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ABSTRACT

In this paper the EMC effect for >’Al, *°Fe, ®Cu, and '"’Ag nuclei are investigated with oscillator model. In this model
has been assumed that nucleons in each level are affected by different mean field, so we use parameter having relation
with radius of each level. Therefore; this assumption causes that extracted data for average binding energy
E=-2248MeV, £ =-2379MeV, &=-29.56MeV, and &€ =-31.25 MeV are considered for *’Al, Fe, *Cu,
and '’ Ag nuclei, respectively. Achieving results have agreement with experimental data.
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1. Introduction

In 1983, when the European Muon Collaboration (EMC)
reported [1] their measurement of the ratio of the cross
sections per nucleon of iron to deuterium, they realized
that the ratios were clearly different from unity. For ex-
plaining this effect many theories have been expressed
[2-4], but each of them just could explain in restricted X
range. Akulinichev et al., [2] explained this effect base
on conventional nuclear model and used the harmonic
oscillator model with considering constant for different
nuclei. They showed interaction between nucleons could
be explained with considering the Fermi motion and the
binding energy in medium X ranges. These effects have
major role in deep inelastic scattering. A. Thomas et al.,
[3] have revealed the EMC effect results, in the conven-
tional nuclear theory, with considering different masses
for nucleons in different shells which the EMC effect
could be explained, so this subject encouraged us to sup-
pose that nucleons in different shells are affected by dif-
ferent mean field. Therefore, we study the EMC effect in
range 0.3 <x < 0.8 for ~Al, *Fe, “Cu, and ' Ag
nuclei with supposing to consider the different oscillator-
model parameters for different shells, which have related
to their root mean square radius [5]. In addition, we use
GRYV free neutron and proton structure functions [6] which
have good agreement with experimental data, in conven-
tional nuclear model. The proton and neutron structure
function are different from each other, so in these nuclei
that the number of proton and neutron structure are dif-
ferent can be suitable in X < 0.8 ranges.
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2. The Nucleus Structure Function

The structure functions for charged lepton scattering
from a nucleon are related to cross section by:
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where o = 4— ~ 1— is the fine structure constant, four-
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momentum transfer squared is Q7. Initial and scattered
lepton energies are E and E’, respectively. Energy of
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the virtual photonis v=E—-E',and x= is

Bjorken scaling variable. M is the nucleon rest mass.
0 1is the detected lepton scattering angle. F and F,
are the deep inelastic structure functions.

The nucleus structure function is defined by the sum of
structure functions of constituted nucleons inside the
nucleus, which is defined as [8]:

FA)= ¥ X Jazal 1 (2), B @ @

where the first sum is over proton and neutron cases. The
second sum is over the quantum number of states. The
gl is the occupation number of energy level &, for
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proton (N =P) and neutron (N =n). Considered &,
for studied nuclei are expressed in Table 1. Nucleon dis-
tribution function inside the nucleus defines as:

dp pmy |g, () /(22)°,  3)

—— is for free nucleon. The effects of the
myv

momentum and energy distribution of the nucleon in the
nucleus are included in Equation (3) through ¢, (p)
and ¢, , respectively. The magnitude nuclear binding
energy (&,) mainly effects the structure functions in
the intermediate X region. Function f"(z) — describes
momentum, and energy distribution of nucleons inside

nucleus, also satisfies the normalization rule:
> Tt (2), = A @
N=n,p nl ¢

If all contributions such as gluons and sea quarks are
considered then the nucleon structure function satisfies
sum rule:

jdsz“ (x)=1 5)

The radius of each shell could be expressed as below
formula:

1
(r) =—(2n+1+3)2), (6)
where o = My @ and in the natural unite we have:
ha)—ﬂ(ZnH +3/2). @)
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he are expressed in Table 2.
According to [2] nucleon distribution function inside
nuclei is considered by below formula:
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Free proton and neutron structure, F," [ij , have
z

been used from M. Gluck et al., [6]. our calculations are
based on GRV free proton and neutron structure func-
tions [6], and we ignored the contribution of strange
quark. The free proton and neutron structure functions

FN (fj, in Figure 1 base on [6], are compared with
z

free nucleon structure function in ref [2] and experimen-
tal data.

