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Q Lecture 1: Introduction
O Elastic scattering, form factors (FFs)
O Deep Inelastic scattering, parton distribution functions (PDFs)
Q Exclusive reactions, Generalized Parton Distributions (GPDs)

O Lecture 2: Deeply Virtual Compton Scattering
O Experimental results on proton targets
Q Flavor separation using quasi-free neutrons

d Lecture 3: Deeply Virtual Meson Production & GPD models
O Rosenbluth separation
O Access to transversity GPDs
O GPD models and parametrizations

O Lecture 4: GPDs at JLab12 and beyond
O Review of GPD programs in other facilities worldwide
O Future experiments at JLab at 12 GeV

Q Lecture 5: Electron-Ion Collider
O Imaging gluons inside the nucleon
0 The EIC project
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Past and future experiments

Collider mode €-P forward fast proton

Polarised 27 GeV e-/e+
_ Unpolarised 920 GeV p
~ Full event reconstruction
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Past and future experiments

Collider mode €-P forward fast proton |

Polarised 27 GeV e-/e+
Unpolarised 920 GeV p
~ Full event reconstruction

Fixed target mode slow recoil proton 3

Polarised 27 GeV e-/e+
%\ Long, Trans polarised p, d target

S Missing mass technique
2006-07 with recoil detector
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Past and future experiments

Collider mode e-p forward fast proton faldib:ilkil
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_ Unpolarised 920 GeV p >
) ~ Full event reconstruction

CEBAF
at JLab &
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Fixed target mode slow recoil proton ‘

Polarised 27 GeV e-/e+

%] Long, Trans polarised p, d target
S Missing mass technique

2006-07 with recoil detector

High lumi, highly polar. 6 & 12 GeV e-
Long, (Trans) polarised p, d targ}t
Missing mass technique
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Past and future experiments
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S Missing mass technique
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Kinematic coverage
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Worldwide DVCS measurements existing and planned
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Cross-section measurements vs relative asymmetries

do N N : number of event detected

R — € L : luminosity
ds L df? df) : solid angle

€ : detector efficiency

04 —O0— 1 (N_|_ — N_) P : polarization rate
Ototal P N-|- + N_

l \ Experimenta”\f "easy” to measure

Needs to understand the total cross-section to reliably interpret the data
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HERMES
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HERMES: Beam Spin Asymmetry
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HERMES: Beam Charge Asymmetry
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HERMES: Beam Charge Asymmetry
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HERMES: limited exclusivity
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COMPASS experiment (CERN)

DVCS: p p> p py

> ut &y~ beams with
OppOS|te pO|arI58tI0n ‘-‘ :’ﬁv % S 7-':~ & 'CAMERArecm;’protond\e;:edor

‘,' AbOut i 800/0 pO|al’IsatI0n ) |\ L2 < _isurmuvd‘ihgthez5mlongI.HZtarget

» Momentum: 160 GeV/c

% DVCS:pp> p' py

-~ ¢
p Y

=+ SIDIS on unpolarized protons

e 2012 pilot run with 4-week data taking
 2016-17 dedicated run. 2 x 6 months.

e Pros) ECAL1
\u \ u g
CAMERA & & 'O/ Two-stage, large angle, and wide momentum range

LH, target « f '. . spectrometer. PID including hadron absorbers, RICH,

# J V ECALO HCALs, ECALs, and muon filters.

% NIM A 577 (2007) & NIM A 779 (2015) 69
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Transverse extension of partons
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Exclusive 0 electroproduction
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JLab 12 GeV program on GPDs

» Multiple experiments planned in all three experimental Halls: A, B and C

» Large combination of observables:
polarized beam and targets, proton/neutron, meson production, etc

> Expanded kinematical range compared to 6 GeV experiments

> Program expands over 10+ years (and beyond with the possibility of a positron beam)

HUGS 2021 DVCS & Spatial Imaging
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Hall A program

JLab12 with 3, 4, 5 pass beam
(6.6, 8.8, 11.0 GeV beam energy)

DVCS measurements in Hall A/JLab

@ Unphysical with Ebeamé 11 GeV
[ ] Bcar= 66 GeV

E,...= 8.8 GeV 88 days
[ Euue 10GeV 250k events/setting
|:| E,...=575GeV

00170203704 0506 07 08 0.9y
]
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Hall A program: cross sections
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Hall A program: CFFs extraction f oo, N .
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Hall B program

> Large acceptance detector
» Many channels measured simultaneously
» Wide kinematic coverage

» Limited luminosity

Forward Central
detector detector
Angular range
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Photon detection
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Neutron detection
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Projections of DVCS Beam Spin Asymmetries of f the proton
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Unpolarized beam and longitudinally polarized proton target
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Neutron DVCS setup

For the detection of the scattered electron
and of the DVCS photon: CLAS12 +
Forward Calorimeter

EC

Central
Detector

Forward

CTOF

N, Central
~3

& ‘ Tracker

7
CND

For the detection of the recoil neutron:
Central Neutron Detector (CND)

Detection efficiency : 7 to 10 %

Acceptance for

charged particles:

* Central (CD), 40°<0<135°
* Forward (FD), 5°<0<4(°

Neutron detector
for CLAS12

Calorimeter
Acceptance for photons:
o FC 2.5°<0< 5°
(‘HTCC‘ re}moved « EC, 5°<0<40°
for clarity)
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Projections of DVCS Beam Spin Asymmetries off the neutron
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CFF extraction
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Hall C program

@ HMS (p < 7.3GeV): scattered electron
@ PbWO;, calorimeter: v/z" detection
@ Sweeping magnet
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Hall C program: kinematic coverage

Q” vs x coverage in Halls A and C
"L Hall C 11 GeV AN

S [Hall C 8.8 GeV

‘o1orHall C 6.6 GeV

8 Hall A 6.6 GeV /
-Hall A 5.75/\!

/ |

00 01 0.2 03 04 05 06 0.7 08 0.9
Xp

Resonance region

/ W < 2 GeV

Inaccessible 4
with E <11 GeV
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Hall C program: projected results

-1(0.173 - 0.327) GeV? -1(0.327 - 0.405) GeV?

20 e

do/dQ*dxdtdo (pb/GeV?)
=

=]

(do*-do”)/dQPdx dtdo (pb/GeV?)
o

$(0-360) deg

> Very accurate cross section
measurements

> Will constraint Interference and

T Projected cross sections
%) ° © DVCS2 contributions

™~ Bethe-Heitler
> Deep virtual n° production will be
taken concurrently with the same

setup
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Summary lecture 4

» DVCS and GPD experimental program started in the early 2000s with non-dedicated experiments in low
luminosity facilities (HERA: H1, ZEUS, HERMES)

» Jefferson Lab provides a high luminosity facility to study the large x; region

» The GPD program is at the heart of the scientific motivation that drove the upgrade of JLab to 12 GeV

» An extensive program of high precision GPD measurements is currently planned in Halls A, B and C

> In parallel, COMPASS at CERN studies the intermediate x; region

> Low xg region will be extensively study with the future high-luminosity Electron-Ion Collider (lecture 5)
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