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

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

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

✓ 20 - 100 (140) GeV Variable CoM  

Brookhaven National Lab selected as the site early 
in 2020, following the granting of CD-0 by DOE.

arXiv:1409.1633

Dedicated studies of 
EIC physics and design:

EIC White Paper, Eur. Phy. J. A 52, 9 (2016) 
EIC Yellow Report, https://arxiv.org/abs/2103.05419  

1

http://arxiv.org/abs/1504.07961


Q2=100 GeV 2

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

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

H1- total xsec
H1- dσ/dt
H1- ACU

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

HERMES- ALU, AUL, ALL
HERMES- AUT Hall A- CFFs
CLAS- ALU CLAS- AUL
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EIC kinematic reach: DVCS
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Detector configuration
✦ Very asymmetric beams

forwardbackward

η = − ln tan(θ/2) 
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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 anges, large acceptance Zero degree 
Calorimeter (ZDC) to detect neutrons (nuclear 
breakup / neutral decay products)

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

Detector proposals currently under development: ATHENA, ECCE, CORE
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Timelike Compton Scattering
• Time-reversal process of DVCS: parametrised in terms of 

same Compton Form Factors (their complex conjugates).

•Verification of GPD universality.

•Factorisation ensured by hard scale of γ* virtuality:
t
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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.
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6

Bethe-Heitler in TCS

•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>

�
<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>

+

E.R. Berger, M. Diehl, B. Pire. EPJ C, 23(4):675︎689 (2002). 

•Cross-sections hard to obtain! Suppressed by 
factor of 100 wrt BH.

•Look to other observables.
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TCS observables

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

•Unpolarised cross-sections:  
sensitive to Re H.

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

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

suppressed

•Photon-polarisation (beam-spin) 
asymmetry:

•Forward - backward asymmetry:

access to Im H access to Re H

https://arxiv.org/abs/2108.11746


8

TCS observables

E.R. Berger, M. Diehl, B. Pire. EPJ C, 23(4):675︎689 (2002). 

Integrated cross-section 
over θ and φ•The R ratio of integrated cross-sections:

Sensitivity to Re H and the D-term, 
but integrated over some of the 
phase-space: susceptible to 
detector acceptance effects.



EpIC: generator
•Generator: EpIC, interfaced to PARTONS, uses CFFs from the GK model.

•Simulations carried out with the ATHENA detector (Geant4).
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•Bethe-Heitler dominates by ~factor of 100: generate BH + TCS + Interference

⇡

6
< ✓ <
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6
<latexit sha1_base64="ruYSBpS0AEB1rXou4UXcs8ki7DQ=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWCqUoQt4GhgoWxSPQiNVHluE5r1bnIPkGqojwCC6/CwgBCrIxsvA1OmgFajmTp0/+fo+Pze7HgCizr21hYXFpeWa2sVdc3Nre2zZ3dtooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre+Cb3Ow9MKh6F9zCJmRuQYch9TgloqW8eOb4kNHVinqXnGb7CDowYkBwK46x0+mbNqltF4XmwS6ihspp988sZRDQJWAhUEKV6thWDmxIJnAqWVZ1EsZjQMRmynsaQBEy5aXFQhg+1MsB+JPULARfq74mUBEpNAk93BgRGatbLxf+8XgL+pZvyME6AhXS6yE8Ehgjn6eABl4yCmGggVHL9V0xHRAcBOsOqDsGePXke2id126rbd6e1xnUZRwXtowN0jGx0gRroFjVRC1H0iJ7RK3oznowX4934mLYuGOXMHvpTxucP3Kacdg==</latexit><latexit sha1_base64="ruYSBpS0AEB1rXou4UXcs8ki7DQ=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWCqUoQt4GhgoWxSPQiNVHluE5r1bnIPkGqojwCC6/CwgBCrIxsvA1OmgFajmTp0/+fo+Pze7HgCizr21hYXFpeWa2sVdc3Nre2zZ3dtooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre+Cb3Ow9MKh6F9zCJmRuQYch9TgloqW8eOb4kNHVinqXnGb7CDowYkBwK46x0+mbNqltF4XmwS6ihspp988sZRDQJWAhUEKV6thWDmxIJnAqWVZ1EsZjQMRmynsaQBEy5aXFQhg+1MsB+JPULARfq74mUBEpNAk93BgRGatbLxf+8XgL+pZvyME6AhXS6yE8Ehgjn6eABl4yCmGggVHL9V0xHRAcBOsOqDsGePXke2id126rbd6e1xnUZRwXtowN0jGx0gRroFjVRC1H0iJ7RK3oznowX4934mLYuGOXMHvpTxucP3Kacdg==</latexit><latexit sha1_base64="ruYSBpS0AEB1rXou4UXcs8ki7DQ=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWCqUoQt4GhgoWxSPQiNVHluE5r1bnIPkGqojwCC6/CwgBCrIxsvA1OmgFajmTp0/+fo+Pze7HgCizr21hYXFpeWa2sVdc3Nre2zZ3dtooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre+Cb3Ow9MKh6F9zCJmRuQYch9TgloqW8eOb4kNHVinqXnGb7CDowYkBwK46x0+mbNqltF4XmwS6ihspp988sZRDQJWAhUEKV6thWDmxIJnAqWVZ1EsZjQMRmynsaQBEy5aXFQhg+1MsB+JPULARfq74mUBEpNAk93BgRGatbLxf+8XgL+pZvyME6AhXS6yE8Ehgjn6eABl4yCmGggVHL9V0xHRAcBOsOqDsGePXke2id126rbd6e1xnUZRwXtowN0jGx0gRroFjVRC1H0iJ7RK3oznowX4934mLYuGOXMHvpTxucP3Kacdg==</latexit><latexit sha1_base64="ruYSBpS0AEB1rXou4UXcs8ki7DQ=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWCqUoQt4GhgoWxSPQiNVHluE5r1bnIPkGqojwCC6/CwgBCrIxsvA1OmgFajmTp0/+fo+Pze7HgCizr21hYXFpeWa2sVdc3Nre2zZ3dtooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre+Cb3Ow9MKh6F9zCJmRuQYch9TgloqW8eOb4kNHVinqXnGb7CDowYkBwK46x0+mbNqltF4XmwS6ihspp988sZRDQJWAhUEKV6thWDmxIJnAqWVZ1EsZjQMRmynsaQBEy5aXFQhg+1MsB+JPULARfq74mUBEpNAk93BgRGatbLxf+8XgL+pZvyME6AhXS6yE8Ehgjn6eABl4yCmGggVHL9V0xHRAcBOsOqDsGePXke2id126rbd6e1xnUZRwXtowN0jGx0gRroFjVRC1H0iJ7RK3oznowX4934mLYuGOXMHvpTxucP3Kacdg==</latexit>0.01 < y < 0.95

