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BLED

Beautiful Lake Et D=5
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Neutrinos have masses!!!
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Neutrinos have masses!!! Neutrinos oscillate!!!
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Neutrino masses

• Perhaps not too much a surprise, all the known fermions have mass… 

<latexit sha1_base64="qOrP0K10WaJUXQkvdsu+V4nU56o=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCPBh2xajHoBdvRjAPSNYwO5lNhsw+mJlVwrqf4sWDIl79Em/+jZNkD5pY0FBUddPd5UacSWVZ30ZuaXlldS2/XtjY3NreMYu7TRnGgtAGCXko2i6WlLOANhRTnLYjQbHvctpyR1cTv/VAhWRhcKfGEXV8PAiYxwhWWuqZxaRLMEc3adm27pPjanrUM0tWxZoCLRI7IyXIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhNC91Y0giTER7QjqYB9ql0kunpKTrUSh95odAVKDRVf08k2Jdy7Lu608dqKOe9ifif14mVd+EkLIhiRQMyW+TFHKkQTXJAfSYoUXysCSaC6VsRGWKBidJpFXQI9vzLi6R5UrHPKtXb01LtMosjD/twAGWw4RxqcA11aACBR3iGV3gznowX4934mLXmjGxmD/7A+PwBSpKSvA==</latexit>

O(10�5)

<latexit sha1_base64="aqV/vu3inuDqVi+slWJ6r7NxkZc=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCPBh2RaPHoBdvRjAPSNYwO5lNhsw+mJlVwrqf4sWDIl79Em/+jZNkD5pY0FBUddPd5UacSWVZ30ZuaXlldS2/XtjY3NreMYu7TRnGgtAGCXko2i6WlLOANhRTnLYjQbHvctpyR1cTv/VAhWRhcKfGEXV8PAiYxwhWWuqZxaRLMEc3adm27pPjanrUM0tWxZoCLRI7IyXIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhNC91Y0giTER7QjqYB9ql0kunpKTrUSh95odAVKDRVf08k2Jdy7Lu608dqKOe9ifif14mVd+EkLIhiRQMyW+TFHKkQTXJAfSYoUXysCSaC6VsRGWKBidJpFXQI9vzLi6R5UrGrlbPb01LtMosjD/twAGWw4RxqcA11aACBR3iGV3gznowX4934mLXmjGxmD/7A+PwBTBiSvQ==</latexit>

O(10�6)
<latexit sha1_base64="9SiYl0FKY+fpkaK5qV8uE5igJe8=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCPBh2RY3HoBdvRjAPSNYwO5lNhsw+mJlVwrqf4sWDIl79Em/+jZNkD5pY0FBUddPd5UacSWVZ30ZuaXlldS2/XtjY3NreMYu7TRnGgtAGCXko2i6WlLOANhRTnLYjQbHvctpyR1cTv/VAhWRhcKfGEXV8PAiYxwhWWuqZxaRLMEc3adm27pPjanrUM0tWxZoCLRI7IyXIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhNC91Y0giTER7QjqYB9ql0kunpKTrUSh95odAVKDRVf08k2Jdy7Lu608dqKOe9ifif14mVd+EkLIhiRQMyW+TFHKkQTXJAfSYoUXysCSaC6VsRGWKBidJpFXQI9vzLi6R5UrHPK2e3p6XaZRZHHvbhAMpgQxVqcA11aACBR3iGV3gznowX4934mLXmjGxmD/7A+PwBTZ6Svg==</latexit>

O(10�7)

• Also their lightness might not be an issue…

<latexit sha1_base64="QklMHEFnrAI9B4mqo4OCSWzqSf0=">AAACInicbVDLSgMxFM34rPVVdekmWAQXWmaq9bEr6sJlBVuFTi2Z9FaDycyQ3BHKMN/ixl9x40JRV4IfY/pYaPVA4HDOudzcE8RSGHTdT2dicmp6ZjY3l59fWFxaLqysNkyUaA51HslIXwXMgBQh1FGghKtYA1OBhMvg7qTvX96DNiIKL7AXQ0uxm1B0BWdopXbhyD8FiYyq63I79bWiDFVGfSMULZcq1EehwFDPvU53djN/mw4y0MhsvFB0S+4A9C/xRqRIRqi1C+9+J+KJghC5ZMY0PTfGVso0Ci4hy/uJgZjxO3YDTUtDZje30sGJGd20Sod2I21fiHSg/pxImTKmpwKbVAxvzbjXF//zmgl2D1upCOMEIeTDRd1EUoxovy/aERo4yp4ljGth/0r5LdOMo201b0vwxk/+SxrlkrdfqpzvFavHozpyZJ1skC3ikQNSJWekRuqEkwfyRF7Iq/PoPDtvzscwOuGMZtbILzhf35taods=</latexit>

�m2
atm ⇠ 2.5⇥ 10�3 eV2
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Neutrino oscillation 

• Neutrino flavor mix, but again this is not new…

• Quark flavor mixes too, even though quark oscillations are not visible
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Neutrino oscillation 

• Neutrino flavor mix, but again this is not new…

• Quark flavor mixes too, even though quark oscillations are not visible

So… what’s the big deal?

• CKM comes from the Yukawa sector, from which we believe fermions get mass

• We do not know if neutrinos get mass from the Higgs VEV, but we do not have 
direct evidence for                        either…

<latexit sha1_base64="HjFXE7V2fV6+K8fk2ACrk8TE+Lg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgIpREfC2LblxWsA9oQ5lMbtqhk0mYmSil9lPcuFDErV/izr9x2mahrYd74XDOvcydE6ScKe2631ZhZXVtfaO4Wdra3tnds8v7TZVkkkKDJjyR7YAo4ExAQzPNoZ1KIHHAoRUMb6Z+6wGkYom416MU/Jj0BYsYJdpIPbsMTjfOHGwqdLByMO3ZFbfqzoCXiZeTCspR79lf3TChWQxCU06U6nhuqv0xkZpRDpNSN1OQEjokfegYKkgMyh/PTp/gY6OEOEqkaaHxTP29MSaxUqM4MJMx0QO16E3F/7xOpqMrf8xEmmkQdP5QlHGsEzzNAYdMAtV8ZAihkplbMR0QSag2aZVMCN7il5dJ87TqXVTP784qtes8jiI6REfoBHnoEtXQLaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOAfoD6/MHOwGSDQ==</latexit>

e, µ, u, d, s, c
<latexit sha1_base64="HjFXE7V2fV6+K8fk2ACrk8TE+Lg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgIpREfC2LblxWsA9oQ5lMbtqhk0mYmSil9lPcuFDErV/izr9x2mahrYd74XDOvcydE6ScKe2631ZhZXVtfaO4Wdra3tnds8v7TZVkkkKDJjyR7YAo4ExAQzPNoZ1KIHHAoRUMb6Z+6wGkYom416MU/Jj0BYsYJdpIPbsMTjfOHGwqdLByMO3ZFbfqzoCXiZeTCspR79lf3TChWQxCU06U6nhuqv0xkZpRDpNSN1OQEjokfegYKkgMyh/PTp/gY6OEOEqkaaHxTP29MSaxUqM4MJMx0QO16E3F/7xOpqMrf8xEmmkQdP5QlHGsEzzNAYdMAtV8ZAihkplbMR0QSag2aZVMCN7il5dJ87TqXVTP784qtes8jiI6REfoBHnoEtXQLaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOAfoD6/MHOwGSDQ==</latexit>

e, µ, u, d, s, c
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• Neutrino oscillations only require two out of three neutrino to have a mass
<latexit sha1_base64="QklMHEFnrAI9B4mqo4OCSWzqSf0=">AAACInicbVDLSgMxFM34rPVVdekmWAQXWmaq9bEr6sJlBVuFTi2Z9FaDycyQ3BHKMN/ixl9x40JRV4IfY/pYaPVA4HDOudzcE8RSGHTdT2dicmp6ZjY3l59fWFxaLqysNkyUaA51HslIXwXMgBQh1FGghKtYA1OBhMvg7qTvX96DNiIKL7AXQ0uxm1B0BWdopXbhyD8FiYyq63I79bWiDFVGfSMULZcq1EehwFDPvU53djN/mw4y0MhsvFB0S+4A9C/xRqRIRqi1C+9+J+KJghC5ZMY0PTfGVso0Ci4hy/uJgZjxO3YDTUtDZje30sGJGd20Sod2I21fiHSg/pxImTKmpwKbVAxvzbjXF//zmgl2D1upCOMEIeTDRd1EUoxovy/aERo4yp4ljGth/0r5LdOMo201b0vwxk/+SxrlkrdfqpzvFavHozpyZJ1skC3ikQNSJWekRuqEkwfyRF7Iq/PoPDtvzscwOuGMZtbILzhf35taods=</latexit>

�m2
atm ⇠ 2.5⇥ 10�3 eV2

<latexit sha1_base64="5TXyvvZJGnCV0at0+rXYcpoTTgs=">AAACIHicbVBNSwMxFMz6WetX1aOXYBE8aNkVaz2KevBYwVahW0s2fW1Dk90leSuUZX+KF/+KFw+K6E1/jWntQVsHAsPMPF7eBLEUBl3305mZnZtfWMwt5ZdXVtfWCxubdRMlmkONRzLStwEzIEUINRQo4TbWwFQg4Sbonw/9m3vQRkThNQ5iaCrWDUVHcIZWahUq/gVIZFTdHbZSXytqIplR3whFK6Wyj0KBoZ57lx6UM39/lIB6ZsOFoltyR6DTxBuTIhmj2ip8+O2IJwpC5JIZ0/DcGJsp0yi4hCzvJwZixvusCw1LQ2YXN9PRgRndtUqbdiJtX4h0pP6eSJkyZqACm1QMe2bSG4r/eY0EOyfNVIRxghDyn0WdRFKM6LAt2hYaOMqBJYxrYf9KeY9pxtF2mrcleJMnT5P6Yck7LpWvjoqnZ+M6cmSb7JA94pEKOSWXpEpqhJMH8kReyKvz6Dw7b877T3TGGc9skT9wvr4B8S2hmg==</latexit>

�m2
sol ⇠ 7.5⇥ 10�5 eV2

can still be massless!

