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Abstract

We present some recent developments in the field of GenedaRarton Dis-
tribution and Deep Virtual Compton Scattering, namely th&t &xtraction of
the quark momentum-dependent proton charge radius from dat
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These past 20 years, Deep Virtual Compton Scattering (DM@S)roven to be a very advanta-
geous and effective process to probe the internal quarklaond gtructure of the nucleon. DVCS consists
in the high-energy exclusive lepto-production of a realtphamn a hadronic target, i.e. thé&" — /N~
reaction for a target nucleaN. Beam energies at the level of the GeV and higher are in osdeas to
probe distances of the order of the fermi and lower. By vidtie QCD factorization theorem, the DVCS
process allows one to access the structure functions ofubleon called the Generalized Parton Dis:
tributions (GPDs). These functions, currently largely mmkn, contain, inter alia, informations on the
correlation between the spatial and momentum distribatimiquarks (and gluons) inside the nucleon
on their angular momentum contribution to the spin of thelewrt, on the pressure distributions inside
the nucleon, etc. We refer the reader to Refs4] for the original articles on GPDs and to Refs-10]
for reviews of the domain.

We present here some recent developments in the field. Wealfiost quasi-model-independent
measurement of the proton charge radius as a function ofuliks] momentum fraction. This is often
refered to as proton tomography.

DVCS BH

Fig. 1. Left: the DVCS process on the proton. Right: the BH process.

In the QCD leading-twist framework, in which this work tak@ace, there are four quark helicity-
conserving GPDsH, E, H andE contributing to the DVCS process (Fitrleft). They reflect the four
independent helicity-spin transitions between the ih#ia final quark-nucleon systems. The dominan
GPD H represents for instance the contribution of unpolarizeatkgiin an unpolarized nucleon.
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In the framework where QCD evolution effects are neglectbd, GPDs are functions of three
variables:z, ¢ andt. The quantityr + £ (x — &) represents the longitudinal momentum fraction of th
initial (final) quark w.r.t. the average nucleon momentumg ¢he variable is the squared momentum
transfer to the nucleon. This latter variables actually the conjugate variable of the localization @& th
quark in the transverse position space (impact paraniedeiin a frame where the nucleon goes to the
speed of light in a given directiori]-13]. Thus, an intuitive interpretation of GPDs is that theyatdse
the probability amplitude of hitting a quark in the nucleoithnlongitudinal momentum fractiom + £
and putting it back with a different longitudinal momenturadtionz — £ at a given transverse distance
b, in the nucleon, relative to the transverse center of mass.

Extracting the GPDs from DVCS data is a very challenging lenobbecause:

— The four GPDs need to be disentangled. The way to do so is &sune a series of observables
for the /N — (N~ reaction, such as unpolarized cross sections, single drsleldaeam and/or
target spin asymmetries, charge asymmmetries,... Eaemnaliide is indeed in general dominantly
sensitive to a given GPD (or a specific combination of GPDs).

— GPDs appear in the DVCS amplitude in the form of integraks @v This is due to the loop in the
DVCS diagram of Figl-left, which generates convolution terms such as:

1
/+ dePD(x,g,t)

B T ttic + . 1)

where the denominator arises from the quark propagators,Tonly ¢ andt¢ are experimentally
accessible:¢ is related tor g, the standard Bjorken variable of Deep Inelastic Scatjeniria
£ = Qng and can thus be measured by detecting the scattered lepteméidics;t is measured
by detecting the recoil nucleon or the final photon.

— As a consequence of this convolution, by virtue of the resitheorem, the maximum informations
that can be extracted from the experimental data at a givgh oint are quantities of the form
H(+¢£,¢,t) when measuring an observable sensitive to the imaginatyptire DVCS amplitude,
andf_*l1 da:H(IT‘”f’t) when measuring an observable sensitive to the real paredWCS ampli-
tude. In this work, we call these (real) quantities Comptomi-Factors (CFFs). Since there are £
GPDs, there are 8 CFFs.

