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Transverse Momentum-
Dependent distributions 
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Parton Distribution 
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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)



Generalised Parton Distributions
• 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. 
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 Ji’s relation:

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

 Combine with TMDs to access spin-
orbit correlations of quarks and gluons, 
study non-perturbative interactions of 
partons.
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 Observables are parametrised in terms of 
Compton Form Factors (CFFs): complex 
functions where Re parts are integrals of GPDs 
over x and Im parts are GPDs at 

Deeply Virtual Compton scattering
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 At high exchanged Q2  and low t sensitivity to 
four parton helicity-conserving, chiral-even 
GPDs: 

BHDVCSDVCSBHBHDVCS TTTTTTd **22
+++∝      σ

 Experimentally, measure DVCS,  Bethe-
Heitler and their interference:

x = ±⇠
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factorisation:

“Handbag” diagram
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Experimental access to GPDs
Accessible via CFFs and structure functions in exclusive processes (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
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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: e, p, d/3He 
✓ e beam 5 - 18 GeV 
✓ Luminosity Lep ~ 1033-34 cm-2s-1 

✓ 30 - 140 GeV variable CoM  

Brookhaven National Lab selected as the site

arXiv:1409.1633

Dedicated studies of EIC physics and design:
EIC White Paper, Eur. Phy. J. A 52, 9 (2016) 
EIC Yellow Report, Nuc. Phys. A 1026, 122447 (2022) 

Three detector 
proposals:

ATHENA,  
CORE and  
ECCE

Merged to form the new ”Detector 1” 
collaboration: ePIC

6

EIC: talk by 
Silvia dalla 
Torre (Mon)

http://arxiv.org/abs/1504.07961


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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EIC kinematic reach: DVCS

https://arxiv.org/abs/2103.05419

Q2 = �(k� k0)2
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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.

8



9

The          detector
Electron-Proton and -Ion Collider detector 

Result of the merging 
of ECCE and ATHENA 
collaborations.

1.7 T

electron beamhadron beam

EIC: talk by 
Silvia dalla 
Torre (Mon)



Far-forward and -backward detectors
Far-forward detectors: Far from interaction point, very low angles.
Roman Pots inside the beam pipe, Off-Momentum Detector (OMD) for nuclear break-up 
and B0 tracker for larger angles, large acceptance Zero degree Calorimeter (ZDC) to 
detect neutrons (nuclear breakup / neutral decay products).

Far-backward detectors 
(not shown):
Low-Q2 tagger,

10
luminosity monitor

Exclusive @ EIC: 
talk by Alex 

Jentsch (Wed)



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).

Hadron beam-pipe and 
Roman Pots in cross-section

B0 spectrometer configurationEIC Yellow Report
t = (p0 � p)2
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Recoil protons in ep
Scattered protons detected in Roman Pots (for the lowest values of t) 
and in the B0 spectrometers (for higher values).

Dip in t-distribution is due to a gap 
between Roman Pots and B0 tracker: 
intrinsic to interaction region (IR). Gap 
position depends on proton beam-energy.

TCS 
18x275 GeV

gen. 
rec.

DVCS

ATHENA

Plots: Kong Tu (BNL), D. S. 12

Light ions bend less and the t-distribution 
drops faster: detection entirely in the 
Roman Pots.

Can study coherent DVCS on He-4: spin-0, 
so coherent amplitude parametrised by 
one GPD. Also deuteron (but spin-1, too 
many GPDs!)



Coherent DVCS at the EIC

Multi-dimensional binning: strong constraints on extraction of Compton Form Factors.

13Plots: I. Korover (MIT)

• DVCS on the proton:

Detection of electron 
and photon in the 
central detector 



DVCS in ed
•Enables measurement on neutron in deuterium: quark-flavour separation of GPDs, sensitivity to 

other Compton Form Factors (eg: Im E in DVCS beam-spin asymmetry on neutron vs Im H in BSA 
on proton).

•Both the spectator proton and the scattered neutron tagged in the measurement. 

•Spectator proton is used to determine initial neutron momentum, to enable reconstruction of t:

•Scattered neutron tagged in ZDC: loss of t-acceptance at high t is due to limitations of ZDC 
acceptance. Can obtain better t acceptance from electron - photon. 

Plots: Kong Tu (BNL)

14



Imaging light nuclei
Coherent DVCS on light nuclei requires their intact detection and provides access to nuclear 
GPDs: imaging of partons in a nuclear medium.  

Deuteron: spin-1. Many more GPDs at leading twist — theoretically well-described, 
experimentally almost untested. Challenge to detect d at low-t: use veto of deuteron breakup.

3He: spin-1/2. DVCS amplitude has same GPD decomposition as for nucleon, binding energy 
larger than for deuteron — ideal to look for onset of nuclear effects.  
Polarised neutron — possibility for completely new studies.

4He: spin-0. Only one leading-twist GPD! Fully bound 
nucleus — access to medium-modification effects. 
Studies with TOPEG generator (G. Penman, Glasgow)

Incoherent DVCS (or meson-production): scatter 
from the nucleon, tag the process by detecting 
the spectator recoil        access to measurements 
on a quasi-free neutron. 

15

K. Tu, A. Jentsch
Flavour-decomposition, sensitivity to different GPDs… 



TCS e+e-

generated

generated

TCS-produced virtual photon decays into e+e- pairs at mid-rapidity: need excellent acceptance in 
central region (barrel + end-caps), as scattered electron will in general be reconstructed though 
missing mass and momentum (low-Q2 tagger can provide direct detection only in a part of the 
phase space). Also need excellent PID to suppress π+π- background.  

16

ATHENA

ATHENA

ATHENA

ATHENA



TCS (+ BH + Int) e+e-: observables
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�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

N
<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit> N 0

<latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit>

l+
<latexit sha1_base64="QxC7y7qYUGCpzWmIxYhh6CoXV9E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSvXg865UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3pu1bu7qNSu8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPuvI2N</latexit><latexit sha1_base64="QxC7y7qYUGCpzWmIxYhh6CoXV9E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSvXg865UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3pu1bu7qNSu8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPuvI2N</latexit><latexit sha1_base64="QxC7y7qYUGCpzWmIxYhh6CoXV9E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSvXg865UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3pu1bu7qNSu8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPuvI2N</latexit><latexit sha1_base64="QxC7y7qYUGCpzWmIxYhh6CoXV9E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSvXg865UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3pu1bu7qNSu8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPuvI2N</latexit>

l�
<latexit sha1_base64="oQNbFGxKzUrw1l0TLoEn7kqrHvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpXjye9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHxxI2P</latexit><latexit sha1_base64="oQNbFGxKzUrw1l0TLoEn7kqrHvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpXjye9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHxxI2P</latexit><latexit sha1_base64="oQNbFGxKzUrw1l0TLoEn7kqrHvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpXjye9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHxxI2P</latexit><latexit sha1_base64="oQNbFGxKzUrw1l0TLoEn7kqrHvI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpXjye9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHxxI2P</latexit>

N 0
<latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit><latexit sha1_base64="b+LOVME6BtCbxPGsfJCWbhsSL48=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7vTXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs3zqudWvfuLSu06j6MIR3AMZ+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAG7o0D</latexit>

N
<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit>

�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

+

TCS Bethe-Heitler (BH)

Plots: Kayleigh Gates (Glasgow), D.S.

