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1 Introduction

The progress of pcrturbative Quantum Chromodynamics (QCD) in the description
of the high energy physics of strong interactions is considerable [1]. Deep-inelastic
scattering (DIS) of lcptons provides the data on nucleon structure functions (SF)
which could be used for the most precise comparison with QCD. The accuracy
of SF data is sufficient to be sensitive to nuclear effects in DIS, e.g. the EMC
effect [2]. Л direct evidence of the nucleus structure in DIS has been obtained by
measuring the carbon SF [3] in the kinematical region forbidden for scattering on
a free iiucleon (the Bjorken kincmatical variable x = Q2/2(pq) is more than 1 in
the range). The region is known as a cumulative region [4] and it is intensively
investigated both experimentally and theoretically in proton-nucleus and nucleus-
micleus collisions [o, (>]. An important matter of the relativistic nuclear physics is
lo adduce' arguments for applying QCD to analyse SF at xp > 1. The dcuteron
as a simplest nu'dear system is an excellent object to investigate the problem of
relativistic theory of a deuteron.

Dependence of the deuteron structure functions F2

D on Xp in the cumulative
range lia.s been studied by many authors. Different models (the few-nucleon cor-
relation model [7], the flncton model [8] ) are used to describe a high momentum
component of the deuteron wave function. The microscopic picture for cumulative
phenomena on the; deuteron near the threshold based on pcrturbativc QCD has
been developed in [9].

The dependence of the nuclear structure function ratio R°ID = F%/F2

D on
•Гц has been considered in [10]. In the analysis the BCDMS experimental data
on /•'!' [Щ have been used. Tlk1 deuteron SF has been calculated in the light-
cone covariant approach [11] and it was found that the ratio Iia'D(xp) reveals an
exponent growth ~ cxp(a • xp) for xp > 1 with the slope parameter a ~ 6.6
and differs significantly from the ratio behaviour for xp < 1. The latter is in
good agreement with experimental data [12, 13, 11]. It is considered that the ratio
ИС11:> for xp < 1 describes quark distributions in a nucleon of a nucleus. The ratio
Url° for xp > 1 describes quark distributions in a nucleus. In [15] similar exponent
dependence of the inclusive pion backward cross section ratio 11Л' ~ />д(А )/'pp(X)
on the cumulative number A' [16] for the p + Л -> тг(180°) + ... process was found.
It was concluded that, this dependence demonstrates the change of the regime from
liadron to quark degrees of freedom. We can consider that the exponent growth
of the similar ratio liAla for different processes (deep-inelastic lepton scattering,
deep-inelastic under reactions) in the cumulative range is the general feature of
quark interactions in the supcrdensity matter.

An important matter in the description of DIS is whether or not the (Revolution
of the structure function is possible in the framework of QCD in the cumulative
range;. If it is possible, the QCD analysis could be used to study the transition
regime and to determine quark distribution functions in nuclei.



In the present paper, the QCD analysis of data on the deep-inelastic deutcron
structure function F^(xp, Q7) for xD < 1 and xp > 1 is performed. The data on the
хд and Q2-dcpcndence of SF are simulated by the relativistic. deuteron model [11].
The simulated data for I'2{xDiQ2) f°r tbc range ar/j < 1 arc: in good agreement
with experimental data [12]. The experimental data for the deuteron SF in the
range xo > 1 for high Q2 arc absent. These data would be very interesting both to
verify dcuteron models and methods of describing relativistic nuclear systems and
to study the high momentum component of the relativistic deiilcron wave fund ion
(RDVVF). The QCD analysis of data is based on the expansion method of SF over
Jacobi polynomials [17]-[19]. The Q2-cvolution of the moments of the structure
function F.j} is found as the solution of the corresponding renormalization equation.
Fi!'cctivity of the method to control higher pcrturbative QCI) corrections and to
investigate sensitivity of the QCD scale parameter Л w<;r<; shown in [19]. It was
found that the data on F^(xp, Q2) obey the Q2-evoluf ion of SF in the framework of
QCD both for 0.27") < xo < 0.85 and 1.1 < x.p < \A ranges in accordance with the
criteriurn \'2 very well. The value of the parameter Л is determined to be the same
for both the regions. We would like to note that the parameters of structure fund ion
pararnctrisations differ significantly for these ranges and this gives us some evidence
for two regimes of the .то-dcpcndence of the structure function /1 '2

W(T;J,6/").

