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Time-permitting
I shall talk about...

Why (extract F n
2 )?

Where and how (...)?

What do we learn (...)?

Quo Vadis?

1000 Apologies to Norman and Samuel!
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Disclaimer:

This is just GN’s $0.02 worth...

Many people contributed (directly or indirectly) to this talk
(AA, SL, JO, WM, TK, PM, IN...).

...and they all have done their level best! thanks!

Therefore, all inaccuracies, miss-statements, controversial,
or just plain wrong statements are mine alone!

That said, onward to the Why F n
2 ...
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Why F n
2

having access to a believable set of F n
2 ...

Improve neutron excess “isoscalar” corrections
(EMC effect, neutrino experiments)

Compare free and bound nucleons (both proton and neutron)
in nuclei - new approach on the EMC effect

Input for PDF efforts that do not currently incorporate
deuteron nuclear corrections

Flavor separation
(d/u, nucleon structure, confinement at large x)

Experimental values for sum rules and moments involving
F p
2 − F n

2 . Comparison lattice calculations.
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Memento:

... under the Quark–Parton Model assumptions...

one equates the form–factor cross–section formula with the
one obtained from scattering off of point–like quarks. Thus:

d2σe−nucleon

dxdQ2
=

4πα2

Q4

[
(1− y)

F2(x ,Q2)

x
+ y2F1(x ,Q2)

]
d2σe−nucleon

dxdQ2
=

4πα2

Q4

[
(1− y) +

y2

2

]∑
q

e2qq
nucleon(x)

therefore:

F nucleon
2 (x ,Q2) = x

∑
q

e2qq
nucleon(x)
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F n
2 Connection

I think

The last equation is worth repeating:

F nucleon
2 (x ,Q2) = x

∑
q e

2
qq

nucleon(x)

...as it shows that measuring structure functions one can get
access to the underlying pdfs.

it also shows that, unless you believe that there is only one
type of quark species in the proton, F p

2 alone will not cut it!

therefore:

One needs (at least) one more ff, say F n
2

In other words: “if measuring F2 on the proton is interesting,
measuring F2 on the neutron should be equally as interesting.”
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n→ p + e + ν̃ workarounds...

Problem: lack of an “honest to goodness” neutron target.

So a lot of time (including several talks here!) is spent
studying various sosies... such as:

measure hydrogen and deuterium and subtract...
mirror nuclei (i.e. 3H/3He)..
tag spectator proton in e + n off of deuterium...

in all cases...

One needs nuclear corrections

and a small(ish) but dedicated group of theorists are on it!

Won’t talk on any of the above. Rather concentrate on what one
can do, assuming the above have happened.
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(new) EMC effect study

Assumptions

Data: SLAC E139 (xsect) + R1990 → FA
2

Use F p
2 and F n

2 from CJ15.

Form EMC ratios (A/d) but also (A/p) and (A/n).
All per nucleon, of course.

Material for this, and next few slides, from Holly Szumila-Vance.
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Is the whole equal to the sum of its parts?

Notes:

F d
2

(F p
2 +F n

2 )
- CJ

x dependence

Q2 dependence

How about:

d/p d/n?
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d/p and d/n

Notes:

F d
2

F p
2

and
F d
2

F n
2

- all from CJ15

Different x dependence. Spread in Q2. xB = 0.7?...

onward to EMC.
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EMC - a new look
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EMC study takeaways

Points to think about:

As d/(p + n) has x and Q2 dependence the EMC effect,
“particularly as calculated using the slope of the A/d ratios, is
in part due to nuclear effects within the deuteron alone.”

... so evaluating EMC eff. from A/d slopes will likely exhibit x
and Q2 dependence as well.

Using A/d slope (alone) to characterize nuclear EMC eff. at
high x (0.7-ish) might be problematic.
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Getting on the grid...

Non–singlet moments:

Difference between u and d PDFs

< xN−1 >u−d=
∫
xN−1

[
u(x)− d(x) + ū(x)− d̄(x)

]
Precise lattice calculations of the above are available!

MNS
2 = Mp

2 −Mn
2 = 1

3CN < x >u−d

CN - Wilson coefficients
(see Weigl and Melnitchouk, Nucl. Phys. B 465, 267 (1996))

One has 2F p
2 − F n

2 ' 2F p
2 − F p+n

2 = F p
2 − F n

2

Can compare lattice result to data!!
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Non–Singlet Moment Comparison

CJ15 agrees with recent
analysis using JLab large x
resonance data (I. Albayrak
et al. PRL 123 (2019))

Both data extractions smaller
than lattice calculations at
real mπ and previous PDF
extractions

Residual finite volume eff,
renormalization and mixing?..

