


1 Intro ductxon

B B

= The CCFR collaboratlon has recently reported on: ‘new lngh statlstlcs data. of the nucleon :
structure function F¥(z,Q?) [1, 2). The experlmeut has been carried out using a neutrino . .
beam at the Fermilab Tevatron. The data’together with the previous ones [3,°4] makeit ;-
pOSSlblle to analyze'in detail the Q‘-(leponden(‘c of the nucleon* structure functlon thhm, o
" the framework of QCD and to verify the’ (-ross-Llemllyn Smith (GLS) sum rule [5]:" The -

theoretical analysis of the data was made by the momlwrs of the CCFR collahoration [6] using

. the direct integration of the ‘Altarelli-Parisi equation [7].. The Qz-evolutlon of the moments
" “of .the structure function- FJ¥ based on-the solution of the correspondmg renormalization- -

. group equation was carrled out in [5, 8). The me sthod of SK reconstruction over their. Mellin ¢

" . moments based ‘onSF- expansion’ over, the Jacobi’ polyuomlals [9, 10,711] was used in-{5].”

’ “The method was shown tg'be very eflective Lo’ r()ntrol higher perturbatlve QCD correctlons
‘and.to 1nvest1gate sensitivity of the parameter AMS to them. - o PR D
" Note that the nuclear eﬂects themselves (Ferini motion, off-mass correctlons shadowmg

etc. ) are' very important to extract nucleon deep- moldstlc structure functions (F¥ LGN FNY
/from experrmental data for deuteron and - heavy nu(l( s, They should be mcluded m the;’»

5 Jornt QCD analysis of nucleon structure functions.

_ " The nuclear-effect of relatrvxstrc Fermi motion for. the spin- mdependent < F‘z structure BRE
sl i‘functlon ini-the covariant approach in the light cone variables [12] was analyzed in [13}: The .

: covanant approach in the’ light-cone variables is based “on the relativistic deuteron wave.
< function (RDWF) with one nucleon on’mass shell. The RDWF. depending on one variable = 7

) the virtuality of nucleon k*(z, kL), can be expr( sssed via the ‘Dpn. vertex function T, (z, kJ_)

“" This model has. been successfully used for the de sseription’ of the deuteron electromagnetic ™ =

; formfactors and some processes mvnlvmg polan/( *d-and lmpolarlzed (leuteron [12 14]. As: e
,,'_-shown in; 3], the structure function ratlo lfr =PIy increases wnth z ‘and reaches
6% at’ z0.7: The dependence of lt’F on ris snmlar 1o the EMC one on heavy nucleus L
. The same relativistic approacli and the denteron model have been used [15] to descrlbe the %

: 'Vspln (lependent structure function gl .aud to estunah a tiuclear offect in the i+ D= pEXo

-1 process. It has been found that the ratio lin/N =gl /g is practlcally mdependent of z

~and Qz over a wide kmematlc range of z = 10"' —0.7,.Q* = 1'= 80 (GeV/c)? and attains

DN “l)/N

~0.9. The obtained results on the ratios: Ry . allow’ one to consider that the used

*.deuteron. mode! takes into account correctly th( spin struc ture of deuteron and relativistic :
.+ Fermi motion of nucleon in the deuteron:” ‘Therefore the study of the effect of relativistic 7
" Fermi motion for the SF* :z:F'D in“the proposed re latl\lstxr approach is also actual and can ¢
S vnge lmportant mformatlon on the nucleon and de llt( ron’ structure L e e T
In the present paper the covariant approach in the light-cone variables and the deuteron e
: "‘:model [12] are used to ‘consider the deep-inelastic nentrino- deuteron’ scattermg -and.to es-
‘timate a nuclear effect in this proress ‘We have, mlculat( d the deuteron SF FD(:r Q@* and : -
) compared results with available experime ntal (ldld. [4]."The. (lependence of the structure.',‘ L
“function ratio RD/N(I QY = FD(:z: Q? )/[‘N(r Q% onx. and_ Q% is mvestlgated This ra- L
" tio characterizes the nuclear. effect in-the denteron for the v 4 D= p= +-X process. The
: ratio: RF/ s practrcally m(lepenflent of Q' overa wide kine matlc range of z = 1073 - 0.7,
'Q2 1 500 (G'e*l’/z:)2 ‘We' have supposed 1hat the ratio REIN te protluces approxnmatoly

the ratlo RA/N

o and the l'ormer has been used” l'm the QCH ‘umlysrs of experlmental data of . n
the (,CFR collaboratron The ()2 d( peml( nce of llu GLS sum: rule is verlﬁed wrth talung R

nuclear effect into account. The correction (65/§)crs for the GLS integral Sgrs(z, @?) is
found.

