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Introduction

• Axion-like particles (ALPs) are very well motivated hypothetical particles. 

• Their interactions with the SM particles are described by EFT operators.

<latexit sha1_base64="aG2ztRSQBylL4unH21yKR0VILkE="></latexit>
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[https://github.com/cajohare/AxionLimits/blob/
master/AxionPhoton_ColliderBounds.ipynb]

Ongoing works

Focus in this talk

• We consider the searches of ALPs at the muon-
ion collider (see Sokratis's talk this afternoon).

https://github.com/cajohare/AxionLimits/blob/master/AxionPhoton_ColliderBounds.ipynb
https://github.com/cajohare/AxionLimits/blob/master/AxionPhoton_ColliderBounds.ipynb
https://github.com/cajohare/AxionLimits/blob/master/AxionPhoton_ColliderBounds.ipynb
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The Electron ion collider (EIC)

<latexit sha1_base64="EcQn5WfyRYTBIzO9tP883hwFCtg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedm7KFfuKqXqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6giNkQ==</latexit>

e�
<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n or <latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p 💥
Understand quark-gluon structure of matter

Understand the full three-dimensional momentum and 

spatial structure of nucleons and nuclei 

Understand the origin of nucleon mass and spin

Study Nuclear PDFs

…

<latexit sha1_base64="GR7QVAaiyeBAC7NLtQhBdcU3yRw=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0JGqyCIlpGMA9IQpid3CRDZh/M3BXDElsbf8XGQhFbv8DOv3GSbKGJBwYO59zLnXPcUAqNtv1tpRYWl5ZX0quZtfWNza3s9k5VB5HiUOGBDFTdZRqk8KGCAiXUQwXMcyXU3MHF2K/dgdIi8G9xGELLYz1fdAVnaKR2dv+yDWcPTYR7jKOQYkBHlDrFRLmC6qidzdl5ewI6T5yE5EiCcjv71ewEPPLARy6Z1g3HDrEVM4WCSxhlmpGGkPEB60HDUJ95oFvxJMqIHhqlQ7uBMs9HOlF/b8TM03rouWbSY9jXs95Y/M9rRNgttmLhhxGCz6eHupEcJx73QjtCAUc5NIRxJcxfKe8zxTia9jKmBGc28jypHuedk3zhppArnSd1pMkeOSBHxCGnpESuSZlUCCeP5Jm8kjfryXqx3q2P6WjKSnZ2yR9Ynz92kZoi</latexit>

Ee : up to 18 GeV

<latexit sha1_base64="IpX12sZsWvQq1an5Mfd0tDET8Es="></latexit>

Ep : up to 275 GeV. For lead, Elead = 20 TeV

<latexit sha1_base64="BbQkinweASubL3LHqKg13CgNsMo=">AAACKHicbVDLSgNBEJz1bXxFPXoZDIKXhF0N6kUMevHgQcGokBezk04cMvtgplcMy3yOF3/Fi4giufolTrI5qLFgoLqqm54uP5ZCo+sOnKnpmdm5+YXF3NLyyupafn3jRkeJ4lDlkYzUnc80SBFCFQVKuIsVsMCXcOv3zob+7QMoLaLwGvsxNALWDUVHcIZWauVPLlppHeER0xhYzxh6TD23me7vG1rMWNnQrIEHppkW90xW6WHhmVa+4JbcEegk8cakQMa4bOXf6u2IJwGEyCXTuua5MTZSplBwCSZXTzTEjPdYF2qWhiwA3UhHhxq6Y5U27UTKvhDpSP05kbJA637g286A4b3+6w3F/7xagp2jRirCOEEIebaok0iKER2mRttCAUfZt4RxJexfKb9ninG02eZsCN7fkyfJzV7JOyiVr8qFyuk4jgWyRbbJLvHIIamQc3JJqoSTJ/JC3smH8+y8Op/OIGudcsYzm+QXnK9vd/Wlqg==</latexit>

Lpeak = 1033 � 1034cm�2s�1

10 - 100 / fb / year
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• The different detector systems observe different particle distributions.

💥

The Electron ion collider (EIC)
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• The different detector systems observe different particle distributions.

💥

The Electron ion collider (EIC)

Far-backward detector: 
Measure scattered electrons 
with extremely low Q^2

Far-forward detector: 
Can select the coherent collision 
vetoing spectator neutrons from 
nuclear breakup

Ideal for studying 
coherent scattering



5

ALP production at EIC

<latexit sha1_base64="1jt99RDCfKeAy6hgBFV3bw2peXM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO5jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBJoI3Q</latexit>

ke

<latexit sha1_base64="LJrwF5cWoJ7Nzb0af+ogN4f9lw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPSxX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP1E+jdU=</latexit>pe

<latexit sha1_base64="I2Xkllley7uSnLS6zitmn4zSrRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD0kf++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBLLo3R</latexit>pa

<latexit sha1_base64="a6l+syVVt6T/DgT+7CsU+CqpP3g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPYx6d71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJsSNuQ==</latexit>

kN
<latexit sha1_base64="yTXM9q9cn5UzN/89+Jk02zFpHQs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh6R31ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ALmKNvg==</latexit>pN

<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>

�⇤

<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>
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<latexit sha1_base64="aG2ztRSQBylL4unH21yKR0VILkE="></latexit>
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ALP coherent production at EIC

<latexit sha1_base64="1jt99RDCfKeAy6hgBFV3bw2peXM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO5jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBJoI3Q</latexit>

ke

<latexit sha1_base64="LJrwF5cWoJ7Nzb0af+ogN4f9lw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPSxX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP1E+jdU=</latexit>pe

<latexit sha1_base64="I2Xkllley7uSnLS6zitmn4zSrRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD0kf++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBLLo3R</latexit>pa

<latexit sha1_base64="a6l+syVVt6T/DgT+7CsU+CqpP3g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPYx6d71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJsSNuQ==</latexit>

kN
<latexit sha1_base64="yTXM9q9cn5UzN/89+Jk02zFpHQs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh6R31ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ALmKNvg==</latexit>pN

<latexit sha1_base64="ddHwNrS2YN8P4Nt01S81/qGwBAY=">AAACAHicbVC7TgJBFJ3FF+Jr1cLCZiIxwUKyS4haEm2sCCbySGDdzA53YcLsw5lZEkJo/BUbC42x9TPs/BsH2ELBk9zk5Jx7c+89XsyZVJb1bWRWVtfWN7Kbua3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqDm6nfHIKQLArv1SgGJyC9kPmMEqUl1zxSbhV34DFhQ4wLA7d6HrvVs4eSa+atojUDXiZ2SvIoRc01vzrdiCYBhIpyImXbtmLljIlQjHKY5DqJhJjQAelBW9OQBCCd8eyBCT7VShf7kdAVKjxTf0+MSSDlKPB0Z0BUXy56U/E/r50o/8oZszBOFIR0vshPOFYRnqaBu0wAVXykCaGC6Vsx7RNBqNKZ5XQI9uLLy6RRKtoXxfJdOV+5TuPIomN0ggrIRpeogm5RDdURRRP0jF7Rm/FkvBjvxse8NWOkM4foD4zPHzsTlOQ=</latexit>

tN ⌘ (kN � pN )2

Coherent regime:

Ion-transferred momentum:

<latexit sha1_base64="GAx3r3ri/24KUBr0SwlfuVqD9PY="></latexit>p
| tN | < 1/rN , rN ⇠ A1/3 (1 fm)

�

�

e�
e�

N

N

a
<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>

�⇤

<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>

�⇤

Lead to an enhancement of Z^2  
in the ALP production!