 Pure TCS cross-section is dominated by a factor 
of ~100 by Bethe-Heitler (BH): extract TCS signal 
from the BH-TCS interference.  

 Sensitivity to Interference term in single-spin 
asymmetries: beam-spin (BSA), target-spin.
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 Studied with the EpIC generator using the 
PARTONS framework.



GPDs through meson-production
 Hard exclusive electro-production of vector mesons 
gives access to gluon GPDs, particularly 

   clean in heavy mesons: J/ 
<latexit sha1_base64="Bpq+ZfDBlx0h0czhYiGxGH+2Goc=">AAAB7XicbZDLSgMxFIbP1Futt6pLN6FFEIQ640aXRTfiagR7gc5QMmmmjc0kQ5IRytB3cONCEXHn+7jzbUwvC239IfDx/+eQc06UcqaN6347hZXVtfWN4mZpa3tnd6+8f9DUMlOENojkUrUjrClngjYMM5y2U0VxEnHaiobXk7z1SJVmUtybUUrDBPcFixnBxlrN27PA16xbrro1dyq0DN4cqvVKcPoBAH63/BX0JMkSKgzhWOuO56YmzLEyjHA6LgWZpikmQ9ynHYsCJ1SH+XTaMTq2Tg/FUtknDJq6vztynGg9SiJbmWAz0IvZxPwv62QmvgxzJtLMUEFmH8UZR0aiyeqoxxQlho8sYKKYnRWRAVaYGHugkj2Ct7jyMjTPa55b8+68av0KZirCEVTgBDy4gDrcgA8NIPAAT/ACr450np03531WWnDmPYfwR87nDwiFkD0=</latexit><latexit sha1_base64="NOklviXvy6RqhvQUnAPwb+5M+H0=">AAAB7XicbZDLSgMxFIbPeK31VnXpJrQIglBn3Ohy0I24qmAv0BlKJs20sZlkSDLCUPoOLnShiFvfx13fxvSy0NYfAh//fw4550QpZ9q47thZWV1b39gsbBW3d3b39ksHhw0tM0VonUguVSvCmnImaN0ww2krVRQnEafNaHAzyZtPVGkmxYPJUxomuCdYzAg21mrcnQc1zTqlilt1p0LL4M2h4peDs5exn9c6pe+gK0mWUGEIx1q3PTc14RArwwino2KQaZpiMsA92rYocEJ1OJxOO0In1umiWCr7hEFT93fHECda50lkKxNs+noxm5j/Ze3MxFfhkIk0M1SQ2UdxxpGRaLI66jJFieG5BUwUs7Mi0scKE2MPVLRH8BZXXobGRdVzq969V/GvYaYCHEMZTsGDS/DhFmpQBwKP8Axv8O5I59X5cD5npSvOvOcI/sj5+gER75HD</latexit><latexit sha1_base64="NOklviXvy6RqhvQUnAPwb+5M+H0=">AAAB7XicbZDLSgMxFIbPeK31VnXpJrQIglBn3Ohy0I24qmAv0BlKJs20sZlkSDLCUPoOLnShiFvfx13fxvSy0NYfAh//fw4550QpZ9q47thZWV1b39gsbBW3d3b39ksHhw0tM0VonUguVSvCmnImaN0ww2krVRQnEafNaHAzyZtPVGkmxYPJUxomuCdYzAg21mrcnQc1zTqlilt1p0LL4M2h4peDs5exn9c6pe+gK0mWUGEIx1q3PTc14RArwwino2KQaZpiMsA92rYocEJ1OJxOO0In1umiWCr7hEFT93fHECda50lkKxNs+noxm5j/Ze3MxFfhkIk0M1SQ2UdxxpGRaLI66jJFieG5BUwUs7Mi0scKE2MPVLRH8BZXXobGRdVzq969V/GvYaYCHEMZTsGDS/DhFmpQBwKP8Axv8O5I59X5cD5npSvOvOcI/sj5+gER75HD</latexit><latexit sha1_base64="JSpS4f47IBBPKnZqxzK9No9Jkgo=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCs4p2NlkEbsYpgPiA5wt5mLlmzt3vs7gkh5D/YWChi6/+x89+4Sa7QxAcDj/dmmJkXpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66TG3XmnZni3VPYr/gxkmQQ5KUOOWrf01ekpliUoLRPUmHbgpzYcU205EzgpdjKDKWVD2se2o5ImaMLx7NoJOXVKj8RKu5KWzNTfE2OaGDNKIteZUDswi95U/M9rZza+CsdcpplFyeaL4kwQq8j0ddLjGpkVI0co09zdStiAasqsC6joQggWX14mjYtK4FeC+6Bcvc7jKMAxnMAZBHAJVbiFGtSBwSM8wyu8ecp78d69j3nripfPHMEfeJ8/9feOtA==</latexit>
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xv = Q2+M2
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2p·q
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Hence:

 Light vector-meson 
production additionally 
enables flavour-
decomposition of GPDs.

 Light pseudo-scalar meson production gives, at high Q2, access to parity-odd GPDs:     ,  
 and at low Q2  to chiral-odd, transversity GPDs which are not accessible at leading-twist in 
DVCS processes.

H̃
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Statistical uncertainty

Fourier transform of J/Psi-
production cross-section 

Hard scale in the scattering 
given by:



J/Psi production

Plots: N. Santiesteban

•Excellent acceptance coverage for J/Psi decay 
leptons

•Multi-dimensional binning
19

Photoprod. of 
quarkonium: talk 
by Vadim Guzey 

(Wed)



Photoproduction (Q2 < 1 GeV2) and electroproduction (Q2 > 1 GeV2).

Plots: Yuangjing Ji (LBNL) 20

•Sensitivity to gluon distributions, information on colour 
correlations, upsilon-proton scattering lengths, possibly 
saturation. Near-threshold production: little-known, 
twist-4 effects contribute significantly.

Upsilon-production

ATHENA

ATHENA



Coherent VM production in eA
•Gluon distributions in nuclei and a probe of saturation (in Q2-depedence).

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

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

CGC: talk by 
Nestor 

Armesto (Tues)
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Coherent VM production in eA
•Gluon distributions in nuclei and a probe of saturation (in Q2-depedence).

