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The landscape of 
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• Collider physics: a plethora of measurements and searches
• The Standard Model is complete and confirmed; Burning questions still remain!

Mass of new particle (m)
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Lifetime
a characteristic of 
weakly interacting 
light particles

Distinct signatures

Opportunity for 
exploration!
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New particles produced 
in decays of light 
mesons (e.g. π, K), 
copiously present at 
zero angle, escaping 
detection in ATLAS/CMS

2x10-6% solid angle but 
still O(1014) π in 150/fb!

The                experiment
Searches for new weakly-interacting light particles
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The    FA              experiment



TI12
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Location

T12 before FASER

T12 in June 2020

https://www.symmetrymagazine.org/article/a-tiny-new-experiment-at-the-lhc

https://www.symmetrymagazine.org/article/a-tiny-new-experiment-at-the-lhc


Tracker “backbone”
Tracker stations

Calorimeter

Trigger / preshower
station

Preshower and 
backsplash stopper

Trigger / timing 
station

Veto stations
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Detector
To ATLAS IP

Length: 7 m 
Aperture: 20 cm

Length of decay volume: 1.5 m

Permanent dipole
magnets (0.6T)

FASERν

Incoming LLPs



CalorimeterTrkTrkTracker

Scintillators Scint Scint

Decay volume

Magnet Magnet Magnet
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�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

480 m
~ 5 m

A0
<latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit>e+

<latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit>

e�
<latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit>

A0
<latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4bw4787HsrXg5DOn8AfO5w+qT41Q</latexit>

Dark photon (     )Key signatures
Ballpark numbers for A’:
• Momentum of 1 TeV
• Mass of 100 MeV
Decay products collimated
requirements for magnetic 
field & high resolution tracker



Key signatures

10

340 m
~ 5 m

TAN

⇡0
<latexit sha1_base64="qwIA5aSY5Sb9yit6WyZWbqaXBL8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRjDxRHa56JHoxSMm8pHASrqlCw1tt2m7JmTDj/DiQWO8+nu8+W8ssAcFXzLJy3szmZkXKc6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJ7dzvPFFtWCIf7FTRUOCRZDEj2DqpU+0r9uhXB+WKX/MXQOskyEkFcjQH5a/+MCGpoNISjo3pBb6yYYa1ZYTTWamfGqowmeAR7TkqsaAmzBbnztCFU4YoTrQradFC/T2RYWHMVESuU2A7NqveXPzP66U2vg4zJlVqqSTLRXHKkU3Q/Hc0ZJoSy6eOYKKZuxWRMdaYWJdQyYUQrL68Ttr1WuDXgvt6pXGTx1GEMziHSwjgChpwB01oAYEJPMMrvHnKe/HevY9la8HLZ07hD7zPHyyijsk=</latexit><latexit sha1_base64="qwIA5aSY5Sb9yit6WyZWbqaXBL8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRjDxRHa56JHoxSMm8pHASrqlCw1tt2m7JmTDj/DiQWO8+nu8+W8ssAcFXzLJy3szmZkXKc6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJ7dzvPFFtWCIf7FTRUOCRZDEj2DqpU+0r9uhXB+WKX/MXQOskyEkFcjQH5a/+MCGpoNISjo3pBb6yYYa1ZYTTWamfGqowmeAR7TkqsaAmzBbnztCFU4YoTrQradFC/T2RYWHMVESuU2A7NqveXPzP66U2vg4zJlVqqSTLRXHKkU3Q/Hc0ZJoSy6eOYKKZuxWRMdaYWJdQyYUQrL68Ttr1WuDXgvt6pXGTx1GEMziHSwjgChpwB01oAYEJPMMrvHnKe/HevY9la8HLZ07hD7zPHyyijsk=</latexit><latexit sha1_base64="qwIA5aSY5Sb9yit6WyZWbqaXBL8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRjDxRHa56JHoxSMm8pHASrqlCw1tt2m7JmTDj/DiQWO8+nu8+W8ssAcFXzLJy3szmZkXKc6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJ7dzvPFFtWCIf7FTRUOCRZDEj2DqpU+0r9uhXB+WKX/MXQOskyEkFcjQH5a/+MCGpoNISjo3pBb6yYYa1ZYTTWamfGqowmeAR7TkqsaAmzBbnztCFU4YoTrQradFC/T2RYWHMVESuU2A7NqveXPzP66U2vg4zJlVqqSTLRXHKkU3Q/Hc0ZJoSy6eOYKKZuxWRMdaYWJdQyYUQrL68Ttr1WuDXgvt6pXGTx1GEMziHSwjgChpwB01oAYEJPMMrvHnKe/HevY9la8HLZ07hD7zPHyyijsk=</latexit><latexit sha1_base64="qwIA5aSY5Sb9yit6WyZWbqaXBL8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRjDxRHa56JHoxSMm8pHASrqlCw1tt2m7JmTDj/DiQWO8+nu8+W8ssAcFXzLJy3szmZkXKc6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJ7dzvPFFtWCIf7FTRUOCRZDEj2DqpU+0r9uhXB+WKX/MXQOskyEkFcjQH5a/+MCGpoNISjo3pBb6yYYa1ZYTTWamfGqowmeAR7TkqsaAmzBbnztCFU4YoTrQradFC/T2RYWHMVESuU2A7NqveXPzP66U2vg4zJlVqqSTLRXHKkU3Q/Hc0ZJoSy6eOYKKZuxWRMdaYWJdQyYUQrL68Ttr1WuDXgvt6pXGTx1GEMziHSwjgChpwB01oAYEJPMMrvHnKe/HevY9la8HLZ07hD7zPHyyijsk=</latexit>

