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i Intro ductioh

'The CCFR collaborauon has recently reported on new high statistics data of tlsc nucleon
structure function Fy¥(z, Q%) (1, 2]. The experiment bas heen carried out using a neutrino
beam at the Fermilab Tevatron, The data together with the previous ones (3, 4] make it
possibile to analyze in detail the Q*dependence of the nucleon structure function within
the framework of QCD and to verify the Ciross-Llewellyn Smith (GLS) sum rule {5]. The
theoretical analysis of the data was made by the members of the CCFR collahoration (6] using

the direct integration of the Altarelli-Parisi equation [7]. The @*-evolution of the moments
- of the structure function FV Dased on the solution of the corresponding renormalization-

, group equation was carried out in [5, 8], The methoil of §F reconstruetion over their Mellin
moments based on SF expansion.over the Jacobi polynomials (9,10, 11] was used in [5].
The method was shown to be very effective to control higher perturbatlve QCD corrections
and to investigate sensitivity of the parameter A——q to them,

) Note that the nuclear effects thomsolves (Fermi motion, ofl-mass correctlorw slmdowmg

etc.) are very important to extract nucleon deep-inclastic structure functions ([‘, AN A

from experimental data for deuteron and hoavy nuclens, They should, be included in the

joint QCD analysis of nucleon structure functions,

The nuclear effect of relativistic Fermi motion for the spin- mdependent - FP structure
function in the covariant approach in the light cone variables {12] was analyzed in (13]. The
covariant approach in the light-cone variables is hased on the relativistic deuteron wave
function (RDWF) with one nucleon on mass shell. The RDWE depending on one variable -
 the virtuality of nucleon k*(z, k), can be expressed via the Dpn vertex function Iu(z, k1),
This model has been successfully used for the deseription of the deuteron electromagnetlc
formfactors ‘and some processes involving pol.u wml and unpolarized deuteron (12, 14]. As
shown in [13], the structure function rdtm 1N = P EN increases with z and reaches
6% at = ~ 0.7. The dependence of lf, on r is similar 1o the EMC one on heavy nucleus,
The same relativistic approach and tlw denteron model have been used (15] to describe the
spin-dependent structure function g’ and to estimate a miclear effect in the ji + D= p+X
process. It has been found that the ratio I(”/N = (/”/q is practically independent of z
and Q2 over a wide kinematic range of z = {0~ 0, 7, Q% = 1~ 80 (GeV/c)? and attains
~ 0.9, The obtained results on the ratios If”/N [\’”/N allow one to consider that the used
deutcron model takes into acconnt correctly the spin structure of deuteron and relativistic
Fermi motion of nucleon in the deuteron. ‘I'herefore the study of the effect of relativistic
" Fermi motion for the SF zFP in the proposed relativistic approach i is also actual and can
‘give important information on the nucleon and dvuu-mn structure, ‘

In the present paper the covariant ‘approach in the light-cone variables and the deuteron
model {12} are used to consider the deep-inelastic nentrino-denteron scattering and to es-
timate a nuclear effect in this process. We have calculated the deuteron SF FP(z,Q?) and
compared results w1th available experimental data [1].  The dependence of the structure
function ratio RPN (z, Q%) = F"(z 0/ FN(x,0Q*) on & and Q? is investigated. This ra-
tio cha.ractenzes the nuclo‘u- effect in the dt-utmuu for the v + D=2+ \' .process, The
_ratio’ RF is practically independent of Q? over a wide lnm-mahc range of z = 1073 — 0.7,
Q?* = 1 =500 (GeV/c)*. We have supposed. that the ratio TRY reproduces approximately
.. the ratlo R,.-N and the f()rmer has beéen used for- “the QCD analysis of expenmental data of
o kthe CC[‘R collnboratlon The (2“ d('p(-ndvum- uof lhv ( l,.S su lule is venﬁod wnth takmg ‘
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miclear cffect into account, The correction (65/S)ars for the GLS integral Saps(z,Q?) is
foud. '

2 Model of Relativistic Deuteron

The cross section of (lcep-inclastic neutrino-deuteron scattering in a one-photon approxim-
ation is expressed via the imaginary part of the forward scattering amplitude of the virtual
W-hoson on the deuteron - W,ff, The latter is related to the deuteron sfructure functions
PPy 4(v, Q%) as follows

W,f;); = —(gv — ququ/q ) PD + ]’;J) 1412D/V + Z‘Citunﬂ (Ialfa . P:;D/V- (l)

llcm q,p are the momenta of W-boson and deuteron, M is the deuteron mass, Q? =
-q* > 0, = (pq),p;, = pu — qu(pa)/ *.

