
BARBARA PASQUINI

EXPLORING THE PROTON STRUCTURE  
WITH  

COMPTON SCATTERING

University of Pavia and INFN Pavia

Topical Group on Hadronic Physics



``What proton is depends on how you look at it, or rather on how hard you hit it’’  
A. Cooper-Sarkar, CERN Courier, June, 2019 

How can we explain the evolving picture of hadrons  
from low to high resolution scale?

hadronic d.o.f. nucleon resonances partonic d.o.f.

Resolution scale
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�
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RCS polarizabilities VCS generalized pol. VVCS generalized pol.
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Q2
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Q2
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<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

s,Q2 ⌧
<latexit sha1_base64="ppMMtIWolWGmKqTpp6SVfEcvE38=">AAAB8XicbVBNS8NAEJ34WetX1aOXxVbwICVtoeqt4MVjC/YD21g22027dLMJuxuhhP4LLx4U8eq/8ea/cZMGUeuDgcd7M8zMc0POlLbtT2tldW19YzO3ld/e2d3bLxwcdlQQSULbJOCB7LlYUc4EbWumOe2FkmLf5bTrTq8Tv/tApWKBuNWzkDo+HgvmMYK1ke5K6rx1Xx1wXhoWinbZToGWSSUjRcjQHBY+BqOARD4VmnCsVL9ih9qJsdSMcDrPDyJFQ0ymeEz7hgrsU+XE6cVzdGqUEfICaUpolKo/J2LsKzXzXdPpYz1Rf71E/M/rR9q7dGImwkhTQRaLvIgjHaDkfTRikhLNZ4ZgIpm5FZEJlphoE1I+DeEqQf375WXSqZYrtXKtVS026lkcOTiGEziDClxAA26gCW0gIOARnuHFUtaT9Wq9LVpXrGzmCH7Bev8CJGeQAw==</latexit>

s,Q2 ⌧
<latexit sha1_base64="ppMMtIWolWGmKqTpp6SVfEcvE38=">AAAB8XicbVBNS8NAEJ34WetX1aOXxVbwICVtoeqt4MVjC/YD21g22027dLMJuxuhhP4LLx4U8eq/8ea/cZMGUeuDgcd7M8zMc0POlLbtT2tldW19YzO3ld/e2d3bLxwcdlQQSULbJOCB7LlYUc4EbWumOe2FkmLf5bTrTq8Tv/tApWKBuNWzkDo+HgvmMYK1ke5K6rx1Xx1wXhoWinbZToGWSSUjRcjQHBY+BqOARD4VmnCsVL9ih9qJsdSMcDrPDyJFQ0ymeEz7hgrsU+XE6cVzdGqUEfICaUpolKo/J2LsKzXzXdPpYz1Rf71E/M/rR9q7dGImwkhTQRaLvIgjHaDkfTRikhLNZ4ZgIpm5FZEJlphoE1I+DeEqQf375WXSqZYrtXKtVS026lkcOTiGEziDClxAA26gCW0gIOARnuHFUtaT9Wq9LVpXrGzmCH7Bev8CJGeQAw==</latexit>

global response 
Q2

<latexit sha1_base64="vGgwJVT4bfm8H3gU39XtveGAEhc=">AAAB7HicbVBNTwIxEJ31E/EL9eilEUw8kV3i15HEi0dIXCCBlXRLFxq67abtmpANv8GLB43x6g/y5r+xwB4UfMkkL+/NZGZemHCmjet+O2vrG5tb24Wd4u7e/sFh6ei4pWWqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfju5nffqJKMykezCShQYyHgkWMYGMlv9J8rFX6pbJbdedAq8TLSRlyNPqlr95AkjSmwhCOte56bmKCDCvDCKfTYi/VNMFkjIe0a6nAMdVBNj92is6tMkCRVLaEQXP190SGY60ncWg7Y2xGetmbif953dREt0HGRJIaKshiUZRyZCSafY4GTFFi+MQSTBSztyIywgoTY/Mp2hC85ZdXSatW9S6rV81auX6dx1GAUziDC/DgBupwDw3wgQCDZ3iFN0c4L86787FoXXPymRP4A+fzB4cEjc8=</latexit>

local response 
 on a distance scale depending on 

inclusive inelastic  
structure functions

s ⌧

<latexit sha1_base64="IPPOdhz2L0Yh7whwEMKx8LaGkJU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBhPBU9gNvo4BLx4jmAckS5idzCZjZmeWmVkhLPkHLx4U8er/ePNvnE32oIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GZ+54kqzaR4MNOY+hEeCRYygo2V2lXd57w6KFfcmjsHWiVeTiqQozkof/WHkiQRFYZwrHXPc2Pjp1gZRjidlfqJpjEmEzyiPUsFjqj20/m1M3RmlSEKpbIlDJqrvydSHGk9jQLbGWEz1steJv7n9RIT3vgpE3FiqCCLRWHCkZEoex0NmaLE8KklmChmb0VkjBUmxgZUsiF4yy+vkna95l3ULu/rlcZVHkcRTuAUzsGDa2jAHTShBQQe4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDafo6f</latexit>



�
<latexit sha1_base64="VD9RBgFywepTl2FY39/dnfLR1k4=">AAAB73icbVA9SwNBEJ3zM8avqKXNYSJYhbtYmDJgYxnBfEByhLnNXrJkd+/c3RPCkT9hY6GIrX/Hzn/jJrlCEx8MPN6bYWZemHCmjed9OxubW9s7u4W94v7B4dFx6eS0reNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNObud+54kqzWL5YKYJDQSOJIsYQWOlbqU/QiGwMiiVvaq3gLtO/JyUIUdzUPrqD2OSCioN4ah1z/cSE2 SoDCOczor9VNMEyQRHtGepREF1kC3unbmXVhm6UaxsSeMu1N8TGQqtpyK0nQLNWK96c/E/r5eaqB5kTCapoZIsF0Upd03szp93h0xRYvjUEiSK2VtdMkaFxNiIijYEf/XlddKuVf3rau2+Vm7U8zgKcA4XcAU+3EAD7qAJLSDA4Rle4c15dF6cd+dj2brh5DNn8AfO5w8+/49p</latexit>

�
<latexit sha1_base64="VD9RBgFywepTl2FY39/dnfLR1k4=">AAAB73icbVA9SwNBEJ3zM8avqKXNYSJYhbtYmDJgYxnBfEByhLnNXrJkd+/c3RPCkT9hY6GIrX/Hzn/jJrlCEx8MPN6bYWZemHCmjed9OxubW9s7u4W94v7B4dFx6eS0reNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNObud+54kqzWL5YKYJDQSOJIsYQWOlbqU/QiGwMiiVvaq3gLtO/JyUIUdzUPrqD2OSCioN4ah1z/cSE2SoDCOczor9VNMEyQRHtGepREF1kC3unbmXVhm6UaxsSeMu1N8TGQqtpyK0nQLNWK96c/E/r5eaqB5kTCapoZIsF0Upd03szp93h0xRYvjUEiSK2VtdMkaFxNiIijYEf/XlddKuVf3rau2+Vm7U8zgKcA4XcAU+3EAD7qAJLSDA4Rle4c15dF6cd+dj2brh5DNn8AfO5w8+/49p</latexit>

RCS polarizabilities VCS generalized pol. VVCS generalized pol.

�⇤
<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

�⇤
<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

DVCS

 generalized parton distributions

s,Q2 �
<latexit sha1_base64="q9jvOMo/Y873XHj451Gtcu9p/z8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYCt4kJK0UPVW8OKxBfuBbSyb7SZdutmE3Y1QQv+FFw+KePXfePPfuEmDqPXBwOO9GWbmuRGjUlnWp7Gyura+sVnYKm7v7O7tlw4OuzKMBSYdHLJQ9F0kCaOcdBRVjPQjQVDgMtJzp9ep33sgQtKQ36pZRJwA+Zx6FCOlpbuKPG/f14a+XxmVylbVymAuEzsnZcjRGpU+huMQxwHhCjMk5cC2IuUkSCiKGZkXh7EkEcJT5JOBphwFRDpJdvHcPNXK2PRCoYsrM1N/TiQokHIWuLozQGoi/3qp+J83iJV36SSUR7EiHC8WeTEzVWim75tjKghWbKYJwoLqW008QQJhpUMqZiFcpWh8v7xMurWqXa/W27Vys5HHUYBjOIEzsOECmnADLegABg6P8AwvhjSejFfjbdG6YuQzR/ALxvsXFTCP+Q==</latexit>

DIS

 parton distributions

s,Q2 �
<latexit sha1_base64="q9jvOMo/Y873XHj451Gtcu9p/z8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYCt4kJK0UPVW8OKxBfuBbSyb7SZdutmE3Y1QQv+FFw+KePXfePPfuEmDqPXBwOO9GWbmuRGjUlnWp7Gyura+sVnYKm7v7O7tlw4OuzKMBSYdHLJQ9F0kCaOcdBRVjPQjQVDgMtJzp9ep33sgQtKQ36pZRJwA+Zx6FCOlpbuKPG/f14a+XxmVylbVymAuEzsnZcjRGpU+huMQxwHhCjMk5cC2IuUkSCiKGZkXh7EkEcJT5JOBphwFRDpJdvHcPNXK2PRCoYsrM1N/TiQokHIWuLozQGoi/3qp+J83iJV36SSUR7EiHC8WeTEzVWim75tjKghWbKYJwoLqW008QQJhpUMqZiFcpWh8v7xMurWqXa/W27Vys5HHUYBjOIEzsOECmnADLegABg6P8AwvhjSejFfjbdG6YuQzR/ALxvsXFTCP+Q==</latexit>

�
<latexit sha1_base64="VD9RBgFywepTl2FY39/dnfLR1k4=">AAAB73icbVA9SwNBEJ3zM8avqKXNYSJYhbtYmDJgYxnBfEByhLnNXrJkd+/c3RPCkT9hY6GIrX/Hzn/jJrlCEx8MPN6bYWZemHCmjed9OxubW9s7u4W94v7B4dFx6eS0reNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNObud+54kqzWL5YKYJDQSOJIsYQWOlbqU/QiGwMiiVvaq3gLtO/JyUIUdzUPrqD2OSCioN4ah1z/cSE2SoDCOczor9VNMEyQRHtGepREF1kC3unbmXVhm6UaxsSeMu1N8TGQqtpyK0nQLNWK96c/E/r5eaqB5kTCapoZIsF0Upd03szp93h0xRYvjUEiSK2VtdMkaFxNiIijYEf/XlddKuVf3rau2+Vm7U8zgKcA4XcAU+3EAD7qAJLSDA4Rle4c15dF6cd+dj2brh5DNn8AfO5w8+/49p</latexit>

�⇤
<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

�⇤
<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

�⇤
<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

�
<latexit sha1_base64="VD9RBgFywepTl2FY39/dnfLR1k4=">AAAB73icbVA9SwNBEJ3zM8avqKXNYSJYhbtYmDJgYxnBfEByhLnNXrJkd+/c3RPCkT9hY6GIrX/Hzn/jJrlCEx8MPN6bYWZemHCmjed9OxubW9s7u4W94v7B4dFx6eS0reNUEdoiMY9VN0RNOZO0ZZjhtJsoiiLktBNObud+54kqzWL5YKYJDQSOJIsYQWOlbqU/QiGwMiiVvaq3gLtO/JyUIUdzUPrqD2OSCioN4ah1z/cSE2SoDCOczor9VNMEyQRHtGepREF1kC3unbmXVhm6UaxsSeMu1N8TGQqtpyK0nQLNWK96c/E/r5eaqB5kTCapoZIsF0Upd03szp93h0xRYvjUEiSK2VtdMkaFxNiIijYEf/XlddKuVf3rau2+Vm7U8zgKcA4XcAU+3EAD7qAJLSDA4Rle4c15dF6cd+dj2brh5DNn8AfO5w8+/49p</latexit>�⇤