<latexit sha1_base64="o6VPwTjGpC4RW7gUF/9TBhoPMno=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkIiigoeil48VrAf0Iay2W7apZtN2N0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKu+22VVlbX1jfKm5Wt7Z3dqr2331JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6d+u1HKhWLxYPOEupHeChYyAjWRurbVddxPXSNMlOuc3Xet2tGmQEtE68gNSjQ6NtfvUFM0ogKTThWquu5ifZzLDUjnE4qvVTRBJMxHtKuoQJHVPn57PAJOjbKAIWxNCU0mqm/J3IcKZVFgemMsB6pRW8q/ud1Ux1e+jkTSaqpIPNFYcqRjtE0BTRgkhLNM0MwkczcisgIS0y0yapiQvAWX14mrVPHcx3v/qxWvyniKMMhHMEJeHABdbiDBjSBQArP8Apv1pP1Yr1bH/PWklXMHMAfWJ8/SCKQPQ==</latexit><latexit sha1_base64="o6VPwTjGpC4RW7gUF/9TBhoPMno=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkIiigoeil48VrAf0Iay2W7apZtN2N0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKu+22VVlbX1jfKm5Wt7Z3dqr2331JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6d+u1HKhWLxYPOEupHeChYyAjWRurbVddxPXSNMlOuc3Xet2tGmQEtE68gNSjQ6NtfvUFM0ogKTThWquu5ifZzLDUjnE4qvVTRBJMxHtKuoQJHVPn57PAJOjbKAIWxNCU0mqm/J3IcKZVFgemMsB6pRW8q/ud1Ux1e+jkTSaqpIPNFYcqRjtE0BTRgkhLNM0MwkczcisgIS0y0yapiQvAWX14mrVPHcx3v/qxWvyniKMMhHMEJeHABdbiDBjSBQArP8Apv1pP1Yr1bH/PWklXMHMAfWJ8/SCKQPQ==</latexit><latexit sha1_base64="o6VPwTjGpC4RW7gUF/9TBhoPMno=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkIiigoeil48VrAf0Iay2W7apZtN2N0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKu+22VVlbX1jfKm5Wt7Z3dqr2331JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6d+u1HKhWLxYPOEupHeChYyAjWRurbVddxPXSNMlOuc3Xet2tGmQEtE68gNSjQ6NtfvUFM0ogKTThWquu5ifZzLDUjnE4qvVTRBJMxHtKuoQJHVPn57PAJOjbKAIWxNCU0mqm/J3IcKZVFgemMsB6pRW8q/ud1Ux1e+jkTSaqpIPNFYcqRjtE0BTRgkhLNM0MwkczcisgIS0y0yapiQvAWX14mrVPHcx3v/qxWvyniKMMhHMEJeHABdbiDBjSBQArP8Apv1pP1Yr1bH/PWklXMHMAfWJ8/SCKQPQ==</latexit><latexit sha1_base64="o6VPwTjGpC4RW7gUF/9TBhoPMno=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkIiigoeil48VrAf0Iay2W7apZtN2N0IMfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKu+22VVlbX1jfKm5Wt7Z3dqr2331JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6d+u1HKhWLxYPOEupHeChYyAjWRurbVddxPXSNMlOuc3Xet2tGmQEtE68gNSjQ6NtfvUFM0ogKTThWquu5ifZzLDUjnE4qvVTRBJMxHtKuoQJHVPn57PAJOjbKAIWxNCU0mqm/J3IcKZVFgemMsB6pRW8q/ud1Ux1e+jkTSaqpIPNFYcqRjtE0BTRgkhLNM0MwkczcisgIS0y0yapiQvAWX14mrVPHcx3v/qxWvyniKMMhHMEJeHABdbiDBjSBQArP8Apv1pP1Yr1bH/PWklXMHMAfWJ8/SCKQPQ==</latexit>

•Generated limits:

� : 0 ! 2⇡
<latexit sha1_base64="Ym7+763Zz63tnNoOEJq4faGcBbc=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTBMVV0Y3LCvYBnaFk0kwnNJOEJKOUoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkCaMctI01DDSkYqgNGKkHQ2vJ377nihNBb8zI0nCFA04jSlGxko99zCQCb2EHgwUHSQGKSUeYC2QtOdWvKo3BVwkfkEqoECj534FfYGzlHCDGdK663vShDlShmJGxuUg00QiPEQD0rWUo5ToMJ9+MIYnVunDWChb3MCp+nsiR6nWozSynSkyiZ73JuJ/Xjcz8UWYUy4zQzieLYozBo2AkzhgnyqCDRtZgrCi9laIE6QQNja0sg3Bn395kbRqVd+r+rdnlfpVEUcJHIFjcAp8cA7q4AY0QBNg8AiewSt4c56cF+fd+Zi1LjnFzAH4A+fzBylPlg4=</latexit><latexit sha1_base64="Ym7+763Zz63tnNoOEJq4faGcBbc=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTBMVV0Y3LCvYBnaFk0kwnNJOEJKOUoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkCaMctI01DDSkYqgNGKkHQ2vJ377nihNBb8zI0nCFA04jSlGxko99zCQCb2EHgwUHSQGKSUeYC2QtOdWvKo3BVwkfkEqoECj534FfYGzlHCDGdK663vShDlShmJGxuUg00QiPEQD0rWUo5ToMJ9+MIYnVunDWChb3MCp+nsiR6nWozSynSkyiZ73JuJ/Xjcz8UWYUy4zQzieLYozBo2AkzhgnyqCDRtZgrCi9laIE6QQNja0sg3Bn395kbRqVd+r+rdnlfpVEUcJHIFjcAp8cA7q4AY0QBNg8AiewSt4c56cF+fd+Zi1LjnFzAH4A+fzBylPlg4=</latexit><latexit sha1_base64="Ym7+763Zz63tnNoOEJq4faGcBbc=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTBMVV0Y3LCvYBnaFk0kwnNJOEJKOUoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkCaMctI01DDSkYqgNGKkHQ2vJ377nihNBb8zI0nCFA04jSlGxko99zCQCb2EHgwUHSQGKSUeYC2QtOdWvKo3BVwkfkEqoECj534FfYGzlHCDGdK663vShDlShmJGxuUg00QiPEQD0rWUo5ToMJ9+MIYnVunDWChb3MCp+nsiR6nWozSynSkyiZ73JuJ/Xjcz8UWYUy4zQzieLYozBo2AkzhgnyqCDRtZgrCi9laIE6QQNja0sg3Bn395kbRqVd+r+rdnlfpVEUcJHIFjcAp8cA7q4AY0QBNg8AiewSt4c56cF+fd+Zi1LjnFzAH4A+fzBylPlg4=</latexit><latexit sha1_base64="Ym7+763Zz63tnNoOEJq4faGcBbc=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzJTBMVV0Y3LCvYBnaFk0kwnNJOEJKOUoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkCaMctI01DDSkYqgNGKkHQ2vJ377nihNBb8zI0nCFA04jSlGxko99zCQCb2EHgwUHSQGKSUeYC2QtOdWvKo3BVwkfkEqoECj534FfYGzlHCDGdK663vShDlShmJGxuUg00QiPEQD0rWUo5ToMJ9+MIYnVunDWChb3MCp+nsiR6nWozSynSkyiZ73JuJ/Xjcz8UWYUy4zQzieLYozBo2AkzhgnyqCDRtZgrCi9laIE6QQNja0sg3Bn395kbRqVd+r+rdnlfpVEUcJHIFjcAp8cA7q4AY0QBNg8AiewSt4c56cF+fd+Zi1LjnFzAH4A+fzBylPlg4=</latexit>

