


1 Intro ductlon

The progress of perturbatwe Quantum ChromoDynamlcs (QCD) in the descrlptron of
the high energy physics of strong interactions is considerable [1]. Recent experimental data
~ on the structure function (SF) of neutrino deep-inelastic scattering obtained at the Fermilab

Tevatron [2] provide a good possrbrlxty to precisely verify the QCD predrctlons for scaling

violation with experiment data. The QCD predictions for SF evolution of deep—-mela.stlc

scattering-(DIS) are calculated now up to the next-to-next- to-leading order (NNLO) of

a perturbatlve theory {3, 4, 5, 6].. The method of comparison of 3-loop QCD predrctlons

with SF experimental data has been developed in. [7, 8, 9] based on the Jacobi polynomial

structure function expansion [10] It is well known that beyond the perturbatlve QCD there

are other effects (higher twist effects, nuclear corrections, target mass correctlons etc.) that

should be included in the joint QCD analysis of SF.
’ In the paper, we present the results of NNLO QCD analysrs of the data on the zFj
'structure function obtained by the CCFR Collaboration with taking in account of the tar-
get mass, higher- twist .and nuclear. corrections. . The. Q*-evolution. of SFiis. studied ‘and
parametrizations of perturbatrve (leading twist) and power terms of:the structure function
are constructed. The results of our NNLO QCD analysis of the structure function are in
good qualitative agreement with NNLO theoretical predlctlons for the Q*-evolution of the
Gross-Llewellyn Smith ‘sum rule {11]: 'S#7(Q?) =3[l —as/7 = 3. 25 - (ag/7)?] [12]-

-~ In Section 2, the method of NNLO QCD analysis of SF based on the SF Jacobi polyno-
mial expansion.including the target mass, hlgher twist and nuclear corrections is described. .
The results of NNLO QCD analysis of SF, are presented in Section 3. In Section’ 4, the a5/7r
expansion of the Gross Llewellyn Sm1th sum rule’is considered and expansron parameters :
arefound RN LA A 3 R P S

¢

2 Method of QCD Analys1s o

2.1 Jacobr Polynomral Expansmn Method

We use, for 'the QCD analysm the lacobl polynomral expansnon method proposed in [10]
It was developed in [13] and applied for the 3-loop order of perturbative QCD (pQCD) to
fit £, [7] and zF; data [8, 9, 14, 15]. ,

Following the method [13], we can wrnte ‘the structure functron zF; in the form

PF99P(.0) = (1 — 1) z eaﬂ(z)zc‘"’ (a ﬂ)M”QCD (] +2 Q ) )
n=0 . et
where ©%%(z) is a set of Jacobi polynomxals and" c}(a, ,B) are coeﬂicrents of tHe series s of
9"”(:) in. powers ofz: TR PR

039() = Zc‘"’(a ﬂ)r’ R
The Q*-evolution of the moments M”QCD(N Q ) is grven by tl1e well—lmown perturba—
tive QCD [16, 17] formula- . - : ‘
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2y}dw¥ . ‘ . .
MPPP(N, QY = [22—28—2% Hy (Q5,Q7) M9°P(N,QF), N=23,.. (3)
dv' = 9O | |

" Here @,(Q?) is the next-to-next-to-leading order strong interaction constant, 7(0)Ns are

the nonsinglet leading order anomalous dimensions, and the factor Hy (@2, Q? ) contains
next- and next-to-next-to-leading order QCD corrections to the coefficient functions-and
anomalous dimensions ! and is constructed in accordance with [8, 9] based on theoretical
results of [3]-[6]. s ' o
" The unknown coefficients M3(N, Q3) in (3) could be parametrized as Mellin moments of

some function: : R
M”QCD(N Q?) / dJ:J:N' a;2%3(1 —z)“’(l +aiz), N=23,.... . (4
Here coefﬁcrents a; should be found by the QCD fit of experlmental data. . - -

. The target mass corrections (TMC) are mcluded into our fits through the Nachtmann
moments [19] of the SFs .