<latexit sha1_base64="v7pWMT6KU0vDtCbJKPRBt5e2R1Y=">AAACD3icbVC7TsMwFHV4lvIKMLJEVCCmKqkqYKxgYQEViT6kJq0c12mtOnZkO0hVmj9g4VdYGECIlZWNv8FpM0DLkSwdnXOvfM/xI0qksu1vY2l5ZXVtvbBR3Nza3tk19/abkscC4QbilIu2DyWmhOGGIoridiQwDH2KW/7oKvNbD1hIwtm9GkfYC+GAkYAgqLTUM08mbgjVEEGa3KSTbsWNBI8Ut9xAQJQ4aaJ6t91K2jNLdtmewlokTk5KIEe9Z365fY7iEDOFKJSy49iR8hIoFEEUp0U3ljiCaAQHuKMpgyGWXjLNk1rHWulbARf6MWVN1d8bCQylHIe+nsyOl/NeJv7ndWIVXHgJYVGsMEOzj4KYWjpwVo7VJwIjRceaQCSIvtVCQ6ibULrCoi7BmY+8SJqVsnNWrt5VS7XLvI4COARH4BQ44BzUwDWogwZA4BE8g1fwZjwZL8a78TEbXTLynQPwB8bnD8KrnR0=</latexit>

|M|2 / 1

t2N
Amplitude square peaks at                      :

<latexit sha1_base64="56X5UZXcJos0q5yy3T8kBKTo4mA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZdFN66kgn1AE8JkMmmHzkzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlhyqjSjvNtLS2vrK6tVzaqm1vbO7v23n5HJZnEpI0TlsheiBRhVJC2ppqRXioJ4iEj3XB0XfjdByIVTcS9HqfE52ggaEwx0kYK7EOP0wjq4LboQe5JDjkVk8CuOXVnCrhI3JLUQIlWYH95UYIzToTGDCnVd51U+zmSmmJGJlUvUyRFeIQGpG+oQJwoP5/eP4EnRolgnEhTQsOp+nsjR1ypMQ/NJEd6qOa9QvzP62c6vvRzKtJME4FnD8UZgzqBRRgwopJgzcaGICypuRXiIZIIaxNZ1YTgzn95kXTO6u55vXHXqDWvyjgq4Agcg1PgggvQBDegBdoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP8D7lfM=</latexit>

| tN |min



7

Kinematics: tN

<latexit sha1_base64="7syoWbGwnvwADPTzSbtx+BjyoCg="></latexit>

(�tN )min ⇡ 1.8⇥ 10�8 GeV2
⇣ ma

1.0 GeV

⌘4 ⇣ mN

193 GeV

⌘2
✓ p

s

1.2 TeV

◆�4

<latexit sha1_base64="07+pWbEsyO9o8zxpXPtj9Biv6+I="></latexit>

[ma]max ⇠ 20 GeV

✓
Ee

18GeV

◆1/2 ✓ EN/A

100GeV

◆1/2 ✓ A

207

◆�1/6

<latexit sha1_base64="AC1hmzx3Mtco4wck3tnYRuetVbA="></latexit>

(�tN )min ⇠ (1/rN )2 ⇠ 0.164A�2/3 GeV2

In the limit:
<latexit sha1_base64="XZFLirwdOwwVId/2Kbz2IvDmTfw=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmRoi6LblxJBfuAzjBk0kwbmmTGJCOUoSs3/oobF4q49Rvc+Tem01lo64FwD+fcy809YcKo0o7zbS0sLi2vrJbWyusbm1vb9s5uS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgHPCAnkAcIeoyZepNXT91LnalxYFecqpMDzhO3IBVQoBHYX14vxiknQmOGlOq6TqL9DElNMSPjspcqkiA8RH3SNVQgTpSf5WeM4ZFRejCKpXlCw1z9PZEhrtSIh6aTIz1Qs95E/M/rpjq68DMqklQTgaeLopRBHcNJJrBHJcGajQxBWFLzV4gHSCKsTXJlE4I7e/I8aZ1W3bNq7bZWqV8WcZTAPjgEx8AF56AOrkEDNAEGj+AZvII368l6sd6tj2nrglXM7IE/sD5/AMOumBM=</latexit>

me,ma ⌧ mN ⌧
p
s Coherent production is 

suppressed beyond this point
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ALP coherent production at EIC

<latexit sha1_base64="1jt99RDCfKeAy6hgBFV3bw2peXM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO5jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBJoI3Q</latexit>

ke

<latexit sha1_base64="LJrwF5cWoJ7Nzb0af+ogN4f9lw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPSxX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP1E+jdU=</latexit>pe

<latexit sha1_base64="I2Xkllley7uSnLS6zitmn4zSrRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD0kf++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBLLo3R</latexit>pa

<latexit sha1_base64="a6l+syVVt6T/DgT+7CsU+CqpP3g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPYx6d71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJsSNuQ==</latexit>

kN
<latexit sha1_base64="yTXM9q9cn5UzN/89+Jk02zFpHQs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh6R31ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ALmKNvg==</latexit>pN

Electron-transferred momentum:

<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>

�⇤

<latexit sha1_base64="O7wMjROSRfMzhyTzs67hf2d+rcI=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMgHsKuBPUY9OIxgnlAEkPvZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2njet5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgFqypmkdcMMp61YURQBp81gdDP1m09UaRbJezOOaVfgQLKQETRWanUGKAQ+nPWKJa/szeAuEz8jJchQ6xW/Ov2IJIJKQzhq3fa92HRTVIYRTieFTqJpjGSEA9q2VKKgupvO7p24J1bpu2GkbEnjztTfEykKrccisJ0CzVAvelPxP6+dmPCqmzIZJ4ZKMl8UJtw1kTt93u0zRYnhY0uQKGZvdckQFRJjIyrYEPzFl5dJ47zsX5Qrd5VS9TqLIw9HcAyn4MMlVOEWalAHAhye4RXenEfnxXl3PuatOSebOYQ/cD5/AKcCj7o=</latexit>

�⇤

Amplitude square peaks at                    :

�

�

e�
e�

N

N

a

<latexit sha1_base64="0ym6H2+BBJejw17f/UaPCHzl7jc=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBiIVhNwS1DNpYRjAPSNZldnI3GTL7cGY2EJY0/oqNhSK2foadf+Mk2UITD1w4nHMv997jxZxJZVnfRm5ldW19I79Z2Nre2d0z9w+aMkoEhQaNeCTaHpHAWQgNxRSHdiyABB6Hlje8mfqtEQjJovBejWNwAtIPmc8oUVpyzSPlAu7CY8JGGJeGLpzHLpw9VFyzaJWtGfAysTNSRBnqrvnV7UU0CSBUlBMpO7YVKyclQjHKYVLoJhJiQoekDx1NQxKAdNLZAxN8qpUe9iOhK1R4pv6eSEkg5TjwdGdA1EAuelPxP6+TKP/KSVkYJwpCOl/kJxyrCE/TwD0mgCo+1oRQwfStmA6IIFTpzAo6BHvx5WXSrJTti3L1rlqsXWdx5NExOkElZKNLVEO3qI4aiKIJekav6M14Ml6Md+Nj3pozsplD9AfG5w+mWZUp</latexit>

