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Taking physics forward with

forward and fixed target experiments at CERN
Thanks very much for input to 

Paolo Crivelli,
Radoslav Marchevski, 

& Lesya Shchutska



• Collider physics: a plethora of measurements and searches
• The Standard Model is complete and confirmed; Burning questions still remain!
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Opportunity #1 : Lifetime
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Opportunity #2 : Neutrinos!
Why not exploit the enormous number of neutrinos produced at the 
highest man-made energies ever recorded?

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.

A bit of history
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https://cds.cern.ch/record/1337790?ln=en
https://cds.cern.ch/record/220304/


Particularly suppressed rare phenomena in the SM, not yet probed enough, could be 
linked to new physics. E.g. kaon decays.

s → d quark transition: loop + CKM suppressed, very rare in the SM

Opportunity #3 : Rare SM processes linked to BSM
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Further explorations via much smaller 
and much cheaper experiments
Exploiting to the maximum the 

amazing CERN accelerator complex
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Plus upgrade based on 
monolithic pixel ASICs to 

replace existing preshower, 
operational in 2025
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• Produced in decays of light mesons (e.g. π, K), abundantly 
present in p-p collisions, primarily in large pseudorapidity

• FASER acceptance: 
20 cm diameter, 480 m from ATLAS IP 

(ONLY 10-6% solid angle) 
but still O(1016) π in Run3!
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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>
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LLPs / Neutrinos
LHC magnets

Charged particlesNeutrons

~ 7 m

TI12 
tunnel

100 m rock 480 m

Primary goal: Searches for new weakly interacting light particles, 
coupling to SM via mixing with SM “portal” operator

ForwArd Search ExpeRiment at the LHC

But also: measurements of properties of neutrinos 
at the highest man-made energies ever recorded! 

• Produced in decays of light mesons (e.g. π, K), abundantly 
present in p-p collisions, primarily in large pseudorapidity

• FASER acceptance: 
20 cm diameter, 480 m from ATLAS IP 

(ONLY 10-6% solid angle) 
but still O(1016) π in Run3!

⇡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>

A0
<latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</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>

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>
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A0
<latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit><latexit sha1_base64="uOrYS5bxLCvVLd4kvsq/qJqxmxU=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIxityB0NlqiNJSbykcCF7C17sGF377K7Z0Iu/AUbC42x9Q/Z+W/cgysUfMkkL+/NZGZeEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeqF2BNOZO0bZjhtBcrikXAaTeY3mV+94kqzSL5aGYx9QUeSxYygk0mVW8uq8Nyxa25C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE469Zrn1ryHeqV5m8dRhDM4hyvwoAFNuIcWtIHABJ7hFd4c4b w4787HsrXg5DOn8AfO5w+qT41Q</latexit>

N N

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>

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>

�
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Primary goal: search for DARK SECTORS and light thermal dark 
matter (LTDM) with e/mu and hadron beams at the CERN SPS. 

North Area Experiment #64

2016-2018: 2x1011 electrons-on-target  leading sensitivity in MeV-GeV region for Dark photons, ALPs, 
generic X bosons, new Z’, dark scalars, inelastic dark matter (10 PRLs + >20 other publications)
In 2022: 1012 electrons-on-target achieved! Pilot runs with muons, positrons and hadrons.
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North Area Experiment #62

Rare Kaon decay

Feebly interacting particles

Highly boosted K+

Hermetic detector coverage 
O(100%) detector efficiency needed

Highly boosted K+

Key observable: m2 = PK
2 – Pπ

2
• Primary goal: Rare Kaon decay measurement

• Other rare charged kaon decays (e.g. 𝐾! → 𝜋!𝑙!𝑙", 𝐾! → 𝜋!𝛾𝛾)
• Precision measurements (radiative decays, LFU tests, |𝑉#$ /𝑉#%|, etc…)
• LFV/LNV searches
• Exotic searches (FIPs, Dark photon, HNL, etc…)
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Highlights from recent results



First Direct Detection of Collider Neutrinos  
153 events ⟹ ≫ 𝟓𝝈 significance

Background ~ 0.2 events
8 events ⟹> 𝟓𝝈 significance

Background < 0.1 events

arXiv: 2305.09383, submitted to PRLarXiv: 2303.14185, accepted by PRL

First evaluation of properties
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This specific event: 
• A very clean high-energy νe candidate 
• Energy of electron ~200-500 GeV