A = () e, 1 + et lrv)/<~+ 2 @

where £ = 2z /(1 + V); V '+ 4;M,2““:,3:2/Q2 and Mo, is the mass of a nucleon We are
takrng into account the order O( uc,/ Q%) correctlons : : ’

M@ = M»OCD<Q>+"§;':2‘) Q“;' M:?f”(é’) (6

where M, are the Mellm moments of measured J:F3 SF

- 2.2 Higher Twist Correctron :

2

- Ve take into account the hrgher tw1st (HT) contrxbutron followmg the method of [20]
~and [14 15 9]. To extract the HT contrlbutron, the SF is parametrlzed as foIIows

A=)

‘ zFa(x Q )—:F”QCD(x A+ 5 NI R _‘ BN U

' where the Q2 dependence of the first term in the L. h.s is determined by perturbative QCD.
... The function A(z) as well as the parameters a, — a4 and scale para.meter A'should be
determined by fitting the experimental data.

. 2.3 Nuclear Correctlon N

We have used the covariant approach in the light-cone varrables [21, 22] to estimate the
ratio of structure functions
F (2:9%)
RD/N §
F"(z @) | @

hY

For reviews and references on hlgher order QCD results, see[18]
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and to perform the joint NNLO QCD analysls of the data [2] on the structure functlon F;,ﬁ ‘

‘(for the NLO analysis, see’ Ref.[23]). )
We would like to remind that the ratio RA /N descrlbes the mﬂuence of nuclear medlum on

the structure of a free nucleon in the process. We use the approximation that RD/ N RF eIN
It gives lower _estimation on the effect of nucleon Fermi motion in a heavy nucleus.

The. covariant. approach in, the light-cone variables:is based on’the relativistic deuteron:
wave function (RDWF) with one nucleon on mass shell. The RDWF dependmg on one -
variable, the virtuality of nucleon k%(z, k, }, can be expressed via the Dpn, vertex function
Ta(z, k J_) The deep-inelastic structure function of neutrmo—deuteron scattermg FP in the
approach can be written as follows: : - o : .

FP(e,QY) =</1 dz d®ky Az, ky) - F;"(q/z,Q’). ' o {9)

The nucleon SF is defined as F¥ = (F¥V.+ FiN)/2, o = —q’/"(pq) The.function
A(J: k1) describes. the left (right)- hellcrty distribution for.an actrve nucleon (antmucleon)‘
that carries away the fraction of deuteron momentum z = kH. /p p+ ‘and transverse momentum
k L It is expressed v1a the RDWF x/)c.(kl) as follows: . :

Az, k1) o Sp(F (k) - (m+ K- WP(k) 4% 26 4 i), (10]

where p&a is the polarization density matrix for an unpolanzed deuteron Note that ‘in”
the approach used the distribution function A(:: k 1) ] mcludes not ‘only ‘usual S-and ‘D-
wave components of the deuteron but also a ‘P-wave component. "The latter describes the
contribution of NN—palr productlon The contrlbutlon of this mechamsm is small over ‘a
momentum range (z < 1).. ’ ' : '

The nuclear effect in a deuteron for the v+ D~ ,u. + X process “has been estrmated in
[23]. Tt has been found that the ratio RF is practically mdependent of the parametnzatlon g
of parton distributions 24, 25, 26] and the nucleon SF [27] over a wide kinematic range of
z=10"2-0.7, Q* =1-500 (G’eV/c:)2 The curve has an oscxllatory feature and cross-over
point zq : B2 (20) = 1, 2o ~0.03.

Thus, the obtained results give evidence that the function RD/ _is defined by the struc-
ture of the relativistic deuteron wave function and-can be used’ to extract the nucleon SF:
FF from the experlmentally known deuteron one: '

G, Q%) RGP (1) -

‘The performed analysls of the nuclear correction for the nucleon SF also*allows one to

consider the influence of the nuclear effect on the GLS sum rule [Il]

“Sets =/ Fg"(z)dz. R (12)
' o
We have used the result on the R?/N ratio to study the z- and Q?-dependences of the
GLS integral
1
Sous(z, @) = [ Fw@dy (1)
It has been shown in [23] that the nuclear effect of Ferrrdmotion.is very important for
the NLO QCD analysis of the structure function ‘F3 and verification of the Gross-Llewellyn



Smith sum rule over a wide region of Q? = 3 — —500 (GeV/c)%. Therefore in the paper, we .

