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Abstract. It has been recently conﬁrmed that the magnitude of the EMC eﬀect measured in the electron
deep inelastic scattering is linearly related to the short-range correlation scaling factor obtained from
electron inclusive scattering. By using a x-rescaling approach we are able to understand the interplay
between the quark-gluon and hadronic degrees of freedom in the discussion of the EMC eﬀect.

1 Introduction
Deep Inelastic Scattering (DIS) provides a tool for probing the quark momentum distribution in nucleons and
in nuclei. Since the ﬁrst indications that DIS structure
functions measured in charged-lepton scattering oﬀ nuclei diﬀer signiﬁcantly from those measured in isolated
nucleons [1,2] there has been a continuous interest in fully
understanding the microscopic mechanism responsible for
the so called EMC eﬀect and how it aﬀects the momentum
distribution of quarks in nuclei.
The experiment E03-103 at Jeﬀerson Lab has provided
precise measurements of the EMC eﬀect at large x, in
light nuclei, 3 He, 4 He, 9 Be and 12 C [3]. In refs. [4–8] it
was shown that the EMC eﬀect is linearly related to the
short-range correlation (SRC) scale factor a2 (A/d). This
factor follows from the experimental observation that the
ratio of inclusive electron scattering cross section from target nucleus A and from Deuteron scales for the Bjorken
scaling variable x, where x = Q2 /2mp q0 , in the range
1.5 ≤ x ≤ 2 at moderate Q2 and therefore it has been
suggested [9], that
σA (1.5 ≤ x ≤ 2, Q2 ) =

A
a2 (A/d) σ2 (A, x, Q2 ),
2

(1)

where σ2 (A, x, Q2 ) is the eﬀective cross section for scattering oﬀ a correlated 2N cluster in nucleus A. The SRC
represent the high momentum components of the nuclear
wave function, which can be described in terms of nucleonic degrees of freedom. They are responsible (in medium
and heavy nuclei) for around 60% of the kinetic energy of
a
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nucleons in the nuclei [10]. Assuming that σ2 does not depend on the target nucleus then σ2 (A, x, Q2 ) ≈ σ D (x, Q2 )
and A
2 a2 (A/d) can be connected to the number of correlated pairs in A [11]. It is clear that the SRC contain no
explicit quark-gluon eﬀects and arise solely from nucleonic
dynamics.
Let us show the mentioned dependence of the EMC
eﬀect by plotting its slope versus the SRC scale factor
a2 (A/d). In ﬁg. 1a we plot the overall ﬁt using the data of
columns 2, 4, 7 and 8 of table I in ref. [8], which correspond
to data from refs. [9,12,13] for a2 (A/d), and ref. [5] for
dR/dx. We have assigned one value for each nucleus which
reﬂects the weighted average of diﬀerent independent measurements and added a 5% uncertainty to a2 (A/d) due to
the thereoretical corrections needed to extract the data.
We obtain a reasonably good linear ﬁt, with a slope of
0.090 ± 0.012 and a χ̃2 /dof = 2.31/4,1 but discover that
the high-A nuclei lie all above, and most of low-A nuclei
below, the line.
In light of the latter observation we proceed to ﬁt two
lines one for heavy and the other for light nuclei. The
position of the dividing point is obtained from minimization of χ̃2 and is found to correspond to 12 C as shown
in ﬁg. 1b. In ﬁg. 2 we show the dependence of the χ̃2 on
the position of the dividing point, it is clearly seen that
1

Note that in this analysis we include the errors in the x
and y coordinates in the calculation of χ̃2 . Let x(i) and y(i)
be the data points and Δx(i) and Δy(i) the corresponding
P
errors, let y = a + bx be the ﬁtted line, then χ̃2 = i (y(i) −
a − bx(i))2 /(Δy(i)2 + (bΔx(i))2 ). Therefore, a good ﬁt arises
when χ̃2 /dof ≤ 1 [14]. Note, that if we considered that the
x-coordinate has no error, as is done in ﬁts to experimental
data like in ﬁg. 3, we would get in this case χ2 /dof = 1.21.
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Fig. 1. The EMC slopes extracted from refs. [5] versus the a2 (A/d) parameters extracted from [9, 12, 13] as described in table I
of ref. [8] and the result of the ﬁtting with (a) a linear function (b) a piecewise linear function consisting of two parts with
diﬀerent slopes.
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Fig. 2. χ̃ divided by the number of degrees of freedom in the
ﬁt of the EMC slopes versus a2 (A/d) with a piecewise linear
function as a function of parameter a02 (A/d) that divides the
region of light nuclei from heavy ones in ﬁg. 1b.

the region of 12 C corresponds to the minimum of the χ̃2 .
The ﬁt is now, χ̃2 /dof = 0.152/3,2 and the slope of the
straight line is steeper for heavy nuclei (0.22 ± 0.07) than
for light ones (0.076 ± 0.016). Therefore, we conclude that
whatever physics governs these two observables has a drastic change around 12 C. Regardless of this result, the fact
that the EMC eﬀect might be explained in terms of purely
hadronic physics is a matter of thought.

