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Definition of a (quark) GTMD correlator:

General results:

i. 16 leading-twist GTMDs for quarks (Meissner, Metz, Schlegel, arXiv: 0906.5323)

ii. 16 leading-twist GTMDs for gluons (Lorce, Pasquini, arXiv: 1307.4497)

iii. GTMDs are complex functions

,
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Why are GTMDs interesting?
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(Meissner, Metz, Schlegel, 2009) GTMDs
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(Belitsky, Ji, Yuan, 2003)

TMDs

2-D Fourier Transform

Wigner Distribution

PDFs FFs

GPDs

GTMDs(Meissner, Metz, Schlegel, 2009) 
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Wigner functions & connection to parton Orbital Angular Momentum

Why are GTMDs interesting?

• Recap from NRQM:

Expectation value of observables



• OAM as a moment of Wigner distribution/GTMD: (Lorce, Pasquini, 2011 / Hatta, 2011 / Ji, Xiong, Yuan, 2012)
,
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Orbital Angular Momentum of partons

Applications of Wigner distributions

• An incomplete story:

• OAM as a moment of Wigner distribution/GTMD:

cv
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(Lorce, Pasquini, 2011 / Hatta, 2011 / Ji, Xiong, Yuan, 2012)
,

(Meissner, Metz, Schlegel, arXiv: 0906.5323):
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• An incomplete story:

• OAM as a moment of Wigner distribution/GTMD:
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(Lorce, Pasquini, 2011 / Hatta, 2011 / Ji, Xiong, Yuan, 2012)
,

Relation between GTMD            & OAM

(Meissner, Metz, Schlegel, arXiv: 0906.5323):

First numerical quantification of differences between Ji & JM OAM
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Observables for GTMDs: State of the art
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Exclusive dijet production in lepton-ion collisions at small-x (Hatta, Xiao, Yuan, arXiv: 1601.01585)

Jet 1

Jet 2
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Jet 1

Jet 2

Exclusive dijet production in lepton-ion collisions at small-x (Hatta, Xiao, Yuan, arXiv: 1601.01585)

“Elliptic” Wigner distribution:
Symmetric part

Elliptic part
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Jet 1

Jet 2

Main result:

Exclusive dijet production in lepton-ion collisions at small-x (Hatta, Xiao, Yuan, arXiv: 1601.01585)

“Elliptic” Wigner distribution:
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Jet 1

Jet 2
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Jet 1

Jet 2
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Jet 1

Jet 2

“Elliptic” Wigner distribution:

Main result:

Exclusive dijet production in lepton-ion collisions at small-x (Hatta, Xiao, Yuan, arXiv: 1601.01585)
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Color Singlet Model: (Kuhn et. al., 1979, …)

Observables for GTMDs

Main result:

Exclusive double quarkonium production (SB, Metz, Ojha, Tsai, Zhou, arXiv: 1802.10550)
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Exclusive double quarkonium production (SB, Metz, Ojha, Tsai, Zhou, arXiv: 1802.10550)

Color Singlet Model: (Kuhn et. al., 1979, …)

Observables for GTMDs

Main result:

This linear combination of polarization observables is sensitive to gluon OAM
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Single-exclusive pp collisions (Boussarie, Hatta, Xiao, Yuan, arXiv: 1807.08697)

Main result:

Observables for GTMDs

Double PDF 

Access Weiszacker-Williams gluon GTMD

Unpolarized & Linearly-polarized GTMDs

Example: Result for             production 
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arXiv: 1912.08182 (2019)
More developments …
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arXiv: 1912.08182 (2019)

The CMS Collaboration

More developments …
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arXiv: 1912.08182 (2019)

The CMS Collaboration

More developments …

arXiv: 2106.13466 (2021)
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arXiv: 2106.15148 (2021)

More developments …
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arXiv: 2106.15148 (2021)

More developments …



37

arXiv: 2106.15148 (2021)

More developments …

arXiv: 1702.04387 (2017)
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Our recent work

In Collaboration with:

Renaud Boussarie (CPHT, CNRS)

Yoshitaka Hatta (BNL)

Based on:

PRL 128, 182002 (arXiv: 2201.08709) 



Inspiration

Probing gluon OAM through exclusive dijet production

arXiv: 1612.02438 (2016)

