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Electron-Ion Collider
World’s first polarized electron-proton/light ion 
and electron-Nucleus collider.

For e-A collisions at the EIC: 
✓ Wide range of nuclei 
✓ Luminosity per nucleon same as e-p 
✓ Variable centre of mass energy 

For e-N collisions at the EIC: 
✓ Polarized beams (70%): e, p, d/3He 
✓ e beam 3 - 10 (18) GeV 
✓ Luminosity Lep ~ 1033-34 cm-2s-1 

✓ 20 - 100 (140) GeV Variable CoM  

Brookhaven National Lab selected as the site.
arXiv:1409.1633
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First detector at 
IP 6: ePIC

IP 6

IP 8

Expected start of operations: early 2030s.

Three detector 
proposals: ATHENA,  

CORE and  
ECCE



EIC in context

cms Energy

EIC

2012 EIC White Paper,                
Eur. Phy. J. A 52, 9 (2016)

2020 EIC Yellow 
Report,  
Nuc. Phys. A 1026, 
122447 (2022) 

Dedicated 
studies of EIC 
physics and 
design
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What is the EIC for?

 Effect of nuclear medium on the propagation of a colour 
charge: insight into hadronisation and the EMC effect.

 Designed primarily for the study of cold QCD:

 3D tomography of the nucleon: distributions of partons 
from the valence quark region to the quark-gluon sea.

 Nucleon spin puzzle: decomposition of nucleon spin — contribution of sea quarks 
and gluons.

 Search for gluon saturation: a new form of matter.

The list is NOT exhaustive…

 What is the origin of nucleon mass and what is the role of glue in it? How 
is it generated from the almost massless quarks and massless gluons?
 What is the quark-gluon origin of the nuclear force?

 How do hadrons and nuclei emerge from quarks and 
gluons? What is the nature of confinement? 

valence quarks quark-gluon sea

Inco

Courtesy of E. Aschenauer

4
 Search for exotic states.



What will the EIC be able to do?

year =107 sec
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Kinematics in the Deep Inelastic regime

k
k’

q

p

p’

m’

virtuality of exchanged photon / resolution:

Q2  ~ MeV2 

?
−e −e

Q2  >> GeV2 

Bjorken variable:
In Deep Inelastic Scattering, can be equated 
to x (fraction of longitudinal momentum of 
nucleon carried by struck quark)

hadrons
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Inelasticity: y =
q · p
k · p
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Q2 = �q2 = �(k � k0)2
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xB =
Q2

2p · q
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defines also the polarisation of the virtual photon



nucleon

x: longitudinal 
momentum 
fraction carried 
by struck parton

“phase space” distributions 
of partons in a nucleon

A constructivist view of the nucleon

A. Bacchetta

bT : transverse 
position, a.k.a. 
impact parameter
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Transverse Momentum-
Dependent distributions 

(TMDs)

∫ Tbd
2

∫ Tkd
2

Parton Distribution 
Functions (PDFs)

∫ dx

Form Factors

∫ Tkd
2

Generalised Parton 
Distributions (GPDs)

Wigner function:  
full phase space parton 

distribution of the nucleon
Generalised Transverse Momentum 

Distributions (GTMDs)

Possible access via 
exclusive di-jet production 
or exclusive π0-production 

at high Q2. 
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Exclusive processes

Elastic scattering
Deep Inelastic Scattering (DIS)

Semi-inclusive DIS 
(SIDIS)



• proposed by Müller (1994), Radyushkin, Ji (1997).

• can be interpreted as relating, in the infinite momentum frame, 
transverse position of partons (impact parameter b┴) to 
longitudinal momentum fraction (x).

 Tomography of the nucleon: 
transverse spatial distributions of 
quarks and gluons in longitudinal 
momentum space.

 Information on the orbital angular 
momentum contribution to nucleon spin: 
the spin puzzle. 

( ) ( ){ }                  0,,0,,
2
1

2
1 1

1
ξξ xExHdxxJJ qqgq +=−= ∫−

gqqN JLJ ++== Σ
2
1

2
1

( ) ( ){ }                  0,,0,,
2
1

2
1 1

1
ξξ xExHdxxJJ qqgq +=−= ∫−

 Ji’s relation:

 Indirect access to mechanical 
properties of the nucleon: 
possibilities of extracting pressure 
distributions within the nucleon. 

x
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Generalised Parton Distributions

GPDs

 Combine with Transverse Momentum 
Distributions (TMDs) to access spin-
orbit correlations of quarks and gluons, 
study non-perturbative interactions of 
partons.



Experimental access to GPDs
Accessible in exclusive processes, where all final state particles are determined, eg:

DVCS TCS DDVCS DVMP
Virtual photon 
space-like

Virtual photon 
time-like

One time-like, one space-like 
virtual photon

Virtual photon space-like

Relies on factorisation of the process amplitude into a hard, perturbative part and the 
soft non-perturbative part containing GPD information.    

Factori- 
sation

ep ! ⌫e⇡�p
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 Deeply Virtual Compton Scattering (DVCS) 
 Time-like Compton Scattering (TCS) 
 Hard Exclusive Meson Production (HEMP) — a.k.a. Deeply Virtual Meson Production (DVMP) 
 Double DVCS 
 Certain diffractive processes, eg: diffractive ρ-production with the emission of a meson or 
virtual photon from the nucleon 
 Hard exclusive production of a meson-photon or photon-photon pair 
 Charged-current meson production, eg: 

See EIC Yellow 
Report for 

details

10



 Gluon GPDs can be accessed through deeply virtual meson production (DVMP), eg: 

Gluon momentum fraction 
related to:

EIC White Paper, Eur. Phy. J. A 52, 9 (2016)

e e’

N N’

q

Bjorken variable

  Access to spatial distributions of gluons at 
different longitudinal momentum fractions:

M. Diehl

x+ ⇠
<latexit sha1_base64="Yf/jYqoJVr3VFtNSi4Fe51rdGUQ=">AAAB7HicbZC7SgNBFIbPxluMt6ilFoNBEISwa6Nl0MYyATcRkiXMTibJkNnZZeasJCx5BhsLRWx9Bp/Dzs5HcXIpNPGHgY//P4c554SJFAZd98vJrayurW/kNwtb2zu7e8X9g7qJU824z2IZ6/uQGi6F4j4KlPw+0ZxGoeSNcHAzyRsPXBsRqzscJTyIaE+JrmAUreUPz1tD0S6W3LI7FVkGbw6lyvFH7RsAqu3iZ6sTszTiCpmkxjQ9N8EgoxoFk3xcaKWGJ5QNaI83LSoacRNk02HH5NQ6HdKNtX0KydT93ZHRyJhRFNrKiGLfLGYT87+smWL3KsiESlLkis0+6qaSYEwmm5OO0JyhHFmgTAs7K2F9qilDe5+CPYK3uPIy1C/Knlv2al6pcg0z5eEITuAMPLiECtxCFXxgIOARnuHFUc6T8+q8zUpzzrznEP7Ief8Brj2Qzg==</latexit><latexit sha1_base64="I1bk2PbZSQ5ys5c4cHMBc0Hxa4s=">AAAB7HicbZDLSsNAFIZP6q3WW9WlIoNFEISSuNFl0I3LFkxbaEOZTCft0MkkzEykJXTp2o0LRdz6DH0Odz6DL+H0stDWHwY+/v8c5pwTJJwpbdtfVm5ldW19I79Z2Nre2d0r7h/UVJxKQj0S81g2AqwoZ4J6mmlOG4mkOAo4rQf920lef6BSsVjc62FC/Qh3BQsZwdpY3uCiNWDtYsku21OhZXDmUHKPx9Xvx5NxpV38bHVikkZUaMKxUk3HTrSfYakZ4XRUaKWKJpj0cZc2DQocUeVn02FH6Mw4HRTG0jyh0dT93ZHhSKlhFJjKCOueWswm5n9ZM9XhtZ8xkaSaCjL7KEw50jGabI46TFKi+dAAJpKZWRHpYYmJNvcpmCM4iysvQ+2y7Nhlp+qU3BuYKQ9HcArn4MAVuHAHFfCAAIMneIFXS1jP1pv1PivNWfOeQ/gj6+MHjIKSNA==</latexit><latexit sha1_base64="I1bk2PbZSQ5ys5c4cHMBc0Hxa4s=">AAAB7HicbZDLSsNAFIZP6q3WW9WlIoNFEISSuNFl0I3LFkxbaEOZTCft0MkkzEykJXTp2o0LRdz6DH0Odz6DL+H0stDWHwY+/v8c5pwTJJwpbdtfVm5ldW19I79Z2Nre2d0r7h/UVJxKQj0S81g2AqwoZ4J6mmlOG4mkOAo4rQf920lef6BSsVjc62FC/Qh3BQsZwdpY3uCiNWDtYsku21OhZXDmUHKPx9Xvx5NxpV38bHVikkZUaMKxUk3HTrSfYakZ4XRUaKWKJpj0cZc2DQocUeVn02FH6Mw4HRTG0jyh0dT93ZHhSKlhFJjKCOueWswm5n9ZM9XhtZ8xkaSaCjL7KEw50jGabI46TFKi+dAAJpKZWRHpYYmJNvcpmCM4iysvQ+2y7Nhlp+qU3BuYKQ9HcArn4MAVuHAHFfCAAIMneIFXS1jP1pv1PivNWfOeQ/gj6+MHjIKSNA==</latexit><latexit sha1_base64="hLYyzINFp8vNw9p9Z+4BLIobRVw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkm86LHoxWMF0xbaUDbbTbt0swm7E2kJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94iTlQUwHSkSCUbSSP77sjkWvUnVr7hxklXgFqUKBRq/y1e0nLIu5QiapMR3PTTHIqUbBJJ+Wu5nhKWUjOuAdSxWNuQny+bFTcm6VPokSbUshmau/J3IaGzOJQ9sZUxyaZW8m/ud1MoxuglyoNEOu2GJRlEmCCZl9TvpCc4ZyYgllWthbCRtSTRnafMo2BG/55VXSvKp5bs178Kr12yKOEpzCGVyAB9dQh3togA8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz+eQ46J</latexit>

