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_Introduction 
Usually the neutron ~tructure function F;. was fo~d from experimentally 

known proton and deuteron structure functions. The relativistic descriptioa 
of the deuteron is necessary to t&keinto ac~'unt the effect of the Fermi motiaa 
offn1cJ.eons with high momentum.· The estimations of the nuclear effect ia 
the deuteron. b~d on. the no~ativistic W&ve functions pve the .ord« el 
the effect (1-3)0 /o for'x'< 0,7 [i-3]. Tlu~';dativistic 1approach based oa the 
formal repl~ment _of the. &r~ent _of.. the n~ivistic-wave functioa oa 
'some combination of light-cone variables X and kJ. pves the same result [',5]. 
Ho~er from .the theoretical point Of view. such relativisation procedUI'e is 
more vulnerable SO it is based OD the supposition that the relativistic wave 
ftinction'dependson' a smgle' vari&ble. :' ' l '".' '' • ' ' - _: ' • " ' 

. . We used an. alternative model of the: relati~stic ·deuteron prop6sed in 
our paper [6). Our approach contrary to the approach [4] is based on tJae 
relativistic deuteron wave function (RDWF) with one nU.cleon 00.· mass sJae11-
and therefore the RDWF is automatically dependent on one variable. It 
can.be,expres&ed:.via the~~ functio~r .. (x,_~J.)· \~he,_p~yment of _uu 
&dvant~e is the symmetry. viOlation between nucleons in the deuteron, i.e. 
by the replacement .X +-+..1-:-x. 'I'his l:nQdel has. been sucC:essfully used fot the 
descrip_tions of the'deuteron dectro~~ti~~ fac:~o~s. lind II()~ p~ · 
in\ro.vint;.deutero~ [6,7]. _ _ . __ ., -~ . ·> ~-- _ _. . __ , , _ . _ 

In the present paper the m~ ·Of the; ~lati_yi~ic ,deuteron [6), ia 'IUJed 
to calculate spin-independent structure fwaction Ff. The dePeadence cA the . 
ratio ~IN (x, Q2.) = Ff(x, Q2 )/ Ff.(z,,,~}Of'st~ctu~ functions on x aad Q2 

is investigated. This ratio characten2les the nuclear dfeet in the deuteroa. It 
is sh'6wn that hi·our.more oon$istent relativisation scheme the Dllclear e«ect in .·. 

·the deutch-on is noticeable and readae. trl ~ 'roi-.:x .~ o.7. W~-ibtd. tile net~tron 
structure function F;. by cOmparing our ,calculate<{ 'results for' the deuteron 
SF and the ratio R~l'!' with available.experimental.d&ta on Ff and Ff. The 
eX:tr~ted' neutron SF F; somewbat differs from· the usual one in the rant;e 

., ·.of.the middle x. On t~e basis of th.e.obtained SF F; the Gottfried sum ru.ie 
(GSR) wasv~rified. It is shown tb,at the do~narit contribution to GSR. is 
due to the,range of low Q2 and high z and the nuclear effect for the Gottfried 
sum rule can be ~ore than 10°/o at x < 0.7 and Q2 ·>.0.8(GeVfc)2> ,. ,. ; 

'f, 

1 ·· Strtict~re Functions and Re·lati~ist.~e )\'ave 
Function of Deuteron 

~ """ -

· The deuteron sti1lctui-e functions W1-,2(v, Q2) are related to the ~~nary part 
of the forward scattering amplitude of the virtual photon on the deuteron W,.v 
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Figure 1: The imaginary part of the fo.W~d scatte~ing ampiitude of the 
•y* +D--+ -y* + D process in' the RIA . . . · · " ·· · 

·V· 
by. the standard relation : '(} ~ 

w~ = -(ih.,_-q1Jq.,fq2)~ wf +(PJJ~qJJ(M)/q2 )(p.,-q.,(pq)/q2)· wf /M2
• (1) 

" ~ ' . ' ' . . ' ' . . : . ~.. . 

