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Scientific Questions

Approaches

Main Goals

What are the urgent open scientific 
questions to address in hadronic 
physics?


What novel methodologies are 
appropriate to address these 
fundamental questions?  
How can these approaches work 
synergistically?


What are the scientific priorities for 
the next 5 years? How will they 
contribute to the strategic plans of 
DOE Office of Science, Office of NP?



•How does the hadron mass emerges 
from interactions of quarks and gluons?


•How is the nucleon spin generated from 
quark/gluon spins and orbital angular 
momentum


•What are the internal distributions of 
physical quantities in hadrons  
(mass, momentum, forces, etc)


•How can the spatial structure of 
hadrons be characterized 


•Change of quark-gluon structure of the 
nucleon change when it is bound in the 
nucleus? 
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Scientific Questions

Approaches

Main Goals
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Scientific Questions

Approaches

Main Goals

•Theory: 
- effective field theories; 
- light-front quantization; 
- models of QCD;  
- QCD factorization (exclusive processes); 
- QCD vacuum structure;  
- Soft-collinear effective theory


•Lattice QCD: 
- Mellin moments of distribution 
  functions; 
- Novel approaches to access distribution 
  functions


•Phenomenology/global analysis: 
-  Development of pixelation based ML 
workflow for CFF/GPD analysis; 
- Closure test for the extraction  CFFs/
GPDs from DVCS observables;  
- GUMP platform for analysis; 
- Inclusion of LQCD constraints as priors
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Scientific Questions

Approaches

Main Goals

Overarching goal  
 

The QGT Topical Collaboration has a 
main goal of spearheading 

understanding and discovery in the  
quark and gluon hadron tomography,  

and the  
origin of their mass and spin 
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Scientific Questions

Approaches

Main Goals

Overarching goal  
 

The QGT Topical Collaboration has a 
main goal of spearheading 

understanding and discovery in the  
quark and gluon hadron tomography,  

and the  
origin of their mass and spin 


coherent and synergistic effort  
from three Working Groups
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Main Goals

•Development of a comprehensive 
theoretical framework and toolkit for 
extracting hadron GPDs from data on 
exclusive processes using perturbative 
QCD calculations at NLO accuracy;  

•Development of framework to perform 
first-principles Lattice QCD calculations 
of GPDs(valence & sea quarks, gluons);  

•Extraction of nucleon GPDs via global 
analysis (JLab 12 GeV data and 
beyond) and theoretical constraints 
employing modern data science 
methods to solve the inverse problem 
(Bayesian inference, machine learning); 

Scientific Questions

Approaches
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Main Goals

•Construction of data-based 
tomographic images of the spatial 
quark/gluon distributions in the 
nucleon and other hadrons;


•Evaluation the nucleon angular 
momentum sum rule and the energy-
momentum tensor form factors 
(gravitational FFs) using GPD results 
and direct theoretical calculations.  
Interpretation of the findings in terms 
of mechanical structure and 
nonperturbative dynamics; 


•Integrate efforts to constrain GPDs 
from theory, lattice QCD, and 
phenomenology and create a 
community of junior researchers fluent 
at this intersection. 

Scientific Questions

Approaches
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Main Goals

•Training and creating new opportunities 
for early career researchers  
(Partial support for 12 postdocs, 6 
graduate students and 2 undergraduate 
summer students);


•Three bridge faculty positions will be 
created in nuclear theory.