In a relativistic impulse approxxmatxon (RIA) the forward scattering amplitude of the

virtual W-boson on the deuteron AZ, is expressed via a similar scattering amplitude on the

nicleon A”,, as follows

Aplarp) = / @ i}, TSP AL(a, k1) - T(s1, kr)}. (2)

Here T'(sy, k) is the amplitude of forward N — D scattering and the notation s; = k? =
(p — k1)? is used. Integration is carried out with respect to the active nucleon momentum
ki. Integral (2) is calculated in the light-cone variables (ks = ko = ks, kr). The peculiar
points of integrand (2) on the plane of the complex variable k; are due to the peculiarities
of the nucleon virtualities k¥ and k%. Some of the peculiarities are due to the propagators
~ (m? = k})-!, (m* — k?)~1. The others are related to the Dpn vertex and the amplitude
AN |

’ The integral is not zcro if the region of integration on k; is restricted

0<ky <py—ky - (3)

Taking into account only a.nucleon pole in the unitary condition for the amplitude T(sy, k)
and the relation between the RDWF and the vertex function s (k1): (k1) = s+ (m + k)t

the antisymmetrical part of the deuteron tensor W,ff, can be written as -

3

WB = was . o) | ‘ (4)
Web = (zd;c (z?—k?)o(ko)o(m—m) Sp{wp, - 9°(ky) - (m + k) - $°(k1)}.  (5)

Here the 6-function and light-cone variables are used. The tensor p( ) is the symmetrical part
of the deuteron polarization density matrix. The symmetrical part of the deuteron tensor
W2 is expressed in the form similar to (4,5). The vertex function I's(k)) is defined by 4
sca.lar functxons a;(k?) and takes the form [16] »

r (kx)—kla[al(k)‘*‘az(k )(m+kx)1+7a[aa(k2)+a4(k2)(m+kl)1 6
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'The relativization procedure of the deuteron wave function 1), has been proposcd and the
scalar functions a;(k?) have been constructed in {17]. The functions a; were parametrized as
the sum of pole terms. Some pole positions and residues were found from the comparison of
our RDWT with the known nonrelativistic one in the nonrelativistic limit . For the latter the
Paris wave function [18) was taken. The other parameters were fixed from the description
of the static characteristics of the deuteron (electric charge - G.(0) = 1(e), magnetic -

Gn(0) = pp(e/2M) and quadrupole - Gg(0) = Qp(e/M?) moments) in the relativistic
impulse approximation.

The calculation of (5) in the light-cone variables gives the final expression for the deuteron
SF FP

Pl @) = [ do iy Az, k) - F(a)2, Q7). (7

The nucleon SF is defined as Fi¥ = (F¥N 4+ FIN)/2, « = —¢*/2(pg). The function
A(z, ky) describes the left (right)-helicity distribution for an active nucleon (antinucleon)

that carries away the fraction of deuteron momentum z = k4 /p4 and transverw momentum
ky. It is expressed via the RDWF 1),(k;) as follows

Alzyky) o< Sp{B(k1) - (m 4 ) - $2(ke) - G- 0 3 - o) - cprraa P, (8)
(

wlere pa‘? is the polarization density matrix for unpolarized deuteron. Note that in the
approach using the distribution function A(z,k.) includes not only usual S- and D-wave
components of the deuteron but also a P-wave component. The latter describes the con-
tribution of N.N-pair production. The contribution of this mechanism is small over a low
momentum range (z < 1), but it might be considerable in a high momentum one (z > 1).

3 Structure Function F(z,Q?)

In the relativistic impulse approximation the deuteron SF Fy is defined by equation (6). We
calculate F” using the RDWF [17). The parametrization of the nucleon SF F and parton
dlstrlbutlons are taken from (8, 19, 20, 21].

Figure 1 shows the dependence of 2 FP(z,Q?) on z at Q? = 3,10,500 (GeV/c)®. The
displacement of the curves to a low z-range with increasing @? is observed. The SF zF.P
decreases at < 0.1 and increases at = > 0.1 with growing @%. The experimental data for
z P [4] at Q* = 3,11 (GeV/c)? are shown in Figure 2 too. Taking into account large errors
an agreement between the calculated results and the experimental data Lo be considered
reasonable. We would like to note that the general shape of the deuteron SF is similar to the
nucleon one.

