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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
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∫ Tkd
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Parton Distribution 
Functions (PDFs)

∫ dx

Form Factors

∫ Tkd
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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.

x
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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
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Other motivations for exclusive processes
 Exclusive near-threshold production of quarkonia is sensitive to the trace-anomaly 
of the QCD energy-momentum tensor: insight into the processes of hadron mass 
generation.

 Scattering from the meson-cloud in the nucleon (Sullivan process): access to form-
factors and structure functions of mesons.

 Coherent diffractive meson-production in eA: probe of gluon saturation.

 Hadron spectroscopy (t-channel): another route to hadron structure, search 
for exotics.

 U-channel meson production: access to Transition Distribution 
Amplitudes (TDAs), describing the process of a proton 
transitioning into a meson, sensitivity to diquark clustering in 
nucleon.
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 Incoherent diffractive meson-production in eA with spectator tagging: medium-
modifications, short-range correlations.



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)                   

DEMPgen (?)

        
DEMPgen (?)
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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

1

10

10 2

10 3

10-4 10-3 10-2 10-1 1
x

Q
2  (G

eV
2 )

EIC √s
= 14

0 G
eV

, 0
.01

≤ y ≤
 0.

95
  

y ≤
 0.

6  

Q2=50 GeV2

≤ 
≤ 

√
EIC s=

 20
 G

eV
, 0

.01
y 

0.9
5  

y ≤
 0.

6  

EIC kinematic reach: DVCS

https://arxiv.org/abs/2103.05419

Q2 = �(k� k0)2
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y: inelasticity

ξ±x longitudinal momentum 
fractions of the struck parton

t = (N 0 �N)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.
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The ePIC detector
Electron-Proton and -Ion Collider detector 

hadron beamelectron beam

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

Particle ID (PID):
High time-
resolution Si (AC-
LGAD), Cherenkov 
detectors: RICH, 
DIRC.

Calorimetry:
Range of EM 
and hadron 
calorimeters.

Result of the 
merging of 
ECCE and 
ATHENA 

collaborations.
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The Interaction Region @ IP6

Crossing angle 
for the beams: 
25 mrad.



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

ATHENA proposal

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!)

Generator: EpIC



Coherent DVCS at the EIC

13

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

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.

Generators: 
MILOU3D, toy MC



Coherent DVCS at the EIC

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

14

Plots: I. Korover (MIT)

• DVCS on the proton: Generator: 
MILOU3D



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)

15

Generator: 
EpIC



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), scattered electron will be detected in the low-Q2 tagger for part 
of the phase space — for the rest, rely on missing mass and momentum

16

Generator: 
EpIC



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>
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<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>

�⇤
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+

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.

Generator: 
EpIC

E. C. Aschenauer et al. Eur. Phys. J. C 82, 819 (2022).



Generator: 
DEMPgen
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Generator: 
DEMPgen
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Slide material from 
Stephen Kay (U. Regina)



J/Psi production

Plots: N. Santiesteban

•Excellent acceptance coverage for 
J/Psi decay leptons

•Multi-dimensional binning
20

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

   clean in heavy mesons: 
J/ 
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 Light vector-meson 
production additionally 
enables flavour-
decomposition of GPDs.

Generators: lAger, 
eSTARlight



Upsilon-production

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

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

Plots: Yuangjing Ji (LBNL) 21

Generator: eSTARlight



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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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) 23
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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) 24

Generator: eSTARlight



Backward production of omega

Plots: Zachary Sweger (UC Davis)

Generator: eSTARlight
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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. ⇢ ! ⇡+⇡�
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10 x 100 GeV, Q2 < 1 GeV2

Plots: Zachary Sweger (UC Davis) https://link.aps.org/doi/10.1103/PhysRevC.106.015204 26

Generator: eSTARlight



Backward production of rho

https://link.aps.org/doi/
10.1103/PhysRevC.
106.015204 

•Paper published:

Plots: Zachary Sweger (UC Davis)

Generator: eSTARlight
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XYZ Spectroscopy

• XYZ Spectroscopy, spectroscopy of mesons with charm quarks 
• New XYZ states have unexpectedly narrow widths inconsistent with quark model 

predictions 
• Resolution sufficient to separate states 
• Some kinematics and decays may benefit from low Q2 tagger

Plots: Derek Glazier (Glasgow) 28

Generator: elSpectro



Planned measurements

XYZ Spectroscopy

TCS

J/Psi in ep 

Exclusive / diffractive vector mesons — a wide variety of measurements

DVCS 

Pion / kaon form factors

Upsilon production

Backwards (u-channal) production: vector mesons, photon.

DVCS with He-4

Lambda in the target fragmentation

Pion / kaon structure functions

Incoherent DVCS on deuteron

29



Concluding remarks

 A range of exclusive processes have been studied during the Yellow Report, 
proposal preparation and now EPIC design stages — studies ongoing.

30

 Several generator efforts are in progress to enable the studies. 

 Areas in need of particular effort:

•  radiative effects (so far incorporated only into some generators),  
•  generation of a very wide range of vector mesons in a range of eA 
•  incorporation of backgrounds (incoherent backgrounds in eA,  
    pi0-production  backgrounds for DVCS) 
•  comparison of different MC generators (eg: SARTRE and  
    BeAGLE): benchmarking 



Thank you! 