Still do not know what nature has chosen

• Neutrino masses can arise in a completely different way…
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• Neutrino can get Dirac masses in the usual way via Yukawa interactions

<latexit sha1_base64="DzsMWpvWFw2zG6xg7StP8koxsek=">AAACCXicbVDJSgNBEO1xjXGLevRSGARBHGbE7SIEveQQJIJZJDOEnk4nadLTM3T3CGHI1Yu/4sWDIl79A2/+jZ3loIkPCh7vVVFVL4g5U9pxvq25+YXFpeXMSnZ1bX1jM7e1XVVRIgmtkIhHsh5gRTkTtKKZ5rQeS4rDgNNa0Lse+rUHKhWLxJ3ux9QPcUewNiNYG6mZgyNIPYI5lAZwCfdNTyRQgiLcwCF0bWJDM5d3bGcEmCXuhOTRBOVm7strRSQJqdCEY6UarhNrP8VSM8LpIOslisaY9HCHNgwVOKTKT0efDGDfKC1oR9KU0DBSf0+kOFSqHwamM8S6q6a9ofif10h0+8JPmYgTTQUZL2onHHQEw1igxSQlmvcNwUQycyuQLpaYaBNe1oTgTr88S6rHtntmn96e5AtXkzgyaBftoQPkonNUQEVURhVE0CN6Rq/ozXqyXqx362PcOmdNZnbQH1ifP9PVlpo=</latexit>

�L = Y⌫LHN + h.c.

• A fermion singlet under the SM group can also have a Majorana mass 

<latexit sha1_base64="0IO/PPWUtjrAtIRbD5A90aJ24I0="></latexit>

�L = Y⌫LHN +
MN

2
N

2 + h.c.

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

N

• Neutrinos acquire Majorana masses too

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

<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="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="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v <latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v

<latexit sha1_base64="wa2nsuTOJwwg/vNS87yjfa9HuL0=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXJUZ8bYsunFZwV6kM5RMmrahSWZIMsVS+ipuXCji1hdx59uYTmehrT8EPv5zDufkjxLOtPG8b2dldW19Y7OwVdze2d3bdw9KDR2nitA6iXmsWhHWlDNJ64YZTluJolhEnDaj4e2s3hxRpVksH8w4oaHAfcl6jGBjrY5bEp1ApijQTKDHDEcdt+xVvExoGfwcypCr1nG/gm5MUkGlIRxr3fa9xIQTrAwjnE6LQappgskQ92nbosSC6nCS3T5FJ9bpol6s7JMGZe7viQkWWo9FZDsFNgO9WJuZ/9XaqeldhxMmk9RQSeaLeilHJkazIFCXKUoMH1vARDF7KyIDrDAxNq6iDcFf/PIyNM4q/mXl4v68XL3J4yjAERzDKfhwBVW4gxrUgcATPMMrvDlT58V5dz7mrStOPnMIf+R8/gAuPJPm</latexit>

m⌫ ⇠ Y⌫v

<latexit sha1_base64="yinVAU+2NhXGRsbr7Et/fQ7HTkg=">AAACC3icbVC7TsMwFHV4lvIqMLJYrZCYqqTiNVawsICKRB+oSSPHdVqrthPZTqUq6s7Cr7AwgBArP8DG3+C2GaDlSFc6Oude3XtPEDOqtG1/W0vLK6tr67mN/ObW9s5uYW+/oaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJr4zSGRikbiXo9i4nHUEzSkGGkj+YUi912RQFdRDt1QIpw+TIROBQ47lXF649+O/ULJLttTwEXiZKQEMtT8wpfbjXDCidCYIaXajh1rL0VSU8zIOO8misQID1CPtA0ViBPlpdNfxvDIKF0YRtKU0HCq/p5IEVdqxAPTyZHuq3lvIv7ntRMdXngpFXGiicCzRWHCoI7gJBjYpZJgzUaGICypuRXiPjKJaBNf3oTgzL+8SBqVsnNWPr07KVUvszhy4BAUwTFwwDmogmtQA3WAwSN4Bq/gzXqyXqx362PWumRlMwfgD6zPHzQcmog=</latexit>

m⌫ ⇠ Y 2
⌫ v

2

MN

<latexit sha1_base64="tzqS7GgOjz4Wzo/W4TBJh4EJlsE=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixdDBPOA7LLMTibJkJnZZWZWCEt+w4sHRbz6M978GyfJHjSxoKGo6qa7K0o408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1YmwppxJ2jTMcNpJFMUi4rQdjW6nfvuJKs1i+WjGCQ0EHkjWZwQbK/kirCNfM4Huw3pYrrhVdwa0TLycVCBHIyx/+b2YpIJKQzjWuuu5iQkyrAwjnE5KfqppgskID2jXUokF1UE2u3mCTqzSQ/1Y2ZIGzdTfExkWWo9FZDsFNkO96E3F/7xuavrXQcZkkhoqyXxRP+XIxGgaAOoxRYnhY0swUczeisgQK0yMjalkQ/AWX14mrbOqd1m9eDiv1G7yOIpwBMdwCh5cQQ3uoAFNIJDAM7zCm5M6L8678zFvLTj5zCH8gfP5A+YTkPU=</latexit>

mN ⇠ MN
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• Neutrino can get Dirac masses in the usual way via Yukawa interactions

<latexit sha1_base64="DzsMWpvWFw2zG6xg7StP8koxsek=">AAACCXicbVDJSgNBEO1xjXGLevRSGARBHGbE7SIEveQQJIJZJDOEnk4nadLTM3T3CGHI1Yu/4sWDIl79A2/+jZ3loIkPCh7vVVFVL4g5U9pxvq25+YXFpeXMSnZ1bX1jM7e1XVVRIgmtkIhHsh5gRTkTtKKZ5rQeS4rDgNNa0Lse+rUHKhWLxJ3ux9QPcUewNiNYG6mZgyNIPYI5lAZwCfdNTyRQgiLcwCF0bWJDM5d3bGcEmCXuhOTRBOVm7strRSQJqdCEY6UarhNrP8VSM8LpIOslisaY9HCHNgwVOKTKT0efDGDfKC1oR9KU0DBSf0+kOFSqHwamM8S6q6a9ofif10h0+8JPmYgTTQUZL2onHHQEw1igxSQlmvcNwUQycyuQLpaYaBNe1oTgTr88S6rHtntmn96e5AtXkzgyaBftoQPkonNUQEVURhVE0CN6Rq/ozXqyXqx362PcOmdNZnbQH1ifP9PVlpo=</latexit>

�L = Y⌫LHN + h.c.

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

N

• Neutrinos acquire Majorana masses too

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫ <latexit sha1_base64="wa2nsuTOJwwg/vNS87yjfa9HuL0=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXJUZ8bYsunFZwV6kM5RMmrahSWZIMsVS+ipuXCji1hdx59uYTmehrT8EPv5zDufkjxLOtPG8b2dldW19Y7OwVdze2d3bdw9KDR2nitA6iXmsWhHWlDNJ64YZTluJolhEnDaj4e2s3hxRpVksH8w4oaHAfcl6jGBjrY5bEp1ApijQTKDHDEcdt+xVvExoGfwcypCr1nG/gm5MUkGlIRxr3fa9xIQTrAwjnE6LQappgskQ92nbosSC6nCS3T5FJ9bpol6s7JMGZe7viQkWWo9FZDsFNgO9WJuZ/9XaqeldhxMmk9RQSeaLeilHJkazIFCXKUoMH1vARDF7KyIDrDAxNq6iDcFf/PIyNM4q/mXl4v68XL3J4yjAERzDKfhwBVW4gxrUgcATPMMrvDlT58V5dz7mrStOPnMIf+R8/gAuPJPm</latexit>

m⌫ ⇠ Y⌫v

• Works also for                triplets, since they are real irreps
<latexit sha1_base64="Vfq07BDVSgSEcZ1Dk7a3S4lKzKY="></latexit>

�L = Y⌫LH⌃+
M⌃

2
⌃2 + h.c.

<latexit sha1_base64="50GuWeIB1xcr4fgygt3FqwwYPrc="></latexit>

�L = Y⌫LH⌃+
M⌃

2
⌃2 + h.c.