2 Model of Relativistic Deuteron

The cross section of deep-inelastic neutrino-deuteron scattering in a one-photon apprdxim-
ation is expressed via the imaginary part of the forward scattering amplitude of the virtual
W-boson on the deuteron - W,.. The latter is related to the deuteron structure functions
FP, 5(v, Q%) as follows

WP = —(gu — 0u0/9") - FP + 00, - FP [v + i€uap ¢°0° - FP /1. (1)
Here q,p are the momenta of W-boson and deuteron, M is the deuteron mass, Q* =
—¢* > 0,v = (pg), P}, = P — 9u(P9)/4*.
In a relativistic impulse approximation (RIA) the forward scattering. amplitude of the
virtual W-boson on the deuteron AP is expressed via a similar scattering amplitude on the
nucleon AN as follows '

AD(a,p) = (2 o (9 k1) - T(s1, K1)} (2)

Here T(sl,kl) 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

k,. Integral (2) is calculated in the llght -cone variables (ki = ko £ ks, kl_) "The pecullar

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)71, (m? — kz)'l. The others are related to the Dpn vertex and the amplitude
N

N . .
The integral is not zero if the region of integration on k; is restricted

0 <ky < py—ky. o 3)

Taking into account only a nucleon pole in the unitary condition for the amplitude T(sy, kl)
and the relation between the RDWF and the vertex function I',(k1): ¥(k1) = [a-(m + kl)_l,
the antisymmetrical part of the deuteron tensor W2 can be written as

a, S
WEh =wzr - pl) (4)

af

Wb — / "l“—’“(s(m2 — E*)0(ko)0(py — k) Sp{w?
uv (2m)% i

(k) - (m 4 B) -9 (R)). (5)
Here the f-function and light-cone variables are used. The tensor p( ) is the symrmetrical part
of the deuteron polarization density matrix. The symmetrlcal_part of the deuteron tensor
WP is expressed in the form similar to (4,5). The vertex function [a(ky) is defined by.4
scalar functions a; :(k}) and takes the form [16]

Pa(k1) = kialas(k) + az2(k})(m + k)] + valaa(]) + as(k})(m + k). (6)
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The relativization procedure of the deuteron wave function ¥, has been proposed 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 RDWF 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 -

Gm(0) = pp(e/2M) and qua.drupole - Gq(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

P, Q%) = [ do 'k Az, k) - FY(a/2, Q7). NG

The nucleon SF is defined as F = (F¥¥ + FIN)/2, o = —¢*/2(pq). The function
A(z, ki) describes the left (right)-helicity distribution for an active nucleon (antinucleon)
that carries away the fraction of deuteron momentum z = k4 /p; and transverse momentum
ky. It is expressed via the RDWF ,(k;) as follows '

Az, k) o Sp{$(ka) - (m+ k) - 9P (ks) - G- 0* - 75 - p5) - s P’ (8)

where p( ) is the polarization density matrix for unpolarized deuteron. Note that in the

af
approach using the distribution function A(z,k;) includes not only usual S- and D-wave

componeénts 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 FP(z,Q?%

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

Figure 1 shows the dependence of zFP(z,Q?) on z at Q? = 3,10,500 (GeV/c)®. The
displacement of the curves to a low z-range with increasing Q* is observed. The SF zFP
decreases at z < 0.1 and increases at z > 0.1 with growing Q2. The experimental data for
zFP [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 to 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'z ¥ obtained with different pa.rton distributions [19
20, 21). In the parton model the nucleon SF is expressed via the momentum distributions of
valence quarks z F' = zuy + zdy. 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
zFY [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 - uy(z,Q?), dv(z,Q?) and to choose between different nucleon
models. .
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Figure 1. Deep-inelastic deuteron structure function x#P(z,@?). Theoretical results
have been obtained with the nucleon parametrization xFJ taken from [§] : -3
(GeV/c)?, -——-10 (GeV/c)?, — —- 500 (GeV/c)*. Experimental data {4]: e—3 (GeV/c)?,
o~ 11 (GeV/c)?.
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Figure 2. Deep-inelastic deuteron structure function zF(x, Q?). Theoretical results
have been obtained with the parton distributions taken from: ---[8}, - - - [19}, — —
[20], — [21].
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4 Nuclear Effect in the Deuteron

The nuclear effect in a deuteron for the v + D — p~ + X process is described b Iy the ratio
D/N( ,@%) = FP(z,Q?)/FY (z,Q?). Figure 3 shows.the dependence of the R2/" ratio on
z. It has been found that the ratio R,I.Z/ 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"3-0.7, Q> = 1 — 500 (GeV/c)®. The curve has an oscillatory feature and cross-over
point zg : Rg (:to) =1, zo ~ 0.03. The effect of relativistic Fermi motlon decreases with
zatz <6-1073
Thus, the obtamed results give us evidence that the function RF is a universal one.
Defined by the structure of the RDWF, it can be used to extract the nucleon SF FY from
the experimentally known deuteron one