<latexit sha1_base64="eMYmBMq3+D0okuTa5pX8Gqa2OC0=">AAAB8XicbVA9TwJBEJ3zE/ELtbS5CCbGgtxhISWJjSUm8hHhJHPLAht29y67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5YcyZNp737aytb2xubed28rt7+weHhaPjpo4SRWiDRDxS7RA15UzShmGG03asKIqQ01Y4vpn5rSeqNIvkvZnENBA4lGzACBorPZS6QxQCHy9LvULRK3tzuKvEz0gRMtR7ha9uPyKJoNIQjlp3fC82QYrKMMLpNN9NNI2RjHFIO5ZKFFQH6fziqXtulb47iJQtady5+nsiRaH1RIS2U6AZ6WVvJv7ndRIzqAYpk3FiqCSLRYOEuyZyZ++7faYoMXxiCRLF7K0uGaFCYmxIeRuCv/zyKmlWyv5VuXJXKdaqWRw5OIUzuAAfrqEGt1CHBhCQ8Ayv8OZo58V5dz4WrWtONnMCf+B8/gBdAJAF</latexit>

Q2
<latexit sha1_base64="r55eqSRAZosAiRtZGmQ6+4SZCa4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp6kCOJF4+QWCCBSrbLFjZst83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzgoQzpW372yptbe/s7pX3KweHR8cn1dOzropTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdpf7vScqFYvFg54n1I/wRLCQEayN5NU7j259VK3ZDXsJtEmcgtSgQHtU/RqOY5JGVGjCsVIDx060n2GpGeF0URmmiiaYzPCEDgwVOKLKz5bHLtCVUcYojKUpodFS/T2R4UipeRSYzgjrqVr3cvE/b5DqsOlnTCSppoKsFoUpRzpG+edozCQlms8NwUQycysiUywx0SafignBWX95k3TdhnPTcDturdUs4ijDBVzCNThwCy24hzZ4QIDBM7zCmyWsF+vd+li1lqxi5hz+wPr8AYZUjc0=</latexit>

s,Q2 ⌧
<latexit sha1_base64="ppMMtIWolWGmKqTpp6SVfEcvE38=">AAAB8XicbVBNS8NAEJ34WetX1aOXxVbwICVtoeqt4MVjC/YD21g22027dLMJuxuhhP4LLx4U8eq/8ea/cZMGUeuDgcd7M8zMc0POlLbtT2tldW19YzO3ld/e2d3bLxwcdlQQSULbJOCB7LlYUc4EbWumOe2FkmLf5bTrTq8Tv/tApWKBuNWzkDo+HgvmMYK1ke5K6rx1Xx1wXhoWinbZToGWSSUjRcjQHBY+BqOARD4VmnCsVL9ih9qJsdSMcDrPDyJFQ0ymeEz7hgrsU+XE6cVzdGqUEfICaUpolKo/J2LsKzXzXdPpYz1Rf71E/M/rR9q7dGImwkhTQRaLvIgjHaDkfTRikhLNZ4ZgIpm5FZEJlphoE1I+DeEqQf375WXSqZYrtXKtVS026lkcOTiGEziDClxAA26gCW0gIOARnuHFUtaT9Wq9LVpXrGzmCH7Bev8CJGeQAw==</latexit>

s,Q2 ⌧
<latexit sha1_base64="ppMMtIWolWGmKqTpp6SVfEcvE38=">AAAB8XicbVBNS8NAEJ34WetX1aOXxVbwICVtoeqt4MVjC/YD21g22027dLMJuxuhhP4LLx4U8eq/8ea/cZMGUeuDgcd7M8zMc0POlLbtT2tldW19YzO3ld/e2d3bLxwcdlQQSULbJOCB7LlYUc4EbWumOe2FkmLf5bTrTq8Tv/tApWKBuNWzkDo+HgvmMYK1ke5K6rx1Xx1wXhoWinbZToGWSSUjRcjQHBY+BqOARD4VmnCsVL9ih9qJsdSMcDrPDyJFQ0ymeEz7hgrsU+XE6cVzdGqUEfICaUpolKo/J2LsKzXzXdPpYz1Rf71E/M/rR9q7dGImwkhTQRaLvIgjHaDkfTRikhLNZ4ZgIpm5FZEJlphoE1I+DeEqQf375WXSqZYrtXKtVS026lkcOTiGEziDClxAA26gCW0gIOARnuHFUtaT9Wq9LVpXrGzmCH7Bev8CJGeQAw==</latexit>

s ⌧

<latexit sha1_base64="IPPOdhz2L0Yh7whwEMKx8LaGkJU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBhPBU9gNvo4BLx4jmAckS5idzCZjZmeWmVkhLPkHLx4U8er/ePNvnE32oIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GZ+54kqzaR4MNOY+hEeCRYygo2V2lXd57w6KFfcmjsHWiVeTiqQozkof/WHkiQRFYZwrHXPc2Pjp1gZRjidlfqJpjEmEzyiPUsFjqj20/m1M3RmlSEKpbIlDJqrvydSHGk9jQLbGWEz1steJv7n9RIT3vgpE3FiqCCLRWHCkZEoex0NmaLE8KklmChmb0VkjBUmxgZUsiF4yy+vkna95l3ULu/rlcZVHkcRTuAUzsGDa2jAHTShBQQe4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDafo6f</latexit>



Static polarizabilities: response of the internal nucleon degrees  
of freedom to a static electric and magnetic field

Powell cross section: photon scattering off a pointlike nucleon 
with anomalous magnetic moment

H
pol.
e↵ = �2⇡

n
!
2
h
↵E1

~E
2 + �M1

~B
2
i

<latexit sha1_base64="OcfQhQorPqh+da7PHzDwZuD6kyM="></latexit>

Real Compton Scattering at low energies

+!3
h
�E1E1 ~� · ( ~E ⇥ ~̇E) + �M1M1 ~� · ( ~B ⇥ ~̇B)

<latexit sha1_base64="YWLuVpP5OF7GdgIp5Ax+Q7GDfSQ="></latexit>

�2 �M1E2 �iBjEij + 2 �E1M2 �iEjBij

i
+O(!3)

o

<latexit sha1_base64="zasbVPPAgSRrwukdB9E5PS4fTu4="></latexit>

spin-independent dipole

spin-dependent dipole

spin-dependent  
dipole-quadrupole

~E0, ~B0

<latexit sha1_base64="WkcNUD+kpX1TVVlKxWEq+cUdRYg=">AAAB/XicdVDLSgMxFM34rPVVHzs3wVbqopSZsS93RRFcVrAPaEvJpJk2NJMZkkyhDsVfceNCEbf+hzv/xkxbQUUPXDiccy/33uMEjEplmh/G0vLK6tp6YiO5ubW9s5va229IPxSY1LHPfNFykCSMclJXVDHSCgRBnsNI0xldxn5zTISkPr9Vk4B0PTTg1KUYKS31UoeZzphgeJXNdXJwRi+ymV4qbebPKyW7UIJm3jTLlm3FxC4XzgrQ0kqMNFig1ku9d/o+Dj3CFWZIyrZlBqobIaEoZmSa7ISSBAiP0IC0NeXII7Ibza6fwhOt9KHrC11cwZn6fSJCnpQTz9GdHlJD+duLxb+8dqjcSjeiPAgV4Xi+yA0ZVD6Mo4B9KghWbKIJwoLqWyEeIoGw0oEldQhfn8L/ScPOW4V88cZOV4uLOBLgCByDU2CBMqiCa1ADdYDBHXgAT+DZuDcejRfjdd66ZCxmDsAPGG+fKN2TEw==</latexit>

~E, ~B

<latexit sha1_base64="FqqWcFaDhuAsiYueVa+PmioAMQM=">AAAB+3icdVDLSsNAFJ3UV62vWpduBlvBRQlJTB/uiiK4rGAf0IYymU7boZNJmJkUS+mvuHGhiFt/xJ1/46StoKIHLhzOuZd77/EjRqWyrA8jtba+sbmV3s7s7O7tH2QPc00ZxgKTBg5ZKNo+koRRThqKKkbakSAo8Blp+eOrxG9NiJA05HdqGhEvQENOBxQjpaVeNlfoTgiG18VuES7YZaGXzVvmRbXsuGVomZZVsR07IU7FPXehrZUEebBCvZd97/ZDHAeEK8yQlB3bipQ3Q0JRzMg8040liRAeoyHpaMpRQKQ3W9w+h6da6cNBKHRxBRfq94kZCqScBr7uDJAayd9eIv7ldWI1qHozyqNYEY6XiwYxgyqESRCwTwXBik01QVhQfSvEIyQQVjqujA7h61P4P2k6pu2apVsnXyut4kiDY3ACzoANKqAGbkAdNAAG9+ABPIFnY248Gi/G67I1ZaxmjsAPGG+fXzmSsQ==</latexit>

~" 0

<latexit sha1_base64="7zV5M3fkMaCX9DGr3qmOJQw7HcQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9iKLqQkRbHLghuXFewDmlAm05t26GQSZiaFEgr+ihsXirj1O9z5N04fC209cOFwzr3ce0+QcKa043xbubX1jc2t/HZhZ3dv/8A+PGqqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg39VsjkIrF4lGPE/Aj0hcsZJRoI3Xtk5I3Aoq9EZGQKMZj4V1dlLp20Sk7M+BV4i5IES1Q79pfXi+maQRCU06U6rhOov2MSM0oh0nBSxUkhA5JHzqGChKB8rPZ+RN8bpQeDmNpSmg8U39PZCRSahwFpjMieqCWvan4n9dJdVj1MyaSVIOg80VhyrGO8TQL3GMSqOZjQwiVzNyK6YBIQrVJrGBCcJdfXiXNStm9Lt88VIq16iKOPDpFZ+gSuegW1dA9qqMGoihDz+gVvVlP1ov1bn3MW3PWYuYY/YH1+QPsoJTJ</latexit>

~"

<latexit sha1_base64="fF8v7PQ/7SkrxxbL6xcLlCgCdZg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WWwFTyUpij0WvHisYD+gCWWznbRLN5uwuymW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2t7Z3Svulw4Oj45P7NNyR8WppNCmMY9lLyAKOBPQ1kxz6CUSSBRw6AaTu4XfnYJULBaPepaAH5GRYCGjRBtpYJer3hQo9qZEQqIYj0V1YFecmrME3iRuTiooR2tgf3nDmKYRCE05UarvOon2MyI1oxzmJS9VkBA6ISPoGypIBMrPlrfP8aVRhjiMpSmh8VL9PZGRSKlZFJjOiOixWvcW4n9eP9Vhw8+YSFINgq4WhSnHOsaLIPCQSaCazwwhVDJzK6ZjIgnVJq6SCcFdf3mTdOo197p281CvNBt5HEV0ji7QFXLRLWqie9RCbUTRE3pGr+jNmlsv1rv1sWotWPnMGfoD6/MHXtaT/A==</latexit>

(!, ~k)

