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QGT: Theory Highlights and Perspectives

❏ Postdocs
❏ Fatma Aslan (JLab) 
❏ 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, F. Ringer, I. Stewart;  
[Instanton]: E. Shuryak, I. Zahed; 
[ChEFT]: J. Goity, C. Weiss;  
[CPM]: P. Schweitzer; 
[Small-x]: A. Metz, F. Salazar, F. Yuan

Bridge junior faculties 

Other talks: + Z. Yu
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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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No-perturbative Method

9/14/24 3
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Quark counting, Drell-Yan-West, Pion Wave Function
Alberg, Miller
2403.03356 (hep-ph)
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Nonlocal chiral contributions to GPDs of the proton at nonzero skewness:         
arXiv:2406.03412v1 [hep-ph]; PRD in press

Z. Gao, F. He, C.-R. Ji, W. Melnitchouk, Y. Salamu, and P. Wang

Chueng’s slides



● Nonlocal generalization of the effective Lagrangian provides 
systematic finite range regularization

● Nonzero skewness provides testing ground for the theory via 
polynomiality condition

● Extension to gravitational form factors, A, B and D=4C

Chueng’s slides



Ismail’s talk
Jun-Yong’s talk

Christian’s slide
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Theory and Phenomenology

9/14/24 9



A New Look to Azimuthal Modula3ons 
and Extrac3on of GPDs in DVCS 

Zhite Yu
(Jefferson Lab, Theory Center)

Sep/13/2024
JLab CEBAF

In collaboration with Jianwei Qiu and Nobuo 
Sato

PRD 107 (2023) 014007   
arXiv: 2409.06882  
papers in preparation

QGT Topical Collaboration Meeting
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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

Complementary to high energy scattering: Yuxun’s talk
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With ξ > 0.5 
data

What current data tell us

Guo et. al. Phys. Rev. D 108, 034003 (2023)
Lattice: Pefkou et. al. Phys. Rev. D 105, 054509 (2022), 

Phys. Rev. Le+. 132, 251904 (2024)  

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.251904


Jyotirmoy Roy@Duke



Jyotirmoy Roy@Duke

Earlier works:
Hoodbhoy, 1998
Lappi et al 2020
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Explore New Opportunities

9/14/24 15
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Christian’s slide
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New avenue: semi-inclusive and inclusive diffractive DIS

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

between 𝑘 ⊥ and ∆⊥
n More handle on the GPD extractions

9/14/24 17

∆⊥
Iancu-Mueller-Triantafyllopoulos, 2112.06353; 

Hatta-Xiao-Yuan, 2205.08060, Hatta-Yuan, 2403.19609;
Guo, Yuan, 2312.01008

Factorization: Kyle’s talk
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Compute the diffractive PDFs at small-x

n Definition is similar to TMDs 
for inclusive processes

n Requires large rapidity 
gap/color-singlet exchange 

9/14/24 18



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

Summarize the leading TMD DPDFs

9/14/24 19

Elliptic:

Sivers:

No linearly polarized gluon TMD DPDF!!
contrast to the non-diffractive case (Metz-Zhou 2011)
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Extend to the moderate and large-x

CLAS Coll., 2208.05508

Motivated by a recent JLab exp.
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Transition between pert. to non-pert.

9/14/24 21

q At low transverse 
momentum, power 
corrections become 
important and will modify 
the transverse momentum 
dependence

q Applying GTMD will help 
transition from pert. to 
non-pert. region
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Gluon Tomography from Different 
Perspective: Spinning gluon at the LHC

9/14/24 22

Guo, Liu, Yuan, Zhu, arXiv: 2406.05880
Guo, Liu, Yuan, arXiv: 2408.14693

𝜙 = 𝜙# −𝜙$
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Two simple examples: Higgs, Top pair

9/14/24 23

Higgs couples to the spinning gluon 
directly

Top quark pair is different
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Different story for jet 
production: a power 

counting rule

n Helicity structure from QCD processes: (1) cos(2𝜙) 
vanishes for dijet at LO and NLO; (2) vanishes at the LO 
for three-jet; (3) for four-jet, it is a LO effect

9/14/24 24 CMS, 1009.4122
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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✔ ✔

✔