2 Deuteron Structure Function EP(xo,Q'2)

The deuteron structure functions W\ti(i/,Q2) arc related to the imaginary part of
the forward scattering amplitude of a virtual photon on a denteron W,u, by the
standard formula

Ku = -to,., - 'h'h/'i2) • К + (TV - ЧМ/Ч'КР* - ЧЛРЧ)1Ч'2) • W»/M*. (i)

Here <•/,;> are momenta of a photon and a deuteron; M is the deuteron mass.
In the relativistic impulse approximation (ШЛ) the forward scattering amplit tide

of the virtual photon ~j" on the deutcron A'*u is defined via a similar scattering
amplitude on the nucleon A^u as follows

In the expression (2) 7'(-4t, fci) is the amplitude; of lite forward /V — I) scattering and
the conventional notations Ql = — <y2 > 0, и ~ (/к/), л, = (/* — k\)'z are used. The
integration is carried out over the active nucleon momentum h\. The calculation of
the imaginary part of the amplitude /1" , gives us the possibility to put the nucleon
spectator with the momentum к = p — k\ on mass shell. Therefore the tensor li'J,',
is expressed via the DNN vertex with one nucleon on mass shell. The vertex is



described by tlie function ГП(А"1) and depends on one variable fcj. The vector index
о characterizes the tleuterou spin. With the relation between the RDWF and the
vertex function Го(*-|): i/'-<.(̂ 'i) = To(fci) • (»» + h)~\ the expression for the tensor
W"'' can be written as

rb4™

(3)
Here f>afi(p) = —[ga(i — Pa]>a/M2)/3 >s tbc douteroii polarization density matrix

and the (-) - function and light-cone variables (k± = к0 ± kj,kL) are used. The
vertex function l"o(A

-i) is defined via 4 scalar functions at'(^i) (i = 1 — 4) and has
the form

+ ал(к2){т + fc,)]. (4)

The relativization procedure of deuteron wave function i{'a has been proposed in [11,
20]. The scalar functions a,-(A"jf) have been constructed in the form of a sum of pole
terms. Some pole positions and residues have been found from the comparison of
our RDWF in the nonrclativistic limit with the known nonrclativistic deuteron wave
function. For the latter the Paris wave function [21] was taken. Other parameters
were; fixeci from the description of the static characteristics of the deuteron (an
electric charge - d',(0) = l(e), magnetic - G,,,(0) = IID(C/2MD) and quadrupole -
(•QW — Qi){c/Mh) moments) in the relativistic impulse approximation.

The calculation of (3) in the light-cone variables gives the final expression for
the deuteron SF If = vW?

2) = fF?{xD, Q2) = f dx d4L p(s, fcx) • F»{zlx, Q% (5)

where xD = 2з, 0 < z < 1. The nucleon SF 1-f = (F2

P + F2")/2 is defined by the
proton and neutron ones. The positive function p(x,k±) describes the probability
that the active nuclcon carries away the fraction of the deuteron momentum x =
k\ + /p+ and the transverse momentum k± in the infinite momentum frame. It is
expressed via the vertex function Ta(ki) as follows

p(x, fcj.) oc 5p{V'e(fc|) • (m + k) • V (̂fci) • q • Papiv)}- (6)

Note that in the approach used the distribution function p(x,ki) includes not
only the usual 5- and D-wavc components of the deuteron but the P-component
too. The latter describes the contribution of the AW-pair production.

In the ШЛ the dcutcron SF F2

D is defined by (5) as a sum of the proton and
neutron SF integrated on the ж and k±. The NMC data [13] on the ratio RF'

P =



17г and F2

P and the relativistic dcutcron model have been used to extract the
neutron SF F£. For the latter the parainetrisatiou

F?(x,Q2) = (1 - 0.75.T)(1 - 0 . 1 5 ^ ( 1 - .<•)) • h'Kx,Q2) (7)

has been obtained in [22]. The results for the absolute value; of Fj} calculated within
the parametrisatjon of the neutron SF arc in good agreement with experimental data
both in low ( [13]) and high ( [12, 14]) xn-rangcs.