Jet 1

Jet 2

39



Summary of the 2016 paper

Probing gluon OAM through exclusive dijet production

arXiv: 1612.02438 (2016)

Jet 1

Jet 2

Longitudinal single spin asymmetry (SSA):
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Summary of the 2016 paper

Probing gluon OAM through exclusive dijet production

arXiv: 1612.02438 (2016)

Jet 1

Jet 2

Schematic structure of SSA (oversimplified):
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Summary of the 2016 paper

Probing gluon OAM through exclusive dijet production

arXiv: 1612.02438 (2016)

Jet 1

Jet 2

Longitudinal single spin asymmetry (SSA):

Moment of OAM

Moment of GPD

42



Summary of the 2016 paper

Probing gluon OAM through exclusive dijet production

arXiv: 1612.02438 (2016)

Jet 1

Jet 2
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Jet 1

Jet 2

Issues with SSA:
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Probing gluon OAM through exclusive dijet production

Jet 2

Jet 1

Distinct feature in our work

Double spin asymmetry (DSA):-

Our work

Both electron & incoming proton are 

longitudinally polarized
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Probing gluon OAM through exclusive dijet production

Jet 2

Jet 1

Scattering amplitude

• 6 leading-order Feynman diagrams

• Scattering amplitude:

Hard part Soft part 47



Probing gluon OAM through exclusive dijet production

Scattering amplitude

Twist expansion:

• Twist-2 amplitude: Proportional to gluon GPD

Braun, Ivanov, 0505263
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Scattering amplitude

Twist expansion:

• Twist-3 amplitude: Proportional to gluon OAM
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Scattering amplitude

• Twist-3 amplitude:

Twist expansion:
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Probing gluon OAM through exclusive dijet production

Scattering amplitude

Main result                 :

DSA is sensitive to OAM through an interference between L & T amplitudes:
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Scattering amplitude
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DSA is sensitive to OAM through an interference between L & T amplitudes:

Main result                 :
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Main result                 :
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Scattering amplitude

Not the end of the story:
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Probing gluon OAM through exclusive dijet production

Scattering amplitude

Not the end of the story:

• Interference between unpolarized & helicity GPD                 :
Helicity GPD

• Analogous contribution should enter SSA
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• Interference between unpolarized & helicity GPD                 :
Helicity GPD
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Scattering amplitude

Not the end of the story:
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• Interference between unpolarized & helicity GPD                 :



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production
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Focus on:

Realistic EIC kinematics

62



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

Cross section:

Focus on:

Realistic EIC kinematics

63



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

Cross section:

Focus on:

Realistic EIC kinematics

64



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

65



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

66



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

67



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

DSA:

68



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

DSA:

69



Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

DSA:
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Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

DSA:

& interfere positively/negatively depending upon sign of 
71
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Probing gluon OAM through exclusive dijet production

DSA:
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Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

DSA:
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Summary

Summary of our work

• Gluon OAM related to the Wigner distribution
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• Gluon OAM related to the Wigner distribution

• DSA in exclusive dijet production is a unique observable to access the gluon OAM @ EIC:

80

• First realistic numerical calculation of observable sensitive to OAM @ EIC

Summary of our work

Summary
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Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

Ingredients for non-perturbative functions

OAM

Helicity
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• Neglect contributions from                                           Very simple formula
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Probing gluon OAM through exclusive dijet production

Ingredients for non-perturbative functions

PDFs

PRD 101, 074020

JAM

PRD 93, 074005/

PRL 119, 132001

• Model                  according to the Double distribution approach (see for instance Radyushkin, 9805342)
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Numerical estimate of cross section

Probing gluon OAM through exclusive dijet production

Ingredients for non-perturbative functions

• Model                  according to the Double distribution approach (see for instance Radyushkin, 9805342)

• Model for OAM:

1. “OAM density”: (Hatta, Yoshida, 1207.5332)

genuine twist-three

WW

approx

2.   Use the Double distribution approach to construct                    from                (GPD-like approach)  

89

• Neglect contributions from                                           Very simple formula



Outlook

What about quark OAM?
arXiv: 1702.04387 (2017)

(SB, Boussarie, Hatta, Work in progress)

• Exclusive double Drell-Yan is the only known process 

sensitive to quark OAM

• Low count rate (Amplitude             )

• Alternatively, access quark OAM through dijet

production in ep collisions

90