< . 8.0 — " 0y ——————— '
include the nuclear effect in the NNLO QCD analysrs of. both the structure functlon and : 20 [ - SRR
the Gross-Llewellyn Smith sum rule. X A T I 3 I R R IR SR resp ey TR
. : o - i o . : g . é ,\s.aé' . — 0J£}—*—+—++HM
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3 NNLO QCD Analysis of Structure Function zF}¥ = il - !
S B L c et . A . . | H 30F er- .
In this section, we perform the QCD analysis of the zFJV experimental data [2] taking . S 20f CE e,
into account the 3- loop QCD hlﬁ\her twist and nuclear correctlons We consider as a first ! b o3 f
approxrmatlon that RF R: o e : E E
” h(:z:) y %0 05 o 1S 20 25 >0 63" 10 1S 20 25
:L'FN(:L' QZ) — al(Q2) d:(Q’)(l _x)us(Qz)(l +a4(Q2)::) 4+ = Q; . ) (l-l) . Log(Oz) . R LOg(O%)
. The consta.nts h(z;) (one per z-bin) parametrlze the HT z- dependence The pomts z; are Co CBe e N T b.-
chosen in accordance with [2]: 0.0075 - 0.75.
“The values of the parameters a;(QZ) (i = 1——4), scale parameter A and constants h(z;) : . S . .
have been determined by fitting the whole set of 2Fy data [2] (116 experimental points) for : s0p i50
. different values of Q2 in the kinematic region: 2 (GeV/c)? < @Q* < 200 (GeV/c)? 2. Only : T ‘ ‘ .
statistical errors are taken into account. The X’ parameter is found to be about’105 for 116 . : a6 F sof .
experimental points. R asf B
Flgure l(a—d) shows the parameters of SF a; at the points Q% = 1.5 - 200 (GeV/c)2 The o a2b ’ & s
L Ayis parameter was found in the 1nterval (210 — =250) MeV with statrstrcal error ;about : %—4,6 = g .
) :1:70 MeV o I v 5 . O sab _ °“ 20b {0
Figure 2 ‘demonstrates the :c——dependence of the HT contrlbutlon h( ,) o 3sf : s
We use the result of our NNLO QCD analysis presented in Figs.l and 2 to obta.m the e _ ' s4F nor
parametrlsatlon ‘of £F5 in form (14) L S ; ' : 82 = v
: The Q- dependence of the coeﬂicrents a is parametrlzed as follows . ', S ERERETY L L . st o o y PR TRIT
: it ; a0 05 10 15 20 v 25 ST 00 as o 15200001 25,
: o e Log(Q?) : - » : Log(Q?%)
-(Q ZC: #, z= 1Og(QZ) P (19) ‘ ' :
NI ITTIN J—U “““ v L . o ’ s d )
and is shown in. Flg 1 bv sohd hnes The coeﬁiqents c;-are presented in Table 1 - ’
Table 1. Coefficients ¢; for the pa.rametrlzatlon of the functlon ::F3( Q2)
al 92 93 94 s L : Fig. - 1. Dependence of the coefﬁc1ents 1784 on ;ta The black .c‘i\rcles‘are: fxl"’e;rimevﬁt’al -

o 3.1430‘ 6.6704e' ~1 ;. 3.2753¢ +0 | 2.92880e +0
a | 1.6794 | 4. 0720e =3 | 8.2294e =1 | —1.65755¢+ 0
c2 | ~0.3896 | —7.7966e — 3 | —1.3154e — 1 | 3.09344e — 1

pomts the lines are results of the fit

*:Figure 1 shows the dependence of coeﬁiaents a;on Q% The black circles are experimental
points, the lines are results of the fit. b
‘7’1‘:he number of ﬂavgrs is taken to be equal tod. | B
3



. The parameter a; slowly depends on Q2 and corresponds- to the theoretical estimation
th:of ~ 0.68 [28] .
. Our results for a3(Q?) could be compared to the well—known Buras-Gaemers parametnza:
tion [29]: ,
QYA
= bl A ‘ ‘ 1
171 +12 in(Q/A%) 7 (16)
At the point Q2 = 1.8 GeV? it gives [16] n; = 2.6 and', = 0.8. Our result is m=3. 4810 03
and 7, = L. 18 + 0 09. It is not far from the pQCD theoretical estimation [30] based on thé
relation

B dl (Qz) 3(Q )= _aS(Q )+O(a5(Q2)) ) (17)

and gives niter = 0.64.
The term describing the higher twist correction is written in the form

h(_;):Zd.--z", z = log(z) 4 ‘ (18)

i=0

and is shown in Fig.2 .. The values of coefficients d; are presented in Table 2.