3 Proton Structure Function F$(x,Q2)

In our analysis we shall use the panunetrisalion of l'*(x,Q'1) given in [13]. The
paraiiietrization describes the: NMC, SLAC and HCDMS data very well. The verifi-
cation of this fit in the region 0.00b' < x < 0.G gives Л = 200 Mr.V. To parametrize;
F^-.Q2) at 0.55 < л: < 1, we have made the QCD fit of parametrisation [13] con-
sidering it, as an "experimental points" at 0.275 < x < 0.55 with the1 loading e>ider
non.singlet evolution of the inoine:nls of F%(x,Q2) with Л = '200 McV. The SI' ai
the fixed point Ql = 10 (GcV/c)2 was parametrized as

№ Ql) = Лхн(1 - xf (I + -)x). (8)

The parameters Л, В, С and 7 in Ke|. (8) are fre-e parameters and are detennined
by the; fit of the data. Then, on the basis of expression (8) the values of SF for
0.55 < x < 1 were calculated. To achieve agreement between QCD - evolution
results and parametrization [13], the former should be; iuultiplic;d by the1 factor
/?(:c,Q2) for 0.55 < ж < 1:

R{x,Q'*) = (1. + 17.611(.т - O.55)- ( : i + l u ' l i l '" ' ( g ' / g° ) ))0(.7.' - 0.55). (!))

The inodifieel parametrization of the proton SF in a wide range of the; Mjorken
variable x is used as an "experimental" input for the deuteron moele;l dese:ribe;d
above to simulate the data on the dcuteron SF. The <i,!ta for the elcMitcron SI'1 are-
simulated for xn = 0 .1-1.8 and Q'2 = 17 - 230 (GvV/if.

Figure 1 shows the Жд-с1ерспе1о1-<:о of F"(xD,Q2) at. Q2 = 01.5 {(lcV/с)2. One;
can set; that the SF falls elown drastically for xp > 1. The; open pe)ints are; HCDMS
elata. for SF F$ fe>r the: /i + 1 2 С —> // + ... process [3]. The; mode:l-sinmlatod data for
F'i{xD-,Q2) a r ( - l n a qualitative; agreement with HCDMS elata. We; would like1 to
note that the more ektail calculations [10] of the- tleperuleiuet>f the nuclevir slrueture1

function ratio RF>" = I'f /F» m\ xD with HDVVF [11] have shewn that, the: rat,ie> is
similar to the c:xpc;rinicntal data for 0.01 < XD < 1 [23] and c:xpoue:iitially grt)wt,lu\s
for xn > I.



4 Method and Results of Analysis

N o w we c a n a p p l y t h e n o n s i n g l e t Q ( ' l ) lil t o t h e d a t a on t h e d e u t e r o n SI" s i m u l a t e d
in tin- p r e v i o u s s e c t i o n . W e h a v e r e d u c e d t h e d e n l e r o n d a t a t o a s t a n d a r d i n t e r v a l
of t h e s c a l i n g v a r i a b l e 0 < ,r < 1 by p u t t i n g .r = .rj j/2 a n d h a v e a p p l i e d t h e m e t h o d
of t h e Q ( ' l ) a n a l y s i s b a s e d on t h e e x p a n s i o n of S | ' over t h e . lacobi p o l y n o m i a l s
[I7]-[ l ! ) j . T l i e S F is p r e s e n t e d a s follows

I'? (•'•Q') = •'• \"\n..i)MJ+1(Q!).,i= 2.:}.... (10)

The parnmetrization form of SI1' similar to (8) is used at a lixed point

r'\.,:Ql) = Л(.,п/-2)н(\ -,„/•>)'• (| -м.,-,,/2).

(11)

where </„ = --)",S./2J(]. Л = II - JJ.Y/. .V; is the number of llavours. - ) ^ s is the
auonialous dimension in the one-loop perturbalive Q ( ' | ) approximation:
•>,vi = S/:*[»-s'i(") - : i - ••2/l»(" + '))]• where St(n) = £ ' ; = 1 \/j.

The niomenls M,,(Q2) of SI1' /• '] ' are delined by

(12)

(13)

The constants Д, /i, f'. т in (Ki) and the Q( ' l ) scale parameter Л are considered
as free parameters to be determined at Qft.

T a b l e 1. The results of the 1,0 nonsinglel Q( ' l ) lit of the deuteron SF. Sj = I.
17 < Q! < 2;i() (f.V\'/cyJ, A',,,,,, = 12. The errors of /•']' are put lo be Id'X.