Analysis of emulsion detector data is underway
Many event candidates available, including νe events

μm
15



Rare Kaon Decays

• 20 events observed in signal region in NA62 Run 1 data

• 𝑩𝑹 𝑲! → 𝝅!𝝂(𝝂 = (𝟏𝟎. 𝟔"𝟑.𝟒!𝟒.𝟎|𝒔𝒕𝒂𝒕 ± 𝟎. 𝟗𝒔𝒚𝒔𝒕)×𝟏𝟎"𝟏𝟏

3.4 𝝈 significance on 𝑲! → 𝝅!𝝂(𝝂

• Combining the complete Run 1 data set (2016-18)
• 𝑁!"#"

$%& = 10.01 ± 0.42'(') ± 1.19$%)
• 𝑁*+

$%& = 7.03,-./012.-3

• 𝐵𝑅 (𝑆𝑀$%&) = 8.4 ± 0.5'(') ×10,22

JHEP 06 (2021) 093

3π

π+π0

μν

Signal 
regions

• 𝑩𝑹 𝑲! → 𝝅!𝝁!𝝁" = 𝟗. 𝟏𝟓 ± 𝟎. 𝟎𝟔𝒔𝒕𝒂𝒕 ×𝟏𝟎"𝟖

After signal selection: 
• 𝑁4*' = 27 679 events

• 𝑁*+
$%& = 8 events

JHEP 11 (2022) 011

Very precise BR(𝑲! → 𝝅!𝝁!𝝁")
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Searches for DARK Photons

Region probed last 
back in the 90s!

NA62

FASER

NA64

M
any thanks to  John Anders (CERN

) 
for producing this sum

m
ary plot!
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Other Searches for other FIPs
Phys. Rev. Lett. 125 (2020), 081801 ALPsLTDMPRL 123, 121801 (2019), 

PRD 104, L091701 (2021)

Phys. Rev. Lett. 129, 161801 (2022)

B-L Z’

Plus more coming up including completely novel channels, 
e.g. in the muon mode of NA64

The rest of the experiments also have results in the makings
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What’s beyond Run 3 ?



New projects in the horizon

Our highest immediate priority accelerator and project is the HL-LHC, [...] including the construction 
of auxiliary experiments that extend the reach of HL-LHC in kinematic regions uncovered by the 
detector upgrades. 
Snowmass 2021 Energy Frontier Report 

The full physics potential of the LHC and the HL- LHC [...] should be exploited. 
1st recommendation of the 2020 European Strategy Update 

Aligned with the recommendations of recent community studies 

A diverse programme that is complementary to the energy frontier is an essential part of the European 
particle physics Strategy. Experiments in such diverse areas that offer potential high-impact particle physics 
programmes at laboratories in Europe should be supported, as well as participation in such experiments in 
other regions of the world
Recommendation of the 2020 European Strategy Update
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North Area High Intensity Beams - ECN3
A number of proposals requiring higher intensities (factor 6 
to 12 in p/spill – factor 6 to >20 in p.o.t./year) in the ECN3
underground cavern post-LS3:
• HIKE (High intensity Kaon Experiment)

• Ultra Rare Kaon decay studies 
• search for FIP visible decays on axis

• SHADOWS (Search for Hidden And Dark Objects With the SPS)
• search for FIP visible decays off-axis. Running in 

parallel to HIKE when operated in Beam-Dump mode
• SHiP (Search for Hidden Particle) 

• comprehensive investigation of the Hidden Sector in 
the O(GeV) domain

• A programme going beyond HL-LHC (~15 years of 
operation)

Strong support from SPSC for the 
High Intensity Upgrade of ECN3

Final recommendation / decision on 
which experiment to host (SPSC & 
RB November/December 2023)

Possible start of the TDR phase in 2024

From G. Arduini’s talk at FPF6 workshop: https://indico.cern.ch/event/1275380/contributions/5379589/ 21



arXiv:2203.05090

A teaser for the proposed Forward Physics Facility
The rich physics program in the far-forward region strongly motivates creating a 
dedicated Forward Physics Facility to house far-forward experiments for the HL-LHC 
era from 2028-2040s

More: Submitted to P5 just in April 2023
LoI for SNOWMASS-2021

arXiv:2203.05090
FPF – Kickoff workshop

FPF – 5th workshop
FPF – 6th workshop just last week! 