te ⌘ (ke � pe)
2

<latexit sha1_base64="Y2SzELVX4OmHwhritRqdADKDR5U=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirosunFZwT6gCWEymbRDZyZhZiKU2IW/4saFIm79DXf+jZM2C209cLmHc+5l7pwwZVRpx/m2Kiura+sb1c3a1vbO7p69f9BVSSYx6eCEJbIfIkUYFaSjqWakn0qCeMhILxzfFH7vgUhFE3GvJynxORoKGlOMtJEC+8jjNII6IEUPck9yyKmYBnbdaTgzwGXilqQOSrQD+8uLEpxxIjRmSKmB66Taz5HUFDMyrXmZIinCYzQkA0MF4kT5+ez+KTw1SgTjRJoSGs7U3xs54kpNeGgmOdIjtegV4n/eINPxlZ9TkWaaCDx/KM4Y1AkswoARlQRrNjEEYUnNrRCPkERYm8hqJgR38cvLpHvecC8azbtmvXVdxlEFx+AEnAEXXIIWuAVt0AEYPIJn8ArerCfrxXq3PuajFavcOQR/YH3+AOUZlgo=</latexit>

| te |min

<latexit sha1_base64="dYSSI41+acGW/+fR2D0h6AffR40=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVUlVAWMFCwtSkehDatLKcZ3WqhNHtoNUpfkDFn6FhQGEWFnZ+BucNgO0HMnS0Tn3yvccL2JUKsv6Ngorq2vrG8XN0tb2zu6euX/QkjwWmDQxZ1x0PCQJoyFpKqoY6USCoMBjpO2NrzO//UCEpDy8V5OIuAEahtSnGCkt9c3TqRMgNcKIJbfptFd1IsEjxaHjC4QTO01Un/Sqad8sWxVrBrhM7JyUQY5G3/xyBhzHAQkVZkjKrm1Fyk2QUBQzkpacWJII4TEakq6mIQqIdJNZnhSeaGUAfS70CxWcqb83EhRIOQk8PZkdLxe9TPzP68bKv3QTGkaxIiGef+THDOrAWTlwQAXBik00QVhQfSvEI6SbULrCki7BXoy8TFrVin1eqd3VyvWrvI4iOALH4AzY4ALUwQ1ogCbA4BE8g1fwZjwZL8a78TEfLRj5ziH4A+PzB+XMnTQ=</latexit>

|M|2 / 1

t2e

Once the recoil electron is measured very precisely, the outgoing ion can be reconstructed 
<latexit sha1_base64="/kiBndbfZxByAVIBGobA+Yuhz9Q=">AAACInicbVDLSgMxFM34rPVVdekmWARFLDOl+FgIRTeuSgVbC20dMultGyaZGZKMUIZ+ixt/xY0LRV0JfoyZtotaPRA499x7uLnHizhT2ra/rLn5hcWl5cxKdnVtfWMzt7VdV2EsKdRoyEPZ8IgCzgKoaaY5NCIJRHgc7jz/Ku3fPYBULAxu9SCCtiC9gHUZJdpIbu48civ3RXyBD3wXjny3chy5SatHhCCuM5wqimkBh6NZkXrcXN4u2CPgv8SZkDyaoOrmPlqdkMYCAk05Uarp2JFuJ0RqRjkMs61YQUSoT3rQNDQgAlQ7GZ04xPtG6eBuKM0LNB6p046ECKUGwjOTgui+mu2l4n+9Zqy7Z+2EBVGsIaDjRd2YYx3iNC/cYRKo5gNDCJXM/BXTPpGEapNq1oTgzJ78l9SLBeekULop5cuXkzgyaBftoQPkoFNURteoimqIokf0jF7Rm/VkvVjv1ud4dM6aeHbQL1jfP146obo=</latexit>

p2N = (ke + kN � p�1 � p�2 � pe)
2 = m2

N
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Kinematics

<latexit sha1_base64="CuEp46xz9ec0eizSbouRJRh+nFY="></latexit>

(�te)min ⇡ 1.9⇥ 10�14 GeV2
⇣ ma

1.0 GeV

⌘2 ⇣ mN

193 GeV

⌘2
✓ p

s

1.2 TeV

◆�4

In the limit:
<latexit sha1_base64="XZFLirwdOwwVId/2Kbz2IvDmTfw=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmRoi6LblxJBfuAzjBk0kwbmmTGJCOUoSs3/oobF4q49Rvc+Tem01lo64FwD+fcy809YcKo0o7zbS0sLi2vrJbWyusbm1vb9s5uS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgHPCAnkAcIeoyZepNXT91LnalxYFecqpMDzhO3IBVQoBHYX14vxiknQmOGlOq6TqL9DElNMSPjspcqkiA8RH3SNVQgTpSf5WeM4ZFRejCKpXlCw1z9PZEhrtSIh6aTIz1Qs95E/M/rpjq68DMqklQTgaeLopRBHcNJJrBHJcGajQxBWFLzV4gHSCKsTXJlE4I7e/I8aZ1W3bNq7bZWqV8WcZTAPjgEx8AF56AOrkEDNAEGj+AZvII368l6sd6tj2nrglXM7IE/sD5/AMOumBM=</latexit>

me,ma ⌧ mN ⌧
p
s

Far-backward detector is extremely important for this search
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Tagging scattered electrons
[The EIC Yellow Report, arXiv:2103.05419]

<latexit sha1_base64="2J89cnulqUUwX2BjiveiUvJDij0=">AAAB/XicbVDJTgJBEO3BDXHD5eZlIjHxIpkhxOVG9KBHTGRJYCA9TQEdepZ01xhxgv6KFw8a49X/8Obf2MAcFHxJJS/vVaWqnhsKrtCyvo3UwuLS8kp6NbO2vrG5ld3eqaogkgwqLBCBrLtUgeA+VJCjgHoogXqugJo7uBz7tTuQigf+LQ5DcDza83mXM4paamf3bKsVH5+PHpsI9xhfQXXUKrSzOStvTWDOEzshOZKg3M5+NTsBizzwkQmqVMO2QnRiKpEzAaNMM1IQUjagPWho6lMPlBNPrh+Zh1rpmN1A6vLRnKi/J2LqKTX0XN3pUeyrWW8s/uc1IuyeOTH3wwjBZ9NF3UiYGJjjKMwOl8BQDDWhTHJ9q8n6VFKGOrCMDsGefXmeVAt5+yRfvCnmShdJHGmyTw7IEbHJKSmRa1ImFcLIA3kmr+TNeDJejHfjY9qaMpKZXfIHxucPst6Uwg==</latexit>

10�9 GeV2

<latexit sha1_base64="HDV1bhqyK4Foxn04CLP3PAxCkCI=">AAACA3icbVDJSgNBEO2Je9xGvemlMQheDDMxqCcRPehRwSyQjZ5OJWnSs9BdI4Yh4sVf8eJBEa/+hDf/xs5y0MQHBY/3qqiq50VSaHScbys1Mzs3v7C4lF5eWV1btzc2izqMFYcCD2Woyh7TIEUABRQooRwpYL4noeR1LwZ+6Q6UFmFwi70Iaj5rB6IlOEMjNeztm3qOnlLXqScHh/2HKsI9JpdQ7NdzDTvjZJ0h6DRxxyRDxrhu2F/VZshjHwLkkmldcZ0IawlTKLiEfroaa4gY77I2VAwNmA+6lgx/6NM9ozRpK1SmAqRD9fdEwnyte75nOn2GHT3pDcT/vEqMrZNaIoIoRgj4aFErlhRDOgiENoUCjrJnCONKmFsp7zDFOJrY0iYEd/LlaVLMZd2jbP4mnzk7H8exSHbILtknLjkmZ+SKXJMC4eSRPJNX8mY9WS/Wu/Uxak1Z45kt8gfW5w+8PJZX</latexit>