<latexit sha1_base64="7O/RJEUG7FvpptSjbmmKq6koDIQ="></latexit>

mN ⇠ M⌃

<latexit sha1_base64="VNMQhGHJLlxH1WDFq4HdmuPcAjI="></latexit>

m⌫ ⇠ Y 2
⌫ v

2

M⌃

<latexit sha1_base64="hu5cDWSH0GMu3ddpqQ0eC8MPlhs=">AAACGnicdVBLS8NAGNzUV62vqEcvi0XwICUpWttb0YvHivYBSSib7SZdunmwuxFK6O/w4l/x4kERb+LFf+MmbUBFBxaGmfl2vx03ZlRIw/jUSkvLK6tr5fXKxubW9o6+u9cTUcIx6eKIRXzgIkEYDUlXUsnIIOYEBS4jfXdymfn9O8IFjcJbOY2JEyA/pB7FSCppqJupnV9icd91UqNmKDQaJxkxm4apSKvVrNdbM2jfUD9AcDbUq0UMFjFYxKCZW4ZRBQt0hvq7PYpwEpBQYoaEsEwjlk6KuKSYkVnFTgSJEZ4gn1iKhiggwknzrWbwSCkj6EVcnVDCXP0+kaJAiGngqmSA5Fj89jLxL89KpNd0UhrGiSQhnj/kJQzKCGY9wRHlBEs2VQRhTtWuEI8RR1iqNiuqhOKn8H/Sq9fMRu3s+rTavljUUQYH4BAcAxOcgza4Ah3QBRjcg0fwDF60B+1Je9Xe5tGStpjZBz+gfXwBjaGc1g==</latexit>

⌃
<latexit sha1_base64="hu5cDWSH0GMu3ddpqQ0eC8MPlhs=">AAACGnicdVBLS8NAGNzUV62vqEcvi0XwICUpWttb0YvHivYBSSib7SZdunmwuxFK6O/w4l/x4kERb+LFf+MmbUBFBxaGmfl2vx03ZlRIw/jUSkvLK6tr5fXKxubW9o6+u9cTUcIx6eKIRXzgIkEYDUlXUsnIIOYEBS4jfXdymfn9O8IFjcJbOY2JEyA/pB7FSCppqJupnV9icd91UqNmKDQaJxkxm4apSKvVrNdbM2jfUD9AcDbUq0UMFjFYxKCZW4ZRBQt0hvq7PYpwEpBQYoaEsEwjlk6KuKSYkVnFTgSJEZ4gn1iKhiggwknzrWbwSCkj6EVcnVDCXP0+kaJAiGngqmSA5Fj89jLxL89KpNd0UhrGiSQhnj/kJQzKCGY9wRHlBEs2VQRhTtWuEI8RR1iqNiuqhOKn8H/Sq9fMRu3s+rTavljUUQYH4BAcAxOcgza4Ah3QBRjcg0fwDF60B+1Je9Xe5tGStpjZBz+gfXwBjaGc1g==</latexit>

⌃

<latexit sha1_base64="mmGdfTNKkT1V7+MuboDZjeL6maI=">AAACFXicdVDNS8MwHE39nPOr6tFLcAgexmiHzu029OJxgvuArYw0S7ewNC1JOhil/4QX/xUvHhTxKnjzvzHtVlDRB4HHe++X/PLckFGpLOvTWFldW9/YLGwVt3d29/bNg8OODCKBSRsHLBA9F0nCKCdtRRUjvVAQ5LuMdN3pdep3Z0RIGvA7NQ+J46Mxpx7FSGlpaJbjQXZJX4xdJ7YqlkatVk6JXbdsTRqNerXaSOAMJkOzlCdgnoB5AtqZZVklsERraH4MRgGOfMIVZkjKvm2FyomRUBQzkhQHkSQhwlM0Jn1NOfKJdOJsoQSeamUEvUDowxXM1O8TMfKlnPuuTvpITeRvLxX/8vqR8upOTHkYKcLx4iEvYlAFMK0IjqggWLG5JggLqneFeIIEwkoXWdQl5D+F/5NOtWLXKhe356Xm1bKOAjgGJ+AM2OASNMENaIE2wOAePIJn8GI8GE/Gq/G2iK4Yy5kj8APG+xfILJrN</latexit>v<latexit sha1_base64="mmGdfTNKkT1V7+MuboDZjeL6maI=">AAACFXicdVDNS8MwHE39nPOr6tFLcAgexmiHzu029OJxgvuArYw0S7ewNC1JOhil/4QX/xUvHhTxKnjzvzHtVlDRB4HHe++X/PLckFGpLOvTWFldW9/YLGwVt3d29/bNg8OODCKBSRsHLBA9F0nCKCdtRRUjvVAQ5LuMdN3pdep3Z0RIGvA7NQ+J46Mxpx7FSGlpaJbjQXZJX4xdJ7YqlkatVk6JXbdsTRqNerXaSOAMJkOzlCdgnoB5AtqZZVklsERraH4MRgGOfMIVZkjKvm2FyomRUBQzkhQHkSQhwlM0Jn1NOfKJdOJsoQSeamUEvUDowxXM1O8TMfKlnPuuTvpITeRvLxX/8vqR8upOTHkYKcLx4iEvYlAFMK0IjqggWLG5JggLqneFeIIEwkoXWdQl5D+F/5NOtWLXKhe356Xm1bKOAjgGJ+AM2OASNMENaIE2wOAePIJn8GI8GE/Gq/G2iK4Yy5kj8APG+xfILJrN</latexit>v

<latexit sha1_base64="lV95tvxpMMZklRvGjqyuUBx8NS8=">AAACF3icdVBLSwMxGMz6rPVV9eglWAQPUrJFa3srevFYwT5gdynZNG1Ds9klyQpl2X/hxb/ixYMiXvXmvzHddkFFBwLDzHzJl/EjzpRG6NNaWl5ZXVsvbBQ3t7Z3dkt7+x0VxpLQNgl5KHs+VpQzQduaaU57kaQ48Dnt+pOrmd+9o1KxUNzqaUS9AI8EGzKCtZH6pUriZpc4cuR7Caogg1rtdEbsOrINaTTq1Wojha6IYdovlfMMzDMwz0A7sxAqgwVa/dKHOwhJHFChCcdKOTaKtJdgqRnhNC26saIRJhM8oo6hAgdUeUm2UgqPjTKAw1CaIzTM1O8TCQ6Umga+SQZYj9Vvbyb+5TmxHta9hIko1lSQ+UPDmEMdwllJcMAkJZpPDcFEMrMrJGMsMdGmyqIpIf8p/J90qhW7Vjm/OSs3Lxd1FMAhOAInwAYXoAmuQQu0AQH34BE8gxfrwXqyXq23eXTJWswcgB+w3r8AXHqbqg==</latexit>⌫<latexit sha1_base64="lV95tvxpMMZklRvGjqyuUBx8NS8=">AAACF3icdVBLSwMxGMz6rPVV9eglWAQPUrJFa3srevFYwT5gdynZNG1Ds9klyQpl2X/hxb/ixYMiXvXmvzHddkFFBwLDzHzJl/EjzpRG6NNaWl5ZXVsvbBQ3t7Z3dkt7+x0VxpLQNgl5KHs+VpQzQduaaU57kaQ48Dnt+pOrmd+9o1KxUNzqaUS9AI8EGzKCtZH6pUriZpc4cuR7Caogg1rtdEbsOrINaTTq1Wojha6IYdovlfMMzDMwz0A7sxAqgwVa/dKHOwhJHFChCcdKOTaKtJdgqRnhNC26saIRJhM8oo6hAgdUeUm2UgqPjTKAw1CaIzTM1O8TCQ6Umga+SQZYj9Vvbyb+5TmxHta9hIko1lSQ+UPDmEMdwllJcMAkJZpPDcFEMrMrJGMsMdGmyqIpIf8p/J90qhW7Vjm/OSs3Lxd1FMAhOAInwAYXoAmuQQu0AQH34BE8gxfrwXqyXq23eXTJWswcgB+w3r8AXHqbqg==</latexit>⌫

<latexit sha1_base64="l3cY+rBGrX+yG58zgdG6abAOWao=">AAACFnicdVBLS8NAGNzUV62vqEcvi0XwoCUpWttb0YvHCvYBSSib7aZdunmwuxFKyK/w4l/x4kERr+LNf+MmbUBFBxaGmfl2vx03YlRIw/jUSkvLK6tr5fXKxubW9o6+u9cTYcwx6eKQhXzgIkEYDUhXUsnIIOIE+S4jfXd6lfn9O8IFDYNbOYuI46NxQD2KkVTSUD9N7PwSi49dJzFqhkKjcZIRs2mYirRazXq9lUI7gelQrxYRWERgEYFmbhlGFSzQGeof9ijEsU8CiRkSwjKNSDoJ4pJiRtKKHQsSITxFY2IpGiCfCCfJN0rhkVJG0Au5OoGEufp9IkG+EDPfVUkfyYn47WXiX54VS6/pJDSIYkkCPH/IixmUIcw6giPKCZZspgjCnKpdIZ4gjrBUTVZUCcVP4f+kV6+Zjdr5zVm1fbmoowwOwCE4Bia4AG1wDTqgCzC4B4/gGbxoD9qT9qq9zaMlbTGzD35Ae/8CjMabOA==</latexit>