x� ⇠
<latexit sha1_base64="yWuRbdll4kjOnZLdwdiXKcge8aw=">AAAB7HicbZC7SgNBFIbPxluMt6ilFoNBsDHs2mgZtLFMwE2EZAmzk0kyZHZ2mTkrCUuewcZCEVufweews/NRnFwKTfxh4OP/z2HOOWEihUHX/XJyK6tr6xv5zcLW9s7uXnH/oG7iVDPus1jG+j6khkuhuI8CJb9PNKdRKHkjHNxM8sYD10bE6g5HCQ8i2lOiKxhFa/nD89ZQtIslt+xORZbBm0OpcvxR+waAarv42erELI24QiapMU3PTTDIqEbBJB8XWqnhCWUD2uNNi4pG3ATZdNgxObVOh3RjbZ9CMnV/d2Q0MmYUhbYyotg3i9nE/C9rpti9CjKhkhS5YrOPuqkkGJPJ5qQjNGcoRxYo08LOSlifasrQ3qdgj+AtrrwM9Yuy55a9mleqXMNMeTiCEzgDDy6hArdQBR8YCHiEZ3hxlPPkvDpvs9KcM+85hD9y3n8AsUuQ0A==</latexit><latexit sha1_base64="0NQ+x6gVWSyHuONZYdidqXqq8WE=">AAAB7HicbZC7SgNBFIbPxluMt6ilIoNBsDHs2mi5aGOZgJsEkiXMTmaTIbOzy8ysJCwprW0sFLH1GfIcdj6DL+HkUmjiDwMf/38Oc84JEs6Utu0vK7eyura+kd8sbG3v7O4V9w9qKk4loR6JeSwbAVaUM0E9zTSnjURSHAWc1oP+7SSvP1CpWCzu9TChfoS7goWMYG0sb3DRGrB2sWSX7anQMjhzKLnH4+r348m40i5+tjoxSSMqNOFYqaZjJ9rPsNSMcDoqtFJFE0z6uEubBgWOqPKz6bAjdGacDgpjaZ7QaOr+7shwpNQwCkxlhHVPLWYT87+smerw2s+YSFJNBZl9FKYc6RhNNkcdJinRfGgAE8nMrIj0sMREm/sUzBGcxZWXoXZZduyyU3VK7g3MlIcjOIVzcOAKXLiDCnhAgMETvMCrJaxn6816n5XmrHnPIfyR9fEDj5CSNg==</latexit><latexit sha1_base64="0NQ+x6gVWSyHuONZYdidqXqq8WE=">AAAB7HicbZC7SgNBFIbPxluMt6ilIoNBsDHs2mi5aGOZgJsEkiXMTmaTIbOzy8ysJCwprW0sFLH1GfIcdj6DL+HkUmjiDwMf/38Oc84JEs6Utu0vK7eyura+kd8sbG3v7O4V9w9qKk4loR6JeSwbAVaUM0E9zTSnjURSHAWc1oP+7SSvP1CpWCzu9TChfoS7goWMYG0sb3DRGrB2sWSX7anQMjhzKLnH4+r348m40i5+tjoxSSMqNOFYqaZjJ9rPsNSMcDoqtFJFE0z6uEubBgWOqPKz6bAjdGacDgpjaZ7QaOr+7shwpNQwCkxlhHVPLWYT87+smerw2s+YSFJNBZl9FKYc6RhNNkcdJinRfGgAE8nMrIj0sMREm/sUzBGcxZWXoXZZduyyU3VK7g3MlIcjOIVzcOAKXLiDCnhAgMETvMCrJaxn6816n5XmrHnPIfyR9fEDj5CSNg==</latexit><latexit sha1_base64="9BEA/0KGpSkZYZjNlJ4uHkBIcf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRe9Fj04rGCaQttKJvtpl262YTdibSE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIecZLyIKYDJSLBKFrJH192x6JXqbo1dw6ySryCVKFAo1f56vYTlsVcIZPUmI7nphjkVKNgkk/L3czwlLIRHfCOpYrG3AT5/NgpObdKn0SJtqWQzNXfEzmNjZnEoe2MKQ7NsjcT//M6GUY3QS5UmiFXbLEoyiTBhMw+J32hOUM5sYQyLeythA2ppgxtPmUbgrf88ippXtU8t+Y9eNX6bRFHCU7hDC7Ag2uowz00wAcGAp7hFd4c5bw4787HonXNKWZO4A+czx+hUY6L</latexit>

ξ±x longitudinal momentum 
fractions of the struck parton

GPD(x, ⇠, t)
<latexit sha1_base64="QDEnRFZ0cJLp5V5eSgGJUjsQdX8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBEqlJKIoMeigh4r2A9oQtlsN+3SzSbsTqSl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tlZW19Y3NnNb+e2d3b39wsFhQ8epoqxOYxGrVkA0E1yyOnIUrJUoRqJAsGYwuJn6zSemNI/lI44S5kekJ3nIKUEjeXe129Kw7A15Gc86haJTcWawl4mbkSJkqHUKX143pmnEJFJBtG67ToL+mCjkVLBJ3ks1SwgdkB5rGypJxLQ/nt08sU+N0rXDWJmSaM/U3xNjEmk9igLTGRHs60VvKv7ntVMMr/wxl0mKTNL5ojAVNsb2NAC7yxWjKEaGEKq4udWmfaIIRRNT3oTgLr68TBrnFdepuA8Xxep1FkcOjuEESuDCJVThHmpQBwoJPMMrvFmp9WK9Wx/z1hUrmzmCP7A+fwBtBJCf</latexit><latexit sha1_base64="QDEnRFZ0cJLp5V5eSgGJUjsQdX8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBEqlJKIoMeigh4r2A9oQtlsN+3SzSbsTqSl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tlZW19Y3NnNb+e2d3b39wsFhQ8epoqxOYxGrVkA0E1yyOnIUrJUoRqJAsGYwuJn6zSemNI/lI44S5kekJ3nIKUEjeXe129Kw7A15Gc86haJTcWawl4mbkSJkqHUKX143pmnEJFJBtG67ToL+mCjkVLBJ3ks1SwgdkB5rGypJxLQ/nt08sU+N0rXDWJmSaM/U3xNjEmk9igLTGRHs60VvKv7ntVMMr/wxl0mKTNL5ojAVNsb2NAC7yxWjKEaGEKq4udWmfaIIRRNT3oTgLr68TBrnFdepuA8Xxep1FkcOjuEESuDCJVThHmpQBwoJPMMrvFmp9WK9Wx/z1hUrmzmCP7A+fwBtBJCf</latexit><latexit sha1_base64="QDEnRFZ0cJLp5V5eSgGJUjsQdX8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBEqlJKIoMeigh4r2A9oQtlsN+3SzSbsTqSl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tlZW19Y3NnNb+e2d3b39wsFhQ8epoqxOYxGrVkA0E1yyOnIUrJUoRqJAsGYwuJn6zSemNI/lI44S5kekJ3nIKUEjeXe129Kw7A15Gc86haJTcWawl4mbkSJkqHUKX143pmnEJFJBtG67ToL+mCjkVLBJ3ks1SwgdkB5rGypJxLQ/nt08sU+N0rXDWJmSaM/U3xNjEmk9igLTGRHs60VvKv7ntVMMr/wxl0mKTNL5ojAVNsb2NAC7yxWjKEaGEKq4udWmfaIIRRNT3oTgLr68TBrnFdepuA8Xxep1FkcOjuEESuDCJVThHmpQBwoJPMMrvFmp9WK9Wx/z1hUrmzmCP7A+fwBtBJCf</latexit><latexit sha1_base64="QDEnRFZ0cJLp5V5eSgGJUjsQdX8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBEqlJKIoMeigh4r2A9oQtlsN+3SzSbsTqSl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tlZW19Y3NnNb+e2d3b39wsFhQ8epoqxOYxGrVkA0E1yyOnIUrJUoRqJAsGYwuJn6zSemNI/lI44S5kekJ3nIKUEjeXe129Kw7A15Gc86haJTcWawl4mbkSJkqHUKX143pmnEJFJBtG67ToL+mCjkVLBJ3ks1SwgdkB5rGypJxLQ/nt08sU+N0rXDWJmSaM/U3xNjEmk9igLTGRHs60VvKv7ntVMMr/wxl0mKTNL5ojAVNsb2NAC7yxWjKEaGEKq4udWmfaIIRRNT3oTgLr68TBrnFdepuA8Xxep1FkcOjuEESuDCJVThHmpQBwoJPMMrvFmp9WK9Wx/z1hUrmzmCP7A+fwBtBJCf</latexit>

Nucleon tomography: imaging glue at EIC
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Nucleon tomography: imaging quarks at EIC
 Quark GPDs are accessible in a related processes: 
Deeply Virtual Compton Scattering (DVCS), 
Timelike Compton scattering (TCS).

 3D images of sea quark and 
gluon distributions from 
exclusive reactions: DVCS and 
DVMP.

