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• Neutrino masses and mixings are determined with more and more precisions

• Physics beyond the Standard Model is required to explain these patterns
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<latexit sha1_base64="3/xWrzeXOnXcCot21ZH/iD9FAAI="></latexit>

L = LSM + Y⌫L̄H̃NR + h.c.

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�

• Minimal possibility is to mimic the SM quark sector

<latexit sha1_base64="uillXhGoE8P4OHhcYeNmMXMDq50=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQniNVawMBaJPlATRY7rtFZtJ7KdSlWUmYVfYWEAIVa+gI2/wWk7QMuRrnR0zr26954wYVRpx/m2SkvLK6tr5fXKxubW9o69u9dScSoxaeKYxbITIkUYFaSpqWakk0iCeMhIOxzeFH57RKSisbjX44T4HPUFjShG2kiBffgQeCKFnqIcepFEOOOFkGejHHqMQRcGdtWpORPAReLOSBXM0AjsL68X45QToTFDSnVdJ9F+hqSmmJG84qWKJAgPUZ90DRWIE+Vnk1dyeGyUHoxiaUpoOFF/T2SIKzXmoenkSA/UvFeI/3ndVEdXfkZFkmoi8HRRlDKoY1jkAntUEqzZ2BCEJTW3QjxAJhBt0quYENz5lxdJ67TmXtTO786q9etZHGVwAI7ACXDBJaiDW9AATYDBI3gGr+DNerJerHfrY9pasmYz++APrM8fVS2aCQ==</latexit>

Y⌫ ⇠ m⌫

v
⌧ 1

Dirac mass
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• Minimal possibility is to mimic the SM quark sector
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Y⌫ ⇠ m⌫

v
⌧ 1

• But neutrinos transform under a real irrepr. of the SM unbroken group

<latexit sha1_base64="r8z7B4synfWqU3tsrsY1eB/5HcY=">AAACAXicbZC7TsMwFIZPyq2UW4AFicWiQmKqEsRtrGBhYCgSvUhNiBzXaa06TmQ7SFVUFl6FhQGEWHkLNt4G9zJAy5Esf/r/c2SfP0w5U9pxvq3CwuLS8kpxtbS2vrG5ZW/vNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZ9q9GfvOBSsUScacHKfVj3BUsYgRrIwX2Xhx4IkNeiCUyENzck8kd2GWn4owLzYM7hTJMqxbYX14nIVlMhSYcK9V2nVT7OZaaEU6HJS9TNMWkj7u0bVDgmCo/H28wRIdG6aAokeYIjcbq74kcx0oN4tB0xlj31Kw3Ev/z2pmOLvyciTTTVJDJQ1HGkU7QKA7UYZISzQcGMJHM/BWRHpaYaBNayYTgzq48D43jintWOb09KVcvp3EUYR8O4AhcOIcqXEMN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC3/K+vwBX0eWNg==</latexit>

m⌫ ⌫̄
c
L⌫L <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫ <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

Majorana mass

Dirac mass

• In the EW unbroken phase parametrized by a              operator 
<latexit sha1_base64="r6rGMEoSGxUDKaxDorOE7+dNZlE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFe0HtEvJZrNtaJJdkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFHkgWMYKNlR7C61q/XHGr7gxomXg5qUCORr/81QtjkgoqDeFY667nJsbPsDKMcDop9VJNE0xGeEC7lkosqPaz2akTdGKVEEWxsiUNmqm/JzIstB6LwHYKbIZ60ZuK/3nd1ERXfsZkkhoqyXxRlHJkYjT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVRr9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMLPjXg=</latexit>

d = 5

<latexit sha1_base64="6Zw41obSvINmMuf6q/Lj2fqboq0="></latexit>

O =
1

⇤
(L̄c

H̃
⇤)(H̃†

L)

<latexit sha1_base64="DXich9OLYsaWk7apAOxUQD7Mc8k=">AAACCXicbVC7TsMwFHXKq5RXgZHFokJiqpKK11jBwsBQJPqQmhA5jtNatZ1gO5WqqCsLv8LCAEKs/AEbf4PbZoCWI13p6Jx77XtPkDCqtG1/W4Wl5ZXVteJ6aWNza3unvLvXUnEqMWnimMWyEyBFGBWkqalmpJNIgnjASDsYXE389pBIRWNxp0cJ8TjqCRpRjLSR/DLkvitS6CrKyQN0I4lwNryvjTP3xjwSorFfrthVewq4SJycVECOhl/+csMYp5wIjRlSquvYifYyJDXFjIxLbqpIgvAA9UjXUIE4UV42vWQMj4wSwiiWpoSGU/X3RIa4UiMemE6OdF/NexPxP6+b6ujCy6hIUk0Enn0UpQzqGE5igSGVBGs2MgRhSc2uEPeRSUOb8EomBGf+5EXSqlWds+rp7UmlfpnHUQQH4BAcAwecgzq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AkOKaRg==</latexit>

m⌫ ' v2

⇤
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• At tree-level only three possible SM extensions

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫
<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

Singlet fermion Triplet fermion Triplet scalar

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫ <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

Majorana mass LNV Yukawa   

<latexit sha1_base64="gTkL4JFsR1AqjaGEdb4ByG4i2C0=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJUYUJVUvMYKFiZUBH1ITYkc12mt2k6wnUpVlC9g4VdYGECIlZmNv8F9DNBypCsdnXOv7r0niBlV2nG+rYXFpeWV1dxafn1jc2vb3tmtqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0L0d+Y0CkopG408OYtDnqChpSjLSRfLvIfU8k0FOUkwfohRLhdHBfzlLup9dH3i3tcpRlvl1wSs4YcJ64U1IAU1R9+8vrRDjhRGjMkFIt14l1O0VSU8xIlvcSRWKE+6hLWoYKxIlqp+N3Mlg0SgeGkTQlNByrvydSxJUa8sB0cqR7atYbif95rUSH5+2UijjRRODJojBhUEdwlA3sUEmwZkNDEJbU3ApxD5lItEkwb0JwZ1+eJ/VyyT0tndwcFyoX0zhyYB8cgEPggjNQAVegCmoAg0fwDF7Bm/VkvVjv1sekdcGazuyBP7A+fwB40Jxm</latexit>

m⌫ ' v2

mN,⌃

<latexit sha1_base64="fvaQ6U7heI/eHu4GDr/Pt+lzsAA=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkp3pZFXbisYC/QqUMmPWODSWZMMoUy9C3c+CpuXCjiVne+jWk7C7X+EPj4zzmcnD9MONPGdb+cufmFxaXlwkpxdW19Y7O0td3UcaooNGjMY9UOiQbOJDQMMxzaiQIiQg6t8O58XG8NQGkWy2szTKAryK1kEaPEWCsoVUTgyxT7mgm4x75IA/8CuCHYjxSh2eCmOspE7lkOSmW34k6EZ8HLoYxy1YPSp9+LaSpAGsqJ1h3PTUw3I8owymFU9FMNCaF35BY6FiURoLvZ5K4R3rdOD0exsk8aPHF/TmREaD0Uoe0UxPT139rY/K/WSU102s2YTFIDkk4XRSnHJsbjkHCPKaCGDy0Qqpj9K6Z9YgMxNsqiDcH7e/IsNKsV77hydHVYrp3lcRTQLtpDB8hDJ6iGLlEdNRBFD+gJvaBX59F5dt6c92nrnJPP7KBfcj6+AQQbn9o=</latexit>

m⌫ ' µ�
v2

m2
�

<latexit sha1_base64="xjWB8XW+hdPKYmt//W6WIs6t4RI=">AAACAnicbVDLSgMxFL1TX7W+qq7ETbAIFaTMiK9l0Y0rqWAf0A5DJs20oZnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cDlHs65l+QeP+ZMadv+tnILi0vLK/nVwtr6xuZWcXunoaJEElonEY9ky8eKciZoXTPNaSuWFIc+p01/cD32mw9UKhaJez2MqRvinmABI1gbySvu3aIOE6icdvwAOaPjrB95tlcs2RV7AjRPnIyUIEPNK351uhFJQio04ViptmPH2k2x1IxwOip0EkVjTAa4R9uGChxS5aaTE0bo0ChdFETSlNBoov7eSHGo1DD0zWSIdV/NemPxP6+d6ODSTZmIE00FmT4UJBzpCI3zQF0mKdF8aAgmkpm/ItLHEhNtUiuYEJzZk+dJ46TinFfO7k5L1assjjzswwGUwYELqMIN1KAOBB7hGV7hzXqyXqx362M6mrOynV34A+vzBxqmlVY=</latexit>

N 2 (1,1)0
<latexit sha1_base64="qbYDxH3jyw836gHh2T+6RDFAMOM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUrie1l047KifUATwmQ6aYdOJmFmIpSQnRt/xY0LRdz6C+78G6dpFlo9cLmHc+5l5h4/ZlQqy/oySnPzC4tL5eXKyura+oa5udWWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6mvideyIkjfidGsfEDdGA04BipLTkmbvOLR2ECDqUw1rq+AG0s8O8H2cHnuWZVatu5YB/iV2QKijQ9MxPpx/hJCRcYYak7NlWrNwUCUUxI1nFSSSJER6hAelpylFIpJvmd2RwXyt9GERCF1cwV39upCiUchz6ejJEaihnvYn4n9dLVHDhppTHiSIcTx8KEgZVBCehwD4VBCs21gRhQfVfIR4igbDS0VV0CPbsyX9J+6hun9VPb06qjcsijjLYAXugBmxwDhrgGjRBC2DwAJ7AC3g1Ho1n4814n46WjGJnG/yC8fENE/eXiQ==</latexit>

⌃ 2 (1,3)0
<latexit sha1_base64="exKnHL9rJYyglF7IY9Sd74B+T7Q=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKmhJvC+LunBZwV6gCWUyndihk0mYmQgl5A3c+CpuXCji1q0738ZJG0Fbfxj4+M85zDm/FzEqlWV9GYWZ2bn5heJiaWl5ZXXNXN9oyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXGb11j0Rkob8Vg0j4gbojlOfYqS01TV3nSvCFHIohxUnQKrv+Ymd7v/gUbrXTQ7stGuWrao1EpwGO4cyyFXvmp9OL8RxQLjCDEnZsa1IuQkSimJG0pITSxIhPEB3pKORo4BINxndk8Id7fSgHwr9uIIj9/dEggIph4GnO7M95WQtM/+rdWLln7sJ5VGsCMfjj/yYQRXCLBzYo4JgxYYaEBZU7wpxHwmElY6wpEOwJ0+ehuZh1T6tntwcl2sXeRxFsAW2QQXY4AzUwDWogwbA4AE8gRfwajwaz8ab8T5uLRj5zCb4I+PjG9kTm+w=</latexit>

� 2 (1,3)�1
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• At tree-level only three possible SM extensions

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫
<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

Singlet fermion Triplet fermion Triplet scalar

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H
<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫ <latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

Majorana mass LNV Yukawa   

<latexit sha1_base64="gTkL4JFsR1AqjaGEdb4ByG4i2C0=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJUYUJVUvMYKFiZUBH1ITYkc12mt2k6wnUpVlC9g4VdYGECIlZmNv8F9DNBypCsdnXOv7r0niBlV2nG+rYXFpeWV1dxafn1jc2vb3tmtqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0L0d+Y0CkopG408OYtDnqChpSjLSRfLvIfU8k0FOUkwfohRLhdHBfzlLup9dH3i3tcpRlvl1wSs4YcJ64U1IAU1R9+8vrRDjhRGjMkFIt14l1O0VSU8xIlvcSRWKE+6hLWoYKxIlqp+N3Mlg0SgeGkTQlNByrvydSxJUa8sB0cqR7atYbif95rUSH5+2UijjRRODJojBhUEdwlA3sUEmwZkNDEJbU3ApxD5lItEkwb0JwZ1+eJ/VyyT0tndwcFyoX0zhyYB8cgEPggjNQAVegCmoAg0fwDF7Bm/VkvVjv1sekdcGazuyBP7A+fwB40Jxm</latexit>

m⌫ ' v2

mN,⌃

<latexit sha1_base64="fvaQ6U7heI/eHu4GDr/Pt+lzsAA=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkp3pZFXbisYC/QqUMmPWODSWZMMoUy9C3c+CpuXCjiVne+jWk7C7X+EPj4zzmcnD9MONPGdb+cufmFxaXlwkpxdW19Y7O0td3UcaooNGjMY9UOiQbOJDQMMxzaiQIiQg6t8O58XG8NQGkWy2szTKAryK1kEaPEWCsoVUTgyxT7mgm4x75IA/8CuCHYjxSh2eCmOspE7lkOSmW34k6EZ8HLoYxy1YPSp9+LaSpAGsqJ1h3PTUw3I8owymFU9FMNCaF35BY6FiURoLvZ5K4R3rdOD0exsk8aPHF/TmREaD0Uoe0UxPT139rY/K/WSU102s2YTFIDkk4XRSnHJsbjkHCPKaCGDy0Qqpj9K6Z9YgMxNsqiDcH7e/IsNKsV77hydHVYrp3lcRTQLtpDB8hDJ6iGLlEdNRBFD+gJvaBX59F5dt6c92nrnJPP7KBfcj6+AQQbn9o=</latexit>

m⌫ ' µ�
v2

m2
�

• Singlet fermion most economical possibility

<latexit sha1_base64="xjWB8XW+hdPKYmt//W6WIs6t4RI=">AAACAnicbVDLSgMxFL1TX7W+qq7ETbAIFaTMiK9l0Y0rqWAf0A5DJs20oZnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cDlHs65l+QeP+ZMadv+tnILi0vLK/nVwtr6xuZWcXunoaJEElonEY9ky8eKciZoXTPNaSuWFIc+p01/cD32mw9UKhaJez2MqRvinmABI1gbySvu3aIOE6icdvwAOaPjrB95tlcs2RV7AjRPnIyUIEPNK351uhFJQio04ViptmPH2k2x1IxwOip0EkVjTAa4R9uGChxS5aaTE0bo0ChdFETSlNBoov7eSHGo1DD0zWSIdV/NemPxP6+d6ODSTZmIE00FmT4UJBzpCI3zQF0mKdF8aAgmkpm/ItLHEhNtUiuYEJzZk+dJ46TinFfO7k5L1assjjzswwGUwYELqMIN1KAOBB7hGV7hzXqyXqx362M6mrOynV34A+vzBxqmlVY=</latexit>

N 2 (1,1)0
<latexit sha1_base64="qbYDxH3jyw836gHh2T+6RDFAMOM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUrie1l047KifUATwmQ6aYdOJmFmIpSQnRt/xY0LRdz6C+78G6dpFlo9cLmHc+5l5h4/ZlQqy/oySnPzC4tL5eXKyura+oa5udWWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6mvideyIkjfidGsfEDdGA04BipLTkmbvOLR2ECDqUw1rq+AG0s8O8H2cHnuWZVatu5YB/iV2QKijQ9MxPpx/hJCRcYYak7NlWrNwUCUUxI1nFSSSJER6hAelpylFIpJvmd2RwXyt9GERCF1cwV39upCiUchz6ejJEaihnvYn4n9dLVHDhppTHiSIcTx8KEgZVBCehwD4VBCs21gRhQfVfIR4igbDS0VV0CPbsyX9J+6hun9VPb06qjcsijjLYAXugBmxwDhrgGjRBC2DwAJ7AC3g1Ho1n4814n46WjGJnG/yC8fENE/eXiQ==</latexit>

⌃ 2 (1,3)0
<latexit sha1_base64="exKnHL9rJYyglF7IY9Sd74B+T7Q=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKmhJvC+LunBZwV6gCWUyndihk0mYmQgl5A3c+CpuXCji1q0738ZJG0Fbfxj4+M85zDm/FzEqlWV9GYWZ2bn5heJiaWl5ZXXNXN9oyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXGb11j0Rkob8Vg0j4gbojlOfYqS01TV3nSvCFHIohxUnQKrv+Ymd7v/gUbrXTQ7stGuWrao1EpwGO4cyyFXvmp9OL8RxQLjCDEnZsa1IuQkSimJG0pITSxIhPEB3pKORo4BINxndk8Id7fSgHwr9uIIj9/dEggIph4GnO7M95WQtM/+rdWLln7sJ5VGsCMfjj/yYQRXCLBzYo4JgxYYaEBZU7wpxHwmElY6wpEOwJ0+ehuZh1T6tntwcl2sXeRxFsAW2QQXY4AzUwDWogwbA4AE8gRfwajwaz8ab8T5uLRj5zCb4I+PjG9kTm+w=</latexit>

� 2 (1,3)�1
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<latexit sha1_base64="3/xWrzeXOnXcCot21ZH/iD9FAAI="></latexit>

L = LSM + Y⌫L̄H̃NR + h.c.

<latexit sha1_base64="PnQbtc+m6RZJL71z2AUVyqdOoh4=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclSRobXdFN24sVewDmhgm00k7dPJgZiKUkJUbf8WNC0Xc+g3u/BsnbQUVPXAvh3PuZeYeL2ZUSMP40ObmFxaXlgsrxdW19Y1NfWu7LaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Cz3O7eECxqF13IcEydAg5D6FCOpJFffs32OcGpmqZVduA1oe4jDhnt1g/Pu6iWjbChUKjAnZtUwFanVqpZVg+bEMowSmKHp6u92P8JJQEKJGRKiZxqxdFLEJcWMZEU7ESRGeIQGpKdoiAIinHRyRgYPlNKHfsRVhRJO1O8bKQqEGAeemgyQHIrfXi7+5fUS6VedlIZxIkmIpw/5CYMygnkmsE85wZKNFUGYU/VXiIdI5SJVckUVwtel8H/StspmpXx8eVSqn87iKIBdsA8OgQlOQB2cgyZoAQzuwAN4As/avfaovWiv09E5bbazA35Ae/sEu4SYCQ==</latexit>

1

2
MN N̄ c

RNR

<latexit sha1_base64="3/xWrzeXOnXcCot21ZH/iD9FAAI="></latexit>

L = LSM + Y⌫L̄H̃NR + h.c.