Figure 2 presents the results for zF.P obtained with dlﬂ'erent parton distributions [19
20, 21]. In the parton model the nuc]eon SF is expressed via the momentum distributions of
valence quarks zF’ = zuy + zdv. One can see from Figure 2 that all curves practically co-
incide. Note also that the calculated curves lie above the ones obtained with parametrization
zFN (8] at z < 4- 1072, We consider that high statistics experimental data for a deuteron
SF zFP are extremely important to obtain independent and complementary information on
valence quark distributions - uv(z,@%), dv(x,Q?) and to choose between different nucleon
models. ‘ ' ‘ :
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Figure 1. Dcep-inclastic deuteron structure function «#P(z,Q?%). Theoretical results
have been obtained with the nucleon parametrization o/ taken from [8) : -3
(GeV/e)?, =~=--10 (GeV/c)?, —-—- 800 (GeV/c)?. Experimental data [4): e—3 (GeV/c)?,
o—11 (GeV/c)?.
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Figuré 2. Deep-inelastic deuleron structure function x FP(z, @?). Theoretical results
have been obtained with the parton distributions taken from: --- 8], - - - (19}, — —
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4 Nuclear Effect in the Deuteron

The nuclear effect in a deuteron for the v + D — u~ .+ X process is described b )' the ratio
RPN (z,Q%) = FP(z,Q?)/FP(z,Q%). Figure 3 shows the dependence of the RE/™ vatio on
z. Tt has been found that the ratio RF/N is practically independent of the parametrization
of the parton distributions 19, 20, 21] and the nucleon SF [8) over a wide kinematic range of
z =10"% -0, 7 Q2 =1-500 (GeV/c)®. The curve has an oscillatory feature and cross-over
point zo : RF (zg) = 1, zo 2 0.03. The effect of relativistic Fermi motion decrcases with
zatz <6-1073

Thus, the obtained results give us evidence that the function Rg/ N is a universal one,
Defined by the structure of the RDWF, it can be used to extract the nucleon SF FV from
the experimentally known deuteron one ‘

-1
F(2,Q) = [RE™ (@) - F(=, Q7). (9)
The obtained results (Fig.3) clearly demonstrate that the nucleon SF F}¥ extracted from
deuteron data can be modified by nuclear medium, ‘
The performed analysis of the nuclear correction for the nucleon SF- also allows one to
consider the influence of the nuclear effect on the GLS sum rule [22]:

1
SoLs = /0 FN(z)dz. (10)

In the parton model the nucleon SF can be expressed via the valence uy,dy parton
distributions and the sum rule (10) can be written as follows

Sers(z, Q%) = _/: (uv(y, @*) + dv(y, @)ldy. (11)

The value of the integtal tends to the parton model prediction Sgrs(z) — 3 at.x — 0.

Figure 4 shows the dependence of the GLS integral Sgps(z,@?) on z for Q? = 3 and
500 (GeV/c)?. The integral increases with Q* at z < 0.01 and decreases at. z > 0.01. It
should be noted that the obtained value of S¢1s(x, Q?) at £ = 10~3 is lower than the expected
one from the GLS sum rule. For @2 = 3 and 500 (GeV/c)? we have obtained Sgrs(x =
107%) = 2.4] and 2.66, respectively. The CCFR group result at the scale Q2 =3 (G'eV/c)2
is Sers = 2.50 £ 0.018(stat) £ 0. 078(SJst ) (2]
We have used the result on the RF /N ratio to estimate the nuclear correction for the GLS
integral :

P l 0 : |
Saus(e,Q") = [ Fl'w, @)y, | (12)
The obtained results for the correction (8.5/5)cvLs, where §SgLs = =N QY-S R—F 15 )

due to the nuclear effect of Fermi motion are given in Figure 4. Itlxs seen that the nuclear
correction is less than 1% at ¢ < 0.4. :

5 The QCD Analysis‘ of tF} Structure Function and
GLS Sum Rule |

In this sectlon we perform the QCD analyms of the x ;Y expenmenta.] data (1, 2] takmg into
account the nuclear effect ratxo We conslder asa ﬁrst approx:matlon that RF’/ N RD/ N =

6



Figure 3. The RD/N = [P/F} ratio of the structure functions for deep—mela.stxc
neutrino-deuteron scattering.