Table 2. Coefficients d; for the parametrization of the fune‘tion h(z)

L . [ 4 4, A &
- [0:2329 [ 0:8060 | 0.7308 [ 0.1843

Thu; the NNLO QCD analysns of expenmental data of the structure function IF3 has
been performed -and the parametrizations of the NNLO perturbative QCD, TMC nuclear
effect and hxgher twist corrections have been obtained. . :

4 Experimental Constraints on Coefficients of as—
Expansion of Gross—Llewellyn Smith Sum Rule’

In this section, we would like to show the status of the NNLO QCD analysis of the
; experimental data [2], :
" The Q*-dependence of the parameters ai(@?) allows us to study the behavior of qc,-L_,(Qz)
© in-a wide kinematic region of the momentum transfer squared.
) Figure 3 shows the dependence of Sgrs(Q?) on as/7 in thw 3~loop approximation. The
black and open circles correspond to the NNLO QCD analysis with and without nuclear
" corrections, respect1ver The statistical errors are about +0:4 and are not presented at the
figure. .
Figure 3 demonstrates the increase of Sgrs(Q?) with decreasmg as/m. The result is in
-qualitative agreement with the Q%-dependence of the sum rule found in [31] in the NLO
QCD analysis without taken into account target mass corrections, higher twist and nutlear
effect. “A similar tendency in the NLO QCD approximation, with target mass corrections

and nuclear effect was found in [23] ‘For the estimation of the order O(a?) and power
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B 05

o
o
LI St B R B Bt B SR S S B B S S I B B et et

;OASllllllllL‘LLllllllxn!lllllxx!lll|1|lllrllll
Che220 e g 2 TR0 202
Log(x)-

Fig. 2. The functlon h(.r) Vs Iog(a:) descnbmg a hlgher twist correctxon The black circles
are experlmental points, the line is the result of the ﬁt
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corrections, see [32]. “Figure 3 shows a considerable sensrtrvrty of Sgrs(Q?) to the nuclear
correction.

The pQCD predictions for as/m-expansion of the Gross—Llewellyn Smith sum rule up
to (as/m)? could be presented in the form

SG5 (@) =co-(L+er-(as/r) + - (es/x)’) (19)
The coeflicients c; and c have been calculated in {12]: ¢; = —1,- ¢; = —3.25.
The as-dependence of Scs presented in Fig.3 could be parametrized by the parabola

SEEs(QY) =so+ 51 (a5/7r) + ;- (05/7")2~ (20)

This expansion allows us to directly compare the results of the experimental data analysis
with the NNLO QCD calculations. The values of sp, 51,5, for the interval as/7 < 0.09 are
presented in Table 3. ‘

\

Table 3 The coeflicients of the Gross- Llewellyn ‘Smith- 1ntegral SGLS(Qz) expansion in -

as/ﬂ'
NNLO+HT | NNLO+HT+NC | Theor. [12]
S0 | 2.86 £ 0.01 2.74 £ 0.01 3.00
s1| —~4.934£032] —2.2240.23 '~3.00"
s3] 0.98+254.| —7.86+1.74 | .—=9.75.

"One can see from Table 3 the high sensitivity of parameters i to the nuclear correc-
. “tion. The obtained results for the coefficients s; show that the consideration of the nuclear

correction gives good agreement with the theoretical calculation of the next-to-leading and

' _next—to—next-leadmg order QCD corrections.
3 5 Conclusion '

A detailed NNLO QCD analysis of the structure function zF; of new CCFR data lnclud—
~ing the target mass, higher twist and nuclear corrections .was perforxned The parametriza-
tions ‘of perturbatrve and power terms of the structure function® were constructed. - The
results of QCD analysis of the structure function were used to study the @*-dependence of
the Gross—Llewellyn Smith sum rule. The as/7r—expan51on of Srs(Q?) was exemined and
expansion parameters 31,32,33 ‘were found. -We would like to emphasize that the consider-
ation of the nuclear correction allows us to achieve a good qualitative agreement between

" the results obtained from the experrmental ‘data by the NNLO QCD analysis and pertur-

bative QCD predictions, for the Gross—Llewellyn Smrth sum rule in next to—leadlnﬂ and
; next—to—next—to—leadmg order
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