• Light and heavy neutrinos are Majorana particles and mix among themselves

• Majorana mass                                 process
<latexit sha1_base64="juLWVEPUx8q91FlNQ6rInxbko4Q=">AAAB83icbVDJSgNBEO1xjXGLevTSGARPYSa4XYSgHjx4iGAWyAyhp1OTNOlZ6K4RwpDf8OJBEa/+jDf/xk4yB018UPB4r4qqen4ihUbb/raWlldW19YLG8XNre2d3dLeflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT84c3Ebz2B0iKOHnGUgBeyfiQCwRkayXVvQSKj9/SKVrulsl2xp6CLxMlJmeSod0tfbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9n05jE9NkqPBrEyFSGdqr8nMhZqPQp90xkyHOh5byL+53VSDC69TERJihDx2aIglRRjOgmA9oQCjnJkCONKmFspHzDFOJqYiiYEZ/7lRdKsVpzzytnDabl2ncdRIIfkiJwQh1yQGrkjddIgnCTkmbySNyu1Xqx362PWumTlMwfkD6zPH/72kF0=</latexit>

�L = 2
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• RHN masses can span several orders of magnitudes

<latexit sha1_base64="vM5DR7Tmw2luhrf7bJpN5C04XAA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQmd11ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0O/VbT6g0j6MHM07Ql3QQ8ZAzaqzUzrpKEmxOeuWKW3VnIMvEy0kFctR75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdiyNqETtZ7N7J+TEKn0SxspWZMhM/T2RUan1WAa2U1Iz1IveVPzP66QmvPYzHiWpwYjNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaikg3BW3x5mTTPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NICBgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx/idY/i</latexit>

eV
<latexit sha1_base64="R2TYLt0w3jqI6yhevuaX9+pFXWw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi+AlgnlIsoTZSW8yZGZ3mZkVwpKv8OJBEa9+jjf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMrqd+6xGV5nF0b8YJ+pIOIh5yRo2VHrKukuQWm5NeueJW3RnIX+LlpAI56r3yZ7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkZUovaz2cETcmSVPgljZSsyZKb+nMio1HosA9spqRnqRW8q/ud1UhNe+hmPktRgxOaLwlQQE5Pp96TPFTIjxpZQpri9lbAhVZQZm1HJhuAtvvyXNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gIGEJ3iBV0c5z86b8z5vLTj5zD78gvPxDXvZkDc=</latexit>

KeV
<latexit sha1_base64="PBoN5yfkThpx/g6n6lq55QWVnPc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchgnlIsoTZSW8yZGZ3mZkVwpKv8OJBEa9+jjf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMrqd+6xGV5nF0b8YJ+pIOIh5yRo2VHrKukuQWm5NeueJW3RnIX+LlpAI56r3yZ7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkZUovaz2cETcmSVPgljZSsyZKb+nMio1HosA9spqRnqRW8q/ud1UhNe+hmPktRgxOaLwlQQE5Pp96TPFTIjxpZQpri9lbAhVZQZm1HJhuAtvvyXNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gIGEJ3iBV0c5z86b8z5vLTj5zD78gvPxDX7nkDk=</latexit>

MeV
<latexit sha1_base64="8NmeeEXQ2X8M76/3mXYCqXW5gxI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQgx4jmIckS5id9CZDZnaXmVkhLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8Hoeuq3HlFpHkf3ZpygL+kg4iFn1FjpIesqSW6wOemVK27VnYH8JV5OKpCj3it/dvsxSyVGhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjaUQlaj+bHTwhR1bpkzBWtiJDZurPiYxKrccysJ2SmqFe9Kbif14nNeGln/EoSQ1GbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy39J86TqnVfP7k4rtas8jiIcwCEcgwcXUINbqEMDGEh4ghd4dZTz7Lw57/PWgpPP7MMvOB/fdb2QMw==</latexit>

GeV
<latexit sha1_base64="+FdRgNnBeEXdO1Abeqmk/cDXLHA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FD3qs0G0r7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLhhknNBB4IFnECDZWesy6SqA7vzHplStu1Z0BLRMvJxXIUe+Vv7r9mKSCSkM41rrjuYkJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHbwBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf+8Tmqi6yBjMkkNlWS+KEo5MjGafo/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSfOs6l1WLx7OK7WbPI4iHMExnIIHV1CDe6iDDwQEPMMrvDnKeXHenY95a8HJZw7hD5zPH1pTkCE=</latexit>

GUT

- Generate matter asymmetry via neutrino oscillations 
- Potentially relevant for (surviving) flavour anomalies  
- Can be searched in terrestrial based experiments!

How do we test this theory?

• Heavy-light mixing induces production and decay modes for 
<latexit sha1_base64="q6CFIK/8u3AtOQPnMQ4yVd+MDZA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68SRxyQLJEHo6naRJT8/QXSOEIZ/gxYMiXv0ib/6NnWQOmvig4PFeFVX1glgKg6777eSWlldW1/LrhY3Nre2d4u5e3USJZrzGIhnpZkANl0LxGgqUvBlrTsNA8kYwvJ74jSeujYjUI45i7oe0r0RPMIpWerjt3HeKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dnjomR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEz+Jl2hOUM5soQyLeythA2opgxtOgUbgjf/8iKpn5S98/LZ3WmpcpXFkYcDOIRj8OACKnADVagBgz48wyu8OdJ5cd6dj1lrzslm9uEPnM8fAPiNoQ==</latexit>

NR

<latexit sha1_base64="q6CFIK/8u3AtOQPnMQ4yVd+MDZA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68SRxyQLJEHo6naRJT8/QXSOEIZ/gxYMiXv0ib/6NnWQOmvig4PFeFVX1glgKg6777eSWlldW1/LrhY3Nre2d4u5e3USJZrzGIhnpZkANl0LxGgqUvBlrTsNA8kYwvJ74jSeujYjUI45i7oe0r0RPMIpWerjt3HeKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dnjomR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEz+Jl2hOUM5soQyLeythA2opgxtOgUbgjf/8iKpn5S98/LZ3WmpcpXFkYcDOIRj8OACKnADVagBgz48wyu8OdJ5cd6dj1lrzslm9uEPnM8fAPiNoQ==</latexit>

NR
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="tLpyyzw2LCnLOags7wo/0F+uHV8=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp34VQZtbBQF4we5cOxt5pIle3vn7lwgHKlt/Cs2ForY+gvs/DduYgqNPhh4vDfDzLwwlcKg6346E5NT0zOzhbni/MLi0nJpZfXKJJnmUOOJTPRNyAxIoaCGAiXcpBpYHEq4DjvHA/+6C9qIRF1iL4VGzFpKRIIztFJQ2vCxDciob0QMd9SPNOP5beCrjHb7+Wlw1g9KZbfiDkH/Em9EymSE86D04TcTnsWgkEtmTN1zU2zkTKPgEvpFPzOQMt5hLahbqlgMppEPX+nTLas0aZRoWwrpUP05kbPYmF4c2s6YYduMewPxP6+eYXTYyIVKMwTFvxdFmaSY0EEutCk0cJQ9SxjXwt5KeZvZNNCmV7QheOMv/yVXOxVvv7J3sVuuHo3iKJB1skm2iUcOSJWckHNSI5zck0fyTF6cB+fJeXXevlsnnNHMGvkF5/0LNDKamw==</latexit>

✓ ' Y⌫v

MN

<latexit sha1_base64="/WVFDN+3dwaEflyqBL5rIfP4FuI=">AAACFXicdVBLSwMxGMzWV62vVY9egkUQKWW3aG1vRS8eK9gHbNeSTbNtaPZBkhXKsn/Ci3/FiwdFvAre/Ddmt11Q0YHAMDNf8mWckFEhDeNTKywtr6yuFddLG5tb2zv67l5XBBHHpIMDFvC+gwRh1CcdSSUj/ZAT5DmM9JzpZer37ggXNPBv5CwktofGPnUpRlJJQ70SD7JLLD527NioGgr1eiUlZsMwFWk2G7VaM+ndniRDvZwnYJ6AeQKamWUYZbBAe6h/DEYBjjziS8yQEJZphNKOEZcUM5KUBpEgIcJTNCaWoj7yiLDjbKEEHillBN2Aq+NLmKnfJ2LkCTHzHJX0kJyI314q/uVZkXQbdkz9MJLEx/OH3IhBGcC0IjiinGDJZoogzKnaFeIJ4ghLVWRJlZD/FP5PurWqWa+eXZ+WWxeLOorgAByCY2CCc9ACV6ANOgCDe/AInsGL9qA9aa/a2zxa0BYz++AHtPcvBt6a9g==</latexit>

W ⇤

<latexit sha1_base64="mray23z/RXnCen8VP77DPD8mAO0="></latexit>

� ⇠ 1

192⇡3
✓2

m5
N

m4
W

<latexit sha1_base64="sres4w/iJqp9iwCOiOia1hboKNA="></latexit>

Llab ⇠ 5 m

✓
GeV

mN

◆6 ✓10�2

✓

◆2
EN

10 GeV
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The sterile neutrino parameter space

• High-energy and high-intensity experiments test different masses and mixings

Colliders

Fixed target

• Naive see-saw limit hard to reach, but the naive scaling is altered with 
<latexit sha1_base64="QbcjKsSisc8Zfx7sHzFuRa6neUQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68SQRzQLJEHo6PUmTXobuHiEM+QQvHhTx6hd582/sJHPQ6IOCx3tVVNWLEs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbj1QbpuSDHSc0FHggWcwItk66F73bXrniV/0Z0F8S5KQCOeq98me3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGanTtCRU/ooVtqVtGim/pzIsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+jfqM02J5WNHMNHM3YrIEGtMrEun5EIIFl/+S5on1eC8enZ3Wqld5XEU4QAO4RgCuIAa3EAdGkBgAE/wAq8e9569N+993lrw8pl9+AXv4xsqIo28</latexit>mN

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

<latexit sha1_base64="1eWWVgKJO6moR4edfEL6lakILSc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiSCOYB2SX0TibJkNnZZWZWCEt+w4sHRbz6M978GyfJHjRa0FBUddPdFSaCa+O6X05haXllda24XtrY3NreKe/uNXWcKsoaNBaxaoeomeCSNQw3grUTxTAKBWuFo5up33pkSvNYPphxwoIIB5L3OUVjJT/zKQpyNyFXxOuWK27VnYH8JV5OKpCj3i1/+r2YphGThgrUuuO5iQkyVIZTwSYlP9UsQTrCAetYKjFiOshmN0/IkVV6pB8rW9KQmfpzIsNI63EU2s4IzVAvelPxP6+Tmv5lkHGZpIZJOl/UTwUxMZkGQHpcMWrE2BKkittbCR2iQmpsTCUbgrf48l/SPKl659Wz+9NK7TqPowgHcAjH4MEF1OAW6tAACgk8wQu8Oqnz7Lw57/PWgpPP7MMvOB/fYc6QnQ==</latexit>

N > 1 RHN
• Can assume           and      to be independent parameters 
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The minimal see-saw might not be the whole story…
<latexit sha1_base64="1A8473BggHAsqicwthhaiY4vue4="></latexit>

L = LSM � Y⌫L̄H̃NR � 1

2
MN N̄

c
RNR + h.c.

Extra particles/interactions

Why ?

• Theory motivated models, e.g. LR symmetric with
- Additional         and       heavy gauge bosons

<latexit sha1_base64="KQDw5onuwiUqJTHVWJDPFZCyvIM=">AAACEXicbVDLTsJAFJ3iC/FVdelmIjEpC0lLfC0JblywwEeBBJpmOkxhwvSRmakJafgFN/6KGxca49adO//GAWqi4EkmOfece3PnHi9mVEjT/NJyS8srq2v59cLG5tb2jr671xRRwjGxccQi3vaQIIyGxJZUMtKOOUGBx0jLG15O/NY94YJG4Z0cxcQJUD+kPsVIKsnVjVvbqJTcOuxKGhABZ+XNT2kbVslNa8f1sasXzbI5BVwkVkaKIEPD1T+7vQgnAQklZkiIjmXG0kkRlxQzMi50E0FihIeoTzqKhkjtc9LpRWN4pJQe9COuXijhVP09kaJAiFHgqc4AyYGY9ybif14nkf6Fk9IwTiQJ8WyRnzAoIziJB/YoJ1iykSIIc6r+CvEAcYSlCrGgQrDmT14kzUrZOiufXp8Uq7Usjjw4AIfAABY4B1VwBRrABhg8gCfwAl61R+1Ze9PeZ605LZvZB3+gfXwDjt+aXA==</latexit>

SU(2)L ⇥ SU(2)R ⇥ U(1)B�L

• Pheno motivated models, e.g. leptoquark models with RH neutrinos to explain
<latexit sha1_base64="soqO8byQYAMFYMFjkjdPbG0msaM=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAjVRUnE17KoC5dV7APSWCbTSTt0kgkzN0IJ+Qw3LhRx69e482+ctllo64ELh3Pu5d57/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dppaJoqxBpZCq7RPNBI9YAzgI1o4VI6EvWMsfXo/91hNTmsvoAUYx80LSj3jAKQEjuffd9OYxrRwfZVm3VLar9gR4njg5KaMc9W7pq9OTNAlZBFQQrV3HjsFLiQJOBcuKnUSzmNAh6TPX0IiETHvp5OQMHxqlhwOpTEWAJ+rviZSEWo9C33SGBAZ61huL/3luAsGll/IoToBFdLooSAQGicf/4x5XjIIYGUKo4uZWTAdEEQompaIJwZl9eZ40T6rOefXs7rRcu8rjKKB9dIAqyEEXqIZuUR01EEUSPaNX9GaB9WK9Wx/T1gUrn9lDf2B9/gBkA5Cw</latexit>

RD(⇤)

<latexit sha1_base64="s3I0KA6zbtA0drrt8l90C9NzHZI=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAjVRUnE17LoRnBTxT4gjWUynbRDJ5kwcyOUkM9w40IRt36NO//GaZuFth64cDjnXu69x48F12Db39bC4tLyymphrbi+sbm1XdrZbWqZKMoaVAqp2j7RTPCINYCDYO1YMRL6grX84fXYbz0xpbmMHmAUMy8k/YgHnBIwknvfTW8f08rxUZZ1S2W7ak+A54mTkzLKUe+Wvjo9SZOQRUAF0dp17Bi8lCjgVLCs2Ek0iwkdkj5zDY1IyLSXTk7O8KFRejiQylQEeKL+nkhJqPUo9E1nSGCgZ72x+J/nJhBceimP4gRYRKeLgkRgkHj8P+5xxSiIkSGEKm5uxXRAFKFgUiqaEJzZl+dJ86TqnFfP7k7Ltas8jgLaRweoghx0gWroBtVRA1Ek0TN6RW8WWC/Wu/UxbV2w8pk99AfW5w9u0JC3</latexit>

RK(⇤)and              anomalies [DB+ ‘18 , Asadi+ ’18, Greljo+ ’18]

• Others…

or extended sectors to explain the MiniBooNe anomaly through RH neutrino decay
[Gninenko+ ’09, Bertuzzo+ ’18]

<latexit sha1_base64="P2LOuC/hsy6iE/uXIPorj3tUEyo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZw+ykNxkyO7vOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTPzmEyrNY3lvRgn6Ee1LHnJGjZVazYdOoniE3VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+m9Y3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeOVnXCapQclmi8JUEBOTyfOkxxUyI0aWUKa4vZWwAVWUGRtR0Ybgzb+8SBqnFe+icn53Vq5e53EU4BCO4AQ8uIQq3EIN6sBAwDO8wpvz6Lw4787HrHXJyWcO4A+czx8Sx5AC</latexit>

W 0 <latexit sha1_base64="vQ3SwigDz2FXI4A5IM3UTJD8ISU=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJiMoadTkzTp6Rm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQyux37jCZXmsbwzwwT9iPYkDzmjxkrN+4d2oniEnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyb3jsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxs+TLlfIjBhaQpni9lbC+lRRZmxEBRuCN//yIqmflL3z8tntaalyNYsjDwdwCMfgwQVU4AaqUAMGAp7hFd6cR+fFeXc+pq05ZzazD3/gfP4AF2iQBQ==</latexit>

Z 0
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Consider a scenario with light RH neutrino and additional heavy fields

<latexit sha1_base64="mVZd56njFyvNSK2FByoqOHbFPTw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiTia1l002UF+4A2lMlk0g6dyYSZSTGE+iluXCji1h9x5984bbPQ1gMXDufcy733BAmjSrvut1VaW9/Y3CpvV3Z29/YP7MNqW4lUYtLCggnZDZAijMakpalmpJtIgnjASCcY3838zoRIRUX8oLOE+BwNYxpRjLSRBnY170sOGwRNsqfQEU7kTAd2zXXcOeAq8QpSAwWaA/urHwqcchJrzJBSPc9NtJ8jqSlmZFrpp4okCI/RkPQMjREnys/nt0/hqVFCGAlpKtZwrv6eyBFXKuOB6eRIj9SyNxP/83qpjm78nMZJqkmMF4uilEEt4CwIGFJJsGaZIQhLam6FeIQkwtrEVTEheMsvr5L2ueNdOZf3F7X6bRFHGRyDE3AGPHAN6qABmqAFMHgEz+AVvFlT68V6tz4WrSWrmDkCf2B9/gBN9JP6</latexit>

Heavy d.o.f.

