


Introduction ‘

Recently SMC coltuboration has reported on the first measurement of
the spin-dependent deuteron stricture function gP(2, Q?) [1]. Thersfore it is
important to estimate the nuclear effect in the deuteron in order to extract
correctly the néutron spin-dependent SF g} from deuteron and proton exper-
imental data. Such analysis is necessary to verify Bjorken sum rule (BSR) {2].
Usually the nuelear effect is described by different deuteron models [3-6] and
the estimation of this effect is model-dependent. Therefore the study of the
effect of relativistic Fermi motion in different relativistic approaches is actual
and can give important information on the nucleon and deuteron structure.

In our previous paper [7], the effect of relativistic Fermi motion in deuteron
for the unpolarized deep-inelastic muon-deuteron scattering has been consid-
ered. It has been shown that in our relativisation scheme the nuclear effect in
the deuteron is more than one obtaiued in [4,18}. 1t reaches 6°/, for = =~ 0.7
and should be taken into account to verify the Gottfried sum rule {GSR).

In the present paper the model of the relativistic deuteron in the light-
cone variables [6] is used to vonsider the deey-inelastic scattering of polarized
muons off vector polarized deuterons and estimate the nuclear effect in this
process, The covariant approach in the light-cone variables {6] is based on the
relativistic deuteron wave function {(RDWF) with one nucleon on mass shell.
The RJD‘NF is dependent on one variable - the virtualiiy of nucleon k}{z, k)
and can be expressed via the vertex function 'z, &) ). The latter is asym-
metric to the replacement x + 1 — z. This model has been successfully used
for the descriptions of the deuteron electromagnetic form factors and some
processes involving deuteron {6). We calculated the deuteron SF gP(z, Q%)
and results are compared with SMC experimental data [1]. The dependence of
the ratio R?’N(x‘ Q%) = gF(x;Q%)/gl¥(z, Q%) of structure functions on 7 and
Q* is investigated. This ratio charactetizes the nuclear effect in the vector po-
larized deuteron. It is shown that the nuclear effect is practically independent
of x and §)? in the wide kinematical range z = 107*~0.7, Q% = 1-80 (GeV/c)?
and reaches ~ 8 °/,. The BSR is verified using the Carlitz - Kaur model [§]
for the nucleon spin-dependent SF p¥". The estimations of the nuclear effect
for the newtron SF g7 and Bjorken integral Sg;(z, @?) are obtained. The
correction 65g;/ Sg; is more than 10°/, at 27> 107 and Q% > 0.8 (GeV/c)?
and should be taken into acenunt to extract g7 from the deuteron and proton
data and verify the BSR.

1 Model of Relativistic Deuteron

The deuteron spin-dependent structure functions Gy (v, Q%) are related to
the imaginary part of the forward scattering amplitude of the virtual photon



Figure 1: The Feynman amplitude of the deep-inelastic lepton-deuteron scat-
tering in the RIA

on the deuteron G, by the standard relation -

GP, = ieas g™ (P MG (1, Q) + 1°(ap) — P s0IMGY (1, QYY) (1)

Here g, p are momenta of photon and deutéron, M is the deuteron mass. The
vector s describes the deuteron spin and satlsﬁes the followmg condltlons
=-1 (ps) =0. '

In the relativistic impulse approximation (RIA) the forward scattermg
amplitude of the polarized virtual photon 4* on the vector polarized deuteron
AP, is defined via the similar scattering amplitude on the nucleon Aﬂ'; as
follows

A00) = [ e Sp{AL o, k) - Tion b)) @

In the expression (2) T(s1, k1) is the a.mphtude of the N +D>N+D
process and usual notations ? = —¢ > 0, ¥ = (pg), s1 = k* = (p— ki )®
are used. The integration is carried out with respect to the active nucleon
momentum k;. According to [9] the integral (2) is calculated in the light-cone
variables (ki = ko % k3, k1 ). The peculiar points of the integrand (2) on the
plane of the complex variable k_ are dué to the peculiarities of the nucleon
virtualities k? and k%. Some of the peculiarities are due to the propagators
~ (m?— k3™, (m?—k?)"). The othets are related with the vertex DNN and
the amplitude AL, The integral is not zero if the region of the integration
on ky is restricted ’

0<ky <py —ky. (3)



Taking into account only a nucleon pole in the unitary condition for
the amplitude T'(s;, k1 } and the relation between the RDWEF and the vertex
function Tu(k1): ¥(k1) = To-(m+ k) 7", the expression (2) can be written as

d'k
(2m)4:

6(m® — E0(ko)B(ps. — k1) Sp{GLL -57(ks)-{m -+ ) #(R)).
' (4)