0.8

0.4

These developments moved us to re-analyze the data in
a formalism with only one parameter per nucleus η [15],
related to the binding energy of nucleons in nuclei [16,
17]. In this approach the EMC eﬀect was described by
2

With no errors for a2 , χ2 /dof = 1.108/3.

0.8

0.6

Fig. 3. Ratio of the 9 Be to the deuteron structure functions
versus x, the proton scaling variable. Experimental data is of
ref. [3]. The dashed line corresponds to η = 1.0125 in the formalism of ref. [15].

suggesting that the true scaling variable for deep-inelastic
scattering oﬀ nuclei should be taken to be
x∗ = ηx,

(2)

with 0 < x < A and η is the free parameter. Consequently,
the ratios of the nuclear to deuteron structure functions
can be written as follows:
(A)

R(A) = F2

(x∗ , Q2 )/F2

(D)

(x, Q2 ),

(3)

where F2 (x∗ , Q2 ) is the nuclear structure function calculated using a rescaled variable x∗ and the free nucleon
(D)
structure function, and F2 (x, Q2 ) is the deuteron structure function where the eﬀects of rescaling are small.
For the free nucleon structure functions we used the
parametrization of ref. [18].
The main issue in that work was to obtain quark distributions shifted towards lower x values as compared to
those corresponding to free nucleons, a mechanism which
(A)

2 The model

x
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Fig. 4. The EMC slopes extracted from refs. [5] versus the x-rescaling parameter η and the result of the ﬁtting with (a) a linear
function (b) a piecewise linear function consisting of two parts with diﬀerent slopes.
1.3

Table 1. For the measured nuclei the value of the x-rescaling
parameter η obtained by ﬁtting the data of refs. [2, 3] and use
the pdfs of ref. [18] with our formalism. The value of the xscaling parameter for 2 H is assumed to be η ≈ 1.
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was called x-rescaling. A direct connection between this
x-rescaling approach and the Q2 -rescaling [19], based on
the renormalization group evolution related to the perturbative quark-gluon structure of the nucleons, was already
shown in ref. [17].

3 Analysis of data
The above formalism leads to ﬁts of very good quality
for the EMC eﬀect in the region 0.3 ≤ x ≤ 0.7 based on
the x-rescaling model. We show in ﬁg. 3 an example of a
standard ﬁt for 9 Be corresponding to a value η = 1.0125
restricted to the x-region of present interest. Similar quality was obtained for all the nuclei considered. In table 1
we summarize the values of η obtained.
In order to compare our results with the SRC proposal [5], we take the values of the measured EMC slopes
they quote in their table I, corresponding also to the range
0.3 ≤ x ≤ 0.7. In addition to the nuclei presented in ﬁg. 1
and table 1 we use SLAC experimental data for the EMC
ratios R for 27 Al, 40 Ca and 108 Ag [1] and the corresponding dR/dx. We include these data to improve the statistics
in the range of heavy nuclei and, as we discuss later, this
allows us to present some predictions of the corresponding
a2 (A/d) values.
With these experimental data and the η values obtained in the ﬁt, we produce ﬁg. 4a that also shows a linear dependence of the EMC slopes with the eﬀective mass
parameter η. The value of the slope is 13.11 ± 1.7 and the
quality of the ﬁt is characterized by χ̃2 /dof = 7.65/7. A
similar ﬁt in terms of binding energy has been recently
performed in ref. [20].

1.05
1

1.01

1.015



1.02

Fig. 5. χ̃2 divided by the number of degrees of freedom in the
ﬁt of the EMC slopes versus η with a piecewise linear function
as a function of parameter η 0 that divides the region of light
nuclei from heavy ones in ﬁgs. 4b and 6.

We note by looking to ﬁg. 4a that, even if the linear
ﬁt with one straight line is quite reasonable, a ﬁt with
a piecewise linear function consisting of two parts with
diﬀerent slopes, one for the light nuclei and one for the
heavy as shown in ﬁg. 4b, might be more precise. Our
statistical analysis conﬁrms our suspicion that the two line
ﬁt is at least as good as the one with one straight line. In
fact, we obtain χ̃2 /dof = 5.22/5 and the corresponding
slopes are 19.5±3.7 for the light nuclei and 9.3±2.5 for the
heavy ones. One sees that the slope for the heavy nuclei
is two times smaller than the slope for the light nuclei.
Moreover, we realize that the transition from the region
of light nuclei to that of the heavy nuclei takes place at
η = η 0 = 1.015 which corresponds to carbon. This value
of η 0 results from the minimization of χ̃2 in the ﬁtting
with a piecewise function.
In ﬁg. 5 we show the calculated χ̃2 values (divided by
the number of degrees of freedom) as a function of the
parameter η 0 which is the value of the parameter η that
divides the range of η into light and heavy nuclei. This
value of χ̃2 , comparable to the previous one, establishes
that this ﬁt might be physically motivated. The lack of
data for heavy nuclei impedes a better discrimination.
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Fig. 6. The short-range correlation scale factor a2 (A/d) versus
the nucleon x-rescaling parameter η. We see a low-A and a
high-A linear relation.
Table 2. The values of the SRC scale factor a2 (A/d) for 27 Al,
40
Ca and 108 Ag using two diﬀerent methods: (a) —the ﬁrst
line— using the parametrization of a2 (A/d) versus η from ﬁg. 6
and (b) —second line— using the parametrization of dR/dx
versus a2 (A/d) from ﬁg. 1b.
A