�s : 0 ! 2⇡
<latexit sha1_base64="++JLMih+kU7+Rbqmz03eAX55jLI=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNFUFwV3bisYB/QGYZMmmlDM0lIMkoZCm78FTcuFHHrT7jzb0zbWWjrgQuHc+7l3ntiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkSaMctI01DDSkYqgNGakHQ+vJ377nihNBb8zI0nCFPU5TShGxkqRexjIAY30JfRgoGh/YJBS4gHWAkkjt+JVvSngIvELUgEFGpH7FfQEzlLCDWZI667vSRPmSBmKGRmXg0wTifAQ9UnXUo5SosN8+sMYnlilBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//O6mUkuwpxymRnC8WxRkjFoBJwEAntUEWzYyBKEFbW3QjxACmFjYyvbEPz5lxdJq1b1vap/e1apXxVxlMAROAanwAfnoA5uQAM0AQaP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AxguW9A==</latexit><latexit sha1_base64="++JLMih+kU7+Rbqmz03eAX55jLI=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNFUFwV3bisYB/QGYZMmmlDM0lIMkoZCm78FTcuFHHrT7jzb0zbWWjrgQuHc+7l3ntiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkSaMctI01DDSkYqgNGakHQ+vJ377nihNBb8zI0nCFPU5TShGxkqRexjIAY30JfRgoGh/YJBS4gHWAkkjt+JVvSngIvELUgEFGpH7FfQEzlLCDWZI667vSRPmSBmKGRmXg0wTifAQ9UnXUo5SosN8+sMYnlilBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//O6mUkuwpxymRnC8WxRkjFoBJwEAntUEWzYyBKEFbW3QjxACmFjYyvbEPz5lxdJq1b1vap/e1apXxVxlMAROAanwAfnoA5uQAM0AQaP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AxguW9A==</latexit><latexit sha1_base64="++JLMih+kU7+Rbqmz03eAX55jLI=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNFUFwV3bisYB/QGYZMmmlDM0lIMkoZCm78FTcuFHHrT7jzb0zbWWjrgQuHc+7l3ntiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkSaMctI01DDSkYqgNGakHQ+vJ377nihNBb8zI0nCFPU5TShGxkqRexjIAY30JfRgoGh/YJBS4gHWAkkjt+JVvSngIvELUgEFGpH7FfQEzlLCDWZI667vSRPmSBmKGRmXg0wTifAQ9UnXUo5SosN8+sMYnlilBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//O6mUkuwpxymRnC8WxRkjFoBJwEAntUEWzYyBKEFbW3QjxACmFjYyvbEPz5lxdJq1b1vap/e1apXxVxlMAROAanwAfnoA5uQAM0AQaP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AxguW9A==</latexit><latexit sha1_base64="++JLMih+kU7+Rbqmz03eAX55jLI=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNFUFwV3bisYB/QGYZMmmlDM0lIMkoZCm78FTcuFHHrT7jzb0zbWWjrgQuHc+7l3ntiyag2nvftLC2vrK6tlzbKm1vbO7vu3n5Li0xh0sSCCdWJkSaMctI01DDSkYqgNGakHQ+vJ377nihNBb8zI0nCFPU5TShGxkqRexjIAY30JfRgoGh/YJBS4gHWAkkjt+JVvSngIvELUgEFGpH7FfQEzlLCDWZI667vSRPmSBmKGRmXg0wTifAQ9UnXUo5SosN8+sMYnlilBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//O6mUkuwpxymRnC8WxRkjFoBJwEAntUEWzYyBKEFbW3QjxACmFjYyvbEPz5lxdJq1b1vap/e1apXxVxlMAROAanwAfnoA5uQAM0AQaP4Bm8gjfnyXlx3p2PWeuSU8wcgD9wPn8AxguW9A==</latexit>

2 < Q02 < 20 GeV 2
<latexit sha1_base64="8e2/kXjrlf2Dk/A+rrhyuwNy098=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYRKuwuwgKWgQttEzAXCDZhNnJ2WTI7IWZWSEssfFVbCwUsfUt7HwbJ8kWmvjDwMd/zuHM+b2YM6ks69vILS2vrK7l1wsbm1vbO+buXl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49DwhjeTeuMBhGRReK9GMbgB6YfMZ5QobXXNAwdf4epJJ3XGGhwLty/xLdQ7TtcsWiVrKrwIdgZFlKnSNb/avYgmAYSKciJly7Zi5aZEKEY5jAvtREJM6JD0oaUxJAFIN51eMMbH2ulhPxL6hQpP3d8TKQmkHAWe7gyIGsj52sT8r9ZKlH/hpiyMEwUhnS3yE45VhCdx4B4TQBUfaSBUMP1XTAdEEKp0aAUdgj1/8iLUnZJtlezqWbF8ncWRR4foCJ0iG52jMrpDFVRDFD2iZ/SK3own48V4Nz5mrTkjm9lHf2R8/gBFHpOQ</latexit><latexit sha1_base64="8e2/kXjrlf2Dk/A+rrhyuwNy098=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYRKuwuwgKWgQttEzAXCDZhNnJ2WTI7IWZWSEssfFVbCwUsfUt7HwbJ8kWmvjDwMd/zuHM+b2YM6ks69vILS2vrK7l1wsbm1vbO+buXl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49DwhjeTeuMBhGRReK9GMbgB6YfMZ5QobXXNAwdf4epJJ3XGGhwLty/xLdQ7TtcsWiVrKrwIdgZFlKnSNb/avYgmAYSKciJly7Zi5aZEKEY5jAvtREJM6JD0oaUxJAFIN51eMMbH2ulhPxL6hQpP3d8TKQmkHAWe7gyIGsj52sT8r9ZKlH/hpiyMEwUhnS3yE45VhCdx4B4TQBUfaSBUMP1XTAdEEKp0aAUdgj1/8iLUnZJtlezqWbF8ncWRR4foCJ0iG52jMrpDFVRDFD2iZ/SK3own48V4Nz5mrTkjm9lHf2R8/gBFHpOQ</latexit><latexit sha1_base64="8e2/kXjrlf2Dk/A+rrhyuwNy098=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYRKuwuwgKWgQttEzAXCDZhNnJ2WTI7IWZWSEssfFVbCwUsfUt7HwbJ8kWmvjDwMd/zuHM+b2YM6ks69vILS2vrK7l1wsbm1vbO+buXl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49DwhjeTeuMBhGRReK9GMbgB6YfMZ5QobXXNAwdf4epJJ3XGGhwLty/xLdQ7TtcsWiVrKrwIdgZFlKnSNb/avYgmAYSKciJly7Zi5aZEKEY5jAvtREJM6JD0oaUxJAFIN51eMMbH2ulhPxL6hQpP3d8TKQmkHAWe7gyIGsj52sT8r9ZKlH/hpiyMEwUhnS3yE45VhCdx4B4TQBUfaSBUMP1XTAdEEKp0aAUdgj1/8iLUnZJtlezqWbF8ncWRR4foCJ0iG52jMrpDFVRDFD2iZ/SK3own48V4Nz5mrTkjm9lHf2R8/gBFHpOQ</latexit><latexit sha1_base64="8e2/kXjrlf2Dk/A+rrhyuwNy098=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYRKuwuwgKWgQttEzAXCDZhNnJ2WTI7IWZWSEssfFVbCwUsfUt7HwbJ8kWmvjDwMd/zuHM+b2YM6ks69vILS2vrK7l1wsbm1vbO+buXl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49DwhjeTeuMBhGRReK9GMbgB6YfMZ5QobXXNAwdf4epJJ3XGGhwLty/xLdQ7TtcsWiVrKrwIdgZFlKnSNb/avYgmAYSKciJly7Zi5aZEKEY5jAvtREJM6JD0oaUxJAFIN51eMMbH2ulhPxL6hQpP3d8TKQmkHAWe7gyIGsj52sT8r9ZKlH/hpiyMEwUhnS3yE45VhCdx4B4TQBUfaSBUMP1XTAdEEKp0aAUdgj1/8iLUnZJtlezqWbF8ncWRR4foCJ0iG52jMrpDFVRDFD2iZ/SK3own48V4Nz5mrTkjm9lHf2R8/gBFHpOQ</latexit>

