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Generalized parton distributions (GPDs)

GPDs, accessible via exclusive $3
reactions, provide a correlation &, ~1Q @
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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 2




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

Transverse position b
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the nucleon for different "
values of longitudinal
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Deeply Virtual Compton Scattering (DVCS) and GPDs

high Q2, small t, fixed x _ _ _
° At leading-order QCD, leading twist,

there are 4 chiral-even (parton helicity is

Xg = 2 DVCS conserved) GPDs for each parton
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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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GPDs and proton spin puzzle

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

2 =J9+JE= AT +AG + L+ L
2 2 g g

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
J98& = Ej xdx(H?8(x,§,t = 0) + E98 (x,§,t = 0))
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Compton Form Factors (CFFs) and DVCS observables
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E = Xgl(2-Xg) k =t/4M?

Each DVCS observable is sensitive to a different combination of GPDs

Proton Neutron

Polarized beam, unpolarized target: Im{ j{p : ﬁ”[p , @p}
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n’

Unpolarized beam, longitudinal target:
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Quark-flavor separation of GPDs

e 1t method : Neutron DVCS

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

{ [
A combined analysis of DVCS observables for Y
proton and neutron (deuterium) targets is
needed to perform a quark-flavor separation of A
the GPDs @
High sensitivity to GPD E with a polarized beam N N

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

-

e
N

Quark GPDs,
ransversity GPDs
N

DVMP

/{ Gluon GPDs &
;NT j\j’




Kinematic coverage of past and current DVCS experiments

Sea/gluon Valence
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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

H.S. Jo et al. (CLAS Collaboration),
Phys. Rev. Lett. 115, 212003 (2015)

d4°ep%py 4
5 (nb/GeV™)
dQ“dxydtd®

DVCS + interference

d*G d*G
1 2°eP—>ePV _ 2°€P—>€PV (nb/GeV 4 )
2| dQ dxpdtd® dQ“dxpdtd®

-t=0.153 GeV? -t=0.262 GeV? -t=0.447 GeV?

<
[)
(Y]
£ 10"; 3 N =
° N

: |e%=163Gev?| | S S
_ 0.8} x5=0.185 -
‘% g-gé,{'
9 o2f
5 0:_ ...................................
= -0.2f
w9 -0.4f
= -0.6}

08; L ! _.. . P |‘_ ol
0 100 200 300 100 200 300 100
P (deg) ® (deg) d

-t=0.204 GeV? -t=0.262 GeV? -t=0.448 GeV?

— — Bethe Heitler
— VGG - - = KMS
--------- KM10 - = =KM10a

» Jefferson Lab’s polarized electron
beam (energy ~ 6 GeV, polarization
~ 80%) + LH, target

gy
=
N

d*s (nb/GeV?)

iy
<

* Luminosity L = 2.10%* cm2s-!

A(d’c) (nb/GeV*)

............

100 200 300 100 200 300 g) 300
<I> (de 2

® (deg) ® (deg)




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

* egl-dvcs experiment S —
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DVCS on longitudinally polarized target from CLAS data

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

Add new Hall

E=2.2,44, 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 new CLAS12 detector

Jefferson Lab

CLAS12

detector
in Hall B

Design luminosity
L ~ 103 cm2s?t




DVCS experiments in Hall A and Hall C of Jefferson Lab

Jefferson Lab
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Projected results for CFFs with CLAS12

DVCS

Bethe-Heitler

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

The contribution ratio from BH and DVCS to the ull -
ep—epy cross section changes with the -

electron beam energy
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First look at DVCS A, with CLAS12 preliminary data

Av=—F]—"— Raw Beam-Spin Asymmetry ep— epy

Beam spin asymmetry
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e P: electron polarization Of
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candidates with beam helicity +(-) -0.1}

e Analysis based on 2% of approved beam time
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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 Xx)

lllllllllllll

eRHIC design (BNL)




DVCS at the EIC : gluons and sea quarks

IIIIIII T T IIIIIII T T IIIIIII T T ,'I T T rrrr
Current DVCS data at colliders:
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- Collision of polarized electrons with polarized protons, light and heavy nuclei
- High Luminosity : L, 2 103334 cm s (100-1000 times HERA)
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Spatial distributions of sea quarks from EIC DVCS pseudo data

Spatial distributions obtained from GPD fits to EIC simulated DVCS data

Unpolarized proton Transversely polarized proton
1.5F ! g &Z:Jo:'n . 1.5; /\ t;(x=:2)0:11
/,/ \  Q®=4GeV ! Q*= 4GeV* ]

. , . . . . — 0.0k . . . .\.‘3
15 10 -05 00 05 10 15 15 -10 05 00 05 10 15

by (fm) by (fm)

g (x=1072 b ,Q*=4 GeV?) g (x=1073,b *=4 GeV?)

[0.99 ,1.00]
[0.97 ,099]
[0.94,097]
[0.90 ,0.94]
[0.80 ,0.90]
[0.70 ,0.80]
[0.60 ,0.70]
[0.50 ,0.60]
[0.40 ,0.50]
[0.30 ,0.40]
[0.20 ,030]
[0.10 ,020]
[0.05 ,0.10]
[0.02,0.05]
[0.01,0.02]
[0.00 ,0.01]

o
(%))
T

by Ifm
(=]

HEEEN  "EEEs

|| 1 Shift due to GPD E -

-15 -1 -05 0 05 1 15 -15 -1 -05 0 05 1 15
by [ fm] by [ fm] 25




Gluon distributions from EIC J/y pseudo-data

Projected gluon distributions vs transverse distance from the center of
the nucleon from EIC pseudo-data of J/y production cross section
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Overview

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

« Jefferson Lab 12 GeV will provide high-precision data 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.

Thank you
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