27

Al

40

Ca

108

Ag

a2 (A/d) (ﬁg. 6)

5.05 ± 0.07

5.15 ± 0.07

5.22 ± 0.07

a2 (A/d) (ﬁg. 1)

4.96 ± 0.15

5.06 ± 0.21

5.68 ± 0.23

Certainly, given the relation between all the various
treatments mentioned before, similar plots of dR/dx as
a function of conﬁnement scales R∗ /R [17,19,21] can be
produced.
We observe again that the physics one can associate
with the heavy nuclei might be diﬀerent from that related to light nuclei. The average nucleon interaction energy (∼ 1/η) grows faster with A for the heavy nuclei than
it does for the light nuclei [17,22].
Thus we arrive to an impasse, we ﬁnd linear correlations between dR/dx both in the hadronic scheme
with a2 (A/d), and in the quark-gluon scheme with η.
Both schemes are able to explain the EMC phenomenon
(0.3 < x < 0.7) and therefore we can associate it either to
the eﬀect of the local nuclear environment as characterized
by the high momentum components of the nuclear wave
function [3], as well as, to x-rescaling through arguments
based on perturbative QCD, but, and this is important,
through the non-perturbative parameter η related to the
the binding energy.
We can establish a linear relation between the parameter η and the SRC scale factor a2 (A/d), also found in
ref. [23] . However, in ﬁg. 6 we show that this relation
is better ﬁtted again by a two linear ﬁt. This implies
that both treatments are related in a mathematical form
which distinguishes between light and heavy nuclei. This
plot allows us to predict the values of the scale factor
a2 (A/d) for 27 Al, 40 Ca and 108 Ag. We present these values
in table 2, together with the a2 (A/d) predictions from the

Before we proceed to comment on these results we would
like to emphasize that the main outcome of our investigation has been to make explicit that the interesting linear
correlation between the EMC eﬀect and the SRC can be
extended to a linear correlation between the EMC eﬀect
and the x-rescaling parameter η which leads to a linear
correlation between η and SRC, for us a signature of QCDhadron duality. We have also made the observation that
these linear relations might be too naive and that some
high-low A average dynamics might separate the EMC effect in two regimes. More data should clarify this issue
and help understand QCD-hadron duality.
However, none of the shown treatments is purely QCD
or purely hadronic. Both contain in their parametrizations
the other component. In the case of the x-rescaling the
hadronic behavior enters through the η parameter, an inmedium hadronic property. In the case of the SRC motivated relation one should recall Weinberg’s theorem [24]
which implies that QCD in some kinematical regime can
be understood in terms of purely hadronic degrees of freedom. The quark-gluon behavior arises through the ﬁtting
of the dynamical constants. These treatments are both
highly non-additive.
Figure 6 shows a low variation of a2 (A/d) with η for
large A, which suggests a low sensitivity of η to the detailed nuclear dynamics for heavy nuclei. On the other
hand, the rapid variation at low A, suggests that a QCD
type description might be adequate in this regime. This
ﬁt has been made assuming the η0 = 1.015, as obtained
in ﬁg. 5, and we obtain χ˜2 /dof = 0.524/3 for it.
It has been argued that one should use xN = Q2 /2PA q,
where PA is the nucleus four momentum, rather than x to
represent the data in order to work in the nucleus reference
frame [25]. This is precisely what ﬁg. 6 does. It represent
the data in terms of the nucleus eﬀective x∗ = ηx and
therefore the A dependence is dynamical and not kinematical.
The A dependence of the EMC contribution has been
obtained in a microscopic treatment of the EMC eﬀect
which separates all the various components contributing
to the process, i.e. nucleon structure, equivalent photon
and the hadronic components [25]. In our treatment the
various dependences are implicit. Note that their scaling
variable is purely perturbative not like our η parameter
which is non-perturbative. A relation between both approaches would clarify some issues and provide the x dependence. We may speculate at this point based on preliminary calculations that the low-A and low-x (0.3 < x <
0.5) regime is best suited to see the almost perturbative
x-rescaling behavior.
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The linear correlation between the diﬀerent parameters shown in here allows one to conclude that in hadronic
language, as it was suggested in [3], the nuclear dependence of the quark distributions is directly related to the
local nuclear environment of the acted nucleon, and in
terms of quark-gluon language the nucleons in the medium
are bound and therefore their x-rescaling parameter η is
larger than in the vacuum. Both statements represent a
dual view of the EMC eﬀect.
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