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QGT: Theory Highlights and Perspectives
❏ Bridge junior faculties 

❏ Postdocs
❏ Fatma Aslan (University of 

Connecticut) 
❏ Adam Freese (University of 

Washington, now JLab)
❏ Yuxun Guo (LBL)
❏ Jun-Young Kim (JLab)
❏ Kyle Lee (MIT) 

❏ Graduate students
❏ Sarah Blask (University of Arizona) 
❏ Brean Maynard (University of 

Connecticut) 
❏ Jinghong Yang (University of 

Maryland)
❏ Ignacio Castelli, Chris Cocuzza 

(Temple University)

[SCET/Theory]: S. Fleming, T. 
Mehen, I. Stewart;  
[Instanton]: E. Shuryak, I. Zahed; 
[ChEFT]: J. Goity, C. Weiss;  
[CPM]: P. Schweitzer; 
[Small-x]: A. Metz, F. Salazar, F. Yuan
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❏ Year 1: 
❏ [SCET] Analyze factorization for exclusive quarkonia production at leading power for all regions using SCET 

and NRQCD, including the large and small Q2 regions and quarkonia production at threshold 
❏ [Instanton] Apply the light-front Hamiltonian method to compute the GPDs, explore the nucleon spin/mass sum 

rule, and help to unveil the parton correlation due to strong interaction non-perturbative physics
❏ Year 2:

❏ [Small-x] Make quantitative connection of the GPD factorization formalism to the CGC/color-dipole formalism 
for various exclusive processes

❏ [CPM] Apply the Covariant Parton Model to the GPDs of quark and gluons, eventually the parton Wigner 
distributions

❏ Year 3: 
❏ [SCET] Use SCET to investigate factorization at subleading power in DVCS, including hadron mass corrections 

and the factorization and resummation of potential endpoint singularities 
❏ Year 4: 

❏ [ChEFT] Perform large-Nc analysis of hard exclusive pion production with N->\Delta transitions and a 
combined chiral and 1/Nc analysis of nucleon energy-momentum tensor form factors

❏ [Small-x] Quantitative study of hard diffractive dijet and di-hadron production at future EIC and explore novel 
processes to probe the quark/gluon Wigner distribution in the valence and moderate x region

❏ Year 5:
❏ [SCET] Study relativistic corrections and other subleading effects in heavy quarkonia production for cases 

where such corrections are likely to be important

Milestones
✔

✔

✔

✔

✔

✔

Work in progress            Toward finishing✔ ✔

✔
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Proton spin

Stony Brook Group, Shuryak, Zahed et al., 2404.13245,.05112,.03875,.03047,
2403.18700, 2401.12162,.09318, …

Recent hightlights: deep insight from non-perturbative method 
Proton mass Parton Distributions

Form factors

GPDs
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Quark counting, Drell-Yan-West, Pion Wave Function
Alberg, Miller
2403.03356 (hep-ph)
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Instanton effects in twist-3 GPDs
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N → Δ Transition GPDs



QUARK-GLUON
TOMOGRAPHY
COLLABORATION

        LATTIC
E 

  Q
C

D

PH

ENOMENOLOGY

       THEO
R

Y

QUARK-GLUON
TOMOGRAPHY
COLLABORATION

        LATTIC
E 

  Q
C

D

PH

ENOMENOLOGY

       THEO
R

Y

Synchronization effects on rest frame E&M and EMT densities

Freese, Miller, 
PRD 107, 074036; 108, 094026



QUARK-GLUON
TOMOGRAPHY
COLLABORATION

        LATTIC
E 

  Q
C

D

PH

ENOMENOLOGY

       THEO
R

Y

QUARK-GLUON
TOMOGRAPHY
COLLABORATION

        LATTIC
E 

  Q
C

D

PH

ENOMENOLOGY

       THEO
R

Y

GPD

Y. Guo et. al. Phys. Rev. D 103 9, 096010  

• Will be sensitive to the gluonic Compton form factors (gCFFs)

• We can then extract the GFFs from the gCFFs, utilizing the large 

skewness kinematics in the near-threshold region in the heavy quark limit.

CFF

GFF

GPD

Near-threshold Jpsi photo-production to probe GPDs
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Guo et. al. Phys. Rev. D 108, 034003 (2023)
Lattice: Pefkou et. al. Phys. Rev. D 105, 054509 (2022)  

With ξ > 0.5 
data

What current data tell us
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New avenue: semi-inclusive diffractive DIS

n Flavor dependence in the diffractive PDFs
n TMD dependence can be measured and so as the correlation between 𝑘 ⊥ 

and ∆⊥
4/29/24 11

∆⊥ Iancu-Mueller-Triantafyllopoulos, 2112.06353; 
Hatta-Xiao-Yuan, 2205.08060, Hatta-Yuan, 2403.19609;

Guo, Yuan, 2312.01008
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Compute the Diffractive PDFs/Fracture functions, spin 
asymmetries in semi-inclusive diffractive DIS

CLAS Coll., 2208.05508
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❏ Year 1: 
❏ [SCET] Analyze factorization for exclusive quarkonia production at leading power for all regions using SCET 

and NRQCD, including the large and small Q2 regions and quarkonia production at threshold 
❏ [Instanton] Apply the light-front Hamiltonian method to compute the GPDs, explore the nucleon spin/mass sum 

rule, and help to unveil the parton correlation due to strong interaction non-perturbative physics
❏ Year 2:

❏ [Small-x] Make quantitative connection of the GPD factorization formalism to the CGC/color-dipole formalism 
for various exclusive processes

❏ [CPM] Apply the Covariant Parton Model to the GPDs of quark and gluons, eventually the parton Wigner 
distributions

❏ Year 3: 
❏ [SCET] Use SCET to investigate factorization at subleading power in DVCS, including hadron mass corrections 

and the factorization and resummation of potential endpoint singularities 
❏ Year 4: 

❏ [ChEFT] Perform large-Nc analysis of hard exclusive pion production with N->\Delta transitions and a 
combined chiral and 1/Nc analysis of nucleon energy-momentum tensor form factors

❏ [Small-x] Quantitative study of hard diffractive dijet and di-hadron production at future EIC and explore novel 
processes to probe the quark/gluon Wigner distribution in the valence and moderate x region

❏ Year 5:
❏ [SCET] Study relativistic corrections and other subleading effects in heavy quarkonia production for cases 

where such corrections are likely to be important

Future looks bright: on track to finish milestones
✔

✔

✔

✔

✔

✔

Work in progress            Toward finishing✔ ✔

✔