0 < Q2 < 0.15 GeV 2
<latexit sha1_base64="dvPOKGCANUsjUEV2lYUJKAiGhn4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmKAq6KLrQZQv2Ae20ZNLbNjSTGZKMUIbixl9x40IRt36FO//GtJ2Fth643MM595Lc40ecKe0431ZmaXlldS27ntvY3NresXf3aiqMJYUqDXkoGz5RwJmAqmaaQyOSQAKfQ90f3kz8+gNIxUJxr0cReAHpC9ZjlGgjdewDB1/hSjspjk13Cu4Zbl3iW6i1ix077xScKfAicVOSRynKHfur1Q1pHIDQlBOlmq4TaS8hUjPKYZxrxQoiQoekD01DBQlAecn0hDE+NkoX90JpSmg8VX9vJCRQahT4ZjIgeqDmvYn4n9eMde/CS5iIYg2Czh7qxRzrEE/ywF0mgWo+MoRQycxfMR0QSag2qeVMCO78yYukViy4JrvKab50ncaRRYfoCJ0gF52jErpDZVRFFD2iZ/SK3qwn68V6tz5moxkr3dlHf2B9/gDHKZPT</latexit><latexit sha1_base64="dvPOKGCANUsjUEV2lYUJKAiGhn4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmKAq6KLrQZQv2Ae20ZNLbNjSTGZKMUIbixl9x40IRt36FO//GtJ2Fth643MM595Lc40ecKe0431ZmaXlldS27ntvY3NresXf3aiqMJYUqDXkoGz5RwJmAqmaaQyOSQAKfQ90f3kz8+gNIxUJxr0cReAHpC9ZjlGgjdewDB1/hSjspjk13Cu4Zbl3iW6i1ix077xScKfAicVOSRynKHfur1Q1pHIDQlBOlmq4TaS8hUjPKYZxrxQoiQoekD01DBQlAecn0hDE+NkoX90JpSmg8VX9vJCRQahT4ZjIgeqDmvYn4n9eMde/CS5iIYg2Czh7qxRzrEE/ywF0mgWo+MoRQycxfMR0QSag2qeVMCO78yYukViy4JrvKab50ncaRRYfoCJ0gF52jErpDZVRFFD2iZ/SK3qwn68V6tz5moxkr3dlHf2B9/gDHKZPT</latexit><latexit sha1_base64="dvPOKGCANUsjUEV2lYUJKAiGhn4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmKAq6KLrQZQv2Ae20ZNLbNjSTGZKMUIbixl9x40IRt36FO//GtJ2Fth643MM595Lc40ecKe0431ZmaXlldS27ntvY3NresXf3aiqMJYUqDXkoGz5RwJmAqmaaQyOSQAKfQ90f3kz8+gNIxUJxr0cReAHpC9ZjlGgjdewDB1/hSjspjk13Cu4Zbl3iW6i1ix077xScKfAicVOSRynKHfur1Q1pHIDQlBOlmq4TaS8hUjPKYZxrxQoiQoekD01DBQlAecn0hDE+NkoX90JpSmg8VX9vJCRQahT4ZjIgeqDmvYn4n9eMde/CS5iIYg2Czh7qxRzrEE/ywF0mgWo+MoRQycxfMR0QSag2qeVMCO78yYukViy4JrvKab50ncaRRYfoCJ0gF52jErpDZVRFFD2iZ/SK3qwn68V6tz5moxkr3dlHf2B9/gDHKZPT</latexit><latexit sha1_base64="dvPOKGCANUsjUEV2lYUJKAiGhn4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmKAq6KLrQZQv2Ae20ZNLbNjSTGZKMUIbixl9x40IRt36FO//GtJ2Fth643MM595Lc40ecKe0431ZmaXlldS27ntvY3NresXf3aiqMJYUqDXkoGz5RwJmAqmaaQyOSQAKfQ90f3kz8+gNIxUJxr0cReAHpC9ZjlGgjdewDB1/hSjspjk13Cu4Zbl3iW6i1ix077xScKfAicVOSRynKHfur1Q1pHIDQlBOlmq4TaS8hUjPKYZxrxQoiQoekD01DBQlAecn0hDE+NkoX90JpSmg8VX9vJCRQahT4ZjIgeqDmvYn4n9eMde/CS5iIYg2Czh7qxRzrEE/ywF0mgWo+MoRQycxfMR0QSag2qeVMCO78yYukViy4JrvKab50ncaRRYfoCJ0gF52jErpDZVRFFD2iZ/SK3qwn68V6tz5moxkr3dlHf2B9/gDHKZPT</latexit>

�1 < t < 0 GeV 2
<latexit sha1_base64="TJIWZ1a8kcFYxuTIIJ5LUkMXUpc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmKoKCHogc9VrAf0May2W7apZtN2J0IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5vmx4Boc59taWl5ZXVsvbBQ3t7Z3du29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q98VuPTGkeyXtIY+aFZCB5wCkBI/Xs0omLLzGYcnD3At+w5kO1Z5edijMFXiRuTsooR71nf3X7EU1CJoEKonXHdWLwMqKAU8HGxW6iWUzoiAxYx1BJQqa9bHr8GB8ZpY+DSJmSgKfq74mMhFqnoW86QwJDPe9NxP+8TgLBuZdxGSfAJJ0tChKBIcKTJHCfK0ZBpIYQqri5FdMhUYSCyatoQnDnX14kzWrFdSru3Wm5dpXHUUAH6BAdIxedoRq6RXXUQBSl6Bm9ojfryXqx3q2PWeuSlc+U0B9Ynz8L2JHM</latexit><latexit sha1_base64="TJIWZ1a8kcFYxuTIIJ5LUkMXUpc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmKoKCHogc9VrAf0May2W7apZtN2J0IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5vmx4Boc59taWl5ZXVsvbBQ3t7Z3du29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q98VuPTGkeyXtIY+aFZCB5wCkBI/Xs0omLLzGYcnD3At+w5kO1Z5edijMFXiRuTsooR71nf3X7EU1CJoEKonXHdWLwMqKAU8HGxW6iWUzoiAxYx1BJQqa9bHr8GB8ZpY+DSJmSgKfq74mMhFqnoW86QwJDPe9NxP+8TgLBuZdxGSfAJJ0tChKBIcKTJHCfK0ZBpIYQqri5FdMhUYSCyatoQnDnX14kzWrFdSru3Wm5dpXHUUAH6BAdIxedoRq6RXXUQBSl6Bm9ojfryXqx3q2PWeuSlc+U0B9Ynz8L2JHM</latexit><latexit sha1_base64="TJIWZ1a8kcFYxuTIIJ5LUkMXUpc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmKoKCHogc9VrAf0May2W7apZtN2J0IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5vmx4Boc59taWl5ZXVsvbBQ3t7Z3du29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q98VuPTGkeyXtIY+aFZCB5wCkBI/Xs0omLLzGYcnD3At+w5kO1Z5edijMFXiRuTsooR71nf3X7EU1CJoEKonXHdWLwMqKAU8HGxW6iWUzoiAxYx1BJQqa9bHr8GB8ZpY+DSJmSgKfq74mMhFqnoW86QwJDPe9NxP+8TgLBuZdxGSfAJJ0tChKBIcKTJHCfK0ZBpIYQqri5FdMhUYSCyatoQnDnX14kzWrFdSru3Wm5dpXHUUAH6BAdIxedoRq6RXXUQBSl6Bm9ojfryXqx3q2PWeuSlc+U0B9Ynz8L2JHM</latexit><latexit sha1_base64="TJIWZ1a8kcFYxuTIIJ5LUkMXUpc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmKoKCHogc9VrAf0May2W7apZtN2J0IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5vmx4Boc59taWl5ZXVsvbBQ3t7Z3du29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q98VuPTGkeyXtIY+aFZCB5wCkBI/Xs0omLLzGYcnD3At+w5kO1Z5edijMFXiRuTsooR71nf3X7EU1CJoEKonXHdWLwMqKAU8HGxW6iWUzoiAxYx1BJQqa9bHr8GB8ZpY+DSJmSgKfq74mMhFqnoW86QwJDPe9NxP+8TgLBuZdxGSfAJJ0tChKBIcKTJHCfK0ZBpIYQqri5FdMhUYSCyatoQnDnX14kzWrFdSru3Wm5dpXHUUAH6BAdIxedoRq6RXXUQBSl6Bm9ojfryXqx3q2PWeuSlc+U0B9Ynz8L2JHM</latexit>
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Scattered electron
• Scattered electron at very large backward angles: at 5 x 41 GeV only ~ 8% detected 

in the lepton endcap of the central barrel, at 18 x 275 GeV: none.

Generated Reconstructed
5 x 41 GeV

•In most cases, reconstruct through missing mass.

10

10 fb-1



Scattered electron
• Scattered electron at very large backward angles: at 5 x 41 GeV only ~ 8% detected 

in the lepton endcap of the central barrel, at 18 x 275 GeV: none.

Generated Reconstructed
5 x 41 GeV

•In most cases, reconstruct through missing mass.

•Possibility of a fully exclusive reconstruction with the addition of a low-Q2 tagger 
for the very far-backward angles.

Low-Q2 tagger

10

10 fb-1



Scattered proton
•Proton recoils at very low forward angle: detected in the Roman Pots and the B0 tracker.

Lab co-ordinates: z-axis defined by the electron 
beam, proton beam tilted at 25mrad to it (crossing 
angle).

Blue: generated 
Red: reconstructed

Excellent efficiency and acceptance

Generated
5 x 41 GeV Reconstructed

11

10 fb-1

10 fb-1

5 x 41 GeV



Produced leptons: e+e-

•Detected by the trackers and calorimeters in the central barrel.

