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Thezppoioton i$ a fascmatingng olért

The nucleons (proton and neutron) are the most important building block ofiniwerse.
They are complex system of strongly interacting quarks and gluons.

They make up nearly 90% of the (normal) matter in the universe.
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Test the fundamental theory: Quantu@hromoDynamicCD)

Whatis the origin of its mass?

Whatis the origin of confinemerit

Wheredoes the spin of the nucleon come from?

Howare the forces distributed in space to make the proton a stadtacle?



Proton picture: from 1D to (1+ 2)D

Quantum
tomography @l
of the nucleon

Ji, PRL91 (2003)

goingto the mostcomplete
description of thenucleon

2 _ Belitsky Ji, Yuan, PRD69 (2004)
Q e Lorcéet al, JHEP1105 (2011)
Transverseamomentum Transverseposition

f(x, ki X, 0)

8(T|\/|D)S g ((SPDg 3 FormFactors
| accessible flka fdb. accessiblén exclusivereactions
in SIDI&Nnd DrelkYan DVCSDeeplyVirtual ComptorScattering

PDFE(X) HEMP Hard ExclusivislesonProduction




GPDsand 3Dimaging
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GPDsaand EnergyMomentum Tensorand Confinement

t- 0
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GPDsand EnerggMomentum Tensorand Confinement

mass & energy
distri@ution

1
[ de x H(z,&,t) = A%(t) + £2d4¢)

GPDs can provide an experimental answer
by exploiting their equivalence

to the gravitational form factors

of the nucleon energgymomentumtensor
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Deeplyvirtual Comptonscattering(DVCS)

D. Muelleret al, Fortsch Phys. 42 (1994)
X.D. JiPRL 78 (1997), PRD 55 (1997)
A. V.Radyushkin PLB 385 (1996), PRD 56 (1997)
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the goldenchannel
becausat interfereswith
the BetheHeiltlerprocess

alsomesonproduction
Pp- LI r,worf ordly...

TheGPDslependon thefollowing variables:
X: average long. momentum !

The variablesneasuredn the experiment

E, Q% Xg~ 2x/(1+X),

&: long. mom. difference

t: four-momentum transfer
related to b, via Fourier transform

t(orgy,) andf (aas pypenc




Deeplyvirtual Comptonscattering(DVCS)

The amplitude DVCS at LT?}& L@4iiGPDH) : Real d&rt Imaginarypart

A4

’ 1 h h ’ 1 ﬁ Y/ 1 T A
H @ Quw P Qw Q( 0w xho
o, X fixed
| imentwe measure | R ofD
n anexperimen - s .
XPET! RHE xh Q W— Oo

ComptonForm FactorH W 8



Thepastand future DVC&xperiments
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current DVCS data at colliders:
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Thepastand presentexperiments

Collidermode ep forward fast proton

HERAH1andZEUS
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~ Fulleventreconstruction
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DeeplyVirtual ComptonScattering
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2001:First DVC8eamSpinAsymmetriesat Hermesand Jlab
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TransvPolTarget
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LongPol Target
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2004-2016:BeamSpinSumand Diff of DVCS- HallA
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2010201 7:BeamSpinSumand Diff of DVCS- HallA

EO/A007HallA experimentin 2010with magneticspectrometer
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20052015:BeamSpinSumand Diff of DVCS CLAS

21 binsin (x5, ) or 110bins(xg, @t) 3 monthsdatatakenin 2005 % o
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C nucleontomographyin the valencedomain

Fit of SCFF&t L.O and L.T Jo et alPRL115, 212003 (2015)
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2009-2015: Singlé&Spinand Double Spin- CLAS
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C nucleontomographyin the valencedomain

Fit of SCFFs&t L.O and L.T
(ImH, ReA, |mE, ReE, ImH, ReH, |mE, ReE)

H(x,0,0) =q(x)

[ Hdx = F,

o

-

H(x,0,0) = Ag(x)

f_+11 H dr = G4

Im(H) ¢ electromagneticharge distribution

'

Im(H) ¢ axial charge distribution

%,

Axial charges more concentrated
than electromagneticharge

Seder etal. PRL114, 032002015)
Pisancet al. PRD91, 052014015)
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C nucleontomographyin the valencedomain

Fit of SCFFs&t L.O and L.TDupré,Guidal Nicolaj Vanderhaeghen=" sE-.
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C nucleontomographyin the gluondomainat HERA

dsPVCidt=e- @H B’ Brelatedto the transversedsizeof the scatteringobject
Aaron et al., HColl PLB659 (2008) 4 1°f
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C nucleontomographyin the seaquarkdomainat COMPAS

dsPVCFdt= e @ 7

8 ——
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C nucleontomographyin the seaquarkdomainat COMPAS

dsDVCEdt= g DH= L7CS <M2x) >° H .(x§
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C nucleontomographyin the seaquarkdomainat COMPAS

dsOVCFdt=e U=

At COMPASS:
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C D-term and Pressure distribution in the proton

With all the data for BearBpinDiffand Sum ofDVCS CLAS@JlabhGeV %DA egp
Girodet al. PRL100200 Joet al. PRL1{1|5, 212003 (2015)
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2
This is a criticalresult, required for dynamical stability of the proton. M#= 1.06+0.10£0.15
Deeply rooted in chiral symmetry breaking h = 2.76:£0.25+£0.50



C D-term and Pressure distribution in the proton

Comparisorof DX(t) with theories
M. PolyakoyP. Schweitzemt.J.Mod.PhysA33 (2018)
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C D-term and Pressure distribution in the proton

V. 1 )
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dz

C. Weiss, Phys.Rev.D60, 114017 (1999
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next future: BeamChargeand SpinDiff @ COMPASS
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next future: BeamSpinSumand Diff @ JLab12

with high resolution magneticspectrometer with CLLAS12
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next future: BeamSpinSumand Diff @ JLab12

Dudeket al., EPJA48 (2012
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