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Probing quark OAM through double Drell-Yan
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Probing quark OAM through double Drell-Yan

Example of an observable sensitive to OAM & spin-orbit correlation :

2404.04208
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Probing quark OAM through double Drell-Yan

Challenges:

• Low count rate (Amplitude            )

• Sensitivity to GTMDs only in the ERBL region                        
      

OAM density:

OAM:

The challenge lies in extrapolating the distribution to the forward limit, where the 
OAM equation is applicable
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Our work

Main Observable:

Longitudinal single-target spin
asymmetry

arXiv: 2312.01309 (2023)
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Exclusive         production in ep collisions

Known results

The coupling of twist-2 helicity-flip chiral odd GPDs with the twist-3 
distribution amplitude of the neutral pion yields the leading power 
contribution to the unpolarized cross-section:

See for example L. Frankfurt, P. Pobylitsa, M. Polyakov, & M. Strikman, 1999
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Probing quark OAM through         production in ep collisions

4 leading-order Feynman diagrams
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Hard part Soft part from 
proton

Pion Distribution 
Amplitude 
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Collinear twist-expansion of hard part:
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Collinear twist-expansion of hard part:

Twist 2 term vanishes
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Collinear twist-expansion of hard part:

Use special-propagator technique to ensure electromagnetic gauge invariance

(J. W. Qiu, 1990)
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Collinear twist-expansion of hard part:

vv
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Probing quark OAM through         production in ep collisions

Scattering amplitude:
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vv
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Probing quark OAM through         production in ep collisions

Scattering amplitude:

Collinear twist-expansion of hard part:

Consequently, the scattering amplitudes are a convolution of moments of GTMDs and GPDs and are 
of twist-3 nature 
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Probing quark OAM through         production in ep collisions

Scattering amplitudes depend on different angular correlations:
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Probing quark OAM through         production in ep collisions

Scattering amplitudes depend on different angular correlations:

Compton Form Factors:



Angular correlations
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Probing quark OAM through         production in ep collisions

Scattering amplitudes depend on different angular correlations:

Sensitivity to quark OAM
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Probing quark OAM through         production in ep collisions

Cross section
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Probing quark OAM through         production in ep collisions

Cross section

Distinguished experimental signature of 
quark OAM
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Probing quark OAM through         production in ep collisions

Cross section

Surprise!

• Probe quark Sivers function through an unpolarized target

(Similar to the gluon GTMD         , as discussed in Boussarie, Hatta, Szymanowski, Wallon, 2019)
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Probing quark OAM through         production in ep collisions

Cross section

• Probe quark Sivers function through an unpolarized target

• Probe quark worm-gear function through an unpolarized target

Surprise!
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Probing quark OAM through         production in ep collisions

Cross section

Helicity flip terms persist even when 
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Probing quark OAM through         production in ep collisions

Cross section

Since both unpolarized and polarized cross sections contribute at twist-3, 
the magnitudes of the asymmetries are not power-suppressed
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Probing quark OAM through         production in ep collisions

Model input for numerical estimations

Ingredients for non-perturbative functions:

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

Example:

2022 PDFs 
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genuine twist-three

1. “OAM density”: (Hatta, Yoshida, 1207.5332)
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Probing quark OAM through         production in ep collisions

Model input for numerical estimations

Ingredients for non-perturbative functions:

• Model                     according to the Double distribution approach (see Radyushkin, 9805342)
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genuine twist-three

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

WW
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Probing quark OAM through         production in ep collisions

Model input for numerical estimations

Ingredients for non-perturbative functions:

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

• Model for OAM:

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

genuine twist-three

2. Use the Double distribution approach to construct                               from                
     

WW
approx



49

Probing quark OAM through         production in ep collisions

Model input for numerical estimations

Ingredients for non-perturbative functions:

• Pion distribution amplitude:

Asymptotic form
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Probing quark OAM through         production in ep collisions

Model input for numerical estimations

End-point singularity & discontinuity:

Model-dependent method:

S. V. Goloskokov and P. Kroll, 2005 I. V. Anikin, O. V. Teryaev, 2003
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Probing quark OAM through         production in ep collisions

Model input for numerical estimations

End-point singularity & discontinuity:

Model-dependent method:

S. V. Goloskokov and P. Kroll, 2005 I. V. Anikin, O. V. Teryaev, 2003
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Probing quark OAM through         production in ep collisions

EIC

EicC

Kinematics:
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Probing quark OAM through         production in ep collisions

EIC

EicC

• We focus on large skewness (   ) region to suppress gluon contribution

Kinematics:
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Probing quark OAM through         production in ep collisions

EIC

EicC

• We focus on large skewness (   ) region to suppress gluon contribution

• We focus on large momentum transfer (  ) region to suppress 
     contribution from Primakoff process

Kinematics:



Remark:
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Probing quark OAM through         production in ep collisions

The same azimuthal asymmetry, precisely mirroring what we observe in this study, emerges from the interference 
between the Primakoff process and the contribution from the gluon GTMD 



Numerical results
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Probing quark OAM through         production in ep collisions

Unpolarized cross section

• The unpolarized cross section exhibits a 
notable magnitude at EicC energy

• Relatively small at EIC energy

Findings:



Numerical results
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Probing quark OAM through         production in ep collisions

Asymmetry

Findings:

The asymmetries are substantial for both EIC 
& EicC kinematics
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• Generalized TMDs/Wigner functions are the holy grail of spin physics
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• Generalized TMDs/Wigner functions are the holy grail of spin physics



Summary

• Probe quark OAM via exclusive        production in ep collisions

• Circumvent challenges associated with double Drell-Yan process

60

• Longitudinal single-target spin asymmetry is not power 
suppressed

• Asymmetry is substantial & thus exclusive       production 
in ep collisions maybe a promising route to constrain 
quark OAM

• Generalized TMDs/Wigner functions are the holy grail of spin physics
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