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Q? dependence of deep inelastic lepton scattering off nuclear targets
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Deep inelastic scattering of leptons off nuclear targets is analyzed within the convolution model and taking
into account nucleon-nucleon correlations. We show that in the nuclear medium nucleons are distributed
according to a function that exhibits a sizaki}® dependence and reduces to the ordinary light-cone distribu-
tion in the Bjorken limit. AtQ?<50 (GeVk)? andx>1 thisQ? dependence turns out to be stronger than the
one associated with the nucleon structure function, predicted by perturbative quantum chromodynamics.
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After the discovery of the European Muon Collaboration  The distribution functiorf 5(z,Q?) is defined as
(EMC) effect [1], a number of theoretical studies of deep
inelastic scatteringDIS) off nuclear targets have been car- fa(z Q2)=zf dk S(k) 5(2— % (ko)
ried out within the so-called convolution modéor recent AV m (PAQ)
reviews seg?2,3]). Within this approach, the nuclear struc- _ o _
ture functionFé(X’Qz) (Q%=|q|?— % whereq and v are whereS(k) is the relativistic vertex fu_nctlonS(k) can be.
the three-momentum and energy carried by the exchange@PProximated by the nonrelativistic spectral function
virtual photon, whilex= Q%2mv, m being the nucleon mass, P(k,E), yielding the dlst_rlbut|0n in momentum and rgmoval
is the Bjorken scaling variabiés written in terms of the —€nergy of the nucleons in the target nucleus, accordinglto
nucleon structure functioﬁ’z\'(x,Qz), which can be extracted m
from proton and deuteron data, and the funcfig(z), yield- S(k)= (—) P(k,E), 3)
ing the distribution of the nucleons in the nuclear target as a Ko
a function of the relativistic invariant variablg defined as with

My (ka)
m (Paq)’

. @

(1) ko=Ma—[(Ma—m+E)%+|k[?]*2 4

It has to be pointed out that the above definitiorS0k) can

In Eq. (1), PA=(M4,0), M4 being the target mass, and o rogarded as a particular implementation of the expansion

=(kg,k) denote the initial four-momenta of the target

nucleus and the struck nucleon in the laboratory frame, re- K2
spectively. More recently, the convolution approach has been S(k)=P(k,E)| 1+0O — |t 5)
also extended to study semi-inclusive proces$des|. m

The kinematical region corresponding to DIS is defined
by the Bjorken limit Q2 v—o with x finite, implying
(lgl/¥)—1. In this limit the quantityz of Eg. (1) can be
related to the the light-cone component of the four-
momentum of the struck nucleon through-k*/m=(k,
—k,)/m, with k,=(k-q)/|q|. When the value of)? is not f dzfa(z,Q%) =1 (6)
large enough and the Bjorken limit is not yet reached, how-
ever, it is no longer possible to identifywith the light-cone  for any Q2.
variable. As a consequence, in this regime the theoretical Substitution of Eq(3) into Eq.(2) leads to
nuclear structure function evaluated within the convolution

originally proposed in Ref.8], and that the distribution func-
tion obtained usingS(k) defined as in Eq(3) fulfills the
normalization requirement

model should in principle exhibit > dependence coming 5 Emax G [m (kq)
from the distribution functionf,(z,Q?), in addition to the fa(z,Q )=JE ‘ dEf d3k k_o P(k,E)é z———1.
one associated with the nucleon structure function mn @
F2(x,Q7).

In this Brief Report we report a calculation bf(z,Q?) in  whereE, denotes the minimum energy required to remove
which the kinematical constraints implied by the Bjorken a nucleon from the target nucleus aligl,=\S— M4, with
limits are released, and discuss the relevance ofthele- s=(Ma+ v)2—|q|2 Equation(7) is usually evaluated in the
pendence on the resulting distribution function to the inter-Bjorken limit. Here we give a general expression, applicable
pretation of DIS data. for any Q2 and », for the case of infinite nuclear matter, in
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which fA(z,Q?) takes a particularly simple and intuitive 10! ————————————— ——
form. The generalization of the nuclear matter result to the E
case of a finite size nucleus, in which the recoil of the spec- 100
tator (A— 1)-particle system has to be taken into account, is 0 E
straightforward.
Integration of Eq(7) over cosf=Kk,/|k| using thes func- __ 1071 -
tion yields = ]
fA(Z.Q)=1Az.8) = 107 3
27MZ ( Emax «© m _3
= dE k dk —|P(k,E), 10 =3
B Emin Knmin(E.z,8) kO
(8 1074 -
where -
Iq am2x2\ 2 FIG. 1. z dependence of the distribution functiég(z, 8), cal-
B=—=|1+ > 9 culated for infinite nuclear matter at equilibrium density, at different
v values of 8. Solid line, 8=1.0; dashed lineB=1.1; dot-dashed
L line, B=1.2.
andk, is given by ne, 8
Im(1-2)—E| Fig. 1, wheref,(z,8), resulting from the full calculation
kmsz, (10)  [i.e., without replacinge with (E) in Eq. (10)], is plotted as

a function ofz for different values of3=1. Figure 1 also
shows that the overalp dependence of,(z,3) is sizable,
particularly atz>1.