Any questions?



Back-up



 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

E
q
, Ẽ

q
, H

q
, H̃

q(x, ⇠, t)

 At high exchanged Q2  and low t access 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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fractions of the struck parton

B

B

x
x
−

≅
2

ξ

qpn ⋅
=
2

2Q
xBBjorken variable:

Q2 = �(k� k0)2
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<latexit sha1_base64="wBuGV2O+3Mjeax8jWIC+5AHz0SU=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lguYCyRJnJ2eTIbOzy8ysEJY8go2FIrY+kZ2Nz+LkUmjiDwMf/38Oc84JEsG1cd0vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdTPPWIyrNY3lvxgn6ER1IHnJGjbXuRj3sFUtu2Z2JrIK3gFL1pP79AAC1XvGz249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB2Lkkao/Ww26oScW6dPwljZJw2Zub87MhppPY4CWxlRM9TL2dT8L+ukJrzyMy6T1KBk84/CVBATk+nepM8VMiPGFihT3M5K2JAqyoy9TsEewVteeRWal2XPLXt1r1S9hrnycApncAEeVKAKt1CDBjAYwBO8wKsjnGfnzXmfl+acRc8x/JHz8QPUWo+p</latexit><latexit sha1_base64="J1g2CFxFpRnC3iWQawT1B8ZovAg=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8muSte1Sax/LWjBL0I9qXPOSMGmvdDLvYLZbcsjsVWQZvDqXKUf2bv1c/at3iZ6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNQxObVOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk146WdcJqlByWYfhakgJiaTvUmPK2RGjCxQpridlbABVZQZe52CPYK3uPIyNM/Lnlv26l6pUoWZ8nAMJ3AGHlxABa6hBg1g0IcHeIJnRziPzovzOivNOfOeQ/gj5+0HJaqRZQ==</latexit><latexit sha1_base64="J1g2CFxFpRnC3iWQawT1B8ZovAg=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8muSte1Sax/LWjBL0I9qXPOSMGmvdDLvYLZbcsjsVWQZvDqXKUf2bv1c/at3iZ6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/bFiWNUPvZdNQxObVOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk146WdcJqlByWYfhakgJiaTvUmPK2RGjCxQpridlbABVZQZe52CPYK3uPIyNM/Lnlv26l6pUoWZ8nAMJ3AGHlxABa6hBg1g0IcHeIJnRziPzovzOivNOfOeQ/gj5+0HJaqRZQ==</latexit><latexit sha1_base64="Kmz8NsZzn+WUaqA751j/riV4t0Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIrc2WhJtLDEKksCF7C1zsGFv77K7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXplIY6/vfXmltfWNzq7xd2dnd2z+oHh61TZJpji2eyER3QmZQCoUtK6zETqqRxaHEx3B8M/Mfn1AbkagHO0kxiNlQiUhwZp10P+5jv1rz6/4cZJXQgtSgQLNf/eoNEp7FqCyXzJgu9VMb5ExbwSVOK73MYMr4mA2x66hiMZogn586JWdOGZAo0a6UJXP190TOYmMmceg6Y2ZHZtmbif953cxGV0EuVJpZVHyxKMoksQmZ/U0GQiO3cuII41q4WwkfMc24delUXAh0+eVV0r6oU79O72itcV3EUYYTOIVzoHAJDbiFJrSAwxCe4RXePOm9eO/ex6K15BUzx/AH3ucPRcKNxA==</latexit>