Flgure 4. The Gross-LleWellyn Smith integral S¢:(z, Q) and the correction (§5/S)cLs
due to the nuclear effect. ‘ ‘
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R. Experimental high statistics data on the R"/D('c Q%) = F{/FP ratio are required for a
more detailed analysis of the nuclear structure function z #§,

We shall use the method based on the ST expausion over the set of the Jacobi polynomials.
This method has been developed in [9]-[11] and applied to analyze the x ¥ data of the CCFR
collaboration in [10, 11, 23, 24] Using a swmplc shape of the SF at fixed momentum transfer

Qs

2l (2,Q4) = Az*(1 — 2)°(1 + 7z), (13)
and involving the experimental points with @* > 10 (GeV/c)? in the analysis in order to
dvoid the HT and TMC contribution, we have determined in the NLO of QCD the values of
frce parameters A,b,c Y and Agrs. The results are presented in Tables 1 and 2 for different
points Q2. ‘

Table 1. The results of the NLO QCD fit of the CCFR zF¥ SF data for [ =
Q* > 10 (GeV/c)?, with the corresponding statistical errors. x7, is the x%-paramecter
normalized to the degree of freedom d.f.. Expansion over 12 Jacobi polynomials is used

. R=Fy°[F}) R=1.
Q3 (GeV/e)® | X4 Ao [ Seus | X3, AL | Saus
3 77.8/60 | 202426 .1 2.346 | 74.6/60 { 206.4 35 | 2.414
5 77.2/60 | 202433 | 2.371 | 74.1/60 | 209 + 33 | 2.454
10 75.7/60 | 20436 | 2.413 | 73.8/60 | 211 + 36 | 2.504
100 74.8/60 | 207434 | 2.527 | 75.0/60 | 211 £ 34 | 2.642
500 75.3/60 | 20635 | 2.595 | 76.8/60 | 209 + 30 | 2.719

A stable value of A @ _isin agreement with the result of [5] and is not sensitive to nuclear
effects. The value of the GLS sum rule is calculated for different points Qo as a first Mellin
moment of the quark distribution

) ‘ ‘
So15(0,Q7) = [ ZAa(1 — 2)°(1 +7a). (14)
The systematic error of Sgrs is about +0.2.. (More details of the fit procedure sec in [5].)

The @*-dependence of the GLS sum rule is in qualitative agreement with perturbative
QCD predictions and with the results of [5] with fixed 7 and equal to 0.

The difference § Sqs(Q?) = SEL(Q?)— ﬁf;f' /F3N(Q2) characterizes the contribution of
the nuclear effect and increases from 0.057 to 0.124 while Q2 changes from 3 to 500 (GeV/c)?,
respectively. ‘

This fact is strongly related to a complicated behaviour of the ratio £ at small I aud a
large contribution of this region to the GLS sum rule.

Table 2. 'l’he parameters of the SF distribution z ¥ (z, Q%) = Azb(1 ~ z)°(1 — yz)
at Q2 =3 (GeV/e)? '

1R e o>

R=FJFY R=1 - e
7.311 % 0.187 | 6.898 £ 0.250
0.852 +0.012 | 0.819 % 0.019

#3.298 + 0.055 -

-0.079 +'0.074

2.491 + 0.111

-0.867 3 0.067 |
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Conclusion

We have considered a deep-inelastic neutrino-deuteron scattering in the framework of
the covariant approach in the light-cone variables. The spin-dependent structure function
FP(x, Q%) has been calculated and compared with experimental data. The results are in reas- -
onal)]c agreement with the data. The estimate of the effect of relativistic Fermi motion in the
deuteron described by the ratio R,JN is obtained. It is an important argument that nuclear
medium alters considerably the structure of a free nucleon in the process. The procedure of
extraction of the nucleon SF FiN(xz, Q?) takes the relativistic deuteron structure into account,
correctly and can l)e uqed to analyze other e*cperlmenta] data The Q(‘.D prediction for
Q2 dependence of S322 is given by Sare (@) = 3[1 — a,(Q?)/7 + O( 2(@H))+ 0(1/Q%)).