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

•Suppression of incoherent background by vetoing nuclear break-up in 
Far-Forward detectors.

Plot: Kong Tu (BNL) 22
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Backward production of omega
•Similar to normal meson photo-production, but proton at mid-rapidity and meson goes 

forward with high momentum: u-channel.

•Sensitivity to Transition Distribution Amplitudes (TDA).

•Proton (a few hundred MeV) detected in central detector. Photons from meson decay 
detected in a combination of central and ZDC. ! ! ⇡0�
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18 x 275 GeV, Q2 < 1 GeV2Plots: Zachary Sweger (UC Davis), A. Jentsch (BNL) 23
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Backward production of rho

•Charged mesons in the u-channel production can also be reconstructed using Central detector, 
ZDC and B0 tracker. ⇢ ! ⇡+⇡�

<latexit sha1_base64="bHO05INdIaGvzB3RWzV+KLtKVZc=">AAACBXicbVC7SgNBFL0bXzG+Vi1NMRgEQQy7NloGbSwTMA/IxjA7mSRDZmeWmVklLGls/BUbC0XEzn+ws/NTnDwKjR64l8M59zJzTxhzpo3nfTqZhcWl5ZXsam5tfWNzy93eqWmZKEKrRHKpGiHWlDNBq4YZThuxojgKOa2Hg4uxX7+hSjMprswwpq0I9wTrMoKNldpuPlB9iQLFen2DlZK3KIjZ9dGkH7fdglf0JkB/iT8jhVL+rfIFAOW2+xF0JEkiKgzhWOum78WmlWJlGOF0lAsSTWNMBrhHm5YKHFHdSidXjNCBVTqoK5UtYdBE/bmR4kjrYRTayQibvp73xuJ/XjMx3bNWykScGCrI9KFuwpGRaBwJ6jBFieFDSzBRzP4VkT5WmBgbXM6G4M+f/JfUToq+V/QrfqF0DlNkYQ/24RB8OIUSXEIZqkDgDh7gCZ6de+fReXFep6MZZ7azC7/gvH8DlJ2aLQ==</latexit><latexit sha1_base64="uuyHEXWjeg+WNJJgMkXldoILdh0=">AAACBXicbVDLSsNAFJ3UV62vqEuLDBZBEEviRpdFNy5bsA9oYplMJ83QSSbMTJQSuhHEX3HjQhHpzn9w5zf4E07TLrT1wL0czrmXmXu8mFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5D8kRgUseccdHykCSMRqSuqGKkFQuCQo+Rpte/HPvNWyIk5dG1GsTEDVEvoj7FSGmpYxYdEXDoCNoLFBKC30EnpjfHWT/pmCWrbGWA88SeklKlOKp9P+yPqh3z0+lynIQkUpghKdu2FSs3RUJRzMiw4CSSxAj3UY+0NY1QSKSbZlcM4aFWutDnQlekYKb+3khRKOUg9PRkiFQgZ72x+J/XTpR/7qY0ihNFIjx5yE8YVByOI4FdKghWbKAJwoLqv0IcIIGw0sEVdAj27MnzpHFatq2yXbNLlQswQR7sgQNwBGxwBirgClRBHWBwD57AC3g1Ho1n4814n4zmjOnOLvgD4+MHcuKbkw==</latexit><latexit sha1_base64="uuyHEXWjeg+WNJJgMkXldoILdh0=">AAACBXicbVDLSsNAFJ3UV62vqEuLDBZBEEviRpdFNy5bsA9oYplMJ83QSSbMTJQSuhHEX3HjQhHpzn9w5zf4E07TLrT1wL0czrmXmXu8mFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5D8kRgUseccdHykCSMRqSuqGKkFQuCQo+Rpte/HPvNWyIk5dG1GsTEDVEvoj7FSGmpYxYdEXDoCNoLFBKC30EnpjfHWT/pmCWrbGWA88SeklKlOKp9P+yPqh3z0+lynIQkUpghKdu2FSs3RUJRzMiw4CSSxAj3UY+0NY1QSKSbZlcM4aFWutDnQlekYKb+3khRKOUg9PRkiFQgZ72x+J/XTpR/7qY0ihNFIjx5yE8YVByOI4FdKghWbKAJwoLqv0IcIIGw0sEVdAj27MnzpHFatq2yXbNLlQswQR7sgQNwBGxwBirgClRBHWBwD57AC3g1Ho1n4814n4zmjOnOLvgD4+MHcuKbkw==</latexit><latexit sha1_base64="SaVcE0VV8ujvsUxxaqu1DGsaDcA=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwoJCVElLDBWsDAWiT6kJlSO6zRWnTiyb0BV1YWFX2FhACFW/oGNv8FNM0DhSPfq6Jx7Zd8TpIJrcJwvq7SwuLS8Ul6trK1vbG7Z2zstLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8nPrtO6Y0l8kNjFLmx2SQ8JBTAkbq2fueiiT2FB9EQJSS99hL+e1x3k96dtWpOTnwX+IWpIoKNHr2p9eXNItZAlQQrbuuk4I/Jgo4FWxS8TLNUkKHZMC6hiYkZtof51dM8KFR+jiUylQCOFd/boxJrPUoDsxkTCDS895U/M/rZhCe+2OepBmwhM4eCjOBQeJpJLjPFaMgRoYQqrj5K6YRUYSCCa5iQnDnT/5LWqc116m51261flHEUUZ76AAdIRedoTq6Qg3URBQ9oCf0gl6tR+vZerPeZ6Mlq9jZRb9gfXwDhKOX6A==</latexit>

10 x 100 GeV, Q2 < 1 GeV2

https://link.aps.org/doi/10.1103/PhysRevC.106.015204 24Plots: Zachary Sweger (UC Davis), A. Jentsch (BNL) 
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Towards nucleon tomography