<latexit sha1_base64="WKBizGz9uc3ve8sodCADmW+O7rU=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxkSIEMJMUOIx4MVjBLNAZgg9nZqkSc9Cd08gDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqel7MmVSW9W2srW9sbm3ndvK7e/sHh+bRcUtGiaDQpBGPRMcjEjgLoamY4tCJBZDA49D2Rrczvz0GIVkUPqhJDG5ABiHzGSVKSz3ztFhyogAGpOyUsTMGikeXxZ5ZsCrWHHiV2BkpoAyNnvnl9COaBBAqyomUXduKlZsSoRjlMM07iYSY0BEZQFfTkAQg3XR+/RRfaKWP/UjoChWeq78nUhJIOQk83RkQNZTL3kz8z+smyr9xUxbGiYKQLhb5CccqwrMocJ8JoIpPNCFUMH0rpkMiCFU6sLwOwV5+eZW0qhX7qnJ9Xy3Ua1kcOXSGzlEJ2aiG6ugONVATUfSIntErejOejBfj3fhYtK4Z2cwJ+gPj8werEJNl</latexit>

(!, ~k 0)

<latexit sha1_base64="4t3/U+ZG1ua9ZsqWVR3JObyCcmw=">AAACAHicbVDLSgNBEJyNrxhfqx48eBlMxAgh7AYlHgNePEYwD8guYXbSmwyZfTAzGwhLLv6KFw+KePUzvPk3TpI9aLSgoajqprvLizmTyrK+jNza+sbmVn67sLO7t39gHh61ZZQICi0a8Uh0PSKBsxBaiikO3VgACTwOHW98O/c7ExCSReGDmsbgBmQYMp9RorTUN09KZScKYEgqTgU7E6B47FQuLkt9s2hVrQXwX2JnpIgyNPvmpzOIaBJAqCgnUvZsK1ZuSoRilMOs4CQSYkLHZAg9TUMSgHTTxQMzfK6VAfYjoStUeKH+nEhJIOU08HRnQNRIrnpz8T+vlyj/xk1ZGCcKQrpc5CccqwjP08ADJoAqPtWEUMH0rZiOiCBU6cwKOgR79eW/pF2r2lfV6/tasVHP4sijU3SGyshGddRAd6iJWoiiGXpCL+jVeDSejTfjfdmaM7KZY/QLxsc3NyuUMg==</latexit>



Measure of the strength of induced polarizations: 2 scalar polarizabilities + 4 spin polarizabilities

RCS Polarizabilities



Measure of the strength of induced polarizations: 2 scalar polarizabilities + 4 spin polarizabilities

RCS Polarizabilities

~DE ⇠ ↵E1
~E

<latexit sha1_base64="+6tvojHJEVBq7YEfUxvhsBAfa4o="></latexit>

Unlike atoms, 

it is not proportional to volume 

V ⇠ hrpi3 ⇡ 0.6 fm3
<latexit sha1_base64="revbn3dyCA9tUgSXvdysMJxfj00="></latexit>

much ``stiffer’’ than hydrogen! 

↵E1 ⇡ 10�4 Vp
<latexit sha1_base64="+tj8TZ0qUSe0E92Lb2hj5DXTBUw=">AAACEnicbVDLSsNAFJ3UV62vqks3g62goCVppequIILLCvYBTQ0302k7dJIMMxOxhHyDG3/FjQtF3Lpy59+YPhC1HrhwOOde7r3HFZwpbZqfRmpufmFxKb2cWVldW9/Ibm7VVRBKQmsk4IFsuqAoZz6taaY5bQpJwXM5bbiD85HfuKVSscC/1kNB2x70fNZlBHQiOdmDvA1c9MGJIlt6+MKKYxuEkMEdtsyb6Og4xvYhrjsi72RzZsEcA88Sa0pyaIqqk/2wOwEJPeprwkGplmUK3Y5AakY4jTN2qKgAMoAebSXUB4+qdjR+KcZ7idLB3UAm5Ws8Vn9OROApNfTcpNMD3Vd/vZH4n9cKdfe0HTFfhJr6ZLKoG3KsAzzKB3eYpETzYUKASJbcikkfJBCdpJgZh3A2Qvn75VlSLxasUqF0VcxVytM40mgH7aJ9ZKETVEGXqIpqiKB79Iie0YvxYDwZr8bbpDVlTGe20S8Y71/BgZxT</latexit>
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Measure of the strength of induced polarizations: 2 scalar polarizabilities + 4 spin polarizabilities
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Dispersion Relations at fixed t
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Subtracted Dispersion Relations

Gorchtein, Drechsel, B.P., Vanderhaeghen, PRC61 (1999); B.P., Vanderhaeghen, Ann. Rev. Nucl. Part. Sci. 68 (2018)
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•                        subtracted dispersion relations in the s-channel

•                     polarizabilities: free parameters fitted to data 

•                        subtracted dispersion relations in the t-channel
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✓lab = 45o

<latexit sha1_base64="4J8amMEd92J/Rl6zVNxep4wNK20=">AAACBnicbVDLSsNAFJ34rPUVdSnCYCu4Kklp0Y1QcOOygn1AU8tkOmmHTh7M3AglZOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HjQRXYFnfxsrq2vrGZmGruL2zu7dvHhy2VRhLylo0FKHsukQxwQPWAg6CdSPJiO8K1nEn15nfeWBS8TC4g2nE+j4ZBdzjlICWBuZJ2YExAzJIEscnMJY+FsRN06ta/T4sD8ySVbFmwMvEzkkJ5WgOzC9nGNLYZwFQQZTq2VYE/YRI4FSwtOjEikWETsiI9TQNiM9UP5m9keIzrQyxF0pdAeCZ+nsiIb5SU9/VndmpatHLxP+8XgzeZT/hQRQDC+h8kRcLDCHOMsFDLhkFMdWEUMn1rZiOiSQUdHJFHYK9+PIyaVcrdq1Sv62WGtU8jgI6RqfoHNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMW9dMfKZI/QHxucPgnmYcw==</latexit>

✓lab = 60o

<latexit sha1_base64="3yO1Cl2pG+2iOBvY2CWLHvhamkA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBlvBVUmKr41QcOOygn1AU8tkOmmHTh7M3AglZOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HjQRXYFnfRmFpeWV1rbhe2tjc2t4xd/daKowlZU0ailB2XKKY4AFrAgfBOpFkxHcFa7vj68xvPzCpeBjcwSRiPZ8MA+5xSkBLffOw4sCIAeknieMTGEkfC+Km6dW5dR9W+mbZqlpT4EVi56SMcjT65pczCGnsswCoIEp1bSuCXkIkcCpYWnJixSJCx2TIupoGxGeql0zfSPGxVgbYC6WuAPBU/T2REF+pie/qzuxUNe9l4n9eNwbvspfwIIqBBXS2yIsFhhBnmeABl4yCmGhCqOT6VkxHRBIKOrmSDsGef3mRtGpV+7R6dlsr12t5HEV0gI7QCbLRBaqjG9RATUTRI3pGr+jNeDJejHfjY9ZaMPKZffQHxucPfeaYcA==</latexit>

✓lab = 85o

<latexit sha1_base64="WzFD4XtHmal4nHsjEok9EElvFzs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYCu4Kkmx2I1QcOOygn1AU8tkOmmHTh7M3AglZOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HjQRXYFnfxsrq2vrGZmGruL2zu7dvHhy2VRhLylo0FKHsukQxwQPWAg6CdSPJiO8K1nEn15nfeWBS8TC4g2nE+j4ZBdzjlICWBuZJ2YExAzJIEscnMJY+FsRN06t67T4sD8ySVbFmwMvEzkkJ5WgOzC9nGNLYZwFQQZTq2VYE/YRI4FSwtOjEikWETsiI9TQNiM9UP5m9keIzrQyxF0pdAeCZ+nsiIb5SU9/VndmpatHLxP+8XgxevZ/wIIqBBXS+yIsFhhBnmeAhl4yCmGpCqOT6VkzHRBIKOrmiDsFefHmZtKsV+6JSu62WGtU8jgI6RqfoHNnoEjXQDWqiFqLoET2jV/RmPBkvxrvxMW9dMfKZI/QHxucPiJmYdw==</latexit>

✓lab = 112o

<latexit sha1_base64="wT/dtcNAfwQxUWlto8GVYfnCwjw=">AAACB3icbVBNS8NAEN34WetX1aMgi63gqSRB0YtQ8OKxgv2AJobNdtsu3U3C7kQooTcv/hUvHhTx6l/w5r9x0/agrQ8GHu/NMDMvTATXYNvf1tLyyuraemGjuLm1vbNb2ttv6jhVlDVoLGLVDolmgkesARwEayeKERkK1gqH17nfemBK8zi6g1HCfEn6Ee9xSsBIQemo4sGAAQmyzJMEBkpiQcLx+Mpx3Pu4EpTKdtWeAC8SZ0bKaIZ6UPryujFNJYuACqJ1x7ET8DOigFPBxkUv1SwhdEj6rGNoRCTTfjb5Y4xPjNLFvViZigBP1N8TGZFaj2RoOvNb9byXi/95nRR6l37GoyQFFtHpol4qMMQ4DwV3uWIUxMgQQhU3t2I6IIpQMNEVTQjO/MuLpOlWnbPq+a1brrmzOAroEB2jU+SgC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7R1yZrNHKA/sD5/APMWmKg=</latexit>

✓lab = 135o

<latexit sha1_base64="u2UFcuNLX2reVliJWmc4ppcStZs=">AAACB3icbVBNS8NAEN34WetX1aMgi63gqSTVoheh4MVjBfsBTQyb7bZdupuE3YlQQm9e/CtePCji1b/gzX/jpu1BWx8MPN6bYWZeEAuuwba/raXlldW19dxGfnNre2e3sLff1FGiKGvQSESqHRDNBA9ZAzgI1o4VIzIQrBUMrzO/9cCU5lF4B6OYeZL0Q97jlICR/MJRyYUBA+KnqSsJDJTEggTj8ZVzVr2PSn6haJftCfAicWakiGao+4UvtxvRRLIQqCBadxw7Bi8lCjgVbJx3E81iQoekzzqGhkQy7aWTP8b4xChd3IuUqRDwRP09kRKp9UgGpjO7Vc97mfif10mgd+mlPIwTYCGdLuolAkOEs1BwlytGQYwMIVRxcyumA6IIBRNd3oTgzL+8SJqVsnNert5WirXKLI4cOkTH6BQ56ALV0A2qowai6BE9o1f0Zj1ZL9a79TFtXbJmMwfoD6zPH/q7mK0=</latexit>

✓lab = 155o

<latexit sha1_base64="i71eUFCSJbHDkBXGiVb6+jYYdGc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBlvBVUmKRTdCwY3LCvYBTS2T6aQdOnkwcyOUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceNxJcgWV9G4WV1bX1jeJmaWt7Z3fP3D9oqzCWlLVoKELZdYliggesBRwE60aSEd8VrONOrjO/88Ck4mFwB9OI9X0yCrjHKQEtDczjigNjBmSQJI5PYCx9LIibpld2vX4fVgZm2apaM+BlYuekjHI0B+aXMwxp7LMAqCBK9Wwrgn5CJHAqWFpyYsUiQidkxHqaBsRnqp/M/kjxqVaG2AulrgDwTP09kRBfqanv6s7sVrXoZeJ/Xi8G77Kf8CCKgQV0vsiLBYYQZ6HgIZeMgphqQqjk+lZMx0QSCjq6kg7BXnx5mbRrVfu8Wr+tlRu1PI4iOkIn6AzZ6AI10A1qohai6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB/3LmK8=</latexit>

E� (MeV)

<latexit sha1_base64="mvXyV0ioYM4XBg30SmE0BZpAqc8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxVaol5IURY8FEbwIFewHtCFstpt26W4SdjeFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bbW1jc2t7YLO8Xdvf2DQ/vouKXiVBLaJDGPZSfAinIW0aZmmtNOIikWAaftYHQ789tjKhWLoyc9Sagn8CBiISNYG8m37fKd3xtgIXAZVR5o68K3S07VmQOtEjcnJcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqfFXqpogskID2jX0AgLqrxsfvkUnRulj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIc3XsaiJNU0IotFYcqRjtEsBtRnkhLNJ4ZgIpm5FZEhlphoE1bRhOAuv7xKWrWqe1m9eqyV6rU8jgKcwhlUwIVrqMM9NKAJBMbwDK/wZmXWi/VufSxa16x85gT+wPr8AS5okgU=</latexit>