— Another concern is that the DVCS process is not the only @mributing to the/N — (N~
reaction. There is also the Bethe-Heitler (BH) process iickvthe final state photon is radiated
by the incoming or scattered lepton (see Rigight) and not by the nucleon itself like in DVCS.
The BH contribution, which is quite precisely calculablbak thus be taken into account, at the
amplitude level, when extracting GPDs from experiment.

Extracting GPD information from DVCS data involves thus @pkzed and dedicated algo-
rithms to adress all these issues. Several techniques lemre groposed and developped these pa
years [LO, 14-25] to extract the CFFs from different observables, with maréess model-dependency.
In these short proceedings, we focus here on the fitting apprpioneered in Reflf] which con-
sists in taking, at a fixed¢(¢) kinematics, the 8 CFFs as free parameters, varying thensyst@matic
way in a conservatively bounded 8-fold hyperspace and, kagihe well-established BH and DVCS
leading-twist amplitudes, finding the 8-CFF set which miizies the difference between the theoretica
calculation and the data. With this technique, the paicGFFH,,, (¢, t) = HY(, &, t) — HI(—E,&,t)
could be extracted from several sets of polarized and uripethDVCS observables on the proton from
the CLAS and Hall A Jefferson Lab experimeng$f29]. Fig. 2 shows such extraction d,,, for sev-
eral ¢, t) bins, at different)? values, where&)? is the squared electron momentum transfer (we rece
that, in the framework in which this work is done, CFFs do@pdnd orQ?) .

Although error bars, which are systematic in nature, ateerdairge, one can rather clearly distin-
guish the general behavior where there is an increase ofdlope and of the amplitude as— 0 of Hy,,
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Fig. 2: The Hy,,, CFF as a function of for 20 CLAS ¢, Q?) bins. The meaning of the different symbols and the
precise definition of{;,, can be found in Ref.Z5], where the figure is taken from.

as¢ decreases. Qualitatively, this reflects respectively ticeeiase of the transverse size of the proto
(sincet is the conjugate variable @f ) and of the quarks’ density as smaller and smaller longitaidi
quark momentum fractions are probed. In order to be quéikétand truely connectl;,, to a charge
proton radius, a specific procedure, detailed in R&d],[has to be applied. It involves:

— An extrapolation of{,, to £ = 0, i.e. H(+£,€,t) to H(+££,0,t),

— The connection of the singlet (quark + antiquark) to the-sioglet (quark - antiquark) contri-
bution to which the proton radius is related. This step amrdpifevious one carry some model-
dependency, which is ultimately translated into an error(ich is in general much lower than
the uncerttainty associated to thg,, fitting extraction from the data)

— A Fourier transform to shift from the momentum space véagiakio the impact parameter space
variableb | . This latter step can be done analytically if a simple pataaation of H;,, is used as
in Ref. [25].

The resultingz-momentum-dependence of the proton transverse chargesradidisplayed in
Fig. 3. The upper plot of Figd shows a 3-dimensional representation of the fit of Bigihe bottom plot
is an artistic view of the tomographic quark content of thetgn, with the charge radius and the density
of the quarks increasing as smaller and smaller quark mamefractions are probed.

In summary, ithese proceedings, we have given a very briefvisw of one important outcome
of the GPD physics, namely the extraction thelependence of the proton charged radius, for the fir
time from DVCS data. Several new DVCS experiments are planvith the JLab upgrade at 12 GeV

185



MICHEL GUIDAL

0.8

0.7+
0.6 G

0.5+

(fm%)

0.4+

2
1

0.3+

(x)
o9
22—

(b

0.1

X

Fig. 3: z-dependence of the proton charge radius. The definitioneoétior bars and of the bands can be found it
Ref. [25].

in the short future, which should point to important new athes coming down in the field of nucleon
structure.
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