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Interference pattern

Diffraction and Imaging

Huygens-Kirchhoff-Fresnel principle

G=k— K
The interference pattern is given by the
superposition of spherical wavelets
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Elastic scattering

Form Factors

Probing deeper using virtual photons
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"The best fit in this figure indicates
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an rms radius close to 0.74 4 0.24 x 10~13 cm.”

Imaging in transverse impact parameter space



Deeply Inelastic Scattering

Parton Distributions

Optical theorem

The total cross section is given by
the imaginary part of the forward amplitude
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Deep Exclusive Scattering
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Generalized Parton Distributions vp = p, vip = { wp'
op'
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GPDs and Transverse Imaging

(xg, t) correlations
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Generalized Parton Distributions
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Form Factors - Fourier transform of transverse spatial distributions
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GPDs and Energy Momentum Tensor
(x, &) correlations
Form Factors accessed via second x-moments :
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Deeply Virtual Compton Scattering

The cleanest GPD probe at low and medium energies
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Observables sensitivities to GPD

DVMP
Meson Flavor
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A global analysis is needed to fully disentangle GPDs
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6 GeV era measurements



Pioneering observations
First DVCS BSA and TSA observations
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Scaling tests of Aopvcs E00-110

HRS

ii Electromagnetic
calorimeter

Plastic scintillator array

100-channel scintillator array

132-block PbF; electromagnetic calorimeter

i
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Scaling tests of Aopvcs

DVCS cross section (nb/GeV?)
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Separation of Z and DVCS?
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CLAS _
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CLAS proton Beam Spin Asymmetry
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CLAS proton

More than 3k bins

Dispersion relation :
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CLAS proton Target Spin Asymmetry E05-114

Ten fold improvement in statistics
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Pioneering observations
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Model independent extraction

Using only Ay and Ay
Extraction with :

» Preliminary results from egldvcs Ay,
» Polarized cross-section from eldvcs Ao

25 F =
T H(x=t, t=0.35-0.8 GeV?)  H(x=¢, t=0.35-0.8 GeV?)
2 -
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L L x ¥
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o T R R e Ll R
0.2 0.3 0.4 0.2 0.3 0.4 0.5

x I
W

GPD dependencies versus xg mirror their respective ordinary PDFs
H and H <+ Aq(x) and g(x)
Drop of Ag(x) at low xg will be seen at 12 GeV
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6 GeV era: lessons learned

» The feasibility of high luminosity exclusive measurements in complementary high
precision (Hall-A) and large acceptance (CLAS) spectrometers has been
demonstrated.

» The first dedicated generation of experiments suggests precocious scaling in
Deeply Virtual Compton Scattering

» The experimental results have triggered theoretical developments for the
consistent description of higher twist corrections

» Several approaches investigate Generalized Parton Distribution  extraction
methods from data

> Unified descriptions with Semi-Inclusive DIS in terms of ~Wigner distributions
have recently been implemented into concrete predictions
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12 GeV era projections



GPDs in DVCS program at JLab12

E12-06-114 :y, ® (A) proton
E12-06-119:y, n° (B) proton

Nucleon Sensitivity
polarization to GPDs
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TP E,H

E12-11-003: y, m° (B) neutron

| E12-06-119 :y, 7 (NH;) (B) proton |

‘ LOI12-11-105 : y, ° (HD) (B) proton

The JLab DVCS program will be carried out in
two experimental Halls: A & B (CLAS12)



Hall-A DVCS at 12 GeV E12-06-114

DVCS measurements in Hall A/JLab I
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Hall-A DVCS at 12 GeV E12-06-114

K=11 GeV, Q°=9 GeV*,x,=0.6, 0,=30.23° k=3 GeV,0.o=—11°
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Exclusive kinematics

CLAS12

COMPASS

Higher energy
Higher luminosity
Better hermeticity

CLAS12

pQCD transition
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Proton BSA DVCS A,y

80 days @ £ = 103 cm~2s~ ! with 85% polarized beam
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Proton BSA DVCS A,y E12-06-009
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Proton DVCS TSA Ay

120 days @ £ = 2 x 103® cm 251 with 80% polarized NH3
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Proton DVCS TSA Ay

AUL

120 days @ £ = 2 x 103® cm 251 with 80% polarized NH3
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E12-06-009
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Projected impact on GPD extraction methods
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Projection for the Nucleon transverse profile
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Precision tomography in the valence region
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Summary

>
>

v

A unified framework for nucleon tomography has been established

The first dedicated results on Compton Scattering suggest precocious handbag
dominance

Accurate information on Generalized Parton Distributions in the valence region
and at moderate momentum transfer was gathered

The long range plan to extract GPDs has begun
Interplay between spin and flavor decompositions requires also other reactions

JLab 12 GeV will precisely test scaling and carry out the tomography of valence
quarks

Future measurements are planned at CERN/Compass and DESY /Panda
The EIC will expand the reach and probe the sea and gluons
Essential for QCD backgrounds at LHC and beyond
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