<latexit sha1_base64="+vonOR7i1Syn49IfD+Hi+AHxxqE=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQixclLlkgM4SeTidp0t0zdPcIYchvePGgiFd/xpt/YyeZgyY+KHi8V0VVvTDmTBvX/XZyC4tLyyv51cLa+sbmVnF7p66jRBFaIxGPVDPEmnImac0ww2kzVhSLkNNGOLga+40nqjSL5KMZxjQQuCdZlxFsrOSnvhLo4WZ0dNu+bxdLbtmdAM0TLyMlyFBtF7/8TkQSQaUhHGvd8tzYBClWhhFORwU/0TTGZIB7tGWpxILqIJ3cPEIHVumgbqRsSYMm6u+JFAuthyK0nQKbvp71xuJ/Xisx3YsgZTJODJVkuqibcGQiNA4AdZiixPChJZgoZm9FpI8VJsbGVLAheLMvz5P6cdk7K5/enZQql1kcediDfTgED86hAtdQhRoQiOEZXuHNSZwX5935mLbmnGxmF/7A+fwBHk2RGQ==</latexit>

SM+NR

<latexit sha1_base64="nCHuHZkUKSJ9vRGH4YbDswNjsb0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KCURX8uiCC4r2Ac0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctllo64ELh3Punbn3BAlnSjvOt7W0vLK6tl7YKG5ube/s2qW9popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXEbz1QqVgs7vUooX6E+4KFjGBtpK5dyjwZoZuWV/EqimBOx1277FSdKdAicXNShhz1rv3l9WKSRlRowrFSHddJtJ9hqRkx7xW9VNEEkyHu046hAkdU+dl09TE6MkoPhbE0JTSaqr8nMhwpNYoC0xlhPVDz3kT8z+ukOrz0MyaSVFNBZh+FKUc6RpMcUI9JSjQfGYKJZGZXRAZYYqJNWkUTgjt/8iJpnlTd8+rZ3Wm5dpXHUYADOIRjcOECanALdWgAgUd4hld4s56sF+vd+pi1Lln5zD78gfX5A00Vk2Y=</latexit>

EW scale

<latexit sha1_base64="NvC0gK3VSB3gfy7brqT3cyvvi6g=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bhwUcE+YDqUTCZtQzPJkGQKZehnuHGhiFu/xp1/Y9rOQlsPBA7nnEvuPWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHN5N/daIKs2keDLjhAYx7gvWYwQbK/mdBxuNMLpBo2654lbdGdAy8XJSgRz1bvmrE0mSxlQYwrHWvucmJsiwMoxwOil1Uk0TTIa4T31LBY6pDrLZyhN0YpUI9aSyTxg0U39PZDjWehyHNhljM9CL3lT8z/NT07sOMiaS1FBB5h/1Uo6MRNP7UcQUJYaPLcFEMbsrIgOsMDG2pZItwVs8eZk0z6reZfXi8bxSu83rKMIRHMMpeHAFNbiHOjSAgIRneIU3xzgvzrvzMY8WnHzmEP7A+fwBIA+Qgw==</latexit>

⇤ > v



13Daniele Barducci

Consider a scenario with light RH neutrino and additional heavy fields

<latexit sha1_base64="mVZd56njFyvNSK2FByoqOHbFPTw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiTia1l002UF+4A2lMlk0g6dyYSZSTGE+iluXCji1h9x5984bbPQ1gMXDufcy733BAmjSrvut1VaW9/Y3CpvV3Z29/YP7MNqW4lUYtLCggnZDZAijMakpalmpJtIgnjASCcY3838zoRIRUX8oLOE+BwNYxpRjLSRBnY170sOGwRNsqfQEU7kTAd2zXXcOeAq8QpSAwWaA/urHwqcchJrzJBSPc9NtJ8jqSlmZFrpp4okCI/RkPQMjREnys/nt0/hqVFCGAlpKtZwrv6eyBFXKuOB6eRIj9SyNxP/83qpjm78nMZJqkmMF4uilEEt4CwIGFJJsGaZIQhLam6FeIQkwtrEVTEheMsvr5L2ueNdOZf3F7X6bRFHGRyDE3AGPHAN6qABmqAFMHgEz+AVvFlT68V6tz4WrSWrmDkCf2B9/gBN9JP6</latexit>

Heavy d.o.f.

<latexit sha1_base64="+vonOR7i1Syn49IfD+Hi+AHxxqE=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQixclLlkgM4SeTidp0t0zdPcIYchvePGgiFd/xpt/YyeZgyY+KHi8V0VVvTDmTBvX/XZyC4tLyyv51cLa+sbmVnF7p66jRBFaIxGPVDPEmnImac0ww2kzVhSLkNNGOLga+40nqjSL5KMZxjQQuCdZlxFsrOSnvhLo4WZ0dNu+bxdLbtmdAM0TLyMlyFBtF7/8TkQSQaUhHGvd8tzYBClWhhFORwU/0TTGZIB7tGWpxILqIJ3cPEIHVumgbqRsSYMm6u+JFAuthyK0nQKbvp71xuJ/Xisx3YsgZTJODJVkuqibcGQiNA4AdZiixPChJZgoZm9FpI8VJsbGVLAheLMvz5P6cdk7K5/enZQql1kcediDfTgED86hAtdQhRoQiOEZXuHNSZwX5935mLbmnGxmF/7A+fwBHk2RGQ==</latexit>

SM+NR

<latexit sha1_base64="nCHuHZkUKSJ9vRGH4YbDswNjsb0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KCURX8uiCC4r2Ac0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctllo64ELh3Punbn3BAlnSjvOt7W0vLK6tl7YKG5ube/s2qW9popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXEbz1QqVgs7vUooX6E+4KFjGBtpK5dyjwZoZuWV/EqimBOx1277FSdKdAicXNShhz1rv3l9WKSRlRowrFSHddJtJ9hqRkx7xW9VNEEkyHu046hAkdU+dl09TE6MkoPhbE0JTSaqr8nMhwpNYoC0xlhPVDz3kT8z+ukOrz0MyaSVFNBZh+FKUc6RpMcUI9JSjQfGYKJZGZXRAZYYqJNWkUTgjt/8iJpnlTd8+rZ3Wm5dpXHUYADOIRjcOECanALdWgAgUd4hld4s56sF+vd+pi1Lln5zD78gfX5A00Vk2Y=</latexit>

EW scale

<latexit sha1_base64="bffhVCVO4YDzsLzw3Xi2S/F/rDc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQxJJIfSyLblwIVrAPaNIwmU7aoZNJmJkIJeQb3Pgrblwo4taVO//GaZuFVg9cOJxz78y9x48ZlcqyvozC3PzC4lJxubSyura+YW5uNWWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlDy/HfuueCEkjfqdGMXFD1Oc0oBgpLXnmwSF0ZBJ6HDqBQDhNHYwYvMm6PEuda/1OD3VTflTNMs8sWxVrAviX2Dkpgxx1z/x0ehFOQsIVZkjKjm3Fyk2RUBQzkpWcRJIY4SHqk46mHIVEuunkpAzuaaUHg0jo4gpO1J8TKQqlHIW+7gyRGshZbyz+53USFZy7KeVxogjH04+ChEEVwXE+sEcFwYqNNEFYUL0rxAOko1E6xZIOwZ49+S9pHlfs08rJbbVcu8jjKIIdsAv2gQ3OQA1cgTpoAAwewBN4Aa/Go/FsvBnv09aCkc9sg18wPr4B3HadoQ==</latexit>

+
X

n

O
n

⇤n�4

<latexit sha1_base64="a/Zu2jOuDF9+ZKjOpuRxpara4yU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQFC9K1LwgWcPsZDYZMju7zMwqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3eRFnStv2t5WZm19YXMou51ZW19Y38ptbNRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fORX3+kUrFQVPQgom6Au4L5jGBtpIeb9l3SkgG6v764rAzb+YJdtMdAs8RJSQFSlNv5r1YnJHFAhSYcK9V07Ei7CZaaEU6HuVasaIRJH3dp01CBA6rcZHz1EO0ZpYP8UJoSGo3V3xMJDpQaBJ7pDLDuqWlvJP7nNWPtn7oJE1GsqSCTRX7MkQ7RKALUYZISzQeGYCKZuRWRHpaYaBNUzoTgTL88S2oHRee4eHR7WCidpXFkYQd2YR8cOIESXEEZqkBAwjO8wpv1ZL1Y79bHpDVjpTPb8AfW5w+A25Hh</latexit>

NRSMEFT

<latexit sha1_base64="a/Zu2jOuDF9+ZKjOpuRxpara4yU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQFC9K1LwgWcPsZDYZMju7zMwqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3eRFnStv2t5WZm19YXMou51ZW19Y38ptbNRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fORX3+kUrFQVPQgom6Au4L5jGBtpIeb9l3SkgG6v764rAzb+YJdtMdAs8RJSQFSlNv5r1YnJHFAhSYcK9V07Ei7CZaaEU6HuVasaIRJH3dp01CBA6rcZHz1EO0ZpYP8UJoSGo3V3xMJDpQaBJ7pDLDuqWlvJP7nNWPtn7oJE1GsqSCTRX7MkQ7RKALUYZISzQeGYCKZuRWRHpaYaBNUzoTgTL88S2oHRee4eHR7WCidpXFkYQd2YR8cOIESXEEZqkBAwjO8wpv1ZL1Y79bHpDVjpTPb8AfW5w+A25Hh</latexit>

NRSMEFT

<latexit sha1_base64="+vonOR7i1Syn49IfD+Hi+AHxxqE=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQixclLlkgM4SeTidp0t0zdPcIYchvePGgiFd/xpt/YyeZgyY+KHi8V0VVvTDmTBvX/XZyC4tLyyv51cLa+sbmVnF7p66jRBFaIxGPVDPEmnImac0ww2kzVhSLkNNGOLga+40nqjSL5KMZxjQQuCdZlxFsrOSnvhLo4WZ0dNu+bxdLbtmdAM0TLyMlyFBtF7/8TkQSQaUhHGvd8tzYBClWhhFORwU/0TTGZIB7tGWpxILqIJ3cPEIHVumgbqRsSYMm6u+JFAuthyK0nQKbvp71xuJ/Xisx3YsgZTJODJVkuqibcGQiNA4AdZiixPChJZgoZm9FpI8VJsbGVLAheLMvz5P6cdk7K5/enZQql1kcediDfTgED86hAtdQhRoQiOEZXuHNSZwX5935mLbmnGxmF/7A+fwBHk2RGQ==</latexit>

SM+NR

<latexit sha1_base64="NvC0gK3VSB3gfy7brqT3cyvvi6g=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bhwUcE+YDqUTCZtQzPJkGQKZehnuHGhiFu/xp1/Y9rOQlsPBA7nnEvuPWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHN5N/daIKs2keDLjhAYx7gvWYwQbK/mdBxuNMLpBo2654lbdGdAy8XJSgRz1bvmrE0mSxlQYwrHWvucmJsiwMoxwOil1Uk0TTIa4T31LBY6pDrLZyhN0YpUI9aSyTxg0U39PZDjWehyHNhljM9CL3lT8z/NT07sOMiaS1FBB5h/1Uo6MRNP7UcQUJYaPLcFEMbsrIgOsMDG2pZItwVs8eZk0z6reZfXi8bxSu83rKMIRHMMpeHAFNbiHOjSAgIRneIU3xzgvzrvzMY8WnHzmEP7A+fwBIA+Qgw==</latexit>

⇤ > v
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• Non redundant basis built up to 
<latexit sha1_base64="8KUsFyFGstUhIYdFea7ONH9fu1w=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVtV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVYv7s8r9Zs8jiIcwTGcggc1qMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMXXjXo=</latexit>

d = 7 [Liao, Ma 1612.04527]

• At              only 1+2 operators exist

<latexit sha1_base64="r6rGMEoSGxUDKaxDorOE7+dNZlE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFe0HtEvJZrNtaJJdkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFHkgWMYKNlR7C61q/XHGr7gxomXg5qUCORr/81QtjkgoqDeFY667nJsbPsDKMcDop9VJNE0xGeEC7lkosqPaz2akTdGKVEEWxsiUNmqm/JzIstB6LwHYKbIZ60ZuK/3nd1ERXfsZkkhoqyXxRlHJkYjT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVRr9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMLPjXg=</latexit>

d = 5

Weinberg operator Higgs operator Dipole operator
<latexit sha1_base64="6Zw41obSvINmMuf6q/Lj2fqboq0="></latexit>

O =
1

⇤
(L̄c

H̃
⇤)(H̃†

L)
<latexit sha1_base64="uD29YJEevCXf7ZboetXlkfNNM00=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSU5VUvMYKlk6oIPqQ2jRyXKe16jiR7SCVtOJXWBhAiJX/YONvcNoM0HKke3V0zr3y9fEiRqWyrG8jt7S8srqWXy9sbG5t75i7ew0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpesPr1G8+ECFpyO/VKCJOgPqc+hQjpSXXPBhXx90y7HhIwBv3rovT7ppFq2RNAReJnZEiyFBzza9OL8RxQLjCDEnZtq1IOQkSimJGJoVOLEmE8BD1SVtTjgIinWR6/QQea6UH/VDo4gpO1d8bCQqkHAWengyQGsh5LxX/89qx8i+dhPIoVoTj2UN+zKAKYRoF7FFBsGIjTRAWVN8K8QAJhJUOrKBDsOe/vEga5ZJ9Xjq7PS1WrrI48uAQHIETYIMLUAFVUAN1gMEjeAav4M14Ml6Md+NjNpozsp198AfG5w+EsZP9</latexit>

|H|2N̄ c
RNR

[Graesser 0704.0438]

<latexit sha1_base64="bmFivGxfum6PlI/vU4wmQ2wWp2Q=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIr2WpG1dSxT6gMx0yadqGJpkhyQhl6C+48VfcuFDErTt3/o1pO4K2Hrhwcs695N4Txowq7ThfVm5peWV1Lb9e2Njc2t6xd/caKkokJnUcsUi2QqQIo4LUNdWMtGJJEA8ZaYbDy4nfvCdS0Ujc6VFMfI76gvYoRtpIgV3yQiThdXDbwdBTtM9RJ/V44olkbERYDX5egV10ys4UcJG4GSmCDLXA/vS6EU44ERozpFTbdWLtp0hqihkZF7xEkRjhIeqTtqECcaL8dHrRGB4ZpQt7kTQlNJyqvydSxJUa8dB0cqQHat6biP957UT3LvyUijjRRODZR72EQR3BSTywSyXBmo0MQVhSsyvEAyQR1ibEggnBnT95kTSOy+5Z+fTmpFipZnHkwQE4BCXggnNQAVegBuoAgwfwBF7Aq/VoPVtv1vusNWdlM/vgD6yPbzS0nUs=</latexit>

N̄ c
R�

µ⌫NRBµ⌫

[Aparici+ 0904.3244][Weinberg ’79]

• At              many more operators appear

Higgs operators & dipoles

<latexit sha1_base64="OrrLnw3wUAx7OkiTBOKlDQougr8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zq1aoX9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMRTjXk=</latexit>

d = 6

Four-fermi operators

<latexit sha1_base64="8XhRTb8XLzQQkEqCkEo/gmItUQE=">AAACFnicbVDLSgMxFM34rPU16tJNsAh1YZkRX8tSN12IVLEP6IxDJk3b0CQzJBmhDP0KN/6KGxeKuBV3/o3pQ9DWAxdOzrmX3HvCmFGlHefLmptfWFxazqxkV9fWNzbtre2aihKJSRVHLJKNECnCqCBVTTUjjVgSxENG6mHvYujX74lUNBK3uh8Tn6OOoG2KkTZSYB/mvRBJeAk9RTsc3aUeTzyRDK6Cm4NS8PPyNGUtAsuBnXMKzghwlrgTkgMTVAL702tFOOFEaMyQUk3XibWfIqkpZmSQ9RJFYoR7qEOahgrEifLT0VkDuG+UFmxH0pTQcKT+nkgRV6rPQ9PJke6qaW8o/uc1E90+91Mq4kQTgccftRMGdQSHGcEWlQRr1jcEYUnNrhB3kURYmySzJgR3+uRZUjsquKeFk+vjXLE0iSMDdsEeyAMXnIEiKIMKqAIMHsATeAGv1qP1bL1Z7+PWOWsyswP+wPr4BpvEnxA=</latexit>

(L̄�µ⌫
NR)Bµ⌫H̃

<latexit sha1_base64="TE4OVD75eAa/M93U7BswbyQphzs="></latexit>

(L̄�µ⌫
NR)�

a
W

a
µ⌫H̃ + h.c.

<latexit sha1_base64="TE4OVD75eAa/M93U7BswbyQphzs="></latexit>

(L̄�µ⌫
NR)�

a
W

a
µ⌫H̃ + h.c.