Л [MeV]

л
n
с
t

0.275 < .rn s 0.85
2(>8 ± (17
S.:«) ± 1.50
().S!)S ± 0.0()5
8.(i5!) ± O.I5(i
-2.0.4 1 ± 0.055
12.0/121

1.1 < .г/) < 1.1
210 ± II
((i.2(i ±0.81)10"' '
-0.115 ± 0.015

11.07 ± 0.07
.'!.47(i. :l: 157.
:il.l/(i8



T h e results of the (it are presented in Table 1. We have found that values of
Л are approximately the same in two different regions of xp and not. significantly
differ from the input proton parameter Л = 200 (itV [Щ. The j ; r d e p e n d e n c e of
SF for two ranges xp = 0.22") - 0.8") and xp = 1.1 - 1.1 . is determined separately.
It is established that the shapes of SI" are essential different (see Table 1). The
obtained value of \f:j corresponds to 10'X for errors of "experimental" deuteron
data .

Figure 2 shows the dependence of !•'.'/(xp.Q2) on Q1 for xp = 1.1 — 1.8. T h e
results of t h e QCI) fit for xp = 1.1 — 1.1 are drawn by solid lines, and the results
of direct calculation by formula (">) are shown by open points. Cood agreement
between t h e model-simulated d a t a on !•'•['(xp. O2) and results of the QCI) fit is
observed.

We would like to note that n more general task is a simultaneous QCI) Sit of J\jJ in
the whole range; xD = 0. —2. but it requires a rather complicated .r-parametrixation
of SF instead of (8).

5 Conclusion

the QCI) analysis of data on the deep-inelastir deuteron SI1' /''^(x/j.Q2) was per-
formed. The data were simulated by the relativist ic deuleron model in the cova riant
approach in light-cone variables. It, was found that the data on /';/;(•'•/;, C/2) obey
the (/^-evolution of SF in the framework of QCI) both for 0.275 < xp < 0.8o and
l. l"< xp < 1.1 in accordance with the criterium \2 very well. The value of the
parameter A was determined lo be the same for both the regions. The parame-
ters of structure function parametri/ations were determined and it was found that
they differ significantly for these ranges. These results give some evidence for two
regimes of the .r/j-dependence. of the structure function I''^(xp,Q2) .

We would like to emphasize; I hat. the QCI) Q2 - evolution of SF in the cumulative
range (.;•;, > ]) «mid b e a crucial test, for verification of both the nuclear models
and the paiton model, and thus measurements of SF in IMS for xp > 1 should be
performed with a high accuracy at, CKRN, DHSY and FKRM1LAH.
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Сидоров А.В.. Токарен М.В. Е2-95-454

КХД (2"-эно.чншия структурном функции дейтрона при л > I

Рассматривается структурная функция дейтрона F1-? (.v,(?2)-npouecca [дубо-

конеупругого рассеяния лептопов па zieinpoiic в рамках ковариантпого подхода

в переменных светового конуса. Вычисляются д-и (^-зависимости структурной

функции. Осуществлен КХД анализ полученных данных как для некуму-

лятивной (л'/)< 1), так и для кумулятивной (*п> 1) областей. Показано, что

^--эволюция СФ выполняется в областях 0.275 <.\/)<0,S5 и I.I ^ v ^ 1,4

при том же самом значении масштабною параметра Л. Установлено, что
.v-зависимости СФ в этих областях существенно различны.

Работа выполнена в Лаборатории высоких энергий ОИЯИ.

Препринт Объелнпсиишо HIICTIIT>T:I и.черпмч исследовании. Дубна. 1995

Sidorov A.V., Tokarev M.V. E2-95-454

On QCD (?2-Evolution of Deuteron Structure Function F% (.v^Q2)

for Xp > I

The deep-inelastic deutcron structure function (SF) К (xlrQ~) in the covariant

approach in light-cone variables is considered. The .v/} and (?~-dependences of SF

are calculated. The QCD analysis of generated data both for non-cumulative

.vw < 1 and cumulative .v̂  > 1 ranges was performed. It was shown that (?~-evolution

of SF is valid for ranges 0.275 <.v/; <0.85 and 1.1 <.\/} < 1.4 for the same value

of QCD scale parameter Л. It was found the .v^-dependence of Sl; for (he ranges

is essentially different.

The investigation has been performed at the Laboratory of High Energies, J1NR.

Preprint of the Joint Institute for Nuclear Research. Dubna. 1995
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