Q2 > 10�3 GeV2

• Recoil electrons with very low-Q^2 (                         ) can be tagged. 
• But only when                                  we can have reasonable good resolution.
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Kinematics: te
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Cut efficiencies

<latexit sha1_base64="i1MtCwsuvqt2pulFcR6hkweE2lI=">AAACBHicbVDJSgNBEO2JW4xb1GMujUHwkjATg3qSoAc9RjALZKOnU9EmPQvdNWIYInjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6rmhFBpt+9tKLCwuLa8kV1Nr6xubW+ntnaoOIsWhwgMZqLrLNEjhQwUFSqiHCpjnSqi5/fORX7sDpUXgX+MghJbHbnzRE5yhkTrpTA47QE+pY7fj3OHwoYlwj/EFVIftQiedtfP2GHSeOFOSJVOUO+mvZjfgkQc+csm0bjh2iK2YKRRcwjDVjDSEjPfZDTQM9ZkHuhWPnxjSfaN0aS9QpnykY/X3RMw8rQeeazo9hrd61huJ/3mNCHsnrVj4YYTg88miXiQpBnSUCO0KBRzlwBDGlTC3Un7LFONockuZEJzZl+dJtZB3jvLFq2K2dDaNI0kyZI8cEIcckxK5JGVSIZw8kmfySt6sJ+vFerc+Jq0JazqzS/7A+vwBtjqW5Q==</latexit>

�te > 10�3 GeV2• We require                                        to have reasonable good resolution. 
• The efficiencies is around 40% for 1 GeV ALP.
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Kinematics: ALP

1 2 3 4 5

-5

0

5

• No need to worry about the merge of two photons from ALPs decay. 
• Heavier ALPs tend to be produced at more backward direction.

[2207.09437]
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Kinematics: photon

• Heavier ALP has a smaller boost factor, the opening angle of the 

photon is larger. So, more events are closer to eta=0 
• For heavier ALPs, there are more photons in the backward region.



•The signal is clean: 

•Basic cuts: 
• Due to the angular acceptance, we require 

• To ensure an excellent photon resolution and suppress beam related background , we 

require 

• Perform a resonance search in the invariant mass of two photons 

• From a simulation:

<latexit sha1_base64="I7oW7hXWHUHM0RWHaYkUL3AIW0I=">AAACCnicbVA9SwNBEN3z2/gVtbRZDYJVuPO7sBBtLBWMCrkQ5jZzyeLu3bE7J4QztY1/xcZCEVt/gZ3/xk1M4deDgcd7M8zMizIlLfn+hzcyOjY+MTk1XZqZnZtfKC8uXdg0NwJrIlWpuYrAopIJ1kiSwqvMIOhI4WV0fdz3L2/QWJkm59TNsKGhnchYCiAnNcurocKYbkMkaBZhG7SGHg+NbHfolh/wrepOs1zxq/4A/C8JhqTChjhtlt/DVipyjQkJBdbWAz+jRgGGpFDYK4W5xQzENbSx7mgCGm2jGLzS4+tOafE4Na4S4gP1+0QB2tqujlynBurY315f/M+r5xTvNwqZZDlhIr4WxbnilPJ+LrwlDQpSXUdAGOlu5aIDBgS59EouhOD3y3/JxWY12K1un21XDo+GcUyxFbbGNljA9tghO2GnrMYEu2MP7Ik9e/feo/fivX61jnjDmWX2A97bJ0K3mfU=</latexit>

|⌘� | < 3.5

<latexit sha1_base64="/7UP64bRNRqeIm0yVXcAt+QUIWQ=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9iVoJ4kKKLHCOYBSQizk04yZGZ3mekVwxK9+CtePCji1a/w5t84eRw0saChqOqmu8uPpDDout/O3PzC4tJyaiW9ura+sZnZ2i6bMNYcSjyUoa76zIAUAZRQoIRqpIEpX0LF710M/codaCPC4Bb7ETQU6wSiLThDKzUzu5fNpN5hSrEBPaPeQx3hHpMrKA+amaybc0egs8SbkCyZoNjMfNVbIY8VBMglM6bmuRE2EqZRcAmDdD02EDHeYx2oWRowBaaRjF4Y0AOrtGg71LYCpCP190TClDF95dtOxbBrpr2h+J9Xi7F92khEEMUIAR8vaseSYkiHedCW0MBR9i1hXAt7K+VdphlHm1rahuBNvzxLykc57ziXv8lnC+eTOFJkj+yTQ+KRE1Ig16RISoSTR/JMXsmb8+S8OO/Ox7h1zpnM7JA/cD5/AJr9lvE=</latexit>

E� > 1 GeV
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Prompt searches:

<latexit sha1_base64="FW9VV4ITaAElhMs7EADwsipz/7k=">AAACP3icdVBNSwMxFMz6bf2qevQSLIKglt1S1KOoB48VbCt0l+VtmtZgkl2SrFCW/jMv/gVvXr14UMSrN7PtHtTqQMIwM4/kTZRwpo3rPjlT0zOzc/MLi6Wl5ZXVtfL6RkvHqSK0SWIeq+sINOVM0qZhhtPrRFEQEaft6PYs99t3VGkWyyszSGggoC9ZjxEwVgrLLRFmfh+EgPE9xD6TuCNCwAe45p9TbgBPZPZxHtj7NxCE5YpbdUfAk8QrSAUVaITlR78bk1RQaQgHrTuem5ggA2UY4XRY8lNNEyC30KcdSyUIqoNstP8Q71ili3uxskcaPFK/T2QgtB6IyCYFmBv928vFv7xOanrHQcZkkhoqyfihXsqxiXFeJu4yRYnhA0uAKGb/iskNKCDGVl6yJXi/V54krVrVO6zWL+uVk9OijgW0hbbRLvLQETpBF6iBmoige/SMXtGb8+C8OO/Oxzg65RQzm+gHnM8vXCSujw==</latexit>

m�� 2 [ma � 2�m�� ,ma + 2�m�� ]

<latexit sha1_base64="WdikhRxWJTn6GJoZe+vSQllx61w=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIIght0Q1KPoxaOCMYEkht5JJw7O7C4zvWII8UO8+CtePCjiwYv4N04eiBoLBoqqLnq6wkRJS77/6U1MTk3PzM7NZxYWl5ZXsqtrFzZOjcCSiFVsKiFYVDLCEklSWEkMgg4VlsPr475fvkFjZRydUyfBuoZ2JFtSADmpkS0Wam3QGvgOrxHeUtegiKXq3eHl7rcmIwJBXCE0uUv1Gtmcn/cH4OMkGJEcG+G0kX2vNWORaoxIKLC2GvgJ1btgSAqFvUwttZiAuIY2Vh2NQKOtdwfX9fiWU5q8FRv3IuID9WeiC9rajg7dpAa6sn+9vvifV02pdVB3xyUpYSSGi1qp4hTzflW8KV0ZpDqOgDDS/ZWLKzCuCldoxpUQ/D15nFwU8sFevnhWzB0ejeqYYxtsk22zgO2zQ3bCTlmJCXbPHtkze/EevCfv1Xsbjk54o8w6+wXv4wv1NaHg</latexit>