Here q,p are momenta of photon and deuteron, M is the deuteron mass. 
. In the relativistic impulse approximation. (RIA) the forward scattering 

amplitude of the v~rtual photon -y* on deuteron A~., is defined via the. similar 
·scattering amplitude on the nucleon A.~- (Fig.1) as follows·. c 

... . .. 4 ·, 

D . . r. d kt · N. • . 
AJJ~(q,p) =j (21r)4iSp{.A1..,(q, kt) · T(sh k1)}. .. . (2) 

In. the.expression (2) T(si,k1) is the amplitude of.t~e N·+D~~N;+ D 
process and usual notations Q2 = -:-q2 > 0, · v = (pq ), s1 = (p-:- k1 )

2 are used. 
The integration is carried out with respect. to the active nucleon momentum 
kt. The calculating of the imaginary part of th~ amplitude A~., gives us the. 
possibility toputthe,nucleon spect~tor virith,momentum k ::= p- k1 on ma~s 
shell. 

Theref~re the tens"or W~ is expr~ssed via the DNN v~rtex with ~me nu
cleon . on mass shell. The vertex is described by the function r a( k1 ) and 
depends on one variable k1 .. The vector inclex -~.characterizes the .deuteron 
spin. Co'usidering the relation between. the RDWF and the v~rtex function 
r a(kl): tPa(kl) = r a(kl). (m + kl)-t, the expressi()~ for the tensor w:t can 
be written as · · · 

w;t;; j (::~4io(m2 -k2)0(k0 )0(p+- ~+) Sp{w!·~"(ki)·(m+k1 )·.,PiJ(kl)}. 
. . . (3) 

2 

...... -----; 

[ 
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l r /, 
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. Here (} - function and light-cone variables ( k± = k0 ± k3 , kl.) are used. The 
vertex function r a( ki) is defined via 4 scalar functions a~( kD ( i = 1 - 4) and 
has the for~ [8] . .. . ; . . . '· . . 

r a(kt) = kta[at(kn+ a2(k~)(m + kt)] + 'Y~[a3(kn + a4(kn(m+ kl)]. (4) 

The scalar functions a;(kD have been constructed in. the paper.[9) in the 
form. of a sum of pole t~rms. Some p~le positions and residues. have been 
found from the comparison. in '• the, nonrelativistic .limit of our. RDWF with 
the known nonrelativistie one .. For the latter the P&is wave function [10) 
was taken. Other parameters were fi~ed fro~ the descriptio~ of. the static 
characteristics_ of the deuteron (an electric cha'rge ~· Ge(O) =·1(~), magnetic
Gm(O) = p.~(e/2MD).and quadrupole-:- Gq(O) = QD(e/M'JJ) moment~) in.the 
relativisticimp~.tlseapproximation. . ' · . · · · ' 

. The calculation of (3) in the iight-conevariables gives the final expression 
for the deuteron SF Ff = vWf ' . • : · . ·. · · · · · ·· · .. ..·. 

\' ' .,,., ' 

. , . Ff(a,Q2
)_ =.l dx,cfkl. p(~; kl.) · Ff(a/x,Q2

). r . _(5) 

. Th~ rmci~o'ri SF Ff = ( F{+ .Fh ;2 is. defl~ed by jm)t~n ~d neutron 
ones. The positive function p(x, kl.) describes the probability that the active 
nucleon carries away the fraction of the deuteron momentum x = kt+fP+ and 
the transvers~ momentum kl. in the infinite momentum frame. It is expressed 
vi,a the vertex function r a( kt) aS follows 

'p(x, kl.) ex SpNa(kt) · (m + k~)-'~p(kt) · ijfv · p"~} 1 (6) 

where ~a/J i~ ·the' deuteron polarization density·. matrix~ Note that· in the ap
proach used the distribution function p( X, k l.) includes not only usual. S- and 
D-wave components of the deuteron, hut, the P-component too . .The latter 
describes the 'contiil.mtion of the N N~pair p~odtiction:· The ~ontribution of 
this mechanism is small in the low momentum range (x < 1); hut it may be 

. considerable in the high momentum one (x.> 1)., 
,. 

