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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 💥
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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 💥

<latexit sha1_base64="Sxz2fNL/LfYWEcerJIgmyShAjN0=">AAAB/HicbVDJSgNBEO2JW4xbNEcvjUHwFGZENBchKKLHCGaBZBh6OpWkSc9Cd40YhuRXvHhQxKsf4s2/sbMcNPFBweO9Kqrq+bEUGm3728qsrK6tb2Q3c1vbO7t7+f2Duo4SxaHGIxmpps80SBFCDQVKaMYKWOBLaPiD64nfeASlRRQ+4DAGN2C9UHQFZ2gkL1+48YBeUqc8biM8YXoL9ZGXL9olewq6TJw5KZI5ql7+q92JeBJAiFwyrVuOHaObMoWCSxjl2omGmPEB60HL0JAFoN10evyIHhulQ7uRMhUinaq/J1IWaD0MfNMZMOzrRW8i/ue1EuyW3VSEcYIQ8tmibiIpRnSSBO0IBRzl0BDGlTC3Ut5ninE0eeVMCM7iy8ukflpyzktn92fFytU8jiw5JEfkhDjkglTIHamSGuFkSJ7JK3mzxtaL9W59zFoz1nymQP7A+vwBYBiT+g==</latexit>

Ee = 18 GeV

High energy:

<latexit sha1_base64="Knl9So3WVWUmlz0BLYT/r1TRYjA="></latexit>

Ep = 100 (275) GeV. For lead, Elead = 20 TeV
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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 💥

<latexit sha1_base64="Sxz2fNL/LfYWEcerJIgmyShAjN0=">AAAB/HicbVDJSgNBEO2JW4xbNEcvjUHwFGZENBchKKLHCGaBZBh6OpWkSc9Cd40YhuRXvHhQxKsf4s2/sbMcNPFBweO9Kqrq+bEUGm3728qsrK6tb2Q3c1vbO7t7+f2Duo4SxaHGIxmpps80SBFCDQVKaMYKWOBLaPiD64nfeASlRRQ+4DAGN2C9UHQFZ2gkL1+48YBeUqc8biM8YXoL9ZGXL9olewq6TJw5KZI5ql7+q92JeBJAiFwyrVuOHaObMoWCSxjl2omGmPEB60HL0JAFoN10evyIHhulQ7uRMhUinaq/J1IWaD0MfNMZMOzrRW8i/ue1EuyW3VSEcYIQ8tmibiIpRnSSBO0IBRzl0BDGlTC3Ut5ninE0eeVMCM7iy8ukflpyzktn92fFytU8jiw5JEfkhDjkglTIHamSGuFkSJ7JK3mzxtaL9W59zFoz1nymQP7A+vwBYBiT+g==</latexit>

Ee = 18 GeV

High energy:

<latexit sha1_base64="Knl9So3WVWUmlz0BLYT/r1TRYjA="></latexit>

Ep = 100 (275) GeV. For lead, Elead = 20 TeV

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

Lpeak = 1033 � 1034cm�2s�1

<latexit sha1_base64="14xFpefyGa3OjUnHhBipAcxPu3Q=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCQWqqStgLGChbFI9CG1aeW4TmvVeci+QVRRfoCFX2FhACFWdjb+BqftAC1HsnTuOffq+h43ElyBZX0bS8srq2vruY385tb2zq65t99QYSwpq9NQhLLlEsUED1gdOAjWiiQjvitY0x1dZ37znknFw+AOxhFzfDIIuMcpAS31zGPb6iblcopxB9gDJNRPu8lZKZ1WKivstGcWrKI1AV4k9owU0Ay1nvnV6Yc09lkAVBCl2rYVgZMQCZwKluY7sWIRoSMyYG1NA+Iz5SSTa1J8opU+9kKpXwB4ov6eSIiv1Nh3dadPYKjmvUz8z2vH4F06CQ+iGFhAp4u8WGAIcRYN7nPJKIixJoRKrv+K6ZBIQkEHmNch2PMnL5JGqWifFyu3lUL1ahZHDh2iI3SKbHSBqugG1VAdUfSIntErejOejBfj3fiYti4Zs5kD9AfG5w+mVJtX</latexit>

1033cm�2s�1

• Most of its key physics topics are achievable with 10/fb, corresponding to 30 weeks of 
running assuming 60% operation efficiency and                            peak luminosities 

• The study of the spatial distributions of quarks and gluons in the proton requires 100/fb. 
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• The different detector systems observe different particle distributions.