F(2,Q%) = (RN ()] - FP(2, Q7). (9)
The obtained results (Fig.3) clearly demonstrate that the nucleon SF FJ¥ 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 -

)= [ vy, @) + duly, @ldy. (1)

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

Figure 4 shows the dependence of the GLS integral Sers(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 Sers(z, Q?) at z = 1073 is lower than the expected
one from the GLS sum rule. For @3 = 3 and 500 (GeV/c)® we have obtained Sgrs(z =
107) = 2.41 and 2.66, respectively. The CCFR group result at the scale Q% = 3 (GeV/c)?
is Sgrs = 2.50 £ 0.018(stat) + 0. 078(syst [2).

We have used the result on the RF ratio to estimate the nuclear correction for the GLS
integral

-

Sers(x

Sous(,@%) = [ P @)dy. (12)
R F' IFN

The obtained results for the correction (6.5/S)gLs, where 6SgLs = SBT3 (Q?)-S ,
due to the nuclear effect of Fermi motion are given in Figure 4. It is seen that the nuclea.r
correction is less than 1% at z < 0.4.

5. The QCD Analysis of zF) Structure Functlon and
GLS Sum Rule

In this section we perform the QCD analysis of the = FJ¥ experimental data [1, 2] taking into
account the nuclear effect ratio. We consider as a first approximation that RFc/ N RD/ N =

6
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Figure 3. The RD/N

neutrino-deuteron scattering.
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R. Experimental high statistics data on the RA/D(:::,Qz) = F{/FP ratio are required for a
more detailed analysis of the nuclear structure function zFj!. -

We shall use the method based on the SF expansion over the set of the Jacobi polynomials.
This method has been developed in [9]-[11] and applied to analyze the z F}¥ data of the CCFR
collaboration in {10, 11, 23, 24). Using a srmple shape of the SF at ﬁxed momentum transfer
Q2

oF!(2,Q5) = Az*(1 - 2)(1 + 72), (13)
and involving the experimental points with Q2 > 10 (GeV/¢)? in the analysis in order to
avoid the HT and TMC contribution, we have determined in the NLO of QCD the yalues of
free parameters A,b,c,y and Azrz. 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 :cF;;N SF data for f' = 4,
Q* > 10 (GeV/c)?, with the corresponding statistical errors. x3, is the x?-parameter
normalized to the degree of freedom d.f.. Expansion over 12 Jacobi polynomials is used

T R=F3FE/F§V R=1
Q3 (GeV/c)? Xa.1. A% SeLs | Xis. T,:,—)q . |-Sars
3 77.8/60 | 202426 | 2.346 | 74.6/60 | 206 £ 35 { 2.414
5 77.2/60 | 202433 [ 2.371 | 74.1/60 | 209 £ 33 | 2.454
10 75.7/60 | 204+36 | 2.413 | 73.8/60 | 211 £ 36 | 2.504
100 74.8/60 | 20734 | 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% is in 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 QZ as a first Mellin
moment of the quark distribution

14 )
Sors(0,Q7) = [ ZAe(1 - x)*(1 + 72). (14)
The systematic error of Sgrgs is about +0.2. (More details of the ﬁti procedure see in [5].)

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

The difference §Sers(Q?) = SEZL(Q*) - S F IEY (Q?) characterizes the contribution of
the nuclear effect and increases from 0.057 to O 124 while Q? changes from 3 to 500 (GeV/c)?,
respectively.

This fact is strongly related to a complrcated behaviour of the ratio R at smal] z and a-

large contribution of this reglon to the GLS sum rule.

Table 2. The parameters of the SF distribution zF¥(z, Q2) = Az’(1 — z)(1 — 47)
at Q% =3 (GeV/c)? ’

R=FI/F} R=1
7.311 £ 0.187 | 6.898 £ 0.250
0.852 £ 0.012 | 0.819 + 0.019
3.298 £ 0.055 | 2.491 % 0.111
-0.079 £ 0.074 | -0.867 + 0.067

= a T >

8

iy,
.

