3D parton structure of the nucleon: ep, pp and pA
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e Hard exclusive processes in ep: QCD Factorization
[Brodsky et al. 94; Collins, Frankfurt, Strikman 96; Radyushkin 96]
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e General consequences of factorization

— or(meson production) x Q7%  o(DVCS) x Q*

— Universality (process—independence) of GPD's



e Transverse spatial distribution of partons [Burkardt 02]
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e T[ransverse spatial distribution: Dynamics
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e Quark distributions: Polarization
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.. can be extracted from spin asymmetries in eN — eN~



e Hard exclusive processes at small x: Target rest frame
[Brodsky, Frankfurt, Gunion, Strikman 94]
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— Amplitude vanishes for d — 0 (“Color transparency”)
— Increases rapidly at small z

— Meson produced in small-size configuration (“squeezed”)



e Universality of t—slopes: Test of reaction mechanism
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Also confirmed by HERA:

— Growth of cross section with energy
— Flavor symmetry



e Transverse gluonic size of nucleon: do/dt x [2G(z,t)]’
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— Phenomenological parametrization of transverse spatial gluon distribution g(x, p)

[Frankfurt Strikman, CW 03/04]



e Hard exclusive processes in eA
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Nucleus as “filter” for small-size configurations!
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e Spin—flip vs. non-flip
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Very different propabilities
for leaving nucleus intact

Nucleus as “filter” for quantum numbers of exclusive process!




e Hard processes as centrality trigger  [Frankfurt, Strikman, CW 03]
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Vs=14Tev (b%) [fm?] average impact parameter
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— “Objective” criterion for central events
— Application: Studies of black—body limit in central pp collisions

— Higgs production at LHC: Central events



e Diffractive Higgs production [Frankfurt, Strikman, CW 04/05]

X
hard partonic soft interactions
process (must preserve
rapidity gaps!)
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Overlap of gluon dist'ns “No inelastic interactions”
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Soft interactions suppress
small impact parameters
(“no chance to survive”)

Dominated by intermediate values
b~ 0.7fm

Gap survival probability
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Decreases slowly with s

Estimates agrees well with double
pomeron model [Khoze et al. 00]



e Correlations in transverse position of partons
[Frankfurt, Strikman, CW 04]

- ... Can be probed in
double dijet production!

uncorrelated correlated

CDF (Fermilab) data compatible with
“constituent quarks” of size p ~ 0.3 fm

cf. Instanton liquid picture of QCD
vacuum [Diakonov, Petrov 84]

— Effects of longitudinal and transverse correlations can be separated
by comapring pp <+ pA (vary “thickness” of target)



Summary

e High—luminosity, tunable, polarized ep collider would provide
unique opportunity to map the “3D parton structure” of the nucleon

e ¢A measurements allow for independent tests of the reaction mechanism
(“color transparency”)

e Information about transverse spatial distribution of partons crucial for
understanding dynamics of high—energy pp/pA collisions

— Centrality trigger
— Diffraction
— Multiparton correlations

... Great potential in “cooperation” ep/eA < pp/pA



e Spin asymmetries in ep — epy
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