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Departement de Physique Nucléaire (CEA-Saclay)
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Introduction

The proton: QCD at work!

What we know. . .

2 up quarks (qu = 2/3 e) + 1 down quark (qd = −1/3 e)

any number of quark-antiquark pairs & any number of gluons

|p〉 = |uud〉+ |uudqq̄〉+ |uudg〉+ . . .

Fundamental questions

Origin of proton mass?

Most of it comes from the motion of quarks & gluons
Only a small fraction comes from quark masses

Origin of proton spin?
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Introduction

Studying the structure of the nucleon experimentally

Elastic scattering
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Form factors

Nobel prize, 1961

Deeply Inelastic Scattering
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Parton distributions

Nobel prize, 1969

Nobel prize, 1990

Hard exclusive processes
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Generalized Parton

Distributions (GPDs)
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Introduction GPDs & DVCS

Deeply Virtual Compton Scattering (DVCS): γ∗ p→ γ p

Handbag diagram

High Q2

Perturbative QCD

Non-perturbative
GPDs

Bjorken limit :

Q2 = −q2 → ∞
ν → ∞

}
xB =

Q2

2Mν
fixed
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Introduction GPDs & DVCS

DVCS experimentally: interference with Bethe-Heitler

At leading order in 1/Q (leading twist) :

d5
→
σ −d5 ←σ = =m (TBH · TDV CS)

d5
→
σ +d5

←
σ = |BH|2 + <e (TBH · TDV CS) + |DV CS|2

T DV CS =

∫ +1

−1

dx
H(x, ξ, t)

x− ξ + iε
+ · · · =

P
∫ +1

−1

dx
H(x, ξ, t)

x− ξ︸ ︷︷ ︸
Access in helicity-independent cross section

− iπ H(x = ξ, ξ, t)︸ ︷︷ ︸
Access in helicity-dependent cross-section

+ . . .
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Introduction GPDs & DVCS

Accessing different GDPs

Polarized beam, unpolarized target (BSA)

dσLU = sinφ · Im{F1H+ xB(F1 + F2)H̃ − kF2E}dφ

Unpolarized beam, longitudinal target (lTSA)

dσUL = sinφ · Im{F1H̃+ xB(F1 + F2)(H̃+ xB/2E)− xBkF2Ẽ . . . }dφ

Polarized beam, longitudinal target (BlTSA)

dσLL = (A+B cosφ) · Re{F1H̃+ xB(F1 + F2)(H̃+ xB/2E) . . . }dφ

Unpolarized beam, transverse target (tTSA)

dσUT = cosφ · Im{k(F2H− F1E) + . . . }dφ
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DVCS @ JLab

Jefferson Lab: upgraded to 12 GeV

6-12 GeV longitudinally polarized (>85%) continuous electron beam

High intensity (>100µA): luminosities > 1038 s−1 cm−2

3 experimental Halls (A, B, C) w/ fixed target and dedicated detectors
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DVCS @ JLab

Recent collaboration activity: DVCS experiment in Hall C

Experiment E12-13-010 approved in 2013 with highest scientific rating

Running planned in ∼ 2021

Requires the construction of a new calorimeter and sweeping magnet

Neutral Particle Spectrometer (NPS) facility
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DVCS @ JLab

Physics highlights and experimental challenges

Energy separation of the DVCS cross section

Higher Q2: measurement of higher twist contributions

Low xB extension (thanks to sweeping magnet)

Experimental challenge – radiation damage:
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DVCS @ JLab

Simulations

Geant4 simulation of setup
(1116 PbWO4 crystals)

Study of energy resolution

Estimate of backgrounds

Calculation of radiation damage

Energy resolution as a function
of space between crystals

Key parameter for the
mechanical design of the
calorimeter
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DVCS @ JLab

Calorimeter prototype

Goal:

Test the mechanical assembly,

calibration system &

radiation damage recovery
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DVCS @ JLab

PbWO4 crystal characterization: radiation hardness

Crystal transparency/absorption
measured using a double-beam
optical spectrometer

Longitudinal and transverse
transmittance measured as a
function of position and
radiation dose
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DVCS @ JLab

PbWO4 crystal characterization: light yield

Using a 137Cs source in a temperature controlled chamber

Light yield studied as a function of position (and temperature)

4

Temperature-controlled chamber 

At IPN-Orsay

Source Cs

Cryst.

PMT
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DVCS @ JLab

Optical bleaching of crystals

30 Gy dose (at ∼1 Gy/min):

Infrared curing:
less effective but PMTs
insensitive

Blue curing:
more efficient but invasive
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DVCS @ JLab

New project: the Electron-Ion collider
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DVCS @ JLab

French/Korean collaboration funded by the STAR program
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DVCS @ JLab

French/Korean collaboration funded by the STAR program
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DVCS @ JLab

Joint PhD supervision

Co-supervision between IPN-Orsay and SNU

Awardee of “France Excellence” program
funded by the Embassy of France in Korea

3-year stay in France (Sep 2017 – Sep 2020) Ho San KO
(SNU &

Paris-Saclay)
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DVCS @ JLab

Other activities:
France-Korea-USA workshops on hadron physics

2017: https://indico.in2p3.fr/event/14398

2018: https://www.apctp.org/plan.php/Jlab-12GeV

2019: Strong QCD from Hadron Structure Exp’s, Nov 6-9 at JLab
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DVCS @ JLab

Summary

France–Korea collaboration on hadron physics at JLab (USA)

Physics goal: 3D structure of the nucleon through GPDs

Latest efforts focussed on the preparation of an
upcoming DVCS experiment in Hall C (to run in 2021)

Extension of the R&D program to EIC through the STAR program

Joint PhD supervision

Annual workshop organized among France/Korea/USA
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