{

<latexit sha1_base64="fsvvNuiadlyqXPjIW6F6m8l47GI=">AAACGXicdVBLSwMxGMz6rPVV9eglWIQKUrKL1vZW9OLBQ0X7gO2yZNO0Dc0+SLJCWfZvePGvePGgiEc9+W9MHwsqOhAYZuZLvowXcSYVQp/GwuLS8spqbi2/vrG5tV3Y2W3JMBaENknIQ9HxsKScBbSpmOK0EwmKfY/Ttje6mPjtOyokC4NbNY6o4+NBwPqMYKUlt4CS7vQSWww8J0FlpFGpHE+IWUWmJrVa1bJq6U2zZB25V6lbKGYpmKVgloLm1EKoCOZouIX3bi8ksU8DRTiW0jZRpJwEC8UIp2m+G0saYTLCA2prGmCfSieZLpXCQ630YD8U+gQKTtXvEwn2pRz7nk76WA3lb28i/uXZsepXnYQFUaxoQGYP9WMOVQgnNcEeE5QoPtYEE8H0rpAMscBE6TLzuoTsp/B/0rLKZqV8en1SrJ/P68iBfXAASsAEZ6AOLkEDNAEB9+ARPIMX48F4Ml6Nt1l0wZjP7IEfMD6+AEP1nBU=</latexit>

SU(2)L
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• In both cases lepton number is violated by two units

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

�L = 2
• Accidental symmetry of the SM, no need to be a symmetry of a final theory
• Most striking evidence could be neutrinoless double beta decay



14Daniele Barducci

• In both cases lepton number is violated by two units

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

�L = 2
• Accidental symmetry of the SM, no need to be a symmetry of a final theory
• Most striking evidence could be neutrinoless double beta decay
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• In both cases lepton number is violated by two units

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

�L = 2
• Accidental symmetry of the SM, no need to be a symmetry of a final theory
• Also interesting signatures at colliders
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• In both cases lepton number is violated by two units

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

�L = 2
• Accidental symmetry of the SM, no need to be a symmetry of a final theory
• Also interesting signatures at colliders

See Antonio’s talk
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Beyond naive see-saw

<latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v

<latexit sha1_base64="Ez+n9tgezyg9AT1Qd7K0p+TIlHw=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l048JFBfuAJpTJZJIOnUzizKRQQr/DjQtF3Pox7vwbp20W2npg4HDOudw7x085U9q2v63Syura+kZ5s7K1vbO7V90/aKskk4S2SMIT2fWxopwJ2tJMc9pNJcWxz2nHH95O/c6ISsUS8ajHKfViHAkWMoK1kTz33kQDjNwoQqN+tWbX7RnQMnEKUoMCzX71yw0SksVUaMKxUj3HTrWXY6kZ4XRScTNFU0yGOKI9QwWOqfLy2dETdGKUAIWJNE9oNFN/T+Q4Vmoc+yYZYz1Qi95U/M/rZTq89nIm0kxTQeaLwowjnaBpAyhgkhLNx4ZgIpm5FZEBlpho01PFlOAsfnmZtM/qzmX94uG81rgp6ijDERzDKThwBQ24gya0gMATPMMrvFkj68V6tz7m0ZJVzBzCH1ifP9gxkYM=</latexit>

⇤ � v

<latexit sha1_base64="ejRWRIf8jMzCkWfEf9VT2BpFaFE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIeyKr2PQixclonlAdgmzk9lkyMzsMjMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPdFSacaeO6387C4tLyymphrbi+sbm1XdrZbeg4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq7HfvOJKs1i+WiGCQ0E7kkWMYKNlfzMVwI93I7QMbrrlMpuxZ0AzRMvJ2XIUeuUvvxuTFJBpSEca9323MQEGVaGEU5HRT/VNMFkgHu0banEguogm9w8QodW6aIoVrakQRP190SGhdZDEdpOgU1fz3pj8T+vnZroMsiYTFJDJZkuilKOTIzGAaAuU5QYPrQEE8XsrYj0scLE2JiKNgRv9uV50jipeOeVs/vTcvUqj6MA+3AAR+DBBVThBmpQBwIJPMMrvDmp8+K8Ox/T1gUnn9mDP3A+fwByVJCo</latexit>

SM+N

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

Heavy d.o.f.
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Beyond naive see-saw

<latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v

<latexit sha1_base64="Ez+n9tgezyg9AT1Qd7K0p+TIlHw=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l048JFBfuAJpTJZJIOnUzizKRQQr/DjQtF3Pox7vwbp20W2npg4HDOudw7x085U9q2v63Syura+kZ5s7K1vbO7V90/aKskk4S2SMIT2fWxopwJ2tJMc9pNJcWxz2nHH95O/c6ISsUS8ajHKfViHAkWMoK1kTz33kQDjNwoQqN+tWbX7RnQMnEKUoMCzX71yw0SksVUaMKxUj3HTrWXY6kZ4XRScTNFU0yGOKI9QwWOqfLy2dETdGKUAIWJNE9oNFN/T+Q4Vmoc+yYZYz1Qi95U/M/rZTq89nIm0kxTQeaLwowjnaBpAyhgkhLNx4ZgIpm5FZEBlpho01PFlOAsfnmZtM/qzmX94uG81rgp6ijDERzDKThwBQ24gya0gMATPMMrvFkj68V6tz7m0ZJVzBzCH1ifP9gxkYM=</latexit>

⇤ � v

<latexit sha1_base64="ejRWRIf8jMzCkWfEf9VT2BpFaFE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIeyKr2PQixclonlAdgmzk9lkyMzsMjMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPdFSacaeO6387C4tLyymphrbi+sbm1XdrZbeg4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq7HfvOJKs1i+WiGCQ0E7kkWMYKNlfzMVwI93I7QMbrrlMpuxZ0AzRMvJ2XIUeuUvvxuTFJBpSEca9323MQEGVaGEU5HRT/VNMFkgHu0banEguogm9w8QodW6aIoVrakQRP190SGhdZDEdpOgU1fz3pj8T+vnZroMsiYTFJDJZkuilKOTIzGAaAuU5QYPrQEE8XsrYj0scLE2JiKNgRv9uV50jipeOeVs/vTcvUqj6MA+3AAR+DBBVThBmpQBwIJPMMrvDmp8+K8Ox/T1gUnn9mDP3A+fwByVJCo</latexit>

SM+N

<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="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="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="iNJ2sxwMV/p4ZvfzTXvkdKAvtq4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQFC9CxLxgs4TZySQZMjO7zMwKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWiHWlDNJ64YZTluxoliEnDbD4fXEbz5RpVkka2YU00DgvmQ9RrCxkp+2lUCP9ze3tXGnWHLL7hRokXgZKUGGaqf41e5GJBFUGsKx1r7nxiZIsTKMcDoutBNNY0yGuE99SyUWVAfp9OQxOrJKF/UiZUsaNFV/T6RYaD0Soe0U2Az0vDcR//P8xPQug5TJODFUktmiXsKRidDkf9RlihLDR5Zgopi9FZEBVpgYm1LBhuDNv7xIGidl77x89nBaqlxlceThAA7hGDy4gArcQRXqQCCCZ3iFN8c4L8678zFrzTnZzD78gfP5A4NjkMQ=</latexit>

SMEFT
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Beyond naive see-saw

<latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v

<latexit sha1_base64="Ez+n9tgezyg9AT1Qd7K0p+TIlHw=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l048JFBfuAJpTJZJIOnUzizKRQQr/DjQtF3Pox7vwbp20W2npg4HDOudw7x085U9q2v63Syura+kZ5s7K1vbO7V90/aKskk4S2SMIT2fWxopwJ2tJMc9pNJcWxz2nHH95O/c6ISsUS8ajHKfViHAkWMoK1kTz33kQDjNwoQqN+tWbX7RnQMnEKUoMCzX71yw0SksVUaMKxUj3HTrWXY6kZ4XRScTNFU0yGOKI9QwWOqfLy2dETdGKUAIWJNE9oNFN/T+Q4Vmoc+yYZYz1Qi95U/M/rZTq89nIm0kxTQeaLwowjnaBpAyhgkhLNx4ZgIpm5FZEBlpho01PFlOAsfnmZtM/qzmX94uG81rgp6ijDERzDKThwBQ24gya0gMATPMMrvFkj68V6tz7m0ZJVzBzCH1ifP9gxkYM=</latexit>

⇤ � v

<latexit sha1_base64="ejRWRIf8jMzCkWfEf9VT2BpFaFE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIeyKr2PQixclonlAdgmzk9lkyMzsMjMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPdFSacaeO6387C4tLyymphrbi+sbm1XdrZbeg4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq7HfvOJKs1i+WiGCQ0E7kkWMYKNlfzMVwI93I7QMbrrlMpuxZ0AzRMvJ2XIUeuUvvxuTFJBpSEca9323MQEGVaGEU5HRT/VNMFkgHu0banEguogm9w8QodW6aIoVrakQRP190SGhdZDEdpOgU1fz3pj8T+vnZroMsiYTFJDJZkuilKOTIzGAaAuU5QYPrQEE8XsrYj0scLE2JiKNgRv9uV50jipeOeVs/vTcvUqj6MA+3AAR+DBBVThBmpQBwIJPMMrvDmp8+K8Ox/T1gUnn9mDP3A+fwByVJCo</latexit>