Generated
5 x 41 GeV Reconstructed

• Efficiency for 5x41 GeV collisions: ~ 91%

12

10 fb-1



Kinematics
•5 x 41 GeV, 10 fb-1                                                                                     blue: generated, red: reconstructed

Q2 (GeV2)

Q2

Q’ -t

p
s

<latexit sha1_base64="T+cOEtycp1Se0Wgt5ijM50pabqM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzMrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCm1ZBb</latexit><latexit sha1_base64="T+cOEtycp1Se0Wgt5ijM50pabqM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzMrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCm1ZBb</latexit><latexit sha1_base64="T+cOEtycp1Se0Wgt5ijM50pabqM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzMrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCm1ZBb</latexit><latexit sha1_base64="T+cOEtycp1Se0Wgt5ijM50pabqM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzMrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCm1ZBb</latexit>
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Kinematics

5 x 41 GeV, 10 fb-1 
blue: generated  
red: reconstructed

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

�Trento
<latexit sha1_base64="7F2p5ahtD2wfxJH+TNvRVnIpX/M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk004ZmkphkCmXod7hxoYhbP8adf2PazkJbDwQO59zDvTmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRlZKoJbRLJpe5E2FDOBG1aZjntKE1xEnHajsb3c789odowKRp2qmiY4KFgMSPYOinsqRHrZw1NhZWzfrniV/0F0DoJclKBHPV++as3kCRNXJpwbEw38JUNM6wtI5zOSr3UUIXJGA9p11GBE2rCbHH0DF04ZYBiqd0TFi3U34kMJ8ZMk8hNJtiOzKo3F//zuqmNb8OMCZVaKshyUZxyZCWaN4AGTFNi+dQRTDRztyIywhoT63oquRKC1S+vk9ZVNfCrweN1pXaX11GEMziHSwjgBmrwAHVoAoEneIZXePMm3ov37n0sRwtenjmFP/A+fwBJgJJs</latexit><latexit sha1_base64="7F2p5ahtD2wfxJH+TNvRVnIpX/M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk004ZmkphkCmXod7hxoYhbP8adf2PazkJbDwQO59zDvTmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRlZKoJbRLJpe5E2FDOBG1aZjntKE1xEnHajsb3c789odowKRp2qmiY4KFgMSPYOinsqRHrZw1NhZWzfrniV/0F0DoJclKBHPV++as3kCRNXJpwbEw38JUNM6wtI5zOSr3UUIXJGA9p11GBE2rCbHH0DF04ZYBiqd0TFi3U34kMJ8ZMk8hNJtiOzKo3F//zuqmNb8OMCZVaKshyUZxyZCWaN4AGTFNi+dQRTDRztyIywhoT63oquRKC1S+vk9ZVNfCrweN1pXaX11GEMziHSwjgBmrwAHVoAoEneIZXePMm3ov37n0sRwtenjmFP/A+fwBJgJJs</latexit><latexit sha1_base64="7F2p5ahtD2wfxJH+TNvRVnIpX/M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk004ZmkphkCmXod7hxoYhbP8adf2PazkJbDwQO59zDvTmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRlZKoJbRLJpe5E2FDOBG1aZjntKE1xEnHajsb3c789odowKRp2qmiY4KFgMSPYOinsqRHrZw1NhZWzfrniV/0F0DoJclKBHPV++as3kCRNXJpwbEw38JUNM6wtI5zOSr3UUIXJGA9p11GBE2rCbHH0DF04ZYBiqd0TFi3U34kMJ8ZMk8hNJtiOzKo3F//zuqmNb8OMCZVaKshyUZxyZCWaN4AGTFNi+dQRTDRztyIywhoT63oquRKC1S+vk9ZVNfCrweN1pXaX11GEMziHSwjgBmrwAHVoAoEneIZXePMm3ov37n0sRwtenjmFP/A+fwBJgJJs</latexit><latexit sha1_base64="7F2p5ahtD2wfxJH+TNvRVnIpX/M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk004ZmkphkCmXod7hxoYhbP8adf2PazkJbDwQO59zDvTmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRlZKoJbRLJpe5E2FDOBG1aZjntKE1xEnHajsb3c789odowKRp2qmiY4KFgMSPYOinsqRHrZw1NhZWzfrniV/0F0DoJclKBHPV++as3kCRNXJpwbEw38JUNM6wtI5zOSr3UUIXJGA9p11GBE2rCbHH0DF04ZYBiqd0TFi3U34kMJ8ZMk8hNJtiOzKo3F//zuqmNb8OMCZVaKshyUZxyZCWaN4AGTFNi+dQRTDRztyIywhoT63oquRKC1S+vk9ZVNfCrweN1pXaX11GEMziHSwjgBmrwAHVoAoEneIZXePMm3ov37n0sRwtenjmFP/A+fwBJgJJs</latexit>

Integrated efficiency: 84%.
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Beam-spin asymmetry
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Beam-spin asymmetry
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Beam-spin asymmetry
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Black: generated 
Red: reconstructed

5 x 41 GeV

Generated

Reconstructed

• Uncertainties are not purely statistical — fold in 
uncertainties on integrated cross-section from generator.

• Agreement very good between generated and 
reconstructed asymmetries.

ALU sin�
<latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit>

ALU sin�
<latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit><latexit sha1_base64="Itb+ksUnNMvECkyd9Y5QZ9u/nk4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQhJLW3dVNy5cVLAPaEKYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu994Qpo1LZ9oexsrq2vrFZ2ipv7+zu7ZsHhx2ZZAKTNk5YInohkoRRTtqKKkZ6qSAoDhnphuPrwu9OiJA04fdqmhI/RkNOI4qR0lJgmpdBftueQU9SDr10RAOzYlsXjZpbrUHbsu264zoFcevV8yp0tFKgApZoBea7N0hwFhOuMENS9h07VX6OhKKYkVnZyyRJER6jIelrylFMpJ/PL5/BU60MYJQIXVzBufp9IkexlNM41J0xUiP52yvEv7x+pqKGn1OeZopwvFgUZQyqBBYxwAEVBCs21QRhQfWtEI+QQFjpsMo6hK9P4f+k41qObTl31UrzahlHCRyDE3AGHFAHTXADWqANMJiAB/AEno3ceDRejNdF64qxnDkCP2C8fQIOBJNJ</latexit>
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• Integrated luminosity: ~ 0.3 fb-1 (~two weeks of running).
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J/Psi electro-production