u
<latexit sha1_base64="yOJdCcax/zs9lScfEcD2uoI9gqc=">AAAB6HicdZBLSwMxFIXv+Kzjq+rSTbAIroaZal8LsejGZQv2Ae1QMmnaxmYeJBmhDAX3blwo4tY/496d/8a0o6CiBwIf59xL7r1exJlUtv1uLCwuLa+sZtbM9Y3Nre3szm5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzxxSxv3VAhWRhcqUlEXR8PAzZgBCtt1eNeNmdblaJTLuSRhtJxqWKnUDgpIsey58qdvZqntwBQ62Xfuv2QxD4NFOFYyo5jR8pNsFCMcDo1u7GkESZjPKQdjQH2qXST+aBTdKidPhqEQr9Aobn7vSPBvpQT39OVPlYj+TubmX9lnVgNym7CgihWNCDpR4OYIxWi2daozwQlik80YCKYnhWRERaYKH0bUx/ha1P0PzTzlmNbTt3JVc8hVQb24QCOwIESVOESatAAAhTu4AEejWvj3ngyntPSBeOzZw9+yHj5AODPjyc=</latexit><latexit sha1_base64="xWSKXt+Ua7kUPyvPrbSW89FwAbA=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWk2ttCLLpx2YK9QBvKZDppx04mYWYilNAncONCEbf6MO7diG/jtFFQ0R8GPv7/HOac40WMSmXb70ZmYXFpeSW7aq6tb2xu5bZ3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xuezvH1NhKQhv1STiLgBGnLqU4yUthpxP5e3rWrJqRQLUEP5qFy1Uygel6Bj2XPlT1/Mk+j5zaz3c6+9QYjjgHCFGZKy69iRchMkFMWMTM1eLEmE8BgNSVcjRwGRbjIfdAoPtDOAfij04wrO3e8dCQqknASergyQGsnf2cz8K+vGyq+4CeVRrAjH6Ud+zKAK4WxrOKCCYMUmGhAWVM8K8QgJhJW+jamP8LUp/B9aBcuxLafh5GtnIFUW7IF9cAgcUAY1cAHqoAkwIOAG3IF748q4NR6Mx7Q0Y3z27IIfMp4+ANJekJs=</latexit><latexit sha1_base64="xWSKXt+Ua7kUPyvPrbSW89FwAbA=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWk2ttCLLpx2YK9QBvKZDppx04mYWYilNAncONCEbf6MO7diG/jtFFQ0R8GPv7/HOac40WMSmXb70ZmYXFpeSW7aq6tb2xu5bZ3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xuezvH1NhKQhv1STiLgBGnLqU4yUthpxP5e3rWrJqRQLUEP5qFy1Uygel6Bj2XPlT1/Mk+j5zaz3c6+9QYjjgHCFGZKy69iRchMkFMWMTM1eLEmE8BgNSVcjRwGRbjIfdAoPtDOAfij04wrO3e8dCQqknASergyQGsnf2cz8K+vGyq+4CeVRrAjH6Ud+zKAK4WxrOKCCYMUmGhAWVM8K8QgJhJW+jamP8LUp/B9aBcuxLafh5GtnIFUW7IF9cAgcUAY1cAHqoAkwIOAG3IF748q4NR6Mx7Q0Y3z27IIfMp4+ANJekJs=</latexit><latexit sha1_base64="+OmKKBSZFprK8hEKpVkAC8b5IBE=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4Gmai2W5BLx4TMAskQ+jp9CRtenqG7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVU9P+ZMacf5sDJr6xubW9nt3M7u3v5B/vCoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cj33O/dUKhaJWz2NqRfikWABI1gbqZkM8gXHrpXdaqmIDKlcVGrOkpQuy8i1nQUKsEJjkH/vDyOShFRowrFSPdeJtZdiqRnhdJbrJ4rGmEzwiPYMFTikyksXh87QmVGGKIikKaHRQv0+keJQqWnom84Q67H67c3Fv7xeooOqlzIRJ5oKslwUJBzpCM2/RkMmKdF8aggmkplbERljiYk22eRMCF+fov9Ju2i7ju023UL9ahVHFk7gFM7BhQrU4QYa0AICFB7gCZ6tO+vRerFel60ZazVzDD9gvX0CcZeNWg==</latexit>

�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>

H. Moutarde et al., Eur. Phys. J C79, 614 (2019)
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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

Ongoing imaging efforts on available world-data, strongest constraints in the valence region:

No uncertainties 
shown

Uncertainties in the 
extraction of CFFs translate 
into uncertainties in spatial 
distributions.
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Anticipated constraints from EIC on GPDs H and E:

PARTONS global fit with neural 
networks to minimise model-
dependence in the extraction of 
CFFs.

GPD H for gluons GPD E for sea quarks

25https://arxiv.org/abs/2103.05419

Measurements at EIC will 
provide significant 
constraints at low-x and 
enable extraction of as-yet 
unknown GPDs. 



Transverse Momentum-Dependent Distributions
Can define TMDs for the nucleon in terms of x and kT: 3D momentum distributions.  
In SIDIS, structure functions are convolutions of TMDs with Fragmentation Functions (FF), 
defined in terms of z (parton’s longitudinal momentum fraction in the hadron) and kT: 
describe hadronisation of outgoing parton.

TMDs at play in combinations of quark and nucleon 
polarisations (at leading twist):

Sivers

Boer-Mulders

Helicity Worm-gear

Worm-gear

Transversity

Pretzelocity

Formalism relies on TMD 
factorisation: applicable in 
certain regimes.
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TMDs: talk by 
Valerio 

Bertone (Tues)



Spin-independent TMD f1
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Fit: A. Bacchetta et al. 
JHEP 06 (2017) 081,  
JHEP 06 (2019) 051 (erratum)

Experimental uncertainties 
dominated by assumed: 
• 3% point-by-point 

uncorrelated uncertainty,  
• 3% scale systematic

Theory uncertainties 
dominated by TMD evolution.

Large lever arm in Q2 over a wide x-range: constraints on TMD evolution.



EIC constraints on Sivers

Up-quark Sivers 
distributions

Orange: current uncertainties. 
Blue: EIC constraints from 
SIDIS pion and kaon pseudo-
data, with ECCE pseudo-data. 

Transverse-momentum dependence 
of Sivers function obtained by 
measuring pT-dependence of SIDIS 
cross-sections. Down-quark 

Sivers 
distributions

28
arXiv:2207.10890v1 [hep-ex]



Transversity and tensor charges

Up, down, and iso-vector 
combination tensor charges

arXiv:2207.10890v1 [hep-ex]

Study with ECCE detector design

Transversity distributions for up and 
down quarks

29



Summary
 Electron-Ion Collider to be built at Brookhaven National Laboratory, start 
operation ~2032.

 Design of the first detector being finalised this year: the ePIC collaboration.

Hermeticity, tracking, PID, neutral particle detection. Focus on the far-forward 
region — excellent reconstruction of scattered protons and light ions at the 
smallest angles. Detection of neutral particles at low angles.

 Large range of CoM energies (30 - 140 GeV), high luminosity (1033-34 cm-2s-1): 
high precision measurements across wide swathes of phase space from the 
gluon sea to the valence quark region.

 Join us! http://www.eicug.org/

30

 A range of exclusive and semi-inclusive processes accessible with ePIC: 
sensitivity to a range of GPDs and TMDs in low-x.



Thank you! 

Any questions?