At z=<0.75 the nuclear matter distribution function
fa(z,B) defined by Eqs(8)—(10) can be parametrized in the
form

Equations(8)—(10) show that in the Bjorken limit, corre-
sponding toB=(|q|/v)=1, the standard expression of the
light-cone distribution is recovered. In general, the distribu-
tion functionf 5(z,8) depends upoB through both the fac-
tor (1/8) in front of the integral of Eq(8) and through the
lower limit of the momentum integration, defined by Eq.

_ 2
(10), implying that scattering processes at differgnprobe fA(Z,ﬁ)=A19XK1—B)eXr{ _0.5< Az +A,Z,
the nuclear spectral function at different valueskodind E. As
This B8 dependence can be readily estimated using the ap- (14)
proximation employed in Refs[9,6], i.e., replacing the whereas ar>0.75 one can use
nucleon removal energy with the average val@® in Eq.
(10): fa(z,B)=2A5(1+Aze)exp — Age), (15)
Im(1—2)—(E)| where
kmin:Ti (13)
m(1—z)—Agexg 2(1—
Im(1—2)—Agexd 2( B)]I_ (16)

where, using the nuclear matter spectral function of Ref. ¢ B
[10], (E)=62 MeV. Within the above approximation, one
can easily show that the inclusion of ti@edependence pro- The numerical values of the parameters appearing in Egs.
duces a shift irg, so thatf 5(z,8) of Eq.(8) can be related to (14)—(16) are A;=1.74, A,=0.83, A;=0.1, A;=0.245,
fa(z,B=1) calculated at a different value af A5=2.28,A¢=0.0655,A,=35.6, andAg=16.6.

The above parametrization dfa(z,8) can be used to

z 3 study DIS within the convolution model. The nuclear struc-
fA(z,B)=p 5 fa(z,8=1), (12 yre functionFA(x,Q?) for an isoscalar target s written in
the form
with
A 2 _fAd ¢ EN X 2 17
7o, D _BHE D FA,QD)= | dz fuz.p) FY|.Q?).
B B m B

whereF5(x,Q%) =[F5(x,Q%) + F(x,Q?)1/2, F5(x,Q?) and

The calculatedf,(z,8) are bell shaped, with a maximum

around z=1. According to Eq.(13), >1 implies z<
(>)z atz>(<)1. As a consequence, @t>1 the peak in

F2(x,Q?) being the proton and neutron structure functions,
respectively, which can be extracted from the DIS data off
hydrogen and deuterium targets.

fa(z,B) at z~1 gets lower and wider, whereas the tails at The effect of the8 dependence associated witk(z, 8)
z>1, where the contributions of the high momentum com-turns out to be very small in the region of the classical EMC
ponents of the nuclear spectral function dominate, are sigeffect, corresponding to 0<3x<<0.8, which has been exten-
nificantly enhanced. These features are clearly illustrated isively analyzed using the convolution model in the Bjorken



1534 BRIEF REPORTS 57

OAMLIRARE AARAY A R MR 60 [

1073 E 2 2 §
4 E Q=150 (GeV/c)* 3 [
10 I 50 |

oo
(@]

F*(x.Q%)

C(x) [(GeV/c)®]

10 |

08 09 1 1.1 1.2 1.3 1. x
X
FIG. 3. x dependence of(x), defined by Eq(18) (solid line),

FIG. 2. FQ(X,QZ) for infinite nuclear matter at equilibrium den- and C(x,Q?), defined by Eq. (21), evaluated at Q2

sity, calculated using Eq$8)—(10) and(17) (solid lines, compared —61 (GeVk)? (dashed linpandQ?=150 (GeVt)? (dot-dashed
to the carbon structure function measured by the BCDMS CoIIaboﬁne)_

ration [14].

limit. On the other hand, ak>1 the Q? dependence of Clx) = 2m?x? JA dfa(z,B) FN(f Qz)dz
F5(x,Q%) coming from the distribution functiorf,(z,3) Fox,InQ?)Jx [ dB |, , 2\z '
turns out to be larger than the one associated with the (20

nucleon structure functioﬁg‘(x,Qz), predicted by the per- ) . )

turbative quantum chromodynami¢®@CD) evolution equa- Expansion(18) includes corrections of order Qf to the

tions[11-13 nuclear structure functioﬁ’;(x,Qz) coming from the depen-
In Fig. 2 the largex behavior of the nuclear matter struc- dence of the nucleon distributidin, uponx®/Q?.