k0e
<latexit sha1_base64="KH6oaoV1OaBsS2PD2Gfqv1DmICs=">AAAB63icbZA9SwNBEIbn/IzxK2ppsySIqcKdjZZBG8sI5gOSI+xt5pIlu3vH7p4QjvwFGwtFbP1DdoKFP8W7JIUmvrDw8L4z7MwEseDGuu6ns7a+sbm1Xdgp7u7tHxyWjo5bJko0wyaLRKQ7ATUouMKm5VZgJ9ZIZSCwHYxv8rz9gNrwSN3bSYy+pEPFQ86oza3xeR/7pYpbc2ciq+AtoFIvV7++AaDRL330BhFLJCrLBDWm67mx9VOqLWcCp8VeYjCmbEyH2M1QUYnGT2ezTslZ5gxIGOnsKUtm7u+OlEpjJjLIKiW1I7Oc5eZ/WTex4ZWfchUnFhWbfxQmgtiI5IuTAdfIrJhkQJnm2ayEjaimzGbnKWZH8JZXXoXWRc1za96dV6lfw1wFOIUyVMGDS6jDLTSgCQxG8AjP8OJI58l5dd7mpWvOoucE/sh5/wG3TpA7</latexit><latexit sha1_base64="0NV1TF69ADsQbq1qPpkJkxoxkHY=">AAAB63icbZDLTgIxFIY7eEO8oS7dNBAjKzLjBpdENy4xkUsCE9IpZ6Ch7UzajgmZ8ApuXGjUrQ/j1p3Rh7EDLBT8kyZf/v+c9JwTxJxp47qfTm5tfWNzK79d2Nnd2z8oHh61dJQoCk0a8Uh1AqKBMwlNwwyHTqyAiIBDOxhfZXn7DpRmkbw1kxh8QYaShYwSk1njsz70i2W36s6EV8FbQLleqnx/1d5fGv3iR28Q0USANJQTrbueGxs/JcowymFa6CUaYkLHZAhdi5II0H46m3WKT60zwGGk7JMGz9zfHSkRWk9EYCsFMSO9nGXmf1k3MeGFnzIZJwYknX8UJhybCGeL4wFTQA2fWCBUMTsrpiOiCDX2PAV7BG955VVonVc9t+rdeOX6JZorj05QCVWQh2qojq5RAzURRSN0jx7RkyOcB+fZeZ2X5pxFzzH6I+ftB9VikdE=</latexit><latexit sha1_base64="0NV1TF69ADsQbq1qPpkJkxoxkHY=">AAAB63icbZDLTgIxFIY7eEO8oS7dNBAjKzLjBpdENy4xkUsCE9IpZ6Ch7UzajgmZ8ApuXGjUrQ/j1p3Rh7EDLBT8kyZf/v+c9JwTxJxp47qfTm5tfWNzK79d2Nnd2z8oHh61dJQoCk0a8Uh1AqKBMwlNwwyHTqyAiIBDOxhfZXn7DpRmkbw1kxh8QYaShYwSk1njsz70i2W36s6EV8FbQLleqnx/1d5fGv3iR28Q0USANJQTrbueGxs/JcowymFa6CUaYkLHZAhdi5II0H46m3WKT60zwGGk7JMGz9zfHSkRWk9EYCsFMSO9nGXmf1k3MeGFnzIZJwYknX8UJhybCGeL4wFTQA2fWCBUMTsrpiOiCDX2PAV7BG955VVonVc9t+rdeOX6JZorj05QCVWQh2qojq5RAzURRSN0jx7RkyOcB+fZeZ2X5pxFzzH6I+ftB9VikdE=</latexit><latexit sha1_base64="PISCpf8DsjBY2QikZLaDiEKsWAc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzFakTsbLYk2lpgIksCF7C0DbNjdu+zumZALf8HGQmNs/UN2/hv34AoFXzLJy3szmZkXJYIb6/vfXmltfWNzq7xd2dnd2z+oHh61TZxqhi0Wi1h3ImpQcIUty63ATqKRykjgYzS5zf3HJ9SGx+rBThMMJR0pPuSM2lyanPexX635dX8OskqCgtSgQLNf/eoNYpZKVJYJakw38BMbZlRbzgTOKr3UYELZhI6w66iiEk2YzW+dkTOnDMgw1q6UJXP190RGpTFTGblOSe3YLHu5+J/XTe3wOsy4SlKLii0WDVNBbEzyx8mAa2RWTB2hTHN3K2FjqimzLp6KCyFYfnmVtC/rgV8P7oNa46aIowwncAoXEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/pn+N9Q==</latexit>

