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Jefferson Lab’s Science and Technology Vision

Nuclear Physics at CEBAF

Vibrant 12 GeV research program,
operating >30 weeks/yr, supporting ~1,700
annual users

MOLLER Project & SolLID proposal

Future opportunities in fixed-target, high-
luminosity complementary to EIC

Theory and computation supporting NP
goals

\

Stuart’s presentation at DOE S&T Review

. Com uttionl Sciénce &
Electron-lon Collider P

Technology
Partnering with BNL in the Vision for world-leading computational
management, design, and construction program

of the Electron-lon Collider Project

Developing concept of a High Performance
Leadership in EIC scientific program Data Facility focused on the unique
challenges and opportunities for data-

Leadership of the Generic EIC—related intensive applications and near real-time
Detector R&D Program computing needs

@t of Al and M@

S&T thrusts are synergistic and mutually supportive

Accelerator Sciehce &
Technology

Accelerator component production for
DOE/SC projects, including LCLS-Il and
LCLS-II HE at SLAC, SNS PPU at ORNL,
and PIP-1I at FNAL

Develop CEBAF upgrade concepts

Accelerator R&D including materials,
coatings, SRF, cryogenics



What theory can do as it relates to the future experimental program?

 JLab/Theory website [https://www.jlab.org/theory/theory-research]

The Jefferson Lab Theory Center pursues frontline research in all areas of QCD and hadron physics, commits
to the lab mission to provide the theoretical underpinnings of its experimental program, and develops the
theoretical tools necessary to extract physics knowledge from the current and future experimental data.
Through expertise across a broad range of nuclear physics, Theory Center staff members provide leadership
for national and international nuclear physics research efforts.

J The Theory Center's current research focuses on the following thrust areas:

= Hadron spectroscopy from lattice QCD;

= Application of analytical methods to hadron spectroscopy (JPAC);
=  Partonic structure of hadrons and nuclei;

= Hadron & nuclear structure from lattice QCD;

= Hadron & nuclear structure and effective field theories;

=  Structure and electroweak response of nuclei.

(J Theory Center also conducts supporting research in areas such as:

= Physics beyond the Standard Model;
= Artificial intelligence & machine learning;
= Quantum information science & quantum computing.



Hadron spectroscopy from lattice QCD

Developing an understanding of which constructions of quarks and gluons appear in the spectrum of
hadrons, with that understanding being rooted in first-principles QCD through the lattice QCD calculations

= Applying finite-volume formalisms to relate the discrete spectrum of states computed in
lattice QCD calculations to the continuous scattering amplitudes measured in experiments

= Focusing on studying excited hadrons as they appear in experiment, as short-lived
resonances which decay into lighter stable hadrons.
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Hadron spectroscopy from lattice QCD

Developing an understanding of which constructions of quarks and gluons appear in the spectrum of
hadrons, with that understanding being rooted in first-principles QCD through the lattice QCD calculations

= Applying finite-volume formalisms to relate the discrete spectrum of states computed in
lattice QCD calculations to the continuous scattering amplitudes measured in experiments

= Focusing on studying excited hadrons as they appear in experiment, as short-lived
resonances which decay into lighter stable hadrons.
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Hadron spectroscopy from lattice QCD

Developing an understanding of which constructions of quarks and gluons appear in the spectrum of
hadrons, with that understanding being rooted in first-principles QCD through the lattice QCD calculations

= Applying finite-volume formalisms to relate the discrete spectrum of states computed in
lattice QCD calculations to the continuous scattering amplitudes measured in experiments

= Focusing on studying excited hadrons as they appear in experiment, as short-lived
resonances which decay into lighter stable hadrons.
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Application of analytical methods to hadron spectroscopy (JPAC)

Developing theoretical and phenomenological understanding of production and decays of hadron resonances

= JPAC - Joint Physics Analysis Center:
Joint efforts between theorists and experimentalists, providing support to CLAS12, GlueX, ...

= Search for the exotic hybrid at JLab and future EIC:
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Application of analytical methods to hadron spectroscopy (JPAC)

Developing theoretical and phenomenological understanding of production and decays of hadron resonances

= JPAC - Joint Physics Analysis Center:
Joint efforts between theorists and experimentalists, providing support to CLAS12, GlueX, ...

