DOE contracts:
DE-SC0007981

o // CHRISTOPHER NEWPORT’ Jeffer:son

UNIVERSITY Lab

Impact of JLab22

on unpolarized PDFs at large x

Matteo Cerutti
CTEQ-JLab Collaboration

Science at the Luminosity Frontier: Jefferson Lab at 22 GeV Frascati, 12/09/2024



CTEQ-JLab Collaboration

Main focus: Investigate the internal structure of nucleons in
their valence region

Collinear factorization

Kinematic coverage
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CJ:PDFs atlarge x

Understand the behaviour of PDFs in the large-x region

CJ15 = u
0.8l = g
= d+u
0.6} = d-u
> s
S 04l o E== /10
= 0.
S
0.2}
i 2 __ 2
) Q° =10 GeV N >
104 10° 102 01 03 05 07 09

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

X

d

U

Main focus:




CJ:PDFs atlarge x

Understand the behaviour of PDFs in the large-x region
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CJ:PDFsat large x

Which datasets do impose constraints on this region? Main focus: —
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We have to deal with Deuterium target at large-x



CTEQ-JLab Collaboration

DIS on deuteron target

b et e s core

O 1000+ data points Nuclear corrections
0 high-x and low-Q? TMC

o0 W?>3GeV? Q%> 1.69 GeV? Higher Twists
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@ The choice of their
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source of systematic error




CTEQ-JLab Collaboration

DIS on deuteron target
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CTEQ-JLab Collaboration

DIS on deuteron target

CJ global data set:

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

O 1000+ data points
0 high-x and low-Q?
o W?>3GeV? 0°>1.69 GeV?

Full treatment of nuclear corrections

Binding effects, Fermi motion, off-shell
corrections, Higher Twist (HT), Target Mass
Corrections (TMC)
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CTEQ-JLab Collaboration

DIS on deuteron target

CJ global data set:

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

O 1000+ data points
0 high-x and low-Q?
o W?>3GeV? 0°>1.69 GeV?

Full treatment of nuclear corrections

Binding effects, Fermi motion, off-shell
corrections, Higher Twist (HT), Target Mass
Corrections (TMC)
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CJ: treatment of deuteron targets

7* q"

Nuclear impulse approximation

Melnitchouk, Schreiber, Thomas, PRD 49 (1994)
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CJ: treatment of deuteron targets

Off-shell corrections
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O KP-like model 5fN = C(3j — 370) (37 — xl)(l + Zp — 37) Kulagin and Petti, NPA 765 (2006)
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Accardi, et al., PRD 107 (2023)

+ valence sum rule /0 dz 6 f(z) [q(x) —q(x)] = 0

Alekhin, Kulagin, Petti, PRD 96 (2017)

O Polynomial model ) f (gp) — a(n) ™" Alekhin, Kulagin, Petti, PRD 105 (2022)
of f Alekhin, Kulagin, Petti, PRD 107 (2023)
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CJ: power corrections

Higher Twist corrections

Multiplicative (CJ fits) Additive
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CJ: power corrections

Are experimental observables independent of the choice of the HT?
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Case 1: isospin-independent HT
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ClJ fit: results

Case 1: isospin-independent HT

0.8 1.5
Mult ol
0.6 ]\ Add | Bias identified
0.5 1
Soa \ | :ﬁ: 0.0 Off-shell compensates n/p
S \ o — 1.00
0.2 —~ —0.5 ] Mult
Q*=10 GeV? | Lo 0.95 | Add
00 o ¢ NMC data
) Hermes data
0.2 0.4 0.6 0.8 150 04 06 08 10 0-90 1 % SLAC datat
L T S ) .
J0.85 Q? € (8,12) GeV
0.9
Q
0.8 | Mult 0.80 |
Add
0.7 0.75 } %
200 - I

S o051 0.2 0.4 0.6 0.8
0.4 L
| Q% =10 GeV? X

02 04 06 0.8 1.0




ClJ fit: results

Case 1: isospin-independent HT
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ClJ fit: results

Case 1: isospin-independent HT
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CJ: possible solution

Are experimental observables independent of the choice of the HT?
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Bias removed!
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ClJ fit: results

Case 2: isospin-dependent HT
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More data are needed: present

Overview
|

Beamline

‘ Click on
boxes for info

CLAS12 (BoNUS12) Hall C
et+d—-e'+p+X e+p/lD—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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More data are needed: future

SCIENCE AT THE =
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Study of the impact of 22 GeV
experimental data from
Jefferson Lab
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JLab22 pseudodata: kinematics

Pseudodata generated in

Hall C kinematics
Shujie Li

Detector: Standard SHMS@Hall C

o Momentum: up to 11 GeV/c

o scattering angle: up to 40 degrees

o  Acceptance: 50mrad x 18mrad x £10%
Luminosity: 50uA on liquid hydrogen target =
10%%/s/cm?
Cross Section model: F1F2in21 (DIS only) +
radiative corrections
Systematics:

o Point-to-point: 4% on absolute xsection,

2% on ratio
o  Normalization: 1%

HMS TBD

Q% [GeV?]

Disclaimer:

We need help for a more

reliable and precise
generation of pseudodata
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JLab22 pseudodata: values and errors

Central value: mHT CJ fit
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Impact study: results

Impact on the observables: reduction of ~ 20 %

1.0 F===mm e e e 1.0 Pe=mmm e e e
0.8 — TN 0.8 |
0.6 - B S 0.6 -
T
wo |
w
0.4 0.4
0.2 - 0.2
—_— CJ 4+ JLab22 —_— CJ 4 JLab22
0.0 - - - - 0.0 - - - -
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

L £



ou

6'U,CJ

Impact on the PDFs: reduction of ~ 10 — 20 %

Impact study: results
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offshell

function

higher

twists

5(55)
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JLab22 pseudodata: HT model

mHT

Pseudodata generation

T

New fit

(impact just shown)

aHT

Pseudodata generation

T

New fit

(similar impact)
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JLab22 pseudodata: HT model

mHT aHT

Pseudodata generation

New fit
. | F} xIN <1
There is disagreement with large-x deuteron data
2 : .
Large O“ = no compensation of different Fd ){2 IN ~ 3

pheno assumptions 2

With new data from JLab22 we may select the model for HT and nuclear corrections
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Case 1: isospin-independent HT

0.9

0.8 1

0.7 -

Q, 0.6 -

~

S 0.5
0.4 -

0.3 ;

0.2

Conclusions and Outlook

1.5

7777
/—\////
0.2 0.4 CBo.'fi 0.8

Case 2: isospin-dependent HT

Hy(x) # Hp(x)

1.5

1.0

—

B

N

)

24



Conclusions and Outlook

® We need new precise data for DIS at large x

O JLab6 cross sections

O JLabi2 new data

® We have the tools to study the impact of JLab22 at large x

O Sizable reduction of uncertainties in the fit d/ll HT of

O Potential of selecting model implementation of HT and nuclear corrections

O Extraction of §f with data at larger Q7 (smaller correlation to HT)
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