Here @ - function and light-cone variables are used. The vertex function
To(k;) is defined via 4 scalar functions a;(k?) (i = 1 — 4) and has the form
[10] : :

Gaf =

Falki) = kiafar (k) + aa(k})(m + Ba)] + valaa(k]) + as(¥)om + ki)l (5)

The scalar functions a;(k?) have been constructed in the paper [6] in the
form of a sum of pole terms. Some pole positions and residues have been
found from the comparison in the nonrelativistic limit of our RDWF with the
known nonrelativistic one. For the latter the Paris wave function {11] was
taken. The other parameters were fixed from the description of the static
characteristics of the deuteron (an electric charge - G,(0) = 1(e), magnetic -
Gr{0) = pp(e/2M) and quadrupole - Gg(0) = Qp(e/M?) moments) in the
relativistic impulse approximation.

The calculation of (4) in the light-cone variables gives the final expression
for the deuteron spin-dependent SF gP

PP, Q) = [ de Phy Ap(a, k1) - o (/2. @), (®)

The nucleon spin-dependent SF is defined as g = (¢} +¢7). The function
Ap(z, k) describes the helicity distribution for the active nucleon that carries
away the fraction of the deuteron momentum = = k1, /p; and the transverse
momentum &, in the infinite nomentum frame. It is expressed via the vertex
function I'y(%;) as follows

Ap(z, ki) ox Sp{"v;a(kl) {m + fc) . ¢ﬁ(k1) grot Pap ‘-uwﬁp—rsﬁ}v (M

where pl; is the vector part of the deuteron polarization density matrix.
Note that in the approach used the distribution function Ap(x, &) includes
not only usual $- and D-wave components of the deuteron but the P-wave
component too. The latter deseribes the contribution of the NN-pair pro-
duction. The contribution of this mechanism is small in the low momentum
range {x < 1), but it may be considerable in the high moementum one (z > 1).
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Figure 2: Deep-inelastic spin-dependent proton (a} and deuteren {b) structure
functions. Experimental data: o - EMC [14], U - SMC [t]. Theoretical results
have been obtained-with parton distributions taken from: - -~ [14], - — [15],

[17)



2 Spin-Dependent Structure Function a?(z, Q)

In the RIA the deuteron SF ¢ is defined by (6) as a sum of the proton
and neutron SF. We caleulate gP using the RDWF [6] and the Carlitz - Kaur
model [8] for the nucleon SF g™ . The latter ones are defined by the formulas:

g1 = cos(8) - [4u, — 3d,)/18, g} = cos(B) - [u, — 2d,]/18. (8)

The structure functions are proportional to the momentum distribution of
the valence quarks (u,, d,) in the high z-range. Their behaviour in the low
z-range is regulated by the "spin dilution factor” cos(#). It is a measure of
transfer of spin from valence quarks to gluons and ¢g pairs and is significant
at low z. We use the model.[12] in which this factor has the following form

cos(8) = {1 + RoxG(z,Q*)| " (N

The parameter Ry was obtained by fitting data on ¢? [13]. The parton dis-
tributions (u,,d,,G) were taken from [14-16). It should be noted that the
Q*-dependence of the g calculated in the present paper i1s defined by the
behaviour of the parton distribution on Q2.

Figure 2(a) shows the results for the x4} obtained with different parton
distributions [14,15,17] and experimental data [13). Note that the proton and
neutron SF in the model [17] have the negative singular asymptotic ¢@** ~
(=1}/(zin?(z)) at = — 0. It is related to anomalous exchange of instanton
configurations between quarks. Large experimental errors do not allow one
to choose between different proton models. It is necessary to measure g, with
higher accuracy in the lower z-range to discriminate proton models. The
dependence of the deuteron SF zgP(z,Q?) on z for Q% = 1, 5,80 (GeV/c)? is
shown in Figure 2(b). The result for the deuteron SF is similar to that for the
proton one. The weak Q*dependence of the zgP is observed. We compare
our results with SMC data [1]. The calculated points lie above zero. Four
left experimental points are systematically displaced in the negative region.
Taking into account large errors the agreement between calculated results and
experimental data should be considered good.