Scintillators Scint Scint

Decay volume

Magnet Magnet Magnet

ALP �
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

CalorimeterTrkTrkTracker

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>
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<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

�⇤
<latexit sha1_base64="JIX1z5ZUoD1OcZId9FyMpmFekaA="></latexit><latexit sha1_base64="JIX1z5ZUoD1OcZId9FyMpmFekaA="></latexit><latexit sha1_base64="JIX1z5ZUoD1OcZId9FyMpmFekaA="></latexit><latexit sha1_base64="JIX1z5ZUoD1OcZId9FyMpmFekaA="></latexit>
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<latexit sha1_base64="ITvQ6/2TBECEZwkceyQ9Vtu747k=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUosNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfCvYzj</latexit><latexit sha1_base64="ITvQ6/2TBECEZwkceyQ9Vtu747k=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUosNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfCvYzj</latexit><latexit sha1_base64="ITvQ6/2TBECEZwkceyQ9Vtu747k=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUosNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfCvYzj</latexit><latexit sha1_base64="ITvQ6/2TBECEZwkceyQ9Vtu747k=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUosNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfCvYzj</latexit>
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<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>
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Axion-like particle (ALP, a)
Assum

ing 3 signal events 
and no backgrounds

Ballpark numbers for ALPs:
• Momentum of 1 TeV
• Mass of 100 MeV
Decay products collimated
2-γ signature can’t be resolved 
with present detector: upgrade 



Detector 
components

Magnet (x3)

A tracker layer made of ATLAS 
SCT modules (x12 in 3 stations)

FASER scintillators mounted 
in their support

Two very high efficiency veto stations
A timing station
A preshower station for photon reco

Calorimeter modules 
mounted in their support

Triggers from 
scintillators and 
calorimeter
Expected trigger 
rate about 500 Hz, 
dominated by 
muons from the IP

arXiv:2112.01116, arXiv:2110.15186



Commissioning 

• Dedicated labs available at CERN and the UniGe for individual component testing
• Dedicated area at CERN’s Prevessin site (“EHN1”) for full-detector commissioning

Milestone Where When
Individual component commissioning labs July 2020
Surface commissioning – part  1 EHN1 Oct 2020
Detector installation – part  1 TI12 Nov 2020
Surface commissioning – part 2 EHN1 Feb 2021
Detector installation – part 2 TI12 March 2021
In-situ commissioning TI12 2021/2022
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Installation to TI12
End 2020



March 2021
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experiment

commissioning with beams!



Brian Petersen 
20 August 2021

FASER General Meeting

Test Beam SummaryTest Beam Summary

20

Testbeam



October 2021: 
First LHC beams since 2018

21

• FASER saw beam-related activity 
during various operations (beam 
splash, collimator alignment, 
single beam and colliding beams)

• Data used to time in the trigger, 
and for performance and 
background studies

• First time we saw particles 
traversing the full detector!

2 week pilot beam test, with 450 GeV beams circulated and collided



First Run3 test collisions
• Muon background

• Extremely useful for 
exercising 
offline and analysis 
software, which is 
now progressing 
very rapidely

Offline tracking

HOT OFF THE PRESS
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Huge flux of high-energy neutrinos
• Why not exploit FASER to also measure properties of neutrinos at the highest 

man-made energies ever recorded! 

24

Experiments to study collider neutrinos have been proposed since the 80s, e.g.:
• A. De Rujula and R. Ruckl, “Neutrino and muon physics in the collider mode of future accelerators”
ECFA-CERN Workshop on large hadron collider in the LEP tunnel, pp. 571–596, 1984.
• Klaus Winter, “Observing tau neutrinos at the LHC”, LHC workshop, 1990.

Other recent concrete experiment proposals include XSEN and SND@LHC.