[arXiv:2103.05419]

💥

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

[arXiv:2103.05419]

💥

The Electron ion collider (EIC)

Far-backward detector: 
Measure scattered electrons 
with very low Q^2 and luminosity 

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

Ideal for studying 
coherent scattering
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Motivation

<latexit sha1_base64="/lwveMKJlZJV9+F3mH+yEFJ0sV8="></latexit>

LBSM = LSM + L⌫ mass + LDM + LBA + Lstrong CP + · · ·

with EIC
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• QCD axion is a solution to the strong CP problem. 

• In the simplest model, the relation between the axion mass and coupling are in a 
narrow band. However, in less minimum UV models, the mass-coupling relations can 
be shifted.  

• To be UV independent, we adopt EFT description and treat the coupling and mass as 
two independent parameters                          axion-like particles (ALPs). 

• Generally, ALPs are allowed to couple to both gauge bosons and fermions. Here, we 
only focus on investigating the ALP-photon coupling at the electron-ion collider (EIC). 

Motivation

<latexit sha1_base64="wHrnPK6FxaAFhC6Mw3RiuEXgr/M="></latexit>

La =
1

2
(@µa)

2 � 1

2
maa

2 +
a

fa

g2s
32⇡2

GG̃

<latexit sha1_base64="P0m9OCFTriHU1XFxD64+b6BHoE8="></latexit>

La =
1

2
(@µa)

2 � 1

2
maa

2 +
a

4⇤
FF̃
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ALP coherent production at EIC

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

e�

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N

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

e�

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<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="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="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

• Weakly coupled but with an enhancement of Z^2 in the ALP coherent production. 

• The amplitude squared:  

• As the recoiled electron can be measured very precisely, the recoiled ion can be 
reconstructed:  

<latexit sha1_base64="NJxooHuIgm0KP0IhCH/rNw3kF5U=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDJTiroRim5clQr2AW0dMultGybzIMkIpfQD3Pgrblwo4tYPcOffmJnOQlsPXDiccy7JPU7ImVSm+W1klpZXVtey67mNza3tnfzuXlMGkaDQoAEPRNshEjjzoaGY4tAOBRDP4dBy3OvYbz2AkCzw79Q4hJ5Hhj4bMEqUlux8IbRr92V8iYuuDSeuXTsNbaIHjhPVi12dMktmArxIrJQUUIq6nf/q9gMaeeAryomUHcsMVW9ChGKUwzTXjSSEhLpkCB1NfeKB7E2SY6b4SCt9PAiEHl/hRP29MSGelGPP0UmPqJGc92LxP68TqcFFb8L8MFLg09lDg4hjFeC4GdxnAqjiY00IFUz/FdMREYQq3V9Ol2DNn7xImuWSdVaq3FYK1au0jiw6QIeoiCx0jqroBtVRA1H0iJ7RK3oznowX4934mEUzRrqzj/7A+PwBCDWYdA==</latexit>

p2N = (ke + kN � pa � pe)
2 = m2

N

<latexit sha1_base64="dePlSA0W+41aiMb1xU0V5M9+kUg="></latexit>

|M2!3|2 / (Z2e4)/(t2et
2
N⇤2)
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Kinematics
<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="3a3tVAA0AYR1bJBxC3odRctsHdg="></latexit>

(�tN )min ⇠ 0.164A�2/3 GeV2

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

[ma]max ⇠ 20 GeV

✓
Ee

18GeV

◆1/2 ✓ EN/A

100GeV

◆1/2 ✓ A

207

◆�1/6
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Kinematics
<latexit sha1_base64="RFMKhH0OKrKwipFz3ao/T+Kb6g0="></latexit>