Back-up



M. Diehl

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

Nucleon Tomography from GPDs

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

eg:

 Experimentally, can fit the t-dependence of structure functions (from meson-
production) or Compton Form Factors (from DVCS/TCS) with an exponential:

6



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: 7



Backward production of omega

Plots: Zachary Sweger (UC Davis)



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

X. D. Ji, PRD 55, 7114-7125 (1997) M. Polyakov, PLB 555, 57-62 (2003)

 Four GFFs, functions of t, of which three are related to moments of GPDs: they encode 
pressure and shear forces (d1(t)), mass (M2(t)) and angular momentum distributions (J(t)): 

 The D-term: “last unknown global property of the 
nucleon” -- can be related to spatial distribution of 
shear forces and pressure within the nucleon. 

P. Shanahan,  
W. Detmold,  

PRL 122,072003 (2019)

LQCD 
calculation

 Possibilities of “imaging” spatial distributions of angular 
momentum: C. Lorcé, M. Montovani, B. Pasquini, PLB 776, 38-47 (2018)



Studies for proposals:
DVCS in ep                                                   EpIC                               MILOU3D

TCS in ep                                                       EpIC                                    EpIC

X,Y Ψ(2S) in ep -> J/Ψ π+π- p               elSpectro                          elSpectro                     

Φ in eAu/Pb                                       SARTRE, BeAGLE            SARTRE, BeAGLE

Υ(1S, 2S, 3S) in ep                            eSTARlight, lAger

u-channel: ω, ρ in ep                            eSTARlight

DVCS (incoherent) in ed                           EpIC 

J/Psi in ep                                                                                   lAger, eSTARlight

ATHENA            ECCE

DVCS on He-4                                                                                         TOPEG 

J/Psi in eA                                                                                   lAger, eSTARlight

Pion Form Factors                                                  
Pion Structure Functions                 

An1 (He-3 double tagging)                   

        
        

        



Coherent DVCS at the EIC

13

• Minimise risk of missing one photon: 
practically hermetic calorimeter coverage.

Plots: I. Korover (MIT)

Main background from meson-production of π0 which decays into 2γ pairs:

• Good calorimeter resolution to ensure 
photon clusters don’t merge.

(Yellow Report, 8.4.1)

Opening angle between 
the 2γ in π0 decay. 

Difference between 
generated and 
reconstructed DVCS 
photon mainly          
< 0.17mrad (1deg): 
smallest opening 
angle for π0 decay.
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Timelike Compton Scattering

•Time-reversal process of DVCS: parametrised in terms of 
same Compton Form Factors (their complex conjugates).

•Verification of GPD universality.

•Factorisation ensured by hard scale of γ* virtuality:
t
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<latexit sha1_base64="kuMDzZY6NgNe9TkDQBk0i2ASolQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0X0VJIi6KGHohePLdgPaGPZbDft0s0m7E6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/xYcA2O822trW9sbm0Xdoq7e/sHh/bRcVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP7md+Z1HpjSP5D2kMfNCMpI84JSAkQZ2qR8oQjOYZs3zh+oU12rYHdhlp+LMgVeJm5MyytEY2F/9YUSTkEmggmjdc50YvIwo4FSwabGfaBYTOiEj1jNUkpBpL5sfP8VnRhniIFKmJOC5+nsiI6HWaeibzpDAWC97M/E/r5dAcO1lXMYJMEkXi4JEYIjwLAk85IpREKkhhCpubsV0TEwaYPIqmhDc5ZdXSbtacZ2K27ws12/yOAroBJ2iC+SiK1RHd6iBWoiiFD2jV/RmPVkv1rv1sWhds/KZEvoD6/MHEJqTtg==</latexit><latexit sha1_base64="kuMDzZY6NgNe9TkDQBk0i2ASolQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0X0VJIi6KGHohePLdgPaGPZbDft0s0m7E6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/xYcA2O822trW9sbm0Xdoq7e/sHh/bRcVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP7md+Z1HpjSP5D2kMfNCMpI84JSAkQZ2qR8oQjOYZs3zh+oU12rYHdhlp+LMgVeJm5MyytEY2F/9YUSTkEmggmjdc50YvIwo4FSwabGfaBYTOiEj1jNUkpBpL5sfP8VnRhniIFKmJOC5+nsiI6HWaeibzpDAWC97M/E/r5dAcO1lXMYJMEkXi4JEYIjwLAk85IpREKkhhCpubsV0TEwaYPIqmhDc5ZdXSbtacZ2K27ws12/yOAroBJ2iC+SiK1RHd6iBWoiiFD2jV/RmPVkv1rv1sWhds/KZEvoD6/MHEJqTtg==</latexit><latexit sha1_base64="kuMDzZY6NgNe9TkDQBk0i2ASolQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0X0VJIi6KGHohePLdgPaGPZbDft0s0m7E6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/xYcA2O822trW9sbm0Xdoq7e/sHh/bRcVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP7md+Z1HpjSP5D2kMfNCMpI84JSAkQZ2qR8oQjOYZs3zh+oU12rYHdhlp+LMgVeJm5MyytEY2F/9YUSTkEmggmjdc50YvIwo4FSwabGfaBYTOiEj1jNUkpBpL5sfP8VnRhniIFKmJOC5+nsiI6HWaeibzpDAWC97M/E/r5dAcO1lXMYJMEkXi4JEYIjwLAk85IpREKkhhCpubsV0TEwaYPIqmhDc5ZdXSbtacZ2K27ws12/yOAroBJ2iC+SiK1RHd6iBWoiiFD2jV/RmPVkv1rv1sWhds/KZEvoD6/MHEJqTtg==</latexit><latexit sha1_base64="kuMDzZY6NgNe9TkDQBk0i2ASolQ=">AAAB/HicbVBNS8NAEN34WetXtEcvi0X0VJIi6KGHohePLdgPaGPZbDft0s0m7E6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/xYcA2O822trW9sbm0Xdoq7e/sHh/bRcVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP7md+Z1HpjSP5D2kMfNCMpI84JSAkQZ2qR8oQjOYZs3zh+oU12rYHdhlp+LMgVeJm5MyytEY2F/9YUSTkEmggmjdc50YvIwo4FSwabGfaBYTOiEj1jNUkpBpL5sfP8VnRhniIFKmJOC5+nsiI6HWaeibzpDAWC97M/E/r5dAcO1lXMYJMEkXi4JEYIjwLAk85IpREKkhhCpubsV0TEwaYPIqmhDc5ZdXSbtacZ2K27ws12/yOAroBJ2iC+SiK1RHd6iBWoiiFD2jV/RmPVkv1rv1sWhds/KZEvoD6/MHEJqTtg==</latexit>

