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Neutron Extraction
Several approaches (basic approximation, convolution approach)
Let’s use “complete analysis” approach from Bissey, Guzey, Strikman
and Thomas (PRC 65 064317 (2002))
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Potential problem: “It is assumed...that the transverse spin
asymmetry, An

2, is negligibly small ...”
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Pp and Pn

Bissey et al use Pn = 0.86± 0.02, Pp = −0.028± 0.004
I This is the average over several models from Friar et al (PRC 42 2310

(1990))

Zheng et al use expanded error bars to account for “full uncertainty”
using “nine more models”: Pn = 0.86+0.036

−0.02 , Pp = −0.028+0.094
−0.004.
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F p
2 and F n

2

We can extract F p
2 and F n

2 from world F2 data on proton and
deuteron targets
NMC produced a 15-parameter fit of for both targets (Arneodo et al
Phys Lett B 364 107 (1995))
Fit is easily coded

New Muon Collaboration/Physics Letters B 364 (1995) 107-l 15 113 

Table 3 

The values of the parameters of Eq. (2) for F{ and F2. ’ The limits correspond to the total uncertainties in Fz as explained in the text. 

Parameter F; Limits F2d Limits 

Upper F; Lower F” 
2 Upper F;’ Lower Ff 

((1 -0.02778 -0.057 I I -0.01705 -0.04858 -0.04715 -0.02732 

(12 2.926 2.887 2.851 2.863 2.814 2.676 

us I .0362 0.9980 0.82 I3 0.8367 0.7286 0.3966 

(14 - 1.840 - 1.758 -1.156 -2.532 -2. I5 I -0.608 

(15 8.123 7.890 6.836 9. I45 8.662 4.946 

(16 - 13.074 - 12.696 -11.681 -12.504 -12.258 -7.994 

W 6.215 5.992 5.645 5.473 5.452 3.686 

hl 0.285 0.247 0.325 -0.008 -0.048 0.141 

h2 -2.694 -2.61 f -2.767 -2.227 -2.1 I4 -2.464 

hs 0.0188 0.0243 0.0148 0.055 I 0.0672 0.0299 

h4 0.0274 0.0307 0.0226 0.0570 0.0677 0.0396 

cl -1.413 - 1.348 -I .542 -I ,509 -1.517 -2.128 

c2 9.366 8.548 10.549 8.553 9.515 14.378 

(‘3 -37.79 -35.01 -40.81 -3 1.20 -34.94 -47.76 

c4 47.10 44.43 49.12 39.98 44.42 53.63 
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Fig. 4. The deuteron structure function F;‘. The NMC results are compared with those of SLAC [ IO] and BCDMS [ I I 1. The points have 

been renormalised according to the values resulting from the fit, and the BCDMS data have also been adjusted for the energy recalibration 

obtained from the fits. The SLAC and BCDMS results were rebinned to the NMC x bins. The error bars represent the statistical errors. 

The solid curves are the result of the fit of the l5-parameter function (Eq. (2)) to the three data sets. The dashed curves indicate the 

total uncertainty. The data in each x bin are scaled by the factors indicated in brackets for clarity. 
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Ap
1

Zheng (PhD dissertation, 2002) did a fit of gp
1 /F

p
1 , transforming it to

Ap
1 assuming that g2 ∼ gWW

2 (Eq 5.55)

She also performed a fit of world Ap
1 measurements to that point (Eq

5.56)

Ap
1 = x0.771 (1.126− 0.189x)

(
1− 0.09

Q2

)
(2)
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F
3He
2 (i)

This one is kind of complicated! No world fit for this exact quantity

Instead, take F p
2 (from proton data) and F n

2 (from deuteron data)
and combine them somehow

You have to account for the EMC effect. From Appendix A of the
Zheng dissertation:

R3He ≡ F
3He
2

F n
2 + 2F p

2

(3)

F
3He
2 = R3He

(
F n
2 + 2F p

2

)
(4)

Now we just need the EMC ratio R3He
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F
3He
2 (ii)

Seely et al (PRL 103 202301 (2009)) measured 3He EMC ratio in
Hall C
This ratio is per nucleon so we need to multiply it by 3/2 to bring it
in line with the Zheng definition
Two reported measurements: raw ratio, ratio with isoscalar correction

Ref. [13] to yield the neutron-to-proton cross section ratio
in nuclei. Using the ‘‘smeared’’ proton and neutron cross
section ratios more accurately reflects the correction that
should be applied to the nuclear ratios, and in the end,
yields a significantly smaller correction at large x, where
the uncertainty in the neutron structure function is largest.

