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Introduction

Outline

@ Introduction
@ Nucleon 3D-imaging & Generalized Parton Distributions (GPDs)

© Deeply Virtual Compton Scattering (DVCS): ep — epy

@ Experimental program at Jefferson Lab

o Recent results
e Experiments at 12 GeV

© Summary
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Introduction

The proton: QCD at work!

What we know. ..
@ 2 up quarks (g, =2/3 €) + 1 down quark (gg = —1/3 €)

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

1p) = [uud) + [uudgq) + |uudg) + ..

QCD
Fundamental questions quarks

Proton

@ Origin of proton ?
e Most of it comes from the motion of quarks & gluons

e Only a small fraction comes from quark masses

1

1
@ Origin of proton ? 5 = §A2 +AG+ L,
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Elastic scattering Deeply Inelastic Scattering Hard exclusive processes
rd exclusive pr

p(r) f(x)
0 o 0 r
X
X5
Form factors Parton distributions
Nobel prize, 1961 Nobel prize, 1969 Generalized Parton

Nobel prize, 1990 Distributions (GPDs)




GPDs & DVCS

Deeply Virtual Compton Scattering (DVCS): v* p — v p

k_q/ e, )

High Q?
x+<";/ \X—i Perturbative QCD
P AH(xEN ExEHN P Non-perturbative

’ Bs60 Een A GPDs

t=(p-p)’
Handbag diagram
Bjorken limit :
2_ .2 2

@ = q—>oo} a:B:Q fixed
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GPDs & DVCS

DVCS experimentally: interference with Bethe-Heitler

T

— — ~
do-do = Sm (

& +d® 5 = |BH]?+ e (TP .TPVCS) 4 | DVCOS|?

+1 o
TPVES — / d:ciH(l"é’t_) Fo=
1 T —&+ e

+1
P/ lgt) - irH(x =&,6,t)  +...

Access in helicity-independent cross section Access in helicity-dependent cross-section
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GPDs & DVCS

Accessing different GDPs

Polarized beam, unpolarized target (BSA)
dory =sing - Im{F\H + zp(Fi + F2)H — kF>E}do

Unpolarized beam, longitudinal target (ITSA)
doyr, =sing - Im{F\H + zp(Fy + F>)(H + xp/2E) — xpkFyE ... Ydé

Polarized beam, longitudinal target (BITSA)
dorr, = (A+ Beos ) - Re{FiH + xp(Fy + Fo)(H +xp/28) ... }db

Unpolarized beam, transverse target (tTSA)
doyr = cos ¢ - Im{k(FoH — F1E) + ... }do
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GPDs & DVCS

Impact-parameter interpretation of GPDs

u(z,by) ux(z,by) d(z,by) dx(z,by)

" g ER o T ER R o g EXEE T T
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DVCS @ JLab

Jefferson Lab: upgraded to 12 GeV

@ 6-12 GeV longitudinally polarized (>85%) continuous electron beam
e High intensity (>100 pA): luminosities > 10%% s~ cm~2
e 3 experimental Halls (A, B, C) w/ fixed target and dedicated detectors

New Hall

Add 5
cryomodules

cryomodules

in existing Halls

q Enhanced capabilities
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DVCS @ JLab

The GPD experimental program at Jefferson Lab

@ Hall A: high accuracy, limited kinematic coverage
e Hall B: wide kinematic range, limited precision

e Hall C: high precision program at 11 GeV

Partially overlapping, partially complementary programs
with different experimental setups J

The roadmap:
e Early results (2001) from non-dedicated experiment (CLAS)
°
° . precision tests + more spin observables
e Compeling DVCS experiments in Halls A+B+C at 11 GeV (22017)
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DVCS @ JLab  Recent results

Experimental setup

High Resolution Spectrometer

;i,\ LH2 target
Beam T

i ‘E\ectromagnet\c
calorimeter

BN
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DVCS @ JLab  Recent results

DVCS cross sections: azimuthal analysis

DVCS BH

Q? =2.36 GeV?, g = 0.37, —t = 0.32 GeV? 2
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DVCS @ JLab  Recent results

DVCS cross sections: ()>~dependance

CPVES(F,Fr) RelC* (F)] RelCF(Fers)]
o -~ T
A ‘[—L
ol g —— o Q
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14 16 18 Q; [éiv‘Z]ZA 14 16 18 Q; [éiv2]24 1.4 16 18 Q?z [éQCVQ]QG
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No @Q?-dependance within limited range = leading twist dominance J
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DVCS @ JLab  Recent results

Rosenbluth-like separation of the DVCS cross section

olep—epy)= |BH|> + ZI(BH-DVCS) + |IDVCS|?
N—— N— N———
Known to ~ 1%  Linear combination of GPDs Bilinear combination of GPDs
Toc 1)y = (k/v)?,
}7’])";("‘5"29( 1/y? = (k/v)?