Q0 = l+ + l�
<latexit sha1_base64="5yXUOrSk24eDUXnGpl7jo+hg71s=">AAAB9XicbVDLSgMxFL1TX7W+Rl26CRZRKJYZEXQjFN24bME+oJ2WTJppQzOZIckoZeh/uHGhiFv/xZ1/Y9rOQlsP3MvhnHvJzfFjzpR2nG8rt7K6tr6R3yxsbe/s7tn7Bw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+qO7qd98pFKxSDzocUy9EA8ECxjB2kjd2im6QbxbQiXTz3t20Sk7M6Bl4makCBmqPfur049IElKhCcdKtV0n1l6KpWaE00mhkygaYzLCA9o2VOCQKi+dXT1BJ0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3ntRAfXXspEnGgqyPyhIOFIR2gaAeozSYnmY0MwkczcisgQS0y0CapgQnAXv7xMGhdl1ym7tcti5TaLIw9HcAxn4MIVVOAeqlAHAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/ACTLkFI=</latexit><latexit sha1_base64="5yXUOrSk24eDUXnGpl7jo+hg71s=">AAAB9XicbVDLSgMxFL1TX7W+Rl26CRZRKJYZEXQjFN24bME+oJ2WTJppQzOZIckoZeh/uHGhiFv/xZ1/Y9rOQlsP3MvhnHvJzfFjzpR2nG8rt7K6tr6R3yxsbe/s7tn7Bw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+qO7qd98pFKxSDzocUy9EA8ECxjB2kjd2im6QbxbQiXTz3t20Sk7M6Bl4makCBmqPfur049IElKhCcdKtV0n1l6KpWaE00mhkygaYzLCA9o2VOCQKi+dXT1BJ0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3ntRAfXXspEnGgqyPyhIOFIR2gaAeozSYnmY0MwkczcisgQS0y0CapgQnAXv7xMGhdl1ym7tcti5TaLIw9HcAxn4MIVVOAeqlAHAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/ACTLkFI=</latexit><latexit sha1_base64="5yXUOrSk24eDUXnGpl7jo+hg71s=">AAAB9XicbVDLSgMxFL1TX7W+Rl26CRZRKJYZEXQjFN24bME+oJ2WTJppQzOZIckoZeh/uHGhiFv/xZ1/Y9rOQlsP3MvhnHvJzfFjzpR2nG8rt7K6tr6R3yxsbe/s7tn7Bw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+qO7qd98pFKxSDzocUy9EA8ECxjB2kjd2im6QbxbQiXTz3t20Sk7M6Bl4makCBmqPfur049IElKhCcdKtV0n1l6KpWaE00mhkygaYzLCA9o2VOCQKi+dXT1BJ0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3ntRAfXXspEnGgqyPyhIOFIR2gaAeozSYnmY0MwkczcisgQS0y0CapgQnAXv7xMGhdl1ym7tcti5TaLIw9HcAxn4MIVVOAeqlAHAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/ACTLkFI=</latexit><latexit sha1_base64="5yXUOrSk24eDUXnGpl7jo+hg71s=">AAAB9XicbVDLSgMxFL1TX7W+Rl26CRZRKJYZEXQjFN24bME+oJ2WTJppQzOZIckoZeh/uHGhiFv/xZ1/Y9rOQlsP3MvhnHvJzfFjzpR2nG8rt7K6tr6R3yxsbe/s7tn7Bw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+qO7qd98pFKxSDzocUy9EA8ECxjB2kjd2im6QbxbQiXTz3t20Sk7M6Bl4makCBmqPfur049IElKhCcdKtV0n1l6KpWaE00mhkygaYzLCA9o2VOCQKi+dXT1BJ0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3ntRAfXXspEnGgqyPyhIOFIR2gaAeozSYnmY0MwkczcisgQS0y0CapgQnAXv7xMGhdl1ym7tcti5TaLIw9HcAxn4MIVVOAeqlAHAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/ACTLkFI=</latexit>

s = (q + pn)
2

<latexit sha1_base64="A4VPn3WVuVGqdO2eEHMqm39ii9U=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEkRdCLUPTisYL9gDaGzXbbLt1s4u5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtH11G89UqlYJO70OKZeiAeC9RnB2ki+XVToEpUf0CmKfXFyX/XtklNxZkDLxM1ICTLUffur24tIElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoX4kTQmNZurviRSHSo3DwHSGWA/VojcV//M6ie5feCkTcaKpIPNF/YQjHaFpCqjHJCWajw3BRDJzKyJDLDHRJquCCcFdfHmZNKsV16m4t2el2lUWRx4O4QjK4MI51OAG6tAAAgk8wyu8WU/Wi/Vufcxbc1Y2cwB/YH3+ALaekSs=</latexit><latexit sha1_base64="A4VPn3WVuVGqdO2eEHMqm39ii9U=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEkRdCLUPTisYL9gDaGzXbbLt1s4u5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtH11G89UqlYJO70OKZeiAeC9RnB2ki+XVToEpUf0CmKfXFyX/XtklNxZkDLxM1ICTLUffur24tIElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoX4kTQmNZurviRSHSo3DwHSGWA/VojcV//M6ie5feCkTcaKpIPNF/YQjHaFpCqjHJCWajw3BRDJzKyJDLDHRJquCCcFdfHmZNKsV16m4t2el2lUWRx4O4QjK4MI51OAG6tAAAgk8wyu8WU/Wi/Vufcxbc1Y2cwB/YH3+ALaekSs=</latexit><latexit sha1_base64="A4VPn3WVuVGqdO2eEHMqm39ii9U=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEkRdCLUPTisYL9gDaGzXbbLt1s4u5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtH11G89UqlYJO70OKZeiAeC9RnB2ki+XVToEpUf0CmKfXFyX/XtklNxZkDLxM1ICTLUffur24tIElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoX4kTQmNZurviRSHSo3DwHSGWA/VojcV//M6ie5feCkTcaKpIPNF/YQjHaFpCqjHJCWajw3BRDJzKyJDLDHRJquCCcFdfHmZNKsV16m4t2el2lUWRx4O4QjK4MI51OAG6tAAAgk8wyu8WU/Wi/Vufcxbc1Y2cwB/YH3+ALaekSs=</latexit><latexit sha1_base64="A4VPn3WVuVGqdO2eEHMqm39ii9U=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEkRdCLUPTisYL9gDaGzXbbLt1s4u5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtH11G89UqlYJO70OKZeiAeC9RnB2ki+XVToEpUf0CmKfXFyX/XtklNxZkDLxM1ICTLUffur24tIElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoX4kTQmNZurviRSHSo3DwHSGWA/VojcV//M6ie5feCkTcaKpIPNF/YQjHaFpCqjHJCWajw3BRDJzKyJDLDHRJquCCcFdfHmZNKsV16m4t2el2lUWRx4O4QjK4MI51OAG6tAAAgk8wyu8WU/Wi/Vufcxbc1Y2cwB/YH3+ALaekSs=</latexit>