2� + recoil e� + intact lead ion
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Backgrounds: light-by-light scattering

�

�
e�

e�

Pb

Pb

�⇤

�⇤

• Irreducible light-by-light (LBL) scattering: 

• We use the equivalent photon approximation (EPA) to estimate the backgrounds   

<latexit sha1_base64="GnmNRmA9Hkeh4ILK0Ncv+px86Yk=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGirosunFZwT6gM5RMmmlDk8yQZIQy9APc+CtuXCji1g9w59+YtrPQ1gOBwznncnNPmHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3Uz99gNVmsXy3owTGgg8kCxiBBsr9coVf4CFwOgM5cQ3MVrQbMqtujOgZeLlpAI5Gr3yl9+PSSqoNIRjrbuem5ggw8owwumk5KeaJpiM8IB2LZVYUB1ks2Mm6MQqfRTFyj5p0Ez9PZFhofVYhDYpsBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqRPXjaDOozRYnhY0swUcz+FZEhVpgY21/JluAtnrxMWudV76Jau6tV6td5HUU4gmM4BQ8uoQ630IAmEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD0qemeM=</latexit>

� + � ! � + �
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�

�
e�

e�

Pb

Pb

�⇤

�⇤

<latexit sha1_base64="CC0ikFZusFzBpiCGcT1cPV01ouM="></latexit>

d�eN!eNX

dŝ
(ŝ) =

1

ŝ

Z Ee

ŝ
4Epb

d!1

!1
f�/e (!1) f�/N (!2) �̂��!X(ŝ)

• LBL scattering: 

• Signal:   

<latexit sha1_base64="1Q18JAy3YaZnsTx42bdoM5w3bNs="></latexit>

�̂��!��(ŝ) ⇠
10�6

ŝ

<latexit sha1_base64="x/xD1Lbwnk3SpDtiIT5HThaVo90="></latexit>

�̂��!a!��(ŝ) =
⇡m2

a

8⇤2
�(ŝ�m2

a)

<latexit sha1_base64="J4qos+dEnta1IH8IlPOSHMBGq5g="></latexit>

�a

�LBL
⇡ 20

✓
TeV

⇤

◆2 ⇣ m��

2GeV

⌘2
✓

0.01

�m��/m��

◆

[Bern, Freitas, Dixon, Ghinculov, Wong, hep-ph/0109079]

Backgrounds: light-by-light scattering
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e�
e�

Pb

Pb

�⇤

�⇤
⇡0

⇡0

• Reducible Pion-pair production 
<latexit sha1_base64="ObfGuGFJGZKAXfSBa0Eg5Iv+54M=">AAACF3icbVDNS8MwHE39nPOr6tFLcAiCUFoZ6nHoxeME9wFrHWmWbmFJWpJUGGX/hRf/FS8eFPGqN/8b064H3XwQ8njv9yN5L0wYVdp1v62l5ZXVtfXKRnVza3tn197bb6s4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq9zv/NApKKxuNOThAQcDQWNKEbaSH3b8YeIcwRPYUl8HUM/ofduLhV3rtRLu2/XXMctABeJV5IaKNHs21/+IMYpJ0JjhpTqeW6igwxJTTEj06qfKpIgPEZD0jNUIE5UkBW5pvDYKAMYxdIcoWGh/t7IEFdqwkMzyZEeqXkvF//zeqmOLoOMiiTVRODZQ1HKoEmalwQHVBKs2cQQhCU1f4V4hCTC2lRZNSV485EXSfvM8c6d+m291rgq66iAQ3AEToAHLkAD3IAmaAEMHsEzeAVv1pP1Yr1bH7PRJavcOQB/YH3+APBDnUs=</latexit>

� + � ! ⇡0 + ⇡0 ! 4�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�
<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

Backgrounds: pion-pair production

Detect two out of four

<latexit sha1_base64="qmaeM1uXtAsk9/YfGCFVX+eURAA="></latexit>

prec,2N = (ptrueN + pmiss
�1

+ pmiss
�2

) > m2
NMiss two photons:

The photon detection 
efficiency is assumed 
to be 70%

Several processes contribute to the neutral pion pair production 
[Klusek-Gawenda, Szczurek, arXiv:1302.4204]



19

Backgrounds: pion-pair production

<latexit sha1_base64="qL99BnWC4dG5/Ysggnyjs9DhNNU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwMeyGoBYWQS0sI5gHZJfl7mSSDJnZXWZmhbDJF9j4KzYWitha2/k3Th6FJh64l8M59zJzTxBzprRtf1uZldW19Y3sZm5re2d3L79/0FBRIgmtk4hHshWAopyFtK6Z5rQVSwoi4LQZDK4nfvOBSsWi8F4PY+oJ6IWsywhoI/n54si9oVyDG/eZn7o9EAJmfXzqxmyEL7FdKvv5gl2yp8DLxJmTApqj5ue/3E5EEkFDTTgo1XbsWHspSM0Ip+OcmygaAxlAj7YNDUFQ5aXTc8a4aJQO7kbSVKjxVP29kYJQaigCMylA99WiNxH/89qJ7l54KQvjRNOQzB7qJhzrCE+ywR0mKdF8aAgQycxfMemDBKJNgjkTgrN48jJplEvOWalyVylUr+ZxZNEROkYnyEHnqIpuUQ3VEUGP6Bm9ojfryXqx3q2P2WjGmu8coj+wPn8AK6+bhA==</latexit>

|���� � ⇡| < 0.2Require:
<latexit sha1_base64="4Y1KqqccG9dMJmaSRwEoGLJHSsg=">AAACInicbVDLSgMxFM34tr6qLt0ES8GFlhkpPnZFN26ECvYBnVIy6a0NzTxM7ohlGH/Fjb/ixoWirgQ/xrQWqdYDgZNzziW5x4uk0GjbH9bU9Mzs3PzCYmZpeWV1Lbu+UdVhrDhUeChDVfeYBikCqKBACfVIAfM9CTWvdzrwazegtAiDS+xH0PTZVSA6gjM0Uit7fN5KXIRbTMrergKepnSP/miRZ+6uhGvq2G7+biybpq1szi7YQ9BJ4oxIjoxQbmXf3HbIYx8C5JJp3XDsCJsJUyi4hDTjxhoixnvsChqGBswH3UyGK6Y0b5Q27YTKnADpUB2fSJivdd/3TNJn2NV/vYH4n9eIsXPUTEQQxQgB/36oE0uKIR30RdvCtIKybwjjSpi/Ut5linE0rWZMCc7flSdJdb/gHBSKF8Vc6WRUxwLZIttkhzjkkJTIGSmTCuHknjySZ/JiPVhP1qv1/h2dskYzm+QXrM8vuUukbA==</latexit>

MPb,rec �Mpb  10% MPb
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removed



• Reducible 

• Only contribute at   
• We take the photoproduction of omega resonance from 
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Backgrounds: omega production
Detect two out of three

<latexit sha1_base64="w8FUVf3SzcDdAo2nHeTJvf7qxNI="></latexit>

! (782) : � +N ! ! +N,! ! ⇡0 + � ! 3�
<latexit sha1_base64="6KyaoYzQuCtbtJcG0264jQoEg0Y=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclRkp6sJF0Y3LCvYB7TDcSTNtaJIZkoxQhq7c+CtuXCji1m9w59+YPhbaeuBeDufcS3JPlHKmjed9O0vLK6tr64WN4ubW9s6uu7ff0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGN2O/+UCVZom8N8OUBgJ6ksWMgLFS6B6JMO/0QAiY9hG+wmMpEbQHo9AteWVvArxI/BkpoRlqofvV6SYkE1QawkHrtu+lJshBGUY4HRU7maYpkAH0aNtSCYLqIJ+cMcInVuniOFG2pMET9fdGDkLroYjspADT1/PeWPzPa2cmvgxyJtPMUEmmD8UZxybB40xwlylKDB9aAkQx+1dM+qCAGJtc0Ybgz5+8SBpnZf+8XLmrlKrXszgK6BAdo1PkowtURbeohuqIoEf0jF7Rm/PkvDjvzsd0dMmZ7RygP3A+fwA95Zj9</latexit>

m�� < m!

