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Understand the behaviour of PDFs in the large-x region

—~ 0.6

A. Accardi, et al., PRD 93 (2016)

Main focus: —



Motivations

Which datasets do impose constraints on this region? Main focus: —

M2 [GeV?]

Q? [GeV?]

See, e.g., J. Owens, et al., PRD 87 (2013)
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u-quark

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



Which datasets do impose constraints on this region?
See, e.g., J. Owens, et al., PRD 87 (2013)

C]J global data set:

O 1000+ data points on Deuterium target Nuclear corrections
0 high-x and low-Q* TMC
oW?>3GeV?, Q% >1.69 GeV? Higher Twists

Precision X

Accuracy

S

/ x The choice of their
\( Z J/} implementation may be a

source of systematic error
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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)
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Smearing function:

Weak Binding approximation (WBA) L 08
(Non) Relativistic approach S 0.4
Nucleon wave function 0.2
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Deuterium: off-shell corrections

Nuclear impulse approximation .

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

Kulagin and Petti, NPA 765 (2006) X
d d v,
2 Jpmaz 2 2 TD 2 2
Fyp(rp,Q°) = / dypdpr fn/p (WD, pTiY)Fon| —, Q% p
YDmin yD
Off-shell expansion (in nucleon virtuality p?)
2 2 -
ree p o M
an(2, Q%) = gy (e, Q)1+ P if(@)|
M . Kulagin, Piller, Weise, PRC 50 (1994)
Kulagin, Melnitchouk, et al., PRC 52 (1995)
3 5 g 5 p2 . M2 7 ' Kulagin and Petti, NPA 765 (2006)
Fav (2, @%5%) = Fife (2, [1+ 5 6P

/ \ Structure function

Free nucleon pdfs/SFs Off-shell function of a bound, off-shell nucleon
p2 — m%\f (To be fitted)



Off-shell function: parameterization

Off-shell corrections

v(e, Q1) = df(e. @) [L+ T 26 ()|

. N
O KP-like model 5f — C(:B T xO) (:E T xl)(l T Zo — :U) Kulagin and Petti, NPA 765 (2006)
Accardi, et al., PRD 93 (2016)

1 .
+ Valence sum rule / dr (SfN(x) [q(x) . q(x)] — 0 Accardi, et al., PRD 107 (2023)
0

Alekhin, Kulagin, Petti, PRD 96 (2017)

O Polynomial model 5 f ( 33) — Z a,g';)fxn Alekhin, Kulagin, Petti, PRD 105 (2022)
n

Alekhin, Kulagin, Petti, PRD 107 (2023)

1.5 LA Rl

Constrain power of CJ dataset
p— only up to x = 0.6
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Higher-Twist function

Higher Twist correction

Multiplicative (cJfits) Additive
Fy(z,Q%) = Fy ' (2,Q%) (1 + Céf)) Fy=Fy'(2,Q%) + Igf )
C(x) = agt) “(1)(1 + a(z) ) H(x) = a%t) a’gz,lt)(]. — )agft)(l -+ a( ) )

they are related

C(z)
Q2

C(z)
QZ

F§T<x,cz2>(1+ ) — BT (2, Q%) + FL7 (2, Q?)

'] 2
— FZLT(wa Q2) + H(ng )
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Impact of H'l on n/p ratio

Are experimental observables independent of the choice of the HT?

Fz’n n

r— 1

FZ,p p

4d + u N 1
du+d 4

(extrapolation region)

Case 1: isospin-symmetric HT

Mult HT
Cp(z) = Cp(z) = C(x)

Add HT

Hy(z) = Hn(z) = H(z)

(4d il u) (1 i C/Qz) ~ 1 No effect of HT
(T )1+ 0/Q) = 4

2
4d+u+ H / Q ~ 1 27 H Strong effect of HT
lu+d+H/QZ - 4 " 16u0?

Bias identified!!

12



Results in the CJ fitting framework

Case 1: isospin-symmetric HT
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Mult

Bias identified

Off-shell compensates n/p

1.00
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0.95 | Add
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Q
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BUT smaller d/u than Mult
0.2

02 04 06 0.8 1.0
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Results in the CJ fitting framework

Case 1: isospin-symmetric HT

0.8

Mult

Bias identified

Off-shell compensates n/p

1.00
. Mult

0.95 - Add
NMC data

Hermes data

SLAC data

0.90

o+ o e

(V]

Q2 € (8,12) GeV?

0.2 0.4 0.6 0.8

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?

n r— 1 1
— - LT Mult HT  Cy(z) = Cun(z) = C(2)
D 4
Case 2: isospin-breaking HT
2
Add HT ut Hn/Q @ i " 271615@2
H,(2) 7 Hn(0) 4u + Hp/Q? @/“”
P9
~ — 49 — 1Y 2
4 16’U,Q2 Hy(z) = 2Hn(z) 4 16uQ
n/p ratio is smaller
] 2
Mult HT U+ I_{ n/Q same as Add
2) # Co(a du + H,/(Q)? :
o) 7 ) +Hp/( Bias removed!
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Results in the CJ fitting framework

Case 2: isospin-breaking HT

0.8 1.5
S Mult
1.0 ;
| Add :
00 Bias removed
Soa No need of compensation by off-shell
S
- Theory expectations confirmed!
Q? = 10 GeV?
0.0 1.00
: : : : s Mult
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&0.85 Q? € (8,12) GeV?
Q
0.80
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0.2 0.4 0.6 0.8
x
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Comparison to other extractions