High energy 
real photon

DVCS kinematic reach at the EIC:

EIC White Paper, Eur. Phy. J. A 52, 9 (2016)

DVCS

TCS

12

Q2=100 GeV 2

Planned DVCS at fixed targ.:
COMPASS- dσ/dt, ACSU, ACST
JLAB12- dσ/dt, ALU, AUL, ALL

Current DVCS data at colliders:
ZEUS- total xsec
ZEUS- dσ/dt

H1- total xsec
H1- dσ/dt
H1- ACU

Current DVCS data at fixed targets:
HERMES- ALT HERMES- ACU

HERMES- ALU, AUL, ALL
HERMES- AUT Hall A- CFFs
CLAS- ALU CLAS- AUL
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

�⌃ =
R
x

P
q(�q ��q̄)

<latexit sha1_base64="ln30rDrMeRi+RJ50H7tVhkm0sG8="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="i0PnFANM1Gh3li38l5It60OSGEA=">AAACJXicbVDLSgMxFM34rPVVdekmWARdWGbc6EJB1IVLRatCpwx30rQGk8yY3BHL0J9x46+4cWERwZW/YtrOwteBwOGcc7m5J06lsOj7H97Y+MTk1HRppjw7N7+wWFlavrRJZhivs0Qm5joGy6XQvI4CJb9ODQcVS34V3x4N/Kt7bqxI9AV2U95U0NGiLRigk6LKXnjMJUJ4LjoK6D4NhcYof+jR0GYqyu96dGOUoHd0ixY0jME4azOqVP2aPwT9S4KCVEmB06jSD1sJyxTXyCRY2wj8FJs5GBRM8l45zCxPgd1Chzcc1aC4bebDK3t03Skt2k6MexrpUP0+kYOytqtil1SAN/a3NxD/8xoZtnebudBphlyz0aJ2JikmdFAZbQnDGcquI8CMcH+l7AYMMHTFll0Jwe+T/5LL7Vrg14KzoHpwWNRRIqtkjWyQgOyQA3JCTkmdMPJInskr6XtP3ov35r2PomNeMbNCfsD7/ALY1qQ0</latexit>

Intrinsic quark spin:
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Nucleon spin

1
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2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

�⌃ =
R
x

P
q(�q ��q̄)

<latexit sha1_base64="ln30rDrMeRi+RJ50H7tVhkm0sG8="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="i0PnFANM1Gh3li38l5It60OSGEA=">AAACJXicbVDLSgMxFM34rPVVdekmWARdWGbc6EJB1IVLRatCpwx30rQGk8yY3BHL0J9x46+4cWERwZW/YtrOwteBwOGcc7m5J06lsOj7H97Y+MTk1HRppjw7N7+wWFlavrRJZhivs0Qm5joGy6XQvI4CJb9ODQcVS34V3x4N/Kt7bqxI9AV2U95U0NGiLRigk6LKXnjMJUJ4LjoK6D4NhcYof+jR0GYqyu96dGOUoHd0ixY0jME4azOqVP2aPwT9S4KCVEmB06jSD1sJyxTXyCRY2wj8FJs5GBRM8l45zCxPgd1Chzcc1aC4bebDK3t03Skt2k6MexrpUP0+kYOytqtil1SAN/a3NxD/8xoZtnebudBphlyz0aJ2JikmdFAZbQnDGcquI8CMcH+l7AYMMHTFll0Jwe+T/5LL7Vrg14KzoHpwWNRRIqtkjWyQgOyQA3JCTkmdMPJInskr6XtP3ov35r2PomNeMbNCfsD7/ALY1qQ0</latexit>

�G =
R
x �g

<latexit sha1_base64="srFpoYGRgPFRpdekTPCv6WJacho=">AAACBXicbVA9SwNBEJ3zM8avqKUWi0HQJtzZaCMEFbSMYD4gCWFvs0mW7O0du3NiOAJi41+xsVDE1v9gJ/4OezcfhSY+GHi8N8PMPD+SwqDrfjozs3PzC4uppfTyyuraemZjs2TCWDNeZKEMdcWnhkuheBEFSl6JNKeBL3nZ754N/PIN10aE6hp7Ea8HtK1ESzCKVmpkdmrnXCIlF+SE1ITCRnLbJ2Ot3chk3Zw7BJkm3phk8wffX3cAUGhkPmrNkMUBV8gkNabquRHWE6pRMMn76VpseERZl7Z51VJFA27qyfCLPtmzSpO0Qm1LIRmqvycSGhjTC3zbGVDsmElvIP7nVWNsHdcToaIYuWKjRa1YEgzJIBLSFJozlD1LKNPC3kpYh2rK0AaXtiF4ky9Pk9JhznNz3pWXzZ/CCCnYhl3YBw+OIA+XUIAiMLiHR3iGF+fBeXJenbdR64wzntmCP3DefwA1VZoG</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="KIwBO6SQAyznbilAQ/rSqx3w+9A=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRe9CIUFfRYwX5AE8Jmu2mXbjZhdyKW0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2FxaXlltbRWXt/Y3Nq2d3abOskUZQ2aiES1Q6KZ4JI1gINg7VQxEoeCtcLB5dhv3TOleSLvYJgyPyY9ySNOCRgpsA+8KyaA4Gt8jj0uIcgfRrjQeoFdcarOBHieuAWpoAL1wP7yugnNYiaBCqJ1x3VS8HOigFPBRmUv0ywldEB6rGOoJDHTfj75YoSPjNLFUaJMScAT9fdETmKth3FoOmMCfT3rjcX/vE4G0Zmfc5lmwCSdLooygSHB40hwlytGQQwNIVRxcyumfaIIBRNc2YTgzr48T5onVdepurdupXZRxFFC++gQHSMXnaIaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AYhBl00=</latexit>

Intrinsic quark spin: Intrinsic gluon spin:
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

�⌃ =
R
x

P
q(�q ��q̄)

<latexit sha1_base64="ln30rDrMeRi+RJ50H7tVhkm0sG8="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="i0PnFANM1Gh3li38l5It60OSGEA=">AAACJXicbVDLSgMxFM34rPVVdekmWARdWGbc6EJB1IVLRatCpwx30rQGk8yY3BHL0J9x46+4cWERwZW/YtrOwteBwOGcc7m5J06lsOj7H97Y+MTk1HRppjw7N7+wWFlavrRJZhivs0Qm5joGy6XQvI4CJb9ODQcVS34V3x4N/Kt7bqxI9AV2U95U0NGiLRigk6LKXnjMJUJ4LjoK6D4NhcYof+jR0GYqyu96dGOUoHd0ixY0jME4azOqVP2aPwT9S4KCVEmB06jSD1sJyxTXyCRY2wj8FJs5GBRM8l45zCxPgd1Chzcc1aC4bebDK3t03Skt2k6MexrpUP0+kYOytqtil1SAN/a3NxD/8xoZtnebudBphlyz0aJ2JikmdFAZbQnDGcquI8CMcH+l7AYMMHTFll0Jwe+T/5LL7Vrg14KzoHpwWNRRIqtkjWyQgOyQA3JCTkmdMPJInskr6XtP3ov35r2PomNeMbNCfsD7/ALY1qQ0</latexit>

�G =
R
x �g

<latexit sha1_base64="srFpoYGRgPFRpdekTPCv6WJacho=">AAACBXicbVA9SwNBEJ3zM8avqKUWi0HQJtzZaCMEFbSMYD4gCWFvs0mW7O0du3NiOAJi41+xsVDE1v9gJ/4OezcfhSY+GHi8N8PMPD+SwqDrfjozs3PzC4uppfTyyuraemZjs2TCWDNeZKEMdcWnhkuheBEFSl6JNKeBL3nZ754N/PIN10aE6hp7Ea8HtK1ESzCKVmpkdmrnXCIlF+SE1ITCRnLbJ2Ot3chk3Zw7BJkm3phk8wffX3cAUGhkPmrNkMUBV8gkNabquRHWE6pRMMn76VpseERZl7Z51VJFA27qyfCLPtmzSpO0Qm1LIRmqvycSGhjTC3zbGVDsmElvIP7nVWNsHdcToaIYuWKjRa1YEgzJIBLSFJozlD1LKNPC3kpYh2rK0AaXtiF4ky9Pk9JhznNz3pWXzZ/CCCnYhl3YBw+OIA+XUIAiMLiHR3iGF+fBeXJenbdR64wzntmCP3DefwA1VZoG</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="KIwBO6SQAyznbilAQ/rSqx3w+9A=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRe9CIUFfRYwX5AE8Jmu2mXbjZhdyKW0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2FxaXlltbRWXt/Y3Nq2d3abOskUZQ2aiES1Q6KZ4JI1gINg7VQxEoeCtcLB5dhv3TOleSLvYJgyPyY9ySNOCRgpsA+8KyaA4Gt8jj0uIcgfRrjQeoFdcarOBHieuAWpoAL1wP7yugnNYiaBCqJ1x3VS8HOigFPBRmUv0ywldEB6rGOoJDHTfj75YoSPjNLFUaJMScAT9fdETmKth3FoOmMCfT3rjcX/vE4G0Zmfc5lmwCSdLooygSHB40hwlytGQQwNIVRxcyumfaIIBRNc2YTgzr48T5onVdepurdupXZRxFFC++gQHSMXnaIaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AYhBl00=</latexit>

Intrinsic quark spin:

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

g1(x) =
X

q

�
�q(x) +�q̄(x)

�

<latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit>

e NN e: :

Intrinsic gluon spin:
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

�⌃ =
R
x

P
q(�q ��q̄)