✓
<latexit sha1_base64="ys5xR20Yg9zWKYW60LZFDsyX/uM=">AAAB7XicbZC7SgNBFIbPeo3rLWppsxgEq7Bro40YtLGMYC6QLGF2MpuMmZ1ZZs4KYQn4CDYWitj6KPZ2vo2TS6GJPwx8/P85zDknSgU36PvfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ15ChYM9WMJJFgjWhwPc4bD0wbruQdDlMWJqQnecwpQWvV29hnSDrFkl/2J/IWIZhB6fLTvXgEgGqn+NXuKpolTCIVxJhW4KcY5kQjp4KN3HZmWErogPRYy6IkCTNhPpl25B1bp+vFStsn0Zu4vztykhgzTCJbmRDsm/lsbP6XtTKMz8OcyzRDJun0ozgTHipvvLrX5ZpRFEMLhGpuZ/Von2hC0R7ItUcI5ldehPppOfDLwW1QqlzBVAU4hCM4gQDOoAI3UIUaULiHJ3iBV0c5z86b8z4tXXJmPQfwR87HDxJOkPI=</latexit><latexit sha1_base64="mu7EbPY6vKzbK03xUl139aykj84=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKujTZi0MYygrlAEsLs5GwyZnZmmTkrhCXvYGOhiI2Fj2JvI76Nk0uhiT8MfPz/Ocw5J0wEN+j7305uaXlldS2/7m5sbm3vFHb3akalmkGVKaF0I6QGBJdQRY4CGokGGocC6uHgapzX70EbruQtDhNox7QnecQZRWvVWtgHpJ1C0S/5E3mLEMygePHhnidvX26lU/hsdRVLY5DIBDWmGfgJtjOqkTMBI7eVGkgoG9AeNC1KGoNpZ5NpR96RdbpepLR9Er2J+7sjo7Exwzi0lTHFvpnPxuZ/WTPF6KydcZmkCJJNP4pS4aHyxqt7Xa6BoRhaoExzO6vH+lRThvZArj1CML/yItROSoFfCm6CYvmSTJUnB+SQHJOAnJIyuSYVUiWM3JEH8kSeHeU8Oi/O67Q058x69skfOe8/A92SZg==</latexit><latexit sha1_base64="mu7EbPY6vKzbK03xUl139aykj84=">AAAB7XicbZC7SgNBFIZn4y2ut6ilzWIQrMKujTZi0MYygrlAEsLs5GwyZnZmmTkrhCXvYGOhiI2Fj2JvI76Nk0uhiT8MfPz/Ocw5J0wEN+j7305uaXlldS2/7m5sbm3vFHb3akalmkGVKaF0I6QGBJdQRY4CGokGGocC6uHgapzX70EbruQtDhNox7QnecQZRWvVWtgHpJ1C0S/5E3mLEMygePHhnidvX26lU/hsdRVLY5DIBDWmGfgJtjOqkTMBI7eVGkgoG9AeNC1KGoNpZ5NpR96RdbpepLR9Er2J+7sjo7Exwzi0lTHFvpnPxuZ/WTPF6KydcZmkCJJNP4pS4aHyxqt7Xa6BoRhaoExzO6vH+lRThvZArj1CML/yItROSoFfCm6CYvmSTJUnB+SQHJOAnJIyuSYVUiWM3JEH8kSeHeU8Oi/O67Q058x69skfOe8/A92SZg==</latexit><latexit sha1_base64="vhg4fucho78D+aO1wfUDPHsvSz0=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5Ij7G32kjV7u8funBCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tl3bKu3v7B4eVo+OW1ZlhvMm01KYTUculULyJAiXvpIbTJJK8HY1vZ377iRsrtHrAScrDhA6ViAWj6KRWD0ccab9S9Wv+HGSVBAWpQoFGv/LVG2iWJVwhk9TabuCnGObUoGCST8u9zPKUsjEd8q6jiibchvn82ik5d8qAxNq4Ukjm6u+JnCbWTpLIdSYUR3bZm4n/ed0M4+swFyrNkCu2WBRnkqAms9fJQBjOUE4cocwIdythI2ooQxdQ2YUQLL+8SlqXtcCvBfdBtX5TxFGCUziDCwjgCupwBw1oAoNHeIZXePO09+K9ex+L1jWvmDmBP/A+fwCjB48l</latexit> : angle between l+ 

and scattered proton 
in lepton CMS

⇠ =
⌧

2� ⌧
<latexit sha1_base64="LXlR1M+Nz9eaK8anWV7PuSCa14E=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5akCLoRim5cVrAPaEqZTCft0MkkzNyIJRQ3/oobF4q49Svc+TdO0yy09cDlHs65l5l7/FhwDY7zbRWWlldW14rrpY3Nre0de3evqaNEUdagkYhU2yeaCS5ZAzgI1o4VI6EvWMsfXU/91j1TmkfyDsYx64ZkIHnAKQEj9ewD74HjS+wFitDUA5JM0upp1nt22ak4GfAicXNSRjnqPfvL60c0CZkEKojWHdeJoZsSBZwKNil5iWYxoSMyYB1DJQmZ7qbZCRN8bJQ+DiJlSgLO1N8bKQm1Hoe+mQwJDPW8NxX/8zoJBBfdlMs4ASbp7KEgERgiPM0D97liFMTYEEIVN3/FdEhMGmBSK5kQ3PmTF0mzWnGdint7Vq5d5XEU0SE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY/ZaMHKd/bRH1ifP6T+lvI=</latexit><latexit sha1_base64="LXlR1M+Nz9eaK8anWV7PuSCa14E=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5akCLoRim5cVrAPaEqZTCft0MkkzNyIJRQ3/oobF4q49Svc+TdO0yy09cDlHs65l5l7/FhwDY7zbRWWlldW14rrpY3Nre0de3evqaNEUdagkYhU2yeaCS5ZAzgI1o4VI6EvWMsfXU/91j1TmkfyDsYx64ZkIHnAKQEj9ewD74HjS+wFitDUA5JM0upp1nt22ak4GfAicXNSRjnqPfvL60c0CZkEKojWHdeJoZsSBZwKNil5iWYxoSMyYB1DJQmZ7qbZCRN8bJQ+DiJlSgLO1N8bKQm1Hoe+mQwJDPW8NxX/8zoJBBfdlMs4ASbp7KEgERgiPM0D97liFMTYEEIVN3/FdEhMGmBSK5kQ3PmTF0mzWnGdint7Vq5d5XEU0SE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY/ZaMHKd/bRH1ifP6T+lvI=</latexit><latexit sha1_base64="LXlR1M+Nz9eaK8anWV7PuSCa14E=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5akCLoRim5cVrAPaEqZTCft0MkkzNyIJRQ3/oobF4q49Svc+TdO0yy09cDlHs65l5l7/FhwDY7zbRWWlldW14rrpY3Nre0de3evqaNEUdagkYhU2yeaCS5ZAzgI1o4VI6EvWMsfXU/91j1TmkfyDsYx64ZkIHnAKQEj9ewD74HjS+wFitDUA5JM0upp1nt22ak4GfAicXNSRjnqPfvL60c0CZkEKojWHdeJoZsSBZwKNil5iWYxoSMyYB1DJQmZ7qbZCRN8bJQ+DiJlSgLO1N8bKQm1Hoe+mQwJDPW8NxX/8zoJBBfdlMs4ASbp7KEgERgiPM0D97liFMTYEEIVN3/FdEhMGmBSK5kQ3PmTF0mzWnGdint7Vq5d5XEU0SE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY/ZaMHKd/bRH1ifP6T+lvI=</latexit><latexit sha1_base64="LXlR1M+Nz9eaK8anWV7PuSCa14E=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5akCLoRim5cVrAPaEqZTCft0MkkzNyIJRQ3/oobF4q49Svc+TdO0yy09cDlHs65l5l7/FhwDY7zbRWWlldW14rrpY3Nre0de3evqaNEUdagkYhU2yeaCS5ZAzgI1o4VI6EvWMsfXU/91j1TmkfyDsYx64ZkIHnAKQEj9ewD74HjS+wFitDUA5JM0upp1nt22ak4GfAicXNSRjnqPfvL60c0CZkEKojWHdeJoZsSBZwKNil5iWYxoSMyYB1DJQmZ7qbZCRN8bJQ+DiJlSgLO1N8bKQm1Hoe+mQwJDPW8NxX/8zoJBBfdlMs4ASbp7KEgERgiPM0D97liFMTYEEIVN3/FdEhMGmBSK5kQ3PmTF0mzWnGdint7Vq5d5XEU0SE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY/ZaMHKd/bRH1ifP6T+lvI=</latexit>