2 Neu:fron Struct~re FUnctioh 

In the RIA the deuteron Sf Ff is defined by (6)as a sum of the proton 
and neutron SF. We ~alculate the Ff using the RDWF. [6] and 'the usual 
parametrization for the neutron SF F2n = (1,- 0.75x)Ff. For the proton one 
the parametrization of theNMC. data [14)is used. Emphasize that the Q2-

dependence of the deuter~n (5) and neutron SF,is defined by th~ behaviour 
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~f ~the proton SF on Q2• Calculated ~esults ofthe ratio R~/P :;;:. FP IFf with 
the neutron SF show the discrepancy. with' experimental data [12-14] in the 
range x ~ (0.08-0.4). Good agreement between theory and experiment (the 
curve p in Fig.2) is observed when the neutron SF is parametrized as follows: 

F;(x;Q2 ) = {1 ~ 0 .. 75x)(i ~ 0.15vfx(l.:.: x))-'Ff(x,Q2
). ' (7)' 

'Fig~re 2 'shows the dependence of the ratioR~/N,p = FP I FJI·P on x .. 
The ratio R~IP is in good a:greement with data [16].' The nuclear 'effect in ' 
the deuteron is described by R~/N (x, Q2 ) (the curve N in Fig.2). The Q2

-

dependei:ice 6fthis magnitude is weak. With 'the'increasing x the effect of 
relativisticHirmimotion grows ~nd the ratio R~'N· reaches6° I 0 for x.~ 0.1. 
Thedep~ndence bf the i-atio R~/N o~ x' i:~sembles the n~clcar EMC effect 
and inthe range x< 0.7 ispractically independent ofQ2

• Our rcsult~'differ. 
from the estimation of the _nuclear effect obtained in [1-5]; where th~ lc;,tter 
one i~ not 1a:rger th~m (1-3)0 /~·and'the r~tio R~/Nobtainedin [1~4] h~s not a 
typical EMC-behaviour. ' . . . ' . 

Thus, the obtained,results allow us to .conclude that th~ dependence of 
the ratio R~/N on X 'isthe universal one'in the range X < o) and is defined 
by the structure of the.RDWF: The following parametrization for the.ratio 
R~/N w~s obt~ned in this range '· · . . .. 

. 6 . 

R~/N(x) = 2Ja;x•.· .· (8) 
i=O . ' 

The coefficients a; are presented in Table 1. The. parametrization R~/N 
(8) can be used to extract the spin- independent neutron SF from known 
deuteron and proton experimental data and analyze the spin-dependent one 
g~(x,Q2) .. · .. · .·. . . /> .•.. •. 

' ·'· 2 · .. · •. ·. DfN·,,,' -L· D. 2 '·' p 2 · 
F;(x,Q )=2;[RF. (x)] ·F2 (x,Q )-:F2 (x,Q). . (9) 

• ,:, - ' ._, •. ' .. • ' i ,, : ' ·-. '. 

Figure 3' shows calculated results of the dependence ofthe F;· on X for 
Q2 = 4,10,80 (GeVIc) 2 • We compareFf(x,Q2 ) with experimentaldata [12-
14] in Figure 4(a,b) .. These curves are in good agreement with. data both 
in low and high x-range ... Scaling factors for different values of x and the 
co~responding curves arc shown on Figure 4(a). . . . 

Table 1. Coefficients a; fo~ the nucle~r cffe~t function R~/N = z::g ~;xi ' 

4 

·,.-

1:3 

n. ,_),.2 
:i '..•• E =100 GeV. N p. • 

~ 1.1 
~ a 
~ 1:0 

II 

• Q

2

=.1-10 (GeV~/-~~---~ --

~-;+-~ . 
i I 

• 
0.9 n. 

z 
-~~ 

~ a 
LL. 0.8' 

• NMC Q:: 
o SLAC:. 