�⇤(Q2)
<latexit sha1_base64="Okv34RrU/xWQGX2biW8lTxN67iE=">AAAB9HicbVDLTgJBEOzFF+IL9ehlAjFBTcguFz0SvXiERB4Ju5DZYRYmzOyuM7MkZMN3ePGAMV79GG/+jcPjoGAlnVSqutPd5cecKW3b31Zma3tndy+7nzs4PDo+yZ+eNVWUSEIbJOKRbPtYUc5C2tBMc9qOJcXC57Tljx7mfmtMpWJR+KQnMfUEHoQsYARrI3nuAAuBu9elerdy1csX7bK9ANokzooUqwX3ZgYAtV7+y+1HJBE01IRjpTqOHWsvxVIzwuk05yaKxpiM8IB2DA2xoMpLF0dP0aVR+iiIpKlQo4X6eyLFQqmJ8E2nwHqo1r25+J/XSXRw56UsjBNNQ7JcFCQc6QjNE0B9JinRfGIIJpKZWxEZYomJNjnlTAjO+subpFkpO3bZqTvF6j0skYULKEAJHLiFKjxCDRpA4BleYAZv1th6td6tj2VrxlrNnMMfWJ8/T2qSmw==</latexit><latexit sha1_base64="H9h1D4r8cJ6PNuARpF5b7QHm668=">AAAB9HicbVDLSgMxFM34rPVVdekmtAhVocx0o8tBNy5bsA/oTEsmzbShSWZMMoVh6F8Iblwo4taPcde/MX0stPXAhcM593LvPUHMqNK2PbU2Nre2d3Zze/n9g8Oj48LJaVNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHQ/81tjIhWNxKNOY+JzNBA0pBhpI/neAHGOulflerd62SuU7Io9B1wnzpKU3KJ3/Tx101qv8O31I5xwIjRmSKmOY8faz5DUFDMyyXuJIjHCIzQgHUMF4kT52fzoCbwwSh+GkTQlNJyrvycyxJVKeWA6OdJDterNxP+8TqLDWz+jIk40EXixKEwY1BGcJQD7VBKsWWoIwpKaWyEeIomwNjnlTQjO6svrpFmtOHbFqTsl9w4skAPnoAjKwAE3wAUPoAYaAIMn8ALewLs1tl6tD+tz0bphLWfOwB9YXz9Y1JQh</latexit><latexit sha1_base64="H9h1D4r8cJ6PNuARpF5b7QHm668=">AAAB9HicbVDLSgMxFM34rPVVdekmtAhVocx0o8tBNy5bsA/oTEsmzbShSWZMMoVh6F8Iblwo4taPcde/MX0stPXAhcM593LvPUHMqNK2PbU2Nre2d3Zze/n9g8Oj48LJaVNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHQ/81tjIhWNxKNOY+JzNBA0pBhpI/neAHGOulflerd62SuU7Io9B1wnzpKU3KJ3/Tx101qv8O31I5xwIjRmSKmOY8faz5DUFDMyyXuJIjHCIzQgHUMF4kT52fzoCbwwSh+GkTQlNJyrvycyxJVKeWA6OdJDterNxP+8TqLDWz+jIk40EXixKEwY1BGcJQD7VBKsWWoIwpKaWyEeIomwNjnlTQjO6svrpFmtOHbFqTsl9w4skAPnoAjKwAE3wAUPoAYaAIMn8ALewLs1tl6tD+tz0bphLWfOwB9YXz9Y1JQh</latexit><latexit sha1_base64="l5gZYm7Uky23FHHQ4KnPUZAGm3Q=">AAAB9HicbVA9TwJBEN3zE/ELtbTZSEzQgtzRaEm0sYREPhI4yNyyBxt2987dPRJy4XfYWGiMrT/Gzn/jAlco+JJJXt6bycy8IOZMG9f9djY2t7Z3dnN7+f2Dw6PjwslpU0eJIrRBIh6pdgCaciZpwzDDaTtWFETAaSsY38/91oQqzSL5aKYx9QUMJQsZAWMlvzsEIaB3Xar3Klf9QtEtuwvgdeJlpIgy1PqFr+4gIomg0hAOWnc8NzZ+Csowwuks3000jYGMYUg7lkoQVPvp4ugZvrTKAIeRsiUNXqi/J1IQWk9FYDsFmJFe9ebif14nMeGtnzIZJ4ZKslwUJhybCM8TwAOmKDF8agkQxeytmIxAATE2p7wNwVt9eZ00K2XPLXt1r1i9y+LIoXN0gUrIQzeoih5QDTUQQU/oGb2iN2fivDjvzseydcPJZs7QHzifPzzrkRI=</latexit>

pn
<latexit sha1_base64="+01kcbATQ7ajG2s7TPl0GKuaUa4=">AAAB6nicbZC7SgNBFIbPxluMt6ilFoNBsAq7NrEM2lgmaC6QLGF2MpsMmZ1dZs4KYckj2FgoYutD+Bx2dj6Kk0uhiT8MfPz/Ocw5J0ikMOi6X05ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5tp3nrg2ohY3eM44X5EB0qEglG01l3SU71iyS27M5FV8BZQqp5+1L8BoNYrfnb7MUsjrpBJakzHcxP0M6pRMMknhW5qeELZiA54x6KiETd+Nht1Qs6t0ydhrO1TSGbu746MRsaMo8BWRhSHZjmbmv9lnRTDKz8TKkmRKzb/KEwlwZhM9yZ9oTlDObZAmRZ2VsKGVFOG9joFewRveeVVaF6WPbfs1b1S9RrmysMJnMEFeFCBKtxCDRrAYACP8AwvjnSenFfnbV6acxY9x/BHzvsPav6QFw==</latexit><latexit sha1_base64="Nzlb+IU6LmJjB06afDUo+Axh150=">AAAB6nicbZC7SgNBFIbPxluMt6ilIoNBsAq7NloGbSwTNBdIljA7OUmGzM4uM7NCWFJa2lgoYutD5DnsfAZfwsml0MQfBj7+/xzmnBPEgmvjul9OZmV1bX0ju5nb2t7Z3cvvH9R0lCiGVRaJSDUCqlFwiVXDjcBGrJCGgcB6MLiZ5PUHVJpH8t4MY/RD2pO8yxk11rqL27KdL7hFdyqyDN4cCqXjceX78WRcbuc/W52IJSFKwwTVuum5sfFTqgxnAke5VqIxpmxAe9i0KGmI2k+no47ImXU6pBsp+6QhU/d3R0pDrYdhYCtDavp6MZuY/2XNxHSv/JTLODEo2eyjbiKIichkb9LhCpkRQwuUKW5nJaxPFWXGXidnj+AtrrwMtYui5xa9ilcoXcNMWTiCUzgHDy6hBLdQhiow6METvMCrI5xn5815n5VmnHnPIfyR8/EDSUORfQ==</latexit><latexit sha1_base64="Nzlb+IU6LmJjB06afDUo+Axh150=">AAAB6nicbZC7SgNBFIbPxluMt6ilIoNBsAq7NloGbSwTNBdIljA7OUmGzM4uM7NCWFJa2lgoYutD5DnsfAZfwsml0MQfBj7+/xzmnBPEgmvjul9OZmV1bX0ju5nb2t7Z3cvvH9R0lCiGVRaJSDUCqlFwiVXDjcBGrJCGgcB6MLiZ5PUHVJpH8t4MY/RD2pO8yxk11rqL27KdL7hFdyqyDN4cCqXjceX78WRcbuc/W52IJSFKwwTVuum5sfFTqgxnAke5VqIxpmxAe9i0KGmI2k+no47ImXU6pBsp+6QhU/d3R0pDrYdhYCtDavp6MZuY/2XNxHSv/JTLODEo2eyjbiKIichkb9LhCpkRQwuUKW5nJaxPFWXGXidnj+AtrrwMtYui5xa9ilcoXcNMWTiCUzgHDy6hBLdQhiow6METvMCrI5xn5815n5VmnHnPIfyR8/EDSUORfQ==</latexit><latexit sha1_base64="3YmwK7xC/9sZL+2DoP5Hhg4yVSw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIrc2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpa9P1vr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMR0QmaFklq0UKISndQIFodKPIbjm5n/+CSMlYl+wEkqgpgNtYwkZ+ik+7Sv+9WaX/fnIKuEFqQGBZr96ldvkPAsFhq5YtZ2qZ9ikDODkisxrfQyK1LGx2wouo5qFgsb5PNTp+TMKQMSJcaVRjJXf0/kLLZ2EoeuM2Y4ssveTPzP62YYXQW51GmGQvPFoihTBBMy+5sMpBEc1cQRxo10txI+YoZxdOlUXAh0+eVV0r6oU79O72itcV3EUYYTOIVzoHAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPWwSN0g==</latexit>

