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Exploring the 3-dimensional
phase-space structure of the
nucleon with Drell-Yan processes
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Usual way of exploring the nucleon structure:
collinear QCD parton model




great success, but essentially x and Q° degrees of freedom ...
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The nucleon, as probed in DIS, in collinear
configuration: 3 distribution functions
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integrated parton distribution functions, PDF
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hew probes and concepts to explore
the nucleon structure

TMDs - Transverse Momentum Dependent
(distribution and fragmentation functions)

(polarized) SIDIS and Drell-Yan,
spin asymmetries in inclusive
(large p_T) NN processes
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GPDs - Generalized Partonic Distributions

exclusive processes in leptonic and
hadronic interactions
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phase-space parton distribution, w(k, b)

(S. Meissner, Metz, Schlegel) Wigner ey T
TGPD or GPCF function (Belitsky. Ji, Yuan)
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q(z, k1)

Sivers u and d quark densities in transverse
momentum space
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q(z, br)
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TMDs: the leading-twist correlator, with
intrinsic ki, contains 8 independent functions .....
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S-(pXkJ_) Sq°(p><k7J_) S-Sq
"Sivers effect”  "“Boer-Mulders effect”



The nucleon at twist-2,

fi(z, ki

Az, k2 N -Twist 2




similar spin-p.
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usual 3-dimensional

probe of nucleons:
SIDIS in parton model
with intrinsic motion
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factorization holds at large @2, and Pr~ k1 = Aqcp
Two scales: P: <« Q7

Collins, Soper, Ji, J.P. Ma, Yuan, Qiu, Vogelsang, Collins, Metz,...




general azimuthal structure of SIDIS cross-section
(with leading-twist TMDs)
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hadron plane
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lepton plane
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GPDs (8 independent ones)

(recover partonic distributions in the forward limit)
H,E,H,E;Hr,Er, Hr, Ep(z, &, t)
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DVCS hard meson production

exclusive leptonic processes. More
possibilities with Drell-Yan production

talk by B. Pire



Drell-Yan processes - TMDs

factorization holds, two scales, M?, and gt <« M

doP™Y =3 (w1, k115Q%) ® falwa, k12 Q%) A6

direct product of TMDs
no fragmentation process

talks by D. Boer, W. Vogelsang



cross-section: most general pp leading-twist expression
do __ %m 5. Arnold, A. Metz and M. Schlegel, arXiv:0809.2262 [hep-ph]
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Case of one polarized nucleon only
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Unpolarized cross section already very interesting
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Decay angular distributions in pion-induced Drell-Yan
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Sivers effect in D-Y processes

By looking at the d* o /d*q cross section one can
single out the Sivers effect in D-Y processes
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. . . Brodsky, Hwang, Schmidt:;
Crucial role of gauge-links in TMDS (ins. Belitsky, Ji. Yuan:

Boer, Mulders, Pijlman

process-dependence of Sivers functions
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Talks by D. Boer, A. Bacchetta, round table



Sivers function from light-front wave function

Brodsky, Pasquini, Xiao, Yuan, arXiv:1001.1163
Pasquini, Yuan, arXiv:1001.5398
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The dream experiment, D-Y with polarized antiprotons

measure transversity via double sp
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PAX proposal: hep-ex/0505054
M.A., V. Barone, A. Drago, N. Nikolaev
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Drell-Yan processes - GPDs and TDAs

Tt (q)

exclusive limits
of Drell-Yan

- processes
‘W ut (B. Pire)
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Conclusions

3-dimensional exploration of nucleon has just started:
collect as much data as possible and try to reconstruct
the nucleon phase-space structure
Drell-Yan processes are cleanest probe

ideal machines:
x-range including the valence region,
Q?, M? high enough to control higher-twist corrections
Pt QT ranges large enough to see transition from TMDs
to collinear factorization

plenty of challenging theoretical issues....

many thanks to the organizers!