Better agreement with
QCDSF novel lattice
approach calculating
distributions directly before
determining moments
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Gottfried Sum Rule (Kurt Gottfried, 1967)

... analysis by (AA, SL, JO, WM, TK, PM, IN, GN)

GSR: Integral over x of the isovector nucleon structure
function F p

2 − F n
2 , scaled by 1/x :

SG (Q2) =
∫ 1
0

dx
x

[
F p
2 (x ,Q2)− F n

2 (x ,Q2)
]

at LO in α (i.e “simple quark-parton model”) one has

SG (Q2) = 1
3

∫ 1
0 dx(uv − dv + 2ū − 2v̄) = 1

3 −
2
3∆

if d̄ = ū then SG = 1/3

Problem: SNMC
G (4) = 0.235± 0.026 what gives?

Are non-perturbative effects the cause? (gloun rad. eff. - small)

(Latest) NMC result is 1/4 Century old. Can one do better?
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GSR Revisited

data from BCDMS, JLab, NMC, SLAC (diff. x and Q2

reflecting exp.–specific hardware and analysis choices)

Use CJ15 to “nudge” the data points to a common set of Q2s.

However: Feature as much of the data as possible (i.e. no
straight–up int. of the model).

at LO in α (i.e “simple quark-parton model”) one has

SG (Q2) = 1
3

∫ 1
0 dx(uv − dv + 2ū − 2v̄) = 1

3 −
2
3∆

if d̄ = ū then SG = 1/3

Problem: SNMC
G (4) = 0.235± 0.026 what gives?

Are non-perturbative effects the cause? (gloun rad. eff. - small)

(Latest) NMC result is 1/4 Century old. Can one do better?
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Truncated GSR

IG (x!, x2,Q
2)

Define a truncated version of the Gottfried integral:

IG (x1, x2;Q2) =

∫ x2

x1

dx

x
(F p

2 (x ,Q2)− F n
2 (x ,Q2))

Recognize & address the particularities of each x region:

xmin - xmax : Data
xmax - 1 : CJ15
low x : F p

2 − F n
2 fit
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Q2 = 4 GeV GSR “ingredients”
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low x region

x
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

n 2
-F

p 2
F

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

 / ndf 2χ  231.5 / 39

p0        0.005794± 0.1958 

 / ndf 2χ  231.5 / 39

p0        0.005794± 0.1958 

 x power=0.602 = 4.00 GeV2Q

...at low x

NNPDF–inspired fit

F p
2 − F n

2 = a xb with
0 ≤ b ≤ 1

b = 0.6
shown,[0.5− 0.7]
used for unc.

low x portion of GSR
becomes analytic.
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just a pinch of systematics...

minx
0 0.1 0.2 0.3 0.4 0.5 0.6

, 4
)

m
in

 (
x

GI

0

0.05

0.1

0.15

0.2

0.25

0.3
 

This Analysis

NMC

NNPDF

xmin dependence

Sum rule dependence on xmin

(Q2 = 4 GeV 2)

 / ndf 2χ  101.4 / 110

Constant  4.4± 505.1 

Mean      0.0001± 0.2176 
Sigma     0.00008± 0.01572 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.50

100

200

300

400

500

 / ndf 2χ  101.4 / 110

Constant  4.4± 505.1 

Mean      0.0001± 0.2176 
Sigma     0.00008± 0.01572 

=0.0040min=6.00 x2GSR Integral, Q

Data systematic uncertainties

Evaluating the IG uncertainty
stemming from the data
systematics.
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Gottfried Sum Rule

0 2 4 6 8 10
Q2[GeV2]

0.0

0.1

0.2
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I G
(x

1,
x 2

)

IG(0, 0.004)
IG(0, xlow)
IG(0, xhigh)
IG(0, x )
IG(xlow, xhigh)
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Quo Vadis?

The (recent) availability of a F n
2 data set...

Input/help for anyone interested in (better) global analyses

Free and bound nucleon F2 open new avenues of exploration
of well–known topics (EMC effect, sum rules)

... as well as opening the door to testing more modern
theoretical calculations (lattice).

Apply the CJ treatment to the new data
(already on hand or planned for the near future...)
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PRELIMINARY

...
E12-10-002
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