p0n
<latexit sha1_base64="uDNu3BNFtGcR6W+c6IrhwyB8Bxk=">AAAB63icbZDLSgMxFIZPvNZ6q7p0E1rErsqMG10W3bisYC/QDiWTZtrQJDMkGaEMfQU3LhRx6wu5E1z4KGbaLrT1h8DH/59DzjlhIrixnveJ1tY3Nre2CzvF3b39g8PS0XHLxKmmrEljEetOSAwTXLGm5VawTqIZkaFg7XB8k+ftB6YNj9W9nSQskGSoeMQpsbmVnPdVv1Txat5MeBX8BVTq5erXNwA0+qWP3iCmqWTKUkGM6fpeYoOMaMupYNNiLzUsIXRMhqzrUBHJTJDNZp3iM+cMcBRr95TFM/d3R0akMRMZukpJ7MgsZ7n5X9ZNbXQVZFwlqWWKzj+KUoFtjPPF8YBrRq2YOCBUczcrpiOiCbXuPEV3BH955VVoXdR8r+bf+ZX6NcxVgFMoQxV8uIQ63EIDmkBhBI/wDC9Ioif0it7mpWto0XMCf4TefwDMlZBJ</latexit><latexit sha1_base64="LyreqHRgsiX4ilbKuIixwSO9ipc=">AAAB63icbZDLTgIxFIbP4A3xhrp000CMrMiMG1wS3bjERC4JTEindKCh7UzajgmZ8ApuXGjUrQ/j1p3Rh7EDLBT8kyZf/v+c9JwTxJxp47qfTm5tfWNzK79d2Nnd2z8oHh61dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GV1nevqNKs0jemklMfYGHkoWMYJNZ8Vlf9otlt+rOhFbBW0C5Xqp8f9XeXxr94kdvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rUosaDaT2ezTtGpdQYojJR90qCZ+7sjxULriQhspcBmpJezzPwv6yYmvPBTJuPEUEnmH4UJRyZC2eJowBQlhk8sYKKYnRWREVaYGHuegj2Ct7zyKrTOq55b9W68cv0S5srDCZSgAh7UoA7X0IAmEBjBPTzCkyOcB+fZeZ2X5pxFzzH8kfP2A+qpkd8=</latexit><latexit sha1_base64="LyreqHRgsiX4ilbKuIixwSO9ipc=">AAAB63icbZDLTgIxFIbP4A3xhrp000CMrMiMG1wS3bjERC4JTEindKCh7UzajgmZ8ApuXGjUrQ/j1p3Rh7EDLBT8kyZf/v+c9JwTxJxp47qfTm5tfWNzK79d2Nnd2z8oHh61dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GV1nevqNKs0jemklMfYGHkoWMYJNZ8Vlf9otlt+rOhFbBW0C5Xqp8f9XeXxr94kdvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rUosaDaT2ezTtGpdQYojJR90qCZ+7sjxULriQhspcBmpJezzPwv6yYmvPBTJuPEUEnmH4UJRyZC2eJowBQlhk8sYKKYnRWREVaYGHuegj2Ct7zyKrTOq55b9W68cv0S5srDCZSgAh7UoA7X0IAmEBjBPTzCkyOcB+fZeZ2X5pxFzzH8kfP2A+qpkd8=</latexit><latexit sha1_base64="f8MrmFu11SXuKLA+uUYnNuP97v4=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzFakTsbLYk2lpgIksCF7C0DbNjdu+zumZALf8HGQmNs/UN2/hv34AoFXzLJy3szmZkXJYIb6/vfXmltfWNzq7xd2dnd2z+oHh61TZxqhi0Wi1h3ImpQcIUty63ATqKRykjgYzS5zf3HJ9SGx+rBThMMJR0pPuSM2lxKzvuqX635dX8OskqCgtSgQLNf/eoNYpZKVJYJakw38BMbZlRbzgTOKr3UYELZhI6w66iiEk2YzW+dkTOnDMgw1q6UJXP190RGpTFTGblOSe3YLHu5+J/XTe3wOsy4SlKLii0WDVNBbEzyx8mAa2RWTB2hTHN3K2FjqimzLp6KCyFYfnmVtC/rgV8P7oNa46aIowwncAoXEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/u8aOAw==</latexit>

factorisation:

“Handbag” diagram
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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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<latexit sha1_base64="P6CpX2cPh0KGD/NgohvkscKmlRU="></latexit><latexit sha1_base64="WwbyRr04dGn4itK5LzVzmVdqduo="></latexit><latexit sha1_base64="WwbyRr04dGn4itK5LzVzmVdqduo="></latexit><latexit sha1_base64="Jetc9mLqk1vrlRegHwxUym9aRFQ="></latexit>

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:



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,

11

luminosity monitor



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 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

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

7

http://arxiv.org/abs/1504.07961


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



Extracting GPDs

u
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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

23https://arxiv.org/abs/2103.05419

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



EIC Comprehensive 
Chromodynamics Experiment

A Totally Hermetic Electron-Nucleus Apparatus
https://sites.temple.edu/eicatip6/

https://www.ecce-eic.org

ePIC (Electron-Proton and -Ion Collider detector): 
The new detector 1 collaboration detector, based around the geometry of the BaBaR 
solenoid, incorporating sub-detector designs from both the ECCE and ATHENA 
proposals.

Design still in flux, to be finalised this year.

11

New solenoid (MARCO) to be built by Saclay: 1.7 T  (max field possible: 2T)



Transverse 
Momentum 

Distributions 
(TMDs)

∫ Tbd
2 Semi-inclusive Deep Inelastic 

Scattering (SIDIS), di-hadron 
production, jets, Drell-Yann.

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

SIDIS:

Wigner function:  
full phase space parton 

distribution of the nucleon
Generalised Transverse Momentum 

Distributions (GTMDs)

2



∫ Tbd
2

∫ Tkd
2

Parton Distribution
Functions (PDFs)

Transverse 
Momentum 

Distributions 
(TMDs)

 Deep Inelastic 
Scattering (DIS)

Wigner function:  
full phase space parton 

distribution of the nucleon
Generalised Transverse Momentum 

Distributions (GTMDs)



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. 

Wigner function:  
full phase space parton 

distribution of the nucleon
Generalised Transverse Momentum 

Distributions (GTMDs)

4



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)Elastic scattering

Wigner function:  
full phase space parton 

distribution of the nucleon
Generalised Transverse Momentum 

Distributions (GTMDs)

5



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. 

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. 

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. 

21

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



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)



!49

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
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<latexit sha1_base64="FNl2weg/fEd4zzD/HWWdguvH/G8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLyflADao1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1n2v7j9c1Rq3RRxlOIFTuAAfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB7y2jgY=</latexit><latexit sha1_base64="FNl2weg/fEd4zzD/HWWdguvH/G8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLyflADao1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1n2v7j9c1Rq3RRxlOIFTuAAfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB7y2jgY=</latexit><latexit sha1_base64="FNl2weg/fEd4zzD/HWWdguvH/G8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLyflADao1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1n2v7j9c1Rq3RRxlOIFTuAAfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB7y2jgY=</latexit><latexit sha1_base64="FNl2weg/fEd4zzD/HWWdguvH/G8=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLyflADao1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1n2v7j9c1Rq3RRxlOIFTuAAfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB7y2jgY=</latexit>

pn
<latexit sha1_base64="HkhQxr6B7Y4ume65wGJjKBk5na8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AVv0jdU=</latexit><latexit sha1_base64="HkhQxr6B7Y4ume65wGJjKBk5na8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AVv0jdU=</latexit><latexit sha1_base64="HkhQxr6B7Y4ume65wGJjKBk5na8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AVv0jdU=</latexit><latexit sha1_base64="HkhQxr6B7Y4ume65wGJjKBk5na8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AVv0jdU=</latexit>