Scientific Questions

Approaches
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Collaboration structure
★ 12 Universities 

- Duke University 
- Hampton University 
- Massachusetts Institute of Technology 
- Penn State University Berks 
- Stony Brook University 
- Temple University 
- University of Arizona 
- University of Connecticut 
- University of Kentucky 
- University of Maryland 
- University of Washington 
- William & Mary


★ 3 National Labs 
- Argonne National Lab 
- Jefferson Lab 
- Lawrence Berkeley National Lab


★ Senior Investigators 
- 29 Principal Investigators 
- 4 Affiliated Members

★ Early Career Members 
- 2 Undergraduate Students  
- 22 Graduate Students 
- 15 Postdoctoral Fellows/Research Associates Chueng Ji (NCSU)
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Bridge Faculty positions 

★ Temple University
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Bridge Faculty positions 

- PhD from Stony Brook University (2021) 
- postdoc at UCLA (2021-2023)  
- LBNL (2023) 
- INT Fellow at UW (2024) 
- Temple University (January 2025)  

Research:  
-QCD at high energies 
- perturbative calculations in EFT 
- Gluon saturation  
- multi-gluon correlations  
- Nuclear tomography (collider experiments) 

Farid Salazar

★ Temple University
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Focus Areas - Composition & Expertise
★ Specialization in designing and using effective field theories, chiral 

perturbation theory, perturbative QCD, and models of QCD


★ Hadron structure-related investigations, e.g., QCD factorization and breaking 
effects, lepton-nucleon interactions, light-front quantization, gauge topology

➡ Quark & Gluon GPDs and 
TMDs


➡ Gravitational form factors


➡ Wigner functions 


➡ Hadronic structure on the light 
front


➡ Spin physics


➡ Small-x physics


➡ Strangeness in exchange 
currents 


➡ Large-Nc limit
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Focus Areas - Composition & Expertise
★ Long-standing expertise in numerical methods in lattice gauge theories, 

simulations of QCD, non-perturbative methods for renormalization 


★ Investigations of hadron structure via parton distribution functions and 
generalizations through: (a) Mellin moments method, (b) novel approaches 

➡ Quark & Gluon PDFs


➡ Gravitational form factors


➡ Proton spin, momentum & 
angular momentum


➡ E/M form factors and charged 
radii


➡ Electric dipole moment


➡ x-dependence of PDFs, GPDs, 
TMDs


➡ neutrino-nucleon scattering 
cross-sections 


➡ Nuclei structure
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Focus Areas - Composition & Expertise
★ Broad expertise in developing frameworks for global analysis of experimental 

data sets, data science techniques, and analytical studies of aspects of QCD


★ Studies of non-perturbative bound-state problems, chiral effective theories, 
and the interface of lattice QCD and hadron phenomenology

➡ Quark & Gluon PDFs


➡ GPDs and TMDs


➡ Tensor charge and single-spin 
asymmetries


➡ Distributions of mass and spin 
in the nucleon 


➡ radii and gravitational form 
factors 


➡ perturbative corrections in 
DVMP 


➡ Bayesian methods to tackle 
inverse problem
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Synergy of focus areas
★ The efforts from the three focus areas are interdependent and connected 

at multiple levels.


★ Utilizing individual efforts from different focus areas and creating 
essential new synergies is a unique aspect of the topical collaboration  
For instance: 
- impose constraints in global analysis guided by theory 
- impose constraints by incorporating lattice data in global analysis 
- address challenges such as the inverse problem by combining lattice  
   data and experimental data, as guided by theory.

Courtesy: C. Weiss
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Public information for the scientific community
https://qgtcollab.github.io

★ also private webpages for the working groups
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Milestone Progress

Y1: 2 (1 completed  
          + 1 towards completion)

Y2: 2 (2 significant progress)

Y3: 1

Y4: 2 (2 with some progress)

Y5: 1(1 with some progress)

Y1: 1 (completed) 

Y2: 1 (1 significant progress)

Y3: 2 (2 significant progress)

Y4: 3 (3 significant progress)

Y5: 2 

Y1: 4  (4 completed)

Y2: 4 (2 almost completed 
           + 1 ongoing 
           + 1 started)

Y3: 6 (2 ongoing)

Y4: 5

Y5: 3 

Talk by D. Richards
Talk by F. Yuan

Talk by I. Cloët
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QGT TC Publications
★ 24 publications 

(PRL, PRC, PRD, 
PLB, JHEP,  
Rev. Mod. Phys.)  