or Q’ = 3 and 500 (G/cV/c)? and for the corresponding value of /\—- taken from Table 1
92, 5 has heen found to be 2.665 and 2. 846, respectively, These values are lnghel than the
results pr(sented in Table | for the corresponding concrete values of Q2 and AMS, and the
situation is in qualitative agreement with the results of [5). One can sce from Figure 4(a,b)
that the I?D/ ratio applied directly to the parametrization of SF obtained in [8] without
taking nuclozu effect into account, slightly changes the GLS sum rule. On the other hand,
the results presented in Table 1 show, that the QCD analysis takmg the R; ratio into
account affects considerably the GLS sum rule over a wide region of 2 and especially at
high Q2 Therefore for the QCD analysis of SF and precise determination of the GLS sum
rule which is important for comparison of higher order perturbative QCD predictions [25),
nuclear effect should be taken into account in addition to a higher twist contribution and
target mass corrections..
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Anepuwiii adhpexr 8 peiiTpoye, Qz-auomoumu cTpykTypHoit pyukumm I~N (x, g
‘u npanmxo cyMM I'pocca—Jinoseaanna Cmura

PaccvarpuBacrcst npouecc my60xoncynpynom pacccmmn HEHTPHHO Ha ncwrpouc B pamcax
KOBAPHAHTHONO NOAXOAA B MEPEMCHHbIX CBETOBOMO KOHYCa. B peasTHBuCTCKOM HMnlebCHOM npu-
OnMKCHAM HA OCHOBC PEASTHBUCTCKON nonuonou dynxkumm nefttpona seiumcaseTCs CTPYKTY pHast

(byuxumx FD (x,Qz) Pesynmawu PACUCTOB CPABHMBAIOTCA C IKCMEPUMEHTANBHBIMM NAHHBLIMA.
Hcenenyercs oTHOWENHE CTPYKTYPHBIX (byuxuuﬁ RD/ N~ FD/ I~'N onuchiaaouiee smepnbm a-

dbexr B reMTpOHE, B 3aBUCHMOCTH OT X K Q2 OuelcHA BENMYMHA SAEPHOTO scbebema obycaonnennas
cbepmueucxuu mmmclmcu nyKnonon. TIposepeno npasuno cymm I'pocca—Jibtosesninua CMura

" MCCTIEAOBANA 3aHMCUMOCTE MITErpana SgLs (x,Qz) OT X H Q2 npoaenena Q*-asomouus ¢ CTpyK-

Typnofa bynkiup xﬂv B, pamKax KX,II C yueToM siiepHoro addexTa ais S¢ GLS (x,Qz) M NoKa3aHo, .

a10 aaepHblit IPADEKT NOHKEH yUnThIBATHCS [IPU NpoBEpKE npanmra cymm Ppocca—Jibiosennina
CwmuTa, - ‘

Pa601'a nbmonneua B Jla60pa10pnn BBICOXMX SHCDIUil U Jlaﬁoparopuu 'reopemqecxou (busuxuv
m H.H. Bommo6ona OUSIH. : ‘ ‘

[penpuur O&Eéumieuuoro MHCTUTYTA SAEPHBIX MCCAEROBAHMMA. Ily6}}a. 1995
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Sidorov A.V., TokarevM.V. . ' ' s ‘ E2-95-90

Nuclear Effectin Deuteron, Q* Evoluhon of FN (. Q ) Structure Function
and Gross—-Llewellyn Smnth Sum Rule .

Dcep -inelastic neutrino-deuteron scanenng in the covariant approach in the light-cone vanables‘
is cons:dered The deuteron structure function: FD (x, Qz) is calculated in the relativistic impulse

approxxmauon on the basis of the relativistic wave function. The results are compared with available
experimental data.’ The 'nuclear effect of .relativistic Ferml motion described by the ratio

RD / N I‘D/I"N asesumated Thedependenceoftherauoon xandQ 1smvest:gatcd Thedependcnce
of the Gross—L)ewellyn Smnh mtegral SGLS (x.Qz) on x and Q2 1s cons:dered On the basis

of the QCD analysis of the xFN structure function the correctlon for Srz,s (x.Qz) due to the nuclear

cffect is estimated and it is shown that the nuclear effect should be taken into accoum to venfy f
the Gross-——Llewellyn Smxth sum rulc ' !

“The mvesugatron has been performed at the Lahoratory of- ngh Energxes and 1he Bogohubov
Laboratory of Theoretxcal Phys1cs JINR . S o :
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