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Outline

• The EMC Effect
• Structure functions in the resonance region – nucleons 

à nuclei
• Duality in nuclear structure functions à the EMC Effect
• JLab measurements at 6 and 11 GeV
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DIS: Structure Functions and Quarks in 
the Nucleus

Deep Inelastic Scattering provides access 
to quark distributions in nucleon via 
structure functions: 
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I Figure 7. Bodek-Ritchie (1981) predictions for 

the Fermi motion correction to the structure 
function of Fe. The full curve is the quasi- 
deuteron approximation, the chain curve has 
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Ritchie noted that the effect of Fermi smearing was sensitive to this assumption. 
Figure 7 shows the results of this procedure in comparison with those obtained by 
using the same kinematics as for p <pF and also by neglecting p >pF (i.e. using the 
distribution (4.19) instead of (4.20)). Saito and Uchiyama (1985) have further 
investigated this sensitivity using also a two-range Gaussian momentum distribution. 
(The deviation of the ratio from unity at x = 0 is due to the West p correction, which 
is aggravated by using A = 2 in (4.23).) 

Although Bodek and Ritchie considered the quasideuteron approximation to be 
best, and it is in line also with Frankfurt and Strikman's (1979b) few-nucleon 
correlation model, there are other approaches. For example, one could take the 
correlated nucleons to be in a nucleus in a 2p2h state, so that a high-momentum 
nucleon recoils against an A - 1 nucleus in a highly excited lp2h state. The proper 
treatment of this requires an extension of the binding model (see § 4.3). Berlad et al 
(1980) preferred to treat short-range correlations via multi-quark states (see also 
Pirner and Vary (1981)). 

Bodek and Ritchie (1981) considered their approach valid at arbitrary Q 2  and 
applied it even in the resonance region. Henceforth, however, we shall restrict 
ourselves to the scaling region and assume the Bjorken limit. In this limit the 
convolution formulae (4.8) and (4.9) reduce to 

and 

where 

(4.26) 

(4.27) 

(4.28) 

and we have used 

(4.29) 

(4.30) 

Nuclear binding energies (~MeV) small 
compared to typical DIS energies (~GeV)
à (Naïve) expectation was that nuclear 
effects in DIS would be small 

Figure  from Bickerstaff and Thomas, J. Phys. G 15, 1523 (1989)
Calculation: Bodek and Ritchie PRD 23, 1070 (1981)
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Properties of the EMC Effect

Global properties of the 
EMC effect

1. Universal x-dependence
2. Little Q2 dependence
3. EMC effect increases 

with A
à Anti-shadowing region 

shows little nuclear 
dependence
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Properties of the EMC Effect

Global properties of the 
EMC effect

1. Universal x-dependence
2. Little Q2 dependence
3. EMC effect increases 

with A
à Anti-shadowing region 

shows little nuclear 
dependence

à Nuclear structure functions evolve with Q2 in same way as nucleon
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Q2 Dependence of the EMC Effect
SLAC E139

Aubert et al, Nucl. Phys. B293, 740 (1987)
Gomez et al, Phys. Rev. D 49, 4348 (1994)

EMC Q2=10-200 GeV2
Q2=1-10 GeV2

x=0.05

x=0.65
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Quark-Hadron Duality in Nucleons
I. Niculescu et al., PRL85:1182 (2000)

VOLUME 85, NUMBER 6 P H Y S I C A L R E V I E W L E T T E R S 7 AUGUST 2000

measurements at higher Q2 —data which are planned but
not yet available [24].

Figure 3 shows the same duality integral ratio as in
Fig. 2, but here obtained more locally, in restricted j
ranges around the three prominent resonance enhancement
regions observed in inclusive nucleon resonance electro-
production, i.e., around the masses of the D P33(1232)
(1.3 # W2 , 1.9 GeV2), the S11(1535) (1.9 # W2 ,
2.5 GeV2), and the F15(1680) (2.5 # W2 , 3.1 GeV2)
resonances, and in the higher W2 region above these
(3.1 # W2 # 3.9 GeV2). The uncertainties shown were
computed as in Fig. 2. The latter higher mass ratios,
which compare near deep inelastic data to deep inelastic
data are essentially one and similar to the results in Fig. 2.
It has been pointed out [25] that the D resonance form
factor decreases faster in Q2 than the leading order pertur-
bative QCD Q24 behavior which the scaling curve should
reflect. A similar observation may possibly be made from
Fig. 3 where the ratio (res!DIS) drops below unity in the
region 1 , Q2 , 3.5 "GeV!c#2. The S11 region, on the
other hand, appears systematically higher than the others.
Generally, however, the lower mass resonances appear to
average to the deep inelastic strength, manifesting duality
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FIG. 3. The ratios of integrated data strength in limited ranges
of j around the prominent resonance enhancement mass regions,
to the strength from the resonance fit (stars) and NMC (squares)
scaling curves integrated over the same j regions.

