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Precision measurements of the F, structure function at large x in the resonance region

Physics Motivation
* Constraint for PDF fits
e Quark Hadron Duality
* Benchmark for Lattice QCD

* Resonance/DIS modeling
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Why Is the Large-x Region Important?

[ The partonic structure of the nucleon comes to the
foreground in the valence region

[ This partonic structure defines many of the nucleon’s
properties: charge, flavor content, baryon number, total
spin...

1 The valence region is a very good testing ground for various ‘
nucleon structure models > b e
1/4 0
O Besides, all it’s interconnected: uncertainties about the nucleon f’e’fai‘;’i‘;‘fd 0.41 0.18
structure in the valence regime at low Q? and large x will sneak DSE realistic 0.49 0.28
. _ R . . . Interaction
into the low X, large Q“ region via evolution oD . T

Jefferson Lab has an unique experimental/theory program that explores the
nucleon dynamics in the valence regime
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Pushing PDFs Extraction into the Valence Region: CTEQ-JLab (C))

J CTEQ- based PDF fit customized for the large x, lower
Q% regime

= Used a large body of data previously rejected via
kinematic cuts

" |ncorporated dynamical higher twist and target mass
corrections

= Performed an extensive study of nuclear corrections in
deuterium to better access the d-quark distribution

4 publications so far (first in 2010): 513 citations over all 4 papers
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It clearly showed that PDFs don’t lose their universality when higher twists are included thus giving rise to a new

generation of PDF extractions

It demonstrated how the somewhat separated fields of high-energy particle physics and lower energy hadronic

and nuclear physics can interact to the benefit of both
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Pushing PDFs Extraction into the Valence Region: CTEQ-JLab (CJ)

offshell dynamics

F g x S [4;1: Uoft ()

rdog (X )]
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Pushing PDFs Extraction into the Valence Region: CTEQ-JLab (C)J)

A

F,"/F,P almost free
of nuclear effects

=
Collider data can teach us ."4|

about nuclear corrections
in deuterium
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The JLab @ 12 GeV Near Term Large-x Experimental Program*

Hall A, 2018

MARATHON took data on *H and *He to extract F,"/F.,P

Submission for publication of the F,"/F,P ratio expected by the
end of Summer \

Hall B, 2019

Hall C, 2018

E12-06-113 (BoNus12) started taking
data in Spring 2020; data taking will
resume this Summer

E12-10-002 took data to extract F,P
and F,% in a wide x range (from 0.2
to 1) with small statistical and
systematic uncertainties

Will extend the F,"/F,P extraction
almost free of nuclear corrections to

Submission for publication of th
ubmission 1or pupilication O e |argerxand Q2

F,"/F.P ratio expected this Fall

*unpolarized
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Physics Motivation: Quark Hadron Duality

. Structure functions in resonance region on average behave like structure functions in
DIS regime.
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* Resonance region measurements allow us to explore this phenomenon
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Physics Motivation: Quark Hadron Duality

» Define duality intervals

Region | 1t | 2nd | 3rd 4 | DIS | global
W. | 13| 19 25 | 31 | 39 19
W... |19 25 | 31 | 39 | 45 45

-2 There is arbitrariness in defining the local W intervals;
typically try to catch peaks and valleys within one interval

How well resonance data average to the scaling curve?

 C(alculate ratio:

Xmax Xmax
f Fdata (x' QZ) dx/f Fparam.(x’ Qz)dx

Xmin Xmin
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Physics Motivation: Quark Hadron Duality
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Average resonance region data are
comparable at the level of 5% or less to the
scaling curve

Discrepancy observed only at the lowest w? /
1st region

Ratio is independent of Q? starting at Q*= 4
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Physics Motivation: Benchmark for LQCD

Measurements of Non-Singlet Moments of the Nucleon Structure Functions and

Comparison to Predictions from Lattice QCD for Q? = 4 GeV?

(The E06-009 Collaboration)

In the framework of Quantum Chromodynamics
(QCD), the partonic structure of hadrons may be stud-
ied through moments (or Bjorken z weighted integrals)
of the hadron structure functions. The difference of the u
and d quark distributions is a flavor non-singlet quantity
with the N even (considered in this work) non-singlet

moments of these parton distribution functions (PDF)
defined as,

A successful lattice computation of the nucleon non-

singlet moment is a fundamental test of QCD [1].

[1] M. Gockeler et al., Nucl. Phys B623, 287 (2002).
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Physics Motivation: Resonance/DIS modeling
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~090

W2 (GeV?)

- Provides constraints to larger Q? — up to 16 GeV? for both proton and deuteron fit
‘ ‘ Provides a complete data set (proton and deuteron) for a precise neutron extraction
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A physics driven global fit to inclusive cross section 1s very valuable:

radiative and bin-centering corrections, rates, moments of structure functions and

duality studies, dilution factors in spin structure functions, physics of nucleon
resonances / non-resonance
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F2 Experiment Overview

Hall C Spectrometers

‘Hall C
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Analysis Status

Tracking Yield
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x_fp [cm]

Analysis Status: SHMS Optics Studies

The best forward SHMS Tune
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Table of the correction factors obtained
by forward transport studies.

Magnet Correction
factor

Ql 1.018
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Q3 1.018

HB 1
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Reconstruction Optics Study
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Preliminary Cross Sections

Deuterium : 39.000°
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Hydrogen : 39.000°

Preliminary Cross Sections
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Preliminary Cross Sections
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Summary and Outlook

 The F2 experiment will provide essential data to constrain PDF fits (CJ)
INn the resonance and large x regime

* Additionally, it will add to our understanding of Quark-Hadron duality,
provide a benchmark for LQCD, and improve DIS and resonance region

fits . A PRL publication with D/H ratios is being drafted with submission
planned this Fall

D and H cross sections are being finalized

e |Lots of exciting physics to follow!
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Physics Motivation: Constrain Global PDF Fits
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Cross Section ratio vs Bojorken X : 39.00°

Preliminary Cross Sections

Cross Section ratio vs Bojorken X : 32.98°

Cross Section ratio vs Bojorken X : 28.99°
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