10 x 100 GeV, 10 fb-1

xv =
Q2 +M2

v

2P · q
<latexit sha1_base64="Dzafg94zseD0weGa6XJJzPNyDAQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJIEQTdC0Y0boQX7gDYNk8mkHTp5ODMplpAfcOOvuHGhiFv37vwbp20W2nrgwuGce7n3HjdmVEjD+NYKS8srq2vF9dLG5tb2jr671xRRwjFp4IhFvO0iQRgNSUNSyUg75gQFLiMtd3g98VsjwgWNwjs5jokdoH5IfYqRVJKjHz04I3gJuz5HOK33LHgKb51Rz8pSqwa72IskvM8cvWxUjCngIjFzUgY5ao7+1fUinAQklJghITqmEUs7RVxSzEhW6iaCxAgPUZ90FA1RQISdTr/J4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMmBmPcm4n9eJ5H+hZ3SME4kCfFskZ8wKCM4iQZ6lBMs2VgRhDlVt0I8QCoYqQIsqRDM+ZcXSdOqmEbFrJ+Vq1d5HEVwAA7BCTDBOaiCG1ADDYDBI3gGr+BNe9JetHftY9Za0PKZffAH2ucPlYSZ/A==</latexit><latexit sha1_base64="Dzafg94zseD0weGa6XJJzPNyDAQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJIEQTdC0Y0boQX7gDYNk8mkHTp5ODMplpAfcOOvuHGhiFv37vwbp20W2nrgwuGce7n3HjdmVEjD+NYKS8srq2vF9dLG5tb2jr671xRRwjFp4IhFvO0iQRgNSUNSyUg75gQFLiMtd3g98VsjwgWNwjs5jokdoH5IfYqRVJKjHz04I3gJuz5HOK33LHgKb51Rz8pSqwa72IskvM8cvWxUjCngIjFzUgY5ao7+1fUinAQklJghITqmEUs7RVxSzEhW6iaCxAgPUZ90FA1RQISdTr/J4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMmBmPcm4n9eJ5H+hZ3SME4kCfFskZ8wKCM4iQZ6lBMs2VgRhDlVt0I8QCoYqQIsqRDM+ZcXSdOqmEbFrJ+Vq1d5HEVwAA7BCTDBOaiCG1ADDYDBI3gGr+BNe9JetHftY9Za0PKZffAH2ucPlYSZ/A==</latexit><latexit sha1_base64="Dzafg94zseD0weGa6XJJzPNyDAQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJIEQTdC0Y0boQX7gDYNk8mkHTp5ODMplpAfcOOvuHGhiFv37vwbp20W2nrgwuGce7n3HjdmVEjD+NYKS8srq2vF9dLG5tb2jr671xRRwjFp4IhFvO0iQRgNSUNSyUg75gQFLiMtd3g98VsjwgWNwjs5jokdoH5IfYqRVJKjHz04I3gJuz5HOK33LHgKb51Rz8pSqwa72IskvM8cvWxUjCngIjFzUgY5ao7+1fUinAQklJghITqmEUs7RVxSzEhW6iaCxAgPUZ90FA1RQISdTr/J4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMmBmPcm4n9eJ5H+hZ3SME4kCfFskZ8wKCM4iQZ6lBMs2VgRhDlVt0I8QCoYqQIsqRDM+ZcXSdOqmEbFrJ+Vq1d5HEVwAA7BCTDBOaiCG1ADDYDBI3gGr+BNe9JetHftY9Za0PKZffAH2ucPlYSZ/A==</latexit><latexit sha1_base64="Dzafg94zseD0weGa6XJJzPNyDAQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJIEQTdC0Y0boQX7gDYNk8mkHTp5ODMplpAfcOOvuHGhiFv37vwbp20W2nrgwuGce7n3HjdmVEjD+NYKS8srq2vF9dLG5tb2jr671xRRwjFp4IhFvO0iQRgNSUNSyUg75gQFLiMtd3g98VsjwgWNwjs5jokdoH5IfYqRVJKjHz04I3gJuz5HOK33LHgKb51Rz8pSqwa72IskvM8cvWxUjCngIjFzUgY5ao7+1fUinAQklJghITqmEUs7RVxSzEhW6iaCxAgPUZ90FA1RQISdTr/J4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMmBmPcm4n9eJ5H+hZ3SME4kCfFskZ8wKCM4iQZ6lBMs2VgRhDlVt0I8QCoYqQIsqRDM+ZcXSdOqmEbFrJ+Vq1d5HEVwAA7BCTDBOaiCG1ADDYDBI3gGr+BNe9JetHftY9Za0PKZffAH2ucPlYSZ/A==</latexit>

Sylvester Joosten, Chao Peng, 
Shivangi Prasad (ANL)

Fully exclusive reconstruction: 
scattered electron detected in 
the central barrel.
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Sensitive to gluon GPDs



J/Psi electro-production

10 x 100 GeV, 10 fb-1

Sylvester Joosten, Chao Peng, Shivangi Prasad (ANL)
17



Concluding remarks

18

• Detector proposals are currently being developed for the EIC — decision on 
the first detector will be taken early in 2022.

•Measurement of BH-TCS interference possible at ATHENA (also ECCE, not 
shown) with good acceptance and efficiency. Backgrounds not yet studied.

•Full detector simulations exist for ATHENA and ECCE.

•Possibility to detect muons in ATHENA: could almost double the stats via the 
pair-production of muons in TCS or J/Psi.

•At EIC kinematics, Bethe-Heitler dominates over TCS by two orders of 
magnitude: focus on observables sensitive to BH-TCS interference 
(asymmetries).

•Scattered electron at very low angles: reconstruct via missing mass or low-Q2 
tagger.

•J/Psi electro-production possible: fully exclusive, wide scan in t. 



Thank you!



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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Wigner function:  
full phase space parton 

distribution of the nucleon

Transverse 
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Distributions 
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Parton Distribution
Functions (PDFs)
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∫ Tkd
2

Generalised Parton 
Distributions (GPDs)
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Wigner function:  
full phase space parton 

distribution of the nucleon

Transverse 
Momentum 

Distributions 
(TMDs)

∫ Tbd
2

∫ Tkd
2

Parton Distribution
Functions (PDFs)

∫ dx

Form Factors
eg: GE, GM

∫ Tkd
2

Generalised Parton 
Distributions (GPDs)

G. Renee Guzlas, artist.

Generalised Transverse Momentum 
Distributions (GTMDs)
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Generalised Parton Distributions (GPDs) — 
proposed by Müller (1994), Radyushkin, Ji (1997).  

Tomography: 3D image of the nucleon.

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

 First studies at JLab  
and DESY (HERMES), 
currently at JLab and 
CERN (COMPASS). A 
crucial part of the 
JLab12 programme — 
and, in the future, of 
the EIC. 

 Directly related to the matrix element of the energy-
momentum tensor evaluated between hadron states. 

x

12



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
<latexit sha1_base64="TIoyjUoVGT+SCqkS296faEc5gPk=">AAACBXicbVA9SwNBEJ3z2/gVtdRiMQg2hjsbLYM2lgaMCeRi2NtMksW9vWV3TwlHGhv/io2FImLnf7Cz86e4+Sg08cHA470ZZuZFSnBjff/Lm5mdm19YXFrOrayurW/kN7euTJJqhhWWiETXImpQcIkVy63AmtJI40hgNbo5G/jVW9SGJ/LS9hQ2YtqRvM0ZtU5q5ndRkVDzTtdSrZM7Esq0iaHi19lhXzXzBb/oD0GmSTAmhdLue/kbAC6a+c+wlbA0RmmZoMbUA1/ZRka15UxgPxemBhVlN7SDdUcljdE0suEXfbLvlBZpJ9qVtGSo/p7IaGxML45cZ0xt10x6A/E/r57a9kkj41KlFiUbLWqngtiEDCIhLa6RWdFzhDLN3a2EdammzLrgci6EYPLlaXJ1VAz8YlAOCqVTGGEJdmAPDiCAYyjBOVxABRjcwyM8w4v34D15r97bqHXGG89swx94Hz+1MZrq</latexit><latexit sha1_base64="UQSaCXqxPxoSAiXwuhuzd5FD7xE=">AAACBXicbVDLSgNBEJz1GeMr6tEgg0HwYtj1osegF48JmAdkY5iddJIhs7PDzKwSllwE8Ve8eFBEcvMfvPkN/oSTx0ETCxqKqm66uwLJmTau++UsLC4tr6ym1tLrG5tb25md3YqOYkWhTCMeqVpANHAmoGyY4VCTCkgYcKgGvcuRX70FpVkkrk1fQiMkHcHajBJjpWYmCxL7inW6higV3WFfxE3wJbtJTgaymcm5eXcMPE+8KckVssPS98PBsNjMfPqtiMYhCEM50bruudI0EqIMoxwGaT/WIAntkQ7ULRUkBN1Ixl8M8JFVWrgdKVvC4LH6eyIhodb9MLCdITFdPeuNxP+8emza542ECRkbEHSyqB1zbCI8igS3mAJqeN8SQhWzt2LaJYpQY4NL2xC82ZfnSeU077l5r+TlChdoghTaR4foGHnoDBXQFSqiMqLoHj2hF/TqPDrPzpvzPmldcKYze+gPnI8fk3acUA==</latexit><latexit sha1_base64="UQSaCXqxPxoSAiXwuhuzd5FD7xE=">AAACBXicbVDLSgNBEJz1GeMr6tEgg0HwYtj1osegF48JmAdkY5iddJIhs7PDzKwSllwE8Ve8eFBEcvMfvPkN/oSTx0ETCxqKqm66uwLJmTau++UsLC4tr6ym1tLrG5tb25md3YqOYkWhTCMeqVpANHAmoGyY4VCTCkgYcKgGvcuRX70FpVkkrk1fQiMkHcHajBJjpWYmCxL7inW6higV3WFfxE3wJbtJTgaymcm5eXcMPE+8KckVssPS98PBsNjMfPqtiMYhCEM50bruudI0EqIMoxwGaT/WIAntkQ7ULRUkBN1Ixl8M8JFVWrgdKVvC4LH6eyIhodb9MLCdITFdPeuNxP+8emza542ECRkbEHSyqB1zbCI8igS3mAJqeN8SQhWzt2LaJYpQY4NL2xC82ZfnSeU077l5r+TlChdoghTaR4foGHnoDBXQFSqiMqLoHj2hF/TqPDrPzpvzPmldcKYze+gPnI8fk3acUA==</latexit><latexit sha1_base64="F8DidpK0ktnrT63ifY7bNtToCic=">AAACBXicbVC7TgMxEPSFVwivA0ooLCIkGqI7GigjaCiDRB5SLpx8zl5ixeezbB8oOqWh4VdoKECIln+g429wHgUkjLTSaGZXuzuR5Ewbz/t2CkvLK6trxfXSxubW9o67u9fQaaYo1GnKU9WKiAbOBNQNMxxaUgFJIg7NaHA19pv3oDRLxa0ZSugkpCdYzCgxVgrdQ5A4UKzXN0Sp9AEHIgshkOwuPx3J0C17FW8CvEj8GSmjGWqh+xV0U5olIAzlROu270nTyYkyjHIYlYJMgyR0QHrQtlSQBHQnn3wxwsdW6eI4VbaEwRP190ROEq2HSWQ7E2L6et4bi/957czEF52cCZkZEHS6KM44NikeR4K7TAE1fGgJoYrZWzHtE0WoscGVbAj+/MuLpHFW8b2Kf+OXq5ezOIroAB2hE+Sjc1RF16iG6oiiR/SMXtGb8+S8OO/Ox7S14Mxm9tEfOJ8/pTeYpQ==</latexit>

