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Generalized Parton Distributions (GPDs) are the pewerful means to describe the nucleon.
The related deeply exclusive experiments have estasince the beginning of this century
mainly the study of Deeply Virtual Scattering presses. Experiments running at Jefferson
Laboratory, on the CEBAF Large Acceptance Specttem&€LAS) in Hall B, have used both
polarized and unpolarized targets and beams. Dellgss is working out beam spin and target
spin asymmetries as well as cross-sections. Reesntts are presented and comparison with
theory display the foreseen difficulties to be@mttered when trying to extract the GPDs from
the observables.
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1.Introduction

The electromagnetic probe has been, for many dec#ite tool of choice to analyze the
nucleon. The sophistication of the achieved expemishas followed closely the improvement
of the technology needed to produce high preciddeams while the reachable energies
increased over the years. The nucleon, which wabalic studied object by accessing its inner
components, quarks and gluons, has become a matataty in itself. In parallel to the
instrumentation progress, new theoretical toolsehasen developed to understand the nucleon
structure at deeper and deeper levels. While eladéctron scattering enabled to measure
nucleon form factors which reflect the spatial shagf charge distributions, deep inelastic
scattering experiments (DIS) measured parton Hdidgion functions which determine
longitudinal momentum and helicity distributiondielTGeneralized Parton Distributions (GPDs)
formalism includes both former approaches and camye information about the dynamical
degrees of freedom inside the nucleon. GPDs [Irdpke to access the spatial distribution of
quarks and gluons inside the nucleon and alsouhegrbital momentum which is one of the
keys to solve the nucleon spin issue. For hardgases, the factorization is a way to separate
the hard scattering part of the interaction, whechalculable in pertubative QCD, and the non-
pertubative nucleon structure part parametrizedutin GPDs. In particular this applies to
Deeply Virtual Compton Scattering (DVCS) [5] in tBgorken regime, at higl)?, which is
today the obvious process to access experimer@ays.

Figure 1 : DVCS diagram, also known as “handbag algdvhere x is the average longitudinal
momentum fraction of the hit quark in the initiaicefinal states, t is the squared four-momentumstier
and¢ the skewedness related to the Bjorken variaptexg / (2 - »).

In the DVCS process (see Fig. 1), electron scatieon the nucleon occurs via a virtual
photon ¥~ which hits one quark off the nucleon, a real phatas emitted and the quark is
reinjected in the nucleon. The incoming and outgo@lectrons are characterized by their
respective momentp andp’, while g andq’ are the momenta related to the photons. The
amplitude for removing a quark with momentum fraotk + £ and restoring it with momentum
fractionx — ¢ is related toH, I-|, E and E the proton four chiral even GPDs. These GPDs

depend on kinematical variablest = (p- p')*, Q> =—-(k—k')?, and¢&. Observables are

integrals inx of GPDsDVCS is not distinguishable, experimentally, frohe tBethe Heitler
process (BH) occuring simultaneously where the ainty photon is emitted wether by the
initial or the scattered electron.In the kinemaégion of the CLAS experiment§{ from 1 to



GPD/DVS at CLAS J. Ball

4.8 GeV, xz from 0.11 to 0.58;t from 0.09 to 1.8 Gei), the BH cross section is dominant but
the interference between the two amplitudes entsatiee DVCS contribution. The measured
cross-section can be written as [6]:

d*c
dX dQZdtd¢ = |TBH |2 +|-|-DVCS|2 + 2-I-BH |Re(rDVCS) (l)
B

With ¢ defined as the angle between the leptonic andohadplanes;Tpycs andTgy as the

DVCS and BH amplitudes.
Using a polarized electron beam on an unpolariasget the cross-sections differences for
two opposite helicities can be expressed as:

d‘g-d*c ﬁ ) 2]
m = 2Ty, UM(Tpyes) + (T DVCS‘ _‘TDVCS‘ )

The |TDVCS|2 amplitudes are small and can be neglected andhhaniplitude can be calculated,

so that equations (1) and (2) give access to tlae @ad imaginary part of the DVCS
amplitudes.lt is a fact that asymmetries are naaeessible to measurement than cross section
differences. The first evidences to test the vilidi the handbag model came from beam spin
asymmetries which were expected to behave widing dependance [7]. DVCS enables to

measure observables which are related to a contrinaf the four GPDsH , I:I, E, E. The

polarization is indeed the way to disentangle tfRbD& Using a polarized electron beam on an
unpolarized target boosts GRD unpolarized beam on a longitudinally polarizedéa enables

access tol-|, and on transversally polarized targetHo[3,8]. The extraction of GPDs from
observables requires a deconvolution and a largef skata. A global fit analysis might lead to
a model independent extraction of the GPDs.

