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Generalized parton distributions (GPDs)
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In this model, valence quarks (high x) are at the heart of the
nucleon and sea quarks (low x) extend to its periphery




Interpretation of GPDs : impact parameter b, as a function of x

Transverse position b,
of the quarks inside the
nucleon for different
values of longitudinal
momentum fraction x
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Deeply Virtual Compton Scattering (DVCS) and GPDs

High @7, small x longitudinal momentum fraction
2 DVCS carried by the active quark.
Pl4e £~ 2i§<3 the longitudinal momentum
transfer.

t = (p' — p)? squared momentum
transfer to the nucleon.
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Deeply Virtual Compton Scattering (DVCS) and GPDs

High Q2, small t _ _ _
At leading-order QCD, leading twist,

there are 4 chiral-even (parton helicity is
DVCS conserved) GPDs for each parton
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GPDs and proton spin puzzle

Proton spin puzzle :
The origin of the proton spin is still unknown

1 1
E=Jq+Jg=§AZ+AG+Lq+Lg

Orbital angular momentum

GPDs H and E provide access to the total
angular momentum of the partons in the nucleon

Ji's angular momentum sum rule:

1 1
JIE& = Ej xdx(HP8(x,&,t = 0) + EY8 (x, &, t = 0))
~1




DVCS and Bethe-Heitler processes

BH fully calculable in QED

DVCS Bethe-Heitler 2
| |

DVCS and Bethe-Heitler (BH) experimentally undistinguishable

interference between the 2 processes
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Compton Form Factors (CFFs) and DVCS observables
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Each DVCS observable is sensitive to a different combination of GPDs

Proton Neutron

Polaqzed beam, unpolarized target: Im{ }[p ’ % , .}
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Quark-flavor separation of GPDs

e 1t method : Neutron DVCS

= A combined analysis of DVCS observables for Y
proton and neutron (deuterium) targets is needed
to perform a quark-flavor separation of the GPDs

= High sensitivity to GPD E with a polarized beam ‘
(H,E),(£,£.0)=%s[(H.E),(£.6,0-(H,E),(&,£0] N N
(H,E) (560 = % s[4(H,E),(£,6,0 - (H,E),(&,¢,0)]

« 2" method : Deeply virtual meson
production (DVMP)

= DVMP cross-section measurements are another
way to access quark-flavor separation of GPDs

= Gives also access to transversity GPDs (chiral-odd
GPDs, where parton helicity is changed)




DVCS and DVMP diagrams for gluons GPDs
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Kinematic coverage of the different experiments
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Jefferson Lab 6 GeV and the CLAS detector

Jefferson Lab

CLAS
detector
in Hall B




DVCS unpolarized and beam-polarized cross sections from CLAS data
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Interpretation of fit results obtained from the cross sections
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The transverse position b decreases with increasing Xg

The results suggest that the nucleon size
decreases at higher parton-momentum values, X
thus revealing from the experiment a first
tomographic image of the nucleon




DVCS on longitudinally polarized target from CLAS data
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DVCS on longitudinally polarized target from CLAS data

* egl-dvces experiment

* Beam energy ~6 GeV _6)17—>epv Ayr ~ Im{H,, I}

* CLAS + IC to detect forward photons

* Target: longitudinally polarized NH; (P~80%) 2 odk it / it i
* 3 DVCS observables S of g

F Beam asymmetry
0.4F L ~

..