�(q)
<latexit sha1_base64="6cp51R9scCm8Ld+Mo7pOzdpR5Js=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6wWcLsZDYZMo91plcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzvz2EzOWa/UA45RFkgwUTzgl4KSwOyBSElx9PMe9csWv+XPgVRLkpIJyNHrlr25f00wyBVQQa8PATyGaEAOcCjYtdTPLUkJHZMBCRxWRzEaT+clTfOaUPk60caUAz9XfExMirR3L2HVKAkO77M3E/7wwg+Q6mnCVZsAUXSxKMoFB49n/uM8NoyDGjhBquLsV0yExhIJLqeRCCJZfXiWti1rg14L7y0r9Jo+jiE7QKaqiAF2hOrpDDdREFGn0jF7Rmwfei/fufSxaC14+c4z+wPv8AdSpkEk=</latexit><latexit sha1_base64="6cp51R9scCm8Ld+Mo7pOzdpR5Js=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6wWcLsZDYZMo91plcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzvz2EzOWa/UA45RFkgwUTzgl4KSwOyBSElx9PMe9csWv+XPgVRLkpIJyNHrlr25f00wyBVQQa8PATyGaEAOcCjYtdTPLUkJHZMBCRxWRzEaT+clTfOaUPk60caUAz9XfExMirR3L2HVKAkO77M3E/7wwg+Q6mnCVZsAUXSxKMoFB49n/uM8NoyDGjhBquLsV0yExhIJLqeRCCJZfXiWti1rg14L7y0r9Jo+jiE7QKaqiAF2hOrpDDdREFGn0jF7Rmwfei/fufSxaC14+c4z+wPv8AdSpkEk=</latexit><latexit sha1_base64="6cp51R9scCm8Ld+Mo7pOzdpR5Js=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6wWcLsZDYZMo91plcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzvz2EzOWa/UA45RFkgwUTzgl4KSwOyBSElx9PMe9csWv+XPgVRLkpIJyNHrlr25f00wyBVQQa8PATyGaEAOcCjYtdTPLUkJHZMBCRxWRzEaT+clTfOaUPk60caUAz9XfExMirR3L2HVKAkO77M3E/7wwg+Q6mnCVZsAUXSxKMoFB49n/uM8NoyDGjhBquLsV0yExhIJLqeRCCJZfXiWti1rg14L7y0r9Jo+jiE7QKaqiAF2hOrpDDdREFGn0jF7Rmwfei/fufSxaC14+c4z+wPv8AdSpkEk=</latexit><latexit sha1_base64="6cp51R9scCm8Ld+Mo7pOzdpR5Js=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6wWcLsZDYZMo91plcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzvz2EzOWa/UA45RFkgwUTzgl4KSwOyBSElx9PMe9csWv+XPgVRLkpIJyNHrlr25f00wyBVQQa8PATyGaEAOcCjYtdTPLUkJHZMBCRxWRzEaT+clTfOaUPk60caUAz9XfExMirR3L2HVKAkO77M3E/7wwg+Q6mnCVZsAUXSxKMoFB49n/uM8NoyDGjhBquLsV0yExhIJLqeRCCJZfXiWti1rg14L7y0r9Jo+jiE7QKaqiAF2hOrpDDdREFGn0jF7Rmwfei/fufSxaC14+c4z+wPv8AdSpkEk=</latexit>

�⇤(Q0)
<latexit sha1_base64="7k3lB3yjHIBsHZ1MVSJR/Bz6/pU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRaxeii7Iuix6MVjC/YDumvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70OqDgcd7M8zMCxPOtHHdL6ewsrq2vlHcLG1t7+zulfcP2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E49uZ33mkSrNY3ptJQgOBh5JFjGBjJd8fYiHww3m1eXrWL1fcmjsH+ku8nFQgR6Nf/vQHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1YZYCiWNmSBs3VnxMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85Zf/kvZFzXNrXvOyUr/J4yjCERxDFTy4gjrcQQNaQCCBJ3iBVyd1np03533RWnDymUP4BefjG3WHkKI=</latexit><latexit sha1_base64="7k3lB3yjHIBsHZ1MVSJR/Bz6/pU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRaxeii7Iuix6MVjC/YDumvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70OqDgcd7M8zMCxPOtHHdL6ewsrq2vlHcLG1t7+zulfcP2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E49uZ33mkSrNY3ptJQgOBh5JFjGBjJd8fYiHww3m1eXrWL1fcmjsH+ku8nFQgR6Nf/vQHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1YZYCiWNmSBs3VnxMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85Zf/kvZFzXNrXvOyUr/J4yjCERxDFTy4gjrcQQNaQCCBJ3iBVyd1np03533RWnDymUP4BefjG3WHkKI=</latexit><latexit sha1_base64="7k3lB3yjHIBsHZ1MVSJR/Bz6/pU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRaxeii7Iuix6MVjC/YDumvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70OqDgcd7M8zMCxPOtHHdL6ewsrq2vlHcLG1t7+zulfcP2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E49uZ33mkSrNY3ptJQgOBh5JFjGBjJd8fYiHww3m1eXrWL1fcmjsH+ku8nFQgR6Nf/vQHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1YZYCiWNmSBs3VnxMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85Zf/kvZFzXNrXvOyUr/J4yjCERxDFTy4gjrcQQNaQCCBJ3iBVyd1np03533RWnDymUP4BefjG3WHkKI=</latexit><latexit sha1_base64="7k3lB3yjHIBsHZ1MVSJR/Bz6/pU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRaxeii7Iuix6MVjC/YDumvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70OqDgcd7M8zMCxPOtHHdL6ewsrq2vlHcLG1t7+zulfcP2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E49uZ33mkSrNY3ptJQgOBh5JFjGBjJd8fYiHww3m1eXrWL1fcmjsH+ku8nFQgR6Nf/vQHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1YZYCiWNmSBs3VnxMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85Zf/kvZFzXNrXvOyUr/J4yjCERxDFTy4gjrcQQNaQCCBJ3iBVyd1np03533RWnDymUP4BefjG3WHkKI=</latexit>

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

Q02 << 1
<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).



