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OUTLINE

ü Generalized TMDs (GTMDs)

ü Quark GTMDs in Exclusive Double Drell-Yan Process 

(S. Bhattacharya, A. Metz, J. Zhou / arXiv: 1702.04387)

Á Old + New results on accessing quark GTMDs

ü Gluon GTMDs in Exclusive Double Quarkonia Production Process

(S. Bhattacharya, A. Metz, V. K. Ojha, J. Tsai, J. Zhou / arXiv: 1802.10550)

Á Define the process

Á Kinematics

Á Scattering Amplitude

Á Gluon GTMDs

Á Polarization Observables

ü Summary and Outlook



Generalized Transverse Momentum Dependentdistributions

GTMD matrix element- graphical depiction

GTMD matrix element definition

Matrix elements parameterized through GTMDs

GPD TMD 

FFs PDFs 

In particular,           and           have a direct role in 

understanding spin-structure of hadrons 

(Lorc ǲÅ, Pasquini, 2011 / Hatta, 2011 / LorcǲÅ, 2014).

But, how would we measure them?  

GTMD 

GTMDs as ómother distributionsô



Exclusive Double Drell -Yan Process

(SB, Metz, Zhou / arXiv : 1702.04387)

Process

Leading-order diagrams

Kinematics (TMD type) 
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Kinematical variables
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large



Scattering Amplitude

Graph (a)

Longitudinalpartonmomentafixedas:

Graph (b)

Longitudinalpartonmomentafixedas:

Independent transverse  

vectors 

ERBL region



Quark GTMDs     (Meissner, Metz, Schlegel / arXiv: 0906.5323)

GTMDs have real and imaginary part



Polarization Observables

Unpolarized

SSA

DSA 

Remarks:

ü Summation over photon polarization (, ) is implied  

ü If photon polarization ( , ) is summed over, there is no interference between the objects               and

Key point is to realize that if we ~

Define óPolarization Observablesô in a 

certain fashion

Take proper linear combination of those 

observables

óSingle outô what you want!



Simple Case:   Addressing GTMDs at a specific kinematical point 

Surviving Candidates:

Å

Å

Å

Direct Access

Convolution integral

Not discussed in arXiv: 

1702.04387



Access through Interference  (               )

Remark:

and                 treated as `keyô candidates to get access to real and imaginary part of other   

GTMDs since they are presumably large   

V

V

Å
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General Case:  Keep !

Direct Access

Å

Old piece! But now, 

Å

Old piece!
New piece!

weight factor 

New piece!



Access through Interference  (                ) 

Remark:
This linear combination is sensitive to                    and                     (sensitivity to strength of spin-orbit correl ation)                        



What about                                           in the general case,                   ? 

Example:   

Direct Access May not be possible in this case!

Access through Interference Challenging! But possible!

Å

Å

Remark:

Similar consideration can be made for          ,          and  





Exclusive Double Quarkonium Production and GTMDs of gluon

(SB, Metz, Ojha, Tsai, Zhou / arXiv : 1802.10550)

Process

Leading-order diagrams

Kinematics (TMD type)

large



Scattering Amplitude

Gluon GTMDs

Longitudinalpartonmomentafixed:

ERBL region

Radial wavefunction of   

at origin