⌧ =
Q02

s�m2
p

<latexit sha1_base64="JetJZwe+w0ZTdC4oRp19CDoTENI=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiurHMFEE3QtGNyxbsBTrjkEkzbWiSGZKMUIYu3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g7aKU4lJC8cslt0QKcKoIC1NNSPdRBLEQ0Y64ehmWu88EKloLO70OCE+RwNBI4qRNlZglz2NUngFvUginDVP7muTTJ3xIDEQ2BWn6swEl8HNoQJyNQL7y+vHOOVEaMyQUj3XSbSfIakpZmRS8lJFEoRHaEB6BgXiRPnZ7IgJPDZOH0axNE9oOHN/T2SIKzXmoenkSA/VYm1q/lfrpTq69DMqklQTgeeLopRBHcNpIrBPJcGajQ0gLKn5K8RDZOLQJreSCcFdPHkZ2rWq61Td5nmlfp3HUQRlcAROgQsuQB3cggZoAQwewTN4BW/Wk/VivVsf89aClc8cgj+yPn8ASbiXOA==</latexit><latexit sha1_base64="JetJZwe+w0ZTdC4oRp19CDoTENI=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiurHMFEE3QtGNyxbsBTrjkEkzbWiSGZKMUIYu3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g7aKU4lJC8cslt0QKcKoIC1NNSPdRBLEQ0Y64ehmWu88EKloLO70OCE+RwNBI4qRNlZglz2NUngFvUginDVP7muTTJ3xIDEQ2BWn6swEl8HNoQJyNQL7y+vHOOVEaMyQUj3XSbSfIakpZmRS8lJFEoRHaEB6BgXiRPnZ7IgJPDZOH0axNE9oOHN/T2SIKzXmoenkSA/VYm1q/lfrpTq69DMqklQTgeeLopRBHcNpIrBPJcGajQ0gLKn5K8RDZOLQJreSCcFdPHkZ2rWq61Td5nmlfp3HUQRlcAROgQsuQB3cggZoAQwewTN4BW/Wk/VivVsf89aClc8cgj+yPn8ASbiXOA==</latexit><latexit sha1_base64="JetJZwe+w0ZTdC4oRp19CDoTENI=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiurHMFEE3QtGNyxbsBTrjkEkzbWiSGZKMUIYu3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g7aKU4lJC8cslt0QKcKoIC1NNSPdRBLEQ0Y64ehmWu88EKloLO70OCE+RwNBI4qRNlZglz2NUngFvUginDVP7muTTJ3xIDEQ2BWn6swEl8HNoQJyNQL7y+vHOOVEaMyQUj3XSbSfIakpZmRS8lJFEoRHaEB6BgXiRPnZ7IgJPDZOH0axNE9oOHN/T2SIKzXmoenkSA/VYm1q/lfrpTq69DMqklQTgeeLopRBHcNpIrBPJcGajQ0gLKn5K8RDZOLQJreSCcFdPHkZ2rWq61Td5nmlfp3HUQRlcAROgQsuQB3cggZoAQwewTN4BW/Wk/VivVsf89aClc8cgj+yPn8ASbiXOA==</latexit><latexit sha1_base64="JetJZwe+w0ZTdC4oRp19CDoTENI=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiurHMFEE3QtGNyxbsBTrjkEkzbWiSGZKMUIYu3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT84cJo0o7zrdVWFldW98obpa2tnd29+z9g7aKU4lJC8cslt0QKcKoIC1NNSPdRBLEQ0Y64ehmWu88EKloLO70OCE+RwNBI4qRNlZglz2NUngFvUginDVP7muTTJ3xIDEQ2BWn6swEl8HNoQJyNQL7y+vHOOVEaMyQUj3XSbSfIakpZmRS8lJFEoRHaEB6BgXiRPnZ7IgJPDZOH0axNE9oOHN/T2SIKzXmoenkSA/VYm1q/lfrpTq69DMqklQTgeeLopRBHcNpIrBPJcGajQ0gLKn5K8RDZOLQJreSCcFdPHkZ2rWq61Td5nmlfp3HUQRlcAROgQsuQB3cggZoAQwewTN4BW/Wk/VivVsf89aClc8cgj+yPn8ASbiXOA==</latexit>

•Another route to access the D-term.

•Measurements establish dependence on Q2, x, t and φ 
(angle between leptonic and hadronic planes).
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TCS observables

P. Chatagnon et al. (CLAS): arXiv:2108.11746 [hep-ex], accepted (PRL)

•Unpolarised cross-sections:  
sensitive to Re H.

•Circularly-polarised photon cross-section: access to Im H.

•More promising observables: asymmetries and cross-section ratios.

suppressed

•Photon-polarisation (beam-spin) 
asymmetry:

•Forward - backward asymmetry:

access to Im H access to Re H

https://arxiv.org/abs/2108.11746


Nucleon tomography: imaging glue
 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)

where

e e’

N N’

q

Bjorken variable

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

virtuality of exchanged photon

M. Diehl



Nucleon tomography: imaging quarks
 Quark GPDs are accessible in a related process: 
Deeply Virtual Compton Scattering (DVCS)

 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)


