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 Big Picture 
        

     11 Science Questions for the 21st Century

      Genesis Mission  

      US Long Range Plan for Nuclear Science

      5 Topical Collaboration Projects  















QGT Collaboration: 

3-dimensional imaging of the internal structure of nucleons and nuclei 

Heavy-Flavor Theory (HEFTY) for QCD Matter :
Developing framework for Heavy quarks in QCD by employing Lattice QCD computation 
and rigorous statistical data analysis based on effective field theory 

Saturated Glue Topical Collaboration (SURGE): 
Establishing an end-to-end framework for small-x observables by employing Lattice QCD 

and light-cone method 

Nuclear Theory for New Physics (NTNP):
Precision study of neutron and nuclear decays, neutrino interactions, and electric dipole moments to 

uncover fundamental laws of physics 

Exotic Hadron Spectroscopy(ExoHad): 
Explore all aspects of exotic hadron physics, through the numerical computations of 

Lattice QCD and extraction of experimental data for a robust determination of the 

presence and properties of exotic hadron states. 











DOE Renewal Proposal 2026-2029
Nuclear Theory at North Carolina State University































P. Barry, C. Ji, N. Sato, W. Melnitchouk,, PRL127, 232001(2021) 













C.Ji, W.Melnitchouk,A.W.Thomas, 
Phys.Rev.D 88 (2013) 7, 076005



P. Barry, N. Sato, W. Melnitchouk, C.Ji, PRL121, 152001(2018) 









Glimpse of Link between QCD and LFQM
B.Ma  and C. Ji, PRD104, 036004 (2021) ; INPC2025



Mass Gap Solutions







Interaction independent 
Melosh transformation
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Conclusions and Outlook
● Meson structure studies of LFQM provide useful tools to 

study the nucleon structures via the convolution with the 
splitting functions computed by the Chiral EFT.

● Analysis of LNA behaviors in Chial EFT provides a useful link 
to  QCD.   

● Link between QCD and LFQM seems also feasible as 
exemplified by the mass gap solution in the ‘t Hooft model 
interpolation between IFD and LFD.

● Convoluting Chiral EFT with LFQM appears useful for the 
preparation of a comprehensive analysis of potential impacts 
for hadron structure studies envisioned in future facilities 
including JLab, EIC and AMBER. 



● EIC physics intermediates between Hot and Cold QCD
● AI appears powerful tool in most areas of science.
● Data analyses and Impact studies are more 

extensively called for: Hadron structure studies via 
SIDIS (TMDs,GPDs,TDAs).

● Theoretical Simulation vs. Experiments, Lattice, etc.
● QCD vacuum approach and parton approach need to 

linked together.
● Fundamental understanding of spacetime interpolating 

IFD and LFD.
● LFD may fit well with the Quantum Computing with 

less Qubits.

What to think about



● LFQM of Baryons: quark-diquark vs. 3 quarks
● Convolution of the nucleon-meson splitting functions in 

the chiral effective theory with the LFQM of mesons
● Theoretical simulations: CFFs, GPDs, gravitational FFs  
● Impact studies for JLab-TDIS, EIC and Amber
● Timelike region study with transition form factor
● Conformal Symmetry in 1+1D and 3+1D
● Orientation entanglement interpolating IFD and LFD
● Orientation entanglement in Quantum Computing
● Wigner Function in QCD
● Energy-Momentum Tensor in LFD

What do we need to work on?



Spring 2026  schedule  (9:30am EST)

Date Speaker Informal Topic or Title 

1/9/26 Chueng Ji Overview and Plan for Spring 2026

1/16/26 David Brown Dirac-Bergmann Algorithm in Classical Mechanics Lecture 1

1/23/26 David Brown Dirac-Bergmann Algorithm in Classical Mechanics Lecture 2

2/6/26

2/13/26

2/20/26 Hunter Duggin Unitary fermi gas GFF calculation using pionless EFT on the lattice

2/27/26 Ping Wang Nonlocal ChEFT

3/6/26

3/13/26 Deepasika Dayananda Interpolating Relativistic Spacetimes and Quantum Fields between IFD and LFD

3/20/26 Deepasika Dayananda PhD Defense

3/27/26

4/3/26 Satyajit Puhan

4/10/26 Sangwoo Ha Peer Instruction in Physics Education

4/17/26 Daniel Piasecki Koopman-von Neumann Classical Spinors

4/24/26

5/1/26 Chueng Ji Review and Plan for Summer 2026


