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COHERENT DENSITY FLUCTUATIONS AND EMC- EFFECT
A.N.Antonov', L.P.Kaptari, V.A.Nikolaev, A.Yu.Umnikov?

The EMC experimental results for '?C and S®Fe are interpreted
within the coherent density fluctuation model in which nucleon-nucleon
correlations and binding effects are taken into account. The nuclear
structure functions for values of the scale variable x near unity are cal-
culated as well.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

Korepenrtnvie pnyxkryanmu miorHoctn u EMC-3cddexr
- A H.AnTOHOB H Ap.

JKCNepUMEHTaNlbHbIE [aHHBIE IITyBOKOHEYNpYroro pacCesHMs Jiel-
TOHOB Ha YIJI€pOJie H >Kele3e MHTCPNpPETHUPYIOTCA B PaMKaX MOJIENH
KOTepeHTHOH GnyKTyanuu AEPHOH IUIOTHOCTH C YUETOM CBA3aHHOCTH
HyKJIOHOB M HYKJIOH-HYKIJIOHHBIX KoOppensauMii. Paccutannt anepHbie
CTPYKTYypHbIe QYHKUMH B FPaHHYHOH OGNaCTH OMHOHYKJIOHHOMN KHHe-
MaTHKH.

PaGora Bemonuena B Jla6oparopun Teopetuueckoi dusnxn OUAU.

1. The existing theoretical approaches which describe the nuclear
structure functions F‘? ,(x) and explain their differences from the cor-
responding functions of free nucleons (EMC-effect) can be conventio-
nally divided into two classes’! /. The first of them assumes the change
of nucleon quark distributions in nuclei at the expense of a possible
change of the Q?-evolution conditions for the nuclear structure func-
tions in the nucleus (Q*-rescaling)’?/, the nucleon Fermi-motion being
neglected. In this approach the nuclear structure functions at a point x
and Q’ are expressed in terms of nucleon structure functions Fll\I 9(x)
at the same x but at another Q?, i.e. F‘? o(x, Q) = F¥2(x, £Q?). The
free parameter £ can up to now neither be calculated tfleoretically nor
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determined from independent experiments. For this reason, in this ap-
proach § is chosen from the condition for the best fit of the experimen-
tal data (EMC BCDMS, SLAC) The second class explains the difference
between FA 12(%, Q?*) and I“1 2(x Q?) on the basis of the internuclear
motion of nucleons accounting for the off-mass-shell effects. The nuc-
leon quark distributions are taken to be the same as for free nucleons.
This type of approaches is based on the well-known fact that the proper-
ties of the quasiparticles-nucleons differ from those of the free nucleons.
In particular, the bound nucleons have an effective mass depending on
the shell energy. This leads to the renormalization of the scaling variable
X = m/m*x (x-rescaling)’®/. These approaches seem to be more prefe-
rable as they do not contain free parameters. It has to be emphasized
that the proper consideration of the single-particle state characteristics
in them leads also to a good desctiption of the (e, e'p)-reactions’*”’.
In both cases (deep-inelastic scattering and (e, e'p)-reactions) the main
idea is to investigate scattering on the deeply-bounded nucleons. The
characteristics of deep-hole nuclear states, such as spectral functions,
‘widths and centroid energies (as well as some other nuclear quantities:
nucleon momentum distributions and cross sections of particle and
ion scattering on nuclei) have been successfully described’®’ in the
framework of the coherent density fluctuation model (CDFM) sugges-
ted in/¢/, The aim of the present work is to apply the CDFM to the
problems of the deep-inelastic scattering (DIS) of leptons on nuclei
{EMC-effect). In addition, we will consider the behaviour of the nuclear
structure function in the region of larger values of x (x > 0.6, x being the
light cone variable), where experimental data already exist’’ /. Of par-
ticular interest is the region of x near unity. It is known that for larger
values of x (x ~ 1.2+ 3; cumulative processes in hA-collisions’® /) the
main contribution to the nuclear structure functions comes from the
multiquark states’®’, the short-range NN-correlations’!®/ etc. To fix
the parameters of such mechanisms, it is very important to know their
relative contributions in the boundary region x ~ 1, where the role of
the Fermi-motion of binding nucleons is still comparable with those of
the mentioned mechanisms. In this case the nuclear structure function
is sensitive to the choice of the spectral function (or of the momentum
distribution).