(�te)min ⇡ 1.9⇥ 10�14 GeV2
⇣ ma

1.0 GeV

⌘2 ⇣ mN

193 GeV

⌘2 ⇣ me

0.51 MeV

⌘2
✓ p

s

1.2 TeV

◆�4

<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

• The EIC can tag 
• To obtain reasonable accuracy, we require

<latexit sha1_base64="i2cmJLCncvQKDXACXBLv8fkw9d0=">AAACBHicbVDLSgNBEJyNrxhfUY+5DAbBi2E3BB8XCXrQYwSTCMkaZicdHTL7YKZXDEsEL/6KFw+KePUjvPk3TpI9aLSgoajqprvLi6TQaNtfVmZmdm5+IbuYW1peWV3Lr280dBgrDnUeylBdekyDFAHUUaCEy0gB8z0JTa9/MvKbt6C0CIMLHETg+uw6ED3BGRqpky/sYgfoEXXsq2T3cHjfRrjD5BQaw6tyJ1+0S/YY9C9xUlIkKWqd/Ge7G/LYhwC5ZFq3HDtCN2EKBZcwzLVjDRHjfXYNLUMD5oN2k/ETQ7ptlC7thcpUgHSs/pxImK/1wPdMp8/wRk97I/E/rxVj78BNRBDFCAGfLOrFkmJIR4nQrlDAUQ4MYVwJcyvlN0wxjia3nAnBmX75L2mUS85eqXJeKVaP0ziypEC2yA5xyD6pkjNSI3XCyQN5Ii/k1Xq0nq03633SmrHSmU3yC9bHN7+mlus=</latexit>

�te > 10�9 GeV2



•The signal is clean: 

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

• To ensure an excellent photon resolution, we require 

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

• From a simulation:

<latexit sha1_base64="Sx565T0tP/kuhxae3RUMkpV9C1w=">AAACQXicdVBLSwMxGMzWd31VPXoJFkFQ666IehT14LGCfUB3Wb5N0zY0yS5JVihL/5oX/4E37148KOLVi+njoK0OJAwz8/ElEyWcaeO6z05uZnZufmFxKb+8srq2XtjYrOo4VYRWSMxjVY9AU84krRhmOK0nioKIOK1F3auBX7unSrNY3pleQgMBbclajICxUlioizDz2yAEjO4+9pnEDRECPsT+NeUG8GTk6Bgf4EFi//9EEBaKbskdAk8Tb0yKaIxyWHjymzFJBZWGcNC64bmJCTJQhhFO+3k/1TQB0oU2bVgqQVAdZMMG+njXKk3cipU90uCh+nMiA6F1T0Q2KcB09KQ3EP/yGqlpnQcZk0lqqCSjRa2UYxPjQZ24yRQlhvcsAaKYfSsmHVBAjC09b0vwJr88TarHJe+0dHJ7Ury4HNexiLbRDtpDHjpDF+gGlVEFEfSAXtAbencenVfnw/kcRXPOeGYL/YLz9Q12l68B</latexit>

m�� 2 [ma ��m��/2,ma +�m��/2]

<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="oTNp0vL4b7ZuhDY6dS7bq6q+r+M=">AAACH3icbVDLSgNBEJz1bXytevQyGARBDLtB1KPoxaOCUSGJoXe2kwyZ2V1mesUQ4pd48Ve8eFBEvPk3TmIQXwUDRVUXPV1RpqSlIHj3xsYnJqemZ2YLc/MLi0v+8sq5TXMjsCJSlZrLCCwqmWCFJCm8zAyCjhReRJ2jgX9xjcbKNDmjboZ1Da1ENqUAclLD3y3XWqA18C1eI7yhnkGRSoVx/xavtr9UmRAI4goh5i7Xb/jFoBQMwf+ScESKbISThv9Wi1ORa0xIKLC2GgYZ1XtgSAqF/UItt5iB6EALq44moNHWe8P7+nzDKTFvpsa9hPhQ/Z7ogba2qyM3qYHa9rc3EP/zqjk19+vuuCwnTMTnomauOKV8UBaPpauDVNcREEa6v3LRBuOqcJUWXAnh75P/kvNyKdwt7ZzuFA8OR3XMsDW2zjZZyPbYATtmJ6zCBLtjD+yJPXv33qP34r1+jo55o8wq+wHv/QOY6qK9</latexit>

2� + recoiled e� + intact lead ion

<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

12

Prompt searches:



13

Backgrounds: light-by-light scattering

�

�
e�

e�

Pb

Pb

�⇤

�⇤

• Irreducible light-by-light (LBL) scattering: 
<latexit sha1_base64="GnmNRmA9Hkeh4ILK0Ncv+px86Yk=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIsgCGVGirosunFZwT6gM5RMmmlDk8yQZIQy9APc+CtuXCji1g9w59+YtrPQ1gOBwznncnNPmHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTsc3Uz99gNVmsXy3owTGgg8kCxiBBsr9coVf4CFwOgM5cQ3MVrQbMqtujOgZeLlpAI5Gr3yl9+PSSqoNIRjrbuem5ggw8owwumk5KeaJpiM8IB2LZVYUB1ks2Mm6MQqfRTFyj5p0Ez9PZFhofVYhDYpsBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqRPXjaDOozRYnhY0swUcz+FZEhVpgY21/JluAtnrxMWudV76Jau6tV6td5HUU4gmM4BQ8uoQ630IAmEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD0qemeM=</latexit>

� + � ! � + �

<latexit sha1_base64="ggnUXQFvS9ZBJqbMRjKuvxAqAN4="></latexit>

�sig

�LBL

����p
ŝ=ma

'
⇣ ma

1.0GeV

⌘3
✓
TeV

⇤

◆2 ✓200MeV

�m��

◆
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e�
e�

Pb

Pb

�⇤

�⇤
⇡0

⇡0

• Reducible 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="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

Miss two photons:

<latexit sha1_base64="crxpMsYqAaIEf8d6BiNroF0n5bg=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBQUJOwGUY+iF08hgomBbLLMTjrJkNmHM71iWPIDXvwVLx4U8erdm3/j5HFQY0FDUdVNd5cfS6HRtr+smdm5+YXFzFJ2eWV1bT23sVnVUaI4VHgkI1XzmQYpQqigQAm1WAELfAk3fu9i6N/cgdIiCq+xH0MjYJ1QtAVnaCQvtxt7pWbqItxjqoAPDosD6kq4pftOwXEPA6900Cx6ubxdsEeg08SZkDyZoOzlPt1WxJMAQuSSaV137BgbKVMouIRB1k00xIz3WAfqhoYsAN1IR98M6J5RWrQdKVMh0pH6cyJlgdb9wDedAcOu/usNxf+8eoLt00YqwjhBCPl4UTuRFCM6jIa2hEkAZd8QxpUwt1LeZYpxNAFmTQjO35enSbVYcI4LR1dH+bPzSRwZsk12yD5xyAk5I5ekTCqEkwfyRF7Iq/VoPVtv1vu4dcaazGyRX7A+vgH3mZox</latexit>

prec,2N  (1.1mN )2

<latexit sha1_base64="riXqFV0gwxg/Nz9JSkKC97PWXB8="></latexit>

prec,2N = (ptrueN + pmiss
�1

+ pmiss
�2

)2 > m2
N
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<latexit sha1_base64="w8FUVf3SzcDdAo2nHeTJvf7qxNI="></latexit>

! (782) : � +N ! ! +N,! ! ⇡0 + � ! 3�

Further require:                             if 
<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!

• Reducible 

Backgrounds: omega production

e�
e�

Pb

Pb

�⇤

⇡0 ⌘

!
⇡0

<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>�

Detect two out of three
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EIC projections: prompt searches
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EIC projections: displaced-vertex searches

• Background free 

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

Sa = 3

• Flat background 

• Bounds are set by 

<latexit sha1_base64="fLBn9H40amOgPIlDLxG8Is79fY8=">AAACDnicbVC5TsNAEF2HK4TLQEljEUUKBcGOwlFG0FBQBIkcUhyi9WadrLI+tDtGRJb5ARp+hYYChGip6fgb1kkKSHjSSE/vzWhmnhNyJsE0v7XMwuLS8kp2Nbe2vrG5pW/vNGQQCULrJOCBaDlYUs58WgcGnLZCQbHncNp0hhep37yjQrLAv4FRSDse7vvMZQSDkrp6oXxsmg9F28MwIJjHV8mRpQQb6D3ErpPcxodWctDV82bJHMOYJ9aU5NEUta7+ZfcCEnnUB8KxlG3LDKETYwGMcJrk7EjSEJMh7tO2oj72qOzE43cSo6CUnuEGQpUPxlj9PRFjT8qR56jO9Gw566Xif147AvesEzM/jID6ZLLIjbgBgZFmY/SYoAT4SBFMBFO3GmSABSagEsypEKzZl+dJo1yyTkqV60q+ej6NI4v20D4qIgudoiq6RDVURwQ9omf0it60J+1Fe9c+Jq0ZbTqzi/5A+/wBS1WbCQ==</latexit>

