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Recent data on lepton deep inelastic scattering (DIS) on
nuclei’l:®/ have turned out to be in disagreement with theoreti-
cal expectations -4/ based on the traditional idea that a nuc-
leus is a system of almost free nucleons (EMC-effect). This
attracts attention to theoretical investigations of the quark
structure of nuclei (for latest reviews, see, e.g. , ). Yet
it was shown/7/ lately that earlier calculatlons,dld not take
into account the binding of nucleons, an important nuclear pro-
perty. The calculations indicated that the account of binding
of nucleons as well as their Fermi motion can explain the EMC-
effect atx > 0.3 (x= Q2/2mq0 is the scaling variable of a nuc-
leon). Though general ideas of the role of nucleon binding are
doubtless, the model used in the earlier numerical calcula-
tions/’/ (i.e., the Fermi-gas of nucleons moving in the dttrac-
tive potential) needs further improvement*. That is why in this
paper we present results of the calculations of structure-func-
tion (SF) ratio R (x) —ZFA(x)/AF (x) using a realistic model for
the nuclear structure.

As it has already been shown’?/ the single-nucleon contribu-
.tion to the nuclear SF can be written as follows

AV d*p N
Fg =7/ (T?T,:).zis(p)Fz (Xp), (1

where x_=Q°% /2pq is the scaling variable of a bound nucleon;
Fg is the nucleon SF averaged over the spin and isospin:

S =X $, )R 78 m+ey~py), (2)

S(p) is the four-momentum distribution of nucleons in a nucleus
(the spectral function); m+.ey =Ey(A)-E (A-1) E o(A) and

E)(A-1) are the g.s. energy and ‘energy of the re31dua1 nucleus
excited state |(A-1)) >, respectively. The detection probability
of a given excited state is determined by ._

8, (D)= J afe g, (7)) (7= <(a-1),| g (D)] A5,

where ¢ (T)is the nucleon field operator. The functions ¢A(ﬁ
obey the following normalization condition E Jar|é,(M)2="A

* Results of harmonic oscillator wave functions are presented
in the recent paper /13/,
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and the Dyson equation B/

(e +V72m) ¢, (D)= [ ATM(T,T, ), (F7), (3)

where M 1is the nucleon mass operator in a nucleus. We emphasize
that states |(A-1),> have a complex many-particle structure. The
contribution to the spectral function from many-particle states
can’ be effectively allowed for in the following way/®/

Let us consider the equation

&y 2/2m)¢n(F,f)+f WM )¢ (he) =6 ()b (Fre) 4)

and assume that the whole orthonormalized set of functions

te, T,e)} with eigenvalues & (¢) (these are complex values,

& &) =E (e)—il,()/2 1in the regione<py ,p being the nucleus
blndlng energy per nucleon) obeys this equation. Using eq. (4)
and the representation of the nucleon propagator in terms of
functions t{¢ (i, e)} one can obtain the following expression

ING)
(e~E ()% [Ee)/ 4

5®) = 2|6, (5.0 (5)

€=py—m

The physical meaning of eq.(5) is obvious. Namely, it means
that the hole excitation spectrum of nuclei is a set of reso-
nances; centres of the resonances correspond to one-particle
levels of the shell model. Note that such a pattern is clearly
shown by the (ee’p)-data, and these data enable us to determine
S(p), in principle.

Via eq.(5), eq.(1) is transformed into

L (
Pl = zf—-fd~f-|¢ @O n) PN )
B )3T/ 4 M+e—pn

The same expression was used when calculatingR(x) (see Fig.l).
The mass operator was chosen in the form

MEr’e)=80—1" A1 +aE)V @) «V, (r)+YL(§)+i'8(€)V° @)/ 4(0)], )]

where V, (1) #V 0D+ V() is a shell-model potential, e.g.,
the Saxon—Woods one w1th generally accepted parameters 711/
(Vg.o. and V. are the spin-orbit and Coulomb parts, respecti-
vely). For a(e) and B(¢)we use the following parametrization
(for details, see’® )

a(e) =a (e—=;z):/V0 ©0), a=0.525,
_ (7a)
B(e) = 16.6 [1~exp (y (e=p))l MeV, =0.027MeV "
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Fig.1. The ratios of SF calculated with the set of pa-
rameters from eq. (7a) (. ) with a= 0.525, B#0;
(——) a=0.525, B=0; (- =) a=0, B= Oforpara-
metrization (8a) on the nucleon SF. The experimental
data from o — EMC, ®— SLAC and o - BCDMS for 56 Fe,