SM+N

<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="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="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="iNJ2sxwMV/p4ZvfzTXvkdKAvtq4=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQFC9CxLxgs4TZySQZMjO7zMwKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWiHWlDNJ64YZTluxoliEnDbD4fXEbz5RpVkka2YU00DgvmQ9RrCxkp+2lUCP9ze3tXGnWHLL7hRokXgZKUGGaqf41e5GJBFUGsKx1r7nxiZIsTKMcDoutBNNY0yGuE99SyUWVAfp9OQxOrJKF/UiZUsaNFV/T6RYaD0Soe0U2Az0vDcR//P8xPQug5TJODFUktmiXsKRidDkf9RlihLDR5Zgopi9FZEBVpgYm1LBhuDNv7xIGidl77x89nBaqlxlceThAA7hGDy4gArcQRXqQCCCZ3iFN8c4L8678zFrzTnZzD78gfP5A4NjkMQ=</latexit>

SMEFT

<latexit sha1_base64="5Ssc45hmowN7mFP6BsZlZIYOp0c=">AAAB83icbVDJSgNBEK1xjXGLevTSGARPYUbcjkFRvCgRs0FmCD2dnqRJd8/Q3SOEIb/hxYMiXv0Zb/6NneWgiQ8KHu9VUVUvTDjTxnW/nYXFpeWV1dxafn1jc2u7sLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSPsX438xhNVmsWyagYJDQTuShYxgo2V/PvMVwI93l3fVIftQtEtuWOgeeJNSRGmqLQLX34nJqmg0hCOtW55bmKCDCvDCKfDvJ9qmmDSx13aslRiQXWQjW8eokOrdFAUK1vSoLH6eyLDQuuBCG2nwKanZ72R+J/XSk10EWRMJqmhkkwWRSlHJkajAFCHKUoMH1iCiWL2VkR6WGFibEx5G4I3+/I8qR+XvLPS6cNJsXw5jSMH+3AAR+DBOZThFipQAwIJPMMrvDmp8+K8Ox+T1gVnOrMHf+B8/gAh/JEc</latexit>

NSMEFT

See Arsenii’s talk
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• Non redundant basis has been worked out up to [Liao, Ma 1612.04527]

<latexit sha1_base64="8KUsFyFGstUhIYdFea7ONH9fu1w=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVtV6EohePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHs04oX6MB4JFjGBjpYfwutYvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NQJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYmu/IyJJDVUkPmiKOXISDT9G4VMUWL42BJMFLO3IjLEChNj0ynZELzFl5dJ66zqXVYv7s8r9Zs8jiIcwTGcggc1qMMdNKAJBAbwDK/w5nDnxXl3PuatBSefOYQ/cD5/AMXXjXo=</latexit>

d = 7

• At             only two new 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 [Graesser 0704.0438, Aparici+ 0904.3244]

<latexit sha1_base64="X6bR9K2en+riOXdsTN7wZYIwc9s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpvjZC0U1XtYJ9QJuGyXTSDp1MwsxEKGlw46+4caGIW7/CnX/j9LHQ1gMXDufcy733eBGjUlnWt5FZWl5ZXcuu5zY2t7Z3zN29ugxjgUkNhywUTQ9JwignNUUVI81IEBR4jDS8wc3YbzwQIWnI79UwIk6Aepz6FCOlJdc8SNoYMXibukmlnMIrOCqPOkVY6RRdM28VrAngIrFnJA9mqLrmV7sb4jggXGGGpGzZVqScBAlFMSNprh1LEiE8QD3S0pSjgEgnmbyQwmOtdKEfCl1cwYn6eyJBgZTDwNOdAVJ9Oe+Nxf+8Vqz8SyehPIoV4Xi6yI8ZVCEc5wG7VBCs2FAThAXVt0LcRwJhpVPL6RDs+ZcXSb1YsM8LZ3en+dL1LI4sOARH4ATY4AKUQBlUQQ1g8AiewSt4M56MF+Pd+Ji2ZozZzD74A+PzB++dldo=</latexit>

ONH = |H|
2
N

2 <latexit sha1_base64="Lpl8BxAx8i0aY1/nQnn4kBAmzhQ=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4GmbE10YodeOqVrAP6NQhk2ba0CQzJBmhDPMXbvwVNy4Ucas7/8b0IWjrgQsn59xL7j1BzKjSjvNl5RYWl5ZX8quFtfWNza3i9k5DRYnEpI4jFslWgBRhVJC6ppqRViwJ4gEjzWBwOfKb90QqGolbPYxJh6OeoCHFSBvJL9qphxGD15mfVisZvIBV6Cna4+gu9XjiiSQzSsX/efjFkmM7Y8B54k5JCUxR84ufXjfCCSdCY4aUartOrDspkppiRrKClygSIzxAPdI2VCBOVCcd35XBA6N0YRhJU0LDsfp7IkVcqSEPTCdHuq9mvZH4n9dOdHjeSamIE00EnnwUJgzqCI5Cgl0qCdZsaAjCkppdIe4jibA2URZMCO7syfOkcWS7p/bJzXGpXJnGkQd7YB8cAhecgTK4AjVQBxg8gCfwAl6tR+vZerPeJ605azqzC/7A+vgG4Q+fKg==</latexit>

ONB = N�µ⌫NBµ⌫

Adds extra contributions to the neutrino mass matrix

Vanishes with a single right-handed neutrino

Pheno consequences?
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Higgs operator

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

EWSB

neglect it, see later…

• Standard see-saw mass relation
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• For single RH neutrino 1-to-1 correspondence between heavy mass and mixing 
<latexit sha1_base64="SeKXYU3Z/3Lmbodz95fKrpuC9NI=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiK+cFV040apYFuhKWEyndjBmUmcuSmUkH9x46+4caEUNy78F6dtFr4OXDiccy/33hMmghtw3Q9nZnZufmGxtFReXlldW69sbLZMnGrKmjQWsb4NiWGCK9YEDoLdJpoRGQrWDu/Px357wLThsbqBYcK6ktwpHnFKwEpB5dSHPgOCfcMl9iNNaDbEgzy7DK7yQjQPGrKpJQNfpXmGx24eVKpuzZ0A/yVeQaqoQCOojPxeTFPJFFBBjOl4bgLdjGjgVLC87KeGJYTekzvWsVQRyUw3m/yY412r9HAUa1sK8ET9PpERacxQhrZTEuib395Y/M/rpBCddDOukhSYotNFUSowxHgcGO5xzSiIoSWEam5vxbRPbBpgYy3bELzfL/8lrf2ad1Q7vD6o1s+KOEpoG+2gPeShY1RHF6iBmoiiR/SMXtGb8+S8OCPnfdo64xQzW+gHnM8vRzalUQ==</latexit>

✓ ⇠ yv

MN
⇠

r
m⌫

MN

• With additional RH states extra freedom, best seen in the Casas-Ibarra formalism

solved with

• Write                       with              

<latexit sha1_base64="uzetat6kJAOTdIlcnV3TEK42bmY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQmd11plcISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKSLeQIGStxPNqQokbwWj26nfeuLaiDh6wHHCfUUHkQgFo2ilVtc8aiSqV664VXcGsky8nFQgR71X/ur2Y5YqHiGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqURVdz42ezcCTmxSp+EsbYVIZmpvycyqowZq8B2KopDs+hNxf+8TorhtZ+JKEmRR2y+KEwlwZhMfyd9oTlDObaEMi3srYQNqaYMbUIlG4K3+PIyaZ5Vvcvqxf15pXaTx1GEIziGU/DgCmpwB3VoAIMRPMMrvDmJ8+K8Ox/z1oKTzxzCHzifPzEvj30=</latexit>p
m matrix containing physical neutrino masses

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

R complex orthogonal matrix

• For example, with 2 RH neutrinos

<latexit sha1_base64="SeKXYU3Z/3Lmbodz95fKrpuC9NI=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiK+cFV040apYFuhKWEyndjBmUmcuSmUkH9x46+4caEUNy78F6dtFr4OXDiccy/33hMmghtw3Q9nZnZufmGxtFReXlldW69sbLZMnGrKmjQWsb4NiWGCK9YEDoLdJpoRGQrWDu/Px357wLThsbqBYcK6ktwpHnFKwEpB5dSHPgOCfcMl9iNNaDbEgzy7DK7yQjQPGrKpJQNfpXmGx24eVKpuzZ0A/yVeQaqoQCOojPxeTFPJFFBBjOl4bgLdjGjgVLC87KeGJYTekzvWsVQRyUw3m/yY412r9HAUa1sK8ET9PpERacxQhrZTEuib395Y/M/rpBCddDOukhSYotNFUSowxHgcGO5xzSiIoSWEam5vxbRPbBpgYy3bELzfL/8lrf2ad1Q7vD6o1s+KOEpoG+2gPeShY1RHF6iBmoiiR/SMXtGb8+S8OCPnfdo64xQzW+gHnM8vRzalUQ==</latexit>

✓ ⇠ yv

MN
⇠

r
m⌫

MN

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

z = � + i�
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• Complex angle in      gives an exponential enhancement of the mixing
<latexit sha1_base64="Gb3fP0/tRcabLkJ53JeCrlSOllk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjFPCBZwuxkNhkyO7vO9AphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2IlYPOEq4H9G+EqFgFK3UyjqMSnI/7pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9d0yOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk+dJT2jOUI4soUwLeythA6opQxtR0Ybgzb+8SBqnFe+icn53Vq5e53EU4BCO4AQ8uIQq3EIN6sBAwjO8wpvz6Lw4787HrHXJyWcO4A+czx+98I/K</latexit>

