31 MeV 
2.8-

2 2 1 j . . . _ ~ . - i -• ...»..-.- - . . . — . . . . . . . . . . . . i__ 
1 10 102 103 

IQgKQeV2] 

Fig.l. The comparison of the result of the NLO lit of the Q2 evolution of the (!LS 
sum rule with the statistical error bars taken into account with the LO perurbative 
QCD prediction. 

It is worth emphasizing that putting n = 1 in the NLO expression for the moments 
\i*!'{Q2) one can reconstuct the leading-order (LO) expression for the GLS sum rule 
only, namely GLSw(Q2) = 3 1 — a ' y ' . Therefore, in Fig. 1 we compare our 
results of the NLO fit with the LO perturbative expression of the GLS sum rule. The 
value of the parameter ATTJ in the LO perturbative expression for the GLS sum rule 
in Fig. 1 was taken in accordance with the results of our analysis of the CCFR data 
for the SF xF3 at the reference point Ql = 3 GtV2 (see Table 1). Notice, that the 
points presented in Fig. 1 are strongly correlated. The explanation is very simple: 
they were all obtained from the whole set of data. 

3. Taking into account our estimates of the statistical uncertainties and the esti­
mate, determined by the CCFR group, of the systematic uncertainty [3], we obained 
the following value of the GLS sum rule at the scale Ql = 3 GeV2 [8j: 

GLS(Q2
0 = 3 GeV2) = 2.446 ± 0.081(stat) ± 0.078(sysi)- (8) 

This in the agreement with the result (4) obtained by the CCFR group. The smaller 
statistical error of the CCFR result of Eq. (4) comes from their more refined analysis 
of this type of uncertainties. The results of our NLO determination of the GLS sum 
rule (see Table 1) do not contradict either the previous, less accurate, measurements 
of this sum rule at different values of Q2, as presented in Table 3. 
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('olhiboration 

cons 
CHARM 
BKMC 

(largamelle 
CC FUR 
\\.\r> 
SKAT 
ecru 
(ЧТИ 
C(TU 

our analysis 

Reference 
[K.j 
1171 
[ i s j 

[!!»] 
[20] 
[21] 
[-'-'] 
[-41 
H 

Q-K;,\-2} 
1 ISO 

10 
1 10 

HI 20 
:i 
3 

O.-'i 10 
:) 
:) 
.4 

Result 
3.20 ± O.oO 

2.:><i ± 0.-11 ±0 .10 
•J.S!) ± 0.33 ± 0.23 
3.13 ± 0.18 ± 0.28 
2.8:! ± O.lo ±0.10 

2.70 ± 0.10 
3.10 ± 0.G0 

2.78 ± 0.08 ± 0.13 
2.">0 ± 0.02 ± 0.08 
2. 1.') ± 0.08 ± 0.08 

Table 3. I'lic sinii i i iary of various determinations of I lie (JLS 
sum n i l i ' with 111 * - corresponding statistical and systematical 
uncertainties. 

Note, l l ial the results of the C H A R M collaboration [17] were obtained after integrat­
ing .i7-!i SI ' in the interval 0.007") < .r < I. We expect, thai after interpolation of the 
data in the legion of small r and integrating them in tin* «hole interval 0 < x < 1 the 
corresponding CHARM results for the ( i l .S sum rule wil l approach the quark-part on 
prediction (II.S = 3 and wil l be even less accurate than the claimed result [17] pre­
sented in Table 3. The results for \ ~ obtained from the M X ) fit of the ( X T R data. 
using the Jacobi polynomial expansion (see Table 1). are in exact agreement wi th the 
outcome of the til of the IK 'DMS data for the Гг(т. Q2) SF with the help of the same 
computer program [ I I ] , namely A ^ L = 230 ± Щ.<1а1) ± (iO(.sy.sf) McV. 

The result, used at Fig. 1. namely A ^ = -J 13 ± 31(jsfnf) Л/с Г . which was 
obtained using the expressions for the Mellin moments Л/„ , is somewhat larger 
than the result of F.q. (2) obtained by the (4 'FR group wi th the method based 
on the solution of the Altarell i-I 'arisi equation. A similar feature was previously 
observed in the process of the analogous fits of the J7 - ' I less precise data obtained at 
Protvino [LI]: the Altarell i-I 'arisi method gave . \ ' A = 170±(iO(.s(<iO±120(.s.v*') Л М ' 
(compare with F.q. (2)), while the fit over the Mellin moments resulted in the value 
; \ |1L = 2!S0 ± 10(.sin.) ± 100(.sj/t-i/) Л /cV, which should be compared wi th the results 
of our fit (see Table 1). Note, however, that the fits of Ref. [15] demonstrated the 
importance of taking into account of the T M corrections in the analysis of the deep-
inelastic scattering data. Therefore, the certain discrepancy of the central values of 
the results of Table 1 for A J ^ wi th the original result of Eq. (2) can be related to the 
necessity of the inclusion of the T M corrections in our analysis. The similar comment 
was also recently made by G. Parente. We are going to consider this problem in 
future. 

