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Motivation

• Shortcomings of the SM:  
• Dark matter, neutrino masses, baryon asymmetry, strong CP problem … 

• No strong deviation from the SM so far at the LHC motivates the searches for light 
and feebly-interacting particles. 

• 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). 
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Current bounds on ALP-photon coupling
Current bounds: 
• Proton beam dump:, 


CHARM(Phys. Lett. B 157, 458 (1985), 1904.02091)

NuCal(Z. Phys. C51 (1991) 341–350)


• Electron beam dump:  
E137(Phys.Rev.D 38 (1988) 3375) 
E141(Phys.Rev.Lett. 59 (1987) 755, 1708.05776)

NA64(2005.02710)


• Photon fixed target: 

PrimEx(1903.03586)


• Lepton collider: 

OPAL(hep-ex/0210016) 

Belle II(2007.13071) 

BESIII(2211.12699)


• Proton-proton collider: 

ATLAS(1509.05051, 1407.6583) 

CMS(1209.1666)


• Heavy-ion collider: 

CMS(1810.04602) 

ATLAS(2008.05355)
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Projections on ALP-photon coupling

Projections:
• Proton beam dump:

NA62 & SHiP (1512.03069)
SeaQuest(1804.00661)

• Electron beam dump: 
NA64(2004.04469)

• Photon fixed target: 
FASER(1806.02348) 
GlueX(1903.03586)

• Lepton collider: 
Belle II(1709.00009) 

• Heavy-ion collider: 
ATLAS/CMS(1607.06083)
ALICE-3(2103.01862, 2203.05939)
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Electron ion collider

[arXiv:2103.05419]

• The different detector systems observe different particle distributions

• Precise identification of the scattered electron and extremely fine resolution in the measurement of its 
angle and energy are required by the its physics program. 
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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: 

• 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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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="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="P89vgylqsUIudytLR3Tt29oSEtE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9FL55KBfsh7bJk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dldW19Y7OwVdze2d3bLx0ctnScKkKbJOax6oRYU84kbRpmOO0kimIRctoOR7dTv/1ElWaxfDDjhPoCDySLGMHGSo+joI7OURLUg1LZrbgzoGXi5aQMORpB6avXj0kqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2YHT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmuvYzJpPUUEnmi6KUIxOj6feozxQlho8twUQxeysiQ6wwMTajog3BW3x5mbQuKt5lpXpfLddu8jgKcAwncAYeXEEN7qABTSAg4Ble4c1Rzovz7nzMW1ecfOYI/sD5/AFjKo9/</latexit>

kN � 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|
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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="/UgMwJE0uTyapzcFRjIfl1YkUTs="></latexit>

[ma]max ⇡ 23 GeV

✓
Ee

18GeV

En

100GeV

◆1/2 ✓ A

207

◆�1/6

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

tN ⌘ (kN � pN )2
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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="0ym6H2+BBJejw17f/UaPCHzl7jc=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBiIVhNwS1DNpYRjAPSNZldnI3GTL7cGY2EJY0/oqNhSK2foadf+Mk2UITD1w4nHMv997jxZxJZVnfRm5ldW19I79Z2Nre2d0z9w+aMkoEhQaNeCTaHpHAWQgNxRSHdiyABB6Hlje8mfqtEQjJovBejWNwAtIPmc8oUVpyzSPlAu7CY8JGGJeGLpzHLpw9VFyzaJWtGfAysTNSRBnqrvnV7UU0CSBUlBMpO7YVKyclQjHKYVLoJhJiQoekDx1NQxKAdNLZAxN8qpUe9iOhK1R4pv6eSEkg5TjwdGdA1EAuelPxP6+TKP/KSVkYJwpCOl/kJxyrCE/TwD0mgCo+1oRQwfStmA6IIFTpzAo6BHvx5WXSrJTti3L1rlqsXWdx5NExOkElZKNLVEO3qI4aiKIJekav6M14Ml6Md+Nj3pozsplD9AfG5w+mWZUp</latexit>

te ⌘ (ke � pe)
2
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Tagging recoiled electrons

10-11 10-9 10-7 10-5 0.001 0.100
0.1

0.2

0.5

1

[arXiv:2103.05419]

<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

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

• We require                                     to have reasonable good resolution.

• The efficiencies is around 30% (50%) for 0.1 (2.0) GeV ALP.

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

10�9 GeV2
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Search strategies

Prompt searches:

• The signal is very clean with only two photons and recoiled electrons 

• Resonance search in the invariant mass of two photons

• Basic cuts:                                                  , 
<latexit sha1_base64="Q4ez300rFjTaiQq5VW+7sDDh5F8="></latexit>

E� > 100 MeV, |⌘� | < 3.5
<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]

0 2 4 6 8 10 12 14

0.050

0.075

0.100

0.125

0.150
0.175

Displaced-vertex searches:

• The displaced vertex in the range of 10 - 100 cm

• Background free

• Require 3 signal events after applying the basic cuts
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Cuts and background in prompt searches

�

�
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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Cuts and background in prompt searches

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

�te > 10�3 GeV2

<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="3/+pXXXw74dsWIpBp7j6Jf2DJ1M=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFCUoq6LLpxVSrYBzRpmEwn7dDJJM5MhBK68VfcuFDErZ/hzr9x+lho64ELh3Pu5d57goRRqWz728itrK6tb+Q3C1vbO7t75v5BU8apwKSBYxaLdoAkYZSThqKKkXYiCIoCRlrB8Gbitx6JkDTm92qUEC9CfU5DipHSkm8eJX6tW4YuIw+w5FiOex75tbNu2TeLtmVPAZeJMydFMEfdN7/cXozTiHCFGZKy49iJ8jIkFMWMjAtuKkmC8BD1SUdTjiIivWz6wBieaqUHw1jo4gpO1d8TGYqkHEWB7oyQGshFbyL+53VSFV55GeVJqgjHs0VhyqCK4SQN2KOCYMVGmiAsqL4V4gESCCudWUGH4Cy+vEyaZcu5sCp3lWL1eh5HHhyDE1ACDrgEVXAL6qABMBiDZ/AK3own48V4Nz5mrTljPnMI/sD4/AEuJ5Q4</latexit>

p2N  (1.1mN )2

<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>�
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Cuts and background in prompt searches

e�
e�

Pb

Pb

�⇤

⇡0 ⌘

!
⇡0

<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 

<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>�
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EIC projections
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Summary
• ALPs with photon couplings can be produced by coherent elastic electron-ion 

scattering at EIC through photon fusion.  

• ALPs coherent production cross section is enhanced by Z^2, which is ~6700 for lead. 

• To make use of the recoil information, we have performed the full 2-to-3 process 
calculations without using the traditional equivalent photon approximation. 

• EIC can measure the recoiled electron with                                         very precisely.  

• Depending on the electron and ion energies, the mass of ALP produced by coherent 
scattering can be up to ~ 20 GeV before breaking the ion. 

• We have implemented two search strategies, namely, prompt-decay searches and 
displaced-vertex searches at the EIC.  

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

�te > 10�3 GeV2

<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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Acceptance versus Q^2
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Cross section
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