3. The EMC Effect
The EMC ratios for nuclei have calculated by [1]:

RIIEAMC (X) = FZA (X)per nucleon/F22 " (X)per nucleon (9)

The EMC ratios for *’Al, *Fe, ®“Cu, and ' Ag
nuclei are plotted in Figures 2-5, respectively. From ex-
posed results in these figures, we obviously could see
that the plotted curves have good agreement with ex-
perimental data. Also, the deformation of bonded nu-
cleon structure function could be defined by [8]:

1 R (%)
unit, respectively. The calculated data for (r®)2 and fuc (X) = - ) (10)
p Yy < > Remc ( ) ZF) (X)+ NFZN (X)
Table 1. Brackets contain (g%, g.¢, (MeV)) for related shell.
shell ’H TTAl *Fe Cu Ag
0s (1,1-1) (2,2,-25) (2,2,-32) (2,2,-36) (2,2, -40)
Op (6,6,-23) (6,6,-30) (6,6,-34) (6,6,-38)
od (5,6,-21) (10,10,-28) (10,10,-32) (10,10,-36)
1s (2,2,-26) (2,2,-30) (2,2,-34)
of (6,10,-24) (14,9,-28) (14,14,-32)
1p (6,6,-30)
0g (18,7,-28)
1d (2,0,-26)
Copyright © 2012 SciRes. JMP
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Table 2. Brackets contain (<r2>u2 ,ﬁw) for studied nuclei that oscillator-model parameter he calculated from Equation

). <r2>y2 is taken from [7] for each level.
shell H Al S5Fe SCu Ag
0s (2.0.9,15.35) (1.67,22.23) (1.67,22.23) (1.67,22.23) (1.67,22.23)
op (2.44,17.34) (2.44,17.34) (2.44,17.34) (2.44,17.34)
0d (3.10,12.51) (3.10,12.51) (3.10,12.51) (3.10,12.51)
Is (3.48,11.95) (3.48,11.95) (3.48,11.95)
of (3.95,11.92) (3.95,11.92) (3.95,11.92)
Ip (4.44,11.39)
0g (4.49,11.28)
1d (4.55,10.98)
0.6 gemmmmamrppenmn———————— POwNe 1.2
g F s .
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Figure 1. Free proton and neutron structure functions base
on GRV model [6], without considering the contribution of
strange quark, that are compared with the free nucleon
structure function, which were proposed by Akulinichev et
al., [2]. Experimental data have been taken from [9].
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Figure 2. EMC ratio for # Al nucleus are plotted by using
Equation (9), we used &,, fiw and g) from Tables 1

and 2. Experimental data are taken from [10,11]. Dotted
curve just shows Fermi motion effect, namely £, =0. The

full curve shows both of the Fermi motion and the binding
energy effects. For used binding energy see Table 1.
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Figure 3. EMC ratios for, *Fe nucleus are plotted by us-
ing Equation (9), we used £,, fiw, and g, from Tables
1 and 2. Experimental data are taken from [10,11]. Dotted
curve just shows Fermi motion effect, namely £,=0. The

full curve shows both of the Fermi motion and the binding
energy effects. For used binding energy see Table 1.
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Figure 4. EMC ratios for, *Cu nucleus are plotted by
using Equation (9), we used &,, Ao, and g), from Ta-

bles 1 and 2. Experimental data are taken from [10,11]. Dot-
ted curve just shows Fermi motion effect, namely &, =0.