While applying the isoscalar correction to the 3He data
using the smeared F2n=F2p ratio yields a more reliable
result, there is still some model dependence to this correc-
tion due to the uncertainty in our knowledge of the neutron
structure function. Ref. [13] demonstrated that much of the
inconsistency between different extractions of the neutron
structure function comes from comparing fixed-Q2 calcu-
lation to data with varying Q2 values, rather than from the
underlying assumptions of nuclear effects in the deuteron.
Nuclear effects beyond what is included in Ref. [13], such
as the off-shell contribution !!off" of Ref. [14], yield a 1%–
2% decrease to the proton’s contribution to the deuteron
thus increasing the extracted F2n=F2p ratio by 0.01–0.02.
This yields a slightly reduced correction for 3He which
would raise the isoscalar EMC ratio for 3He by 0.3%–0.6%
at our kinematics.

The observed nuclear effects are clearly smaller for 3He
than for 4He and 12C. This is again consistent with models
where the EMC effect scales with the average density, as
the average density for 3He is roughly half that of the 12C.
However, the results of 9Be are not consistent with the
simple density-dependent fits. The observed EMC effect in
3He is essentially identical to what is seen in 12C, even
though the density of 9Be is much lower. This suggests that
both the simple mass- or density-scaling models break
down for light nuclei.

One can examine the nuclear dependence based on the
size of the EMC ratio at a fixed x value, but the normal-

ization uncertainties become a significant limiting factor. If
we assume that the shape of the EMC effect is universal,
and only the magnitude varies with target nucleus, we can
compare light nuclei by taking the x dependence of the
ratio in the linear region, 0:35< x< 0:7, using the slope as
a measure of the relative size of the EMC effect that is
largely unaffected by the normalization. The slopes are
shown for light nuclei in Fig. 4 as a function of average
nuclear density. The average density is calculated from the
ab initio Greens Function Monte Carlo calculation of the
spatial distributions [15]. Because we expect that it is the
presence of the other (A# 1) nucleons that yields the
modification to the nuclear structure function, we choose
to scale down this density by a factor of !A# 1"=A, to
remove the struck nucleon’s contribution to the average
density. The EMC effect for 3He is roughly one third of the
effect in 4He, in contrast to the A-dependent fit to the SLAC
data [2], while the large EMC effect in 9Be contradicts a
simple density-dependent effect.
One explanation for the anomalous behavior of 9Be is

that it can be described as a pair of tightly bound alpha
particles plus one additional neutron [16]. While most of
the nucleons are in a dense environment, similar to 4He, the
average density is much lower, as the alphas (and addi-
tional neutron) ‘‘orbit’’ in a larger volume. This suggests
that it is the local density that drives the modification. The
strong clustering of nucleons in 9Be leads to a special case
where the average density does not reflect the local envi-
ronment of the bulk of the protons and neutrons.
Another possibility is that the x dependence of the EMC

effect is different enough in these light nuclei that we
cannot use the falloff with x as an exact measure of the
relative size of the EMC effect. This too suggests that the
EMC effect is sensitive to the details of the nuclear struc-
ture, which would require further theoretical examination.
At the moment, there are almost no calculations for light
nuclei that include detailed nuclear structure.

FIG. 4 (color online). The circles show the slope of the iso-
scalar EMC ratio for 0:35< x< 0:7 as a function of nuclear
density. Error bars include statistical and systematic uncertain-
ties.
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FIG. 3 (color online). EMC ratio for 3He [17]. The upper
squares are the raw 3He=2H ratios, while the bottom circles
show the isoscalar EMC ratio (see text). The triangles are the
HERMES results [10] which use a different isoscalar correction.
The solid (dashed) curves are the SLAC A-dependent fits to
carbon and 3He.
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F
3He
2 (iii): Isoscalar correction

Best explanation of isoscalar correction comes from Gomez et al
(PRD 49 4348 (1994)):

What does this mean for our not-per-nucleon formulation?
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F
3He
2 (iv): Theory

Afnan et al (PRC 68 035201 (2003)) found R < 1 for x < 0.7:

!f(y)/M. Unlike in DIS, the nuclear cross sections for quasi-

elastic scattering are given directly in terms of f (y), so that

quasielastic data can be used in addition to constrain models

of nuclear dynamics. A quantitative description, however, of

quasielastic scattering requires additional contributions be-

yond the impulse approximation, such as from meson-

exchange currents, which do not contribute in deep inelastic

scattering. In our analysis we use distributions which are

consistent with those used in standard analyses of quasielas-

tic scattering data.