3 Nuclear Effect in Deuteron

The nuclear effect in the deuteron for the spin- -dependent SF is described by
the ratio RP/M(z,Q?%) = ¢P(z,Q%)/¢"(z,Q?). Figure 3 (curve 1) shows the
dependence of the RP/N on z and Q? = 1 — 80 (GeV/c)?. The parametriza-
tions of the parton dlstnbutlons are taken from {14-16]. The ratio RD/"‘r
practically constant and independent of parton distributions in the wxde kine-
‘matical range. It should be noted that RP /N is independent of nucleon model
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[8,17] too, The effect of relativistic Fermi motion is approximately equal to-
~ 9°/, in the range £ = 107% — 0.7. The estimation of the nuclear effect
in deuteron based on another relativistic approach [5] has been obtained in
papers [18,109]. It is consistent with our results. The function RffN can be
approximated as follows Rf/N(:c, Q%) = 0.892 £ 0.002. This parametrization
can be used to extract.the neutron SF ¢} from experimentally known deuteron
and proton ones : s

6@, QY) =2 [RYM@)T - oP(=, Q) ~ i, Q). (10)

Thus, the obtained results allow us to conclude that the dependence of
the ratio R;—)/N on x 1s the universal one in the range © < 0.7 and is defined by
the structure of the RDWF. The results clearly demonstirate that the neutron
SF g7 extracted from deuteron and proton data is modified by the nuclear
medium.

Figure 3 (curves 2,3,4) shows the dependence of the ratio RD/T' = gl /gl
on r for Q% = 10 (GeV/c)*. This ratio, in contrast to RD/N, is strongly
dependent both on parton distributions [14-16] and nuc‘leon modcls [8,17].

It should be moted that the nuclear structure for ¢ in [1] was taken
into account as follows I'Y = T¥(1'~ 1.5 - wp), where T7Y = [ ¢P¥(2)dr,
wp is the probability of the D-wave in deuteron. The nuclear correction
bglt = (1~ RE/N)(gf + g7} calculated for the neutron SF is presented in Table
1. The results were obtained for the incident muon cnergy E, = 10° (GeV').
It is seen that this correction can be very large.

Table 1. The nuclear correction g7 for the neutron SF

Q' \ z 103 1072 1071 0.7
0.8 | g7 | 4.19¢2 | -2.25e-2 | -7.300-3 | 7.00¢-3
' Sg7 | 7.36e-2 | 3.97e-2 {"2.74¢'2 | 4.99¢-3
4.00 | gf |-2.27e-2:[-1:30e-2 | -3.41¢-3 | 4.45¢-3
ogr | 4.2162 | 3.12e-2 | 2.94e-2 | 3.05¢-3
80.0 | ¢f |-1.64e2 | -1.26e-2 | 5.206e-4 | 2.52¢3
Sg7r | 3.01e-2 | 2.95¢-2 | 3422 | 1.69¢-3

The performed analysis of the nuclear correction for the neuteron 5F enables
one also to consider the mfiucn(c of the nuclear effect on the Bjorken sum

rule [2]:

/Ol.[gf(.-'n)_.__—_ gi(x)lde = é:—s : (11)
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Here ga,gv are axial-vector and vector coupling constant of neutron 3-
decay. The ratio ga/gv is determined by the experiment to be ~ 1.254. As
was shown in the previous section, the nuclear effect is ~ 9 °/, in the range
z = (107 + 0.7). We used the result on ratio R?/¥ and equation (10) to
estimate the nuclear effect for the Bjorken integral Sg,(x, Q%) = [}gl(y, @*)—
97 (v, @*)]dy.

Figure 4 shows the results of the dependence of the Bjorken integral
Spi(x,Q% on = for @ = 1,4,80 (GeV/c)®. The weak Q>-dependence in
‘the low z-range is observed. It should be noted that the obtained value of
Spi{x,Q?) at x = 1077 is rather lower than expected from the BSR.

We estimated the correction 6Sg,/Sg; for the Bjorken integral due to
the nuclear cffect. The results obtained for the incident muon energy E, =
107 (GcV') are presented in Table2, It is seen that the nuclear correction
changes from 119/, to 169/, in the wide kinematical range.

Table 2. The nuclear correction §5g;/5g; for the Bjorken integral

Q*\x ! 1077 102 107t 0.7
0.80 |1.17c-1]1.17e-1 | 1.22e-1 | 1.6Le-1
400 |1.18e-1|1.18e-1|1.23e-1 [ 1.62e-1
80.0 |1.18¢-1[1.18e-1 | 1.24e-1 | 1.63e-1

Counclusion

We have considered the deep-inelastic muon-deuteron scattering in the
framework of the covariant approach in the light-cone variables. The spin-
dependent deuteron structure function g(z,Q?) has been calculated and -
compared with SMC data. It has been shown that the effect of the relativis-
tic Fermi motion in deuteron described by the ratio R;JIN 18 ~ 99, It is
an important arguent that the nuclear medium alters considerably the spin
structire of the free nucleon. The procedure of the extraction of the neutron
SF ¢i{x. Q%) takes into account correctly the relativistic deuteron spin strue-
ture and ean be used to analyze other experimental data. The correetion for
the Bjorken indegral due to the nuclear effect was derived to be (11 — 16 °/,)
i the range v = 107 — 0.7 and * = 1 — 80 (GeV/eY. It should be taken
into account to verify the Bjorken sum rule.
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