2500 (L/100 fb�1)
<latexit sha1_base64="IvI3HmVq8mrAsNcWRAI3NJiFM+Y=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01KUS9CqRePFe0HtCFsttt26WYTdyeFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFu5tfWNza38dmFnd2//wD48auooUZQ1aCQi1Q6IZoJL1gAOgrVjxUgYCNYKRrczvzVmSvNIPsIkZl5IBpL3OSVgJN+2H3xy0dVPCtLaFN/gsm8XnZIzB14lbkaKKEPdt7+6vYgmIZNABdG64zoxeClRwKlg00I30SwmdEQGrGOoJCHTXjq/fIrPjNLD/UiZkoDn6u+JlIRaT8LAdIYEhnrZm4n/eZ0E+tdeymWcAJN0saifCAwRnsWAe1wxCmJiCKGKm1sxHRJFKJiwCiYEd/nlVdIsl9zLUuW+UqzWsjjy6ASdonPkoitURXeojhqIojF6Rq/ozUqtF+vd+li05qxs5hj9gfX5AxAjkqU=</latexit>

Sa/
p
B = 2

• Only basic cuts are applied 

•
<latexit sha1_base64="wn8P2BCodCntYQ60qnOB3mZIwRI=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAg2hl0JaiMEbSwsIpgHJGuYncwmQ2YfzNwVw7KWNv6KjYUitv6BnX/jbLKFJh64cDjnXu69x40EV2BZ38bc/MLi0nJhpbi6tr6xaW5tN1QYS8rqNBShbLlEMcEDVgcOgrUiyYjvCtZ0hxeZ37xjUvEwuIFRxByf9APucUpAS10Td3wCA0pEcpXiM2xb1kMH2D0knpveJod22jVLVtkaA88SOycllKPWNb86vZDGPguACqJU27YicBIigVPB0mInViwidEj6rK1pQHymnGT8SYr3tdLDXih1BYDH6u+JhPhKjXxXd2Z3q2kvE//z2jF4p07CgygGFtDJIi8WGEKcxYJ7XDIKYqQJoZLrWzEdEEko6PCKOgR7+uVZ0jgq28flynWlVD3P4yigXbSHDpCNTlAVXaIaqiOKHtEzekVvxpPxYrwbH5PWOSOf2UF/YHz+AHPgmY8=</latexit>

L = 100 fb�1
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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 high luminosity. 

• 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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<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.

Cut efficiencies on 
<latexit sha1_base64="Du91FUU5w5MRwV/5ZzCxKTpdQKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0YPrYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9S6rtftapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1dWjdk=</latexit>

te
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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

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

<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="yTXM9q9cn5UzN/89+Jk02zFpHQs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh6R31ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ALmKNvg==</latexit>pN
<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

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

cos ✓ ⌘ (~kN ⇥ ~pN ) · (~ke ⇥ ~pe)

|~kN ⇥ ~pN ||~ke ⇥ ~pe|

<latexit sha1_base64="PvUEJ7eTEmOq/VKruXLGmI9RRLU=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cK9kPaEDbbSbt0swm7G6GU/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hwduq3nlBpnsgHM0rRj2lf8ogzaqz0OAyQnJM0wKBUdivuDGSZeDkpQ456UPrq9hKWxSgNE1Trjuemxh9TZTgTOCl2M40pZUPax46lksao/fHs4Ak5tUqPRImyJQ2Zqb8nxjTWehSHtjOmZqAXvan4n9fJTHTtj7lMM4OSzRdFmSAmIdPvSY8rZEaMLKFMcXsrYQOqKDM2o6INwVt8eZk0LyreZaV6Xy3XbvI4CnAMJ3AGHlxBDe6gDg1gEMMzvMKbo5wX5935mLeuOPnMEfyB8/kDqWyPrQ==</latexit>

ke � pe
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Cross sections after the cuts
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Tagging recoiled electrons

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

10�9 GeV2

[arXiv:2103.05419]

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

Q2 > 10�3 GeV2

• Recoiled electrons with very low-Q^2 (                         ) can be tagged.

• But only when                                  we can have reasonable good resolution.
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Electron ion collider

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

[2207.09437]

[2209.02580]
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Merge efficiencies

[2207.09437]