The full curve shows both of the Fermi motion and the
binding energy effects. For used binding energy see Table 1.
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where N is number of neutron and Z is the atomic
number of nucleus A. The extracted results for Rf,c
for 7Al, *Fe, ®Cu, and ' Ag nuclei are plotted
in Figures 6-9, respectively.

4. Results and Discussions

We plotted the EMC ratios in Figures 2-9. The extracted
data has agreement with experimental data. This agree-
ment have been obtained in the average binding energies
E=-2248MeV,E =-23.79MeV, & =-29.56 MeV ,
and €=-3125MeV for “Al, *Fe, “Cu, and
"7 Ag nuclei, respectively. We neglected other nuclear
effects such as pion cloud [12,13], presence of A particle
[14], quark exchange [15] and etc. Determining of Bind-

1.2
r ®E1397Ag

FY(x)/F3(x)

Figure 5. EMC ratios for, '”Ag nucleus are plotted by
using Equation (9), we used &,, fiw, and gl from Ta-

bles 1 and 2. Experimental data are taken from [10, 11]. Dot-
ted curve just shows Fermi motion effect, namely &€, =0.

The full curve shows both of the Fermi motion and the
binding energy effects. For used binding energy see Table 1.
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Figure 6. Structure function ratios are plotted according
Equation (10) for “ Al nucleus with considering Equation
(2), we used &, , Aew,and gl from Tables 1 and 2. Ex-
perimental data are taken from [10,11]. Dotted curve just
shows Fermi motion effect, namely &€, =0. The full curve

shows both of the Fermi motion and the binding energy
effects. For used binding energy see Table 1.
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Figure 7. Structure function ratios are plotted according
Equation (10) for **Fe nucleus with considering Equation
(2), we used £, Aw,and g from Tables 1 and 2. Ex-
perimental data are taken from [10, 11]. Dotted curve just
shows Fermi motion effect, namely &, =0. The full curve
shows both of the Fermi motion and the binding energy
effects. For used binding energy see Table 1.
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Figure 8. Structure function ratios are plotted according
Equation (10) for, ®*Cu nucleus with considering Equa-
tion (2), we used €,, fiw,and g, from Tables 1 and 2.
Experimental data are taken from [10, 11]. Dotted curve
just shows Fermi motion effect, namely &, =0. The full

curve shows both of the Fermi motion and the binding en-
ergy. For used binding energy see Table 1.

ing energy &, that is used in Equation (3) is an issue
and the proposed average value for this parameter which
could make agreement between extracted results from
conventional nuclear theory and experimental data, is
about —39 MeV for Iron [2,4]. But by considering some
phenomena that caused by nuclear medium effect on
structure functions this value could be decreased from
-39 to —26 MeV [4]. In our assumption, we supposed in
different shells, nucleons settled in different mean fields.
Maybe this assumption causes some issue in conven-
tional nuclear theory, but this could decrease average
binding energy for example from -39 MeV to —23.79
MeV for Iron, without considering any other phenomena
like flux factor or nuclear medium effects. These results
show that in different shell if we suppose that nucleons
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Figure 9. Structure function ratios are plotted according
Equation (10) for *”Ag nucleus with considering Equa-
tion (2), we used &,, fiw,and g from Tables 1 and 2.
Experimental data are taken from [10,11]. Dotted curve
just shows Fermi motion effect, namely &£, =0. The full

curve shows both of the Fermi motion and the binding en-
ergy effects. For used binding energy see Table 1.

feel various mean fields, this assumption could get the
EMC ratios that have agreement with experimental data
in less binding energy. The binding energies and %o
parameters that we used to get the EMC results for dif-
ferent shells could be found in Tables 1 and 2. If this
calculation, in this framework, is utilized for heavy nu-
clei, we are expecting more compatibility between EMC
ratios and shell model in conventional nuclear theory. In
Figures 2-9, to extract full curve we used the binding
energies in Table 1 for shells. The used energy for “H is
—1 MeV comparable with experimental binding energy
per nucleon —1.1 MeV for deuterium.
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