LoI expected by around 
the beginning of 2024

22

https://pbc.web.cern.ch/sites/default/files/2023-04/FPFSummary_final.pdf
https://zenodo.org/record/4009641
https://arxiv.org/abs/2203.05090
https://indico.cern.ch/event/955956/contributions/4022176/
https://indico.cern.ch/event/1196506/
https://indico.cern.ch/event/1275380/


The physics programme of FPF
From

 https://pbc.w
eb.cern.ch/sites/default/files/2023-04/FPFSum

m
ary_final.pdf
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Available 
lumi

Mass of ν
detector

νe νμ ντ

# interacting in 
FASERν

150 / fb 1 tn
Tungsten

~1000 ~20000 ~10

# interacting in 
FASERν2

3000 / fb 10 tn
Tungsten

~105 ~106 ~104

Unprecedented numbers of detectable neutrinos, at 
energy ranges where there is currently no available data!
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Machine Experiment Beam Lumi / Yields Running up to…

LHC ATLAS / CMS pp – up to 14TeV Up to 3 / ab 2042

LHCb Up to 300 / fb

FASER / SND Up to 300 / fb 2025

SPS NA62 K+ – 75 GeV
p – 400 GeV

1013 Kaon decays
1018 POT

2025

NA64 e+/e- – 100 GeV
μ+/μ- – 160 GeV

1013 e+/e- 
1013 μ+/μ- 

2032

Machine Experiment Beam Lumi / Yields Running during… Where?

SPS HIKE K+ – 75 GeV
KL – 40 GeV

1014 Kaon decays
1014 Kaon decays

Run 4 – Run 5
Run 6

NA62 hall  - the 
two running in 
parallelSHADOWS p – 400 GeV 5x1019 POT Run 4 – Run 5

SHiP p – 400 GeV 2x1020 POT Run 4 – Run 5 NA62 hall

LHC FASER(ν) 2 

pp – 14 teV 3 / ab Run 4 – Run 6 

New forward 
physics facility 
(FPF)

FORMOSA

advSND@LHC

FLARE

Ru
nn
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Outlook
• Four novel “intensity frontier” experiments where CH researchers are 

heavily involved
• Experiments that add diversity and enormous potential added to the 

energy frontier program of CERN!

• Lots of exciting results already produced, while the explorations of the 
potential of many new research directions has just begun!

• New exciting proposals in the horizon
• Lots of exciting physics ahead! 





Feebly Interacting Particles (FIPs)
• Due to interacting feebly, they are linked to a “hidden sector”  
• Couplings between SM and hidden sector result from “portal” operators
• Large number of specific models; can be simplified to the following:

• The masses of the new particles can span several orders of magnitude

SM 
EM A

Dark 
EM AD

A AD
SM 

Higgs h
Dark 

Higgs S
h S <latexit sha1_base64="v4MeBbH+pOs8nOXorchfw2MfwZg="></latexit>

� ✏
2 cos ✓W

F 0
µ⌫F

µ⌫
Y

<latexit sha1_base64="56L2/RCVpfplUEMjw8ZG7C/Sl7U=">AAACC3icbVC7TsMwFHXKq5RXgJHFaotUhFQlHYCxgqVjUelDatLKcZzWqp1EtoNURd1Z+BUWBhBi5QfY+BvcNgMUjmTp6Jx7dH2PFzMqlWV9Gbm19Y3Nrfx2YWd3b//APDzqyCgRmLRxxCLR85AkjIakrahipBcLgrjHSNeb3Mz97j0RkkbhnZrGxOVoFNKAYqS0NDSL5YrDE9g6d5gO+Qi2BrWzxiB1fDQaETGDjfLQLFlVawH4l9gZKYEMzaH56fgRTjgJFWZIyr5txcpNkVAUMzIrOIkkMcITNCJ9TUPEiXTTxS0zeKoVHwaR0C9UcKH+TKSISznlnp7kSI3lqjcX//P6iQqu3JSGcaJIiJeLgoRBFcF5MdCngmDFppogLKj+K8RjJBBWur6CLsFePfkv6dSq9kXVvq2V6tdZHXlwAoqgAmxwCeqgAZqgDTB4AE/gBbwaj8az8Wa8L0dzRpY5Br9gfHwD0PiZBA==</latexit>