behavior even in these limited ranges of j at low Q2

where higher twist effects might be expected to be large.
By utilizing new inclusive data in the resonance region

at large x, it has been possible to revisit quark-hadron dual-
ity experimentally for the first time in nearly three decades.
These new data, combined with the extensive global mea-
surements of the F2 structure function from deep inelastic
scattering, allow for precision tests of duality in electron-
nucleon scattering. The original duality observations are
verified, and the QCD moment explanation indicates that
higher twist contributions to the n ! 2 moment of the F2
structure function are small or canceling, even in the low
Q2 regime of Q2 $ 0.5 "GeV!c#2. Duality is observed
to hold for local resonance enhancements individually, as
well as for the entire 1 # W2 # 4 GeV2 resonance region.
In all cases, duality appears to be a nontrivial dynamic
property of the nucleon structure function.

This work is supported in part by research grants from
the National Science Foundation. C. E. K. and R. E. wish
to thank A. Radyushkin for many useful discussions.
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à Resonance region structure functions 
oscillate around smooth, DIS curve
à Quantitative agreement between 
DIS/resonance F2 when integrating over 
distinct regions in W2
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Quark-Hadron Duality in Nuclei
• Free nucleon

– average over 
resonance region = 
DIS scaling limit

• Bound nucleon
– Fermi motion does the 

averaging for us
– Resonances much 

less prominent in 
nuclear structure 
functions

• Nuclear structure functions 
appear to “scale” to lower 
Q2 than their free nucleon 
counterparts with no 
explicit resonance 
averaging 

J. Arrington, et al., PRC73:035205 (2006)
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EMC Effect in Resonance Region

J. Arrington, et al., PRC73:035205 (2006)

JLab E89-008:
Q2 ~ 4 GeV2

1.3<W2<2.8 GeV2

data in the resonance
region
à In region of overlap 
agrees well with DIS data

Subsequent Hall C data taken at 
higher Q2, tested scaling with 
precise measurement of Q2-
dependence
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JLab Experiment E03-103
Measurement of the EMC Effect in light nuclei (3He and 4He) and at 
large x

à3He, 4He amenable to calculations using “exact” nuclear 
wave functions
à Large x dominated by binding, conventional nuclear effects

A(e,e’) at 5.77 GeV in Hall C 
at JLAB (with E02-019, x>1) 

Targets: H, 2H, 3He, 4He,
Be, C, Cu, Au

Six angles to measure Q2

dependence

Spokespersons: DG and J. Arrington
Graduate students: J. Seely and A. 
Daniel

HMS: 6 GeV SOS: 1.7 GeV
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Deep Inelastic Scattering at low W

Canonical DIS
regime:

Q2 > 1 GeV2 AND
W2 > 4 GeV2

At JLab 6 GeV, access to 
large Q2, and W2>4 GeV2

up to x=0.6

•At x>0.6, we are in the “resonance region”, but Q2 is still large
•Are we really sensitive to quarks in this regime?

• Test by checking Q2 dependence of (carbon) ratios and structure 
functions
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Q2=4.06
Q2=4.50
Q2=4.83
Q2=5.33
Q2=6.05

x

σ
C
/σ
D
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1.1

1.15

1.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Carbon/2H Ratio and Q2 Dependence

Q2=4.0 GeV2

W2=2.2 GeV2

Q2=6.0 GeV2

W2=2.9 GeV2

At larger angles (Q2) the ratio appears to scale to very large x
à W2>2 GeV2 andQ2>3 GeV2

at x=0.75

E03-103 Results
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Q2=2.32
Q2=2.69
Q2=3.03
Q2=3.33
Q2=3.68

x

σ
C
/σ
D
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0.95

1

1.05

1.1

1.15

1.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Carbon/2H Ratio and Q2 Dependence

Q2=2.3 GeV2

W2=1.65 GeV2

Q2=3.68 GeV2

W2=2.1 GeV2

Clear deviation from scaling at W2<2.2 GeV2

at x=0.75

E03-103 Results
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More detailed look at scaling of C/D 
ratios