<latexit sha1_base64="ln30rDrMeRi+RJ50H7tVhkm0sG8="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="i0PnFANM1Gh3li38l5It60OSGEA=">AAACJXicbVDLSgMxFM34rPVVdekmWARdWGbc6EJB1IVLRatCpwx30rQGk8yY3BHL0J9x46+4cWERwZW/YtrOwteBwOGcc7m5J06lsOj7H97Y+MTk1HRppjw7N7+wWFlavrRJZhivs0Qm5joGy6XQvI4CJb9ODQcVS34V3x4N/Kt7bqxI9AV2U95U0NGiLRigk6LKXnjMJUJ4LjoK6D4NhcYof+jR0GYqyu96dGOUoHd0ixY0jME4azOqVP2aPwT9S4KCVEmB06jSD1sJyxTXyCRY2wj8FJs5GBRM8l45zCxPgd1Chzcc1aC4bebDK3t03Skt2k6MexrpUP0+kYOytqtil1SAN/a3NxD/8xoZtnebudBphlyz0aJ2JikmdFAZbQnDGcquI8CMcH+l7AYMMHTFll0Jwe+T/5LL7Vrg14KzoHpwWNRRIqtkjWyQgOyQA3JCTkmdMPJInskr6XtP3ov35r2PomNeMbNCfsD7/ALY1qQ0</latexit>

�G =
R
x �g

<latexit sha1_base64="srFpoYGRgPFRpdekTPCv6WJacho=">AAACBXicbVA9SwNBEJ3zM8avqKUWi0HQJtzZaCMEFbSMYD4gCWFvs0mW7O0du3NiOAJi41+xsVDE1v9gJ/4OezcfhSY+GHi8N8PMPD+SwqDrfjozs3PzC4uppfTyyuraemZjs2TCWDNeZKEMdcWnhkuheBEFSl6JNKeBL3nZ754N/PIN10aE6hp7Ea8HtK1ESzCKVmpkdmrnXCIlF+SE1ITCRnLbJ2Ot3chk3Zw7BJkm3phk8wffX3cAUGhkPmrNkMUBV8gkNabquRHWE6pRMMn76VpseERZl7Z51VJFA27qyfCLPtmzSpO0Qm1LIRmqvycSGhjTC3zbGVDsmElvIP7nVWNsHdcToaIYuWKjRa1YEgzJIBLSFJozlD1LKNPC3kpYh2rK0AaXtiF4ky9Pk9JhznNz3pWXzZ/CCCnYhl3YBw+OIA+XUIAiMLiHR3iGF+fBeXJenbdR64wzntmCP3DefwA1VZoG</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="KIwBO6SQAyznbilAQ/rSqx3w+9A=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRe9CIUFfRYwX5AE8Jmu2mXbjZhdyKW0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2FxaXlltbRWXt/Y3Nq2d3abOskUZQ2aiES1Q6KZ4JI1gINg7VQxEoeCtcLB5dhv3TOleSLvYJgyPyY9ySNOCRgpsA+8KyaA4Gt8jj0uIcgfRrjQeoFdcarOBHieuAWpoAL1wP7yugnNYiaBCqJ1x3VS8HOigFPBRmUv0ywldEB6rGOoJDHTfj75YoSPjNLFUaJMScAT9fdETmKth3FoOmMCfT3rjcX/vE4G0Zmfc5lmwCSdLooygSHB40hwlytGQQwNIVRxcyumfaIIBRNc2YTgzr48T5onVdepurdupXZRxFFC++gQHSMXnaIaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AYhBl00=</latexit>

Intrinsic quark spin:

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

g1(x) =
X

q

�
�q(x) +�q̄(x)

�

<latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit>

e NN e: :

Intrinsic gluon spin:

Quark and gluon orbital 
angular momentum:

accessible 
through GPDs
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Nucleon spin

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

�⌃ =
R
x

P
q(�q ��q̄)

<latexit sha1_base64="ln30rDrMeRi+RJ50H7tVhkm0sG8="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="B4F5SIlLunrfcAt8gQRHlkf3EcM="></latexit><latexit sha1_base64="i0PnFANM1Gh3li38l5It60OSGEA=">AAACJXicbVDLSgMxFM34rPVVdekmWARdWGbc6EJB1IVLRatCpwx30rQGk8yY3BHL0J9x46+4cWERwZW/YtrOwteBwOGcc7m5J06lsOj7H97Y+MTk1HRppjw7N7+wWFlavrRJZhivs0Qm5joGy6XQvI4CJb9ODQcVS34V3x4N/Kt7bqxI9AV2U95U0NGiLRigk6LKXnjMJUJ4LjoK6D4NhcYof+jR0GYqyu96dGOUoHd0ixY0jME4azOqVP2aPwT9S4KCVEmB06jSD1sJyxTXyCRY2wj8FJs5GBRM8l45zCxPgd1Chzcc1aC4bebDK3t03Skt2k6MexrpUP0+kYOytqtil1SAN/a3NxD/8xoZtnebudBphlyz0aJ2JikmdFAZbQnDGcquI8CMcH+l7AYMMHTFll0Jwe+T/5LL7Vrg14KzoHpwWNRRIqtkjWyQgOyQA3JCTkmdMPJInskr6XtP3ov35r2PomNeMbNCfsD7/ALY1qQ0</latexit>

�G =
R
x �g

<latexit sha1_base64="srFpoYGRgPFRpdekTPCv6WJacho=">AAACBXicbVA9SwNBEJ3zM8avqKUWi0HQJtzZaCMEFbSMYD4gCWFvs0mW7O0du3NiOAJi41+xsVDE1v9gJ/4OezcfhSY+GHi8N8PMPD+SwqDrfjozs3PzC4uppfTyyuraemZjs2TCWDNeZKEMdcWnhkuheBEFSl6JNKeBL3nZ754N/PIN10aE6hp7Ea8HtK1ESzCKVmpkdmrnXCIlF+SE1ITCRnLbJ2Ot3chk3Zw7BJkm3phk8wffX3cAUGhkPmrNkMUBV8gkNabquRHWE6pRMMn76VpseERZl7Z51VJFA27qyfCLPtmzSpO0Qm1LIRmqvycSGhjTC3zbGVDsmElvIP7nVWNsHdcToaIYuWKjRa1YEgzJIBLSFJozlD1LKNPC3kpYh2rK0AaXtiF4ky9Pk9JhznNz3pWXzZ/CCCnYhl3YBw+OIA+XUIAiMLiHR3iGF+fBeXJenbdR64wzntmCP3DefwA1VZoG</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="SMfmmlM89GCyiIx1sD1WQsb5gSE=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoOgTdi10UYIKmgZwTwgCcvsZDYZMju7zNwNhiWNCP6KjYUPbCz8BzvxO+ydPApNPHDhcM693HuPFwmuwbY/rdTM7Nz8Qnoxs7S8srqWXd8o6zBWlJVoKEJV9YhmgktWAg6CVSPFSOAJVvE6pwO/0mVK81BeQS9ijYC0JPc5JWAkN7tdP2MCCD7Hx7jOJbjJdR+PtZabzdl5ewg8TZwxyRX2v7+6z2+3RTf7UW+GNA6YBCqI1jXHjqCREAWcCtbP1GPNIkI7pMVqhkoSMN1Ihl/08a5RmtgPlSkJeKj+nkhIoHUv8ExnQKCtJ72B+J9Xi8E/aiRcRjEwSUeL/FhgCPEgEtzkilEQPUMIVdzcimmbKELBBJcxITiTL0+T8kHesfPOpZMrnKAR0mgL7aA95KBDVEAXqIhKiKIbdI8e0ZN1Zz1YL9brqDVljWc20R9Y7z/Bfpvu</latexit><latexit sha1_base64="KIwBO6SQAyznbilAQ/rSqx3w+9A=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRe9CIUFfRYwX5AE8Jmu2mXbjZhdyKW0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2FxaXlltbRWXt/Y3Nq2d3abOskUZQ2aiES1Q6KZ4JI1gINg7VQxEoeCtcLB5dhv3TOleSLvYJgyPyY9ySNOCRgpsA+8KyaA4Gt8jj0uIcgfRrjQeoFdcarOBHieuAWpoAL1wP7yugnNYiaBCqJ1x3VS8HOigFPBRmUv0ywldEB6rGOoJDHTfj75YoSPjNLFUaJMScAT9fdETmKth3FoOmMCfT3rjcX/vE4G0Zmfc5lmwCSdLooygSHB40hwlytGQQwNIVRxcyumfaIIBRNc2YTgzr48T5onVdepurdupXZRxFFC++gQHSMXnaIaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AYhBl00=</latexit>

Intrinsic quark spin:

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

g1(x) =
X

q

�
�q(x) +�q̄(x)

�

<latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit><latexit sha1_base64="z38UKMbH8N6QMefMiRgXgpiY0G8=">AAACJXicbVDNS8MwHE39nPOr6tFLcAgbwmhF0IPCUA8eJ7gPWEtJs3QLS9ouScVR9s948V/x4sEhgif/FdOtB918EHh57/1Ifs+PGZXKsr6MpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cZH7rkQhJo/BBjWLictQLaUAxUlryzMueZ8PyUwVeQUcm3EuHY+j4tFd2bglTCA4z7wTmN8dHQie0lmUqnlmyqtYUcJHYOSmBHHXPnDjdCCechAozJGXHtmLlpkgoihkZF51EkhjhAeqRjqYh4kS66XTLMTzWShcGkdAnVHCq/p5IEZdyxH2d5Ej15byXif95nUQFF25KwzhRJMSzh4KEQRXBrDLYpYJgxUaaICyo/ivEfSQQVrrYoi7Bnl95kTRPq7ZVte/PSrXrvI4COARHoAxscA5q4A7UQQNg8AxewTuYGC/Gm/FhfM6iS0Y+cwD+wPj+ASEJopo=</latexit>

e NN e: :

Intrinsic gluon spin:

Quark and gluon orbital 
angular momentum:

accessible 
through GPDs 

(but watch out for 
decomposition!)
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Spin structure function

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

~ 30%
huge 

uncertainties

1
2 = 1

2�⌃+�G+ Lq + Lg
<latexit sha1_base64="j/z5IK05I90jhmok1D+fl50DVX0="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="zHUJNmj9WkYnl2MONpFqABx87sE="></latexit><latexit sha1_base64="2c6YO0TiA+2uXczfRcIMwNd2qEM=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUCbd6EYoKujCRUX7gM4wZNJMG5p5mGSEMszvuPFX3Cgo6tYfMe3MorYeCDn3nHtJ7vFizqSyrC9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Q0vxn77kQrJovBejWLqBLgfMp8RrLTkmnXbF5ikKEtrGTyDU5V9SbnC9h3rBxgew7yEV5reuOlDlt/9zDUrVtWaAM4TVJAKKNBwzTe7F5EkoKEiHEvZRVasnBQLxQinWdlOJI0xGeI+7Woa4oBKJ51smsFDrfSgHwl9QgUn6vREigMpR4GnOwOsBnLWG4v/ed1E+adOysI4UTQk+UN+wqGK4Dg22GOCEsVHmmAimP4rJAOsw1I63LIOAc2uPE9atSqyqugWVernRRwlsA8OwBFA4ATUwTVogCYg4Am8gHfwYTwbr8an8Z23LhjFzB74A+PnF3ddpNo=</latexit>

??

