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* PDFs in large-x region, in particular dealing with Deuterium
target data

* Higher twist and off-shell corrections (and their interplay)

* Discuss bias introduced from the choice of implementation
methods of higher-twist correction

* How to reduce the bias and systematic uncertainty?

* Resulting systematic uncertainty needs to be considered. How
to properly take into account the systematic uncertainty?



PDFs in Large-x

Understand the behaviour of PDFs in the large-x region
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Main focus:

u-quark

U

DIS on proton target

Drell — Yan data

d-quark

W-boson asymmetry

DIS on Deuterium targets
Proton-Tagged DIS (BONuS)

We have to deal with Deuterium target at large-x
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C]J global data set:

O W asymmetry data

O 1000+ data points on Deuterium target Nuclear corrections
0 high-x and low-Q* TMC

o W?>3GeV? 0% >1.69 GeV? Higher Twists

The choice of their implementation
may be a source of systematic error



Deuterium: nuclear smearing

Nuclear impulse approximation

Melnitchouk, Schreiber, Thomas, PRD 49 (1994)
Kulagin, Piller, Weise, PRC 50 (1994)
Kulagin and Petti, NPA 765 (2006)
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Deuterium: nuclear smearing

Nuclear impulse approximation ¥

Melnitchouk, Schreiber, Thomas, PRD 49 (1994)
Kulagin, Piller, Weise, PRC 50 (1994)

Kulagin and Petti, NPA 765 (2006) X =
d d r}
5 YDmaczx 5 5 D 5 5
FQ,D(xDaQ ) :/ ddeprN/D(yD,pTW)FzN —, Q% p
/ 1 i l . T T T y J '
v == CJ12min
- : —— CJ12mid (2)
Smearing function: 0.8 r\ — -~ CJ12max -
J. Owens, et al., PRD 87 (2013)
Weak Binding approximation (WBA) < 06T
~ X
C e =
(Non) Relativistic approach 04 f
Nucleon wave function 02}
L . , - 0" =100 GeV’
Nuclear binding and Fermi motion effects ob— 1+

0 0.2 0.4 0.6




Deuterium: off-shell corrections

Nuclear impulse approximation ¥

Melnitchouk, Schreiber, Thomas, PRD 49 (1994)
Kulagin, Piller, Weise, PRC 50 (1994) b%
Kulagin and Petti, NPA 765 (2006)
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Off-shell function: parameterization
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Off-shell corrections
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Accardi, et al., PRD 93 (2016)
Accardi, et al., PRD 107 (2023)

Alekhin, Kulagin, Petti, PRD 96 (2017)
Alekhin, Kulagin, Petti, PRD 105 (2022)

Alekhin, Kulagin, Petti, PRD 107 (2023)

Constrain power of CJ dataset
only up to x = 0.6



Higher-Twist function

Higher Twist correction

Multiplicative (CJfits) Additive
R, Q%) = FF (@) (1+ ) B = FET(@,Q%) + 107
C(x) = oz (1+ V) H(z) = a0 a% (1 - 2)7 (14 o) z)
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Impact of H'l on n/p ratio

Are experimental observables independent of the choice of the HT?

Fow n 2o Ad+u 1

F2,p p du +d 4

(extrapolation region)

Case 1: isospin-symmetric HT
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Bias identified!!
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Results in the CJ fitting framework

Case 1: isospin-symmetric HT
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Artificially large n/p
BUT smaller d /u than Mult
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Results in the CJ fitting framework

Case 1: isospin-symmetric HT
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Results in the CJ fitting framework

Case 1: isospin-symmetric HT
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Systematic “implementation” uncertainty
in a region of extrapolation
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Impact of H'l on n/p ratio

Are experimental observables independent of the choice of the HT?
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Case 2: isospin-breaking HT
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Results in the CJ fitting framework

Case 2: isospin-breaking HT Bias removed
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Comparison to other extractions

A.KP Alekhin, Kulagin, Petti, PRD 105 (2022)
Alekhin, Kulagin, Petti, PRD 107 (2023)

Assume p=n for HT
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Comparison to other extractions

AKP

A

Alekhin, Kulagin, Petti, PRD 105 (2022)
Alekhin, Kulagin, Petti, PRD 107 (2023)
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JAM results

JAM Fitincluding A=3 data  9of,, 0f,

JAM Collaboration, PRL 127 (2021)
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Constraints on d/u from JlL.ab 12GeV

New experimental data in the large-x region are needed to understand the
correct interconnection of d/u, n/p ratios and off-shell corrections
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® Model dependent approach:

High precision measurements with
deuterium target

® [ess model dependent
approaches:
3H/3He ratio (MARATHON) -
results published (Phys.Rev.Lett.
128 (2022) 13, 132003)
Spectator tagging (BoNus) - new
data taken in 2020

® Model independent approach:
Future PVDIS on proton
(SoLID)
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* Implementation of HT correction and its correlation with off-
shell correction introduces a bias in extraction of d /u PDFs and
structure function calculations

* The bias and systematic uncertainty can be significantly reduced
by releasing the assumption of p=n for HT

* Resulting systematic uncertainty needs to be considered. How
to properly take into account the systematic uncertainty?

* New experimental data will provide better understanding on
d/u, n/p and off-shell corrections as well as their
interconnection
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Off-shell table

iIsospin Symmetric Non symmetric
higher-twist

0 Mult p#n
0 Add p#n

Multiplicative

Additive




Higher-Twist table

iIsospin Symmetric Non symmetric
higher-twist
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* New precision data could provide a better look
on the two implementations




Other results

Case 1: 1sospin-symmetric HT

d/u artificially increased
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Higher d/u to absorb bias

Disfavored by DIS on deuteron and W-boson asymmetry data



Other results

Case 1: 1sospin-symmetric HT

Off-shell function: polynomial of 3’ degree

1.0 0.9

Q? = 10 GeV?

02 04 0.6 0.8

Similar to nominal result



Some implementation differences
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Application: non-singlet moments
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