2. In the impulse approximation the nuclear structure function
F‘g(x) can be connected with the nucleon structure function Flz‘l(x)
by the convolution formula/!!/:

A N
= p(y)Fy (xy/y)dy, (1)
XN
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where xy =M /mx As M and m are the nuclear and nucleon masses
respectively. The function pN(y) has the meaning of the nucleon distri-
bution probability in the nucleus where the nucleon is carryng out a part
y of the total momentum. The explicit expression for pn(¥) in the gene-
ral relativistic case is unknown. This function has to obey two conserva-
tion conditions:

A .

I pn(y)dy = A (baryon conservation law) (2)

0 N

1 A

N I pn(¥)ydy = <y> (3)
0 .

Eq. (3) is related to the energy conservation law, If the nucleus only con-
sists of nucleons, it is obvious that <y> = 1. Otherwise, <y> < 1. In the
impulse approximation py(y) is related to the nuclear spectral function
S(k, w) which is interpreted as a probability to find a particle with a mo-
mentum k in the initial nucleus as after its removal the residual nucleus
has an excitation energy w:

d3k
PNY) = | — dwS(k, w) (1 —k,/m)s(y —k_/m), with (4)
(2n)’
d*k
J —— dw S(k,w)=A; k'_=m+w—kz.
(2n)’

Eq. (4) involves the effects of binding nucleons through the energy de-
pendence of the spectral function S(k, w) and the delta-function. It can
be seen that p(y) from (4) satisfies the condition (2). As for the condi-
tion (3) it can be easily obtained that:

1 3
<y>=1+<w>/m, where <w>= — | —-8§(k, w)wdw. (5)
(2n)°

Here one can see from (5) the violation of the energy conservation
law. It is obviously due to the binding effects. Since the nucleus can be
treated as a system of interacting nucleons and mesons, it is natural
that a part of the total nuclear momentum is carried out by mesons.
It means that eq. (3) is only a part of the total energy conservation law.
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It should be noted that expression (4) differs from the one in’?/ by the
flux factor 1 — k,/m which in our case appears automatically owing to
the nonrelativistic reduction of the relevant relativistic expressions’' 2 .
The necessity of the inclusion of this factor into calculations was discus-
sed also in ref./!'?r 14/ The flux factor does not change the general
normalization of the spectral function in (4) and, consequently, does
not violate the baryon conservation law (2). The inclusion of this factor
in our calculations leads to a small deviation in the final results.

In the standard nuclear shell model the spectral function S(k, w)
is just a single-particle momentum distribution. To explain the EMC-
effect, it is necessary to take into account in the spectral function more
complicated nuclear excitations, as is shown in ref.’? /. For this purpose
it is convenient to use the spectral function S(k, w) from ref.’5: ¢/
which describes the main characteristics of nuclei, energy and momen-
tum distributions. In this case the momentum distribution is close to
the theoretical values obtained by other authors’'*’ in their micro-
scopical calculations, including nucleon-nucleon correlations.

In this paper we use the expression for the spectral function ob-
tained in the framework of the CDFM/5 /6 /:

161!1'?) a lf(ro)l
Sk, w)=- :

(6)

3 21kl Vi(® ~Ep

where ry = a/lk|V(w — E)u, a = (91rA/8)l /3. The values of the para-
meters E; and u are taken from’®/: y = — 50 MeV and E; = —8 MeV.
It is shown in the CDFM’¢/ that the function [f(r)l ? is related to the
nuclear density distribution by the expression:

4nr)  dp(r)

)l = — —— (-
34  dr

) . (D

r=r0

Eq. (7) holds for monotonically decreasing density distributions. The
function If(r0)12 can be determined by means of nuclear density dis-
tributions obtained from the analyses of the electron scattering on
nuclei. In our case we use the symmetrized Fermi-type distribution
with values of the parameters R (half-radius) and b (surface thickness)
obtained from the electron experiments’! %/, Then

17



8

4nx? ¢ (x+R)/b e(x—R)/b
'f(xNz = Po{ }

3Ab (1 +e —(x+R)/b)2 B a+ e(X'—R)/b)2

where p, = 3A/{4nR3 [1+ (1;— )’1}.

