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Introduction:

> Key objective of Nuclear Physics
is to understand the structure of
nucleon in terms of quarks and
gluons.

> Scattering of relativistic electron
off the Nucleon 1s one of the most
powerful tool for studying the
Nucleon structure.

APS 2017

Quark-
Antiquark-

Gluon Pair

Quark




Generalized Parton Distributions (GPDs):
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Elastic Scattering: Generalized Parton DIS:
sProton extended object distribution (GPDs): sDiscovered quarks
sForm Factors (FFs) v Spatial distribution sPatron distribution functions
»Spatial distribution v Longitudinal momentum (PDFs)
xLongitudinal momentum  distribution v Longitudinal momentum
distribution distribution
«Spatial distribution
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GPDs allows to access the 3D parton structure of Nucleon



Factorization and GPDs:

QCD Factorization allows to access GPDs in various exclusive reactions.

In the Bjorken Limit Q? = —32 : z op = ;2= fixed
Hard Part
LO: QED
NLO: pQCD o
-----------p-g -------------------- Factorization
Soft Part
Non perturbative QCD
Parametrized by GPDs Nucleon Helicity
Conserving Non-conserving
Unpolarized GPDs H F
$~3—xB Polarized GPDs H E

Minimal Q? at which factorization holds must be tested
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DVCS and Bethe -Heitler (BH):
DVCS BH
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Known to 1% Bilinear combinations
of GPDS

Linear combinations
of GPDs

Interference with BH gives access to Re and Im part of DVCS amplitude
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| DVCS measurements in Hall A/JLab |

DVCS in Hall A:

vE00-110/E03-106 (2004)== first dedicated
experiment (Q? dependence study)

m Unphysical with E__ =11 GeV

o PN +E07-007/E08-025 (2010)==>Q? and beam

[ BB Gov

= iy energy dependence

+E12-06-114 — . Wider Q? scans at

Scaling tests of the DVCS cross section

<335 several x;
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af- .o Absolute cross section
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2sf ~5% relative precision
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Jefferson Lab and 12 GeV Upgrade . Beam dump commissioning
. 5 pass, 2.1 GeV/pass

‘ Recirculating linear accelerator ‘ -High beam polarization
(85%)
e S CA -Up to 80 pA (single Hall)
' -Hall A, B and D running at
same time

-Routine beam energy
measurement (10-3level)
-Upgraded raster system
.Upgraded Moller and

Aerial view of Jefferson Lab 12 GeV Upgrade project Compton polarimetry

DVCS is one first experiment to take data after 12 GeV Upgrade.
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» High Resolution Spectrometer
(PO = 4.3 GeV, resolution 1x 10*)

Dedicated calorimeter.

( Resolution 3.6 % at 4.2 GeV)

Polarized €~ beam

Recoil proton reconstructed by MM? i
Kind8_2(1 pulse)

400 —— %2/ ndf 3545/ 29
— DVCS events Prob 0.19

q5p | AT e Constant 217.3 £ 3.9
— Mean 0.9213 £ 0.0081

200 Sigma 0.2617 + 0.0081
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Optics calibration

™ Vertex reconstruction

finaltime
Entrias: BATITTE
WMaan 0.02244
RIS 4734
% ot 1GES S TT
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Coincidence time correction

So far...

Energy resolution
- hE_res
™0 —~3.6% energy resolution h‘l Eniries 29607
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Calorimeter Calibration



Run_Number Vs. ratio of charges by different BCM's to D3 SO fal‘ coe
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Conclusion and Outlook:
Data taking completed at end of 2016.

» In each X, several Q* Scans.
Data analysis already started.

Exciting results to come.
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Proton Spin Puzzle:

Spin of all Spin of Angular Momentum Angular Momentum
Quarks Gluons of all Quarks of Gluons

D ® @

Contribution of the angular momentum of quarks to proton spin:

11 1!
5 = EAE + Lg +Jg = Jgq = 2 f dxx[H%(x,§,0) + E9(x, £, 0)]
-, —1

S

—

Jq Ji’s sum rule

Only 30% of proton spins comes from spin of quarks and antiquarks.

Ag(z)agribution from Orbital angular momentum (OAM) of quarks can be determined. .




Energy and Polarization

November 28: E, .
December 07: E,__,,
December 19: E, ..
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October 31: E ., = 8.495 GeV ; polarization = 86.75(*0.10 £1.0)%
10.590 GeV ; polarization = 85.39(x0.11 £1.0)%
10.591 GeV ; polarization = 84.18(x0.10 £1.0)%

8.498 GeV ; polarization = 86.20(+0.10 £1.0)%
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