= Search for the exotic hybrid at JLab and future EIC:
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Partonic structure of hadrons and nuclei

Developing new formalisms and techniques to quantify three-dimensional partonic structure of hadrons
through various quantum correlation functions (QCFs), PDFs, FFs, TMDs, GPDs, multi-parton correlations, ...

NO quarks and gluons can be seen in isolation!
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Partonic structure of hadrons and nuclei

Developing new formalisms and techniques to quantify three-dimensional partonic structure of hadrons
through various quantum correlation functions (QCFs), PDFs, FFs, TMDs, GPDs, multi-parton correlations, ...

Lattice QCD data

Experimental data
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Partonic structure of hadrons and nuclei

d Combined analysis of LQCD and EXP data:

= First global QCD analysis and extraction of
pion PDFs with lattice data and

experimental data

= Polarized and unpolarized PDFs

Phys. Rev. D103 (2021) 016003

 Support JLab experimental data analysis:

= Combining collider W/Z data and MARATHON d/p, helium-3, tritium DIS data
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Hadron & nuclear structure from lattice QCD

Exploiting lattice QCD to calculate the key measures of partonic structure to reveal the distribution of
momentum, spin and mass amongst the primordial quarks and gluons, ...

= Exploiting new ideas in artificial intelligence and statistical methods to ensure that key
physics emerges with the minimum of bias

= Working to ensure that experiment and computation can together provide the most faithful
description of the internal structure of hadrons

O LQCD calculation at the physical point: Phys. Rev. Lett. 125 (2020) 232003 ~ HadStruc Collaboration
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Hadron & nuclear structure and effective field theories

Pursuing a focused research program using methods such as Chiral EFT, large-N_. QCD, and others, to
explain large-distance hadron structure and interactions, particularly structures measured at JLab, ...

O The 1/N_ expansion:

= Two-photon exchange in electron/positron-hadron scattering: € : € € €

Systematic analysis using 1/Nc expansion and chiral EFT methods,
including spin effects. Relevant to JLab positron program n i f X f i
NA NA NA N

(N™)

= Calculated transverse normal single-spin asymmetry in inclusive
electron scattering e+N(pol)—e'+X with two-photon exchange

To be measured at JLab Hall A

= Resonance excitation in hard exclusive processes and transition GPDs: Systematic analysis
of N-Delta transition in pseudoscalar/vector production using 1/Nc expansion

(] Chiral EFT:

Nucleon form factors: Analysis combining dispersion theory and chiral EFT methods with
predictive power. Relevant to PRad, JLab positron program, muon scattering MUSE

12 Jefferson Lab
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Structure and electroweak response of nuclei

Understanding the structure and dynamics of nuclei in terms of the many-body (primarily, two- and
three-body) strong forces governing the interactions among their constituents, i.e., the nucleons, ...

Understanding the response of nuclei to electromagnetic and weak probes in terms of the coupling of
these probes to individual nucleons and to many-body clusters of nucleons

Q Artificial neural network-VMC with 5/EFT:

d Light nuclei spectra:
= XEFT for 2N and 3N interactions with A’s

= Contact 3N interaction constrained by 3He/3H binding
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Hadron/nuclear structure — JLab/EIC
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New young members

= Yang-Ting Chien (bridged with Georgia State):
Jet and jet stricture at the EIC, ...

= Felix Ringer (Joint with ODU):
= Al/ML and QC for NP at JLab/RHIC/EIC, ...
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Hadron/nuclear structure — JLab/EIC

JHEP 11 (2021) 157
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Summary and Outlook

J JLab NP Theory is a fully integrated part of JLab science program

(providing strong theory support to experimental programs, PAC proposals,
many on-going dialogs, discussions, collaborations with experimental colleagues)

J JLab NP Theory has vigorous research program “precisely” aligned with NSAC 2015 LRP & plays
critical roles in JLab 12 GeV and EIC program, and ready to contribute to the next LRP

(strongly tied to the goals of JLab12 and the future EIC)

 Excellent synergy locally with experimenters/PHY and computing experts/CST,
as well as people in neighboring universities, ...

(a strong team with many outstanding and balanced expertise)

Thanks!

Jefferson Lab