… and many other

• Focus on              and             dipole operators  

<latexit sha1_base64="r6rGMEoSGxUDKaxDorOE7+dNZlE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFe0HtEvJZrNtaJJdkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFHkgWMYKNlR7C61q/XHGr7gxomXg5qUCORr/81QtjkgoqDeFY667nJsbPsDKMcDop9VJNE0xGeEC7lkosqPaz2akTdGKVEEWxsiUNmqm/JzIstB6LwHYKbIZ60ZuK/3nd1ERXfsZkkhoqyXxRlHJkYjT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVRr9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMLPjXg=</latexit>

d = 5

<latexit sha1_base64="OrrLnw3wUAx7OkiTBOKlDQougr8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zq1aoX9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMRTjXk=</latexit>

d = 6
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 Dipole operator
<latexit sha1_base64="r6rGMEoSGxUDKaxDorOE7+dNZlE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFe0HtEvJZrNtaJJdkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFHkgWMYKNlR7C61q/XHGr7gxomXg5qUCORr/81QtjkgoqDeFY667nJsbPsDKMcDop9VJNE0xGeEC7lkosqPaz2akTdGKVEEWxsiUNmqm/JzIstB6LwHYKbIZ60ZuK/3nd1ERXfsZkkhoqyXxRlHJkYjT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVRr9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMLPjXg=</latexit>

d = 5

EWSB
<latexit sha1_base64="bmFivGxfum6PlI/vU4wmQ2wWp2Q=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIr2WpG1dSxT6gMx0yadqGJpkhyQhl6C+48VfcuFDErTt3/o1pO4K2Hrhwcs695N4Txowq7ThfVm5peWV1Lb9e2Njc2t6xd/caKkokJnUcsUi2QqQIo4LUNdWMtGJJEA8ZaYbDy4nfvCdS0Ujc6VFMfI76gvYoRtpIgV3yQiThdXDbwdBTtM9RJ/V44olkbERYDX5egV10ys4UcJG4GSmCDLXA/vS6EU44ERozpFTbdWLtp0hqihkZF7xEkRjhIeqTtqECcaL8dHrRGB4ZpQt7kTQlNJyqvydSxJUa8dB0cqQHat6biP957UT3LvyUijjRRODZR72EQR3BSTywSyXBmo0MQVhSsyvEAyQR1ibEggnBnT95kTSOy+5Z+fTmpFipZnHkwQE4BCXggnNQAVegBuoAgwfwBF7Aq/VoPVtv1vusNWdlM/vgD6yPbzS0nUs=</latexit>

N̄ c
R�

µ⌫NRBµ⌫
<latexit sha1_base64="bmFivGxfum6PlI/vU4wmQ2wWp2Q=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIr2WpG1dSxT6gMx0yadqGJpkhyQhl6C+48VfcuFDErTt3/o1pO4K2Hrhwcs695N4Txowq7ThfVm5peWV1Lb9e2Njc2t6xd/caKkokJnUcsUi2QqQIo4LUNdWMtGJJEA8ZaYbDy4nfvCdS0Ujc6VFMfI76gvYoRtpIgV3yQiThdXDbwdBTtM9RJ/V44olkbERYDX5egV10ys4UcJG4GSmCDLXA/vS6EU44ERozpFTbdWLtp0hqihkZF7xEkRjhIeqTtqECcaL8dHrRGB4ZpQt7kTQlNJyqvydSxJUa8dB0cqQHat6biP957UT3LvyUijjRRODZR72EQR3BSTywSyXBmo0MQVhSsyvEAyQR1ibEggnBnT95kTSOy+5Z+fTmpFipZnHkwQE4BCXggnNQAVegBuoAgwfwBF7Aq/VoPVtv1vusNWdlM/vgD6yPbzS0nUs=</latexit>

N̄ c
R�

µ⌫NRBµ⌫

<latexit sha1_base64="kISM9/TiNFYNph8VHK1fZb1oJCw=">AAACF3icbZDLSgMxFIYz9VbrrerSTbAIFWGYEW/LqhuXFewFO2XIpGkbmsuQZIQy9C3c+CpuXCjiVne+jWk7iFZ/CPx85xxOzh/FjGrjeZ9Obm5+YXEpv1xYWV1b3yhubtW1TBQmNSyZVM0IacKoIDVDDSPNWBHEI0Ya0eByXG/cEaWpFDdmGJM2Rz1BuxQjY1FYdMswwFIHkpMegudhGvAkEMnoINBUZPT2m+6HxZLnehPBv8bPTAlkqobFj6AjccKJMJghrVu+F5t2ipShmJFRIUg0iREeoB5pWSsQJ7qdTu4awT1LOrArlX3CwAn9OZEirvWQR7aTI9PXs7Ux/K/WSkz3rJ1SESeGCDxd1E0YNBKOQ4Idqgg2bGgNworav0LcRwphY6Ms2BD82ZP/mvqh65+4x9dHpcpFFkce7IBdUAY+OAUVcAWqoAYwuAeP4Bm8OA/Ok/PqvE1bc042sw1+yXn/Arovn7E=</latexit>

(cos!Aµ⌫ + sin!Zµ⌫)
<latexit sha1_base64="TqUX8WjlGNPOt3fTCMd9x8jQqjM=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRLxtSx140Kkgn1AE8LNdNIOnUzCzEQoIQs3/oobF4q49SPc+TdO2yy0emDgcM493LknSBiVyra/jNLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHoBSAJo5y0FVWM9BJBIAoY6Qbjy6nfvSdC0pjfqUlCvAiGnIYUg9KSb1bdUADOXGDJCPzsppnnmXut8wPIfbNm1+0ZrL/EKUgNFWj55qc7iHEaEa4wAyn7jp0oLwOhKGYkr7ipJAngMQxJX1MOEZFeNjsitw61MrDCWOjHlTVTfyYyiKScRIGejECN5KI3Ff/z+qkKL7yM8iRVhOP5ojBlloqtaSPWgAqCFZtoAlhQ/VcLj0C3onRvFV2Cs3jyX9I5rjtn9dPbk1qjWdRRRlV0gI6Qg85RA12hFmojjB7QE3pBr8aj8Wy8Ge/z0ZJRZPbRLxgf31wRmJE=</latexit>↵NB

⇤

<latexit sha1_base64="TqUX8WjlGNPOt3fTCMd9x8jQqjM=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRLxtSx140Kkgn1AE8LNdNIOnUzCzEQoIQs3/oobF4q49SPc+TdO2yy0emDgcM493LknSBiVyra/jNLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHoBSAJo5y0FVWM9BJBIAoY6Qbjy6nfvSdC0pjfqUlCvAiGnIYUg9KSb1bdUADOXGDJCPzsppnnmXut8wPIfbNm1+0ZrL/EKUgNFWj55qc7iHEaEa4wAyn7jp0oLwOhKGYkr7ipJAngMQxJX1MOEZFeNjsitw61MrDCWOjHlTVTfyYyiKScRIGejECN5KI3Ff/z+qkKL7yM8iRVhOP5ojBlloqtaSPWgAqCFZtoAlhQ/VcLj0C3onRvFV2Cs3jyX9I5rjtn9dPbk1qjWdRRRlV0gI6Qg85RA12hFmojjB7QE3pBr8aj8Wy8Ge/z0ZJRZPbRLxgf31wRmJE=</latexit>↵NB

⇤

• Antisymmetric in the flavor structure, dipole with a single RH neutrino vanishes

<latexit sha1_base64="X7NK7kJgm/O0T2MIr2aB0Fpl6Sg=">AAACE3icbVDLSsNAFL3xWesr6tJNsAgiUhLxtSy6cVnBPjANZTKdtEMnkzAzEUrIP7jxV9y4UMStG3f+jdM0grYeGDhzzr137hw/ZlQq2/4y5uYXFpeWSyvl1bX1jU1za7spo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94NfZb90RIGvFbNYqJF6I+pwHFSGmpax6mnXyIK/q+l9pVO8fRDMnusq5Z+blZs8QpSAUK1LvmZ6cX4SQkXGGGpHQdO1ZeioSimJGs3EkkiREeoj5xNeUoJNJL83Uya18rPSuIhD5cWbn6uyNFoZSj0NeVIVIDOe2Nxf88N1HBhZdSHieKcDx5KEiYpSJrHJDVo4JgxUaaICyo3tXCAyQQVjrGsg7Bmf7yLGkeV52z6unNSaV2WcRRgl3YgwNw4BxqcA11aACGB3iCF3g1Ho1n4814n5TOGUXPDvyB8fENJOWZ4w==</latexit>

Z

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

<latexit sha1_base64="Ck3ydLrf5HlX/uUwXejOlMMe4bc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgIYRd8XUMevEYwTwku4TZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xkmyB00saCiquunuChPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho9up336iSrNYPphxQgOBB5JFjGBjpceqX/UHWAjcK1fcmjsDWiZeTiqQo9Erf/n9mKSCSkM41rrruYkJMqwMI5xOSn6qaYLJCA9o11KJBdVBNjt4gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eNzXRdZAxmaSGSjJfFKUcmRhNv0d9pigxfGwJJorZWxEZYoWJsRmVbAje4svLpHVW8y5rF/fnlfpNHkcRjuAYTsGDK6jDHTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPHw7Vj/E=</latexit>, �

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

• Provide new production and decay channels for RH neutrinos

Future Z-fa
ctories

• Improve LEP limits by a factor ~ 100 on 
in clean LNV same-sign lepton final state  

<latexit sha1_base64="8u0pJL26LbMjalTggmQOp2efk9w=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWFhEMA9IljA7e5MMmZ1dZmaFsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHmfM2qs1Ore22hIe+WKW3VnIMvEy0kFctR75a9uGLM0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m6E3JilZD0Y2WfNGSm/p7IaKT1OApsMqJmqBe9qfif10lN/9rPuExSg5LNP+qngpiYTG8nIVfIjBhbQpnidlfChlRRZmxDJVuCt3jyMmmeVb3L6sXDeaV2k9dRhCM4hlPw4ApqcAd1aACDETzDK7w5ifPivDsf82jByWcO4Q+czx8O5Y9n</latexit>

⇤

[DB+ 2011.04725]
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• Photon dipole more relevant for lighter masses and high-intensity experiments

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

Dominant decay mode for 

small enough mixing

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

Production via rare neutral 

meson decay
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• Photon dipole more relevant for lighter masses and high-intensity experiments

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

Dominant decay mode for 

small enough mixing

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

Production via rare neutral 

meson decay

• Decay rate depend on the relative mass splitting between the two sterile states
<latexit sha1_base64="GZX5TWp5p7/nSZolLPQyAo0HIsQ="></latexit>

�(N2 ! N1�) =
1

⇤2

M3
N1

2⇡

�3(2 + �)3

(1 + �)3

<latexit sha1_base64="1SxJIdQfPe2DMv0Lj9RKn/4KVCU=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARurEkxdtGKLpxo1SwF2hCmEwm7dDJhZmJUEJewY2v4saFIm7dufNtnKYRtPXAMB//fw4z53djRoU0jC+ttLC4tLxSXq2srW9sbunbOx0RJRyTNo5YxHsuEoTRkLQllYz0Yk5Q4DLSdUeXE797T7igUXgnxzGxAzQIqU8xkkpy9JrlESYRPIeWzxFOr530xmlkh/ltZln6A45eNepGXnAezAKqoKiWo39aXoSTgIQSMyRE3zRiaaeIS4oZySpWIkiM8AgNSF9hiAIi7DTfKIMHSvGgH3F1Qglz9fdEigIhxoGrOgMkh2LWm4j/ef1E+md2SsM4kSTE04f8hEEZwUk80KOcYMnGChDmVP0V4iFSyUgVYkWFYM6uPA+dRt08qR/fHlWbF0UcZbAH9kENmOAUNMEVaIE2wOABPIEX8Ko9as/am/Y+bS1pxcwu+FPaxzdheJzE</latexit>

� =
MN2 �MN1

MN1

• Small mass splitting implies large
<latexit sha1_base64="HfmaL0X0Atb9+j6nIzrTondbvXE=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsBt8lUEbK4lgHpAN4e5kshkys7vM3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/cEiRQGXffbWVpeWV1bz23kN7e2d3YLe/t1E6ea8RqLZaybARguRcRrKFDyZqI5qEDyRjC4HvuNB66NiKN7HCa8rSCMRE8wQCt1CkU/4Ah+CEoBZdRHSDvZbac8on4YZr5WVI1syi25E9BF4s1IkcxQ7RS+/G7MUsUjZBKMaXlugu0MNAom+Sjvp4YnwAYQ8palEShu2tnkmBE9tkqX9mJtX4R0ov6eyEAZM1SBTSrAvpn3xuJ/XivF3mU7E1GSIo/YdFEvlRRjOm6GdoXmDOXQEmBa2L9S1gcNDG1/eVuCN3/yIqmXS9556ezutFi5mtWRI4fkiJwQj1yQCrkhVVIjjDySZ/JK3pwn58V5dz6m0SVnNnNA/sD5/AH4QJrz</latexit>

��c⌧N2 � m

<latexit sha1_base64="SP97T+exclv5GowBWCAxK4UfTFs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWk+NoIRTeupIJthSaEyXTSDp08mLkRSszCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r3HTwRXYFnfRmlhcWl5pbxaWVvf2Nwyt3faKk4lZS0ai1je+0QxwSPWAg6C3SeSkdAXrOMPr8Z+54FJxePoDkYJc0PSj3jAKQEteebeBXYCSWhm55kDJPWyG6+e555ZtWrWBHie2AWpogJNz/xyejFNQxYBFUSprm0l4GZEAqeC5RUnVSwhdEj6rKtpREKm3Gxyf44PtdLDQSx1RYAn6u+JjIRKjUJfd4YEBmrWG4v/ed0UgnM341GSAovodFGQCgwxHoeBe1wyCmKkCaGS61sxHRAdB+jIKjoEe/bledKu1+zT2sntcbVxWcRRRvvoAB0hG52hBrpGTdRCFD2iZ/SK3own48V4Nz6mrSWjmNlFf2B8/gCkwZXj</latexit>

=
1

⌧N2
<latexit sha1_base64="pobwpGTFOXUgy1wjCm4p1i/IGIM="></latexit>

�d=5

�mix
' 104

✓
1 GeV

mN

◆2 ✓10�6

✓2

◆2 ✓
10 TeV

⇤

◆2 ✓ �

0.1

◆3
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• Many high-intensity experiments can be sensitive to long-long-lived states

<latexit sha1_base64="V6iSrU1Wkjp5eN2PDKb62vluaic=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DJTfC2LbtxZwT6gM5ZMmmlDk8yQZIQyzAe48VfcuFDErR/gzr8xbQfR6oHAyTnnktzjR4wqbdufVm5ufmFxKb9cWFldW98obm41VRhLTBo4ZKFs+0gRRgVpaKoZaUeSIO4z0vKHF2O/dUekoqG40aOIeBz1BQ0oRtpI3WIpcTFi8CotO7Z7kLiSQ54eOvZt9fu2b1J2xZ4A/iVORkogQ71b/HB7IY45ERozpFTHsSPtJUhqihlJC26sSITwEPVJx1CBOFFeMlkmhXtG6cEglOYIDSfqz4kEcaVG3DdJjvRAzXpj8T+vE+vgzEuoiGJNBJ4+FMQM6hCOm4E9KgnWbGQIwpKav0I8QBJhbformBKc2ZX/kma14pxUjq+PSrXzrI482AG7oAwccApq4BLUQQNgcA8ewTN4sR6sJ+vVeptGc1Y2sw1+wXr/AoX7mWY=</latexit>

O(10m� 102 m)

• Clean decay volume allows to detect a single photon signal… with enough En…

• In the         rest frame the photon energy is function of the masses
<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

• Boosting in the laboratory frame

Production mode 
dependent
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High-intensity experiment landscape

SHiP

FASER

NA62 - beam dump

MATHUSLA

CODEX-b
AL3x

MAPP
ANUBIS

FACET…
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FASER

• Exploits the enormous flux of forward particles produced by the LHC
• Cylindrical detector of radius 1m and length 10m + 10m

<latexit sha1_base64="rP4kUXTGfY8uKRfc2bklrEecPP8=">AAACHnicjVDLSsNAFJ34rPUVdelmsAguSkmLrS6LblxWsA9IQplMJ+3QmUmYmQgl5Evc+CtuXCgiuNK/cZpW8AkeuHA45744Qcyo0o7zZi0sLi2vrBbWiusbm1vb9s5uR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gfD71u9dEKhqJKz2Jic/RUNCQYqSN1LfrqZcvceUw8NNqxclR/kGyRs3xyqknOeRZ1rdLHwb8m5TAHK2+/eINIpxwIjRmSCm36sTaT5HUFDOSFb1EkRjhMRoS11CBOFF+mn+WwUOjDGAYSVNCw1z9PJEirtSEB6aTIz1S372p+JvnJjo89VMq4kQTgWeHwoRBHcFpVnBAJcGaTQxBWFLzK8QjJBHWJtHi/0Lo1CrVRqV+eVxqns3jKIB9cACOQBWcgCa4AC3QBhjcgDvwAB6tW+veerKeZ60L1nxmD3yB9foOrHGd3Q==</latexit>

620m

IMPORTANT - FASER IS TAKING DATA NOW!!! 