E03-103
SLAC e139

W2>4 GeV2

W2>2 GeV2

C/D ratios at fixed x
are Q2 independent 
for

W2>2 GeV2 and
Q2>3 GeV2

For E03-103, this 
extends to x=0.85
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Figure 6.1 The left panels shows F A
2 /A for deuterium and carbon as a function of

x, while the right panels show the same data plotted against ξ. The Q2 values (in
GeV2) indicated in the legend are evaluated at x = 1.

where σmeasured is the measured cross section, σMott = 4αE
′2 cos2(θ/2)/Q4, and β is

given by

β = 2 tan2 θ

2

(

1 + ν2

Q2

R − 1

)

. (6.2)

If the ratio of longitudinal to transverse cross section for two different nuclei

is same (i.e. RA1 = RA2) then:

σA1

σA2

=
F A1

2

F A2
2

. (6.3)

Thus, the nuclear dependence of the structure function is directly given by this ratio

of cross sections. All existing measurements are consistent with little nuclear depen-

dence in R (see Figure 2.4). The present analysis is carried out under the assumption

that R is the same for all A. Since ∆R is known to be zero at the 10% level, a change

of R by 10% will change the structure function ratio by ∼ 2.5%. However, it should

126

Structure Functions
D

C

F2

x x
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Scaling of F2D – Fixed x

0 5 10 15 20 25

Q2 (GeV/c)2

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

F 2D
/A

x=0.55
x=0.6
x=0.65
x=0.7
x=0.75
x=0.8

w2= 2

w2= 4

Figure 6.5 F A
2 /A vs Q2 for deuterium at fixed values of x. The dashed lines show a

logarithmic Q2 dependence (see text for more details). Solid lines denote W 2 =2 and
4 GeV2. The hollow circles are data from SLAC [12], the hollow squares are from
JLab [33], and the filled circles are E03-103 data.

is violated (low Q2 points) due to possible contributions from the QE peak. However,

from the figure it is clear that at ξ = 0.75, the largest two angles are consistent with

scaling. These plots quantitatively indicate that ξ is a better variable to study the

parton model predictions at finite Q2.

6.3 Cross Section Ratios

An additional test of scaling can be performed by examining the cross section

ratios themselves. One advantage of using ratios is that many of the systematic

uncertainties cancel. The ratios were constructed by binning the data in 1% δ bins

for each momentum setting, and computing the ratios for the final cross sections.

These data were then re-binned into bins of constant ξ or x.

Figure 6.7 shows the Q2 dependence of cross section ratios for carbon at the

130

SLAC
E03-103

Scaling:

constant
ln

)(ln
2

2
2 =
Qd
QFd

Curves fit to large 
Q2 SLAC data à
compared to JLab 
data at lower Q2

Although target ratios scale down to Q2=3 GeV2, for W2>2 GeV2, F2
shows deviations from logarithmic scaling

Aji Daniel -thesis



17

Scaling of F2D – Fixed x

Scaling:

constant
ln

)(ln
2

2
2 =
Qd
QFd

Curves fit to large 
Q2 SLAC data à
compared to JLab 
data at lower Q2

Looking at Q2 dependence for fixed x, structure functions shows improved 
scaling

0 5 10 15 20 25

Q2 (GeV/c)2

0

0.02

0.04

0.06

0.08

0.1

0.12

F 2D
/A

ξ = 0.55
ξ = 0.6
ξ = 0.65
ξ = 0.7
ξ = 0.75

w2= 4

w2= 2

Figure 6.6 F A
2 /A vs Q2 for deuterium at fixed values of ξ. The dashed lines show

a logarithmic Q2 dependence (see text for more details). The solid lines denote W 2

=2 and 4 GeV2. The hollow circles are data from SLAC [12], the hollow squares are
from JLab [33], and the filled circles are E03-103 data.

five largest Q2 values taken during the experiment (at x = 0.7, Q2 ranges from 4-6

GeV2). The data at 36◦ and 46◦ were collected with a beam energy of 5.01 GeV while

the rest of the Q2 settings are at 5.76 GeV. The results are presented along with the

data from SLAC [36] and JLab E89-008 [26]. The E03-103 cross section ratios are

more precise, and are independent of Q2 over the entire range of x shown. However,

when plotted vs ξ, the ratios show deviation from scaling at large ξ (see Figure 6.8).