[Ballam, etc, PRD 7 (1973) 3150]
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• Reducible 

• Only contribute at   
• We take the photoproduction of omega resonance from 
•  We further require                          at
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Backgrounds: omega production

-3 -2 -1 0 1 2 3
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<latexit sha1_base64="pec0GEDi5D4I5v2tNZaCcTYmcrY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYkBVUlXAwFDBwlgk+pCaKHJcp7VqO5HtIFVRFn6FhQGEWPkMNv4Gt80ALUe6ukfn3Cv7njBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HN9O/e4jkYrG4kFPEuJzNBQ0ohhpIwX2kUc0CjJviDg33T2v5zm8hk5gV52aMwNcJm5BqqBAK7C/vEGMU06Exgwp1XedRPsZkppiRvKKlyqSIDxGQ9I3VCBOlJ/NDsjhqVEGMIqlKaHhTP29kSGu1ISHZpIjPVKL3lT8z+unOrryMyqSVBOB5w9FKYM6htM04IBKgjWbGIKwpOavEI+QRFibzComBHfx5GXSqdfci1rjvlFt3hRxlMExOAFnwAWXoAnuQAu0AQY5eAav4M16sl6sd+tjPlqyip1D8AfW5w8nRJV4</latexit>

⌘�1,2 < 0
<latexit sha1_base64="6KyaoYzQuCtbtJcG0264jQoEg0Y=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclRkp6sJF0Y3LCvYB7TDcSTNtaJIZkoxQhq7c+CtuXCji1m9w59+YPhbaeuBeDufcS3JPlHKmjed9O0vLK6tr64WN4ubW9s6uu7ff0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGN2O/+UCVZom8N8OUBgJ6ksWMgLFS6B6JMO/0QAiY9hG+wmMpEbQHo9AteWVvArxI/BkpoRlqofvV6SYkE1QawkHrtu+lJshBGUY4HRU7maYpkAH0aNtSCYLqIJ+cMcInVuniOFG2pMET9fdGDkLroYjspADT1/PeWPzPa2cmvgxyJtPMUEmmD8UZxybB40xwlylKDB9aAkQx+1dM+qCAGJtc0Ybgz5+8SBpnZf+8XLmrlKrXszgK6BAdo1PkowtURbeohuqIoEf0jF7Rm/PkvDjvzsd0dMmZ7RygP3A+fwA95Zj9</latexit>

m�� < m!

<latexit sha1_base64="/7UP64bRNRqeIm0yVXcAt+QUIWQ=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9iVoJ4kKKLHCOYBSQizk04yZGZ3mekVwxK9+CtePCji1a/w5t84eRw0saChqOqmu8uPpDDout/O3PzC4tJyaiW9ura+sZnZ2i6bMNYcSjyUoa76zIAUAZRQoIRqpIEpX0LF710M/codaCPC4Bb7ETQU6wSiLThDKzUzu5fNpN5hSrEBPaPeQx3hHpMrKA+amaybc0egs8SbkCyZoNjMfNVbIY8VBMglM6bmuRE2EqZRcAmDdD02EDHeYx2oWRowBaaRjF4Y0AOrtGg71LYCpCP190TClDF95dtOxbBrpr2h+J9Xi7F92khEEMUIAR8vaseSYkiHedCW0MBR9i1hXAt7K+VdphlHm1rahuBNvzxLykc57ziXv8lnC+eTOFJkj+yTQ+KRE1Ig16RISoSTR/JMXsmb8+S8OO/Ox7h1zpnM7JA/cD5/AJr9lvE=</latexit>

E� > 1 GeV

Detect two out of three

<latexit sha1_base64="w8FUVf3SzcDdAo2nHeTJvf7qxNI="></latexit>

! (782) : � +N ! ! +N,! ! ⇡0 + � ! 3�

[Ballam, etc, PRD 7 (1973) 3150]

<latexit sha1_base64="6KyaoYzQuCtbtJcG0264jQoEg0Y=">AAACBnicbVDLSgMxFM34rPU16lKEYBFclRkp6sJF0Y3LCvYB7TDcSTNtaJIZkoxQhq7c+CtuXCji1m9w59+YPhbaeuBeDufcS3JPlHKmjed9O0vLK6tr64WN4ubW9s6uu7ff0EmmCK2ThCeqFYGmnElaN8xw2koVBRFx2owGN2O/+UCVZom8N8OUBgJ6ksWMgLFS6B6JMO/0QAiY9hG+wmMpEbQHo9AteWVvArxI/BkpoRlqofvV6SYkE1QawkHrtu+lJshBGUY4HRU7maYpkAH0aNtSCYLqIJ+cMcInVuniOFG2pMET9fdGDkLroYjspADT1/PeWPzPa2cmvgxyJtPMUEmmD8UZxybB40xwlylKDB9aAkQx+1dM+qCAGJtc0Ybgz5+8SBpnZf+8XLmrlKrXszgK6BAdo1PkowtURbeohuqIoEf0jF7Rm/PkvDjvzsd0dMmZ7RygP3A+fwA95Zj9</latexit>

m�� < m!
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Cross sections after the cuts
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EIC projections: prompt searches
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EIC projections: displaced-vertex searches

ALP decay width
<latexit sha1_base64="+YkAPoN/2wEIRnviazHWWicDX4s=">AAACEHicbVC7TsMwFHXKu7wCjCwWFYKpSqAqLEgIBhgYikShUpNGN65TrNpJZDtIVZRPYOFXWBhAiJWRjb/BfQy8jnSlo3Pute89YcqZ0o7zaZWmpmdm5+YXyotLyyur9tr6tUoySWiTJDyRrRAU5SymTc00p61UUhAhpzdh/3To39xRqVgSX+lBSn0BvZhFjIA2UmDveGcgBASAj7AXSSC5CKCzX+T1mpcy78K81IXOXhHYFafqjID/EndCKmiCRmB/eN2EZILGmnBQqu06qfZzkJoRTouylymaAulDj7YNjUFQ5eejgwq8bZQujhJpKtZ4pH6fyEEoNRCh6RSgb9Vvbyj+57UzHR36OYvTTNOYjD+KMo51gofp4C6TlGg+MASIZGZXTG7BxKJNhmUTgvv75L/keq/q1qu1y1rl+GQSxzzaRFtoF7noAB2jc9RATUTQPXpEz+jFerCerFfrbdxasiYzG+gHrPcvUFKcKA==</latexit>