R

•          and       can be taken almost as independent parameters - back here
<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>

✓
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• Complex angle in      gives an exponential enhancement of the mixing
<latexit sha1_base64="Gb3fP0/tRcabLkJ53JeCrlSOllk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjFPCBZwuxkNhkyO7vO9AphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2IlYPOEq4H9G+EqFgFK3UyjqMSnI/7pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9d0yOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk+dJT2jOUI4soUwLeythA6opQxtR0Ybgzb+8SBqnFe+icn53Vq5e53EU4BCO4AQ8uIQq3EIN6sBAwjO8wpvz6Lw4787HrHXJyWcO4A+czx+98I/K</latexit>

R

•          and       can be taken almost as independent parameters - back here
<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>

✓

No discussion here!!!
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• After EWSB the                 operator triggers new decay mode for light 
<latexit sha1_base64="NBeTaOpIHC5LhK+xzpcNSLiQMvw=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j0wslgIg8DC5kdZmHCzOxmZtaEAF/hxYPGePVzvPk3DrAHBSvppFLVne6uIOZMG9f9dlZW19Y3NjNb2e2d3b393MFhTUeJIrRKIh6pRoA15UzSqmGG00asKBYBp/VgcDv1609UaRbJBzOMqS9wT7KQEWys9Dguj9tFdNcudnJ5t+DOgJaJl5I8pKh0cl+tbkQSQaUhHGvd9NzY+COsDCOcTrKtRNMYkwHu0aalEguq/dHs4Ak6tUoXhZGyJQ2aqb8nRlhoPRSB7RTY9PWiNxX/85qJCa/9EZNxYqgk80VhwpGJ0PR71GWKEsOHlmCimL0VkT5WmBibUdaG4C2+vExqxYJ3Wbi4P8+XbtI4MnAMJ3AGHlxBCcpQgSoQEPAMr/DmKOfFeXc+5q0rTjpzBH/gfP4AqCyPrA==</latexit>

|H|2N2

<latexit sha1_base64="ihRo83OkdsvOLJRzjixjutgL5PM=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUVr7GCpQNCRaIPqUkrx3Faq44T2Q5SlXZg4VdYGECIlY9g429w2wzQciRLR+fco+t7vJhRqSzr28itrK6tb+Q3C1vbO7t75v5BU0aJwKSBIxaJtockYZSThqKKkXYsCAo9Rlre8Hrqtx6IkDTi92oUEzdEfU4DipHSUs8sOoFAOLUnqXOjUz6Ck3Ft3K3A226lZ5assjUDXCZ2RkogQ71nfjl+hJOQcIUZkrJjW7FyUyQUxYxMCk4iSYzwEPVJR1OOQiLddHbEBB5rxYdBJPTjCs7U34kUhVKOQk9PhkgN5KI3Ff/zOokKLt2U8jhRhOP5oiBhUEVw2gj0qSBYsZEmCAuq/wrxAOlWlO6toEuwF09eJs1K2T4vn92dlqpXWR15UARH4ATY4AJUQQ3UQQNg8AiewSt4M56MF+Pd+JiP5owscwj+wPj8AZHjl2c=</latexit>

1

⇤
|H|2N2

<latexit sha1_base64="psI034k6P5aQFLe4xY1IS8gYTSw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCpJ8bUsunEhUsG2QhPLZDJph04ezEwKJcSNv+LGhSJu/Qt3/o3Tx0JbDwwczrmHO/d4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2mjFNBaIPEPBb3HpaUs4g2FFOc3ieC4tDjtOX1L0d+a0CFZHF0p4YJdUPcjVjACFZa6ph7TiAwyQZ55lzrlI9Rjnro5qHaMctWxRoDzRN7SsowRb1jfjl+TNKQRopwLGXbthLlZlgoRjjNS04qaYJJH3dpW9MIh1S62fiCHB1qxUdBLPSLFBqrvxMZDqUchp6eDLHqyVlvJP7ntVMVnLsZi5JU0YhMFgUpRypGozqQzwQlig81wUQw/VdEelhXonRpJV2CPXvyPGlWK/Zp5eT2uFy7mNZRhH04gCOw4QxqcAV1aACBR3iGV3gznowX4934mIwWjGlmF/7A+PwBgJWWRg==</latexit>v

⇤
hN2EWSB

<latexit sha1_base64="kTc7mnhEQuJFsgp90xzq/jmV3e0="></latexit>

� =
1

2⇡

v2

⇤2
mH

✓
1� 4m2

N

m2
H

◆3/2
<latexit sha1_base64="fDp9Q3Hu8/8EJL9Nk2n8BR7BLHU=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0TmM9g==</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="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N

See Fabrizio’s talk

Pheno predictions

• Untagged / invisible Higgs decay if       is detector stable
• Distinctive signatures, either prompt or displaced from       decay

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

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

N

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

N
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Sterile neutrino decay modes

[Bondarenko+ 1805.08567]
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LNV highest rate channel

• Total width, hence lifetime, free-parameter - depends on 
<latexit sha1_base64="SeKXYU3Z/3Lmbodz95fKrpuC9NI=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiK+cFV040apYFuhKWEyndjBmUmcuSmUkH9x46+4caEUNy78F6dtFr4OXDiccy/33hMmghtw3Q9nZnZufmGxtFReXlldW69sbLZMnGrKmjQWsb4NiWGCK9YEDoLdJpoRGQrWDu/Px357wLThsbqBYcK6ktwpHnFKwEpB5dSHPgOCfcMl9iNNaDbEgzy7DK7yQjQPGrKpJQNfpXmGx24eVKpuzZ0A/yVeQaqoQCOojPxeTFPJFFBBjOl4bgLdjGjgVLC87KeGJYTekzvWsVQRyUw3m/yY412r9HAUa1sK8ET9PpERacxQhrZTEuib395Y/M/rpBCddDOukhSYotNFUSowxHgcGO5xzSiIoSWEam5vxbRPbBpgYy3bELzfL/8lrf2ad1Q7vD6o1s+KOEpoG+2gPeShY1RHF6iBmoiiR/SMXtGb8+S8OCPnfdo64xQzW+gHnM8vRzalUQ==</latexit>

✓ ⇠ yv

MN
⇠

r
m⌫

MN

Prompt

Displaced

Stable
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Future Higgs / Z factories

• Heavy neutral leptons ideal target for future Higgs factories
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Future Higgs / Z factories

• Heavy neutral leptons ideal target for future Higgs factories
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Prompt decay

• Need largish mixing, constrained by direct searches
• Can Higgs decay be the dominant production channel? Yes

~ displaced

~ prompt

~ detector stable
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• Consider final state with the largest BR, LNV                
<latexit sha1_base64="bL/5G/MPc2ztStiW05Kin/lkNrE=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUi/LohuXFewFmlgm05N27GQSZiZCDcVXceNCEbe+hzvfxukF0dYfBj7+cw7nzB8knCntOF9WbmFxaXklv1pYW9/Y3LK3d+oqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMj6F+O6o17kIrF4kYPEvAj0hUsZJRoY7XtPQ84v/WSCP9A+a5tF52SMxaeB3cKRTRVtW1/ep2YphEITTlRquU6ifYzIjWjHIYFL1WQENonXWgZFCQC5Wfj64f40DgdHMbSPKHx2P09kZFIqUEUmM6I6J6arY3M/2qtVIfnfsZEkmoQdLIoTDnWMR5FgTtMAtV8YIBQycytmPaIJFSbwAomBHf2y/NQPy65p6WT63KxcjGNI4/20QE6Qi46QxV0haqohih6QE/oBb1aj9az9Wa9T1pz1nRmF/2R9fENrHmUuw==</latexit>

`±`±4j

<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z• Ask for a pair of SS leptons, Higgs-strahlung topology and leptonic
<latexit sha1_base64="RS2+YRTI9xpuDuqYbW1Wpd9l1AM=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCB1l2g1FPEvSgxwh5QTaG2UlvMmT2wcysEJbgxV/x4kERr36FN//GSbIHTSxoKKq66e7yYs6ksu1vY2FxaXllNbeWX9/Y3No2d3brMkoEhRqNeCSaHpHAWQg1xRSHZiyABB6Hhje4HvuNBxCSRWFVDWNoB6QXMp9RorTUMffjTvXeBc7xJS5aJfckdUWAb6A+6pgF27InwPPEyUgBZah0zC+3G9EkgFBRTqRsOXas2ikRilEOo7ybSIgJHZAetDQNSQCynU5eGOEjrXSxHwldocIT9fdESgIph4GnOwOi+nLWG4v/ea1E+RftlIVxoiCk00V+wrGK8DgP3GUCqOJDTQgVTN+KaZ8IQpVOLa9DcGZfnif1ouWcWaW700L5Kosjhw7QITpGDjpHZXSLKqiGKHpEz+gVvRlPxovxbnxMWxeMbGYP/YHx+QO0q5W5</latexit>

