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Definition of Quark GTMDs

e GTMD correlator: graphical representation
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— proper definition and evolution of GTMDs very similar to TMD case
(Echevarria et al, 2016)



e leading-twist chiral-even case (notation of Meissner, A. M., Schlegel, 2009)
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— GTMDs have real and imaginary part

e Relation to GPDs and TMDs: examples
H(CE,S == O,t) = /d2EJ_ReF171’£:O
IjI(:I:,S = O,t) = /d2EJ_Re GlA’{:O
fi(x, Ef) — Re F1,1|A:o g, (x, kf) — Re G1,4|A:0
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— Fy; and G, 4 presumably large

— later on, mainly relevant are: F 1, F} 4, Gi1, G4



GTMDs as Mother Functions

GTMD(z. ki, A)
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(diagram from Lorcé, Pasquini, Vanderhaeghen, 2011)

e GTMDs describe the most general two-parton structure of hadrons
e Several GTMDs vanish for GPD and TMD limit of correlator — genuine new physics

e |n particular, modeling of GTMDs might be very useful



Further Aspects/Applications of GTMDs

e Parton OAM in longitudinally polarized nucleon — milestone in spin physics
(Lorcé, Pasquini, 2011 / Hatta, 2011 / Kanazawa et al, 2014 / Hagler, Mukherjee, Schafer, 2003)
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— same equation for both Ljy and Ly (Ji, Xiong, Yuan, 2012 / Lorcé, 2013)
— intuitive interpretation of L, — L, (Burkardt, 2012)

— Ly can be computed in Lattice QCD
(Engelhardt, 2017 / Rajan, Courtoy, Engelhardt, Liuti, 2016)

e Spin-orbit couplings (Lorcé, Pasquini, 2011 / Lorcé, 2014) (cf. SO-couplings in hydrogen)
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e Relation to Wigner phase space (quasi) distributions
(Ji, 2003 / Belitsky, Ji, Yuan, 2003 / Lorcé, Pasquini, Vanderhaeghen, 2011 / ...)

WD(z, k. 5,) ~ /cf&L e AL L GTMD (2, B, A )

— in principle, 5-D imaging (but Wigner functions can become negative)



Recent Work on Observables for Gluon GTMDs

e Gluon GTMDs at small x through exclusive di-jet production in e A collisions

(Hatta, Xiao, Yuan, 2016) "
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— small-z formalism compatible with TMD factorization using GTMDs

e Gluon GTMDs at small  may be measurable in v"A — AX
(Zhou, 2016)

e Longitudinal SSA in same process may give access to gluon OAM at small x
(Hatta, Nakagawa, Xiao, Yuan, Zhao, 2016)

— hunting for F{,
— interesting finding: LY, () ~ —2AG(x) at small x

e Longitudinal SSA in same process may give access to gluon OAM at moderate x
(Ji, Yuan, Zhao, 2016)

— weighted cross section and collinear (twist-3) factorization



® Gluon GTMDs at small x in 2-particle production in pp and p A collisions
(Hagiwara, Hatta, Xiao, Yuan, 2017)

e Gluon GTMDs at small x through di-jet production in ultraperipheral p A collisions
(Hagiwara, Hatta, Pasechnik, Tasevsky, Teryaev, 2017)

e Earlier work on other processes using gluon GTMDs, but less direct sensitivity to Ei



Exclusive double Drell-Yan: m N — (£7£]) (¢545) N’
(Bhattacharya, AM, Zhou, 2017)

1. Leading-order diagrams and kinematics
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e Consider all possible charge states (including ™ p — 71 v5 1)
e Two graphs: amplitude symmetric under exchange v; <+— 75

e Kinematics of interest (TMD-type)
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2. Amplitude
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® ¢11., > can be expressed through Aq, AGL

o @?r/q(a:b, k7| ) is pion light-front wave function (modulo prefactors)
e Both Ww] and Wh+75] contribute

e Longitudinal parton momenta fixed
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e Dominant amplitude for transversely polarized photons



3. Quark GTMDs of main interest
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e Focuson Fy 4 and Gy,

e Recall that F}; and G 4 presumably large — interference might be promising



4. Qbservables

e Relation between amplitude and cross section
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e Unpolarized cross section, single-spin asymmetry, double-spin asymmetry
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— summation over photon helicities A{, Ay implied
— consider polarization of nucleon in initial and final state

— consider longitudinal and transverse nucleon polarization



e “Direct” access to F} 4 and G 4
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— when summing over Ay, A, no interference between Wb and wh sl
— for specific photon polarizations F;, , and G, ,, can be “disentangled”
— similar double-polarization observable for G| ; (in combination with F} ;)

— observables may be challenging (cancellation of potentially large numbers)



Access to F 4 and G ; using interference
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— additional terms (GTMDs) in SSAs 7;; and 1y, alone

— interference involving other GTMDs through other polarization observables

— observable mostly sensitive to Im F} 4 and Im G,

Moo — ) = 2 ding Al Re O R @ cIB, -k,  F,®
2XY YX_MQJ_qJ_aJ_ | S % 1" Ral I'14%®7

- MG e, |cOF FL Gy o] }

— better sensitivity to Re I3 4 and Re G 4



Summary and Outlook

GTMDs are the most general two-parton correlation functions
GTMDs attracted considerable interest (relation to parton OAM, etc.)
GTMDs do enter physical observables

Recent work on how gluon GTMDs can, in principle, be measured

GTMDs in exclusive double Drell-Yan 7 N — (£747) (45¢3) N’

— access to quark GTMDs (in ERBL region)

— focus on F}y 4 and G4

— (most) GTMDs can be “disentangled” through polarization observables
— one may also consider N, N, — (£, £7) (¢503) N. N} (work in progress)
— numerical estimates needed

— measurement probably challenging at current facilities (o ~ aim)
Calculation can be extended to other processes, like pp — p pn. M. (work in progress)

Important open questions concerning quark GTMDs
— process with larger count rates ?

— access in lepton-nucleon scattering ?

— access to DGLAP region ?