2.Results from CLAS

2.1The experimental set up

Beam spin asymmetries and target spin asymmetaies heen measured in Jefferson Lab
Hall B through two dedicated DVCS experiments eld®/ and egl-DVCS respectively.
After a first running period in 2005, the el-DVC&eriment took data again between the end
of 2008 and the beginning of 2009 while eg1-DVCS baen running in three parts during
2009. Except for the targets, both experiments tisecdame set-up of the CLAS spectrometer
[9]. The regular CLAS has a toroidal magnet based six superconducting coils set
symmetrically around the beam line. The availalpace between the coils is filled with
identical packages of detectors, consisting ofehiegjions of Drift Chambers (DC) and one set
of Scintillator Counters (SC). They cover an anglage of 8 to 140° and are used for the
tracking and the particle identification. Theseipments are completed in the forward direction
by Cerenkov Counters (CC) and Electromagnetic caloenseEC) for electron identification;
the EC is also used to identify and detect phoémasneutrons.
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The DVCS exclusive experiments had to detect theetiparticles in the final state of the
reaction €p — epy . Therefore a new Inner Calorimeter (IC), made 4 £bWQ crystals,

covering a polar angular range of 5 to 15° wasddd detect photons in the energy range of 1
to 5 GeV. Moreover, a 4.7 T superconducting solénpiaced around the target was designed
to trap around the beam axis the low energy backgtdgller electrons produced in the target
though enabling the detection of recoil protongaif0°.

e1-DVCS used a 2.5 cm long liquid hydrogen targietbly the 5.77 GeV CEBAF
polarized electron beam (mean polarization of 79,48élding a luminosity of 2.18 cm?s™.

egl-DVCS is currently running using a Bkbngitudinally polarized target to measure
target spin asymmetries as well as double spin amtries. The average target polarization is
about 80%.

2.2Results

. , _d'g-d*g I
Beam spin asymmetry defined &%, =————— for +1 and -1 beam helicities, can
d*g+d"o
be derived asA, , = asing (3)
1+ ccosp +dcos2¢g
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Figure 2: Beam spin asymmetry as a function of the (% , Q°)space. Black dots are the data, dashed
line is a fit using equ(3).

For small values of |t| the GPDH can be considered as dominant amd,d are

parameters related to the DVCS, BH amplitudes \aamonic coefficients ofp [8] and
accessible at pointx =+¢. The conditions of data analysis and yieldingregults are
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detailed in [9]. The results of beam spin asymiesip distributions integrated ovdrare
displayed on fig.2 and show accurate data in ggpdeament with a fit based on equ (3) where
the contribution ofd had been neglected as it is supposed to be comsisith 0. At 90°,

A , reduces t@ and is displayed on Fig. 3 compared with thecaétitodels.
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Figure3: Ay(90°) as a function of —t for a particular bin if@nd %. Data are black dots, triangles are
extracted from cross section measurements in JlabA{11], lower dashed line comes from a Regge
inspired model[12], solid and upper dashed linerespond to GPDs calculations at twist 2 and twist 3
order respectively [3].

The double distribution models [3] which incorperaBPDs mathematical properties
(polyniomality of the Mellin moments) and have é@lagorm factors and parton distribution
functions as limiting values overestimate the datd the twist 3 contribution is even in larger
disagreement. A Regge inspired model [12] in whHB¥CS is considered gs production
followed byp —y coupling in the nucleon field or in the vacuumnisgood agreement with the

data for—t < 1GeV?.

2.3 Future results

With the ending of the second part of experimerD¥CS, more data on beam spin
symmetries will come and soon the first resultsroks section measurements will be available.
The eg1l-DVCS experiment which has already accumdlah equivalent charge of 14 mC and
is scheduled to run for 60 days will provide targjgin asymmetries which will be very valuable
to check the dominance of the GIPD

Theoretical work has recently taken advantage efititoming of data to improve the
known models, see for example [13,14]. It comestioait the discrepancy observed between the
data and the existing models, Double Distributiomdels orH only models, will not decrease
significantly even with higher statistics. Sizeald# forward contribution is suggested ,
dominance of GPIM less obvious, and contribution of higher twistag® be included in the
models. In parallel other approaches using quatitoa models, MIT bag model are still
considered.

3.Conclusion

The DVCS experiments have started to produce aiecdeta. The global analyses using
sets of measurements in different configurationbedm and target polarization will become
more reliable with the incoming amount of new measwents channels as meson deeply virtual
meson production or DVCS on the nucleus. Some ¢tieat hypotheses about the dominance

5
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of a particular GPD over the others have to bedasdd. With the upgrade in energy of Jlab
from 6 to 12 GeV, a larger kinematical region, &hler Q2 , will be reachable, moreover
challenging experiments using transversally podarigrgets have been programmed and it may
become feasible to discriminate GBD Moreover the COMPASS experiment at CERN wiill
soon start its own DVCS program, covering a compieary range of very larg@® and lowxe.
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