�a =
m3

a

64⇡⇤2

ALP decay length at the lab frame
<latexit sha1_base64="zk8TF+3eKz9gXrn/GBGCFD4yMOs=">AAACEHicbVA9T8MwEHX4LOWrwMhiUSGYqgRVwFjBAANDkSggNVV0cS/Fwk6C7VSqov4EFv4KCwMIsTKy8W9w2g58Pel0T+/dyb4XpoJr47qfztT0zOzcfGmhvLi0vLJaWVu/1EmmGLZYIhJ1HYJGwWNsGW4EXqcKQYYCr8Lb48K/6qPSPIkvzCDFjoRezCPOwFgpqOycBUB9vMt4n/qRApb7IRrweyAlDHP/pOgBDINK1a25I9C/xJuQKpmgGVQ+/G7CMomxYQK0bntuajo5KMOZwGHZzzSmwG6hh21LY5CoO/nooCHdtkqXRomyFRs6Ur9v5CC1HsjQTkowN/q3V4j/ee3MRIednMdpZjBm44eiTFCT0CId2uUKmREDS4Apbv9K2Q3YWIzNsGxD8H6f/Jdc7tW8/Vr9vF5tHE3iKJFNskV2iUcOSIOckiZpEUbuySN5Ji/Og/PkvDpv49EpZ7KzQX7Aef8CGE6dSg==</latexit>

La ⌘ ��

�a

ALP decay probability between distance          and               is
<latexit sha1_base64="50Ld67MxYgF4DCNKGhSD1j4iK8s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx48xEcekCxhdjJJhszOLjO9QljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEshUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdCughkuheB0FSt6KNadhIHkzGF1P/eYT10ZE6hHHMfdDOlCiLxhFKz3cdu+7xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzk6dkBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESmf5Oe0JyhHFtCmRb2VsKGVFOGNp2CDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoAZ1YDCAZ3iFN0c6L8678zFvzTnZzCH8gfP5A/2LjZ4=</latexit>

LR
<latexit sha1_base64="KnnpH2tDwfNF4CvpEZjOU/YJBnc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rEoggeFCvYD2lA222m7dLOJu5NiCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnh8JrtFxvq3c0vLK6lp+vbCxubW9U9zdq+swVgxqLBShavpUg+ASashRQDNSQANfQMMfXk38xgiU5qF8wHEEXkD7kvc4o2gk77aTtBGeMLm+S9NOseSUnSnsReJmpEQyVDvFr3Y3ZHEAEpmgWrdcJ0IvoQo5E5AW2rGGiLIh7UPLUEkD0F4yPTq1j4zStXuhMiXRnqq/JxIaaD0OfNMZUBzoeW8i/ue1YuxdeAmXUYwg2WxRLxY2hvYkAbvLFTAUY0MoU9zcarMBVZShyalgQnDnX14k9ZOye1Y+vT8tVS6zOPLkgBySY+KSc1IhN6RKaoSRR/JMXsmbNbJerHfrY9aas7KZffIH1ucPGEGSUw==</latexit>

LEM

<latexit sha1_base64="Vshz33ivnJUarh7oixdGegjpVVA="></latexit>

P(LR, LEM) = exp

✓
�LR

La

◆
� exp

✓
�LEM

La

◆

<latexit sha1_base64="50Ld67MxYgF4DCNKGhSD1j4iK8s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx48xEcekCxhdjJJhszOLjO9QljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEshUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdCughkuheB0FSt6KNadhIHkzGF1P/eYT10ZE6hHHMfdDOlCiLxhFKz3cdu+7xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzk6dkBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESmf5Oe0JyhHFtCmRb2VsKGVFOGNp2CDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoAZ1YDCAZ3iFN0c6L8678zFvzTnZzCH8gfP5A/2LjZ4=</latexit>

LR is the spatial resolution of di-photon vertex 
<latexit sha1_base64="KnnpH2tDwfNF4CvpEZjOU/YJBnc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rEoggeFCvYD2lA222m7dLOJu5NiCfkdXjwo4tUf481/47bNQVsfDDzem2Fmnh8JrtFxvq3c0vLK6lp+vbCxubW9U9zdq+swVgxqLBShavpUg+ASashRQDNSQANfQMMfXk38xgiU5qF8wHEEXkD7kvc4o2gk77aTtBGeMLm+S9NOseSUnSnsReJmpEQyVDvFr3Y3ZHEAEpmgWrdcJ0IvoQo5E5AW2rGGiLIh7UPLUEkD0F4yPTq1j4zStXuhMiXRnqq/JxIaaD0OfNMZUBzoeW8i/ue1YuxdeAmXUYwg2WxRLxY2hvYkAbvLFTAUY0MoU9zcarMBVZShyalgQnDnX14k9ZOye1Y+vT8tVS6zOPLkgBySY+KSc1IhN6RKaoSRR/JMXsmbNbJerHfrY9aas7KZffIH1ucPGEGSUw==</latexit>

LEM is the size of the EM calorimeter

<latexit sha1_base64="Ur96IOTC/ESBsD/dAuw5YQ1kMyI="></latexit>

(LR, LEM) = (10, 100), (50, 100), (75, 150) cmConsider 3 scenarios:

<latexit sha1_base64="CrTkBCoYBd7pDlbm+nuZMgFFoNI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5pIUS9C0YvHCvYDmhAm2027dDcJuxuhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtTzpR2nG9raXlldW29tFHe3Nre2bX39lsqySShTZLwRHZCUJSzmDY105x2UklBhJy2w+HtxG8/UqlYEj/oUUp9Af2YRYyANlJgH3oh1eD1QQjA1zgN4EwEENgVp+pMgReJW5AKKtAI7C+vl5BM0FgTDkp1XSfVfg5SM8LpuOxliqZAhtCnXUNjEFT5+fT8MT4xSg9HiTQVazxVf0/kIJQaidB0CtADNe9NxP+8bqajKz9ncZppGpPZoijjWCd4kgXuMUmJ5iNDgEhmbsVkABKINomVTQju/MuLpHVedS+qtftapX5TxFFCR+gYnSIXXaI6ukMN1EQE5egZvaI368l6sd6tj1nrklXMHKA/sD5/AAnslOY=</latexit>

�� = pa/ma
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EIC projections: displaced-vertex searches

• Background free 

• Bounds are set by

• Flat background 

• Bounds are set by 
<latexit sha1_base64="Nc11xkd0BPAQBajbl9UKIVeArog=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHiOYByRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfy0Yxj9EM6kLzPGTVWaj50Kbkm591iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZuRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEx/Jz2ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOCt7F+XKfaVUvcniyMMRHMMpeHAJVbiDGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fwsGOjA==</latexit>

Sa = 3
<latexit sha1_base64="jrAp35BwpRvSkMHKWPCTvAluAkM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFe2HtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuJKs0i+WAmMfUFHkoWMoKNlR7v+xhdIc91++WKW3UzoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVUYkG1n2YHT9GJVQYojJQtaVCm/p5IsdB6IgLbKbAZ6UVvJv7ndRMTXvopk3FiqCTzRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFpnVe+8WrurVerXeRxFOIJjOAUPLqAOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwCe3I7+</latexit>

Sa = 100
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Summary

• EIC is good at detecting coherent process.  

• EIC can surpass the current lepton and hadron collider and future heavy-ion projection 
due to the large ALPs production cross section and the far-backward detector. 

• EIC can reach                                  in the 2 to 20 GeV range in the prompt searches. For 
displaced-vertex search, it can reach                                   for GeV ALPs. 