E� (MeV)

<latexit sha1_base64="mvXyV0ioYM4XBg30SmE0BZpAqc8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxVaol5IURY8FEbwIFewHtCFstpt26W4SdjeFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bbW1jc2t7YLO8Xdvf2DQ/vouKXiVBLaJDGPZSfAinIW0aZmmtNOIikWAaftYHQ789tjKhWLoyc9Sagn8CBiISNYG8m37fKd3xtgIXAZVR5o68K3S07VmQOtEjcnJcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqfFXqpogskID2jX0AgLqrxsfvkUnRulj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIc3XsaiJNU0IotFYcqRjtEsBtRnkhLNJ4ZgIpm5FZEhlphoE1bRhOAuv7xKWrWqe1m9eqyV6rU8jgKcwhlUwIVrqMM9NKAJBMbwDK/wZmXWi/VufSxa16x85gT+wPr8AS5okgU=</latexit>

d
�

d
⌦

(n
b
/s
r)

<latexit sha1_base64="tpv3X2UFS9Cx1apOop6ztJWE4U4=">AAACH3icbVDLSgMxFM3UV62vqks3wVaomzpTfC0LbtxZwT6gM5RMmmlDk8yQZIQyzJ+48VfcuFBE3PVvzLRd2NYDFw7n3Mu99/gRo0rb9sTKra1vbG7ltws7u3v7B8XDo5YKY4lJE4cslB0fKcKoIE1NNSOdSBLEfUba/ugu89vPRCoaiic9jojH0UDQgGKkjdQrXpfdQCKcJC5Heig57KeuogOO0gXpgZMBSmEZVoR/oeR5r1iyq/YUcJU4c1ICczR6xR+3H+KYE6ExQ0p1HTvSXoKkppiRtODGikQIj9CAdA0ViBPlJdP/UnhmlD4MQmlKaDhV/04kiCs15r7pzE5Wy14m/ud1Yx3cegkVUayJwLNFQcygDmEWFuxTSbBmY0MQltTcCvEQmby0ibRgQnCWX14lrVrVuaxePdZK9do8jjw4AaegAhxwA+rgHjRAE2DwAt7AB/i0Xq1368v6nrXmrPnMMViANfkF/S2i1g==</latexit>

RCS fit below pion-production threshold

d
�

d
⌦

(n
b
/s
r)

<latexit sha1_base64="tpv3X2UFS9Cx1apOop6ztJWE4U4=">AAACH3icbVDLSgMxFM3UV62vqks3wVaomzpTfC0LbtxZwT6gM5RMmmlDk8yQZIQyzJ+48VfcuFBE3PVvzLRd2NYDFw7n3Mu99/gRo0rb9sTKra1vbG7ltws7u3v7B8XDo5YKY4lJE4cslB0fKcKoIE1NNSOdSBLEfUba/ugu89vPRCoaiic9jojH0UDQgGKkjdQrXpfdQCKcJC5Heig57KeuogOO0gXpgZMBSmEZVoR/oeR5r1iyq/YUcJU4c1ICczR6xR+3H+KYE6ExQ0p1HTvSXoKkppiRtODGikQIj9CAdA0ViBPlJdP/UnhmlD4MQmlKaDhV/04kiCs15r7pzE5Wy14m/ud1Yx3cegkVUayJwLNFQcygDmEWFuxTSbBmY0MQltTcCvEQmby0ibRgQnCWX14lrVrVuaxePdZK9do8jjw4AaegAhxwA+rgHjRAE2DwAt7AB/i0Xq1368v6nrXmrPnMMViANfkF/S2i1g==</latexit>

d
�

d
⌦

(n
b
/s
r)

<latexit sha1_base64="tpv3X2UFS9Cx1apOop6ztJWE4U4=">AAACH3icbVDLSgMxFM3UV62vqks3wVaomzpTfC0LbtxZwT6gM5RMmmlDk8yQZIQyzJ+48VfcuFBE3PVvzLRd2NYDFw7n3Mu99/gRo0rb9sTKra1vbG7ltws7u3v7B8XDo5YKY4lJE4cslB0fKcKoIE1NNSOdSBLEfUba/ugu89vPRCoaiic9jojH0UDQgGKkjdQrXpfdQCKcJC5Heig57KeuogOO0gXpgZMBSmEZVoR/oeR5r1iyq/YUcJU4c1ICczR6xR+3H+KYE6ExQ0p1HTvSXoKkppiRtODGikQIj9CAdA0ViBPlJdP/UnhmlD4MQmlKaDhV/04kiCs15r7pzE5Wy14m/ud1Yx3cegkVUayJwLNFQcygDmEWFuxTSbBmY0MQltTcCvEQmby0ibRgQnCWX14lrVrVuaxePdZK9do8jjw4AaegAhxwA+rgHjRAE2DwAt7AB/i0Xq1368v6nrXmrPnMMViANfkF/S2i1g==</latexit>

BP, Pedroni, Sconfietti, JPG 42 (2019)

↵E1

<latexit sha1_base64="4it42yMduLN2oodL9dPEQtBpT5Y="></latexit>

�M1

<latexit sha1_base64="IgrecpYgNxfaCBtxOuGBRKrRu+E="></latexit>

and

free parameters

spin polarizabilities 
fixed  

from sum rules 
and DRs
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TAPS data, uDRs [2001]

Baldin sum rule

Zieger et al. [1992]

PDG2018

Federspiel et al. [1991]

McGibbon et al., uDRs [1995]

Status of RCS scalar polarizabilities

PDG2018: ↵E1 = 11.2± 0.4
<latexit sha1_base64="ke2MQ6JH/sKVayKkoWJimGMsZTM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g63gKiStVF0IBRFcVrAPaEKYTCft0JkkzEyEErp146+4caGIW//AnX9jkgZR64ELh3Pu5d57vIhRqUzzUystLa+srpXXKxubW9s7+u5eV4axwKSDQxaKvockYTQgHUUVI/1IEMQ9Rnre5DLze3dESBoGt2oaEYejUUB9ipFKJVeHNRuxaIzcJLEFh1fWbHZhWUbdjjg0jRNYc/WqaZg54CKxClIFBdqu/mEPQxxzEijMkJQDy4yUkyChKGZkVrFjSSKEJ2hEBikNECfSSfJPZvAoVYbQD0VagYK5+nMiQVzKKffSTo7UWP71MvE/bxAr/8xJaBDFigR4vsiPGVQhzGKBQyoIVmyaEoQFTW+FeIwEwioNr5KHcJ6h+f3yIunWDathNG7q1VaziKMMDsAhOAYWOAUtcA3aoAMwuAeP4Bm8aA/ak/aqvc1bS1oxsw9+QXv/AstLl+g=</latexit>

�M1 = 2.5± 0.4
<latexit sha1_base64="Sca6kttexuWfXU9t54WXxgub0es=">AAACB3icbVDLSsNAFJ3UV62vqktBBlvBVUharboQCm7cCBXsA5oQJtNJO3QmCTMToYTu3Pgrblwo4tZfcOffOE2LqPXAhcM593LvPX7MqFSW9WnkFhaXllfyq4W19Y3NreL2TktGicCkiSMWiY6PJGE0JE1FFSOdWBDEfUba/vBy4rfviJA0Cm/VKCYuR/2QBhQjpSWvuF92fKKQl6aO4PDaHo8vKuaJE3Nomcew7BVLlmllgPPEnpESmKHhFT+cXoQTTkKFGZKya1uxclMkFMWMjAtOIkmM8BD1SVfTEHEi3TT7YwwPtdKDQSR0hQpm6s+JFHEpR9zXnRypgfzrTcT/vG6igjM3pWGcKBLi6aIgYVBFcBIK7FFBsGIjTRAWVN8K8QAJhJWOrpCFcD5B7fvledKqmHbVrN5USvXaLI482AMH4AjY4BTUwRVogCbA4B48gmfwYjwYT8ar8TZtzRmzmV3wC8b7F5Nfl0U=</latexit>

Baldin sum rule: ↵E1 + �M1 = 13.8± 0.4
<latexit sha1_base64="5F/9Snq8gUnTPMT59nTzDBWns80=">AAACGXicbZDLSsNAFIYn9VbrLerSzWArCEJIWql1IRREcCNUsBdoSplMJ+3QmSTMTIQS+hpufBU3LhRxqSvfxklbRa0/DPx85xzOnN+LGJXKtj+MzMLi0vJKdjW3tr6xuWVu7zRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q3P03rzlghJw+BGjSLS4agfUJ9ipDTqmnbBRSwaoG6SuILDC2c8PnI9or7AlQZnTsmquBGHtnVc6Jp527IngvPGmZk8mKnWNd/cXohjTgKFGZKy7diR6iRIKIoZGefcWJII4SHqk7a2AeJEdpLJZWN4oEkP+qHQL1BwQn9OJIhLOeKe7uRIDeTfWgr/q7Vj5Vc6CQ2iWJEATxf5MYMqhGlMsEcFwYqNtEFYUP1XiAdIIKx0mLlJCKepyt8nz5tG0dLJla6L+Wp5FkcW7IF9cAgccAKq4BLUQB1gcAcewBN4Nu6NR+PFeJ22ZozZzC74JeP9E3Fnnrs=</latexit>

HBChPT

Mc Govern et al. [2013]

BChPT

Lensky et al. [2014]

sDRs

Pasquini et al. [2019]

Fig. from BP, Pedroni, Sconfietti, 

 JPG 42 (2019) 

Extractions from 
different theoretical models:

New extraction with Subtracted Dispersion Relations:

↵E1 = 12.03+0.48
�0.54

<latexit sha1_base64="bSSE3d3ledpKZqe3CBc3dQC8a+s="></latexit>

�M1 = 1.77+0.52
�0.54

<latexit sha1_base64="YdfLKu3+M49qvH1wSbTIA+VNm9M=">AAACEHicbVDLSgMxFM3UV62vUZdugq0oiMNMq60uhIIbN0IF+4C2Dpk004ZmHiQZoQzzCW78FTcuFHHr0p1/Y9oOotYDl3s4516Se5yQUSFN81PLzM0vLC5ll3Mrq2vrG/rmVkMEEcekjgMW8JaDBGHUJ3VJJSOtkBPkOYw0neHF2G/eES5o4N/IUUi6Hur71KUYSSXZ+n6h4xCJ7DjucA9eWUlybhmVym18aBonxcSOj1Q/Tgq2njcNcwI4S6yU5EGKmq1/dHoBjjziS8yQEG3LDGU3RlxSzEiS60SChAgPUZ+0FfWRR0Q3nhyUwD2l9KAbcFW+hBP150aMPCFGnqMmPSQH4q83Fv/z2pF0T7sx9cNIEh9PH3IjBmUAx+nAHuUESzZSBGFO1V8hHiCOsFQZ5iYhnI1R/j55ljSKhlUyStfFfLWcxpEFO2AXHAALVEAVXIIaqAMM7sEjeAYv2oP2pL1qb9PRjJbubINf0N6/AGrhml0=</latexit>

BP, Pedroni, Sconfietti, JPG 42 (2019) and to appear in PDG 2021
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TAPS data, uDRs [2001]

Baldin sum rule

Zieger et al. [1992]

PDG2018

Federspiel et al. [1991]