It was shown inref.”* / that the theoretical results of the CDFM are
in a good agreement with the experimental data for the hole nuclear
state spectral functions extracted from (e, e'p)-reactions’*’. -

3. The structure function F‘2‘ (x) for '2C and ° ¢ Fe nuclei has been
calculated in the framework of CDFM using egs.(1), (4), (6)-(8). For the
Fg(x) we use the parametrization’!2/:

Fy - 2,058 [2.69 +1.56(1 —x)] (1 —x)27 + 12 0.167(1 — x)’

The spectral function (6) has been calculated using the following values
of the parameters R and b: R = 2.214 fm, b = 0.488 fm for ! 2C and
R = 4.054 fm, b = 0.600 fm for *° Fe. The ratio F‘;‘(x)/Fg‘(x) in the
cases of 1 2C and °¢ Fe is presented in fig.1 and fig.2 respectively. It can
be seen that the theoretical results of CDFM (with the account of the
flux factor — solid line and without it — long-dashed line) are in a good
agreement with the experimental data in the region 0.3 < x < 0.7. We
present also (short-dashed line in fig.1) the result for '2C’! 7/ obtained
by using the one-particle spectral function calculated in the Hartree
approximation with Skyrme forces. The shapes of the ratio in two cases

f“c/ ﬂ-wwu ﬂuz {cc or
....... e approzimation
1.4 1 T T T— 7} Fig.l The ratio
12C N
12 1| F2“ (x)/Fy(x) calcula-
C . :fc”m | | ted in the CDFM (with
1.2 — ¢ - EMC I the account of the flux

factor — solid line and
without it — long-da-
shed line), and in the
single-particle Hartree
approximation with
Skyrme forces (short-
dashed line). The expe-

rimental data are taken
/18-20/

from
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— R(Fe/N) - without flur factor Fig.2  The  ratio
— R{_Fe/,
Fe/D)
T

1.4 ; T ' lated in the CDFM
(with the account of
the flux factor — solid
line and without it —

1.2 — long-dashed line). .The
experimental data are
taken from/18-20/,
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(CDFM and Hartree approximation) are close to each other. However,
the depths of the minima are different. The behaviour of the nuclear
structure function in the intermediate region of the variable x (0.3 <
< x < 0.7) is essentially determined by the value of <w> (5). In fact,
expanding Flz‘l(x/y) in (1) near <y> (the point of py(y) maximum):

2

1 1 g
— Fo(x) = FY (x/<y>) + = (<y?> - <y>?) FY(x/<y>)+...,

A 2 a<y>?

and, substituting <y> (5) we can estimate F‘Z" (x):

F2(x) ~ FY (x/(1 + <w>/m). (10)

Thus it is clear that the discrepancy between the results of CDFM and
of the single-particle approach is due to different values of <w> used
in the two models. The CDFM calculations give <w> = — 38 MeV
which is in accordance with the results of refs.’? /. whereas in the Har-
tree approximation <w> ~ — 20 MeV.

In fig.3 the absolute value of the structure functions for a nuc-
leon and for °¢Fe (calculated within the CDFM and in the approach
with the Fermi-motion but without nucleon binding effects) are given.
It is seen that the CDFM curve in the region 0.9 < x < 1.2 is substan-
tially lower than the curve only with the nucleon Fermi-motion. In our
opinion, this result might be of importance for the future experiments
giving the nuclear structure functions in the regionx > 1.
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Fig.3. The absolute values of strue-
56F o ture function Fg(x) for the nuc-

. € leon (short-dashed line) and for
56Fe calculated in the CDFM

Fermi—smear.3 (. 1.4 line) and in the approach

accounting for the Fermi-motion
10 -3 . without nucleon binding effects
’;‘f ‘\‘ (long-dashed line).
-’ 3
= 10 *
:!' 4. In conclusion we note
10 ° { that the present CDFM calcu-
i lations describe the EMC ex-
e ! perimental results. This is a
10 free nucleon:: further confirmation of the
i Vagradov hypothesis’3 /
10 -7l 1 !

about the role of the deep
06 07 1.1

1.3 pounded ‘nucleons in DIS

reactions. On the other hand,
the relative simplicity of the spectral function expression (6) allows one

to apply the CDFM to analyse the DIS experimental data, to study rela-

tive contributions of other mechanisms and, also, to predict the beha-
viour of the structure functions near x ~ 1.
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