The calculations were performed for the range of nuclei with
the following nucleon SF 12/’
F‘z(x)=0,59 VE -x)%8 4 0330-x)%% 4 0.4901-x)8 (8)

and other parametrizations used in early papers

F, (0 =T L-x)% + 0.15(1-x)" (8a)

N
Fp ()= 4.229 2252 (1 %)% 0.6 1-x)*5 (8b)



In Fig.l-we also present, for comparison, quantities R gney ()
calculated with a=8=0* and the nucleon SF (8a). It is evi-
‘dent that the curve R, .., (x) lies above the curves given by
eq.(6). This circumstance can be understood from considering
the following expression 77/

LN N .
RA®X) = F (;J‘%‘-f—i—;;) /F ). 9

This equation is correct in the region x<<1 (in fact, up to
%X 2.0.6) and can be obtained by expanding Fg in eq.(6) around
point e= <¢>, where <e> is the average nucleon-separation energy

]r:u

(10)

4
<e>= | dp eS(P)=13 _’f\ € EI‘ﬂn(E) i s
Cent M o 27 (=B ()P L) /4

From the fact that Fg(x) decreases for x > 0.01 it follows that
R(x) drops with increasing |<e>|.From eq.(10) it follows that
the inclusion of the ¢ -dependence and of the imaginary part of
the mass operator leads to the increase of |[<e>| as compared
with the shell-model value|<x>bh|. For completeness, in the
table we give values <e> and<€>§h_

20

Ihbie

The average excitation and kinetic energies (in MeV/A)

Nucleus —<e> <T>
' a=0 a= 0.525 " a=0 a= 0.525
B=0 B=o0 B= 0 g=0
lay 20.1 26.1 16.4 17.5
3650 20.5 29.4 18.4 19.5

In this connection we would like to emphasize that the shell-
model calculation gives a. too small nuclear binding energy,
at the same time the consideration of the ¢ -dependent complex
nucleon mass operator leads to a satisfactory description of
the nuclear binding energy (for details see’%/).
*

A ]

* The shell-model calculations of the single-nucleon contri-
bution to the nuclear SF using the results of ref.*’ were
also made in ref./13/.
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Fig.2. The ratio R(x) for different parametrization
(8) (—. =), (8a) (—) and (8b) (- - =) of the nuc—
leon SF with the set of parameters from eq. (7a) for S8pe.

The figures show satisfactory agreement with the data in
the regionx 2.0.3. Note, however, that in thé region x - 1
the ratio R(x) is dependent on the choice of nucleon SF (see.
Figs.2,3). '

Let us discuss the validity of eq.(l) and possible correc-
tions to it. First of all, from comparison of the virtual-pho-
ton interaction time (ﬁnt" (mx)y1) with the mean internucleon
distance (~m;!) one can expect that the corrections to eq. (1)
are nmegligible in the region ry;; <<mzlor x3>m_ /m =0.15This
expectation is confirmed a posteriori by the calculations that
agree with data in the region x> 0.3. However, in the regiomn
X £.0.15 (and for x >1 ) some significant corrections to eq.(l)
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Fig.3. Same as in fig.2, but for 4N,

are possible. To estimate their total value, let us write the
nucleon SF as follows )

A A(N) A
F‘2 =ib 4—8F2. (11)

The value SFQ is restricted by the QCD energy sum rule stating

that in the limit Q®-w~ the first moments of F,(x) of different

targets

!-‘t/m

<X > = dx F,
target Of 2 (X)

hY
behave like masses of the corresponding targetsﬂ4/

M
_ﬁé:A(l +p/m). 12)

namely

<KX> [/ <X> =
A/ N

6

o

The nucleon contribution to <x>, is obtained by the integration
over x of both sides of eq.(1), and the result can be found
from eq.(12) by the substitution p-<e>. Thus, we have

: M,/m
<8x,>A A

_ p=<e> _ A,
<X>N = S <3x>A\~ 0fdx 8F‘2(},). (13)

We note that both quantities y and <e>, can be obtained from
experiments.