McGibbon et al., uDRs [1995]

Status of RCS scalar polarizabilities

DRs used also for the first extraction of spin pol.: A2 Coll. (MAMI), PRC102 (2020); PRL114 (2015) 
 

New data for scalar pol. from MAMI: A2 Coll. (MAMI), to appear in 2021 (PhD Thesis E. Mornacchi)

PDG2018: ↵E1 = 11.2± 0.4
<latexit sha1_base64="ke2MQ6JH/sKVayKkoWJimGMsZTM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g63gKiStVF0IBRFcVrAPaEKYTCft0JkkzEyEErp146+4caGIW//AnX9jkgZR64ELh3Pu5d57vIhRqUzzUystLa+srpXXKxubW9s7+u5eV4axwKSDQxaKvockYTQgHUUVI/1IEMQ9Rnre5DLze3dESBoGt2oaEYejUUB9ipFKJVeHNRuxaIzcJLEFh1fWbHZhWUbdjjg0jRNYc/WqaZg54CKxClIFBdqu/mEPQxxzEijMkJQDy4yUkyChKGZkVrFjSSKEJ2hEBikNECfSSfJPZvAoVYbQD0VagYK5+nMiQVzKKffSTo7UWP71MvE/bxAr/8xJaBDFigR4vsiPGVQhzGKBQyoIVmyaEoQFTW+FeIwEwioNr5KHcJ6h+f3yIunWDathNG7q1VaziKMMDsAhOAYWOAUtcA3aoAMwuAeP4Bm8aA/ak/aqvc1bS1oxsw9+QXv/AstLl+g=</latexit>

�M1 = 2.5± 0.4
<latexit sha1_base64="Sca6kttexuWfXU9t54WXxgub0es=">AAACB3icbVDLSsNAFJ3UV62vqktBBlvBVUharboQCm7cCBXsA5oQJtNJO3QmCTMToYTu3Pgrblwo4tZfcOffOE2LqPXAhcM593LvPX7MqFSW9WnkFhaXllfyq4W19Y3NreL2TktGicCkiSMWiY6PJGE0JE1FFSOdWBDEfUba/vBy4rfviJA0Cm/VKCYuR/2QBhQjpSWvuF92fKKQl6aO4PDaHo8vKuaJE3Nomcew7BVLlmllgPPEnpESmKHhFT+cXoQTTkKFGZKya1uxclMkFMWMjAtOIkmM8BD1SVfTEHEi3TT7YwwPtdKDQSR0hQpm6s+JFHEpR9zXnRypgfzrTcT/vG6igjM3pWGcKBLi6aIgYVBFcBIK7FFBsGIjTRAWVN8K8QAJhJWOrpCFcD5B7fvledKqmHbVrN5USvXaLI482AMH4AjY4BTUwRVogCbA4B48gmfwYjwYT8ar8TZtzRmzmV3wC8b7F5Nfl0U=</latexit>

Baldin sum rule: ↵E1 + �M1 = 13.8± 0.4
<latexit sha1_base64="5F/9Snq8gUnTPMT59nTzDBWns80=">AAACGXicbZDLSsNAFIYn9VbrLerSzWArCEJIWql1IRREcCNUsBdoSplMJ+3QmSTMTIQS+hpufBU3LhRxqSvfxklbRa0/DPx85xzOnN+LGJXKtj+MzMLi0vJKdjW3tr6xuWVu7zRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q3P03rzlghJw+BGjSLS4agfUJ9ipDTqmnbBRSwaoG6SuILDC2c8PnI9or7AlQZnTsmquBGHtnVc6Jp527IngvPGmZk8mKnWNd/cXohjTgKFGZKy7diR6iRIKIoZGefcWJII4SHqk7a2AeJEdpLJZWN4oEkP+qHQL1BwQn9OJIhLOeKe7uRIDeTfWgr/q7Vj5Vc6CQ2iWJEATxf5MYMqhGlMsEcFwYqNtEFYUP1XiAdIIKx0mLlJCKepyt8nz5tG0dLJla6L+Wp5FkcW7IF9cAgccAKq4BLUQB1gcAcewBN4Nu6NR+PFeJ22ZozZzC74JeP9E3Fnnrs=</latexit>
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Extractions from 
different theoretical models:

New extraction with Subtracted Dispersion Relations:
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Virtual scattering at threshold can be interpreted 

as electron scattering by a target which is in constant electric and magnetic fields

electric  
charge

static 
polarizability

charge

form factor

charge density

static polarizabilities

generalized polarizabilities

density of induced 
polarization
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Status of VCS scalar polarizabilities
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Input to dispersion integrals: 
resonant and non-resonant  
meson electroproduction  amplitudes 
and multi-meson electroproduction 
amplitudes  
-> probe the whole nucleon spectrum 

two-parameter fit
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new data from JLab (E12-15-001)



Gorchtein, Lorcé, BP, Vanderhaeghen, PRL104 (2010) 112001

Spatial density of induced polarizations

light (dark) regions              larger (smaller) values 

unpolarized proton target transversely pol. proton target

Frame with fast moving proton  
in the longitudinal direction and                    Q2 = q2?
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true probabilistic interpretation!
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t ⌧ ⌫, Q2

crossing symmetric variable

DVCS tensor at twist 2: T
µ⌫ =

P4
i=1 Ai(⌫, t, Q2)Oµ⌫

i

unpolarized quark long. polarized quark

A4 = Ẽ

A3 = H̃A1 = H+ E

A2 = E

F =

Z 1

0
dxF+(x, ⇠, t, Q2)


1

x� ⇠ + i✏
+

1

x+ ⇠ � i✏

�
Compton form factors: F =

n
H, E, H̃, Ẽ

o

singlet GPDs:F+(x, ⇠, t) = F (x, ⇠, t)� F (�x, ⇠, t)

⌫ =
s� u

4MN
t = (p0 � p)2

x� ⇠ x+ ⇠

x : average fraction of quark  
  longitudinal momentum

⇠ : fraction of longitudinal   
 momentum transfer

t : nucleon momentum  
 transfer

DVCS at leading twist



Energy Density Momentum Density

Energy Flux Momentum Flux

pressure

shear forcesTµ⌫ =

T 00 T 01 T 02 T 03

T 10 T 11 T 12 T 13

T 20 T 21 T 22 T 23

T 30 T 31 T 32 T 33

nucleon momentum carried by parton 

angular momentum of partons

Relation with second-moments of GPDs:  

D-term ( “stability” of the nucleon)

“Charges” of the EMT Form Factors at t=0

hp|TQ,G
µ⌫ |p0i = ū(p0)


MQ,G

2 (t)
PµP⌫

MN
+ JQ,G(t)

i(Pµ�⌫⇢ + P⌫�µ⇢)�⇢

2MN
+ dQ,G

1 (t)
�µ�⌫ � gµ⌫�2

5MN
± c̄(t)gµ⌫

�
u(p)
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Form Factors of Energy Momentum Tensor



Energy Density Momentum Density

Energy Flux Momentum Flux
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• Partial wave expansion  
   with ⌫ = 0 ! ✓t = 90o

• Charge conjugation 
two-pion intermediate state with

I = 0 J = 0, 2, · · ·

Unitarity Relations in the t-channel
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�

<latexit sha1_base64="vIXp3xlRmUiqheXnoJrTZj86EQU=">AAACEXicbVA9SwNBEN3zM8avqKXNYRCCRbgLfpUBG8sI5gOSEOY2k2TJ7t65uyeEI3/Bxr9iY6GIrZ2d/8ZNckVMfDDweG+GmXlBxJk2nvfjrKyurW9sZray2zu7e/u5g8OaDmNFsUpDHqpGABo5k1g1zHBsRApBBBzrwfBm4tcfUWkWynszirAtoC9Zj1EwVurkCq0A+0wm+CBBKRidjbOtPggB2RbK7pzcyeW9ojeFu0z8lORJikon993qhjQWKA3loHXT9yLTTkAZRjnaNbHGCOgQ+ti0VIJA3U6mH43dU6t03V6obEnjTtX5iQSE1iMR2E4BZqAXvYn4n9eMTe+6nTAZxQYlnS3qxdw1oTuJx+0yhdTwkSVAFbO3unQACqixIWZtCP7iy8ukVir658WLu1K+fJnGkSHH5IQUiE+uSJnckgqpEkqeyAt5I+/Os/PqfDifs9YVJ505In/gfP0C5TWdpg==</latexit>

Two-pion intermediate states with            and I = 0

<latexit sha1_base64="uTWiMyonjkYYcDwTaMl5a7Fnd+o=">AAACEnicbVDLSgNBEJyNr7i+Vj16GQyCioTdoJiLEPCitwjmAdkQZiedZMjs7DozK4Ql3+DFX/HiQRGvnrz5N04eh5hY0FBUddPdFcScKe26P1ZmaXlldS27bm9sbm3vOLt7VRUlkkKFRjyS9YAo4ExARTPNoR5LIGHAoRb0r0d+7RGkYpG414MYmiHpCtZhlGgjtZwTP4AuEyk8CCIlGZwO7dsr1z/D2PZBtGf0lpNz8+4YeJF4U5JDU5RbzrffjmgSgtCUE6UanhvrZkqkZpTD0PYTBTGhfdKFhqGChKCa6filIT4ySht3ImlKaDxWZydSEio1CAPTGRLdU/PeSPzPayS6U2ymTMSJBkEnizoJxzrCo3xwm0mgmg8MIVQycyumPSIJ1SZF24Tgzb+8SKqFvHeev7gr5ErFaRxZdIAO0THy0CUqoRtURhVE0RN6QW/o3Xq2Xq0P63PSmrGmM/voD6yvX65OnNE=</latexit>

J = 0, 2

<latexit sha1_base64="N+ag3Aft6IuMsORqX6/h09LpVqI=">AAACFHicbVDLSgNBEJz1GdfXqkcvg0EQDWE3KOYiBLyIpwjmAdkQZiedZMjs7DozK4QlH+HFX/HiQRGvHrz5N04eh5hY0FBUddPdFcScKe26P9bS8srq2npmw97c2t7Zdfb2qypKJIUKjXgk6wFRwJmAimaaQz2WQMKAQy3oX4/82iNIxSJxrwcxNEPSFazDKNFGajlnfgBdJlJ4EERKMjgd2rdXbs7P4QK2fRDtGaflZN28OwZeJN6UZNEU5Zbz7bcjmoQgNOVEqYbnxrqZEqkZ5TC0/URBTGifdKFhqCAhqGY6fmqIj43Sxp1ImhIaj9XZiZSESg3CwHSGRPfUvDcS//Maie4UmykTcaJB0MmiTsKxjvAoIdxmEqjmA0MIlczcimmPSEK1ydE2IXjzLy+SaiHvnecv7grZUnEaRwYdoiN0gjx0iUroBpVRBVH0hF7QG3q3nq1X68P6nLQuWdOZA/QH1tcvn/udRA==</latexit>

D(t) =
X

{n odd}

dn(t)

<latexit sha1_base64="Awwtc9B+31a5xeHKBgDdLTir0fQ="></latexit>

DRs for d1(t)

<latexit sha1_base64="M13Qns0/jJjAxuBkk8hKkiRQwaA="></latexit>

+=

�⇤(Q2)