Huge uncertainties on 
polarised gluon PDFs, 
L contribution 
unknown…
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EIC Kinematic reach: DIS
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Spin structure function

16

Access by measuring spin asymmetries in DIS, 
eg: A1(x) ⇡ g1(x)/F1(x)
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Semi-inclusive (detect a meson): access flavour 
information through convolution with Fragmentation 
Function:

Access gluon contribution through Q2-dependence

Inclusive



EIC impact on polarised PDFs

17
Study with ATHENA detector design

DSSV DSSV

JAM21

Very significant constraints on 
gluon PDFs from inclusive e-p 
measurements.



Saturation of gluon density

But somewhere it must saturate…

“…A small color charge in isolation builds up a big color thundercloud….”

 Runaway growth of glue at low-x:

F. Wilczek, in “Origin of Mass” 
Nobel Prize, 2004

rate of rate of

Courtesy of A. Deshpande

Recombination of gluons leads to 
saturation of gluon densities. Possible 
effective theory: Colour Glass Condensate.
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Can we reach saturation at EIC?
Saturation regime would be accessible at much 
lower energy in e-A collisions than e-p. You do not 
need a TeV collider!

saturation scale

A powerful signature is diffractive cross-sections:

DIS Diffractive 
Scattering

Saw ~10% diffractive events 
at HERA.

,γ

EIC White Paper, Eur. Phy. J. A 52, 9 (2016) 19
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saturation scale
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Incoming  

Courtesy of E. Aschenauer

Hadronisation

How does the nuclear environment affect 
the distributions of quarks and gluons 
and their interactions inside nuclei?  

 How does nuclear matter respond to fast 
moving color charge passing through it? 

Are there differences for light and heavy 
quarks?

EIC White Paper, Eur. Phy. J. A 52, 9 (2016) 21



• XYZ Spectroscopy, spectroscopy of mesons with charm quarks. 
• New XYZ states have unexpectedly narrow widths inconsistent with quark model predictions. 
• Low-Q2 tagger will enable fully exclusive reconstruction of photoproduction in part of the 

kinematics. 
• Resolution sufficient to separate states:

Derek Glazier (Glasgow) 22

XYZ Spectroscopy

• Search for exotics:

mesons with 
gluon excitation

hexaquarks, etc…



Charged currents in DIS
• Charged current DIS: test chiral structure of charged-current interactions: 

in SM, only left-handed electrons and right-handed positrons couple to W 
— SM predicts linear dependence on lepton beam polarisation.

• Can only reconstruct event kinematics using the Jacquet-
Blondel method, using final state hadrons:

Hadrons — photons follow very similar distribution.

e+p:  
18 x 275 GeV

23Nuc. Phys. A 1026, 122447 (2022) 



ep → νe π− p 

Suppression of photoproduction background 
and that from misidentified quasi-elastic 
scattering hinges on kinematic cuts: excellent 
tracking resolution crucial. 

Charged currents in semi-inclusive & exclusive
• Semi-inclusive charged current processes: jet-production for TMD extraction. 

• Hard exclusive meson production via charged currents: access to GPDs.

24



Detector configuration
 Very asymmetric beams

forwardbackward

η = − ln tan(θ/2) 
Hermetic detectors within 
a central solenoid

Very far-forward and 
far-backward 
instrumentation for 
lowest scattering 
angles.

25



Detector requirements
4π hermetic detector with low mass inner tracking.  
Central detector, including a solenoid magnet: acceptance in  −4 < η < 4, with full 
coverage in  |η| < 3.5. • Tracking and momentum measurement 

• Electron ID 
• Hadron ID 
• Jet energy measurement

Barrel detector (|η| < 1) + two disc end-caps (forward/hadron end-cap and 
backward/electron endcap).

Far-forward detectors:
Far from interaction point, very low angles.

Roman Pots inside the beam pipe, B0 tracker for 
larger angles, large acceptance Zero degree 
Calorimeter (ZDC) to detect neutrons (nuclear 
breakup / neutral decay products)

Far-backward detectors:
Low-Q2 tagger 
(tracker + calorimeter)

26



The ePIC detector
Electron-Proton and -Ion Collider detector 

hadron beamelectron beam

Tracking: New 1.7 T magnet (MARCO)
Light-weight Si tracking (65nm MAPS), micro-pattern gaseous detectors (MPGDs).

Particle ID (PID):
~30ps Si (AC-
LGAD) time-of-
flight; Cherenkov 
detectors: RICH, 
DIRC.

Calorimetry:
Range of EM 
and hadron 
calorimeters.

Result of the 
merging of 
ECCE and 
ATHENA 

collaborations.

The “project 
detector” to be 

constructed at IP 6

8.5 m

5.34 m

27



•5 barrel layers of Si: 2 vertex layers, 2 
sagitta layers, one multi-purpose. 

•5 Si endcap disks at each end.  

•MPGD barrel and forward layer outside 
the Si: to improve pattern recognition. 

•1 AC-LGAD ToF barrel layer and a hadron 
endcap disk.

• Si tracking: 65nm MAPS technology, 
based on ALICE ITS3 upgrade 
development. 

•MPGD: Cylindrical Micromegas, backup 
technology: μRWELL.

Current design:

Technologies:

ePIC Tracking

28
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ePIC Calorimetry

• Detection of photons, electron ID 

• Barrel: either imaging calorimeter (6 layers of Si sensors (AstroPix) + 5 SciFi/Pb layers, large 
section of SciFi/Pb) or Scintillating Glass (based on PANDA design, readout with SiPMs).

EM Calorimeter

Hadron Calorimeter

•  Charged hadrons, neutrons, KL0 

•  Fe/Sc sandwich: backward and barrel (outside solenoid). 

•  Fe/Sc and W/Sc: forward endcap. 

•  Forward endcap inset: Sci/ Fe+W sampling calorimeter. 

•Forward endcap: W/SciFi 
spacial 

•Backward endcap: PbWO4 
crystals

Imaging Calorimeter Scintillating Glass

W/SciFi
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Cerenkov and AC-LGAD ToF PID

•Forward endcap: dRICH (dual-RICH): aerogel + C2F6 gas 

•Backward endcap (both using aerogel):

•mRICH (modular RICH): compact, Fresnel lens 
focussing 

•pfRICH (proximity-focussing RICH): gas threshold-
based electron ID, requires expansion volume

•Barrel: hpDIRC (high-performance DIRC), fused-silica radiator, 3σ π/K separation up to ~6 GeV

•Barrel and Forward AC-LGAD ToF: 
improves tracking resolution when a 
hit in a Si layer is missing
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The Interaction Region @ IP6

Crossing angle 
for the beams: 
25 mrad.
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Far-backward detectors
Luminosity Monitors:

Low-Q2 Taggers:

•Two Tagger stations, in the primary vacuum (θe < 10 mrad)

•Each tagger: tracking layers (MAPS or AC-LGAD sensors, Timepix4 + i-LGAD)  

•Calorimeter: under consideration, possible technologies PbWO4, sampling W/SciFi, 
quartz fibres or W-Si.  

• Photoproduction signal, above region of Bremsstrahlung: 

Modification of the 
HERA II design:

•Use Bremsstrahlung 

•Accuracy of 1% or better than 10-4 precision on relative luminosity of different bunch 
crossings. 

•Direct photon detector (calorimeter) and a pair-spectrometer

10�3 < Q2 < 10�1
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Far-forward detectors

B0 tracking: ITS3 
or ITS2 MAPS (3 
layers) + AC-
LGADs (1 layer) 

B0 calorimetry

Roman Pots and Off-
Momentum detectors: 
AC-LGAD sensors

ZDC: modified ALICE FoCal design. HCAL for 
neutrons and EMCAL for photons. 
Acceptance: +4.5mrad, -5.5mrad.

Hadron beam-pipe 
and Roman Pots in 
cross-section

B0 acceptance: 4.6 < ⌘ < 5.9
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The EIC Users Group
1387 members, 271 Institutes, 36 Countries 
857 experimentalists, 355 theorists, 160 accelerator-physicists, 15 other 

www.eicug.org and growing…
35



• EIC for the moment is the only (imminent) facility to provide collisions of 
polarised ions and polarised electrons — expect first data in ~2032.

40

• EIC is the only facility to be built purely for the study of QCD!

• Wide CoM energy range, high luminosity, hermetic multi-purpose detectors, 
triggerless data acquisition, possibility of measurement of a range of 
processes in electro- and photoproduction.