Among different types of contributions to BFQ@) at small
x one should specify the reaction on exchanged mesons. The
contribution to the nuclear SF from pion exchange diagram
(Fig.4a) was calculated in refs{15:18/. in papers’!?/ the mesonic
contribution to SF is constructed in accordance with the cor-
responding contribution to the nuclear binding energy.
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Fig.4. a) An example of DIS off the exchanged meson.
b) DIS off the virtual 6q-configuration.

In the region x> | one can expect, for example, the contri-
bution from the DIS off virtual multiquark configurations (see,
e.g., ref.”177 ). We note that the calculation of such contri-
butions is difficult due to the absence of information on the
probability to detect such configurations in a nucleus- (the
vertex ®g, in Fig.4b). From this point of view the nuclear
DIS-experiment is an ideal tool for obtaining such an informa-
tion. We should also emphasize that the nucleon momentum dis-

; — d . . .
tribution in a nucleus N(p):jlfbsﬁg has a "long tail"”, this is
”w

proved by (ee p) —data“O( Its existence leads to the fact that

FA(NXX>1)#O in the gégion X—1>>|<e>|/m, - as it follows from
ed.(1). Thus; the extraction of the information on possible

exotic configurations from the data must be accompanied by an
accurate subtraction of a high-momentum-nucleon contribution.



In conclusion, we would like to point out that the use of
a more realistic model for the nuclear structure within the
approach of ref./7/ made the EMC-effect description better.
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AxynuHuues C.B. u op. E2-86-61
EMC-sddexT u cTpykTypa siep

Mbl mpencTaBiIsieM Pe3YJIbTAThl HOBHIX. paCueTOB OOHOYACTHYHOT O
BKJaZfia B SAOEPHYWw CTPYKTYPHYW GVHKIHID npH KOPPEKTHOM yueTe
AO0EepPHOM CTPYKTyYpbl. PacueTs rmokaszanmu, UYTO yuyeT CBS3H HYKJIOHOB,
a Takxe ux OepMU~IBUXEeHHS, MOXeT OObACHUTL EMC-sddexT mpu x 2
2 0,3. O6cyxmaeTcs Takxe 0O6JaCTb MPHMEHHMOCTH OOHOHYKIIOHHOTO
NPpHUOMIKeHHsT M BO3MOXHble IOMPaBKH K 3TOMy npHOmuxeHum. Cpegu
pasnHuHbBIX BHOOB BKnana B EMC-sddexT npH MamnmbIx X MOXHO Bblae-—
JIMTL peakKlMx Ha O6MeHHBIX Me30Hax. B obmacTH X > 1 MOXHO Oxu~
naTe, UTO OKaXeTCs CYmeCcTBeHHBM BKJIall OT FIyboOKOoOHeynpyroro
paccesHHsT Ha MHOTOKBApPKOBHIX KOHOUrYpalUHSaX.

PaGoTa BboimonHeHa B JlaBopaTopuH TeopeTuueckoil ¢usuxku OUAU

Coobmienne OBpenuHeHHOro HHCTHTYTa AJEpHbIX MccnefosaHwuii. HyGHa 1986
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We present the results of new calculations of a single-
nucleon contribution to the nuclear structure functions with
a correct account of the nuclear structure. The calculations
indicate that the account of binding of nucleons as well as
their Fermi motion can explain the EMC-effect at x 2 0.3. We
also discuss applicability of the single~nucleon approxima-
tion and possible corrections to it. Among different types
of contributions to EMC-effect at small x one should specify
the reaction on exchanged mesons. In the region x > | one can
expect the contribution from the virtual multiquark configu-
rations.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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