 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: 
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ξ±x longitudinal momentum 
fractions of the struck parton

B

B

x
x
−

≅
2

ξ

qpn ⋅
=
2

2Q
xBBjorken variable:

E
q
, Ẽ

q
, H

q
, H̃

q(x, ⇠, t)

Small changes in nucleon transverse 
momentum allows mapping of transverse 
structure at large distances.

H(x, 0, 0) = q(x) H̃(x, 0, 0) = �q(x)

 Can be related to PDFs:

R +1
�1 Hdx = F1
R +1
�1 E dx = F2

R +1
�1 H̃ dx = GA

R +1
�1 Ẽ dx = GP

 and form factors:

 At high exchanged Q2  and low t access to 
four parton helicity-conserving, chiral-even 
GPDs: γ

ξ+x ξ−x
),,( ~ , ,~ , txHHEE ξ

t

perturbative

non-perturbative

ke
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�⇤(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>

Q2 = �(k� k0)2
<latexit sha1_base64="h2t41p4bbn+XahMD55EjWjqm4K4=">AAACCnicbZC7SgNBFIbPxluMt6ilzZggRsSwm0YbIWhjmYC5QHYTZiezyZDZCzOzQlhS2/gQvoCNhSK2PoGdb+PkgmjiDwMf/zmHOed3I86kMs0vI7W0vLK6ll7PbGxube9kd/fqMowFoTUS8lA0XSwpZwGtKaY4bUaCYt/ltOEOrsf1xh0VkoXBrRpG1PFxL2AeI1hpq5M9rLZL6BKdFWwfq77rJYPR2Q8ej07apU42bxbNidAiWDPIl3P26SMAVDrZT7sbktingSIcS9myzEg5CRaKEU5HGTuWNMJkgHu0pTHAPpVOMjllhI6000VeKPQLFJq4vycS7Es59F3dOd5SztfG5n+1Vqy8CydhQRQrGpDpR17MkQrROBfUZYISxYcaMBFM74pIHwtMlE4vo0Ow5k9ehHqpaJlFq2rly1cwVRoOIAcFsOAcynADFagBgXt4ghd4NR6MZ+PNeJ+2pozZzD78kfHxDeW1mp0=</latexit><latexit sha1_base64="1cpSHc9notggBNRH74Hic3FBKa0=">AAACCnicbZDLSgMxFIYz9VbrbdSlm9giVqRlphvdCEU3LluwF+hMSybNtKGZzJBkhDJ07calr+HGhSJufQJ3fRvTC6KtPwQ+/nMOOef3IkalsqyxkVpZXVvfSG9mtrZ3dvfM/YO6DGOBSQ2HLBRND0nCKCc1RRUjzUgQFHiMNLzBzaTeuCdC0pDfqWFE3AD1OPUpRkpbHfO42i7BK1jIOwFSfc9PBqPCD56OztqljpmzitZUcBnsOeTKWef8aVweVjrml9MNcRwQrjBDUrZsK1JugoSimJFRxokliRAeoB5paeQoINJNpqeM4Il2utAPhX5cwan7eyJBgZTDwNOdky3lYm1i/ldrxcq/dBPKo1gRjmcf+TGDKoSTXGCXCoIVG2pAWFC9K8R9JBBWOr2MDsFePHkZ6qWibRXtqp0rX4OZ0uAIZEEe2OAClMEtqIAawOABPINX8GY8Gi/Gu/Exa00Z85lD8EfG5zfvH5wj</latexit><latexit sha1_base64="1cpSHc9notggBNRH74Hic3FBKa0=">AAACCnicbZDLSgMxFIYz9VbrbdSlm9giVqRlphvdCEU3LluwF+hMSybNtKGZzJBkhDJ07calr+HGhSJufQJ3fRvTC6KtPwQ+/nMOOef3IkalsqyxkVpZXVvfSG9mtrZ3dvfM/YO6DGOBSQ2HLBRND0nCKCc1RRUjzUgQFHiMNLzBzaTeuCdC0pDfqWFE3AD1OPUpRkpbHfO42i7BK1jIOwFSfc9PBqPCD56OztqljpmzitZUcBnsOeTKWef8aVweVjrml9MNcRwQrjBDUrZsK1JugoSimJFRxokliRAeoB5paeQoINJNpqeM4Il2utAPhX5cwan7eyJBgZTDwNOdky3lYm1i/ldrxcq/dBPKo1gRjmcf+TGDKoSTXGCXCoIVG2pAWFC9K8R9JBBWOr2MDsFePHkZ6qWibRXtqp0rX4OZ0uAIZEEe2OAClMEtqIAawOABPINX8GY8Gi/Gu/Exa00Z85lD8EfG5zfvH5wj</latexit><latexit sha1_base64="7gs5Wz9ZLG8ydJbohC3J8o3r/k4=">AAACCnicbZC7TsMwFIadcivlFmBkMVSIMrRKusCCVMHC2Er0IrVp5bhOa9VxIttBqqLMLLwKCwMIsfIEbLwNThshaPklS5/+c458zu+GjEplWV9GbmV1bX0jv1nY2t7Z3TP3D1oyiAQmTRywQHRcJAmjnDQVVYx0QkGQ7zLSdic3ab19T4SkAb9T05A4Phpx6lGMlLYG5nGjX4VXsFzq+UiNXS+eJOUfPEvO+9WBWbQq1kxwGewMiiBTfWB+9oYBjnzCFWZIyq5thcqJkVAUM5IUepEkIcITNCJdjRz5RDrx7JQEnmpnCL1A6McVnLm/J2LkSzn1Xd2ZbikXa6n5X60bKe/SiSkPI0U4nn/kRQyqAKa5wCEVBCs21YCwoHpXiMdIIKx0egUdgr148jK0qhXbqtgNu1i7zuLIgyNwAkrABhegBm5BHTQBBg/gCbyAV+PReDbejPd5a87IZg7BHxkf39M2mRQ=</latexit>