The reason for this is not clear since the cross sections themselves scale better when

using the Nachtmann variable, ξ. However, to ensure the greatest chance that we are

in the scaling regime, we use only the two largest angles for extraction of the EMC

effect. In addition, we used only W 2 > 1.2 GeV2 data, in order to exclude the region

very close to the quasi-elastic peak. The cross section ratios presented here are taken

as the average of the 2 highest Q2 settings (40 and 50 degrees data at 5.76 GeV).

It should be noted that the Q2 dependence of structure functions is quite different

when taken at fixed x as opposed to fixed ξ. However, this has a small effect on

131

SLAC
E03-103

Aji Daniel -thesis
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JLab E03-103 and the Nuclear 
Dependence of the EMC Effect

Normalization (1.6%)

x

R
EM

C
=(

F 2A /
F 2D )

/(A
/2

)

|dREMC/dx|=0.280 +/- 0.028

0.9

1

1.1

0.3 0.4 0.5 0.6 0.7 0.8 0.9

New definition of “size” of 
the EMC effect

àSlope of line fit from 
x=0.35 to 0.7

Assumes shape is 
universal for all nuclei

àNormalization 
uncertainties a much 
smaller relative 
contribution

Carbon

W2<4 GeV2
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E03103 Results: EMC Effect and Local 
Nuclear Density

9Be has low average density
à Large component of structure is 
2α+n  
à Most nucleons in tight, α-like 
configurations 

EMC effect driven by local rather 
than average nuclear density  

Can we see similar behavior in 
other nuclei?
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E12-10-008: EMC effect in lightà heavy nuclei
Spokespersons: J. Arrington, A. Daniel, N. Fomin, D. Gaskell 

J. Seely, et al., PRL 103, 202301 (2009)

E03-103: EMC at 6 GeV
à Focused on light nuclei
à Large EMC effect for 9Be
à Local density/cluster effects?

E12-10-008: EMC effect at 12 GeV 
àHigher Q2, expanded range in x (both low and high x)
à Light nuclei includes 1H, 2H, 3He, 4He, 6Li, 7Li, 9Be, 10B, 11B, 12C
à Heavy nuclei include 40Ca, 48Ca and Cu and additional heavy nuclei of particular 

interest for EMC-SRC correlation studies
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E12-10-008 (EMC effect) 
and E12-06-105 (x>1)

1H
2H

3He
4He

6,7Li
9Be

10,11B
12C

27Al
40*,48Ca

48Ti
54Fe

58,64Ni

64*Cu
108*Ag
119*Sn
197*Au
232Th

Light nuclei: Reliable calculations of 
nuclear structure (e.g. clustering)

Heavier nuclei: Cover 
range of N/Z at ~fixed 
values of A

§ Both experiments use wide range of nuclear 
targets to study impact of cluster structure, 
separate mass and isospin dependence on 
SRCs, nuclear PDFs

§ Experiments will use a common set of targets 
to provide more information in the EMC-SRC 
connection
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E12-10-008: Commissioning running
à Ran with E12-10-002 at part of commissioning experiment run to make some 

initial EMC effect measurements 
à ~2 days used to:
1. Measure Q2 dependence of EMC effect over range of x to check scaling of 

EMC ratio à carbon target
2. Obtain data on a few light nuclei at a single Q2/angle (9Be, 10B, 11B, C)

Be,10,11B,C

C only

Full experiment:
à All targets at 21 

degrees, smaller 
subset at 35 degrees

à 25,29,40 degrees 
used for Q2

dependence tests 
w/Carbon

W2>4

W2>2 W2>1.3
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Summary
• Nuclear structure function ratios (EMC effect) appear to show 

scaling down to W2=2 GeV2 for Q2>3 GeV2 à consequence of 
duality + Fermi smearing in nucleus
– Apparent scaling does not work as well for individual 

structure functions, unless studied as function of x
• Allows access to EMC effect measurements to rather large x 

(0.85) at 6 GeV beam energies
– Larger x should be accessible with JLab 12 GeV 

measurements
– Will ratios for W2<2 GeV2 scale at larger Q2

• Precise EMC Effect measurements at large x provide test of 
the wave functions used in EMC effect calculations 

• Applicability of duality (or not) in nuclear structure functions 
also relevant for neutrino experiments à Monte Carlo models
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EXTRA



25

Carbon/2H Ratio and Q2 Dependence
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Carbon/2H Ratio and Q2 Dependence
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FIG. 1: (Color online) Example structure function data for
deuterium (top) and iron (bottom) at Q2 = 4.5 GeV2 and 5
GeV2, respectively.