(µS + �S
2)H†

H

SM 
LH ν

HNL 
Nν NSM 

2γ or 2f
ALP 
α

2γ α <latexit sha1_base64="CqmwZOlMq+Xz/anDiqggLjlLM4s=">AAAB9XicbVBNS8NAEJ34WetX1aOXxVbwVJIe1GNRDx5EKtgPaGPYbDft0s0m7G6UEPo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnb/raWlldW19YLG8XNre2d3dLefktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhy4rcfqVQsEvc6jakb4oFgASNYG+mhknq3aHjTixXzripeqWxX7SnQInFyUoYcDa/01etHJAmp0IRjpbqOHWs3w1Izwum42EsUjTEZ4QHtGipwSJWbTa8eo2Oj9FEQSVNCo6n6eyLDoVJp6JvOEOuhmvcm4n9eN9HBuZsxESeaCjJbFCQc6QhNIkB9JinRPDUEE8nMrYgMscREm6CKJgRn/uVF0qpVndOqc1cr1y/yOApwCEdwAg6cQR2uoQFNICDhGV7hzXqyXqx362PWumTlMwfwB9bnDxWSkZc=</latexit>

yNhL D2f

<latexit sha1_base64="uK5azMzgHDxcbR7mA+RvaqokN+A=">AAACHXicbZDLSsNAFIYnXmu9RV26GWwFVyUpoi6LQnFZwV6giWEymbRDJ5MwMxFKyIu48VXcuFDEhRvxbZy2EbT1h4GP/5zDmfP7CaNSWdaXsbS8srq2Xtoob25t7+yae/sdGacCkzaOWSx6PpKEUU7aiipGeokgKPIZ6fqjq0m9e0+EpDG/VeOEuBEacBpSjJS2PPO06oQC4cxBLBmiPAu9gppe5kSpw9PcUZQFBDbvfoyqZ1asmjUVXAS7gAoo1PLMDyeIcRoRrjBDUvZtK1FuhoSimJG87KSSJAiP0ID0NXIUEelm0+tyeKydAIax0I8rOHV/T2QoknIc+bozQmoo52sT879aP1XhhZtRnqSKcDxbFKYMqhhOooIBFQQrNtaAsKD6rxAPkU5L6UDLOgR7/uRF6NRr9lnNvqlXGpdFHCVwCI7ACbDBOWiAa9ACbYDBA3gCL+DVeDSejTfjfda6ZBQzB+CPjM9vKASjMQ==</latexit>

↵
f↵

Fµ⌫ F̃µ⌫

New scalar: Dark Higgs; couplings to SM μ, λ

New pseudo-scalar: ALP; coupling to SM suppressed
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Detector Upgrade
to enable 2-γ physics
• Existing pre-shower to be replaced with a 

high-resolution silicon pre-shower detector 
using monolithic pixel ASICs

• Distance between two photons: 200 μm
• Distinguishable!
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https://cds.cern.ch/record/2803084

Detector to be used for 2025 data taking 







Properties of observed neutrino events



The physics programme of FPF
From

 https://pbc.w
eb.cern.ch/sites/default/files/2023-04/FPFSum

m
ary_final.pdf



A rich neutrino programme
Available 
lumi

Mass of ν
detector

νe νμ ντ

Main production source kaon
decay

pion
decay

charm 
decay

# interacting in FASERν 150 / fb 1 tn Tungsten ~1000 ~20000 ~10
# interacting in FASERν2 3000 / fb 10 tn Tungsten ~105 ~106 ~104

Unprecedented numbers of 
detectable neutrinos, at 
energy ranges where there is 
currently no available data!

Coloured lines: three examples of physics that 
can change the expected flux, all probed at FPF

Expected precision of FPF measurements of the 
neutrino interaction cross section with nucleons



BSM & FASER2
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Increased detector radius  to 1 m 
allows sensitivity to particles 
produced in heavy meson (B, D) 
decays increasing physics case 
beyond just increased luminosity
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