• Around                of data collected at 13.6 TeV during 2022 running
• First analysis with limits on dark photons out in summer 2023

<latexit sha1_base64="PXQScH99GTLLxmb+Z4kmul+CtqI=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgxpJIfYCbohuXFewDmlgm00k7dGYSZiZKifkUNy4UceuXuPNvnLZZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO3Z5t6WiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLqe+O0HIhWNxJ0ex8TnaCBoSDHSRurZ5ZrjXaae5DAMsvv02M16dsWpOlPAReLmpAJyNHr2l9ePcMKJ0JghpbquE2s/RVJTzEhW8hJFYoRHaEC6hgrEifLT6ekZPDRKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3ndRIcXfkpFnGgi8GxRmDCoIzjJAfapJFizsSEIS2puhXiIJMLapFUyIbjzLy+S1knVPaue3tYq9as8jiLYBwfgCLjgHNTBDWiAJsDgETyDV/BmPVkv1rv1MWstWPnMHvgD6/MH7ZyTKQ==</latexit>

40 fb�1

[FASER 2308.05587]

• Equipped with an eCAL, capable of detecting a single photon signal 
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NA62 - beam dump

• 400 GeV proton beam from SPS dumped on a copper target

IP

<latexit sha1_base64="uyEwVPlqO6w4vl7ab4Y/U2JKkyY=">AAACHXicbZBPS8MwGMZT/zv/VT16CQ7Bwyipzrnehl48TnBTWMtIs2wGk7YkqTBKv4gXv4oXD4p48CJ+G7OuB50+EPjxvO+bvHnChDOlEfqy5uYXFpeWV1Yra+sbm1v29k5XxakktENiHsubECvKWUQ7mmlObxJJsQg5vQ7vzif163sqFYujKz1OaCDwKGJDRrA2Vt+uZ35xSU+OwiBDzrFndFRDThMh1JiA5zW9upefen4t86WAIs/7dhU5qBD8C24JVVCq3bc//EFMUkEjTThWqueiRAcZlpoRTvOKnyqaYHKHR7RnMMKCqiArFsvhgXEGcBhLcyINC/fnRIaFUmMRmk6B9a2arU3M/2q9VA+bQcaiJNU0ItOHhimHOoaTqOCASUo0HxvARDKzKyS3WGKiTaAVE4I7++W/0D1y3IZzclmvts7KOFbAHtgHh8AFp6AFLkAbdAABD+AJvIBX69F6tt6s92nrnFXO7IJfsj6/Ad10ng4=</latexit>

79m

<latexit sha1_base64="nL/B2ELKMIsNudXisPYRXk53oHA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuzxyDXjxGMA/ILmF2MpsMmZldZmaFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7woQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6G7qt5+o0iyWj2ac0EDggWQRI9hYyfcuav5Z5iuBxKRXrrhVdwa0TLycVCBHo1f+8vsxSQWVhnCsdddzExNkWBlGOJ2U/FTTBJMRHtCupRILqoNsdvMEnVilj6JY2ZIGzdTfExkWWo9FaDsFNkO96E3F/7xuaqJakDGZpIZKMl8UpRyZGE0DQH2mKDF8bAkmitlbERlihYmxMZVsCN7iy8ukdV71rqtXD5eV+m0eRxGO4BhOwYMbqMM9NKAJBBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AMJbkOA=</latexit>

138m

• Cylindrical decay volum of 1m radius
• Integrated dataset                            running until LS3 in 2026 

<latexit sha1_base64="M3DfKfHAIIv+QRGD814C8SDQifQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTioxuh6MaVVugL2hgm00k7dGYSZiZCCQF/xY0LRdz6He78G6dtFtp64MLhnHu5954gZlRpx/m2FhaXlldWC2vF9Y3NrW17Z7epokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC8HvutRyIVjURdj2LicdQXNKQYaSP59v6tn3Ylh7W7egYvoes8pG4l8+2SU3YmgPPEzUkJ5Kj59le3F+GEE6ExQ0p1XCfWXoqkppiRrNhNFIkRHqI+6RgqECfKSyfnZ/DIKD0YRtKU0HCi/p5IEVdqxAPTyZEeqFlvLP7ndRIdVryUijjRRODpojBhUEdwnAXsUUmwZiNDEJbU3ArxAEmEtUmsaEJwZ1+eJ82TsntePrs/LVWv8jgK4AAcgmPgggtQBTegBhoAgxQ8g1fwZj1ZL9a79TFtXbDymT3wB9bnD8dElBc=</latexit>

NPOT = 1018

• NA62 is designed as a K factory to search for the rare                          decay                  
- Excellent photon rejection to suppress                 from 

Can it be used for this search as for the                  search? 

- HIKE, upgrade with                                 cancelled, in favor of SHiP 
<latexit sha1_base64="nRyXtCPz5GI0OqamoPg1DjpirJ8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUSsj4VQdONKK/QFTQyT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57/JhRqSzr25ibX1hcWi6sFFfX1jc2za3tpowSgUkDRywSbR9JwmhIGooqRtqxIIj7jLT8wdXIbz0QIWkU1tUwJi5HvZAGFCOlJc/cu/FSR3BYu61n8AJWHEU5kdC27lP7PPPMklW2xoCzxM5JCeSoeeaX041wwkmoMENSdmwrVm6KhKKYkazoJJLECA9Qj3Q0DZFe5qbjNzJ4oJUuDCKhK1RwrP6eSBGXcsh93cmR6stpbyT+53USFZy5KQ3jRJEQTxYFCYMqgqNMYJcKghUbaoKwoPpWiPtIIKx0ckUdgj398ixpHpXtk3Ll7rhUvczjKIBdsA8OgQ1OQRVcgxpoAAwewTN4BW/Gk/FivBsfk9Y5I5/ZAX9gfP4Ae8uXOw==</latexit>

NPOT = 5⇥ 1019

<latexit sha1_base64="wmLuVafOH+/q9GSNnLcnFiyGXmU=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWbE17LoxmUF+4DOUO6kmTY0mQxJplCG/okbF4q49U/c+Tem7Sy09cC9HM65l9ycKOVMG8/7dkpr6xubW+Xtys7u3v6Be3jU0jJThDaJ5FJ1ItCUs4Q2DTOcdlJFQUSctqPR/cxvj6nSTCZPZpLSUMAgYTEjYKzUc10IjAwGIAQses+tejVvDrxK/IJUUYFGz/0K+pJkgiaGcNC663upCXNQhhFOp5Ug0zQFMoIB7VqagKA6zOeXT/GZVfo4lspWYvBc/b2Rg9B6IiI7KcAM9bI3E//zupmJb8OcJWlmaEIWD8UZx0biWQy4zxQlhk8sAaKYvRWTISggxoZVsSH4y19eJa2Lmn9du3q8rNbvijjK6ASdonPkoxtURw+ogZqIoDF6Rq/ozcmdF+fd+ViMlpxi5xj9gfP5A6x0k7M=</latexit>

a ! ��
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SHiP

• High intensity beam-dump experiment
• 400 GeV proton beam dumped on a molybdenum/tungsten target

<latexit sha1_base64="tpfpJjE2ifGoRUrXHxD6krrkRjY=">AAACHXicdVDLSgMxFM3UV62vqks3wSK4KEOmrbXLohuXFewDOkPJpGkbmswMSUYow/yIG3/FjQtFXLgR/8b0IajVAxcO59yb3Hv8iDOlEfqwMiura+sb2c3c1vbO7l5+/6ClwlgS2iQhD2XHx4pyFtCmZprTTiQpFj6nbX98OfXbt1QqFgY3ehJRT+BhwAaMYG2kXr6SuLNHunLoewmyK6hcqtWKSyQtl91i4koBRZr28gVklxCqlhy4TBwbzVAACzR6+Te3H5JY0EATjpXqOijSXoKlZoTTNOfGikaYjPGQdg0NsKDKS2aLpfDEKH04CKWpQMOZ+n0iwUKpifBNp8B6pH57U/EvrxvrQc1LWBDFmgZk/tEg5lCHcBoV7DNJieYTQzCRzOwKyQhLTLQJNGdC+LoU/k9aJdup2mfXlUL9YhFHFhyBY3AKHHAO6uAKNEATEHAHHsATeLburUfrxXqdt2asxcwh+AHr/RPNNJ4H</latexit>

33m

<latexit sha1_base64="ONzJ/mGHm2FCCI01EWhG0BI0fVc=">AAACHXicdVDLSgMxFM3UV62vqks3wSK4KEOmtrXLohuXFewDOkPJpGkbmswMSUYow/yIG3/FjQtFXLgR/8b0IajVAxcO59yb3Hv8iDOlEfqwMiura+sb2c3c1vbO7l5+/6ClwlgS2iQhD2XHx4pyFtCmZprTTiQpFj6nbX98OfXbt1QqFgY3ehJRT+BhwAaMYG2kXr6cuLNHunLoewmyy+isVKsVl0haQW4xcaWAIk17+QKySwhVSw5cJo6NZiiABRq9/JvbD0ksaKAJx0p1HRRpL8FSM8JpmnNjRSNMxnhIu4YGWFDlJbPFUnhilD4chNJUoOFM/T6RYKHURPimU2A9Ur+9qfiX1431oOYlLIhiTQMy/2gQc6hDOI0K9pmkRPOJIZhIZnaFZIQlJtoEmjMhfF0K/yetku1U7cp1uVC/WMSRBUfgGJwCB5yDOrgCDdAEBNyBB/AEnq1769F6sV7nrRlrMXMIfsB6/wTLqJ4G</latexit>

50m

• Decay volume is a square based pyramidal shape

<latexit sha1_base64="x6yB4+PLeXzPYEeXUqF66ZeNyBQ="></latexit>

Ain = 1.0⇥ 2.7m2
<latexit sha1_base64="nNn1jMmh83PkU+rTWFKHSen681c="></latexit>

Aout = 4.0⇥ 6.0m2

• Planned collected dataset 
<latexit sha1_base64="tSrazqX+C6XC6WY3oYqNnYCEZm0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaRodSMU3bjSCn1BE8NkOmmHziRhZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceP2ZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/eDX22w9ESBqFDTWKictRP6QBxUhpyTMPbrzUERzWbxsZvIBVR1FOJLSt+7RiZZ5ZssrWBHCe2DkpgRx1z/xyehFOOAkVZkjKrm3Fyk2RUBQzkhWdRJIY4SHqk66mIdLL3HTyRgaPtNKDQSR0hQpO1N8TKeJSjrivOzlSAznrjcX/vG6ignM3pWGcKBLi6aIgYVBFcJwJ7FFBsGIjTRAWVN8K8QAJhJVOrqhDsGdfnietStmulk/vTkq1yzyOAtgHh+AY2OAM1MA1qIMmwOARPINX8GY8GS/Gu/ExbV0w8pk98AfG5w9xNpc0</latexit>

NPOT = 6⇥ 1020
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Production mode via meson decay

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2
<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

• Event yield given by
Selection efficiency, 

function of geometry,   
~~~threshold

<latexit sha1_base64="wCy8CJ+TlykpSPBCPSH4DVagtG8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQyK4DGCeUCyhN7JbDJkZnadmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e4KE8608bxvZ2l5ZXVtvbBR3Nza3tkt7e03dJwqQusk5rFqhagpZ5LWDTOcthJFUYScNsPhzcRvPlGlWSwfzCihgcC+ZBEjaKzUuu12+igEdktlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVvyLyvn9Wbl6ncdRgEM4ghPw4RKqcAc1qAMBDs/wCm/Oo/PivDsfs9YlJ585gD9wPn8A0MWP1w==</latexit>

E�

Decay probability

Number of mesons

FASER

SHiP, NA62

<latexit sha1_base64="tbIef5TJHFVdEXETExG78ExWISY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchgnlgsoTZSW8yZHZ2mZkVwpK/8OJBEa/+jTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKD2Ev6zIqyO2kV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy//Jc2TqndePbs7rdSu8jiKcACHcAweXEANbqAODWAg4Qle4NXRzrPz5rzPWwtOPrMPv+B8fAMxfZCe</latexit>

fM average number of meson per interaction
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Production mode via meson decay

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2
<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

• Event yield given by
Selection efficiency, 

function of geometry,   
~~~threshold

<latexit sha1_base64="wCy8CJ+TlykpSPBCPSH4DVagtG8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQyK4DGCeUCyhN7JbDJkZnadmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e4KE8608bxvZ2l5ZXVtvbBR3Nza3tkt7e03dJwqQusk5rFqhagpZ5LWDTOcthJFUYScNsPhzcRvPlGlWSwfzCihgcC+ZBEjaKzUuu12+igEdktlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVvyLyvn9Wbl6ncdRgEM4ghPw4RKqcAc1qAMBDs/wCm/Oo/PivDsfs9YlJ585gD9wPn8A0MWP1w==</latexit>

E�

Decay probability

Number of mesons

FASER

SHiP, NA62

<latexit sha1_base64="tbIef5TJHFVdEXETExG78ExWISY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchgnlgsoTZSW8yZHZ2mZkVwpK/8OJBEa/+jTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rG8N+ME/YgOJA85o8ZKD2Ev6zIqyO2kV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy//Jc2TqndePbs7rdSu8jiKcACHcAweXEANbqAODWAg4Qle4NXRzrPz5rzPWwtOPrMPv+B8fAMxfZCe</latexit>

fM average number of meson per interaction

• For FASER momentum and energy 
distribution of different mesons taken from 
FORESEE [Trojanowsky+ 2105.07077] cross-
checked with EPOS-LHC [Pierog+ 1306.0121]                                 

• For NA62 & SHiP fixed target experiments 
used PYTHIA8 cross-check with SHiP 
simulation notes

Fixed-target meson multiplicities
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• Require LLP decay in the decay volume and its trajectory to intersect the eCAL
• Photon threshold 

<latexit sha1_base64="CSArp1DEj4d6oJFKSM+FIzqIRf4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKiiK6rGAf0IQwmU7aoTOTMDMRSsjGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrkd+65FIRWPxoIcJ8TnqCRpRjLSRAnv3JvB6iHMEL6HrHWWe5PCWNPPArjhVZww4S9yCVECBemB/ed0Yp5wIjRlSquM6ifYzJDXFjORlL1UkQXiAeqRjqECcKD8bP5DDA6N0YRRLU0LDsfp7IkNcqSEPTSdHuq+mvZH4n9dJdXThZ1QkqSYCTxZFKYM6hqM0YJdKgjUbGoKwpOZWiPtIIqxNZmUTgjv98ixpHlfds+rp/UmldlXEUQJ7YB8cAhecgxq4A3XQABjk4Bm8gjfryXqx3q2PSeucVczsgD+wPn8AoaiVKg==</latexit>

E� > 1GeV
• Assume negligible background, N=3 contour events
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<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit> ⇤
�
1

<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit> ⇤
�
1

• Require LLP decay in the decay volume and its trajectory to intersect the eCAL
• Photon threshold 

• Smaller mass splitting, softer photons: more likely not to pass the        threshold 
<latexit sha1_base64="VpwDCHkC3pbU2Ixu40bwEFIIDzs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclJAUq66kKKLLCvYBTQiT6aQdOpOEmYlQQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57goRRqWz721hYXFpeWS2sFdc3Nre2zZ3dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCwdXYbz0QIWkc3athQjyOehENKUZKS755cO27PcQ5ghfQtqplp1xxy5krOLwhzZFvlmzLngDOEycnJZCj7ptfbjfGKSeRwgxJ2XHsRHkZEopiRkZFN5UkQXiAeqSjaYQ4kV42eWMEj7TShWEsdEUKTtTfExniUg55oDs5Un05643F/7xOqsJzL6NRkioS4emiMGVQxXCcCexSQbBiQ00QFlTfCnEfCYSVTq6oQ3BmX54nzYrlnFrVu5NS7TKPowD2wSE4Bg44AzVwC+qgATB4BM/gFbwZT8aL8W58TFsXjHxmD/yB8fkDVjKWgw==</latexit>

E� > 0.5, 1, 2GeV

<latexit sha1_base64="CSArp1DEj4d6oJFKSM+FIzqIRf4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKiiK6rGAf0IQwmU7aoTOTMDMRSsjGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrkd+65FIRWPxoIcJ8TnqCRpRjLSRAnv3JvB6iHMEL6HrHWWe5PCWNPPArjhVZww4S9yCVECBemB/ed0Yp5wIjRlSquM6ifYzJDXFjORlL1UkQXiAeqRjqECcKD8bP5DDA6N0YRRLU0LDsfp7IkNcqSEPTSdHuq+mvZH4n9dJdXThZ1QkqSYCTxZFKYM6hqM0YJdKgjUbGoKwpOZWiPtIIqxNZmUTgjv98ixpHlfds+rp/UmldlXEUQJ7YB8cAhecgxq4A3XQABjk4Bm8gjfryXqx3q2PSeucVczsgD+wPn8AoaiVKg==</latexit>

E� > 1GeV

• Limits apply also to inelastic dipole dark matter
<latexit sha1_base64="JHmcWvoVivFaIt9cKr7yui9rovg="></latexit>

L ⇠ 1

⇤
�̄2�

µ⌫�1Bµ⌫

Present NA62 dataset 

~ 1E17 POT

• Assume negligible background, N=3 contour events
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• Sensitivity to the photon energy threshold: vary 
<latexit sha1_base64="VpwDCHkC3pbU2Ixu40bwEFIIDzs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclJAUq66kKKLLCvYBTQiT6aQdOpOEmYlQQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57goRRqWz721hYXFpeWS2sFdc3Nre2zZ3dpoxTgUkDxywW7QBJwmhEGooqRtqJIIgHjLSCwdXYbz0QIWkc3athQjyOehENKUZKS755cO27PcQ5ghfQtqplp1xxy5krOLwhzZFvlmzLngDOEycnJZCj7ptfbjfGKSeRwgxJ2XHsRHkZEopiRkZFN5UkQXiAeqSjaYQ4kV42eWMEj7TShWEsdEUKTtTfExniUg55oDs5Un05643F/7xOqsJzL6NRkioS4emiMGVQxXCcCexSQbBiQ00QFlTfCnEfCYSVTq6oQ3BmX54nzYrlnFrVu5NS7TKPowD2wSE4Bg44AzVwC+qgATB4BM/gFbwZT8aL8W58TFsXjHxmD/yB8fkDVjKWgw==</latexit>

E� > 0.5, 1, 2GeV
<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit> ⇤
�
1

More important for  smaller mass splittings

<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit> ⇤
�
1
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 Dipole operators
<latexit sha1_base64="OrrLnw3wUAx7OkiTBOKlDQougr8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zq1aoX9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMRTjXk=</latexit>

d = 6

<latexit sha1_base64="bizejU0HKYQDRs/9wlnhBsKw0j0="></latexit>

O
6
B = dBL̄Bµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="x+CDckASzFd/vqj5dvmByAFHFbI="></latexit>

O
6
W = dW L̄Wµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="wLtMvoO5t/MUpARAmvo1CuNLBn8=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRX8uiIC5EqtgHdMYhk6ZtaJIZkoxQhn6DG3/FjQtF3Lpy59+YtiNo64ELJ+fcS+49Ycyo0o7zZeVmZufmF/KLhaXlldU1e32jpqJEYlLFEYtkI0SKMCpIVVPNSCOWBPGQkXrYOxv69XsiFY3Ere7HxOeoI2ibYqSNFNh7Xogk9EQSXEJP0Q5Hd6nHEyMM4FVwA8+Dn2dgF52SMwKcJm5GiiBDJbA/vVaEE06Exgwp1XSdWPspkppiRgYFL1EkRriHOqRpqECcKD8dnTSAO0ZpwXYkTQkNR+rviRRxpfo8NJ0c6a6a9Ibif14z0e0TP6UiTjQRePxRO2FQR3CYD2xRSbBmfUMQltTsCnEXSYS1SbFgQnAnT54mtf2Se1Q6vD4olk+zOPJgC2yDXeCCY1AGF6ACqgCDB/AEXsCr9Wg9W2/W+7g1Z2Uzm+APrI9v4bSdow==</latexit>