D. EMC effect in AÄ3 nuclei

Before proceeding to the calculation of the ratio R of the

EMC effects in 3He and 3H, and the associated sensitivity of

the extracted F2
n/F2

p to R, we first discuss the predictions of
the conventional nuclear models for the absolute EMC ratios

and compare with available data.

As well as offering a relatively clean way to extract F2
n

from nuclear data, the A!3 system is also a valuable labo-

ratory for testing models of the EMC effect for few-body

nuclei. Although the determination of F2
n/F2

p requires only

the ratio of 3He to 3H structure functions, data on the abso-

lute values of F2
3He and F2

3H can in addition fix the magnitude

of the EMC effect in A!3 nuclei:

R!3He"!
F2
3He

F2
p!2"F2

n/F2
p!extr"

, !42"

R!3H"!
F2
3H

F2
pt!1"2F2

n/F2
p!extr"

. !43"

Unfortunately, at present there are no data at all on the F2
3H

structure function, and only scant information on F2
3He is

available, from a recent HERMES measurement #17$, the
main focus of which was the low-x , low-Q2 region. Never-

theless, the available data can provide a useful check on the

calculation.

In Fig. 2 the ratio of the 3He to free-nucleon !corrected
for nonisoscalarity" structure functions is shown for the Fad-
deev !PEST" and variational wave functions, compared with
the HERMES data #17$ on the ratio of %(3He)/#%(d)
"%(p)$ . The difference between the solid and dashed

curves in Fig. 2 illustrates the effect on the ratio due to

possible nuclear corrections in deuterium. The various mod-

els predict qualitatively similar behavior for the ratio as a

function of x, with the magnitude of the depletion at x&0.5
#0.7, ranging from &2% in the variational approach to

&4% using the Faddeev wave functions. Within the rela-

tively large errors for x$0.4, the agreement between the
models and the experiment is reasonably good.

A similar behavior is found for the ratio of 3H to isoscalar

nucleon structure functions, illustrated in Fig. 3 for the Fad-

deev and variational calculations. The trough at x&0.6 in 3H

is predicted to be slightly deeper than that in 3He in all

models. The dependence on the input potential is negligible,

as the PEST and RSC Faddeev results illustrate. Data on 3H,

and better quality data extending to larger x for 3He, would

clearly be of great value in constraining models of the EMC

effect in A!3 nuclei.

IV. RATIO OF RATIOS

In this section we discuss the model dependence of the

ratio R of the 3He and 3H EMC ratios arising from uncer-

tainty in the nuclear wave function, the off-shell modifica-

tions of the nucleon structure function, and possible non-

nucleonic degrees of freedom in the A!3 nuclei. While the
magnitude of the EMC effect in 3He and 3H was found in

the preceding section to differ by as much as several percent

at x%0.8 in different models, one expects the ratio of these
to be considerably less model dependent.

A. Nuclear wave function dependence

Using the light-cone momentum distributions described in

Sec. III, the ratio R!R(3He)/R(3H) of EMC ratios for 3He
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FIG. 2. Nuclear EMC ratio in 3He using the Faddeev !with the
PEST potential" and variational !RSC" wave functions, compared
with HERMES data #17$ for %(3He)/#%(d)"%(p)$ . The solid

curve corresponds to F2
3He/(F2

d"F2
p), while the dashed and dot-

dashed assume no EMC effect in the deuteron.
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FIG. 3. Nuclear EMC ratio in 3H using the Faddeev !with PEST
and RSC potentials" and variational !RSC" wave functions.

I. R. AFNAN et al. PHYSICAL REVIEW C 68, 035201 !2003"

035201-8
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