TCS observables
•Similarly to DVCS, TCS process interferes with Bethe-Heitler at the amplitude level.

p
s = 5 GeV

<latexit sha1_base64="sG3ydOqrmSXOHeclTVBs64gqk4Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSRqtS6EogtdVrAP6Awlk2ba0MzDJFMoQ//EjQtF3Pon7vwb02kFFT1w4XDOvdx7j58IrjRCH1ZhYXFpeaW4Wlpb39jcsrd3mipOJWUNGotYtn2imOARa2iuBWsnkpHQF6zlD6+mfmvEpOJxdKfHCfNC0o94wCnRRuratqvupYYKXsCKC69Zs2uXkVNB+PwUQeSgHDmp4mMM8VwpgznqXfvd7cU0DVmkqSBKdTBKtJcRqTkVbFJyU8USQoekzzqGRiRkysvyyyfwwCg9GMTSVKRhrn6fyEio1Dj0TWdI9ED99qbiX14n1UHVy3iUpJpFdLYoSAXUMZzGAHtcMqrF2BBCJTe3QjogklBtwiqZEL4+hf+T5pGDkYNvT8q1y3kcRbAH9sEhwOAM1MANqIMGoGAEHsATeLYy69F6sV5nrQVrPrMLfsB6+wSdz5JW</latexit><latexit sha1_base64="sG3ydOqrmSXOHeclTVBs64gqk4Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSRqtS6EogtdVrAP6Awlk2ba0MzDJFMoQ//EjQtF3Pon7vwb02kFFT1w4XDOvdx7j58IrjRCH1ZhYXFpeaW4Wlpb39jcsrd3mipOJWUNGotYtn2imOARa2iuBWsnkpHQF6zlD6+mfmvEpOJxdKfHCfNC0o94wCnRRuratqvupYYKXsCKC69Zs2uXkVNB+PwUQeSgHDmp4mMM8VwpgznqXfvd7cU0DVmkqSBKdTBKtJcRqTkVbFJyU8USQoekzzqGRiRkysvyyyfwwCg9GMTSVKRhrn6fyEio1Dj0TWdI9ED99qbiX14n1UHVy3iUpJpFdLYoSAXUMZzGAHtcMqrF2BBCJTe3QjogklBtwiqZEL4+hf+T5pGDkYNvT8q1y3kcRbAH9sEhwOAM1MANqIMGoGAEHsATeLYy69F6sV5nrQVrPrMLfsB6+wSdz5JW</latexit><latexit sha1_base64="sG3ydOqrmSXOHeclTVBs64gqk4Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSRqtS6EogtdVrAP6Awlk2ba0MzDJFMoQ//EjQtF3Pon7vwb02kFFT1w4XDOvdx7j58IrjRCH1ZhYXFpeaW4Wlpb39jcsrd3mipOJWUNGotYtn2imOARa2iuBWsnkpHQF6zlD6+mfmvEpOJxdKfHCfNC0o94wCnRRuratqvupYYKXsCKC69Zs2uXkVNB+PwUQeSgHDmp4mMM8VwpgznqXfvd7cU0DVmkqSBKdTBKtJcRqTkVbFJyU8USQoekzzqGRiRkysvyyyfwwCg9GMTSVKRhrn6fyEio1Dj0TWdI9ED99qbiX14n1UHVy3iUpJpFdLYoSAXUMZzGAHtcMqrF2BBCJTe3QjogklBtwiqZEL4+hf+T5pGDkYNvT8q1y3kcRbAH9sEhwOAM1MANqIMGoGAEHsATeLYy69F6sV5nrQVrPrMLfsB6+wSdz5JW</latexit><latexit sha1_base64="sG3ydOqrmSXOHeclTVBs64gqk4Q=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSRqtS6EogtdVrAP6Awlk2ba0MzDJFMoQ//EjQtF3Pon7vwb02kFFT1w4XDOvdx7j58IrjRCH1ZhYXFpeaW4Wlpb39jcsrd3mipOJWUNGotYtn2imOARa2iuBWsnkpHQF6zlD6+mfmvEpOJxdKfHCfNC0o94wCnRRuratqvupYYKXsCKC69Zs2uXkVNB+PwUQeSgHDmp4mMM8VwpgznqXfvd7cU0DVmkqSBKdTBKtJcRqTkVbFJyU8USQoekzzqGRiRkysvyyyfwwCg9GMTSVKRhrn6fyEio1Dj0TWdI9ED99qbiX14n1UHVy3iUpJpFdLYoSAXUMZzGAHtcMqrF2BBCJTe3QjogklBtwiqZEL4+hf+T5pGDkYNvT8q1y3kcRbAH9sEhwOAM1MANqIMGoGAEHsATeLYy69F6sV5nrQVrPrMLfsB6+wSdz5JW</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>

�
<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>

�⇤
<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>
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• TCS suppressed by factor of 100 wrt BH: hard to measure 
cross-sections. Asymmetries dominated by interference 
term.

+

• Photon-polarisation (beam-spin) asymmetry:

access to Im H

• Forward - backward asymmetry:

access to Re H

BS
A



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)