PR T T T T '
<Q* =2.60 (GeV/c)
> =0.345

Q* (GeV/c)*

PR T T T B T N S S
« This Work
4 CLAS 2006
» HERMES 2010

-t (GeV/c)

0.4

1o Double asymmetry

Py

I R R
0.8 1.2

o 0r -t (GeV/c)
* 5 (Q*-xp) bins * Improved statistics x10 at low —t
« 4 t bins L » Extended kinematic coverage
* 10 ¢ bins —_—_— E. Seder et al. (CLAS Collaboration),
100 200 300 Phys. Rev. Lett. 114, 032001 (2015)

® (deg)



DVCS on longitudinally polarized target from CLAS data

* egl-dvces experiment
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Extraction of H,, from the fits of Jefferson Lab 6 GeV data

Fit to CLAS o and Ac

Fit to CLAS 6, Ac, Ay, AL
Fit to Hall A o and Ac

VGG model
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R. Dupré, M. Guidal, S. Niccolai, and M. Vanderhaeghen,
Eur. Phys. J. A 53, 171 (2017)



From CFFs to proton tomography

® CFF fit of Jlab data
B CFF fit of HERMES data
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Jefferson Lab upgrade to 12 GeV

E=2.2,4.4, 6.6, 8.8, 11 GeV
for the Halls A, B, C

Beam polarization > 80%

Accelerator 12 GeV upgrade
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Jefferson Lab 12 GeV and the CLAS12 detector

CLAS12

detector
in Hall B

Luminosity
L ~ 1035 cm2s




DVCS experiments in Hall A and Hall C of Jefferson Lab

Jefferson Lab
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Projected results for DVCS A, and A, with CLAS12
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Projected results for other DVCS observables with CLAS12

Ay on the neutron

—10—
>
Q9 . | | ~
© 8 % FH‘ NL 3' - H“ AGLU II:> Im {‘7-[;17 ‘7{;19 En}
7 o "Hﬁh 4”“ i‘ f %MHW HW WH ' HH”HH | H { .
. N H The most sensitive observable to the GPD E
5 b o] Wil s Vi o
4 et W% ’Wﬂ o thth W{Mw it HHM i HHW““
LA AN e Mfmﬁ e + also Ay and A on the neutron
2
; - s By lw s |
0.1 0.2 0.3 04 0.5 0.6 x0.7
PrOJecflons for Q2=2.5 GeV2, x,= 0.2 PPOJec*'O"'S for Q?=2.5 GeV?, x3= 0.2
5 iy 1
Coaf P P Cos} e
o Aos s
02 fy ai Z: 3 oo
! T :60'5 ?e ol 0 0
AUT and ALT ol | % 83 gﬁ 02 b gas 2%
on the proton % i o b o i
. Y
W QE 40 v 44
-0.6"'I.""l"¢'|'+"I+"'+I"'I"'I" )y} TR R EETE N PR N N

0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14

AGyy ||:>]777{.7'[i), ﬁp} t Aoy “:>Re{.7'[p 'Ep}

and also exclusive electroproduction of mesons, etc...




Projected results for CFFs with CLAS12

Cross section of ep—epy at Q?=2 GeV/c? and Xg=0.35

DVCS Bethe-Heitler
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Typical DVCS event in CLAS12

e Electron: measured in the Forward Detector or in the Forward Calorimeter
e Photon: in the FT (or FD) calorimeter

e Proton: most often in the Central Detector
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Preliminary proton DVCS A with CLAS12

Beam spin asymmetry
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Preliminary neutron DVCS A, with CLAS12
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DVCS at the Electron-lon Collider (EIC)

The Electron-lon Collider (EIC)
will be constructed at BNL

Nucleon tomography of the gluons and
sea quarks (low momentum fraction x)

hadrons

eRHIC design (BNL)




gluons and sea quarks

DVCS at the EIC

Overlap with
HERMES and

JLab 12 GeV

Current DVCS data at colliders:
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Overview

« DVCS 6 GeV CLAS data were used to extract a first experimental
result of nucleon tomography.

« Jefferson 12 GeV data will provide high-precision measurements
covering a large unexplored kinematic domain at high x.

« While Jefferson Lab is a unique facility to study the valence
quarks, the future Electron-lon Collider (EIC) will provide high-

precision GPD measurements at low x, allowing us to perform
nucleon tomography of the gluons and sea quarks.
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