<latexit sha1_base64="E2k/d1xdlOVV9y3Tq6JU+AFcj/8=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoMQU8S74FcZsLGMYFTIJWFuM0kWd/fO3T3hOPIzbPwrNhaK2Nr5b9zEFGp8MPB4b4aZeWHMmTae9+nk5uYXFpfyy4WV1bX1jeLm1pWOEkWxSSMeqZsQNHImsWmY4XgTKwQRcrwOb8/G/vU9Ks0ieWnSGNsCBpL1GQVjpW7xIAhxwGSGdxKUgrQyKgQDEAI6lfJFp7ZfCFD2frjdYsmrehO4s8SfkhKZotEtfgS9iCYCpaEctG75XmzaGSjDKEe7LdEYA72FAbYslSBQt7PJYyN3zyo9tx8pW9K4E/XnRAZC61SEtlOAGeq/3lj8z2slpn/azpiME4OSfi/qJ9w1kTtOye0xhdTw1BKgitlbXToEBdTYLAs2BP/vy7Pkqlb1D6tHF7VS/XgaR57skF1SJj45IXVyThqkSSh5IE/khbw6j86z8+a8f7fmnOnMNvkF5+ML6wqfpg==</latexit>

�

<latexit sha1_base64="vIXp3xlRmUiqheXnoJrTZj86EQU=">AAACEXicbVA9SwNBEN3zM8avqKXNYRCCRbgLfpUBG8sI5gOSEOY2k2TJ7t65uyeEI3/Bxr9iY6GIrZ2d/8ZNckVMfDDweG+GmXlBxJk2nvfjrKyurW9sZray2zu7e/u5g8OaDmNFsUpDHqpGABo5k1g1zHBsRApBBBzrwfBm4tcfUWkWynszirAtoC9Zj1EwVurkCq0A+0wm+CBBKRidjbOtPggB2RbK7pzcyeW9ojeFu0z8lORJikon993qhjQWKA3loHXT9yLTTkAZRjnaNbHGCOgQ+ti0VIJA3U6mH43dU6t03V6obEnjTtX5iQSE1iMR2E4BZqAXvYn4n9eMTe+6nTAZxQYlnS3qxdw1oTuJx+0yhdTwkSVAFbO3unQACqixIWZtCP7iy8ukVir658WLu1K+fJnGkSHH5IQUiE+uSJnckgqpEkqeyAt5I+/Os/PqfDifs9YVJ505In/gfP0C5TWdpg==</latexit>

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

�⇤� ! ⇡⇡

<latexit sha1_base64="PwTepMEs6i2pOHG+AHGFtVJBnH4=">AAACLnicbVDLSgMxFM34rOOr6tJNsAjiosyIoktBBJcVrAqdWu6kt9NgkhmTjFKGfpEbf0UXgoq49TNMHwtfFy45nHMPN/fEmeDGBsGLNzE5NT0zW5rz5xcWl5bLK6vnJs01wzpLRaovYzAouMK65VbgZaYRZCzwIr4+GugXt6gNT9WZ7WXYlJAo3uEMrKNa5eMoxoSrAm8UaA297b5PowSkhKvt0UsjzZOudWp6R6OMD9qPUL W/eVrlSlANhkX/gnAMKmRctVb5KWqnLJeoLBNgTCMMMtssQFvOBPb9KDeYAbuGBBsOKpBomsXw3D7ddEybdlLtWlk6ZL87CpDG9GTsJiXYrvmtDcj/tEZuOwfNgqsst6jYaFEnF9SmdJAdbXONzIqeA8A0d3+lrAsamHUJ+y6E8PfJf8H5TjXcre6d7lQOD8ZxlMg62SBbJCT75JCckBqpE0buySN5JW/eg/fsvXsfo9EJb+xZIz/K+/wCQHmpQA==</latexit>

•                   : two-pion generalized distribution amplitudes           inputs 
pion singlet PDF

❲ phase-shifts⇡⇡

<latexit sha1_base64="xXBygTc5qYTSudjsMmbQ8xMchYU=">AAACE3icdVA9SwNBEN2L3/ErammzGARJceyduaidYGOpYFRIQtjbzCVL9vbO3T0hHPkPNv4VGwtFbG3s/DduPgQVfTDweG+GmXlhKrg2hHw4hZnZufmFxaXi8srq2nppY/NSJ5liUGeJSNR1SDUILqFuuBFwnSqgcSjgKuyfjPyrW1CaJ/LCDFJoxbQrecQZNVZqlyrNELpc5nAjqVJ0UBkWcTPlkwLZ+Wa0S2Xi1vwjv+Zj4pJaEPiBJR7ZJ14Vey4Zo4ymOGuX3pudhGUxSMME1brhkdS0cqoMZwKGxWamIaWsT7vQsFTSGHQrH/80xLtW6eAoUbakwWP1+0ROY60HcWg7Y2p6+rc3Ev/yGpmJDls5l2lmQLLJoigT2CR4FBDucAXMiIEllClub8WsRxVlxsZYtCF8fYr/J5e+61Xd4NwvHx9O41hE22gH7SEPHaBjdIrOUB0xdIce0BN6du6dR+fFeZ20FpzpzBb6AeftEzAAnlg=</latexit>



N

<latexit sha1_base64="9x4qtwvICg4km5CCcZLa94Y2e2Y=">AAACDHicbVDLSsNAFJ3UV42vqks3wSKIi5IUX8uCG1dSwT6gCWUyuWmHTiZxZiKE0A9w46+4caGIWz/AnX/jtM1CWw8MHM45lzv3+AmjUtn2t1FaWl5ZXSuvmxubW9s7ld29toxTQaBFYhaLro8lMMqhpahi0E0E4Mhn0PFHVxO/8wBC0pjfqSwBL8IDTkNKsNJSv1J1fRhQnsM9x0Lg7GRs3pgu8OCXolN2zZ7CWiROQaqoQLNf+XKDmKQRcEUYlrLn2InyciwUJQzGpptKSDAZ4QH0NOU4Aunl02PG1pFWAiuMhX5cWVP190SOIymzyNfJCKuhnPcm4n9eL1XhpZdTnqQKOJktClNmqdiaNGMFVABRLNMEE0H1Xy0yxAITpfszdQnO/MmLpF2vOae1s9t6tXFe1FFGB+gQHSMHXaAGukZN1EIEPaJn9IrejCfjxXg3PmbRklHM7KM/MD5/AL8sm2M=</latexit>

N̄

<latexit sha1_base64="eKpYYDgwhzYtM7qk4n/+y4/AyqQ=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAED2EmuB0DXjxJBLNAEkJNp5I06ekZu3uEMOQXvPgrXjwo4tWbN//GznKIiQ8KHu9VUVXPjwTXxnV/nNTK6tr6Rnozs7W9s7uX3T+o6jBWDCssFKGq+6BRcIkVw43AeqQQAl9gzR9cj/3aIyrNQ3lvhhG2AuhJ3uUMjJXa2XzTxx6XCT5IUAqGp6NM0wdFbzNNlJ05uZ3NuQV3ArpMvBnJkRnK7ex3sxOyOEBpmACtG54bmVYCynAm0K6JNUbABtDDhqUSAtStZPLRiJ5YpUO7obIlDZ2o8xMJBFoPA992BmD6etEbi/95jdh0r1oJl1FsULLpom4sqAnpOB7a4QqZEUNLgClub6WsDwqYsSFmbAje4svLpFoseGeF87tirnQxiyNNjsgxyROPXJISuSFlUiGMPJEX8kbenWfn1flwPqetKWc2c0j+wPn6BU1enUY=</latexit>

�⇤(Q2)

<latexit sha1_base64="E2k/d1xdlOVV9y3Tq6JU+AFcj/8=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoMQU8S74FcZsLGMYFTIJWFuM0kWd/fO3T3hOPIzbPwrNhaK2Nr5b9zEFGp8MPB4b4aZeWHMmTae9+nk5uYXFpfyy4WV1bX1jeLm1pWOEkWxSSMeqZsQNHImsWmY4XgTKwQRcrwOb8/G/vU9Ks0ieWnSGNsCBpL1GQVjpW7xIAhxwGSGdxKUgrQyKgQDEAI6lfJFp7ZfCFD2frjdYsmreh O4s8SfkhKZotEtfgS9iCYCpaEctG75XmzaGSjDKEe7LdEYA72FAbYslSBQt7PJYyN3zyo9tx8pW9K4E/XnRAZC61SEtlOAGeq/3lj8z2slpn/azpiME4OSfi/qJ9w1kTtOye0xhdTw1BKgitlbXToEBdTYLAs2BP/vy7Pkqlb1D6tHF7VS/XgaR57skF1SJj45IXVyThqkSSh5IE/khbw6j86z8+a8f7fmnOnMNvkF5+ML6wqfpg==</latexit>

�

<latexit sha1_base64="vIXp3xlRmUiqheXnoJrTZj86EQU=">AAACEXicbVA9SwNBEN3zM8avqKXNYRCCRbgLfpUBG8sI5gOSEOY2k2TJ7t65uyeEI3/Bxr9iY6GIrZ2d/8ZNckVMfDDweG+GmXlBxJk2nvfjrKyurW9sZray2zu7e/u5g8OaDmNFsUpDHqpGABo5k1g1zHBsRApBBBzrwfBm4tcfUWkWynszirAtoC9Zj1EwVurkCq0A+0wm+CBBKRidjbOtPggB2RbK7pzcyeW9ojeFu0z8lORJikon993qhjQWKA3loHXT9yLTTkAZRjnaNbHGCOgQ+ti0VIJA3U6mH43dU6t03V6obEnjTtX5iQSE1iMR2E4BZqAXvYn4n9eMTe+6nTAZxQYlnS3qxdw1oTuJx+0yhdTwkSVAFbO3unQACqixIWZtCP7iy8ukVir658WLu1K+fJnGkSHH5IQUiE+uSJnckgqpEkqeyAt5I+/Os/PqfDifs9YVJ505In/gfP0C5TWdpg==</latexit>

Two-pion intermediate states with            and I = 0

<latexit sha1_base64="uTWiMyonjkYYcDwTaMl5a7Fnd+o=">AAACEnicbVDLSgNBEJyNr7i+Vj16GQyCioTdoJiLEPCitwjmAdkQZiedZMjs7DozK4Ql3+DFX/HiQRGvnrz5N04eh5hY0FBUddPdFcScKe26P1ZmaXlldS27bm9sbm3vOLt7VRUlkkKFRjyS9YAo4ExARTPNoR5LIGHAoRb0r0d+7RGkYpG414MYmiHpCtZhlGgjtZwTP4AuEyk8CCIlGZwO7dsr1z/D2PZBtGf0lpNz8+4YeJF4U5JDU5RbzrffjmgSgtCUE6UanhvrZkqkZpTD0PYTBTGhfdKFhqGChKCa6filIT4ySht3ImlKaDxWZydSEio1CAPTGRLdU/PeSPzPayS6U2ymTMSJBkEnizoJxzrCo3xwm0mgmg8MIVQycyumPSIJ1SZF24Tgzb+8SKqFvHeev7gr5ErFaRxZdIAO0THy0CUqoRtURhVE0RN6QW/o3Xq2Xq0P63PSmrGmM/voD6yvX65OnNE=</latexit>

J = 0, 2

<latexit sha1_base64="N+ag3Aft6IuMsORqX6/h09LpVqI=">AAACFHicbVDLSgNBEJz1GdfXqkcvg0EQDWE3KOYiBLyIpwjmAdkQZiedZMjs7DozK4QlH+HFX/HiQRGvHrz5N04eh5hY0FBUddPdFcScKe26P9bS8srq2npmw97c2t7Zdfb2qypKJIUKjXgk6wFRwJmAimaaQz2WQMKAQy3oX4/82iNIxSJxrwcxNEPSFazDKNFGajlnfgBdJlJ4EERKMjgd2rdXbs7P4QK2fRDtGaflZN28OwZeJN6UZNEU5Zbz7bcjmoQgNOVEqYbnxrqZEqkZ5TC0/URBTGifdKFhqCAhqGY6fmqIj43Sxp1ImhIaj9XZiZSESg3CwHSGRPfUvDcS//Maie4UmykTcaJB0MmiTsKxjvAoIdxmEqjmA0MIlczcimmPSEK1ydE2IXjzLy+SaiHvnecv7grZUnEaRwYdoiN0gjx0iUroBpVRBVH0hF7QG3q3nq1X68P6nLQuWdOZA/QH1tcvn/udRA==</latexit>