t = (p0
n � pn)2

<latexit sha1_base64="6YrLuhlHsXrk+K4lgyLyNl6gdfQ=">AAACC3icbVDLSgMxFL1TX7W+qi7dhBaxIpaZbnQjFN24rGAf0I5DJs20wUxmSDJCGbp34z/4BW5cKOLWH3Dn35g+EG09EDj3nHvJvcePOVPatr+szMLi0vJKdjW3tr6xuZXf3mmoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p07+9GPnNOyoVi8S1HsTUDXFPsIARrI3k5QsanaFSJ8S67wdpfOCJ4fFPZYrDm4qXL9pleww0T5wpKVYLnaNHAKh5+c9ONyJJSIUmHCvVduxYuymWmhFOh7lOomiMyS3u0bahAodUuen4liHaN0oXBZE0T2g0Vn9PpDhUahD6pnO0ppr1RuJ/XjvRwambMhEnmgoy+ShIONIRGgWDukxSovnAEEwkM7si0scSE23iy5kQnNmT50mjUnbssnPlFKvnMEEW9qAAJXDgBKpwCTWoA4F7eIIXeLUerGfrzXqftGas6cwu/IH18Q224Zux</latexit><latexit sha1_base64="qllX+cfqA7CBjuEDlmcLapljRv4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tYEUvSjW6EoBuXFewD2lgm00k7dDIJMxMhhO7duPM73LhQxK0/4K5/46Qtoq0HBs49517m3uNFjEplWWMjt7S8srqWXy9sbG5t75i7ew0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpesOrzG/eEyFpyG9VEhE3QH1OfYqR0lLXLCp4AcudAKmB56fRUZePTn8qXRzfVbtmyapYE8BFYs9IySl2Tp7GTlLrml+dXojjgHCFGZKybVuRclMkFMWMjAqdWJII4SHqk7amHAVEuunklhE81EoP+qHQjys4UX9PpCiQMgk83ZmtKee9TPzPa8fKP3dTyqNYEY6nH/kxgyqEWTCwRwXBiiWaICyo3hXiARIIKx1fQYdgz5+8SBrVim1V7Bu75FyCKfLgABRBGdjgDDjgGtRAHWDwAJ7BK3gzHo0X4934mLbmjNnMPvgD4/MbwEudNw==</latexit><latexit sha1_base64="qllX+cfqA7CBjuEDlmcLapljRv4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tYEUvSjW6EoBuXFewD2lgm00k7dDIJMxMhhO7duPM73LhQxK0/4K5/46Qtoq0HBs49517m3uNFjEplWWMjt7S8srqWXy9sbG5t75i7ew0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpesOrzG/eEyFpyG9VEhE3QH1OfYqR0lLXLCp4AcudAKmB56fRUZePTn8qXRzfVbtmyapYE8BFYs9IySl2Tp7GTlLrml+dXojjgHCFGZKybVuRclMkFMWMjAqdWJII4SHqk7amHAVEuunklhE81EoP+qHQjys4UX9PpCiQMgk83ZmtKee9TPzPa8fKP3dTyqNYEY6nH/kxgyqEWTCwRwXBiiWaICyo3hXiARIIKx1fQYdgz5+8SBrVim1V7Bu75FyCKfLgABRBGdjgDDjgGtRAHWDwAJ7BK3gzHo0X4934mLbmjNnMPvgD4/MbwEudNw==</latexit><latexit sha1_base64="fu7MhRgHN6IU9M1v/BsRfLTO16U=">AAACC3icbVC7SgNBFL3rM8ZX1NJmSBBjYdhNo40QtLGMYB6QrMvsZDYZMju7zMwKYUlv46/YWChi6w/Y+TfOJkE08cDAuefcy9x7/JgzpW37y1paXlldW89t5De3tnd2C3v7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w6vMb91TqVgkbvUopm6I+4IFjGBtJK9Q1OgClbsh1gM/SONjT4xPfypTnNxVvULJrtgToEXizEgJZqh7hc9uLyJJSIUmHCvVcexYuymWmhFOx/luomiMyRD3acdQgUOq3HRyyxgdGaWHgkiaJzSaqL8nUhwqNQp905mtqea9TPzP6yQ6OHdTJuJEU0GmHwUJRzpCWTCoxyQlmo8MwUQysysiAywx0Sa+vAnBmT95kTSrFceuODdOqXY5iyMHh1CEMjhwBjW4hjo0gMADPMELvFqP1rP1Zr1PW5es2cwB/IH18Q2kYpoo</latexit>

Skewness:

factorisation:

“Handbag” diagram

(Dirac and Pauli) (axial and pseudo-scalar)

Deeply Virtual Compton Scattering
the “golden channel” for GPD extraction
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✴  Process measured in experiment:

e

e '

γ*
γ

N 'N

e

e '

γ*

γ

N 'N

e

e '

γ*

γ

N 'N

++
DVCS Bethe - Heitler

BHDVCSDVCSBHBHDVCS TTTTTTd **22
+++∝      σ

Amplitude calculable 
from elastic Form 
Factors and QED

Amplitude 
parameterised in 
terms of Compton 

Form Factors

Interference term
22

BHDVCS TT  <<

Measuring DVCS
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σ

Δσ

Compton Form Factors in DVCS
Experimentally accessible in DVCS cross-sections and spin or charge asymmetries, eg:

To get information on x need 
extensive measurements in Q2.

Need measurements off 
proton and neutron to get 
flavour separation of CFFs 

in DVCS.

At leading twist, leading order:

Only ξ and t are accessible 
experimentally!

cross-sections, 
beam-charge and 

double polarisation asymmetries
single-spin 

asymmetries

16



Order  
 and  

Twist

 Order: introduces powers 
of ↵s

 Twist: powers of  
    

in the DVCS amplitude. 
Leading-twist (LT) is 
twist-2. 

1p
Q2

Leading order

 (LO)

Next-to-leading order (NLO)

 Leading Order (LO) requires Q2  >> M2  (M: target mass)

8
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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, 
slope of GPD with t is 
related, via a Fourier 
Transform, to the 
transverse spatial 
spread. 

eg:

 Experimentally, fit the t-dependence of CFFs or structure functions 
(from HEMP) with an exponential.

9



Spin and pressure in the nucleon

9

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” —  may can be 
accessed via the Re and Im H: 

Dispersion relation:

Assuming double-distribution parametrisation:
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Luminosity 100 - 1000 times that of HERA
10�4 < xB < 10�1
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Electron-ion collider:
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CEBAF: Continuous Electron Beam Accelerator Facility.

 Energy up to ~6 GeV
 Energy resolution 
 Electron polarisation up to ~85%

Jefferson Lab: 6 GeV era

Hall A: Hall B: CLAS Hall C: 

Very large acceptance, 
detector array for multi-
particle final states.

Two movable spectrometer 
arms, well-defined 
acceptance, high luminosity

�p/p = 10�4

�E/Ee ⇠ 10�5

 High resolution(                   ) 
spectrometers, very high 
luminosity. 12



JLab @ 12 GeV
Hall C

Two movable high 
momentum 
spectrometers, well-
defined acceptance, 
very high luminosity.

�p/p = 10�4High resolution(                 ) 
spectrometers, very high 
luminosity, large installation 
experiments. 

Hall B: CLAS12

Very large acceptance, 
high luminosity.

9 GeV tagged polarised photons, 
full acceptance

Hall A 

Hall D
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Forward  
Detector

Acceptance for all 
charged particles: 
• 5o < θ < 125o 

Acceptance for photons 
and electrons: 
• 2.5o < θ < 125o 

Design luminosity  
L ~ 1035 cm-2  s-1

CLAS12 

High luminosity & large 
acceptance: 

Concurrent measurement 

of exclusive, 


semi-inclusive, 

and inclusive processes

MM

CND

FT

RICHCentral  
Detector

Acceptance for neutrons: 
• 5o < θ < 120o 
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DVCS in Hall C

Detect photon in PbWO4 

calorimeter.

Sweeping magnet to reduce 
backgrounds in calorimeter.

Reconstruct recoiling proton 
through missing mass.

Detect electron with (Super) High 
Momentum Spectrometer, (S)HMS.

Similar principle applied in Hall A
15