4. The Q2 dependence of the CLS sum rule (see Fig. 1), extracted by us from 
the OCT'R data, does not cc i tradict the previous measurements of the Q2 dependence 
of this sum rule, made by the BF.BC Oargamelle collaboration [18] (see Fig. 2) and 
\VA2"> collaboration [20] (see Fig. 3). 
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Fig.3. The (^-dependence of the GLS sum rule, extracted by. WA25 collaboration 

However, the larger uncertainties of these data did not allow one to reveal the 
characteristic behaviour of the experimental results in the low-energy region, clearly 
seen in the analysis of the CCFR data [3, 8]. Indeed, the results of Eqs. (4) and (8) 
lie much lower than the theoretical predictions of the pure perturbative QCD. This 
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feature demons!rates the importance of taking account of the HT contributions in the 
theoretical expression for the GLS sum rule. Their general structure is known from 
the results of Ref.[23]. The corresponding numerical calculations of these terms were 
made in Kel. [7] and more recently in Ref. [24]. using the same three-point function 
QCD sum rules technique. Combining all available information about the GLS sum 
rule we can write the following theoretical expression: 

(;i.S(Q-) = :)(1 - a -(4.583 -'-)a2 -(41.441 - 8 .02/+ 0.177/2)a3 + 0(a*) 

27 Q* ' W 

when1 II = ««/тг is the coupling constant in the MS scheme. The NLO and NNLO 
perliitbative QCD corrections were calculated in Refs. [5] and [6] respectively. The 
estimates of the order 0{a*) corrections were obtained in Ref. [25]. Note, that the 
perlurbative expression for the GLS sum rule has one interesting feature, namely it is 
related to the perturbative expression for the e+e" —> hadrons D-function, calculated 
at lhe N1.0 and NNLO levels in Refs. [26] and [27], [28], by the non-trivial general­
ization of the quark-parton connection of Ref. [29]. This generalization, discovered 
in Ref. [30], has (he perturbative corrections starting from the NLO level. They are 
proportional to the two-loop QCD /^-function. The theoretical consequences of the 
appearence of this factor are not yet clear. However, even at the current level of 
understanding it is possible to conclude, that the results of the work [30] provide the 
strongest argument in favour of the correctness of the results of the NLO and NNLO 
calculations of the GLS sum rule and the e+e"-annihilation R-ratio. 

Let us return to the discussions of the effects of the HT-contributions in Eq. (9). 
The original calculation [7] of the matrix element {(O)) gave the following estimate 
((О)) = 0.33 ± 0.16 GeV*. The QCD prediction of Eq. (9) with this value of the HT 
term was used in Ref. [4] for the extraction of the value of A J ^ from the experimental 
result of Ref. [3]. We will not discuss here all details of the work of Ref. [4], but 
present only final outcomes of the NLO analysis in the MS scheme with HT terms 

AJIL = 318 ± 23(stat) ± 99(syst) ± 62(twist) MeV (10) 

and without HT terms 

AJ±L = 435 ± 20(stat) ± S7(syst) MeV . (11) 

It can be seen that the HT terms are decreasing the difference of the extracted values 
of the parameter Л ^ from the results of other NLO fits, say from our results of Table 
1. Even better agreement can be obtained after taking into account NNLO corrections 
in the GLS sum rule (see Eq. (8)), scheme-dependence ambiguities (see Ref. [4]) or 
the new estimates of the HT-contribution, namely {{O}) = 0.53 ± 0.04 GeV* [24], 
which however have surprisingly small error bars of over 10% (it is known that the 
typical uncertainties of different three-point function QCD sum predictions lie within 
error bars of at least 30% ). 
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Since at the scale Q2 = 3 Ge\'2 the result of our extraction of the GLS sum rule 
value [8] is in agreement with the original result of the CCFH group [3] (compare Fq. 
(1) with Eq. (8)). the conclusions of Ref. [-1] remain valid in our case also. Moreover. 
we consider the deviation of the Q2 dependence of the GLS sum rules results that 
we observed in the low-energy region from the prediction of perturbative QCI) (see 
Fig. 1) as an indication of the necessity for a detailed study of the HT effects in 
the region of Q2 < 10 GeV2. This conclusion joins the results of the quantitative 
analysis [•!]. [31] of the effects of the HT contributions to the Gl.S sum rule [7] and 
the Bjorken polarized sum rules [32] correspondingly (see also lief. \'2\\) and support 
the necessity of taking into considerations of these effects in the detailed description 
of the Q2 dependence of the deep-inelastic scattering sum rules in the low energy 
region. 

In the high-energy region Q2 > 10 (it \"' the Q2 behaviour of the GLS sum rule, 
obtained by us and depicted in Fig. 1. is in qualitative agreement with the perlur-
bative QCD expectations. However, at the quantitative level there are indications of 
the existence of the deviation between theoretical predictions and the results of our 
analysis. 

This phenomenon can be related to the necessity of an improvement of the un­
derstanding of the behaviour of the xFj SF in the region of small .r. Moreover, the 
recent combined analysis of the available deep-inelastic data [33] revealed the prob­
lems of describing of the CCFft data for j = O.Olo and i — 0.0-15 bines. Another 
interesting problem is the detailed studies of the effects of the NNLO corrections to 
the NS anomalous dimensions (which are known at present only for even moments 
[34]) and of the NNLO coefficients of the NS moments of the xF3 SF [35]. The related 
analysis was already done for the BCDMS Fi(x) data [36]. We hope that a possible 
future investigations of the XF3 data will allow one to study the Q2 dependence of 
the GLS sum rule in more detail and to understand the status of the non-standard 
theoretical explanation of Ref. [37] of the behaviour of the GLS sum rule observed 
by us at moderate Q2 
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