★ 16 preprints


★ also proceedings

https://qgtcollab.github.io/publications.html
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DOE Highlights
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DOE Highlights

Novel approach to extract GPDs from lattice QCD with 
improved methodology that covers wide range of parameters

[Bhattacharya et al. Phys. Rev. D 108, 014507 (2023)]
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DOE Highlights

The u, d, s, g gravitational FFs of the proton reveal its 
mechanical radius, mass radius for the first time

[Hackett, et al., Phys. Rev. D 108 (2023) 11, 114504]

Highlight in preparation

Novel approach to extract GPDs from lattice QCD with 
improved methodology that covers wide range of parameters

[Bhattacharya et al. Phys. Rev. D 108, 014507 (2023)]



Highlight in preparation

Nuclear theorists reveal mass distribution within 
the pion and the proton from Lattice QCD

[Liu, Phys. Lett. B 849 (2024) 138418; Wang et al. arXiv:2401.05496]
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QGT TC in the News
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QGT TC in the News

[Burkert et al. 2023. Rev. Mod. Phys 95 (4): 041002]

Overview of progress in gravitational FFs  
and their interpretation in terms of the mechanical properties of the proton

quark contribution to the distribution of forces in the proton  
as a function of the distance from the proton’s center.
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QGT TC in the News

[Burkert et al. 2023. Rev. Mod. Phys 95 (4): 041002]

Overview of progress in gravitational FFs  
and their interpretation in terms of the mechanical properties of the proton

quark contribution to the distribution of forces in the proton  
as a function of the distance from the proton’s center.

Exploration of resemblance between the EMT trace anomaly and cosmological 
constant in general relativity, which are associated with the metric term that 
contributes to both energy and pressure.

[Liu, Phys. Lett. B 849, 138418 (2024)]
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QGT TC in the News

[Burkert et al. 2023. Rev. Mod. Phys 95 (4): 041002]

Overview of progress in gravitational FFs  
and their interpretation in terms of the mechanical properties of the proton

quark contribution to the distribution of forces in the proton  
as a function of the distance from the proton’s center.

Exploration of resemblance between the EMT trace anomaly and cosmological 
constant in general relativity, which are associated with the metric term that 
contributes to both energy and pressure.

[Liu, Phys. Lett. B 849, 138418 (2024)]

[Bhattacharya et al. Phys. Rev. D 108, 014507 (2023)]

A new formalism leads to  
the prediction of the spatial 
distribution of charges, momentum, 
and other characteristics of u and d 
quarks within protons
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QGT TC at Conferences
★ ~ 50 talks at International Conferences and Workshops 

(~ 40% presented by early career members )

★ Plus seminars and colloquia 
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★ Student and postdoc involvement in QGT TC research.  
 
Partial support for:

Undergraduate students: 
- Lillie Mohn (PSU Berks) 
- Owen Page (PSU Berks) 
 
Graduate students: 
- Sarah Blask (U of Arizona)  
- Ignacio Castelli (Temple) 
- Rohit Gupta (U of Arizona) 
- Joshua Miller (Temple)

★ Other students and postdocs involved in QGT TC activities

Mentoring/Training

Postdocs: 
- Fatma Aslan (UConn) 
- Xiang Gao (ANL) 
- Yuxun Guo (LBNL) 
- Eric Moffat (ANL) 
- Jyotimir Roy (Duke) 
- Bigeng Wang (U of Kentucky)  
- Marco Zaccheddu (JLab)
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★ Co-mentoring and collaborative research for students & postdocs 
 