⌫̄L�
µ⌫NRFµ⌫

<latexit sha1_base64="Sp6uu85R0l+/0qIGcHM5vH4Sbng=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3e91BygE9soVr+rN4C4TPycVyFHvlb+6/ZikgkpDOGrd8b3EBBkqwwink1I31TRBMsIB7VgqUVAdZLN7J+6JVfpuFCtb0rgz9fdEhkLrsQhtp0Az1IveVPzP66Qmug4yJpPUUEnmi6KUuyZ2p8+7faYoMXxsCRLF7K0uGaJCYmxEJRuCv/jyMmmeVf3L6sX9eaV2k8dRhCM4hlPw4QpqcAd1aAABDs/wCm/Oo/PivDsf89aCk88cwh84nz8AqY/2</latexit>

d�

• Similar strategy can be applied at FASER, NA62 & SHiP
[See also Pospelov+ 1803.03262, Greljo+2007.15563, Ismail+ 2109.05032…]
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 Dipole operators
<latexit sha1_base64="OrrLnw3wUAx7OkiTBOKlDQougr8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zq1aoX9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMRTjXk=</latexit>

d = 6

<latexit sha1_base64="bizejU0HKYQDRs/9wlnhBsKw0j0="></latexit>

O
6
B = dBL̄Bµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="x+CDckASzFd/vqj5dvmByAFHFbI="></latexit>

O
6
W = dW L̄Wµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="wLtMvoO5t/MUpARAmvo1CuNLBn8=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRX8uiIC5EqtgHdMYhk6ZtaJIZkoxQhn6DG3/FjQtF3Lpy59+YtiNo64ELJ+fcS+49Ycyo0o7zZeVmZufmF/KLhaXlldU1e32jpqJEYlLFEYtkI0SKMCpIVVPNSCOWBPGQkXrYOxv69XsiFY3Ere7HxOeoI2ibYqSNFNh7Xogk9EQSXEJP0Q5Hd6nHEyMM4FVwA8+Dn2dgF52SMwKcJm5GiiBDJbA/vVaEE06Exgwp1XSdWPspkppiRgYFL1EkRriHOqRpqECcKD8dnTSAO0ZpwXYkTQkNR+rviRRxpfo8NJ0c6a6a9Ibif14z0e0TP6UiTjQRePxRO2FQR3CYD2xRSbBmfUMQltTsCnEXSYS1SbFgQnAnT54mtf2Se1Q6vD4olk+zOPJgC2yDXeCCY1AGF6ACqgCDB/AEXsCr9Wg9W2/W+7g1Z2Uzm+APrI9v4bSdow==</latexit>

⌫̄L�
µ⌫NRFµ⌫

<latexit sha1_base64="Sp6uu85R0l+/0qIGcHM5vH4Sbng=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3e91BygE9soVr+rN4C4TPycVyFHvlb+6/ZikgkpDOGrd8b3EBBkqwwink1I31TRBMsIB7VgqUVAdZLN7J+6JVfpuFCtb0rgz9fdEhkLrsQhtp0Az1IveVPzP66Qmug4yJpPUUEnmi6KUuyZ2p8+7faYoMXxsCRLF7K0uGaJCYmxEJRuCv/jyMmmeVf3L6sX9eaV2k8dRhCM4hlPw4QpqcAd1aAABDs/wCm/Oo/PivDsf89aCk88cwh84nz8AqY/2</latexit>

d�

• Similar strategy can be applied at FASER, NA62 & SHiP

Electron
Muon

[See also Pospelov+ 1803.03262, Greljo+2007.15563, Ismail+ 2109.05032…]
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• T2K is already sensitive to RHN of the minimal see-saw interacting via mixing 
• Sterile neutrino from K decay, decaying in ND280 time projection chamber 

Can T2K play a role?
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• T2K is already sensitive to RHN of the minimal see-saw interacting via mixing 
• Sterile neutrino from K decay, decaying in ND280 time projection chamber 

[T2K 1902.07598]

Can T2K play a role?
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• T2K can have sensitivity also to dipole portal interactions [Arguelles+ 2109.03831]

with a rate                                                        detectable in low density detectors 
as GArTPC. Recasted the T2K HNL search

<latexit sha1_base64="T/5BKKW5A8yKBK7bPG0oXdkrTho=">AAACHnicbVDLSgMxFM34rPVVdekmWAQfWGbE17LoxpUoWBU6tdxJb2swyYxJRihDv8SNv+LGhSKCK/0b0zoLXwcunJxzLzf3RIngxvr+hzc0PDI6Nl6YKE5OTc/Mlubmz0ycaoY1FotYX0RgUHCFNcutwItEI8hI4Hl0fdD3z29RGx6rU9tNsCGho3ibM7BOapa2s5CBoPu9laPQxjRUadgBKeFyLX9SvFx3tbEaGi7xhvqVnXC5WSr7FX8A+pcEOSmTHMfN0lvYilkqUVkmwJh64Ce2kYG2nAnsFcPUYALsGjpYd1SBRNPIBuf16LJTWrQda1fK0oH6fSIDaUxXRq5Tgr0yv72++J9XT217r5FxlaQWFfta1E4FdZf3s6ItrpFZ0XUEmObur5RdgQZmXaJFF0Lw++S/5GyzEuxUtk+2ytX9PI4CWSRLZIUEZJdUySE5JjXCyB15IE/k2bv3Hr0X7/WrdcjLZxbID3jvn4/KoD0=</latexit>

B(N ! ⌫�⇤ ! ⌫e+e�) ' 0.6%

• Instead than the direct                    decay they instead considered the process
<latexit sha1_base64="ZUU0oq7Wq1soeXnPPAZkPZP71V8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKu+DoGvXiSCOYB2SXMTibJkJnZZWZWiEu+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0o408bzvp3Cyura+kZxs7S1vbNbdvf2mzpOFaENEvNYtSOsKWeSNgwznLYTRbGIOG1Fo5up33qkSrNYPphxQkOBB5L1GcHGSl23fBeYGAUyRcEAC4G7bsWrejOgZeLnpAI56l33K+jFJBVUGsKx1h3fS0yYYWUY4XRSClJNE0xGeEA7lkosqA6z2eETdGyVHurHypY0aKb+nsiw0HosItspsBnqRW8q/ud1UtO/CjMmk9RQSeaL+ilH9tdpCqjHFCWGjy3BRDF7KyJDrDAxNquSDcFffHmZNE+r/kX1/P6sUrvO4yjCIRzBCfhwCTW4hTo0gEAKz/AKb86T8+K8Ox/z1oKTzxzAHzifPwwjkrY=</latexit>

N ! ⌫�

• Similar strategy can be applied to the dark dipole, with mass splitting dependence 
and four-fermi operators
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• The RH neutrino production can also occur through the dipole operator via 
up-scattering in the ND280 detector & the upstream bedrock [Liu+ 2412.15051]

• Again considered the                                    
in the GArTPC 

<latexit sha1_base64="T/5BKKW5A8yKBK7bPG0oXdkrTho=">AAACHnicbVDLSgMxFM34rPVVdekmWAQfWGbE17LoxpUoWBU6tdxJb2swyYxJRihDv8SNv+LGhSKCK/0b0zoLXwcunJxzLzf3RIngxvr+hzc0PDI6Nl6YKE5OTc/Mlubmz0ycaoY1FotYX0RgUHCFNcutwItEI8hI4Hl0fdD3z29RGx6rU9tNsCGho3ibM7BOapa2s5CBoPu9laPQxjRUadgBKeFyLX9SvFx3tbEaGi7xhvqVnXC5WSr7FX8A+pcEOSmTHMfN0lvYilkqUVkmwJh64Ce2kYG2nAnsFcPUYALsGjpYd1SBRNPIBuf16LJTWrQda1fK0oH6fSIDaUxXRq5Tgr0yv72++J9XT217r5FxlaQWFfta1E4FdZf3s6ItrpFZ0XUEmObur5RdgQZmXaJFF0Lw++S/5GyzEuxUtk+2ytX9PI4CWSRLZIUEZJdUySE5JjXCyB15IE/k2bv3Hr0X7/WrdcjLZxbID3jvn4/KoD0=</latexit>

B(N ! ⌫�⇤ ! ⌫e+e�) ' 0.6%

• NA280 P0D detector can detect single photon 
but, but background is substantial

• Production and decay controlled by one 
parameter
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Backup slides
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A closer look at the see-saw model

• For              right-handed neutrinos       and         are matrices in flavor space  
<latexit sha1_base64="7KS62SEvNedkGAgEjh/sz/cpkI0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5iHJEmYns8mQ2dllplcIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94DjhfkQHSoSCUbRS47HXVWmvXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2bETcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugyv/UyoJEWu2HxRmEqCMZl+TvpCc4ZybAllWthbCRtSTRnafEo2BG/x5WXSPKt6l9WL+/NK7SaPowhHcAyn4MEV1OAO6tAABgKe4RXeHOW8OO/Ox7y14OQzh/AHzucPxWWOrQ==</latexit>

Y⌫
<latexit sha1_base64="om9N6zgunh8umKVb4vFHkpy9j4o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMryd+4wmV5pF8NKMY/ZD2Je9xRo2VHm47d51iyS27U5BF4mWkBBmqneJXuxuxJERpmKBatzw3Nn5KleFM4LjQTjTGlA1pH1uWShqi9tPpqWNyZJUu6UXKljRkqv6eSGmo9SgMbGdIzUDPexPxP6+VmN6ln3IZJwYlmy3qJYKYiEz+Jl2ukBkxsoQyxe2thA2ooszYdAo2BG/+5UVSPyl75+Wz+9NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c4Tz4rw7H7PWnJPN7MMfOJ8/+VONnA==</latexit>

MN

• The neutrino mass relation changes

<latexit sha1_base64="rUV8DSMzT0kzNiv42OG/gJXAZFA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZLiayMU3bhRKtgH9BEm00k7dDIJM5NCCNm68VfcuFDErX/gzr9x0mahrQcunDnnXube44aMSmVZ30ZhaXllda24XtrY3NreMXf3mjKIBCYNHLBAtF0kCaOcNBRVjLRDQZDvMtJyx9eZ35oQIWnAH1Qckp6Phpx6FCOlJceEvtPlEbyEXU8gnMTZq1+Fk341TW6dO5g6ZtmqWFPARWLnpAxy1B3zqzsIcOQTrjBDUnZsK1S9BAlFMSNpqRtJEiI8RkPS0ZQjn8heMr0khUdaGUAvELq4glP190SCfClj39WdPlIjOe9l4n9eJ1LeRS+hPIwU4Xj2kRcxqAKYxQIHVBCsWKwJwoLqXSEeIR2J0uGVdAj2/MmLpFmt2GeV0/uTcu0qj6MIDsAhOAY2OAc1cAPqoAEweATP4BW8GU/Gi/FufMxaC0Y+sw/+wPj8AQsQmUw=</latexit>

m⌫ =
y2⌫v

2

MN

• One can write                                        with
<latexit sha1_base64="Yk8cowwxEIuh7hGaNbp69PThSwU=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARRKEk4m0jFN24USrYizQ1TKaTduhkEmcmhRLyEG58FTcuFHHrwp1v47TNQlt/GPj4zzmcOb8XMSqVZX0buZnZufmF/GJhaXlldc1c36jJMBaYVHHIQtHwkCSMclJVVDHSiARBgcdI3etdDOv1PhGShvxWDSLSClCHU59ipLTlmvt3rsNjeAYdXyCc2GnST6v3e9CRD0IlThCnY7pyr1PXLFolayQ4DXYGRZCp4ppfTjvEcUC4wgxJ2bStSLUSJBTFjKQFJ5YkQriHOqSpkaOAyFYyOiqFO9ppQz8U+nEFR+7viQQFUg4CT3cGSHXlZG1o/ldrxso/bSWUR7EiHI8X+TGDKoTDhGCbCoIVG2hAWFD9V4i7SKejdI4FHYI9efI01A5K9nHp6OawWD7P4siDLbANdoENTkAZXIIKqAIMHsEzeAVvxpPxYrwbH+PWnJHNbII/Mj5/AP67ntc=</latexit>

Y⌫ =
1

v
U⇤pµ

p
MN

<latexit sha1_base64="s4LVLrhWYt72U6df+MzXuRrMREk=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2Ap1E2ZEW8boejGZYXeoNOWTJppQ5PMmGSEMswTuPFV3LhQxK1rd76N6QXU1h8CH/85h5Pz+xGjSjvOl5VZWl5ZXcuu5zY2t7Z37N29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+8Hpcb9wTqWgoqnoUkTZHfUEDipE2VtcueOpO6sTjcQp/sFOFl5B3PRF3kmLvKO3aeafkTAQXwZ1BHsxU6dqfXi/EMSdCY4aUarlOpNsJkppiRtKcFysSITxEfdIyKBAnqp1MzklhwTg9GITSPKHhxP09kSCu1Ij7ppMjPVDztbH5X60V6+CinVARxZoIPF0UxAzqEI6zgT0qCdZsZABhSc1fIR4gibA2CeZMCO78yYtQPy65Z6XT25N8+WoWRxYcgENQBC44B2VwAyqgBjB4AE/gBbxaj9az9Wa9T1sz1mxmH/yR9fENUu6cRA==</latexit>p
µ
p
µT = m(d)

⌫

<latexit sha1_base64="srdEmlDmD5o1SuajkZArulI03J4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiS+l0U3rqSCfUATymQ6aYdOJmHmRimxn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPkAiuwXG+rcLS8srqWnG9tLG5tb1jl3ebOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh9cRvPTCleSzvYZQwPyJ9yUNOCRipa5dPsAc8YhpnHiUC3467dsWpOlPgReLmpIJy1Lv2l9eLaRoxCVQQrTuuk4CfEQWcCjYuealmCaFD0mcdQyUx2/xsevoYHxqlh8NYmZKAp+rviYxEWo+iwHRGBAZ63puI/3mdFMJLP+MySYFJOlsUpgJDjCc54B5XjIIYGUKo4uZWTAdEEQomrZIJwZ1/eZE0j6vuefXs7rRSu8rjKKJ9dICOkIsuUA3doDpqIIoe0TN6RW/Wk/VivVsfs9aClc/soT+wPn8AFNqTQg==</latexit>

3⇥N

<latexit sha1_base64="1eWWVgKJO6moR4edfEL6lakILSc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiSCOYB2SX0TibJkNnZZWZWCEt+w4sHRbz6M978GyfJHjRa0FBUddPdFSaCa+O6X05haXllda24XtrY3NreKe/uNXWcKsoaNBaxaoeomeCSNQw3grUTxTAKBWuFo5up33pkSvNYPphxwoIIB5L3OUVjJT/zKQpyNyFXxOuWK27VnYH8JV5OKpCj3i1/+r2YphGThgrUuuO5iQkyVIZTwSYlP9UsQTrCAetYKjFiOshmN0/IkVV6pB8rW9KQmfpzIsNI63EU2s4IzVAvelPxP6+Tmv5lkHGZpIZJOl/UTwUxMZkGQHpcMWrE2BKkittbCR2iQmpsTCUbgrf48l/SPKl659Wz+9NK7TqPowgHcAjH4MEF1OAW6tAACgk8wQu8Oqnz7Lw57/PWgpPP7MMvOB/fYc6QnQ==</latexit>

N > 1

  matrix
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• Then decompose
<latexit sha1_base64="YjK/WNnErPvV1dGzVr1TwE8o41s=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIrkoi3jZC0Y3LKvYCTSiT6aQdOpPEmYlQQlZufBU3LhRx6zO4822cXhba+sPAx3/O4cz5g4QzpR3n25qbX1hcWi6sFFfX1jc27a3tuopTSWiNxDyWzQAryllEa5ppTpuJpFgEnDaC/tWw3nigUrE4utODhPoCdyMWMoK1sdr2nqfupc48keYXaMwiR5lHMEe3edsuOWVnJDQL7gRKMFG1bX95nZikgkaacKxUy3US7WdYakY4zYteqmiCSR93actghAVVfjY6I0cHxumgMJbmRRqN3N8TGRZKDURgOgXWPTVdG5r/1VqpDs/9jEVJqmlExovClCMdo2EmqMMkJZoPDGAimfkrIj0sMdEmuaIJwZ0+eRbqR2X3tHxyc1yqXE7iKMAu7MMhuHAGFbiGKtSAwCM8wyu8WU/Wi/VufYxb56zJzA78kfX5A5KhmTE=</latexit>p
µ =

p
mR

<latexit sha1_base64="srdEmlDmD5o1SuajkZArulI03J4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiS+l0U3rqSCfUATymQ6aYdOJmHmRimxn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPkAiuwXG+rcLS8srqWnG9tLG5tb1jl3ebOk4VZQ0ai1i1A6KZ4JI1gINg7UQxEgWCtYLh9cRvPTCleSzvYZQwPyJ9yUNOCRipa5dPsAc8YhpnHiUC3467dsWpOlPgReLmpIJy1Lv2l9eLaRoxCVQQrTuuk4CfEQWcCjYuealmCaFD0mcdQyUx2/xsevoYHxqlh8NYmZKAp+rviYxEWo+iwHRGBAZ63puI/3mdFMJLP+MySYFJOlsUpgJDjCc54B5XjIIYGUKo4uZWTAdEEQomrZIJwZ1/eZE0j6vuefXs7rRSu8rjKKJ9dICOkIsuUA3doDpqIIoe0TN6RW/Wk/VivVsfs9aClc/soT+wPn8AFNqTQg==</latexit>