AKP Alekhin, Kulagin, Petti, PRD 105 (2022)
Alekhin, Kulagin, Petti, PRD 107 (2023)
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Comparison to other extractions

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

JAM Fit including A=3 data

JAM Collaboration, PRL 127 (2021)

6fu5fd

Mult HT (p=n) as default choice

0 f(x)|ci-tike

Compatible with CJ results
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Need more information

Overview

Beamline

‘ Click on < MMII
boxes for info

CLAS12 (BoNUS12) Hall C
e+d-oe +p+X e+p/D—-e +X

Biswas, et al., 2409.15236

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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Deuterium: off-shell corrections

Nuclear impulse approximation

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

d d p"

L D
dypdps fn/p (YD, p7;Y) Fo,n (y_p’ Qzapz)

YDmax

By (@0, Q?) = /

YDmin
Off-shell expansion (in nucleon virtuality p*)

Kulagin, Piller, Weise, PRC 50 (1994)
of (:U)] Kulagin, Melnitchouk, et al., PRC 52 (1995)
Kulagin and Petti, NPA 765 (2006)

p2 o M2
M2

av(2, Q% p%) = qf(2, Q%) [1 +

This is an ASSUMPTION Structure function

Is it possible to verify it? of a bound, off-shell nucleon

25



Need more information

S
ol P ‘, A #/?i' p

0 Cowee
orus TRl e '

CLAS12 (BoNUS12)

Ps

2 ]\/12
E 5f()

M?

ax (@, Q% p?) = gi“(z, Q) |1

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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TAKE-HOME message

Case 1: isospin-symmetric HT

0.9 1.5
| [Hye) = o) = A
0.7 -
Q, 0.6 |
~
S 0.5
0.4 -
0.3 - Q2 = 10 GeV2
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
xIr X

Case 2: isospin-breaking HT

| H,(z) # Hy(z) |

0.3 - Q2 =10 GeV2

02 04 06 0.8
X
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Backup



Off-shell table
\isospin Symmetric Non symmetric

higher-twist

0 Mult p#n
00 Add p#n

Multiplicative

Additive




Higher-Twist table

\ Isospin Symmetric Non symmetric
higher-twist
H = F n(z, Q%) Hyu () 0H = F3 n(z, Q%) Hyur ()
0 Mult p=n . Mult p
. e . 047 Add p=n ““ 7 mmm Mult n
Multiplicative e Addp
| Add n
E 0.00 g 0.00
A A
Additive N .y
0.0 0.2 0.4 w 0.6 0.8 1.0 B . . w . . .




Other results

Case 1: 1sospin-symmetric HT

d/u artificially increased

0.8 0.9 1.5
S Mult b = 0.06 “ Mult b = 0.06 “ Mult b = 0.06
0.7 1 Add 0.8 Add 10 Add
0.6 - Q* = 10 GeV? Q* = 10 GeV?
0.7 -
g_‘O.6 1
~
S o5
0.4 -
. —1.0 -
0.3 D=n
- - - - 0.2 — - - - ~15 - - - -
0.2 0.4 0.6 0.8 02 04 06 08 1.0 00 02 04 06 08 1.0
I xIr I

Higher d/u to absorb bias

Disfavored by DIS on deuteron and W-boson asymmetry data



Other results

Case 1: 1sospin-symmetric HT

37‘d

Off-shell function: polynomial of degree

Similar to nominal result
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Some implementation differences

(x-8uiseaoul) suorIaII0)

shadowing

smearing

pi-cloud

T™C

HT

HT(x)

off-shell

df(x)

pi thresh.

Theoretical choices

KP

yes

Paris
yes

GP
0(Q4)?

H (p=n
??7)

?7?

O(p2-M2)

factorized

yes

—

AKP

yes (which
one?)

AV18

yes

GP O(Q4)??

H (p=n)

5 pt. spline

O(p2-M2)

polyn. 2nd/3rd

yes

Qs

MST x<0.1

AV18 x>0.1

GP approx.

C (p=n)

parametrized

O(p2-M2)

factorized + sum

rule

AKP-like

(same)

(same)

(same)

H&C, p=n&
p!=n

parametrized

(same)

polyn. 2nd/3rd



Application: non-singlet moments

1 3 2 3
M; "(Q )—/ d 3[ 50 Fy (2, Q) oMy = (T)y+—a+ + HT
0 & 2
. . . | < T >yt_g+ Global PDF fits
0.12f — CJ15 . at Q=4 GeV?
} wus (GJ15 2p—d R
— = QCDI18
0.10F ol ¢ rebinned data - |
§ pseudodata LQCD 2 (flavors) " ETMC19
LQCD 2+1 —_— YQCDI18
i O i Mainz19
LQCD 2+1+1 —O— ETMC19
—O— PNDME20
Data extraction - E06009
e CTEQ-JLab
T ! ! 1 1 ! !
0.05 0.10 0.15 0.20 0.25 0.30

Li, Accardi, MC, Fernando et al., PRD 109 (2024)

O x<0.01: Regge theory
O 0.01<x<0.6: Exp. data

o x>0.6: CJ15 model

(@)t —ar = / drafu(z) + a(z) — d(z) — d(z))
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