ture function resulting from the approach described in this The functionC(x) defined by Eq(20) is shown in Fig. 3,

paper is compared to th&C data taken at CERN by the along with the quantity

Bologna-CERN-Dubna-Munich-SaclaBCDMS) Collabo-

ration [14]. The theoreticaIFQ(x,Qz) has been calculated - N

from Eq.(17) using the parametrizeldy(x,Q?) of Ref.[16] CxQ9=Q

and the spectral function of Rgfl0]. Even though the struc-

ture function atx>1 is mostly sensitive to the short range evaluated atQ?=61 (GeVk)? and Q?=150 (GeVk)2.

behavior of the nuclear wave function, and is therefore notq gitference betweeB(x) and G(x,Q?) can be ascribed

expected to be strongly affected by finite size effects, the, higher twist corrections, of order@#,1/QF, . . ., whose
comparison between infinite nuclear matter afd has to be .o ibution becomes app;eciableml.'& T

taken with some caution, since the nuclear matter equilib-
rium density is sizably higher than the average density in the
nucleus of *C (0.16 fm™3, compared to~0.12 fm 3). .
However, since the amount of high momentum components 6x107°F
in the nuclear matter wave function decreases as the density :
decreases, a more accurate calculation, carried out using the E
local density approximatiofi5], would lower the theoretical 2x1078F

(21)

FaQ%
F2(x,InQ?) '

Bx10 T T T

4x1078F

curve at largex, improving the agreement with the data. “g o
Expanding the distribution functiofy(z,8) in Eq.(17) it = axlo-"f' '

is possible to extract the dependence of the twist-4 term, B oF

proportional to 1D?. Neglecting higher order contributions 6x10 3

F5(x,Q?) can be written as ax107°F
cx) 2x10'ef—

F5(x,Q%)=F5(x,InQ?)| 1+ ——|, (18) o Blvowl iy,

Q 50 100 150 200

Q® [(Cev/e)?]

where
FIG. 4. Q2 dependence of the nuclear matt}(x,Q?) at dif-

A X ferent values ok. The dashed lines correspond to the Bjorken limit,
EQ(X,mQZ): f [fA(Z,ﬁ)]ﬁ—le(—,Qz)dZ (19 i.e., to =1, whereas the solid lines have been obtained including
X z the Q2 dependence of the distribution functidn(z,3), param-
etrized as in Eqs(14)—(16). The experimental upper bounds are
and from Ref.[14].
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The Q? dependence of the nuclear matfe}(x,Q?) at  B=1.05, the ratio of the nuclear structure functions calcu-
x=1.3 andx=1.7 is also illustrated in Fig. 4. The dashed lated from Eq.(17) using3=1.05 andB=1, respectively, is
curves correspond to the Bjorken limit, whef=(1 ~1.7. Figure 3 also shows that the effect becomes larger as
+4m?x?4/Q3)Y2=1. In this case theQ? dependence of increases. It has to be emphasized thatal theQ? depen-
F2(x,Q?) has to be ascribed to the nucleon structure funcdence discussed in the present work results (Dzzadepen-
tion FY(x,Q2) only. The solid curves have been obtaineddence of the nuclear structure functidfh(x,Q%) much
including theQ? dependence implied by the dependence stronger than the one associated with the nupleon structure
of the distribution functiorf »(z, 8), parametrized as in Egs. function. Unfortunately, the onlzy DIS data avgnablexail
(14)—(16). It clearly appears that this dependence produce§over the regiox<1.3 andQ“>60 (GeVk)® and only
large effects aD2<50 (GeVk)?, particularly atx=1.7. provide upper bognds of th(_a nuclear structure funguon. pr—

In conclusion we find that, primarily due to nucleon- €Ver, the effect discussed in the present work will certainly
nucleon correlations, the distribution of nucleons in theP€ critical in the anazlysis of the planned DIS experiment at
nuclear medium as a function of the relativistic invariantX>1 and moderat®~ [17].
quantity z, defined in Eq(1), exhibits an additional depen- This work has been encouraged and supported by the
dence upon the rati®?/Q?, or Q%2 in the kinematical Russian Foundation of Fundamental Research. We gratefully
regime in which the Bjorken limit is not yet reached. The acknowledge very helpful discussions with A. Fabrocini, E.
effect of theB dependence df,(z,8) on DIS is appreciable Oset, and E. Marco. One of U&.l.L.) wishes to thank S.
at x>1, where even small deviations @f from unity pro-  Fantoni for the kind hospitality at the Interdisciplinary Labo-
duce large effects on the nuclear structure function. For exratory of SISSA, where part of this work has been carried
ample, atx=1.3 andQ?=60 (GeVk)?, corresponding to out.
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