
Figure 5: Deep exclusive processes in electron scattering as new type of hard scattering allowing QCD factorization and probing of the generalized
structure [104].

One of the combinations yields the mass form factor [108]565
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from which one can construct the mass distribution as well as the mass radius, hr2
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factors also provide the key information about the proton spin carried by quarks and gluons [104],567
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Finally, the form factors C(t) (also called D-term) and C̄(t) have been related to “pressure and shear pressure distri-568

butions” [109]. It was discovered that the GPDs provide phase-space images of the quarks and gluons with a fixed569

longitudinal momentum x (momentum-dissected tomography) [110, 111].570

Experimental observables in DVCS are parameterized by Compton Form Factors (CFFs) which as functions of t,571

⇠, and Q2 (which corresponds to renormalization scale of GPDs) [112]. At leading twist, there are eight CFFs (four572

complex pairs) which are related to four relevant GPDs, H, E, H̃, Ẽ, which contain one additional variable x integrated573

over in CFFs,574
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where F is a generic GPD. From the analysis of data from HERA and HERMES at DESY, as well as the results of575

new dedicated experiments at JLab, and at COMPASS at CERN, the experimental constraints on CFFs have been576

obtained from global extraction fits [113, 114]. However, data covering a su�ciently-large kinematic range, and the577

many di↵erent polarization observables, have not been systematically available. Moreover, meson production at JLab578

6 GeV has not yet shown parton dominance of scattering. The 12 GeV program at JLab will provide comprehensive579

information on these hard di↵ractive processes, entering the precision era for GPD studies.580

Extracting all 8 CFFs independently at fixed kinematics require a complete set of experiments. However, given581

these CFFs is not su�cient to reconstruct the GPDs due to the loop integral in the hand-bag diagram. One either582

has to make some models with parameters to fit to experimental data or make combined fits with lattice QCD data.583

Experimentally, one needs to explore processes that will give both x and ⇠ information, such as double DVCS or584

similar processes as we discussed in the next subsection. On the other hand, large-momentum e↵ective theories585

developed in recent years have made possible to calculate GPDs directly on lattice [115, 116] and some preliminary586

calculations can be found in Refs.[117, 118].587

Experiment E12-06-114 [119] in Hall A proposed a precision measurement of the helicity dependent and helity588

independent cross sections for the ep ! ep� reaction in DVCS kinematics. The experiment considered the special589

kinematic range Q2 > 2 (GeV/c)2 , W > 2 GeV, and �t < 1 GeV2, with Q2 extending to 9 (GeV/c)2 and x central590

region from 0.36 to 0.60. The experiment is a follow up of the successful Hall A DVCS run at the 5.75 GeV (E00-591

110). With polarized 6.6, 8.8, and 11 GeV beams incident on the liquid hydrogen target, the scattered electrons592

will be detected in the Hall A beam-left High Resolution Spectrometer (HRS) and the emitted photon in a slightly593

expanded PbF2 calorimeter. In general, the experiment will not detect the recoil proton. The H(e, e0�)X missing594

15