0.7 . 
0.6 

00.01 0.1 1. 
11 X 
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3 Gottfried Sum Rule 

The neutron SF obtained in the previous section can be. used to verify the 
Gottfried su~ rule(GSR) [15]: 

f
1
[Ff(x)- F;'(x)]d~ = -

3
1

• 
lo · . x (10) 

In the par_ton model neutron and proton SF can be written via the valen~ 
(ttv;dv) and sea (u,d,s,s) parton distributions and the sum rule (10) can be 
written as follows 

1 2 r _ 
Sa= 3 + 3 · lo [u(y)- d(y)]dy. (11) 

It is generally assumed that u = J which leads to Sa = ~- As has 
been reported in [16] the value of Sa obtained from the measurements of 
Ff ~;tnd Ff is considerably below the naive quark-parton model value of 113: 
Sa = 0.240 ± 0.016. Usually this result is interpreted as the violation of 
the isospin symmetrical sea ... This value for Sa was obtained for averaged 
Q2 = 4 ( Ge vIc)~ and the extrapolation procedure for the unmeasured low 
(0-0.004) and high (0.8-1.0) X-range WaS used. 

It should be noted that the nuclear structure of a deuteron has not been 
taken into account during the extraction:ofthe neutron SF F;' at all. The 
calculated results of the nuclear ~orrection SF; IF; = (1- R~1N)(1 + Ff IF;') · 
for the r{eutron SF are presented in . Table 2. The ratio SF2f F;' reaches 
~ 19 o I o at x ~ 0. 7. It tends to fall with decreasing x. 

Note that R~/N (8) and th~ ratio F(l F; are independent of Q2 and there
fore SF; IF; is Q~-independent too. The result (Table 2) was obtained forth~ 
incident muonenergy E" = 105 (GeV) and is predicted for:the unmeasured 
kinematical r~ge. . 

Table 2. The nuclear correction SF!j I F!j for the neutron SF 
', ' ~ .- I , ' . • . • • • . ' 

Figure 5( a, b) shows the results ofthe dep~ndence of the difference Ff( x, Q2 )

F!j(x, Q2
) and the Gottfried integral Sa(x, Q2

) = J;[Ff(y, Q2 )-F!j(y; Q2 )]dyly 
on x for Q2 = 0.8,1,2,4,10 (GeVIc)2

• One can observe the noticeable Q2-

dependence in the low x-range. The range of low Q2 and large x gives a 
dominant contribution to Sa(x,Q2

). With increasing Q2 the magnitude of 
Sa decreases and the discrepancy with predictions in the quark-parton model 
grows. It could mean that the clouds of qq- pairs of valence u and d quarks · 
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arc essentially different andvwith incr:casing Q2 ·the. violation of· the flavour 
' v . ' 

symmetry of the sea becomes large. \Ve estimated the correction (6Sa/Sa) 
for the Gottfried integral due to the nuclear effect. Th~ res~lts calculated 
for the incid£nt muon energy E,., = 105 (GeV) are presented in Table 3. It 
is seen that the nuclear correction changes from 12° I 0 to 19° I 0 in_ the wide 
kinematical range. 

Tabie 3. The nu~lear correction 6Sal Sa for the Gottfried integral 

Q2\x 10 3 ,10 2 10 I 0.3 0.7 

·0.80' 1.52e-1 L48e-1 1.57e-1 1.63e-1 1.20e-1 

4.00 1.54e-1 .1.47e~1 1.61e-1 1.80e-1 1.26e-1. 

80.0 1.53e-1 1.39c-1 1.58e-1 1.86e-1 1.33e-1 

Conclusion 
'vVc have found in the framework of the covariant approach in the light

cone variables using the deuteron model with one nucleon on mass shell that 
the effect of relativistic Fermi motion in deuteron gives rise to the depletion of 
'the free nucleon to the deuteron SF. ratio R~/N which reach~s 6° I 0 at x :::::: 0. 7 . 
The proposed procedure of the extraCtion of the ~eutron SF F:i(x, Q2

) takes 
into account correctly. the relativistic deuteron spin structure and can be . 
used to extract the spin-dependent neutron SF g}(x, Q2

) too. It has been 
shown that' the correction due to the nuclea~ effect for the Gottfried integral 
is (12-;- 19) 0 10 in the range x = 10-,3 

-;- 0.7 and Q2 = 0.8-;- 80( Ge VI c)2 and 
this effect must be taken into acc~unt to verifythe Gottfried sum rule. 
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