• Possibilities of extracting gluon GPDs (gluon tomography, spin and pressure 
composition), accessing the trace anomaly for the composition of nucleon 
mass, probing gluon saturation, searching for exotics and much much more!

•First detector is ePIC — but a second detector is also intended!

Summary



Thank you! 

Any questions?



26Slide: Rolf Ent



Interpretations of the nucleon

Bag Model: Gluon field distribution is wider than 
the fast moving quarks. 
Gluon radius > Charge Radius

Constituent Quark Model: Gluons and sea quarks 
hide inside massive quarks. 
Gluon radius ~ Charge Radius 

Lattice Gauge theory (with slow moving quarks), 
gluons more concentrated inside the quarks: 
Gluon radius < Charge Radius

Need transverse images of the quarks 
and gluons in confinement: form factors 

What do spatial distributions tell us?

Courtesy of A. Deshpande



Runaway glue

 Nucleon probed at 
large Q2, low x.

 Nucleon probed at 
low Q2, high x.

 Nucleon probed at high energies, time dilation of strong interaction processes: 
gluons appear to live longer, emitting more and more gluons. Runaway growth! 
Runaway growth? 

 Gluons are charged under colour: can generate (and absorb) other gluons.

Courtesy of A. Deshpande
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Images of the nucleon
Wigner function:  

full phase space parton 
distribution of the nucleon

Transverse 
Momentum 

Distributions 
(TMDs)

∫ Tbd
2

 Semi-inclusive Deep Inelastic 
Scattering (SIDIS)

Sivers function: Alexei Prokudin, 2012 
(using M. Anselmino et al., J. Phys. Conf. Ser. 295, 012062 (2011)) 8



Wigner function:  
full phase space parton 

distribution of the nucleon

∫ Tbd
2

∫ Tkd
2

Parton Distribution
Functions (PDFs)

Transverse 
Momentum 

Distributions 
(TMDs)

 Deep Inelastic 
Scattering (DIS)

Images of the nucleon

9



Wigner function:  
full phase space parton 

distribution of the nucleon

Generalised Parton 
Distributions (GPDs)

• relate, in the infinite momentum 
frame, transverse position of partons 
(b┴) to longitudinal momentum (x).

∫ Tkd
2

 Deep exclusive reactions, e.g.: Deeply Virtual Compton Scattering, 
Deeply Virtual Meson production. 

Images of the nucleon

10



Wigner function:  
full phase space parton 

distribution of the nucleon

Generalised Parton 
Distributions (GPDs)

∫ Tkd
2

∫ dx

Form Factors
eg: GE, GM

proton neutron

Fourier Transform of electric Form 
Factor: transverse charge density of a 

nucleon

C. Carlson, M. Vanderhaeghen 
PRL 100, 032004 (2008)

Images of the nucleon

Elastic scattering 11



M. Diehl

Formally, the radial separation, b, 
between the struck parton and the 
centre of momentum of the remaining 
spectators.

At a fixed Q2, xB  and ξ=0 
slope of GPD with t is related, 
via a Fourier Transform, to the 
transverse spatial distribution. 

 Experimentally, look for the t-dependence of structure functions (from meson-
production) or Compton Form Factors (from DVCS/TCS).

22

Nucleon Tomography from GPDs



Spin and pressure in the nucleon

gqqN JLJ ++== Σ
2
1

2
1

• GPDs also provide indirect access to mechanical properties of the nucleon 
(encoded in the gravitational form factors, GFFs, of the energy-momentum tensor).

• Three scalar GFFs, functions of t: encode pressure and shear forces (d1(t)), mass 
(M2(t)) and angular momentum distributions (J(t)). 

• Can be related to GPDs via sum rules: 

X. D. Ji, PRD 55, 7114-7125 (1997)
M. Polyakov, PLB 555, 57-62 (2016)

(Ji’s relation)

• d1(t) (D-term) “last unknown global property of the nucleon” —  can be accessed 
via the Re and Im H: 

Dispersion relation:

Assuming double-distribution parametrisation: 23



Trace anomaly

24

 Composition of proton mass: 

At low energy:

Assuming Vector Dominance Model:

quark energy,  
gluon energy,  
quark mass and  
trace anomaly:

EPJC 80 (6) (2020) 507

ECCE ECCE

nucleon energy in charmonium rest-frame



Gluon spin and OAM: 
measurements of DIS and 
polarised proton collisions 
indicate gluon spin 
contribution is very small, 
although in a different 
decomposition. 

Quark spin: extracted from 
helicity distributions measured 
in polarised DIS.

The Nucleon Spin Puzzle

✴ 1980’s: European Muon Collaboration (EMC) measures contribution of 
valence quarks to proton spin to be ~ 30 %. Subsequent deep inelastic 
scattering (DIS) experiments confirm. 

✴ What contributes to nucleon spin?

Quark orbital angular momentum (OAM): can be 
accessed, in Ji’s decomposition, via GPDs, which 
contain information on total angular momentum, Jq.

Where is the rest?

In Ji’s decomposition of 
nucleon spin, the gluon spin 
and OAM terms cannot be 
separated. 

Caveat:

gqqN JLJ ++== Σ
2
1

2
1

19



The puzzle of nucleon spin

 Gluons carry a sizeable fraction of nucleon momentum and give rise to 
transverse momentum of quarks. What is their contribution to nucleon 
spin? How do sea quarks contribute? 

 3D imaging of hadrons across 
the widest range of scales.

17



g1 -

Gluon spin
 DIS and SIDIS will 
contribute extremely 
precise measurements 
of the helicity 
distributions of sea-
quarks and gluons. 

D. de Florian, R. Sassot, M. Stratmann, W. Vogelsang,  
Phys. Rev. D 80, 034030 (2009).DSSV:
arXiv:1112.0904 [hep-ph] DSSV+:

E. Aschenauer et al.,  
Phys. Rev. D 86, 054020 (2012)

x x x

sea-quarkssea-quarks gluons

DSSV+



Recoil protons in ep
The impact parameter information in many exclusive processes is encoded in t, via a 
Fourier Transform. Require accurate measurement of t from as close to zero as 
possible and across a wide range in ep and e(light-A) collisions.

Scattered protons / light ions detected in Roman Pots (for the lowest values of t) and 
in the B0 spectrometers (for higher values). Eg: recoil in Timelike Compton Scattering:

t = (p0 � p)2
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ATHENA ATHENA

Note: produced particle collinear, carries off most longitudinal momentum. So almost 
all t corresponds to a transverse kick of the proton / ion. 



Quarkonium production

17

• Sensitivity to 3D gluon distributions (via Generalised Parton Distributions)

• Information on colour correlations 
• Quarkonium-proton scattering lengths  
• May act as a saturation probe (in eA) 
• Photoproduction: sensitivity to gravitational form-factor? Perhaps not directly:  
                                       PRD 101 (11) (2020)114004,  PRD 103 096010 (2021),  PLB 822:10(2021), 136655

Near-threshold production in particular:

• Sensitivity to the composition of proton 
mass via the trace anomaly. 

•Measurement requires good mass resolution 
(< 100 MeV) to separate Upsilon states.ATHENA

ATHENA

Yuangjing Ji, Spencer Klein (LBNL)



At-threshold Upsilon photo-production

18Yuangjing Ji, Spencer Klein (LBNL)

ATHENA ATHENA

• Good t resolution.  
• Good PID and momentum resolution to reject 

continuum (background suppression). 
• Good rapidity coverage to reject events with 

other particles in final state.

Detector requirements:

•Upsilon near-threshold production is little-known, twist-4 effects contribute significantly.



J/Psi production

N. Santiesteban

•Excellent acceptance coverage for J/Psi decay leptons

•Multi-dimensional binning possible

19



Coherent VM production in eA
•Gluon distributions in nuclei and a probe of gluon 

saturation.

• Detector challenge: reconstruct t from leptons and mesons, 
not from nuclei (these escape undetected): resolution is 
crucial to identify t minima.

• Incoherent backgrounds dominate greatly at anything other 
than the lowest t:

25

EIC White Paper

EIC White Paper



Incoherent backgrounds in eA
•Suppression of incoherent background by vetoing nuclear break-up in Far-Forward detectors:

26

Incoherent backgrounds:



Coherent production of φ in eAu

Kong Tu (BNL)

27

•First simulations out of ePIC, on φ in eAu. Gradual improvements in the reconstruction: 
these are only the first steps!

Similar challenges for 
J/Ψ and Upsilon…



Inside a new 3T 
magnet

ATHENA:  
A Totally Hermetic Electron Nucleus Apparatus

https://sites.temple.edu/eicatip6/ 6



ECCE: EIC Comprehensive 
Chromodynamics Experiment

https://www.ecce-eic.org

Reusing the 1.4T 
BaBaR solenoid 

magnet

7



Hadron storage ring (HSR): 41-275 GeV 
(based on RHIC) 

• up to 1160 bunches, 1A beam current (3x RHIC) 
• bright vertical beam emittance (1.5 nm) 
• strong cooling (coherent electron cooling, ERL)

Electron storage ring (ESR): 2.5–18 GeV (new)
• up to 1160 bunches 
• high polarization by continual reinjection from RCS 
• large beam current (2.5 A) ! 9 MW SR power
• superconducting RF cavities

Rapid cycling synchrotron (RCS): 0.4-18 GeV (new)

• 2 bunches at 1 Hz; spin transparent due to high periodicity

High luminosity interaction region(s) (new)
• L = 1034 cm-2s-1 

• superconducting magnets

EIC accelerator

• 25 mrad crossing angle with crab cavities 
• spin rotators (produce longitudinal spin at IP)

8



EIC in the making
✦ 2007 Nuclear Physics Long Range Plan “The EIC is embodying the vision of reaching 

the next QCD frontier”

✦ 2015 Nuclear Physics Long Range Plan “high-energy, high-luminosity polarised EIC 
as the highest priority for new facility construction following completion of FRIB”

✦ 2017-18 National Academies of Science (NAS) Review: “the science questions that 
an [EIC] would answer are central to completing our understanding of atomic nuclei… 
An EIC can uniquely address three profound questions about nucleons … and how 
they are assembled to form the nuclei of atoms”

✦ 2011: US DOE starts to fund generic R&D (eRD programme)

✦ 2012: EIC White Paper

✦ 2016: Users Group acquires formal charter / elected board of representatives 
(eicug.org)

6

http://eicug.org


EIC in the making

 

✦ 2018: “Probing Nucleons and Nuclei in High Energy 
Collisions”: 7-week workshop programme at INT, Seattle. 
https://arxiv.org/abs/2002.12333

✦ 2019: DOE Independent Cost review Exercise, DOE-led 
meetings with international funding agencies / 
government representatives.