p`T > 2.5GeV
<latexit sha1_base64="lA5tcGIKCBv9b8MhSDrB5bGSzZg=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwIWVGrLqSogtdVugLOuOQSdM2NskMSUaoQ/FX3LhQxK3/4c6/MW1noa0HLhzOuZd77wljRpV2nG9rbn5hcWk5t5JfXVvf2LS3tusqSiQmNRyxSDZDpAijgtQ01Yw0Y0kQDxlphP2rkd94IFLRSFT1ICY+R11BOxQjbaTA3o2D6t09vIAl7yj1JIfXpD4M7IJTdMaAs8TNSAFkqAT2l9eOcMKJ0JghpVquE2s/RVJTzMgw7yWKxAj3UZe0DBWIE+Wn4+uH8MAobdiJpCmh4Vj9PZEirtSAh6aTI91T095I/M9rJbpz7qdUxIkmAk8WdRIGdQRHUcA2lQRrNjAEYUnNrRD3kERYm8DyJgR3+uVZUj8uuqfF0u1JoXyZxZEDe2AfHAIXnIEyuAEVUAMYPIJn8ArerCfrxXq3Piatc1Y2swP+wPr8AXlxk/g=</latexit>

pjT > 5GeV
<latexit sha1_base64="VfclBo59bm/ZsRAgoVgO4v2ICSM=">AAAB/XicbVC5TsNAEF2HK4TLHB2NRYREgSw7CkdBEUFDGSRySLGJ1ptxsmR9aHeNFJyIX6GhACFa/oOOv2GTuICEJ4309N6MZuZ5MaNCWta3lltYXFpeya8W1tY3Nrf07Z26iBJOoEYiFvGmhwUwGkJNUsmgGXPAgceg4fWvxn7jAbigUXgrBzG4Ae6G1KcESyW19b2hAxLfpQ4wdnw/Gl6UzHK5rRct05rAmCd2RoooQ7WtfzmdiCQBhJIwLETLtmLppphLShiMCk4iIMakj7vQUjTEAQg3nVw/Mg6V0jH8iKsKpTFRf0+kOBBiEHiqM8CyJ2a9sfif10qkf+6mNIwTCSGZLvITZsjIGEdhdCgHItlAEUw4VbcapIc5JlIFVlAh2LMvz5N6ybRPzZObcrFymcWRR/voAB0hG52hCrpGVVRDBD2iZ/SK3rQn7UV71z6mrTktm9lFf6B9/gB07ZSU</latexit>

|⌘`,j | < 2.44
<latexit sha1_base64="54Ha2QAw5Zs1+yIUDpn/x7CRVzQ=">AAACE3icbVC7TgMxEPSFVwivACWNRYSEgER3iFdBEUEBZZBIiMiFk8/ZJFbsu5PtQ4ou+QcafoWGAoRoaej4G5xHAYSRVjua2ZW940ecKW3bX1Zqanpmdi49n1lYXFpeya6uVVQYSwplGvJQVn2igLMAypppDtVIAhE+hxu/cz7wb+5BKhYG17obQV2QVsCajBJtJC+70xNe4gLnd7t42PJ9nMfCu8U9fIod291LXCnwBVT6XjZnF+wh8CRxxiSHxih52U+3EdJYQKApJ0rVHDvS9YRIzSiHfsaNFUSEdkgLaoYGRICqJ8Ob+njLKA3cDKWpQOOh+nMjIUKprvDNpCC6rf56A/E/rxbr5kk9YUEUawjo6KFmzLEO8SAg3GASqOZdQwiVzPwV0zaRhGoTY8aE4Pw9eZJU9gvOUeHw6iBXPBvHkUYbaBNtIwcdoyK6RCVURhQ9oCf0gl6tR+vZerPeR6Mpa7yzjn7B+vgGTZeb6A==</latexit>

|m`+`� �mZ | < 10GeV

<latexit sha1_base64="usjTVQ6s0i+noPoa0NW1SBQPZy4=">AAACCHicbVDLSgMxFM3UV62vqksXBotQQYYZsepKirpwWcU+oB1KJr1tYzOZIckIpXTpxl9x40IRt36CO//GTNuFth644XDOvdzc40ecKe0431Zqbn5hcSm9nFlZXVvfyG5uVVQYSwplGvJQ1nyigDMBZc00h1okgQQ+h6rfu0z86gNIxUJxp/sReAHpCNZmlGgjNbO7jSvgmuDbfAM4T+oQJy++Pzh3bLfQzOYc2xkBzxJ3QnJoglIz+9VohTQOQGjKiVJ114m0NyBSM8phmGnECiJCe6QDdUMFCUB5g9EhQ7xvlBZuh9KU0Hik/p4YkECpfuCbzoDorpr2EvE/rx7r9pk3YCKKNQg6XtSOOdYhTlLBLSaBat43hFDJzF8x7RJJqDbZZUwI7vTJs6RyZLsnduHmOFe8mMSRRjtoD+WRi05REV2jEiojih7RM3pFb9aT9WK9Wx/j1pQ1mdlGf2B9/gBJ85eX</latexit>

�R(``, `j) > 0.15
<latexit sha1_base64="xmslbjKxUREpQE7QEcQP2DcgRs8="></latexit>

|s� 2
p
sE`+`� +m2

`+`� �mH | < 10GeV
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• Consider final state with the largest BR, LNV                
<latexit sha1_base64="bL/5G/MPc2ztStiW05Kin/lkNrE=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUi/LohuXFewFmlgm05N27GQSZiZCDcVXceNCEbe+hzvfxukF0dYfBj7+cw7nzB8knCntOF9WbmFxaXklv1pYW9/Y3LK3d+oqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMj6F+O6o17kIrF4kYPEvAj0hUsZJRoY7XtPQ84v/WSCP9A+a5tF52SMxaeB3cKRTRVtW1/ep2YphEITTlRquU6ifYzIjWjHIYFL1WQENonXWgZFCQC5Wfj64f40DgdHMbSPKHx2P09kZFIqUEUmM6I6J6arY3M/2qtVIfnfsZEkmoQdLIoTDnWMR5FgTtMAtV8YIBQycytmPaIJFSbwAomBHf2y/NQPy65p6WT63KxcjGNI4/20QE6Qi46QxV0haqohih6QE/oBb1aj9az9Wa9T1pz1nRmF/2R9fENrHmUuw==</latexit>

`±`±4j

<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z• Ask for a pair of SS leptons, Higgs-strahlung topology and leptonic
<latexit sha1_base64="RS2+YRTI9xpuDuqYbW1Wpd9l1AM=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCB1l2g1FPEvSgxwh5QTaG2UlvMmT2wcysEJbgxV/x4kERr36FN//GSbIHTSxoKKq66e7yYs6ksu1vY2FxaXllNbeWX9/Y3No2d3brMkoEhRqNeCSaHpHAWQg1xRSHZiyABB6Hhje4HvuNBxCSRWFVDWNoB6QXMp9RorTUMffjTvXeBc7xJS5aJfckdUWAb6A+6pgF27InwPPEyUgBZah0zC+3G9EkgFBRTqRsOXas2ikRilEOo7ybSIgJHZAetDQNSQCynU5eGOEjrXSxHwldocIT9fdESgIph4GnOwOi+nLWG4v/ea1E+RftlIVxoiCk00V+wrGK8DgP3GUCqOJDTQgVTN+KaZ8IQpVOLa9DcGZfnif1ouWcWaW700L5Kosjhw7QITpGDjpHZXSLKqiGKHpEz+gVvRlPxovxbnxMWxeMbGYP/YHx+QO0q5W5</latexit>

p`T > 2.5GeV
<latexit sha1_base64="lA5tcGIKCBv9b8MhSDrB5bGSzZg=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwIWVGrLqSogtdVugLOuOQSdM2NskMSUaoQ/FX3LhQxK3/4c6/MW1noa0HLhzOuZd77wljRpV2nG9rbn5hcWk5t5JfXVvf2LS3tusqSiQmNRyxSDZDpAijgtQ01Yw0Y0kQDxlphP2rkd94IFLRSFT1ICY+R11BOxQjbaTA3o2D6t09vIAl7yj1JIfXpD4M7IJTdMaAs8TNSAFkqAT2l9eOcMKJ0JghpVquE2s/RVJTzMgw7yWKxAj3UZe0DBWIE+Wn4+uH8MAobdiJpCmh4Vj9PZEirtSAh6aTI91T095I/M9rJbpz7qdUxIkmAk8WdRIGdQRHUcA2lQRrNjAEYUnNrRD3kERYm8DyJgR3+uVZUj8uuqfF0u1JoXyZxZEDe2AfHAIXnIEyuAEVUAMYPIJn8ArerCfrxXq3Piatc1Y2swP+wPr8AXlxk/g=</latexit>

pjT > 5GeV
<latexit sha1_base64="VfclBo59bm/ZsRAgoVgO4v2ICSM=">AAAB/XicbVC5TsNAEF2HK4TLHB2NRYREgSw7CkdBEUFDGSRySLGJ1ptxsmR9aHeNFJyIX6GhACFa/oOOv2GTuICEJ4309N6MZuZ5MaNCWta3lltYXFpeya8W1tY3Nrf07Z26iBJOoEYiFvGmhwUwGkJNUsmgGXPAgceg4fWvxn7jAbigUXgrBzG4Ae6G1KcESyW19b2hAxLfpQ4wdnw/Gl6UzHK5rRct05rAmCd2RoooQ7WtfzmdiCQBhJIwLETLtmLppphLShiMCk4iIMakj7vQUjTEAQg3nVw/Mg6V0jH8iKsKpTFRf0+kOBBiEHiqM8CyJ2a9sfif10qkf+6mNIwTCSGZLvITZsjIGEdhdCgHItlAEUw4VbcapIc5JlIFVlAh2LMvz5N6ybRPzZObcrFymcWRR/voAB0hG52hCrpGVVRDBD2iZ/SK3rQn7UV71z6mrTktm9lFf6B9/gB07ZSU</latexit>