BKM-2010 — at leading twist — 7 independent GPD terms:
{Re, Im [CF, TV, CEA] (F)}, and  CPVOS(F Fe).
p-dependence provides 5 independent observables:
~1, ~ cosp,~ sinp, ~ cos(2p), ~ sin(2y)

The measurement of the cross section at for exactly
the , provides the additional information in order to

extract all leading twist observables independently.
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C. Mufioz Camacho (IPNO, CNRS/IN2P3)

DVCS @ JLab  Recent results

E07-007: DVCS beam-energy dependence

@ Cross section measured at 2 beam energies and constant Q2, =g, t

E =45 GeV E =5.6 GeV
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@ Leading-twist and LO simultaneous fit of both beam energies (dashed line)
does not reproduce the data

Light-cone axis in the (¢,¢') plane (Braun et al.): H,,, H,, E,,, E
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DVCS @ JLab  Recent results

Beyond Leading Order (LO) and Leading Twist (LT)

q (+) q'(+)

Two fit-scenarios:

Light-cone axis in
the (¢,¢') plane (Braun et al.) B _ Pertupatve_ _ _|_ € o

Non-Perturbative

x-& X+&

LO/LT + HT
Hyy, Hyt, Hoy, Hoy

q(+-) q'(+)

LO/LT + NLO Perturbative
H++, IFH-H—: H_+, ﬁ[__;,_ Z?g-perturb;:ée
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DVCS @ JLab  Recent results

E07-007: DVCS beam-energy dependence

@ Cross section measured at 2 beam energies and constant Q?, =g, t

- - FitLT/LO .
s — Fit HT o ]
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® Leading-twist and LO simultaneous fit of both beam energies (dashed line)
does not reproduce the data

@ Including either NLO or higher-twist effects (dark solid line) satisfactorily
reproduce the angular dependence
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DVCS? and Z (DVCS-BH) separated in NLO and higher-twist scenarios

DVCS @ JLab

DVCS? and Z (DVCS-BH) separation
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Recent results

e DVCS? & T significantly

different in each scenario

@ Sizeable DVCS?

contribution in the

higher-twist scenario in

the helicity-dependent

cross section

Nature Commun. 8, 1408 (2017)
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DVCS @ JLab  Recent results

Hall B DVCS cross-section measurements
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DVCS @ JLab  Recent results

First 3D-imaging of the proton from DVCS

From a simultaneous fit of JLab DVCS data:

@ Fast-moving partons localized in

the center of the proton by (Fmhoo

@ Low energy and sea quarks
mostly in the outer region

0.5

0.0

1.0

Much more results to come with JLab12 data:
neutron, polarized protons. . .

Phys. Rev. D95, 011501 (2017)
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DVCS @ JLab w0 electroproduction

7 electroproduction (ep — epr)

At leading twist:

d 1
=l 2 MO =00 )P

1
6
dt 2 Q

! 1 1 . -
ML x /1d$|:$_§ + x—}—§:| X {Flﬂﬂo-f-FQEﬂo}

Different quark weights: flavor separation of GPDs

- ~ 1 (2~ 1~
0y — 1 =\ _ “ 17U - r7d
|77) = \/5{|uu> |dd)} Hﬂo—ﬂ{?)ﬂ +3H}
1

4
Ip) = |uud) Hpyes = §H“ + §Hd
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DVCS @ JLab

w0 electroproduction

Exclusive ¥ electroproduction cross-sections — Hall A
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(similar to o7 (ep — epr™t) measured in Hall C)
e GPDs predict o7, ~ Q™6

@ o7 likely to dominate at these QZ,
but L/T separation necessary (— new experiment. .. )

E. Fuchey et al., Phys. Rev. C83 (2011), 025125
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DVCS @ JLab w0 electroproduction

Rosenbluth separation

d*c 1 dor doy, dor
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DVCS @ JLab w0 electroproduction

70 separated response functions
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JLab @ 12 GeV ~ Hall A

E12-06-114: JLab Hall A at 11 GeV

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

DVCS measurements in Hall A/JLab |
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1 year of operations in JLab/Hall A
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JLab @ 12 GeV

Hall B

E12-06-119: DVCS on the proton with CLAS12
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Conclusion

Summary

@ DVCS golden channel to access GPDs experimentally, but also
accessible in:

e Deep meson production

e Time-like Compton Scattering, Double DVCS. ..

@ Large and accurate set of data (cross-sections and asymmetries) is
now available in the valence region

e Dominance of leading twist, but. ..

o Necessity of higher twist corrections to explain high precision data

@ Compeling GPD program in the future at Jefferson Lab 12 GeV
in all 3 electron Hall A, B & C.

C. Mufioz Camacho (IPNO, CNRS/IN2P3) DVCS @ JLab 28/11/2017 27 /27



	Introduction
	GPDs & DVCS
	DVCS @ JLab
	Recent results
	0 electroproduction

	JLab @ 12 GeV
	Hall A
	Hall B

	Conclusion