✦ Dec 2019: CD0 (Critical Decision 0) status granted by US DoE: establishes “mission 
need” & formal launch of project.  Funding envelope: $1.6 - $2.6 billion.

7

✦ 2020: EIC Yellow Report

✦ June 2021: CD1 status granted by DOE: “approve alternative selection and cost range”

✦ 2021: Development of detector proposals: ATHENA, ECCE, CORE

✦ 2022: Formation of the ePIC Collaboration, design of the “project detector” (detector 1).

✦ 2021: Conceptual Design Report 

✦ 2020: Expressions of Interest from the international community

https://arxiv.org/abs/2002.12333
https://arxiv.org/abs/2002.12333
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GeV2

GeV2

Nucleon tomography

Eur. Phys. J C79, 614 (2019)

Ongoing imaging efforts on available world-data in exclusive 
channels with sensitivity to Generalised Parton Distributions, 
strongest constraints in the valence region.

Eur. Phys. J A 53, (2017) 171

Transverse distributions of up-quarks 
carrying different momentum fractions x 16
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PARTONS

t = �0.3
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<latexit sha1_base64="BXnkV34PsEEBOHcxAJSS0zVAVWk=">AAAB7nicbZC7SgNBFIbPxluMt6ilFoNBsAq7abQRgjaWCZhESNYwOzmbDJmdXWZmhbDkIWwsFLH1EXwOOzsfxcml0MQfBj7+/xzmnBMkgmvjul9ObmV1bX0jv1nY2t7Z3SvuHzR1nCqGDRaLWN0FVKPgEhuGG4F3iUIaBQJbwfB6krceUGkey1szStCPaF/ykDNqrNWq31fIJal0iyW37E5FlsGbQ6l6/FH/BoBat/jZ6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7ZFSSPUfjYdd0xOrdMjYazsk4ZM3d8dGY20HkWBrYyoGejFbGL+l7VTE174GZdJalCy2UdhKoiJyWR30uMKmREjC5QpbmclbEAVZcZeqGCP4C2uvAzNStlzy17dK1WvYKY8HMEJnIEH51CFG6hBAxgM4RGe4cVJnCfn1Xmbleacec8h/JHz/gOAxJCS</latexit><latexit sha1_base64="DF8OaSsrTU0xc6dLy5EExZ/kY7I=">AAAB7nicbZDLSgMxFIbP1Futt6pLRYJFcFVmutGNUHTjsgV7gXYsmTTThiaZIckIZejSB3DjQhG3PkKfw53P4EuYXhba+kPg4//PIeecIOZMG9f9cjIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwuJnkjQeqNIvknRnG1Be4J1nICDbWalTvS+gKlTr5glt0p0LL4M2hUD4eV78fT8aVTv6z3Y1IIqg0hGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZlFhQ7afTcUfozDpdFEbKPmnQ1P3dkWKh9VAEtlJg09eL2cT8L2slJrz0UybjxFBJZh+FCUcmQpPdUZcpSgwfWsBEMTsrIn2sMDH2Qjl7BG9x5WWol4qeW/SqXqF8DTNl4QhO4Rw8uIAy3EIFakBgAE/wAq9O7Dw7b877rDTjzHsO4Y+cjx9fCZH4</latexit><latexit sha1_base64="DF8OaSsrTU0xc6dLy5EExZ/kY7I=">AAAB7nicbZDLSgMxFIbP1Futt6pLRYJFcFVmutGNUHTjsgV7gXYsmTTThiaZIckIZejSB3DjQhG3PkKfw53P4EuYXhba+kPg4//PIeecIOZMG9f9cjIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwuJnkjQeqNIvknRnG1Be4J1nICDbWalTvS+gKlTr5glt0p0LL4M2hUD4eV78fT8aVTv6z3Y1IIqg0hGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZlFhQ7afTcUfozDpdFEbKPmnQ1P3dkWKh9VAEtlJg09eL2cT8L2slJrz0UybjxFBJZh+FCUcmQpPdUZcpSgwfWsBEMTsrIn2sMDH2Qjl7BG9x5WWol4qeW/SqXqF8DTNl4QhO4Rw8uIAy3EIFakBgAE/wAq9O7Dw7b877rDTjzHsO4Y+cjx9fCZH4</latexit><latexit sha1_base64="MgV1Erw/gChUPr9xaEcVKUj8aY4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaCMEbSwTMB+QnGFvs5cs2ds7dueEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCyd3c7zxxbUSsHnCacD+iIyVCwShaqdN8rJEbUhuUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuG1nwmVpMgVWy4KU0kwJvPfyVBozlBOLaFMC3srYWOqKUObUMmG4K2+vE7atarnVr2mV6nf5nEU4QzO4RI8uII63EMDWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9wyo5N</latexit>

GeV2

GeV2

Nucleon tomography

Eur. Phys. J C79, 614 (2019)

Ongoing imaging efforts on available world-data in exclusive 
channels with sensitivity to Generalised Parton Distributions, 
strongest constraints in the valence region.

No uncertainties shown!

Eur. Phys. J A 53, (2017) 171

Transverse distributions of up-quarks 
carrying different momentum fractions x

Artists impression of transverse 
quark distributions at different x
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�uval
<latexit sha1_base64="CeL0woZcI9jzgeVyVgMan0StmPk=">AAAB9XicdVDJSgNBEK1xjXGLCl68NAbB0zATzXYL6sFjAmaBZIw9nU7SpGehuycShvyHFw+KePVfvHnxW+xkFFT0QcHjvSqq6rkhZ1JZ1puxsLi0vLKaWkuvb2xubWd2dhsyiAShdRLwQLRcLClnPq0rpjhthYJiz+W06Y7OZ35zTIVkgX+lJiF1PDzwWZ8RrLR03bmgXGEUdeMx5tNuJmuZ5YJdyueQJsWTYtlKSP60gGzTmiNb2a+93wBAtZt57fQCEnnUV4RjKdu2FSonxkIxwuk03YkkDTEZ4QFta+pjj0onnl89RUda6aF+IHT5Cs3V7xMx9qSceK7u9LAayt/eTPzLa0eqX3Ji5oeRoj5JFvUjjlSAZhGgHhOUKD7RBBPB9K2IDLHAROmg0jqEr0/R/6SRM23LtGt2tnIGCVJwAIdwDDYUoQKXUIU6EBBwBw/waNwa98aT8Zy0LhifM3vwA8bLB5ZxlME=</latexit><latexit sha1_base64="xVSqNu4Lw54EqO7Qy2OIJU9dkzQ=">AAAB9XicdVDLSsNAFJ34rPVVFdy4GSyCq5BU+9qV6sJlC/YBbSyT6aQdOpmEmUmlhP6HGxeKuBN/wi9w58ZvcdooqOiBC4dz7uXee9yQUaks681YWFxaXllNraXXNza3tjM7u00ZRAKTBg5YINoukoRRThqKKkbaoSDIdxlpuaOzmd8aEyFpwC/VJCSOjwacehQjpaWr7jlhCsGoF48Rm/YyWcssF+xSPgc1KZ4Uy1ZC8qcFaJvWHNnKfv2dPlVfar3Ma7cf4MgnXGGGpOzYVqicGAlFMSPTdDeSJER4hAakoylHPpFOPL96Co+00odeIHRxBefq94kY+VJOfFd3+kgN5W9vJv7ldSLllZyY8jBShONkkRcxqAI4iwD2qSBYsYkmCAuqb4V4iATCSgeV1iF8fQr/J82caVumXbezlSpIkAIH4BAcAxsUQQVcgBpoAAwEuAF34N64Nm6NB+MxaV0wPmf2wA8Yzx/nspZ9</latexit><latexit sha1_base64="xVSqNu4Lw54EqO7Qy2OIJU9dkzQ=">AAAB9XicdVDLSsNAFJ34rPVVFdy4GSyCq5BU+9qV6sJlC/YBbSyT6aQdOpmEmUmlhP6HGxeKuBN/wi9w58ZvcdooqOiBC4dz7uXee9yQUaks681YWFxaXllNraXXNza3tjM7u00ZRAKTBg5YINoukoRRThqKKkbaoSDIdxlpuaOzmd8aEyFpwC/VJCSOjwacehQjpaWr7jlhCsGoF48Rm/YyWcssF+xSPgc1KZ4Uy1ZC8qcFaJvWHNnKfv2dPlVfar3Ma7cf4MgnXGGGpOzYVqicGAlFMSPTdDeSJER4hAakoylHPpFOPL96Co+00odeIHRxBefq94kY+VJOfFd3+kgN5W9vJv7ldSLllZyY8jBShONkkRcxqAI4iwD2qSBYsYkmCAuqb4V4iATCSgeV1iF8fQr/J82caVumXbezlSpIkAIH4BAcAxsUQQVcgBpoAAwEuAF34N64Nm6NB+MxaV0wPmf2wA8Yzx/nspZ9</latexit><latexit sha1_base64="GN/K4OJ1nBtyAtLpf3kAC3MhQHM=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Gmai2W5BPXiMYBZIxtDT6SRNenqG7ppIGPIfXjwo4tV/8ebf2FkEFX1Q8Hiviqp6fiS4Bsf5sFIrq2vrG+nNzNb2zu5edv+gocNYUVanoQhVyyeaCS5ZHTgI1ooUI4EvWNMfXc785pgpzUN5C5OIeQEZSN7nlICR7jpXTADBcTcZEzHtZnOOXSm65UIeG1I6K1WcBSmcF7FrO3Pk0BK1bva90wtpHDAJVBCt264TgZcQBZwKNs10Ys0iQkdkwNqGShIw7SXzq6f4xCg93A+VKQl4rn6fSEig9STwTWdAYKh/ezPxL68dQ7/sJVxGMTBJF4v6scAQ4lkEuMcVoyAmhhCquLkV0yFRhIIJKmNC+PoU/08aedt1bPfGzVUvlnGk0RE6RqfIRSVURdeohuqIIoUe0BN6tu6tR+vFel20pqzlzCH6AevtEwfZktw=</latexit>

