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Data-driven generation of neutron data set 

Li, Accardi, MC, Fernando et al., PRD 109 (2024)
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DIS on deuteron target

CJ global data set:

high-𝑥 and low-𝑄!
1000+ data points

𝑊! > 3 Ge𝑉!, 𝑄! > 1.69 Ge𝑉!
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Full treatment of nuclear corrections

Binding effects, Fermi motion, off-shell 
corrections, Higher Twist (HT), Target Mass 
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Extraction of neutron 𝐹! structure function

Basic idea

data cross normalization

p, d data matching

results based on CJ15 analysis

extracted experimental bins 
centered for applications

Neutron F2 data sets and grids available!!! 
https://github.com/JeffersonLab/CJ-database/
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Application: non-singlet moments

x<0.01: Regge theory

0.01<x<0.6: Exp. data

x>0.6: CJ15 model
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Open database on GitHub

https://github.com/JeffersonLab/CJ-database/

LHAPDF grids

w/, w/o HT
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in preparation

HTvsOffshell

…and solved!
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Deuterium: off-shell corrections

Structure functions are deformed at large x

Off-shell expansion (in nucleon virtuality 𝑝!)

Free nucleon pdfs/SFs Off-shell function
(To be fitted)

Bound, off-shell nucleon inside the deuteron 
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Polynomial off-shell function

KP-like model

+ valence sum rule

Release the assumption of the valence sum rule

⇒
𝐶, 𝑥" and 𝑥" 
fitted 𝑥# ≃ 𝑥"

CJ15 + Poly (n=2)
CJ15 + Poly (n=3) Constrain power of CJ15 

dataset only up to x = 0.6

Better agreement with the data 
w/o imposing nodes a priori 

to the off-shell function

Kulagin and Petti, NPA 765 (2006)
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Higher-Twist function

Higher Twist correction
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Higher-Twist function

Higher Twist correction

Multiplicative Additive

they are related
CJ fits
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Impact of HT on n/p ratio

Are experimental observables independent of the choice of the HT?

𝑛
𝑝

Mult HT

Bias not present!

LT

Add HT

Mult HT same as Add

structure function 
is smaller
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Results in the CJ fitting framework

Case 1: isospin symmetry
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Off-shell compensates n/p bias
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Results in the CJ fitting framework

Case 2: isospin breaking
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Results in the CJ fitting framework

Case 2: isospin breaking

Compatible n/p

𝐻#(𝑥) ≃
1
2𝐻$(𝑥)

Theory calculation confirmed!

Bias removed
No need of compensation by off-shell
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Results in the CJ fitting framework

Is the nucleon inside the deuterium 
almost on-shell?

After removing the bias
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Results in the CJ fitting framework

Is the nucleon inside the deuterium 
almost on-shell?

After removing the bias

Need A=3 data to assess flavour 
dependence of off-shell function

Adams, et al., PRL 128 (2022)
MARATHON data
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AKP

Other extractions of the off-shell correction

No significant differences seen between HT Add and Mult 

DISCLAIMER: off-shell function parametrized at the structure function level (𝛿𝐹)
and many other differences in the implementation

Fit to A=3 data: 𝛿𝐹$(𝑥) ≃ 𝛿𝐹%(𝑥) (baseline)

DISCLAIMER: off-shell function parametrized at the pdf level (𝛿𝑓)
but many differences in the implementation

Alekhin, Kulagin, Petti, PRD 107 (2023)

JAM Collaboration, PRL 127 (2021) See Melnitchuk’s talk
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JAM

AKP

Other extractions of the off-shell correction

No significant differences seen between HT Add and Mult 

DISCLAIMER: off-shell function parametrized at the structure function level (𝛿𝐹)
and many other differences in the implementation

Fit to A=3 data: 𝛿𝐹$(𝑥) ≃ 𝛿𝐹%(𝑥) (baseline)

Multiplicative HT as baseline

DISCLAIMER: off-shell function parametrized at the pdf level (𝛿𝑓)
but many differences in the implementation

Fit to A=3 data: 𝛿𝑓&(𝑥) ≠ 𝛿𝑓'(𝑥)

Alekhin, Kulagin, Petti, PRD 107 (2023)

JAM Collaboration, PRL 127 (2021) See Melnitchuk’s talk
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Need more information

We cannot directly compare off-shell function at the pdfs level (𝛿𝑓 ) 
with the one at the structure function level (𝛿𝐹 ) 

Experimental data differential on the 
off-shell proton virtuality 𝒑𝟐 would 

allow us to pin down the off-shell 
correction in a more clean way
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AKP results

AKP
Add HT (p=n) as baseline choice

𝐻!, 𝐻" parametrized

bias is there

Fit to A=3 data 𝛿𝐹#𝛿𝐹$

Alekhin, Kulagin, Petti, PRD 107 (2023)
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JAM results

Mult HT (p=n) as default choice

JAM Fit including A=3 data 𝛿𝑓&𝛿𝑓'
JAM Collaboration, PRL 127 (2021)

Courtesy of C. Cocuzza
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