A. co-funded students/postdocs 
 

  - Fatma Aslan (Schweitzer and Qiu) 
  - Sarah Blask (Fleming, Mehen, and Stewart) 
  - Adam Freese (Miller, Qiu) 
  - Xiang Gao (Zhao, Constantinou, and Metz) 
  - Yuxun Guo (Yuan, Ji, and Shiells) 
  - Jyotimir Roy (Mehen, Fleming, and Stewart) 
  - Marco Zaccheddu (Sato, Cloët, and Gamberg) 
 

B. Co-mentoring/advising also for other students and postdocs

Mentoring/Training
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★ Provide training opportunities in summer schools and networking in 
workshops 
 

- Collaboration meeting 2023 (Temple) 
- Advanced School 2024 (JLab)
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★ Co-mentoring and collaborative research for students & postdocs 
 

A. co-funded students/postdocs 
 

  - Fatma Aslan (Schweitzer and Qiu) 
  - Sarah Blask (Fleming, Mehen, and Stewart) 
  - Adam Freese (Miller, Qiu) 
  - Xiang Gao (Zhao, Constantinou, and Metz) 
  - Yuxun Guo (Yuan, Ji, and Shiells) 
  - Jyotimir Roy (Mehen, Fleming, and Stewart) 
  - Marco Zaccheddu (Sato, Cloët, and Gamberg) 
 

B. Co-mentoring/advising also for other students and postdocs

Mentoring/Training

★ Provide training opportunities in summer schools and networking in 
workshops 
 

- Collaboration meeting 2023 (Temple) 
- Advanced School 2024 (JLab)

★ Self-organized journal club for students and postdocs led by: 
 

- Joey Delmar      (graduate student at Temple)   
- Herve Dutrieux  (postdoc at W&M)



★ 3 summary talks from each working group

★ 3 selected presentations on Milestones

★ 12 presentations by students and postdocs

★ Business Meeting

★ All-hands discussions for working groups  

2023 QGT TC Meeting September 8-9, 2023
https://sites.temple.edu/qgt2023/

23
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★ In collaboration with CNF

★ Coupled to the 2024  

QGT Collaboration meeting  
(Sept. 13 - 14, 2024)


★ School open to advanced  
graduate students/postdocs


★ Experiment and theory 

2024 Advanced School



1. Introduction  
— Overview of concepts, definitions  
— Plan of lectures

2. Exclusive processes  
— Basics of QCD factorization  
— DVCS and light/heavy meson production  
— Novel processes; Hadron/photon-induced 

3. GPD analysis  
— Analysis using GPD parametrizations  
— Data science methods, inverse problem, ML  
— Combined LQCD and experimental data analysis  

4. Hadron structure with GPDs  
— Hadron imaging  
— EMT, AMO, mechanical properties  
— EFT methods, dynamical models 

5. Experimental methods  
— Experimental methods: DVCS, meson production, SDHEPs  
— Overview of results, esp. JLab12  
— Future facilities EIC, JLab22  

6. GPDs from lattice QCD  
— Partonic structure from Euclidean correlators ( quasi/pseudo) 
— Specific challenges of GPDs  
— Local operators and generalized form factors 

Program
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★ In collaboration with CNF

★ Coupled to the 2024  

QGT Collaboration meeting  
(Sept. 13 - 14, 2024)


★ School open to advanced  
graduate students/postdocs


★ Experiment and theory 

2024 Advanced School
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Concluding remarks
The collective effort is greater than the sum of the individual parts
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Concluding remarks

★ Brings together world experts in the field of the partonic and spin 
structure of hadrons to address open scientific questions in nuclear 
theory


★ Covers all theoretical approaches in the field (theory, lattice QCD, 
phenomenology/global analysis) 


★ Fosters scientific connections that might otherwise remain unexplored 


★ Maximizes the potential of small research groups' resources


★ Provides training, mentoring and networking opportunities for the next 
generation of nuclear theorists


★ Enhances the nuclear theory workforce with bridge faculty positions

The QCT Topical Collaboration 

The collective effort is greater than the sum of the individual parts



Thank you 

Award Number:  
DE-SC0023646


