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OUTLINE

» Background and Generalized TMDs (GTMDs)
» Quark GTMDs in the Exclusive Double Drell-Yan Process
( S. Bhattacharya, A. Metz, J. Zhou / arXiv: 1702.04387v1)
1. Define the Process
2. Leading-Order Diagrams
3. Kinematics
4. Scattering Amplitude
5. Quark GTMDs
6. Polarization Observables

> Summary



Backqground

Still to resolve completely (to address few):

1. How are quarks distributed spatially and in the momentum space inside the nucleon?

2. How do they contribute to the properties of nucleon- spin?
Scattering experiments: Inclusive, Exclusive, Semi-Inclusive
QCD factorization: Hard part (point-like, perturbatively calculable), Soft part (non-perturbative QCD)

Investigation of QCD matrix elements:
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Generalized Transverse Momentum Dependent distributions I][I

» GTMD matrix element graphical description:

GTMDs as ‘mother distributions’
GTMD (x, k,, A)

, GPD (x, A) TMD (x, k)
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» GTMD matrix element definition: W' (P, A, x, k)
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In particular, F; , and G, ; have a direct role in
understanding spin-structure of hadrons

> Matrix elements parameterized through (Lorcé, Pasquini, 2011 / Hatta, 2011 / Lorcé, 2014).
GTMDs: X9(x, § k¢, A ) But, how would we measure them?
K+ pt—p'* At -
X =7 E:W: —opt At=pt-Pt



Exclusive Double Drell-Yan Process
(SB, Metz, Zhou / arXiv: 1702.04387v1)

1. Process: M(pp)N(pa, Aa) = (1717)1317)N' (ph, AL)
2. Leading-order diagrams:
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3. Kinematics:
Region: TMD type Kinematical variables:
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4. Scattering Amplitude: T)’tl;?: T, en(A)Ey(Ay)
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> Ady = 1t — Got Symmetry considerations:
> A= —(G1c + G2t > b *(xp, k)= by (X, —kpe)
> b (xp, ki) = dg '(1 — xp, ki)



5. Quark GTMDs (Meissner Metz, Schlegel, 2009):
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JUST AMOMENT! What do we have? What do we want? Key point is to realize that if we ~

* Define ‘Polarization Observables’in a
A/l\A certain fashion

» Take proper linear combination of those
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6. Polarization Observables: ‘Single out’ what you want!
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> SSA: Ty = EZ:(|T+’)J|2 — |T—,)J| ) Similarly, define Txy, Tyy etc.
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» DSA: T =5 ((|T+,+|2 - |T+,—|2) - (|T—,+|Z_|T—,—|2)) Similarly, define Txy, Tyy Txy, Tyx

Remarks:
» Summation over photon polarization (A{, A,) is implied.

+ +4,5
> If photon polarization (A4, A,) is summed over, there is no interference between the objects Wf[l‘f I'and W;Qf vl
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» Choice 1~
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. thAat — (Zat Aat)zat Reci:_alk_ AEl)t = q1t — G2t & Ag= —(d1c + d2v)
= » gg AqtAL, implies that the contribution from the first term is maximum

A2
Aa A (Aat Aq)? when the photons come out perpendicular to each other.

Remarks:
> If you consider specific polarization states of photons, you have the option to switch off the contribution from G 4.

: .1
> For extracting G4 1, the relevant observable is " (tyy + T + Txx + Tyy)

The replacements in the above expression would be F; 4 = Gq 1, Gy 4 = Fq 4, CH - ¢,
» The observables may be challenging.
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> Choice 2~
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> (TLy + Tyl = M2

Remark:
This observable is sensitive to Im F; 4 and Im G4 ;.

» Choice 3~
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Remark:
This observable is sensitive to Re F; 4 and Re G4 1 (sensitive to Orbital Angular Momentum, spin-orbit correlation).



Summary

> Generalized Transverse Momentum Dependent distributions are interesting-

they are ‘mother’ distributions

their direct link to the orbital angular momentum (F; 4 and Gq 1)

» Proposal: A process that is sensitive to relevant quark GTMDs is the Exclusive
Double Drell-Yan process

1) Quark GTMDs can be accessed in the ERBL region

2) GTMDs can be accessed through Polarization Observables

» What else can be done?
Calculation can be extended to processes like pp — n. . pp (work in progress)
etc.



