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Gluon Correlator

Field Strengths Gauge Links

● A TMD describes 3D structure of proton

● A Gluon - gluon correlator ⇒ 2-point correlation function with 
Gauge links

● Gauge links are path ordered exponential connecting the field 
strength tensors along a definite path that depends on the actual 
partonic sub-process. Possible configurations are ++ or - -  and + -  
or - +.

● In the literature related to small-x physics, these are known as 
Weizsacker-Williams (WW) and Dipole distributions respectively.

P. J. Mulders and  J. Rodrigues PRD 63 094021(2001)

D. Boer et al arXiv 1507.05267



T-even, Chiral even function

Azimuthal asymmetries 

WW-type or Dipole type

Drell-Yan and SIDIS process No experimental evidence

Mulders and Rodrigues, PRD 63, 094021 (2001)D. Boer et al. PRL 106 132001 (2011)

Linearly polarized gluon TMD

Unpolarized Gluon TMD Linearly polarized Gluon TMD



D’Alesio, et al (2019)

https://doi.org/10.1103/PhysRevD.100.094016


TMD Factorization and NRQCD Factorization

Gluon CorrelatorLeptonic Tensor Partonic matrix elements

Perturbative part Non-perturbative part (LDMEs)

Bodwin, Braaten, Lepege (1994)(1994)

★ k2 ≪ Mc
2 ⟶ Non-relativistic approx to QCD

★ matrix element in NRQCD

https://arxiv.org/abs/hep-ph/9407339


Feynman Diagram contribution Spin projection operator for J/Ψ

Radial Angular momentum wave function

P Wave Scattering amplitude S Wave Scattering amplitude

Non-perturbative part (LDMEs)

k2 ≪ Mc
2  limit, Matrix element ⇛ Taylor series|k=0

D. Boer and C. Pisano (2012)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.094007


Feynman Diagrams



Azimuthal Asymmetry

D'Alesio, et al  (2019)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.094016
https://doi.org/10.1103/PhysRevD.100.094016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.094016


Gaussian Parameterization
● Drell-Yan and SIDIS ⇒ transverse momentum spectra → roughly Gaussian in 

nature.        Stefano Melis,et al. (2014)

D. Boer and C. Pisano (2012)

Transverse 
momentum 
dependent part

TMDs

https://www.epj-conferences.org/articles/epjconf/pdf/2015/04/epjconf_tv2014_01001.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.094007


TMD Evolution

Aybat and Rogers (2011)

http://arxiv.org/abs/1101.5057v2


Non perturbative region

functional form    Scarpa, et al (2020)

bt range (0.0-1.5 GeV-1) (C.P. Yuan, et al (2003),   
Scarpa, et al (2020))

Aybat and Rogers (2011)

TMD Evolution

https://doi.org/10.1103/PhysRevD.100.094016
https://doi.org/10.1103/PhysRevD.100.094016
https://doi.org/10.1103/PhysRevD.100.094016
http://arxiv.org/abs/1101.5057v2


Spectator Model

Model dependent form factors 

➢ In this model proton ⇒ g+X
➢ spectator particle ⇒ 

On-Shell  ⇒ Mx  ⇒ 
continuous values 

➢ P-g-X coupling is given by 
vertex ⇒ 2 form factors

➢ Model parameters fixed by 
integrating the transverse 
momentum and fitting 
with gluon pdfs (NNPDF3.1)

A. Bachetta, et al  (2020)
Spectral function

https://doi.org/10.1140/epjc/s10052-020-8327-6
https://doi.org/10.1103/PhysRevD.100.094016
https://doi.org/10.1140/epjc/s10052-020-8327-6


Gaussian Parameterization

a)

b) c)

√s = 140 GeV

z=0.7y∈(0,1) Kt=3.0 GeV

CMSWZ set of LDMEs

Results



Spectator Model

a)

b) c)

√s = 140 GeV

z=0.7y∈(0,1) Kt=3.0 GeV

CMSWZ set of LDMEs

Results



TMD Evolution √s = 140 GeV

z=0.7y∈(0,1) Kt=3.0 GeV

CMSWZ set of LDMEs

a)

b)

c)

Results



Results

Upper bound and
absolute values of 
asymmetries

√s = 140 GeVCMSWZ set of LDMEs

a) b)

c) d)

y=0.3
z=0.7

y=0.3
z=0.7

y=0.3
Kt=2.0 GeV

y=0.3
Kt=2.0 GeV

NRQCD CSM



Results



Results



● NRQCD → J/Ψ and Jet production rate 

● parameterized gluon TMDs → Gaussian, Spectator model and implemented TMD 

Evolution

● Asymmetry: TMD evolution < Gaussian < Spectator ≤ Upper bound.

● These kinematical regions will be accessible at EIC.

● These results will help us to extract the Linearly polarized gluon TMD

Phys.Rev.D 106,034009

Conclusion

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.034009


Thank You


