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Abstract

‘We summarize the ongoing scientific program of the 12 GeV Continuous Electron Beam Accelerator Facility (CE-

BAF) and give an outlook into future scientific opportunities. The program addresses important topics in nuclear,

hadronic, and electroweak physics including nuclear femtography, meson and baryon spectroscopy, quarks and glu-

ons in nuclei, precision tests of the standard model, and dark sector searches. Potential upgrades of CEBAF are
i such as higher polarized and positron beams, and doubling the beam energy.
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APCTP Focus Program in Nuclear Physics 2022: Hadron Physics

Opportunities with JLab Energy and Luminosity Upgrade

TOPICS

- Physics opportunities

- Hadron spectroscopy

- Nucleon structure

- Nuclear structure

- Detector developments

- Accelerator infrastructures

Jul 18 - 23, 2022
APCTP, Pohang

Overview

ORGANIZER!

The electroproduction of mesons and photons has been showntobeap
the interaction of elementary particles and their dynamics at short and ¢
studies of the orbital motion of partons encoded in transverse space anc
partans, like Generalized Parton Distributions (GPDs) and Transverse Mc
(TMDs), have been widely recognized as key objectives of the JLab 12 G
azimuthal distributiens of hadrons and photons in exclusive and semi-ini
access 10 variety of observables widely recognized as key objectives of 1
measurements, various activities at RHIC and KEK, the LHC fixed target |
SMOG2@LHCh) and a driving force behind the construction of the future
Studies of the ground and excited nucleon state structure in terms of nu
PDFs, and the N— cleon to nucleon resonances) transition electro-
unique complementary opportunity to explore the evolution of active cor
the ground and excited state nucleons at distances where the transition

confinement to the perturbative QCD regime is expected and where the ¢
mass emerges. These studies are of particular importance to address ke
Standard Model on emergence of hadron mass and quark-gluon confine!
GeV JLab, with much wider kinematical coverage, in particular at large C
ongoing projects at JLab, in particular studies of the 3D structure of had|
down interaction dependent parts, providing missing deeper access to
opening new opportunities on studies of the charm sector and significan
beam capabilities
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OBJECTIVE:

Starts Jul 18, 2022, 9:00 AM
Ends Jul 23, 2022, 1:00 PM

gather theorists and experimentalists to disct
the physics opportunities and technical optiol
for each of the possible upgrade scenarios:
energy, positron, luminosity 1
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Classroom 308

https://www.ectstar.eu/workshops/opportuniti
es-with-jlab-energy-and-luminosity-upgrade/

OPPORTUNITIES WITH JLAB
ENERGY AND LUMINOSITY
UPGRADE

L7 “More to come in
next round!!!
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QCD: from testing to understanding

Testing stage:

pQCD predictions,
observables in the
kinematics where theory
predictions are easier to
get (higher energies, 1D
picture, leading twist, IMF)

Il

parton distributions

hadronization

nucleon in 3D

evolution,
factorization

interactions

quark-g!uon & Understanding stage:
correlations M Mquark gluon non-perturbative QCD,
: dynamics observables in the real

life kinematics where
most of the data is
available and interactions
are strong (more
complex observables
revealing details of the
dynamics,...)

spectroscopy,
excited states

spin-orbit
correlations

fragmentation
entanglement

4 Avakian, Trento, Sep 30 2



Goals

= |dentify key measurements that are not possible to access at 12

GeV

o initially utilize largely existing or already-planned Hall equipment
o leverage the unique capabilities of luminosity and precision possible

at JLab in the EIC era

1 .1dentify the flagship measurements that can be done only
with 20+ GeV and its science impact (Uniqueness)

2.ldentify the flagship measurements with 20+ GeV that can
extend and improve the 11 GeV measurements, helping the
physics interpretation through multidimensional bins in
extended kinematics (Enrichment)

3.ldentify the measurements with 20+ GeV that can set the
bridge between JLab12 and EIC (Complementarity)

e 2
3 Jefferson Lab



Opportunities with JLab energy upgrade

Energy upgrade of JLab will provide access to

* wider phase space to access large momentum transfer and large transverse momenta of final
state particles.

« full range of kinematics where the non-perturbative sea is expected to be significant

* near-threshold charmonium photoproduction will enable studies of the gluonic properties of the
proton

e an extensive program at the intensity frontier will cover light and heavy quark hadron
spectroscopy

e QCDin medium

* Physics beyond the standard model

Proposal of a new project requires clear understanding of the current status
a) ldentify problems we have in interpretation of what we already observed

Possible path to address (more or better quality data, improved analysis frameworks,..)
b) Identify new problems that can be addressed with new observables, new kinematics that
can provide a critical input in understanding of the QCD dynamics

To produce a realistic and convincing physics program we should be able to simulate the
observables, their physics and detector backgrounds, to claim understanding of
observables and validate the interpretation

Request to participants: 1 slide addressing a) and/or b) with possible
classification of observables of interest to 1-U, 2-E and 3-C
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Golden processes to pin down:

a) existence/confirmation of pentaquark resonances
b) nucleon structure (mass, gluon distribution...)
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SIDIS at Large x

SIDIS at Large x : JLab domain!

+ Atlarge x fixed target experiments are sensitive to m
ALL Structure Functions
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3D Imaging: Enhancement of Q2 & P;range
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« Q2 evolution studies possible, superior access to critical Collins-Soper (CS) kernel
* More cleanly separate pure twist-2 CFFs
 Significantly increase of the relevant Q2 range for the Q" scaling test — Not yet proven at

12 GeV
° JLq b22 wi" provide 05 0.25<x<0.35 g e'mX

+ Dominated by direct n+

D(b, 2GeV) (@1, Q2) = (2.9, 2.5)GeV measurements of
CS kernel, critical
for understanding
the evolution
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Region extremely interesting, near-equally
dominated by valence quarks, sea-quarks,
and gluons — many many models!!

Anti-Shadowing is the least studied nuclear
structure function effect exp.

 flavor and spin dependence essentially uncharted
* no tagged measurements

What is needed

High precision — high I~ 'Ge\l
e-A (x, @) range -\ o 22~
Ability to PL“O e @ ¥ ers quickly,...
Pol ” \_?oss‘ _pping across A, N, Z,
N\ P\ 1agging — links between nuclear

dynamic & quark structure

Impact on Strange Quark Puzzle

Parity-violating DIS allows for a large
contribution of the strange. /7 is 5 times
more sensitive to the strange

* Precision extraction of sin20,,

Projections with SoLID@22
impact as well
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Physics Beyond the Standard Model
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