PARTONS

t = �0.3
<latexit sha1_base64="OkrCW79lZMseF6TvpRWnKLGyyRE=">AAAB73icbZDLSgMxFIbPeG3rrerSTbAIbhxmdKEboejGZQV7gXaomTTThmYyY3JGKKUv4UZEEbe+jjvfxvSy0NYfAh//fw4554SpFAY979tZWl5ZXVvP5Qsbm1vbO8XdvZpJMs14lSUy0Y2QGi6F4lUUKHkj1ZzGoeT1sH89zuuPXBuRqDscpDyIaVeJSDCK1moguSQnnnvWLpY815uILII/g1I5n77cA0ClXfxqdRKWxVwhk9SYpu+lGAypRsEkHxVameEpZX3a5U2LisbcBMPJvCNyZJ0OiRJtn0IycX93DGlszCAObWVMsWfms7H5X9bMMLoIhkKlGXLFph9FmSSYkPHypCM0ZygHFijTws5KWI9qytCeqGCP4M+vvAi1U9f3XP/WL5WvYKocHMAhHIMP51CGG6hAFRhIeIJXeHMenGfn3fmYli45s559+CPn8wcP25Ao</latexit><latexit sha1_base64="PF1kq+z/duywg9Qhw3WwW6DIk3g=">AAAB73icbZDJSgNBEIZr4pbELerRS2MQvDjM6EEvQtCLxwhmwWQIPZ2epEnPYneNGEJewouIIl49+S7efBrtLAdN/KHh4/+r6KryEyk0Os6XlVlYXFpeyebyq2vrG5uFre2qjlPFeIXFMlZ1n2ouRcQrKFDyeqI4DX3Ja37vYpTX7rjSIo6usZ9wL6SdSASCUTRWHckZOXTs41ah6NjOWGQe3CkUS7nk6ebj/rvcKnw22zFLQx4hk1Trhusk6A2oQsEkH+abqeYJZT3a4Q2DEQ259gbjeYdk3zhtEsTKvAjJ2P3dMaCh1v3QN5Uhxa6ezUbmf1kjxeDUG4goSZFHbPJRkEqCMRktT9pCcYayb4AyJcyshHWpogzNifLmCO7syvNQPbJdx3av3GLpHCbKwi7swQG4cAIluIQyVICBhAd4hhfr1nq0Xq23SWnGmvbswB9Z7z/mXZJI</latexit><latexit sha1_base64="PF1kq+z/duywg9Qhw3WwW6DIk3g=">AAAB73icbZDJSgNBEIZr4pbELerRS2MQvDjM6EEvQtCLxwhmwWQIPZ2epEnPYneNGEJewouIIl49+S7efBrtLAdN/KHh4/+r6KryEyk0Os6XlVlYXFpeyebyq2vrG5uFre2qjlPFeIXFMlZ1n2ouRcQrKFDyeqI4DX3Ja37vYpTX7rjSIo6usZ9wL6SdSASCUTRWHckZOXTs41ah6NjOWGQe3CkUS7nk6ebj/rvcKnw22zFLQx4hk1Trhusk6A2oQsEkH+abqeYJZT3a4Q2DEQ259gbjeYdk3zhtEsTKvAjJ2P3dMaCh1v3QN5Uhxa6ezUbmf1kjxeDUG4goSZFHbPJRkEqCMRktT9pCcYayb4AyJcyshHWpogzNifLmCO7syvNQPbJdx3av3GLpHCbKwi7swQG4cAIluIQyVICBhAd4hhfr1nq0Xq23SWnGmvbswB9Z7z/mXZJI</latexit><latexit sha1_base64="rNhhEF7o2h2P7ZjATNxXzXEjuaA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgY7jTQhshaGMZwXxAcoS9zV6yZG/v3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrdTv/XEtRGxesBxwv2IDpQIBaNopTaSa3LmVi965YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fze6dkBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J45WdCJSlyxeaLwlQSjMn0edIXmjOUY0so08LeStiQasrQRlSyIXiLLy+T5nnVc6vevVep3eRxFOEIjuEUPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucPxeqOdg==</latexit>

Q2 = 2
<latexit sha1_base64="BXnkV34PsEEBOHcxAJSS0zVAVWk=">AAAB7nicbZC7SgNBFIbPxluMt6ilFoNBsAq7abQRgjaWCZhESNYwOzmbDJmdXWZmhbDkIWwsFLH1EXwOOzsfxcml0MQfBj7+/xzmnBMkgmvjul9ObmV1bX0jv1nY2t7Z3SvuHzR1nCqGDRaLWN0FVKPgEhuGG4F3iUIaBQJbwfB6krceUGkey1szStCPaF/ykDNqrNWq31fIJal0iyW37E5FlsGbQ6l6/FH/BoBat/jZ6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7ZFSSPUfjYdd0xOrdMjYazsk4ZM3d8dGY20HkWBrYyoGejFbGL+l7VTE174GZdJalCy2UdhKoiJyWR30uMKmREjC5QpbmclbEAVZcZeqGCP4C2uvAzNStlzy17dK1WvYKY8HMEJnIEH51CFG6hBAxgM4RGe4cVJnCfn1Xmbleacec8h/JHz/gOAxJCS</latexit><latexit sha1_base64="DF8OaSsrTU0xc6dLy5EExZ/kY7I=">AAAB7nicbZDLSgMxFIbP1Futt6pLRYJFcFVmutGNUHTjsgV7gXYsmTTThiaZIckIZejSB3DjQhG3PkKfw53P4EuYXhba+kPg4//PIeecIOZMG9f9cjIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwuJnkjQeqNIvknRnG1Be4J1nICDbWalTvS+gKlTr5glt0p0LL4M2hUD4eV78fT8aVTv6z3Y1IIqg0hGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZlFhQ7afTcUfozDpdFEbKPmnQ1P3dkWKh9VAEtlJg09eL2cT8L2slJrz0UybjxFBJZh+FCUcmQpPdUZcpSgwfWsBEMTsrIn2sMDH2Qjl7BG9x5WWol4qeW/SqXqF8DTNl4QhO4Rw8uIAy3EIFakBgAE/wAq9O7Dw7b877rDTjzHsO4Y+cjx9fCZH4</latexit><latexit sha1_base64="DF8OaSsrTU0xc6dLy5EExZ/kY7I=">AAAB7nicbZDLSgMxFIbP1Futt6pLRYJFcFVmutGNUHTjsgV7gXYsmTTThiaZIckIZejSB3DjQhG3PkKfw53P4EuYXhba+kPg4//PIeecIOZMG9f9cjIrq2vrG9nN3Nb2zu5efv+grqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwuJnkjQeqNIvknRnG1Be4J1nICDbWalTvS+gKlTr5glt0p0LL4M2hUD4eV78fT8aVTv6z3Y1IIqg0hGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZlFhQ7afTcUfozDpdFEbKPmnQ1P3dkWKh9VAEtlJg09eL2cT8L2slJrz0UybjxFBJZh+FCUcmQpPdUZcpSgwfWsBEMTsrIn2sMDH2Qjl7BG9x5WWol4qeW/SqXqF8DTNl4QhO4Rw8uIAy3EIFakBgAE/wAq9O7Dw7b877rDTjzHsO4Y+cjx9fCZH4</latexit><latexit sha1_base64="MgV1Erw/gChUPr9xaEcVKUj8aY4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaCMEbSwTMB+QnGFvs5cs2ds7dueEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCyd3c7zxxbUSsHnCacD+iIyVCwShaqdN8rJEbUhuUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuG1nwmVpMgVWy4KU0kwJvPfyVBozlBOLaFMC3srYWOqKUObUMmG4K2+vE7atarnVr2mV6nf5nEU4QzO4RI8uII63EMDWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9wyo5N</latexit>

GeV2

GeV2

Nucleon tomography

Eur. Phys. J C79, 614 (2019)

Ongoing imaging efforts on available world-data in exclusive 
channels with sensitivity to Generalised Parton Distributions, 
strongest constraints in the valence region.

No uncertainties shown!

Eur. Phys. J A 53, (2017) 171

Transverse distributions of up-quarks 
carrying different momentum fractions x

Pressure distribution 
at different radii 

within the proton
Artists impression of transverse 
quark distributions at different x

Possibility of accessing 
distributions of pressure 
and shear forces in the 
nucleon.

Nature 557, 396 (2018) Images are strongly 
model-dependent: need 

measurements across a full 
range of x to fully map the 

3D nucleon structure.
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