D(t) =
X

{n odd}

dn(t)

<latexit sha1_base64="Awwtc9B+31a5xeHKBgDdLTir0fQ="></latexit>

DRs for d1(t)

<latexit sha1_base64="M13Qns0/jJjAxuBkk8hKkiRQwaA="></latexit>

+=

�⇤(Q2)

<latexit sha1_base64="E2k/d1xdlOVV9y3Tq6JU+AFcj/8=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoMQU8S74FcZsLGMYFTIJWFuM0kWd/fO3T3hOPIzbPwrNhaK2Nr5b9zEFGp8MPB4b4aZeWHMmTae9+nk5uYXFpfyy4WV1bX1jeLm1pWOEkWxSSMeqZsQNHImsWmY4XgTKwQRcrwOb8/G/vU9Ks0ieWnSGNsCBpL1GQVjpW7xIAhxwGSGdxKUgrQyKgQDEAI6lfJFp7ZfCFD2frjdYsmrehO4s8SfkhKZotEtfgS9iCYCpaEctG75XmzaGSjDKEe7LdEYA72FAbYslSBQt7PJYyN3zyo9tx8pW9K4E/XnRAZC61SEtlOAGeq/3lj8z2slpn/azpiME4OSfi/qJ9w1kTtOye0xhdTw1BKgitlbXToEBdTYLAs2BP/vy7Pkqlb1D6tHF7VS/XgaR57skF1SJj45IXVyThqkSSh5IE/khbw6j86z8+a8f7fmnOnMNvkF5+ML6wqfpg==</latexit>

�

<latexit sha1_base64="vIXp3xlRmUiqheXnoJrTZj86EQU=">AAACEXicbVA9SwNBEN3zM8avqKXNYRCCRbgLfpUBG8sI5gOSEOY2k2TJ7t65uyeEI3/Bxr9iY6GIrZ2d/8ZNckVMfDDweG+GmXlBxJk2nvfjrKyurW9sZray2zu7e/u5g8OaDmNFsUpDHqpGABo5k1g1zHBsRApBBBzrwfBm4tcfUWkWynszirAtoC9Zj1EwVurkCq0A+0wm+CBBKRidjbOtPggB2RbK7pzcyeW9ojeFu0z8lORJikon993qhjQWKA3loHXT9yLTTkAZRjnaNbHGCOgQ+ti0VIJA3U6mH43dU6t03V6obEnjTtX5iQSE1iMR2E4BZqAXvYn4n9eMTe+6nTAZxQYlnS3qxdw1oTuJx+0yhdTwkSVAFbO3unQACqixIWZtCP7iy8ukVir658WLu1K+fJnGkSHH5IQUiE+uSJnckgqpEkqeyAt5I+/Os/PqfDifs9YVJ505In/gfP0C5TWdpg==</latexit>

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

�⇤� ! ⇡⇡

<latexit sha1_base64="PwTepMEs6i2pOHG+AHGFtVJBnH4=">AAACLnicbVDLSgMxFM34rOOr6tJNsAjiosyIoktBBJcVrAqdWu6kt9NgkhmTjFKGfpEbf0UXgoq49TNMHwtfFy45nHMPN/fEmeDGBsGLNzE5NT0zW5rz5xcWl5bLK6vnJs01wzpLRaovYzAouMK65VbgZaYRZCzwIr4+GugXt6gNT9WZ7WXYlJAo3uEMrKNa5eMoxoSrAm8UaA297b5PowSkhKvt0UsjzZOudWp6R6OMD9qPUL W/eVrlSlANhkX/gnAMKmRctVb5KWqnLJeoLBNgTCMMMtssQFvOBPb9KDeYAbuGBBsOKpBomsXw3D7ddEybdlLtWlk6ZL87CpDG9GTsJiXYrvmtDcj/tEZuOwfNgqsst6jYaFEnF9SmdJAdbXONzIqeA8A0d3+lrAsamHUJ+y6E8PfJf8H5TjXcre6d7lQOD8ZxlMg62SBbJCT75JCckBqpE0buySN5JW/eg/fsvXsfo9EJb+xZIz/K+/wCQHmpQA==</latexit>

•                   : two-pion generalized distribution amplitudes           inputs 
pion singlet PDF

❲ phase-shifts⇡⇡

<latexit sha1_base64="xXBygTc5qYTSudjsMmbQ8xMchYU=">AAACE3icdVA9SwNBEN2L3/ErammzGARJceyduaidYGOpYFRIQtjbzCVL9vbO3T0hHPkPNv4VGwtFbG3s/DduPgQVfTDweG+GmXlhKrg2hHw4hZnZufmFxaXi8srq2nppY/NSJ5liUGeJSNR1SDUILqFuuBFwnSqgcSjgKuyfjPyrW1CaJ/LCDFJoxbQrecQZNVZqlyrNELpc5nAjqVJ0UBkWcTPlkwLZ+Wa0S2Xi1vwjv+Zj4pJaEPiBJR7ZJ14Vey4Zo4ymOGuX3pudhGUxSMME1brhkdS0cqoMZwKGxWamIaWsT7vQsFTSGHQrH/80xLtW6eAoUbakwWP1+0ROY60HcWg7Y2p6+rc3Ev/yGpmJDls5l2lmQLLJoigT2CR4FBDucAXMiIEllClub8WsRxVlxsZYtCF8fYr/J5e+61Xd4NwvHx9O41hE22gH7SEPHaBjdIrOUB0xdIce0BN6du6dR+fFeZ20FpzpzBb6AeftEzAAnlg=</latexit>

•                      : analytical continuation of s-channel partial-wave helicity amplitudes⇡⇡ ! NN̄

<latexit sha1_base64="2Kx6yriQJmehrXDFM31BHtNGa4Q=">AAACKXicbVDLSgNBEJz17fqKevQyGATxEHZF0WPAi6cQwTwgu4TeSScZnJ1dZ2aVsOR3vPgrXhQU9eqPOHkcNFrQUFR190xXlAqujed9OHPzC4tLyyur7tr6xuZWYXunrpNMMayxRCSqGYFGwSXWDDcCm6lCiCOBjejmYuQ37lBpnshrM0gxjKEneZczMFZqF8pBhD0uc7yVoBQMjoYuDVI+KcV7fWPl5J5WaBCByitDN0DZ+dHeLhS9kjcG/Uv8KSmSKartwkvQSVgWozRMgNYt30tNmIMynAm0+zONKbAb6GHLUgkx6jAfXzqkB1bp0G6ibElDx+rPiRxirQdxZDtjMH09643E/7xWZrrnYc5lmhmUbPJQNxPUJHQUG+1whcyIgSXAFLd/pawPCpix4bo2BH/25L+kflzyT0qnV8fF8vk0jhWyR/bJIfHJGSmTS1IlNcLIA3kir+TNeXSenXfnc9I650xndskvOF/f+TWnDQ==</latexit>

s-channel

t-channel

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

⇡

<latexit sha1_base64="s4KLzy/GNPHeC1v3umCP/QBx9Tg=">AAACDnicbVDLSsNAFJ34rPEVdekmWArioiTF17LgxmUF+4A2lMnkph06mcSZiRBCv8CNv+LGhSJuXbvzb5y2WdTWAxcO59zLvff4CaNSOc6PsbK6tr6xWdoyt3d29/atg8OWjFNBoEliFouOjyUwyqGpqGLQSQTgyGfQ9kc3E7/9CELSmN+rLAEvwgNOQ0qw0lLfqvR8GFCewwPHQuDsbGz2Emr2gAdzWt8qO1VnCnuZuAUpowKNvvXdC2KSRsAVYVjKruskysuxUJQw0DtSCQkmIzyArqYcRyC9fPrO2K5oJbDDWOjiyp6q8xM5jqTMIl93RlgN5aI3Ef/zuqkKr72c8iRVwMlsUZgyW8X2JBs7oAKIYpkmmAiqb7XJEAtMlE7Q1CG4iy8vk1at6p5XL+5q5fplEUcJHaMTdIpcdIXq6BY1UBMR9IRe0Bt6N56NV+PD+Jy1rhjFzBH6A+PrF4VunF4=</latexit>

N̄

<latexit sha1_base64="eKpYYDgwhzYtM7qk4n/+y4/AyqQ=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAED2EmuB0DXjxJBLNAEkJNp5I06ekZu3uEMOQXvPgrXjwo4tWbN//GznKIiQ8KHu9VUVXPjwTXxnV/nNTK6tr6Rnozs7W9s7uX3T+o6jBWDCssFKGq+6BRcIkVw43AeqQQAl9gzR9cj/3aIyrNQ3lvhhG2AuhJ3uUMjJXa2XzTxx6XCT5IUAqGp6NM0wdFbzNNlJ05uZ3NuQV3ArpMvBnJkRnK7ex3sxOyOEBpmACtG54bmVYCynAm0K6JNUbABtDDhqUSAtStZPLRiJ5YpUO7obIlDZ2o8xMJBFoPA992BmD6etEbi/95jdh0r1oJl1FsULLpom4sqAnpOB7a4QqZEUNLgClub6WsDwqYsSFmbAje4svLpFoseGeF87tirnQxiyNNjsgxyROPXJISuSFlUiGMPJEX8kbenWfn1flwPqetKWc2c0j+wPn6BU1enUY=</latexit>

N

<latexit sha1_base64="9x4qtwvICg4km5CCcZLa94Y2e2Y=">AAACDHicbVDLSsNAFJ3UV42vqks3wSKIi5IUX8uCG1dSwT6gCWUyuWmHTiZxZiKE0A9w46+4caGIWz/AnX/jtM1CWw8MHM45lzv3+AmjUtn2t1FaWl5ZXSuvmxubW9s7ld29toxTQaBFYhaLro8lMMqhpahi0E0E4Mhn0PFHVxO/8wBC0pjfqSwBL8IDTkNKsNJSv1J1fRhQnsM9x0Lg7GRs3pgu8OCXolN2zZ7CWiROQaqoQLNf+XKDmKQRcEUYlrLn2InyciwUJQzGpptKSDAZ4QH0NOU4Aunl02PG1pFWAiuMhX5cWVP190SOIymzyNfJCKuhnPcm4n9eL1XhpZdTnqQKOJktClNmqdiaNGMFVABRLNMEE0H1Xy0yxAITpfszdQnO/MmLpF2vOae1s9t6tXFe1FFGB+gQHSMHXaAGukZN1EIEPaJn9IrejCfjxXg3PmbRklHM7KM/MD5/AL8sm2M=</latexit>

input phase-shifts⇡⇡

<latexit sha1_base64="xXBygTc5qYTSudjsMmbQ8xMchYU=">AAACE3icdVA9SwNBEN2L3/ErammzGARJceyduaidYGOpYFRIQtjbzCVL9vbO3T0hHPkPNv4VGwtFbG3s/DduPgQVfTDweG+GmXlhKrg2hHw4hZnZufmFxaXi8srq2nppY/NSJ5liUGeJSNR1SDUILqFuuBFwnSqgcSjgKuyfjPyrW1CaJ/LCDFJoxbQrecQZNVZqlyrNELpc5nAjqVJ0UBkWcTPlkwLZ+Wa0S2Xi1vwjv+Zj4pJaEPiBJR7ZJ14Vey4Zo4ymOGuX3pudhGUxSMME1brhkdS0cqoMZwKGxWamIaWsT7vQsFTSGHQrH/80xLtW6eAoUbakwWP1+0ROY60HcWg7Y2p6+rc3Ev/yGpmJDls5l2lmQLLJoigT2CR4FBDucAXMiIEllClub8WsRxVlxsZYtCF8fYr/J5e+61Xd4NwvHx9O41hE22gH7SEPHaBjdIrOUB0xdIce0BN6du6dR+fFeZ20FpzpzBb6AeftEzAAnlg=</latexit>



pion PDFs from

Owens et al., PRD30 (1984)