<latexit sha1_base64="7+4fIoHJiz8CHT5MFvmebtYHkuY=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXYlPsqghRYWEcwDsjHMTm6SIbMPZu6KYYmVjb9iY6GIrb9g5984eRSaeGDgcM653LnHi6TQaNvfVmpufmFxKb2cWVldW9/Ibm5VdBgrDmUeylDVPKZBigDKKFBCLVLAfE9C1eudD/3qHSgtwuAG+xE0fNYJRFtwhkZqZnfdKxNuMepq4VPHvk2OBg8uwj0mF1AZNLM5O2+PQGeJMyE5MkGpmf1yWyGPfQiQS6Z13bEjbCRMoeASBhk31hAx3mMdqBsaMB90IxndMaD7RmnRdqjMC5CO1N8TCfO17vueSfoMu3raG4r/efUY26eNRARRjBDw8aJ2LCmGdFgKbQkFHGXfEMaVMH+lvMsU42iqy5gSnOmTZ0nlMO8c5wvXhVzxbFJHmuyQPXJAHHJCiuSSlEiZcPJInskrebOerBfr3foYR1PWZGab/IH1+QMu4Jjn</latexit>

⇤ ⇠ 105 GeV
<latexit sha1_base64="x/GjaYSvJoGrOy2lAR1dsLsq27c=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXYlGMughRYWEcwDsjHMTm6SIbMPZu6KYYmVjb9iY6GIrb9g5984eRSaeGDgcM653LnHi6TQaNvfVmphcWl5Jb2aWVvf2NzKbu9UdRgrDhUeylDVPaZBigAqKFBCPVLAfE9Czeufj/zaHSgtwuAGBxE0fdYNREdwhkZqZffdKxNuM+pq4VPHvk2KwwcX4R6TC6gOW9mcnbfHoPPEmZIcmaLcyn657ZDHPgTIJdO64dgRNhOmUHAJw4wba4gY77MuNAwNmA+6mYzvGNJDo7RpJ1TmBUjH6u+JhPlaD3zPJH2GPT3rjcT/vEaMndNmIoIoRgj4ZFEnlhRDOiqFtoUCjnJgCONKmL9S3mOKcTTVZUwJzuzJ86R6nHdO8oXrQq50Nq0jTfbIATkiDimSErkkZVIhnDySZ/JK3qwn68V6tz4m0ZQ1ndklf2B9/gAyAJjp</latexit>

⇤ ⇠ 107 GeV
Thanks!
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Back-up slides
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2-to-3 phase space

<latexit sha1_base64="0ym6H2+BBJejw17f/UaPCHzl7jc=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBiIVhNwS1DNpYRjAPSNZldnI3GTL7cGY2EJY0/oqNhSK2foadf+Mk2UITD1w4nHMv997jxZxJZVnfRm5ldW19I79Z2Nre2d0z9w+aMkoEhQaNeCTaHpHAWQgNxRSHdiyABB6Hlje8mfqtEQjJovBejWNwAtIPmc8oUVpyzSPlAu7CY8JGGJeGLpzHLpw9VFyzaJWtGfAysTNSRBnqrvnV7UU0CSBUlBMpO7YVKyclQjHKYVLoJhJiQoekDx1NQxKAdNLZAxN8qpUe9iOhK1R4pv6eSEkg5TjwdGdA1EAuelPxP6+TKP/KSVkYJwpCOl/kJxyrCE/TwD0mgCo+1oRQwfStmA6IIFTpzAo6BHvx5WXSrJTti3L1rlqsXWdx5NExOkElZKNLVEO3qI4aiKIJekav6M14Ml6Md+Nj3pozsplD9AfG5w+mWZUp</latexit>

te ⌘ (ke � pe)
2

<latexit sha1_base64="ddHwNrS2YN8P4Nt01S81/qGwBAY=">AAACAHicbVC7TgJBFJ3FF+Jr1cLCZiIxwUKyS4haEm2sCCbySGDdzA53YcLsw5lZEkJo/BUbC42x9TPs/BsH2ELBk9zk5Jx7c+89XsyZVJb1bWRWVtfWN7Kbua3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHqDm6nfHIKQLArv1SgGJyC9kPmMEqUl1zxSbhV34DFhQ4wLA7d6HrvVs4eSa+atojUDXiZ2SvIoRc01vzrdiCYBhIpyImXbtmLljIlQjHKY5DqJhJjQAelBW9OQBCCd8eyBCT7VShf7kdAVKjxTf0+MSSDlKPB0Z0BUXy56U/E/r50o/8oZszBOFIR0vshPOFYRnqaBu0wAVXykCaGC6Vsx7RNBqNKZ5XQI9uLLy6RRKtoXxfJdOV+5TuPIomN0ggrIRpeogm5RDdURRRP0jF7Rm/FkvBjvxse8NWOkM4foD4zPHzsTlOQ=</latexit>

tN ⌘ (kN � pN )2

<latexit sha1_base64="gprv5qPvFeq61MrVexIKc+FROCg="></latexit>

�3(s,m
2
e,m

2
N ,m2

a) =

Z
d4ped

4pNd4pa�(p
2
e �m2

e)�(p
2
N �m2

N )�(p2a �m2
a)

⇥�4(ke + kN � pe � pN � pa)✓(p
0
e)✓(p

0
N )✓(p0a)

There are five independent kinematical variables.  However, the integration over the 
azimuthal angle is trivial.

<latexit sha1_base64="XYXDbjm8wYsWRLAMJaqGvjrEjGo=">AAACBnicbVDLSgMxFM3UV62vUZciBItQEcpMKeqy6MZVqWAf0I5DJk3b0EwmJplCGbpy46+4caGIW7/BnX9j2s5CqwcuHM65l3vvCQSjSjvOl5VZWl5ZXcuu5zY2t7Z37N29hopiiUkdRyySrQApwigndU01Iy0hCQoDRprB8GrqN0dEKhrxWz0WxAtRn9MexUgbybcPw7uSn6DqBHbIfUxHsCB8BE+h8KsnxrHzTtGZAf4lbkryIEXNtz873QjHIeEaM6RU23WE9hIkNcWMTHKdWBGB8BD1SdtQjkKivGT2xgQeG6ULe5E0xTWcqT8nEhQqNQ4D0xkiPVCL3lT8z2vHunfhJZSLWBOO54t6MYM6gtNMYJdKgjUbG4KwpOZWiAdIIqxNcjkTgrv48l/SKBXds2L5ppyvXKZxZMEBOAIF4IJzUAHXoAbqAIMH8ARewKv1aD1bb9b7vDVjpTP74Besj29/GJc4</latexit>

m2
aN ⌘ (pa + pN )2

<latexit sha1_base64="FV+Y4ypIc1qrKi3vZcJmid5YdrM="></latexit>

cos ✓ ⌘ (~kN ⇥ ~pN ) · (~ke ⇥ ~pe)

|~kN ⇥ ~pN ||~ke ⇥ ~pe|

𝑧

𝑥

<latexit sha1_base64="1jt99RDCfKeAy6hgBFV3bw2peXM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO5jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBJoI3Q</latexit>

ke

<latexit sha1_base64="a6l+syVVt6T/DgT+7CsU+CqpP3g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPYx6d71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJsSNuQ==</latexit>

kN

<latexit sha1_base64="I2Xkllley7uSnLS6zitmn4zSrRw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD0kf++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBLLo3R</latexit>pa
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Electron ion collider

FEMC: Hadron/Forward-End-Cap Electromagnetic Calorimeter 
BEMC: Barrel Electromagnetic Calorimeter
EEMC: Electron-End-Cap Electromagnetic Calorimeter
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