A bit of history

https://cds.cern.ch/record/1337790?ln=en
https://cds.cern.ch/record/220304/


Tracker “backbone”
Tracker stations

Calorimeter

Trigger / preshower
station

Preshower and 
backsplash stopper

Trigger / timing 
station

Veto stations

25

Detector
To ATLAS IP

Length: 7 m 
Aperture: 20 cm

Length of ecay volume: 1.5 m

Permanent dipole
magnets (0.6T)

Incoming LLPs

Emulsion detector



Huge flux of high-energy neutrinos
• Why not exploit FASER to also measure properties of neutrinos at the highest 

man-made energies ever recorded! 
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⇤�, ⇤�IceCube 
• Expected  spectra: 

complementary to 
existing experiments

• Expected cross section 
reach: extends current 
measurements already 
with 150/fb

• Uncertainty from 
neutrino production 
important

• Neutrino energy with 
30% resolution (simu)

~1’300 νe interacting 
in FASER 

~20’000 νμ interacting 
in FASER 

~20 ντ interacting 
in FASER 
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Pilot run 
in 2018

• A 11 kg detector at TI18
• Collected ~ 13/fb
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• About 3.3 neutrino interactions expected 
to have occurred after selections

• BDT developed to distinguish neutrino 
signal from neutral hadron background 
• The background-only hypothesis is 

rejected with significance of 2.7σ

• Excellent testbed for future data analysis
BDT output
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published in PRD
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Timeline



Global timeline
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03/2021

FASER proposed by Feng, Galon, Kling, Trojanowski

FASER approved by CERN Research Board, constru
ction sta

rted

FASERν approved by CERN Research Board

FASER surface commissioning sta
rted

FASER commissioned on surface

FASER installed in TI12

FASER commissioning with beams

Physics data taking

08/2017

03/2019

12/2019

FASER Letter of Intent

FASER Technical proposal

2022 -11-12/2021 

11/2020

08/2018

11/2018

FASERν installed in TI12

2022

✓

✓

✓

✓✓

01/2020

FASER infrastru
cture installed in TI12

2/2021

✓
✓

✓
✓ ✓
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What’s beyond 2022 ?



Preshower stationCurrent detector limitation
• Current FASER pre-shower

• two layers of scintillators, each preceded by a 1X0 lead-
radiator plane

• will create a photon shower to help distinguish photons 
from electrons coming from deep inelastic scattering 
(DIS) of very energetic neutrinos in the calorimeter. 
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• Limitations 
• no information about the multiplicity of the photons or the 

topology of the event
• neutrino DIS events produced in the 2 X0 lead of the present pre-

shower will be undistinguishable from a photon (LLP) signature
• About 10 such events expected in 150/fb

Cartoon of νe DIS  
in FASERν



Upgrade to enable 2-γ physics
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• Existing pre-shower to be replaced with 
a high-resolution silicon pre-shower 
detector using monolithic pixel ASICs
• hexagonal pixels of 65 μm side 

• Distance between two photons: 200 μm
• Distinguishable! Detector to be used for 

2024 & 2025 data taking 
(70% of Run3 data)
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From pixels to 
layers of modules

Mounted on PCB 
and under testing
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Prototype ASIC available end 2020

Proposed layout of 1 layer 
with 12 modules.

Pixel chips into 
sensor wafers

…into layers 
of modules

…into modules 
of pixels



Upgraded pre-shower
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Status: 
• Technical proposal approved in March
• Pre-production ASICs just back from 

foundry
• Design of modules, planes, mechanics, 

read-out in progress
• Simulation and reconstruction in progress

Plan: 
• Install the detector end of 2023 for data 

taking in 2024 and the rest of Run3

More: https://cds.cern.ch/record/2803084
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What’s beyond Run3 ?
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Beyond FASER?
FASER2

More:  https://arxiv.org/abs/1811.12522
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Beyond FASER? Forward Physics Facility

~ 10 m

FASER

A teaser for the proposed

Beam collision axis

Current tunnel

New Forward Physics Facility (FPF)Requires  civil engineering work!

Beam collision axis

More:  LoI for SNOWMASS-2021
FPF – Kickoff workshop

FPF – 4th (latest) workshop 

https://zenodo.org/record/4009641
https://indico.cern.ch/event/955956/contributions/4022176/
https://indico.cern.ch/event/1110746/


arXiv:2203.05090



arXiv:2203.05090



Outlook
• The FASER experiment introduces a novel approach to exploit LHC collisions, to:

• either make a new discovery or constrain parts of phase-space which no 
current experiment has access to; and
• make the first collider-originated neutrino measurements

• Collaboration (& CERN technical teams) have worked feverishly to construct, 
commission and install the detector over the current Long Shutdown

• Goal: physics data taking with the start of Run3!

• Have started planning upgrades, and thinking about FASER2 & a future facility to 
further exploit forward production in LHC collisions!

• Lots of exciting physics ahead! Stay in touch: 
https://faser.web.cern.ch/
@FASERexperiment

https://faser.web.cern.ch/


Thanks!

• Many thanks to my collaborators for 
providing material & great pictures from 
testing & installation, in particular Claire 
Antel (UniGe), Jamie Boyd (CERN) and 
Brian Petersen (CERN)

• And to the Heising-Simons foundation, 
Simons foundation, SNSF and CERN for 
their financial support
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FASER Collaboration: 8 countries, 19 institutes, about 70 members
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https://faser.web.cern.ch/physics/publications
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