Q2 = 4 GeV2Q= u + d
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-t (GeV2)

d 1Q
pion PDFs from


GRV, ZPC53 (1992)

d1(0) = �1.92

d1(0) = �1.59

DR Results for D-term Form Factor 

BP, Polyakov, Vanderhaeghen, PLB 739 (2014) 133



Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705 
and arXiv: 2104.02031;  
CLAS 6GeV data

D(t) form factor from data

= 4/5 dQ1 (t)

<latexit sha1_base64="zFHZGaa6V9KkwHcA8H19ZlCzgQ8=">AAACG3icbVDLSsNAFJ34Nr6qLt0MFkFFalLqYyMIblxasFVoaphMbtqhk0mcmQgl9D/c+CtuXCjiSnDh3zh9LLT1wMDhnHO5c0+Qcqa043xbU9Mzs3PzC4v20vLK6lphfaOukkxSqNGEJ/I2IAo4E1DTTHO4TSWQOOBwE3Qu+v7NA0jFEnGtuyk0Y9ISLGKUaCP5hbIXQIuJHO4FkZJ093v2WeXwCHsHOPTdu+qu3rM9EOGvgF8oOiVnADxJ3BEpohGu/MKnFyY0i0FoyolSDddJdTMnUjPKoWd7mYKU0A5pQcNQQWJQzXxwWw/vGCXEUSLNExoP1N8TOYmV6saBScZEt9W41xf/8xqZjk6bORNppkHQ4aIo41gnuF8UDpkEqnnXEEIlM3/FtE0kodrUaZsS3PGTJ0m9XHIrpaNquXh+PKpjAW2hbbSLXHSCztElukI1RNEjekav6M16sl6sd+tjGJ2yRjOb6A+srx9Qcp+w</latexit>



Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705 
and arXiv: 2104.02031;  
CLAS 6GeV data

D(t) form factor from data

= 4/5 dQ1 (t)

<latexit sha1_base64="zFHZGaa6V9KkwHcA8H19ZlCzgQ8=">AAACG3icbVDLSsNAFJ34Nr6qLt0MFkFFalLqYyMIblxasFVoaphMbtqhk0mcmQgl9D/c+CtuXCjiSnDh3zh9LLT1wMDhnHO5c0+Qcqa043xbU9Mzs3PzC4v20vLK6lphfaOukkxSqNGEJ/I2IAo4E1DTTHO4TSWQOOBwE3Qu+v7NA0jFEnGtuyk0Y9ISLGKUaCP5hbIXQIuJHO4FkZJ093v2WeXwCHsHOPTdu+qu3rM9EOGvgF8oOiVnADxJ3BEpohGu/MKnFyY0i0FoyolSDddJdTMnUjPKoWd7mYKU0A5pQcNQQWJQzXxwWw/vGCXEUSLNExoP1N8TOYmV6saBScZEt9W41xf/8xqZjk6bORNppkHQ4aIo41gnuF8UDpkEqnnXEEIlM3/FtE0kodrUaZsS3PGTJ0m9XHIrpaNquXh+PKpjAW2hbbSLXHSCztElukI1RNEjekav6M16sl6sd+tjGJ2yRjOb6A+srx9Qcp+w</latexit>

dQ1 (t) = dQ1 (0)(1� t/M2)↵

<latexit sha1_base64="gIMPebqs4F22zeXxuBJunNmzb1s=">AAACDHicbVDLSgMxFM3UV62vqks3wVZoF9aZoiiCUHDjRmjBPqCdlkwm04ZmHiR3hDL0A9z4K25cKOLWD3Dn35g+Flo9EDiccy439ziR4ApM88tILS2vrK6l1zMbm1vbO9ndvYYKY0lZnYYilC2HKCZ4wOrAQbBWJBnxHcGazvB64jfvmVQ8DO5gFDHbJ/2Ae5wS0FIvm8u7PatbK0DxakbMYsE6hpPbbrnY7RARDUhep8ySOQX+S6w5yaE5qr3sZ8cNaeyzAKggSrUtMwI7IRI4FWyc6cSKRYQOSZ+1NQ2Iz5SdTI8Z4yOtuNgLpX4B4Kn6cyIhvlIj39FJn8BALXoT8T+vHYN3YSc8iGJgAZ0t8mKBIcSTZrDLJaMgRpoQKrn+K6YDIgkF3V9Gl2AtnvyXNMol67R0VivnKpfzOtLoAB2iArLQOaqgG1RFdUTRA3pCL+jVeDSejTfjfRZNGfOZffQLxsc3YlKYBw==</latexit>



Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705 
and arXiv: 2104.02031;  
CLAS 6GeV data

D(t) form factor from data

FT

r2p(r)
<latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit>

radial pressure distribution

 data before 6 GeV JLab
6 GeV JLab data
projected 12 GeV JLab data

r2s(r)

<latexit sha1_base64="A7PrkYdrnKWzUADbWQRyGlRsBPE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwVaol7JbFMVTwYvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRvDfjmPoCDyQLGcHGSg8l9VjVZXVW6hWKbsWdAS0TLyNFyFDvFb66/YgkgkpDONa647mx8VOsDCOcTvLdRNMYkxEe0I6lEguq/XR28ASdWqWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzytsQvMWXl0mzWvHOKxd31WLtOosjB8dwAmXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w8sSY9S</latexit>

shear forces distribution

= 4/5 dQ1 (t)

<latexit sha1_base64="zFHZGaa6V9KkwHcA8H19ZlCzgQ8=">AAACG3icbVDLSsNAFJ34Nr6qLt0MFkFFalLqYyMIblxasFVoaphMbtqhk0mcmQgl9D/c+CtuXCjiSnDh3zh9LLT1wMDhnHO5c0+Qcqa043xbU9Mzs3PzC4v20vLK6lphfaOukkxSqNGEJ/I2IAo4E1DTTHO4TSWQOOBwE3Qu+v7NA0jFEnGtuyk0Y9ISLGKUaCP5hbIXQIuJHO4FkZJ093v2WeXwCHsHOPTdu+qu3rM9EOGvgF8oOiVnADxJ3BEpohGu/MKnFyY0i0FoyolSDddJdTMnUjPKoWd7mYKU0A5pQcNQQWJQzXxwWw/vGCXEUSLNExoP1N8TOYmV6saBScZEt9W41xf/8xqZjk6bORNppkHQ4aIo41gnuF8UDpkEqnnXEEIlM3/FtE0kodrUaZsS3PGTJ0m9XHIrpaNquXh+PKpjAW2hbbSLXHSCztElukI1RNEjekav6M16sl6sd+tjGJ2yRjOb6A+srx9Qcp+w</latexit>

dQ1 (t) = dQ1 (0)(1� t/M2)↵

<latexit sha1_base64="gIMPebqs4F22zeXxuBJunNmzb1s=">AAACDHicbVDLSgMxFM3UV62vqks3wVZoF9aZoiiCUHDjRmjBPqCdlkwm04ZmHiR3hDL0A9z4K25cKOLWD3Dn35g+Flo9EDiccy439ziR4ApM88tILS2vrK6l1zMbm1vbO9ndvYYKY0lZnYYilC2HKCZ4wOrAQbBWJBnxHcGazvB64jfvmVQ8DO5gFDHbJ/2Ae5wS0FIvm8u7PatbK0DxakbMYsE6hpPbbrnY7RARDUhep8ySOQX+S6w5yaE5qr3sZ8cNaeyzAKggSrUtMwI7IRI4FWyc6cSKRYQOSZ+1NQ2Iz5SdTI8Z4yOtuNgLpX4B4Kn6cyIhvlIj39FJn8BALXoT8T+vHYN3YSc8iGJgAZ0t8mKBIcSTZrDLJaMgRpoQKrn+K6YDIgkF3V9Gl2AtnvyXNMol67R0VivnKpfzOtLoAB2iArLQOaqgG1RFdUTRA3pCL+jVeDSejTfjfRZNGfOZffQLxsc3YlKYBw==</latexit>



Necessary to verify model assumptions in the exp extraction

with more data coming  from JLab, COMPASS and the future EIC, EIcC

Kumericki, Nature 570 (2019) 7759; Dutriex et al, arXiv: 2101.03855

CLAS data, with fixed param., 
Girod et al.

CLAS data, with neural networks 
Kumericki

global fit to DVCS data  
with artificial neural networks

t-channel DRs

X

q

dq1 < 0

<latexit sha1_base64="XUDBbRbIZ2ki00vIUmAfiL7UwUA=">AAACGnicbVA9SwNBEN3zM8avqKXNYhDEItyFiBYWARvLCOYDkvPY25skS/b2Lrt7QjjyO2z8KzYWitiJjf/GTXJFTHww8Hhvhpl5fsyZ0rb9Y62srq1vbOa28ts7u3v7hYPDhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHNxO/+QhSsUjc61EMbkh6gnUZJdpIXsHp+NBjIoWhIFKS0fk431FJ6A1x4DkPQ3xt5zsggjnfKxTtkj0FXiZORoooQ80rfHWCiCYhCE05Uart2LF2UyI1oxzMvkRBTOiA9KBtqCAhKDedvjbGp0YJcDeSpoTGU3V+IiWhUqPQN50h0X216E3E/7x2ortXbspEnGgQdLaom3CsIzzJCQdMAtV8ZAihkplbMe0TSag2aeZNCM7iy8ukUS45ldLFXblYrWRx5NAxOkFnyEGXqIpuUQ3VEUVP6AW9oXfr2Xq1PqzPWeuKlc0coT+wvn8BoXOgjw==</latexit>

in all model calculations 
for a stable proton



Future of Compton Scattering

•Improve accuracy in the extraction of the RCS polarizabilities

new upcoming data from MAMI with unprecedented  precision

•Constrain the Q2 dependence of the generalized  polarizabilities

ongoing  analysis of VCS data from JLab

•New results for the VVCS polarizabilities from JLab

challenge for the theoretical interpretation 

•Big impact on GPD studies from JLab12, COMPASS, and future EIC

Dispersion Relations for Compton Scattering
use available information from other channels to constrain nucleon e.m. structure  

with a minimum of model dependence



Backup Slides



subtracted DRs

unsubtracted DRs
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DRs

B. Pasquini, M. Polyakov, M. Vanderhaeghen, PLB739 (2014) 133

Fit

  Fit: withFQ(t) =
dQ1 (0)

[1� t/(↵M2
D)]↵
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S wave

D wave

TOT

Q2 = 4 GeV2

Q= u + d
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DR Results for D-term Form Factor 
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VVCS Polarizabilities



VVCS Polarizabilities

�0(Q
2) =

1

2⇡2

Z 1

⌫thr

K(⌫, Q2)

⌫

�TT (⌫, Q2)

⌫3
d⌫

<latexit sha1_base64="ckyr6CHdEiOFfM+STteMGfy22uU="></latexit>

=
e24M2

⇡Q6

Z x0

0
x2[g1(x,Q

2)� 4M2

Q2
x2 g2(x,Q

2)]dx

<latexit sha1_base64="r8O65xryg8GUr45JXWw3UUjkX9I="></latexit>