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(z, Q%) has been calculated and compared with experimental data. The results are in reas-
onable agreement with the data. The estimate of the effect of relativistic Fermi motion in the
deuteron described by the ratio RF is obtained. It is an important argument that nuclear
niedium alters considerably the structure of a free nucleon in the process. The procedure of
extraction of the nucleon SF F¥(z, Q?) takes the relativistic deuteron structure into account
correctly and can be used to analyze other experimental data. The QCD prediction for
Q? dependence of S2EL is given by SIEL(Q?) =3[1 — a,(Q?)/7 + O(a2(Q%)) + O(1/Q%)].
For Q% = 3 and 500 (GeV/¢)? and for the corresponding value of Aﬁ)g taken from Table 1

Sgﬁf has been found to be 2.665 and 2.846, respectively. These values are higher than the
results presented in Table 1 for the corresponding concrete values of @ and A( 375> and the
situation is in qualitative agreenient with the results of [5]. Oue can see from Figure 4(a,b)
that the RF ratio applied directly to the parametrization of SF obtained in [8] without
taking nuclear effect into account, slightly changes the GLS sum rule. On the other hand,
the results presented in Table 1 show, that the QCD analysis ta.kmg the RF ratio into
account affects considerably the GLS sum rule over a wide region of Q% and especially at
high @2. 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],

tuclear effect should be taken into account in addition to a higher.twist contribution and

target mass corrections.
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. dbepmuenckuM JmmxeuneM nynouom I1posepeHo npasuio cyMM I‘pocca——JIblosennuua Cmuta

) CMu-ra

- Cuzopos AB,; ; Tokapes M. B. - BN S e e E'2:4955-9’0
S{neprm 3¢)¢)exr B neu'rpOHe, Qz—auomouun c-rpyxrypnou q)ymcuuu FN (x.Q2 )
" npamuxo cyMM I‘pocca—JIbloBe.rumua CMHTa RO

: PaCCManm;ae-rcn npouecc rny60xoheynpymm paccem—mn HeHTpHHO Ha }.ICHTpOHe B paMKax
xonapuaH-rHoro NIOAXOJA B NEPEMENHBIX CBETOBOIO KOHYCA. B pensTHBUCTCKOM UMY JILCHOM NpH-~
“GmKeHNH HA OCHOBE PENSTUBMCTCKOM BOIHOBOM d)ymcuma HeATPOHA BBINMCASETCS CTPYKTypHas

zpynxuun FD (x,Qz) Pe:;ynb'rarbr pacqe-rou cpaBHuualo-rcn c 3KCl‘lepHMeHTaJ1belMH namu,mu
I/Iccnenye'rcn o'rHomer-me c-rpyxryprrx (bynxuuu R FD /FN onucmaalouree smepr-rbm 3(1)—

q)exr B nempoue B 3auucxmoc-m oTXH 0. Oueneua BETMUMHA nnepuom 3d)d)exra 05yCJIOIUIeHHaSI

u HCC!IC).IOBaHa 3anuc;mocn, uHrerpana SGLS (x.Qz) oT X H Q2 I'IpoaeneHa Qz—asomouun c-rpyx-
pHou d)yr-ucuma xFN B paMKax KX,II c yqe'rOM suxepuoro 3¢)¢exra ans SGLS (x,Qz) " noxaaaHo
uTOo nnepubm aqxbexr nomer yllHTblBaTbCﬂ npu npouepxe npauuna cyMM I‘pocca—JIbloBeJumua

Pa6ora BBINIONHEHA B Ha6oparopnu BblCOKMx 3Hepmn M JIaSOparoprm reoperuuecxon dm:mxn
M. H.H. Bommo6oua OI/ISIPI . i

! L

S * Ipenpuut Oﬁ'uenuueunor'p uncruryra SAEPHBIX uceneposanmit: Jly6ua; 1995 -1

i .

S -and. Gross——LlewelIyn Smuh Sum Rule

‘Sidorov A.V., Tokarev M.V, " "~ L E2-95-90
Nuclear Effect in Deuteron, Q2 Evolutlon ofFN(x,Qz) Structure Funcuon BT I

p- melasnc neutrmo deuteron scattermg in the covarlant approach in 1he hght “cone vari
dered. The deuteron structure function FD (x,Qz) is calculated in the relativistic im

lmanon on the basis of the relativistic wave funcuon The results are compared wnh ava}
ental data. . The; nuclear ‘effect of. relatmsnc Femu monon described by the .

VFD / FN 1s esnmated The dependence of theratioonx and Q is mvest1gated The depena
€ Gross——Llewel]yn Smnh mtegral SGLS (x,Qz) on x and Q2 is consxdered On the
e QCD analyms of the xFN structure function 1he correcnon for SGLs (x.Qz) due to the

1is estimated and it is.shown ' that the nuclear effect should bn laken xnto account to ¥
ross—Llewe]lyn Smnh sum rule. Ty . L [y

'mvesnganon has been performed at the Laboratory of ngh Energxes and the Bogo‘
;atory of Theoretmal Physncs JINR. D R