3⇥N matrix containing the physical neutrino masses
<latexit sha1_base64="YjK/WNnErPvV1dGzVr1TwE8o41s=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIrkoi3jZC0Y3LKvYCTSiT6aQdOpPEmYlQQlZufBU3LhRx6zO4822cXhba+sPAx3/O4cz5g4QzpR3n25qbX1hcWi6sFFfX1jc27a3tuopTSWiNxDyWzQAryllEa5ppTpuJpFgEnDaC/tWw3nigUrE4utODhPoCdyMWMoK1sdr2nqfupc48keYXaMwiR5lHMEe3edsuOWVnJDQL7gRKMFG1bX95nZikgkaacKxUy3US7WdYakY4zYteqmiCSR93actghAVVfjY6I0cHxumgMJbmRRqN3N8TGRZKDURgOgXWPTVdG5r/1VqpDs/9jEVJqmlExovClCMdo2EmqMMkJZoPDGAimfkrIj0sMdEmuaIJwZ0+eRbqR2X3tHxyc1yqXE7iKMAu7MMhuHAGFbiGKtSAwCM8wyu8WU/Wi/VufYxb56zJzA78kfX5A5KhmTE=</latexit>p
µ =

p
mRis a

<latexit sha1_base64="Gb3fP0/tRcabLkJ53JeCrlSOllk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjFPCBZwuxkNhkyO7vO9AphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2IlYPOEq4H9G+EqFgFK3UyjqMSnI/7pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9d0yOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk+dJT2jOUI4soUwLeythA6opQxtR0Ybgzb+8SBqnFe+icn53Vq5e53EU4BCO4AQ8uIQq3EIN6sBAwjO8wpvz6Lw4787HrHXJyWcO4A+czx+98I/K</latexit>

R
<latexit sha1_base64="RXag7ZVvbwX5QqI/NZ2/idWh3Q8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJ+FoW3biSCvYBTSiT6aQdOpmEmYlQQt34K25cKOLWv3Dn3zhtI2jrgYFzz7mXO/cECWdKO86XVVhYXFpeKa6W1tY3Nrfs7Z2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPB1dhv3lOpWCzu9DChfoR7goWMYG2kjr2XeQRzdDNCnmYRVein7thlp+JMgOaJm5My5Kh17E+vG5M0okITjpVqu06i/QxLzQino5KXKppgMsA92jZUYLPNzyYXjNChUboojKV5QqOJ+nsiw5FSwygwnRHWfTXrjcX/vHaqwws/YyJJNRVkuihMOdIxGseBukxSovnQEEwkM39FpI8lJtqEVjIhuLMnz5PGccU9q5zenpSrl3kcRdiHAzgCF86hCtdQgzoQeIAneIFX69F6tt6s92lrwcpnduEPrI9veXqWRw==</latexit>

N ⇥Nis a                 complex orthogonal matrix

Take now the scenario               so that 
<latexit sha1_base64="x/eHg33cEYTW6xkXvvRP+78XX0g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yIEvXiSCOaByRJmJ51kyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6387S8srq2npuI7+5tb2zW9jbr+soUQxrLBKRagZUo+ASa4Ybgc1YIQ0DgY1geDPxG0+oNI/kgxnF6Ie0L3mPM2qs9Ji2GRXkbnxV7hSKbsmdgiwSLyNFyFDtFL7a3YglIUrDBNW65bmx8VOqDGcCx/l2ojGmbEj72LJU0hC1n04vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9C79lMs4MSjZbFEvEcREZPI+6XKFzIiRJZQpbm8lbEAVZcaGlLchePMvL5J6ueSdl87uT4uV6yyOHBzCEZyABxdQgVuoQg0YSHiGV3hztPPivDsfs9YlJ5s5gD9wPn8AsC6QSQ==</latexit>

N = 2
<latexit sha1_base64="bQdZbwQ+bOtHnfiP/htcEfIl0oM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAsiyzk9lkyMzsOjMbCEu+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0w408Z1v53Cyura+kZxs7S1vbO7V94/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDu+mfmtElWaxfDTjhPoC9yWLGMHGSr4Isq5MA2+CbpAblCtu1Z0BLRMvJxXIUQ/KX91eTFJBpSEca93x3MT4GVaGEU4npW6qaYLJEPdpx1KJBdV+Njt6gk6s0kNRrGxJg2bq74kMC63HIrSdApuBXvSm4n9eJzXRtZ8xmaSGSjJfFKUcmRhNE0A9pigxfGwJJorZWxEZYIWJsTmVbAje4svLpHlW9S6rFw/nldptHkcRjuAYTsGDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxby04+cwh/IHz+QN+QJFG</latexit>

m⌫1 = 0

Normal hierarchy Inverted hierarchy
<latexit sha1_base64="bQdZbwQ+bOtHnfiP/htcEfIl0oM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAsiyzk9lkyMzsOjMbCEu+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0w408Z1v53Cyura+kZxs7S1vbO7V94/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDu+mfmtElWaxfDTjhPoC9yWLGMHGSr4Isq5MA2+CbpAblCtu1Z0BLRMvJxXIUQ/KX91eTFJBpSEca93x3MT4GVaGEU4npW6qaYLJEPdpx1KJBdV+Njt6gk6s0kNRrGxJg2bq74kMC63HIrSdApuBXvSm4n9eJzXRtZ8xmaSGSjJfFKUcmRhNE0A9pigxfGwJJorZWxEZYIWJsTmVbAje4svLpHlW9S6rFw/nldptHkcRjuAYTsGDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxby04+cwh/IHz+QN+QJFG</latexit>

m⌫1 = 0
<latexit sha1_base64="6WhbOlZcPFH4HuNXCOopY6k8wDg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquS1OtKim5cVrAXaEOYTKft0MkkzEyEEgK+ihsXirj1Odz5Nk7bLLT1h4GP/5zDOfMHMWdKO863VVhaXlldK66XNja3tnfs3b2mihJJaINEPJLtACvKmaANzTSn7VhSHAactoLR7aTeeqRSsUg86HFMvRAPBOszgrWxfPsg9NOuSPzTDF2jnKuZb5edijMVWgQ3hzLkqvv2V7cXkSSkQhOOleq4Tqy9FEvNCKdZqZsoGmMywgPaMShwSJWXTs/P0LFxeqgfSfOERlP390SKQ6XGYWA6Q6yHar42Mf+rdRLdv/JSJuJEU0Fmi/oJRzpCkyxQj0lKNB8bwEQycysiQywx0SaxkgnBnf/yIjSrFfeicn5/Vq7d5HEU4RCO4ARcuIQa3EEdGkAghWd4hTfryXqx3q2PWWvBymf24Y+szx92ppUu</latexit>

m⌫3 > m⌫2

<latexit sha1_base64="vVI39RV0rGiQU+7n0C1dzfq5fvM=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSFG8rKbpxWcG2QhvCZDpph04mYWYilBDwVdy4UMStz+HOt3HaZqGtPwx8/Occzpk/SDhT2nG+rdLS8srqWnm9srG5tb1j7+61VZxKQlsk5rF8CLCinAna0kxz+pBIiqOA004wupnUO49UKhaLez1OqBfhgWAhI1gby7cPIj/ridSv5+gKFezmvl11as5UaBHcAqpQqOnbX71+TNKICk04VqrrOon2Miw1I5zmlV6qaILJCA9o16DAEVVeNj0/R8fG6aMwluYJjabu74kMR0qNo8B0RlgP1XxtYv5X66Y6vPQyJpJUU0Fmi8KUIx2jSRaozyQlmo8NYCKZuRWRIZaYaJNYxYTgzn95Edr1mnteO7s7rTauizjKcAhHcAIuXEADbqEJLSCQwTO8wpv1ZL1Y79bHrLVkFTP78EfW5w9zkJUs</latexit>

m⌫2 > m⌫1

<latexit sha1_base64="DiIOtLa2CtHiLyOQRPpBls5hpRE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKez6vghBLx4jmAckyzI7mU2GzMyuM7OBsOQ7vHhQxKsf482/cZLsQaMFDUVVN91dYcKZNq775RSWlldW14rrpY3Nre2d8u5eU8epIrRBYh6rdog15UzShmGG03aiKBYhp61weDv1WyOqNIvlgxkn1Be4L1nECDZW8kWQdWUanE7QNXKDcsWtujOgv8TLSQVy1IPyZ7cXk1RQaQjHWnc8NzF+hpVhhNNJqZtqmmAyxH3asVRiQbWfzY6eoCOr9FAUK1vSoJn6cyLDQuuxCG2nwGagF72p+J/XSU105WdMJqmhkswXRSlHJkbTBFCPKUoMH1uCiWL2VkQGWGFibE4lG4K3+PJf0jypehfV8/uzSu0mj6MIB3AIx+DBJdTgDurQAAKP8AQv8OqMnGfnzXmftxacfGYffsH5+AaBUpFI</latexit>

m⌫3 = 0

<latexit sha1_base64="bnsBn+U13JqrMXxJxmAUCIC/hJ4=">AAACH3icbZBNSwMxEIazflu/qh69BIvgqeyKVo+iHjwq2A/oliWbTjWYZNdkVihr/4kX/4oXD4qIN/+NaV1ErQOBl+edYTJvnEph0fc/vInJqemZ2bn50sLi0vJKeXWtYZPMcKjzRCamFTMLUmioo0AJrdQAU7GEZnx9PPSbt2CsSPQF9lPoKHapRU9whg5F5ZqK8lBn0c6AhlYouKEFCL7BXXgCEtnIMIoyVIO7qFzxq/6o6LgIClEhRZ1F5fewm/BMgUYumbXtwE+xkzODgksYlMLMQsr4NbuEtpOaKbCdfHTfgG450qW9xLinkY7oz4mcKWv7KnadiuGV/esN4X9eO8PeQScXOs0QNP9a1MskxYQOw6JdYYCj7DvBuBHur5RfMcM4ukhLLoTg78njorFTDWrVvfPdyuFREccc2SCbZJsEZJ8cklNyRuqEk3vySJ7Ji/fgPXmv3ttX64RXzKyTX+V9fAJUiqMt</latexit>

m⌫2 ' m⌫1 ' |�matm|
<latexit sha1_base64="MAQgVo+9eroODdrGVqBRul/mEYM=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrvBVyMEtbCMYB6QhGV2MpsMmccyMyuETVobf8XGQhFb/8DOv3GySaGJBy4czrmXe+8JY0a18bxvJ7e0vLK6ll8vbGxube+4u3t1LROFSQ1LJlUzRJowKkjNUMNIM1YE8ZCRRji4nviNB6I0leLeDGPS4agnaEQxMlYKXMiDtC2SoDyGl3DUviHMoExTHGrJxqPALXolLwNcJP6MFMEM1cD9anclTjgRBjOkdcv3YtNJkTIUMzIutBNNYoQHqEdalgrEie6k2SdjeGSVLoyksiUMzNTfEyniWg95aDs5Mn09703E/7xWYqKLTkpFnBgi8HRRlDBoJJzEArtUEWzY0BKEFbW3QtxHCmFjwyvYEPz5lxdJvVzyz0qndyfFytUsjjw4AIfgGPjgHFTALaiCGsDgETyDV/DmPDkvzrvzMW3NObOZffAHzucP1pKZ0Q==</latexit>

m⌫2 = |�msol|
<latexit sha1_base64="D+CLgjnOAyRLsO4tdghAAYtFo6o=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV3fjRDUwjKCeUASltnJJBkyM7vM3BXCZlsbf8XGQhFb/8DOv3HyKDTxwIXDOfdy7z1BJLgB1/12MguLS8sr2dXc2vrG5lZ+e6dqwlhTVqGhCHU9IIYJrlgFOAhWjzQjMhCsFvSvR37tgWnDQ3UPg4i1JOkq3uGUgJX8PJZ+0lSxf5ziSzxs3jABZKxpiQnIdOjnC27RHQPPE29KCmiKsp//arZDGkumgApiTMNzI2glRAOngqW5ZmxYRGifdFnDUkUkM61k/EmKD6zSxp1Q21KAx+rviYRIYwYysJ2SQM/MeiPxP68RQ+eilXAVxcAUnSzqxAJDiEex4DbXjIIYWEKo5vZWTHtEEwo2vJwNwZt9eZ5Uj4reWfH07qRQuprGkUV7aB8dIg+doxK6RWVUQRQ9omf0it6cJ+fFeXc+Jq0ZZzqzi/7A+fwBxceZxg==</latexit>

m⌫3 = |�matm|,

• For both cases                                           with
<latexit sha1_base64="eLLdQbrbNoHqMxhbLDCq07MJ8MA="></latexit>

R =

✓
cos z ± sin z
� sin z ± cos z

◆
<latexit sha1_base64="V3iJlMvI3s++K3BMSatkhNllHkQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJKIr41QdOOygn1AE8rNdNIOnUnCzERoQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wkSzpR2nG9rYXFpeWW1sFZc39jc2rZ3dusqTiWhNRLzWDYDUJSziNY005w2E0lBBJw2gv7t2G88UqlYHD3oQUJ9Ad2IhYyANlLb3h/ia+wFVAM+wQx7XRAC2nbJKTsT4Hni5qSEclTb9pfXiUkqaKQJB6VarpNoPwOpGeF0VPRSRRMgfejSlqERCKr8bHL9CB8ZpYPDWJqKNJ6ovycyEEoNRGA6BeiemvXG4n9eK9XhlZ+xKEk1jch0UZhyrGM8jgJ3mKRE84EhQCQzt2LSAwlEm8CKJgR39uV5Uj8tuxfl8/uzUuUmj6OADtAhOkYuukQVdIeqqIYIGqJn9IrerCfrxXq3PqatC1Y+s4f+wPr8AR8Bk78=</latexit>

z = � + i� [Casas, Ibarra 0103065]
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• The mass relation becomes
<latexit sha1_base64="X7TzA1BaVknQAgPiVxlXQURAtdY="></latexit>

Y⌫ =
1

v
U⇤pmR

p
MN

• And the active-sterile mixing is
<latexit sha1_base64="kUT1JoE9lTNUe8tMHHR4XoCcwrU=">AAACHnicbVDJSgNBEO2JW4zbqEcvjUEQwTAjRr0IQS9elChmgUwMPZ2epEnPYneNEIb5Ei/+ihcPigie9G/sLAdNfFDweK+KqnpuJLgCy/o2MjOzc/ML2cXc0vLK6pq5vlFVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dD/zaA5OKh8Et9CPW9Ekn4B6nBLTUMosOdBkQfIr3ceVuDzvqXkLipzhxKBH4JsWOJwlN7DQZWZetqzRtmXmrYA2Bp4k9Jnk0RrllfjrtkMY+C4AKolTDtiJoJkQCp4KlOSdWLCK0RzqsoWlAfKaayfC9FO9opY29UOoKAA/V3xMJ8ZXq+67u9Al01aQ3EP/zGjF4J82EB1EMLKCjRV4sMIR4kBVuc8koiL4mhEqub8W0S3QcoBPN6RDsyZenSfWgYB8ViteH+dLZOI4s2kLbaBfZ6BiV0AUqowqi6BE9o1f0ZjwZL8a78TFqzRjjmU30B8bXDx05ofI=</latexit>

✓ = �U⇤pmR 1p
MN

• For real             one has

<latexit sha1_base64="eKtriPtVCBzOsdtJaAh4M4P0wQk="></latexit>

✓ '
✓

m⌫

MN

◆ 1
2

' 7⇥ 10�6

✓
1GeV

MN

◆ 1
2

<latexit sha1_base64="8xCrKX51yCDd9wXkqUqj1Ls1OvE=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dM5GFgQ2aHBibM7K4zsya44Su8eNAYr36ON//GAfagYCWdVKq6090VxIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZQohjUWiUg1A6pR8BBrhhuBzVghlYHARjC8nviNR1SaR+GdGcXoS9oPeY8zaqx0/9TWXOID8TrFklt2pyCLxMtICTJUO8WvdjdiicTQMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYsDalE7afTg8fkyCpd0ouUrdCQqfp7IqVS65EMbKekZqDnvYn4n9dKTO/ST3kYJwZDNlvUSwQxEZl8T7pcITNiZAllittbCRtQRZmxGRVsCN78y4ukflL2zstnt6elylUWRx4O4BCOwYMLqMANVKEGDCQ8wyu8Ocp5cd6dj1lrzslm9uEPnM8fYFuQJA==</latexit>

z ' 1

• For complex      and              get  
<latexit sha1_base64="8xCrKX51yCDd9wXkqUqj1Ls1OvE=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dM5GFgQ2aHBibM7K4zsya44Su8eNAYr36ON//GAfagYCWdVKq6090VxIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZQohjUWiUg1A6pR8BBrhhuBzVghlYHARjC8nviNR1SaR+GdGcXoS9oPeY8zaqx0/9TWXOID8TrFklt2pyCLxMtICTJUO8WvdjdiicTQMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYsDalE7afTg8fkyCpd0ouUrdCQqfp7IqVS65EMbKekZqDnvYn4n9dKTO/ST3kYJwZDNlvUSwQxEZl8T7pcITNiZAllittbCRtQRZmxGRVsCN78y4ukflL2zstnt6elylUWRx4O4BCOwYMLqMANVKEGDCQ8wyu8Ocp5cd6dj1lrzslm9uEPnM8fYFuQJA==</latexit>

z ' 1
<latexit sha1_base64="DWRUu82wRY0speF8479ZHQk6P4I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUCbbTbp0Nwm7G6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ndLK6tr6RnmzsrW9s7tX3T941GmuKGvRVKSqE6JmgiesZbgRrJMphjIUrB0Ob6d++4kpzdPkwYwyFkiMEx5xisZKvh+jlEj8OCZer1pz6+4MZJl4BalBgWav+uX3U5pLlhgqUOuu52YmGKMynAo2qfi5ZhnSIcasa2mCkulgPLt5Qk6s0idRqmwlhszU3xNjlFqPZGg7JZqBXvSm4n9eNzfRdTDmSZYbltD5oigXxKRkGgDpc8WoESNLkCpubyV0gAqpsTFVbAje4svL5PGs7l3WL+7Pa42bIo4yHMExnIIHV9CAO2hCCyhk8Ayv8Obkzovz7nzMW0tOMXMIf+B8/gDpY5D2</latexit>