a spline fit and a simple linear extrapolation. Moments
obtained in such cases agreed within 2%. To extrapolate
to x → 0 a parameterization from NMC [22] was used
for Q2 > 2 GeV2 and a linear extrapolation was used for
lower Q2 data. The uncertainty introduced by this ex-
trapolation becomes negligible for higher order moments.
The extrapolation to x → A, while negligible for n = 2,
becomes important for the higher moments. The data
used in this region were obtained at SLAC and JLab and
the coverage in x is sufficient for most Q2 and n values.
The uncertainty in the moments due to the extrapolation
to x = A is less than 1% for n = 2, around 3% for n = 4,
up to 6% for n = 6, and up to 20% for n = 8. The high-
est x quasielastic and elastic contributions, important for
low Q2, were calculated according to [23, 24] and added
to the moments.
In the near future, the extrapolations to x → 0 and

x → A can be improved with new data coming from Jef-
ferson Lab experiments [25, 26, 27, 28, 29, 30, 31]. These
experiments have already acquired data and results will
become available over the next few years. These newer
data will allow for moments to be obtained over an ex-
panded range in Q2, and for several additional nuclei,
including 3He and 4He.

III. RESULTS

Tables I and II show the Cornwall–Norton moments
for deuterium and iron. The uncertainties include pub-

Q2 n = 2 n = 4 n = 6 n = 8

(GeV2)

0.05 .481±.481 .807±.400 2.3618±.2362 8.5266±.8527

0.10 .407±.204 .479±.120 1.0533±.0105 3.3723±.3372

0.20 .320±.080 .284±.034 0.3946±.0395 0.7653±.0765

0.45 .296±.021 .193±.019 0.2163±.0216 0.2968±.0359

0.80 .220±.011 .092±.005 0.0844±.0060 0.0961±.0103

1.50 .180±.009 .040±.003 0.0261±.0020 0.0235±.0033

2.40 .169±.008 .028±.001 0.0165±.0010 0.0156±.0008

3.20 .162±.008 .021±.001 0.0091±.0005 0.0065±.0003

4.50 .165±.008 .016±.001 0.0056±.0003 0.0039±.0002

5.00 .161±.008 .017±.001 0.0052±.0003 0.0030±.0002

7.00 .163±.008 .016±.001 0.0038±.0002 0.0015±.0001

TABLE I: Moments of the F2 structure function per nucleon
for the deuteron.

lished experimental uncertainties on the structure func-
tions, the uncertainties due to the finite Q2 range of
the data and interpolation procedures, extrapolations to
low and high x, and the uncertainties in estimating nu-
clear elastic and quasielastic contributions. The com-
bined uncertainties are typically 5%, except for low Q2

values where the uncertainty in the quasielastic become
very large, especially for n = 2. At low Q2, the higher
moments become increasingly dominated by the nuclear
elastic contribution, which is known to better than 5%.
For the iron n = 6 and n = 8 moments, the intermedi-
ate Q2 values have large contributions from the poorly
known quasielastic contributions at extremely large x val-
ues, and so these moments are not included.

There are indications that two-photon exchange cor-
rections to the electron–nucleon elastic cross section
might impact the extracted moments [32]. These correc-
tions appear to be <

∼6% for elastic e-p scattering (<∼3%
for e-n [33]), peaking at large scattering angles. For the
data included in this analysis, we expect that two-photon
exchange will contribute at most 2% to the moments, typ-
ically much less. This is small compared to the experi-
mental uncertainties, and these effects should partially
cancel when comparing different nuclei.

The lower n moments display a very shallow to negli-
gible Q2 dependence. In the Operator Product Expan-
sion (OPE), higher twist effects (interactions between the
struck quark and other quarks in the electron–nucleon
scattering process) are expected to manifest a 1/Q2 de-
pendence in the moment. This is not observed in the
data, which is somewhat surprising at these lowQ2 values
where such effects could be large. The asymptotic behav-
ior of the second moment is ultimately governed by the
energy–momentum tensor in the OPE and, thus, has no
Q2 dependence, as in the quark–parton model [11]. Even
at the low Q2 values studied here, the moments display
this quark–parton model behavior over most of the Q2

range. The lower Q2 moments are dominated by high x

Moments of Nuclear Structure Functions
3

Q2 n = 2 n = 4 n = 6 n = 8

(GeV2)

0.05 .203±.203 204±10 (6.4±.32)×105 (2.0±.1)×109

0.10 .207±.100 5.74±.289 (1.77±.09)×104 (5.6±.28)×107

0.25 .277±.069 .273±.137 2.763±1.242 6600±330

0.40 .265±.027 .273±.041 — —

1.00 .209±.010 .095±.005 0.276±0.044 —

1.90 .166±.008 .034±.002 0.0270±0.0015 .0447±.0058

2.90 .174±.009 .018±.001 0.0114±0.0010 .0146±.0063

5.00 .158±.008 .015±.001 0.0050±0.0004 .0032±.0006

6.00 .164±.008 .016±.001 0.0038±0.0002 .0020±.0004

TABLE II: Moments of the F2 structure function per nucleon
for iron.

resonance regime. Hence, this observation is yet another
striking manifestation of quark–hadron duality [34].
The higher n moments, on the other hand, do display

an increased Q2 dependence. These data may therefore
be used for precision higher twist extractions. However,
the higher n moments are increasingly dominated by the
high x, including the elastic and quasi–elastic regimes,
where the x and Q2 dependences are less well understood
in terms of the OPE.
If nuclear effects are small, the moments for iron can

also be constructed by adding the proton and neutron
contributions, extracted from proton [35] and deuteron
data. To investigate how well this simplified approach
works, the following simple formula was employed:

Mn(Fe) = Z ×Mn(p) + (A− Z)×Mn(n), (2)

where Mn(n) is taken to be Mn(d) − Mn(p). Here,
Mn(p),Mn(n), andMn(d) refer to the nth moment of the
proton, neutron, and deuteron, respectively, and Z is the
atomic number of iron. This is equivalent to extracting
the iron data as 28 deuterons with a small neutron ex-
cess contribution. Simple Fermi motion should not yield
a significant nuclear dependence in the M2 moment, and
off-shell effects have been studied [5, 6] and are also ex-
pected to be small for the lowest moment, and on the
order of 10% for moments up to n = 5 [5].
This procedure is illustrated in Fig. 2 for the sec-

ond moment, M2. The iron data are shown as squares,
deuteron data as full circles, proton data as stars. The
red dashed lines describing the deuteron and the proton
moments are simple fits to the proton and deuteron data,
which are then used to calculate the neutron moment,
M2(d)−M2(p), and the iron moment as 26 protons and 30
neutrons, as described in Eq. 2. No additional correction
was made for nuclear effects or the non–isoscalarity of the
target. The neutron and iron moments thus calculated
are shown as blue dashed lines in the figure, while the
hollow circles show the neutron moments taken directly
from the difference of deuteron and proton moments. For
Q2 > 4 GeV2, the ratio of M2(Fe)/M2(D), normalized

FIG. 2: (Color online) The second moment of F2 for proton
(stars), deuteron (full circles), and iron (squares). The hollow
circles are the neutron moments taken from the difference of
deuteron and proton. The red dashed lines are fits to the
deuteron and proton moments, and the blue dashed lines are
the neutron and iron moments extracted from these fits using
the procedure described in the text.

to the number of nucleons, is 0.99± 0.05, consistent with
the value 0.96 [36], from a calculation based on Ref. [5].

The ratios of the measured moments for iron com-
pared to the moments taken from the deuteron and pro-
ton moments are shown in Fig. 3. It can be seen that
these two methods yield the same results within the un-
certainty. Combining all of the values yields a devia-
tion of (0.9 ± 2.2)%, or (0.5 ± 2.9)% if we consider only
Q2 > 2.5 GeV2. This result contradicts interpretations
of the EMC effect that predict significant modification
to the the total quark momentum distribution in nu-
clei. However, it is consistent with other interpretations
where the total quark momentum is conserved [2, 37].
Here, the data indicate that the integrated iron nucleus
can be described well as simply being composed of free
deuterons, with a minimal correction for neutron excess
in 26p+30n. It seems the EMC effect is a redistribution
of quark momentum without any additional momentum
added by the nuclear environment outside of whatever is
already present in the deuteron.

One can also connect the nuclear dependence of the
quark distributions to the coordinate space parton dis-
tributions [38, 39]. The A dependence of the n = 2 mo-
ment is then related to the A dependence of the light
cone distributions at short distance. The fact that the
data indicate extremely small nuclear effects is consis-
tent with the result that the A dependence for distances
less than the inter-nucleon spacing is surprisingly small
(<2%), due to cancellation between the shadowing, anti-

I. Niculescu, et al, PRC73,035205(2006) 

Low Q2, large x data used to calculate Cornwall-Norton moments

M2(Fe) = Z × M2(p) + (A − Z) × M2(n) 