� � 1

<latexit sha1_base64="sWbZus/RacWWXkv2MZ/X2qsko1U="></latexit>

✓ ' 7⇥ 10�6e��i�

✓
1GeV

MN

◆ 1
2
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Dipole at high-intensity experiments

• High-intensity experiments can give an additional handle to test dipole interactions
• Active-sterile dipole                                 thoroughly studied

<latexit sha1_base64="wLtMvoO5t/MUpARAmvo1CuNLBn8=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRX8uiIC5EqtgHdMYhk6ZtaJIZkoxQhn6DG3/FjQtF3Lpy59+YtiNo64ELJ+fcS+49Ycyo0o7zZeVmZufmF/KLhaXlldU1e32jpqJEYlLFEYtkI0SKMCpIVVPNSCOWBPGQkXrYOxv69XsiFY3Ere7HxOeoI2ibYqSNFNh7Xogk9EQSXEJP0Q5Hd6nHEyMM4FVwA8+Dn2dgF52SMwKcJm5GiiBDJbA/vVaEE06Exgwp1XSdWPspkppiRgYFL1EkRriHOqRpqECcKD8dnTSAO0ZpwXYkTQkNR+rviRRxpfo8NJ0c6a6a9Ibif14z0e0TP6UiTjQRePxRO2FQR3CYD2xRSbBmfUMQltTsCnEXSYS1SbFgQnAnT54mtf2Se1Q6vD4olk+zOPJgC2yDXeCCY1AGF6ACqgCDB/AEXsCr9Wg9W2/W+7g1Z2Uzm+APrI9v4bSdow==</latexit>

⌫̄L�
µ⌫NRFµ⌫

[Pospelov+ 1803.03262, Greljo+2007.15563, Ismail+ 2109.05032…]

[Greljo+2007.15563] [Pospelov+1803.03262]

• Above the EW scale arises from                             invariant             operators 
<latexit sha1_base64="T5qdmZr/U3Y5hqLDd7xUpmg40GI=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQkkvYDb6OQS8ePER0k0iyLLOTSTJk9sFMrxCWgL/ixYMiXv0Ob/6Nk2QPmljQUFR1093lx4IrsKxvI7e0vLK6ll8vbGxube+Yu3sNFSWSModGIpItnygmeMgc4CBYK5aMBL5gTX94NfGbj0wqHoX3MIqZG5B+yHucEtCSZx7cOaVq2bvBHeABU9gp2WXvwTOLVsWaAi8SOyNFlKHumV+dbkSTgIVABVGqbVsxuCmRwKlg40InUSwmdEj6rK1pSPQuN52eP8bHWuniXiR1hYCn6u+JlARKjQJfdwYEBmrem4j/ee0EehduysM4ARbS2aJeIjBEeJIF7nLJKIiRJoRKrm/FdEAkoaATK+gQ7PmXF0mjWrHPKqe3J8XaZRZHHh2iI1RCNjpHNXSN6shBFKXoGb2iN+PJeDHejY9Za87IZvbRHxifPxnOk6o=</latexit>

SU(2)L ⇥ U(1)Y
<latexit sha1_base64="bizejU0HKYQDRs/9wlnhBsKw0j0="></latexit>

O
6
B = dBL̄Bµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="x+CDckASzFd/vqj5dvmByAFHFbI="></latexit>

O
6
W = dW L̄Wµ⌫H̃�

µ⌫
NR

<latexit sha1_base64="Sp6uu85R0l+/0qIGcHM5vH4Sbng=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3e91BygE9soVr+rN4C4TPycVyFHvlb+6/ZikgkpDOGrd8b3EBBkqwwink1I31TRBMsIB7VgqUVAdZLN7J+6JVfpuFCtb0rgz9fdEhkLrsQhtp0Az1IveVPzP66Qmug4yJpPUUEnmi6KUuyZ2p8+7faYoMXxsCRLF7K0uGaJCYmxEJRuCv/jyMmmeVf3L6sX9eaV2k8dRhCM4hlPw4QpqcAd1aAABDs/wCm/Oo/PivDsf89aCk88cwh84nz8AqY/2</latexit>

d�

<latexit sha1_base64="OrrLnw3wUAx7OkiTBOKlDQougr8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zq1aoX9+eV+k0eRxGO4BhOwYNLqMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMRTjXk=</latexit>

d = 6

• Many pheno studies at present and future experiments 

<latexit sha1_base64="AKAvaos8JHacG8v1buuVlU8jguw=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgIYRd8XUMevEYwTwwWcLsZDYZMjO7zMwKYckvePGgiFd/yJt/42yyB00saCiquunuCmLOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH8wkpr7AQ8lCRrDJpGqv+tgvV9yaOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsJrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdVbzLmsX9+eV+k0eRxGO4BhOwYMrqMMdNKAJBEbwDK/w5gjnxXl3PuatBSefOYQ/cD5/AD0Jjbo=</latexit>

, Z
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FASERv

• FASER is also sensitive to SM neutrinos produced at the LHC, through FASERv
• Huge number of high-energy forward neutrinos from hadron decay in pp collisions

25cm x 25 cm x 1.35 m tungsten

<latexit sha1_base64="F4Kju7978dl8OYpwKvLmJuAuACc=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQIoSwG+KjDNrYGcE8IFnD7GQ2GTL7YGZWCMs2/oqNhSK2foadf+Mk2UITD9zL4Zx7mbnHjTiTyrK+jaXlldW19dxGfnNre2fX3NtvyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7up74rUcqJAuDezWOqOPjQcA8RrDSUs88TLoEc3SbFm3roVLSrVpCtnXaMwtW2ZoCLRI7IwXIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhN891Y0giTER7QjqYB9ql0kukBKTrRSh95odAVKDRVf28k2Jdy7Lt60sdqKOe9ifif14mVd+kkLIhiRQMye8iLOVIhmqSB+kxQovhYE0wE039FZIgFJkpnltch2PMnL5JmpWyfl8/uqoXaVRZHDo7gGIpgwwXU4Abq0AACKTzDK7wZT8aL8W58zEaXjGznAP7A+PwBQSSTnA==</latexit>

O(102, 104, 10)                                                     interactions<latexit sha1_base64="FwfU/771UrR2Yr8RkigvS2G5GeQ=">AAACA3icbZDLSsNAFIYn9VbrLepON8EiuCglEW/QTdGNywr2Ak0Ik+mkHTqZhLkIJRTc+CpuXCji1pdw59s4SbPQ1gPDfPz/OcycP0goEdK2v43S0vLK6lp5vbKxubW9Y+7udUSsOMJtFNOY9wIoMCUMtyWRFPcSjmEUUNwNxjeZ333AXJCY3ctJgr0IDhkJCYJSS7554DLl45rbyG43Um6jlpOEyjerdt3Oy1oEp4AqKKrlm1/uIEYqwkwiCoXoO3YivRRySRDF04qrBE4gGsMh7mtkMMLCS/MdptaxVgZWGHN9mLRy9fdECiMhJlGgOyMoR2Ley8T/vL6S4ZWXEpYoiRmaPRQqasnYygKxBoRjJOlEA0Sc6L9aaAQ5RFLHVtEhOPMrL0LntO5c1M/vzqrN6yKOMjgER+AEOOASNMEtaIE2QOARPINX8GY8GS/Gu/Exay0Zxcw++FPG5w9lSZdi</latexit>⌫e, ⌫µ , ⌫⌧

Directly test TeV neutrino properties

[FASER 2303.14185]

• Can also be used to test BSM neutrino up-scattering
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[Ismail+ 2109.05032]

• Can also test four-fermi SMEFT operators 
[Falkowsky+ 2105.12136]

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

• And SMEFT operators
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• Decay with of neutral pseudoscalar meson

<latexit sha1_base64="8IHb99mOEy8r7BwVpd4pBScaYY8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZnia1l048JFBfuQdiyZTKYNTTJDkhHK0K9w40IRt36OO//GtJ2Fth4IHM45l9x7goQzbVz321laXlldWy9sFDe3tnd2S3v7TR2nitAGiXms2gHWlDNJG4YZTtuJolgEnLaC4fXEbz1RpVks780oob7AfckiRrCx0kP31kZD/FjtlcpuxZ0CLRIvJ2XIUe+VvrphTFJBpSEca93x3MT4GVaGEU7HxW6qaYLJEPdpx1KJBdV+Nl14jI6tEqIoVvZJg6bq74kMC61HIrBJgc1Az3sT8T+vk5ro0s+YTFJDJZl9FKUcmRhNrkchU5QYPrIEE8XsrogMsMLE2I6KtgRv/uRF0qxWvPPK2d1puXaV11GAQziCE/DgAmpwA3VoAAEBz/AKb45yXpx352MWXXLymQP4A+fzBziukAs=</latexit>

⇤2

• Small contribution from decay of light pseudoscalar neutral mesons  
via chiral anomaly and photon splitting

<latexit sha1_base64="gNgwOpHSqNzA2AddTvosnlR3sLs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W3P65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDzuWNgA==</latexit>

N1

<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2

Ugly expression….

,
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Meson spectra

• For FASER momentum and energy distribution of different mesons taken from 
the FORESEE package                                          cross-checked with 
EPOS-LHC

[Trojanowsky+ 2105.07077]

• For NA62 & SHiP fixed target experiments used PYTHIA8 cross-check with 
SHiP simulation notes

[Pierog+ 1306.0121]

Analysis selection

• Require the LLP particle to decay within the decay volume and its trajectory to 
intersect the eCAL of the related experiment - polar angle requirement on

<latexit sha1_base64="EgJHa1caiaLxoAjzdEnxmGEBxro=">AAAB83icbVBNS8NAEN34WetX1aOXYBE8laT4dSx68SQV7Ac0IWy2k3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqu0XG+rZXVtfWNzdJWeXtnd2+/cnDY1kmmGLRYIhLVDakGwSW0kKOAbqqAxqGATji6nfqdJ1CaJ/IRxyn4MR1IHnFG0Uieh0NAGuT3QX0SVKpOzZnBXiZuQaqkQDOofHn9hGUxSGSCat1znRT9nCrkTMCk7GUaUspGdAA9QyWNQfv57OaJfWqUvh0lypREe6b+nshprPU4Dk1nTHGoF72p+J/XyzC69nMu0wxBsvmiKBM2JvY0ALvPFTAUY0MoU9zcarMhVZShialsQnAXX14m7XrNvaxdPJxXGzdFHCVyTE7IGXHJFWmQO9IkLcJISp7JK3mzMuvFerc+5q0rVjFzRP7A+vwB80qRpA==</latexit>

✓N2

• Require                       for a photon to be identified in the eCAL 
<latexit sha1_base64="CSArp1DEj4d6oJFKSM+FIzqIRf4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKiiK6rGAf0IQwmU7aoTOTMDMRSsjGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrkd+65FIRWPxoIcJ8TnqCRpRjLSRAnv3JvB6iHMEL6HrHWWe5PCWNPPArjhVZww4S9yCVECBemB/ed0Yp5wIjRlSquM6ifYzJDXFjORlL1UkQXiAeqRjqECcKD8bP5DDA6N0YRRLU0LDsfp7IkNcqSEPTSdHuq+mvZH4n9dJdXThZ1QkqSYCTxZFKYM6hqM0YJdKgjUbGoKwpOZWiPtIIqxNZmUTgjv98ixpHlfds+rp/UmldlXEUQJ7YB8cAhecgxq4A3XQABjk4Bm8gjfryXqx3q2PSeucVczsgD+wPn8AoaiVKg==</latexit>

E� > 1GeV

• Assume background reduced to a negligible level, show                 isocontours 
<latexit sha1_base64="MwwTt/urZdckUebEqswMdEQCm0Y=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKez6vghBL54kgnlAdgmzk95kyMzsMjMbCEt+w4sHRbz6M978GyfJHjRa0FBUddPdFSacaeO6X05haXllda24XtrY3NreKe/uNXWcKgoNGvNYtUOigTMJDcMMh3aigIiQQysc3k791giUZrF8NOMEAkH6kkWMEmMl/76b+UpgGE2uT7vlilt1Z8B/iZeTCspR75Y//V5MUwHSUE607nhuYoKMKMMoh0nJTzUkhA5JHzqWSiJAB9ns5gk+skoPR7GyJQ2eqT8nMiK0HovQdgpiBnrRm4r/eZ3URFdBxmSSGpB0vihKOTYxngaAe0wBNXxsCaGK2VsxHRBFqLExlWwI3uLLf0nzpOpdVM8fziq1mzyOIjpAh+gYeegS1dAdqqMGoihBT+gFvTqp8+y8Oe/z1oKTz+yjX3A+vgFks5FH</latexit>

Nev = 3

Fixed-target meson multiplicities
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UV model

• Can one get a large active-sterile dipole without large contribution to Dirac mass?

• Same heavy physics that generates the active-sterile dipole will also contribute  
to Dirac neutrino masses

Voloshin mechanims

• Postulate an                 symmetry under which                         is a doublet  
<latexit sha1_base64="M5pg8llOsYVpOaMXfxALzQNhkbg=">AAAB7nicbVBNT8JAEJ3iF+JX1aOXjcQEL6Qlfh2JXjhitEACDdkuW9iw3Ta7WxPS8CO8eNAYr/4eb/4bF+hBwZdM8vLeTGbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlopTSahHYh7LToAV5UxQTzPNaSeRFEcBp+1gfDfz209UKhaLRz1JqB/hoWAhI1gbqf3gVWrn/UbfLjtVZw60StyclCFHs29/9QYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn83On6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vm+rwxs+YSFJNBVksClOOdIxmv6MBk5RoPjEEE8nMrYiMsMREm4RKJgR3+eVV0qpV3avq5f1FuX6bx1GEEziFCrhwDXVoQBM8IDCGZ3iFNyuxXqx362PRWrDymWP4A+vzB9kGjpw=</latexit>

SU(2)H
<latexit sha1_base64="HgX65O/kjSzZKpCDnkspU1D+6iM=">AAAB/nicbVDLSgNBEOz1GeMrKp68DAYhgoRd8XURgl48iEQxD8jGZXYySYbMzi4zs0JYAv6KFw+KePU7vPk3TpI9aGJBQ1HVTXeXH3GmtG1/WzOzc/MLi5ml7PLK6tp6bmOzqsJYElohIQ9l3ceKciZoRTPNaT2SFAc+pzW/dzn0a49UKhaKe92PaDPAHcHajGBtJC+37UaKoXNUcEXsXT+QA3Tj3e17ubxdtEdA08RJSR5SlL3cl9sKSRxQoQnHSjUcO9LNBEvNCKeDrBsrGmHSwx3aMFTggKpmMjp/gPaM0kLtUJoSGo3U3xMJDpTqB77pDLDuqklvKP7nNWLdPmsmTESxpoKMF7VjjnSIhlmgFpOUaN43BBPJzK2IdLHERJvEsiYEZ/LlaVI9LDonxePbo3zpIo0jAzuwCwVw4BRKcAVlqACBBJ7hFd6sJ+vFerc+xq0zVjqzBX9gff4Ajz6T8w==</latexit>

 = (⌫cL, NR)

• Dipole is an                  singlet, while the mass term is a triplet 
<latexit sha1_base64="M5pg8llOsYVpOaMXfxALzQNhkbg=">AAAB7nicbVBNT8JAEJ3iF+JX1aOXjcQEL6Qlfh2JXjhitEACDdkuW9iw3Ta7WxPS8CO8eNAYr/4eb/4bF+hBwZdM8vLeTGbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlopTSahHYh7LToAV5UxQTzPNaSeRFEcBp+1gfDfz209UKhaLRz1JqB/hoWAhI1gbqf3gVWrn/UbfLjtVZw60StyclCFHs29/9QYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn83On6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vm+rwxs+YSFJNBVksClOOdIxmv6MBk5RoPjEEE8nMrYiMsMREm4RKJgR3+eVV0qpV3avq5f1FuX6bx1GEEziFCrhwDXVoQBM8IDCGZ3iFNyuxXqx362PRWrDymWP4A+vzB9kGjpw=</latexit>

SU(2)H

<latexit sha1_base64="veSuQFUNEnE1Ud5bR84Ua5dmJdQ="></latexit>

Lmass =
m

2
 ̄c

✓
0 1
1 0

◆
 + h.c.

<latexit sha1_base64="N94Nq902m46FgohnxaWObxGxjU8="></latexit>

Ldipole =
m

2
 ̄c

✓
0 �1
1 0

◆
 + h.c.

• Dipole is an                 singlet, while the mass term is a, forbidden, triplet 

[Voloshin ’88]

<latexit sha1_base64="M5pg8llOsYVpOaMXfxALzQNhkbg=">AAAB7nicbVBNT8JAEJ3iF+JX1aOXjcQEL6Qlfh2JXjhitEACDdkuW9iw3Ta7WxPS8CO8eNAYr/4eb/4bF+hBwZdM8vLeTGbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjlopTSahHYh7LToAV5UxQTzPNaSeRFEcBp+1gfDfz209UKhaLRz1JqB/hoWAhI1gbqf3gVWrn/UbfLjtVZw60StyclCFHs29/9QYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn83On6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vm+rwxs+YSFJNBVksClOOdIxmv6MBk5RoPjEEE8nMrYiMsMREm4RKJgR3+eVV0qpV3avq5f1FuX6bx1GEEziFCrhwDXVoQBM8IDCGZ3iFNyuxXqx362PRWrDymWP4A+vzB9kGjpw=</latexit>

SU(2)H

• Explicit models can be built, see e.g. [Barbieri+ ’89, Babu+ ’90, Leurer+ 90…]
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More dependence on threshold energy