|⌘`,j | < 2.44
<latexit sha1_base64="54Ha2QAw5Zs1+yIUDpn/x7CRVzQ=">AAACE3icbVC7TgMxEPSFVwivACWNRYSEgER3iFdBEUEBZZBIiMiFk8/ZJFbsu5PtQ4ou+QcafoWGAoRoaej4G5xHAYSRVjua2ZW940ecKW3bX1Zqanpmdi49n1lYXFpeya6uVVQYSwplGvJQVn2igLMAypppDtVIAhE+hxu/cz7wb+5BKhYG17obQV2QVsCajBJtJC+70xNe4gLnd7t42PJ9nMfCu8U9fIod291LXCnwBVT6XjZnF+wh8CRxxiSHxih52U+3EdJYQKApJ0rVHDvS9YRIzSiHfsaNFUSEdkgLaoYGRICqJ8Ob+njLKA3cDKWpQOOh+nMjIUKprvDNpCC6rf56A/E/rxbr5kk9YUEUawjo6KFmzLEO8SAg3GASqOZdQwiVzPwV0zaRhGoTY8aE4Pw9eZJU9gvOUeHw6iBXPBvHkUYbaBNtIwcdoyK6RCVURhQ9oCf0gl6tR+vZerPeR6Mpa7yzjn7B+vgGTZeb6A==</latexit>

|m`+`� �mZ | < 10GeV

<latexit sha1_base64="usjTVQ6s0i+noPoa0NW1SBQPZy4=">AAACCHicbVDLSgMxFM3UV62vqksXBotQQYYZsepKirpwWcU+oB1KJr1tYzOZIckIpXTpxl9x40IRt36CO//GTNuFth644XDOvdzc40ecKe0431Zqbn5hcSm9nFlZXVvfyG5uVVQYSwplGvJQ1nyigDMBZc00h1okgQQ+h6rfu0z86gNIxUJxp/sReAHpCNZmlGgjNbO7jSvgmuDbfAM4T+oQJy++Pzh3bLfQzOYc2xkBzxJ3QnJoglIz+9VohTQOQGjKiVJ114m0NyBSM8phmGnECiJCe6QDdUMFCUB5g9EhQ7xvlBZuh9KU0Hik/p4YkECpfuCbzoDorpr2EvE/rx7r9pk3YCKKNQg6XtSOOdYhTlLBLSaBat43hFDJzF8x7RJJqDbZZUwI7vTJs6RyZLsnduHmOFe8mMSRRjtoD+WRi05REV2jEiojih7RM3pFb9aT9WK9Wx/j1pQ1mdlGf2B9/gBJ85eX</latexit>

�R(``, `j) > 0.15
<latexit sha1_base64="xmslbjKxUREpQE7QEcQP2DcgRs8="></latexit>

|s� 2
p
sE`+`� +m2

`+`� �mH | < 10GeV

Irreducible background - any process giving 

               are conserved, need          … negligible
<latexit sha1_base64="SLBGaEoyNTrto66FqLOR9ECZLDM=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqEAMVZUgXmMFCwNDK9GH1ESR4zqtVduJbAdUhX4KCwMIsfIlbPwNbpsBWo50paNz7tW994QJo0o7zre1tLyyurZe2Chubm3v7NqlvZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fBm4rcfiFQ0Fvd6lBCfo76gEcVIGymwS3dexTv2Ko0g8ySHhI8Du+xUnSngInFzUgY56oH95fVinHIiNGZIqa7rJNrPkNQUMzIueqkiCcJD1CddQwXiRPnZ9PQxPDJKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEdXfkZFkmoi8GxRlDKoYzjJAfaoJFizkSEIS2puhXiAJMLapFU0IbjzLy+S1mnVvaieN87Ktes8jgI4AIfgBLjgEtTALaiDJsDgETyDV/BmPVkv1rv1MWtdsvKZffAH1ucPyDSTEg==</latexit>

L&Qem
<latexit sha1_base64="GUToR5iVI7eR3QjWLmgIhSq6lz0=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo5ELx4xkUcCGzI79MKE2dl1ZtaEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFSq9KVKak+9oolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOyVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY76XOFzIixJZQpbm8lbEgVZcYmVLAheMsvr5Jmpexdli/uq6XaTRZHHk7gFM7BgyuowR3UoQEMRvAMr/DmJM6L8+58LFpzTjZzDH/gfP4AcaaPAA==</latexit>

2⌫4q

• Assume backgrounds from e.g. mis-ID to be negligible and work with zero bkg
[Strong assumption, but probably not too bad given the signal characteristics, potential 

accuracy of particle-flow reconstruction and improved analysis techniques…]
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Untagged Higgs decay

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

⇤ isocontours [TeV]

Too large mixing 

if prompt, excluded
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• What can we learn if we observe a signal? Can we determine the flavor structure?

<latexit sha1_base64="+/DMJJy7cCGe20RWnBAnjjcQbVQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkrieyMUXehKKtgHNCFMppN26MwkzEyEEOqvuHGhiFs/xJ1/4/Sx0NYDFw7n3Mu994QJo0o7zrdVWFhcWl4prpbW1jc2t+ztnaaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eB65LceiVQ0Fg86S4jPUU/QiGKkjRTYZR7cwUt47HiHuSc5vCHNYWBXnKozBpwn7pRUwBT1wP7yujFOOREaM6RUx3US7edIaooZGZa8VJEE4QHqkY6hAnGi/Hx8/BDuG6ULo1iaEhqO1d8TOeJKZTw0nRzpvpr1RuJ/XifV0YWfU5Gkmgg8WRSlDOoYjpKAXSoJ1iwzBGFJza0Q95FEWJu8SiYEd/bledI8qrpn1dP7k0rtahpHEeyCPXAAXHAOauAW1EEDYJCBZ/AK3qwn68V6tz4mrQVrOlMGf2B9/gBQeZNK</latexit>

mN = 30GeV

• Build                                                 injecting a signal

• Determine normalized 
mixing up to 10%
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• What can we learn if we observe a signal? Can we determine the flavor structure?

<latexit sha1_base64="+/DMJJy7cCGe20RWnBAnjjcQbVQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkrieyMUXehKKtgHNCFMppN26MwkzEyEEOqvuHGhiFs/xJ1/4/Sx0NYDFw7n3Mu994QJo0o7zrdVWFhcWl4prpbW1jc2t+ztnaaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eB65LceiVQ0Fg86S4jPUU/QiGKkjRTYZR7cwUt47HiHuSc5vCHNYWBXnKozBpwn7pRUwBT1wP7yujFOOREaM6RUx3US7edIaooZGZa8VJEE4QHqkY6hAnGi/Hx8/BDuG6ULo1iaEhqO1d8TOeJKZTw0nRzpvpr1RuJ/XifV0YWfU5Gkmgg8WRSlDOoYjpKAXSoJ1iwzBGFJza0Q95FEWJu8SiYEd/bledI8qrpn1dP7k0rtahpHEeyCPXAAXHAOauAW1EEDYJCBZ/AK3qwn68V6tz4mrQVrOlMGf2B9/gBQeZNK</latexit>

mN = 30GeV

• Build                                                 injecting a signal

• Determine normalized 
mixing up to 30%
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Displaced decay

• Consider displaced a decay within                                     and spherical detector
<latexit sha1_base64="5NdJJLCHeQQ6/cWgNH5c6SP0gRc=">AAACD3icbVC7SgNBFL0bXzG+opY2g0GxkLArvgqLoI2FRQTzgGwIs5NJMmRmd5mZFcKSP7DxV2wsFLG1tfNvnN2soIkHBs49517u3OOFnClt219Wbm5+YXEpv1xYWV1b3yhubtVVEElCayTggWx6WFHOfFrTTHPaDCXFwuO04Q2vEr9xT6VigX+nRyFtC9z3WY8RrI3UKe477mHsSoGIGKMLdNNJiy4lSfXjiXGnWLLLdgo0S5yMlCBDtVP8dLsBiQT1NeFYqZZjh7odY6kZ4XRccCNFQ0yGuE9bhvpYUNWO03vGaM8oXdQLpHm+Rqn6eyLGQqmR8EynwHqgpr1E/M9rRbp33o6ZH0aa+mSyqBdxpAOUhIO6TFKi+cgQTCQzf0VkgCUm2kRYMCE40yfPkvpR2Tktn9welyqXWRx52IFdOAAHzqAC11CFGhB4gCd4gVfr0Xq23qz3SWvOyma24Q+sj2/R7Jqo</latexit>

1 cm < Ldec < 1m

• Consider again the           final state, with the higher rate. Both SS and OS 
<latexit sha1_base64="UZQ6qIdEdAg0uAfLlix/lbmc2O0=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dM5GFgQ2aHXhiZnd3MzJoQwld48aAxXv0cb/6NA+xBwUo6qVR1p7srSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/WbT6g0j+W9GSXoR7QvecgZNVZ6qHRQCHJGHrvFklt2ZyDLxMtICTLUusWvTi9maYTSMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbKmmE2h/PDp6QE6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1IRX/pjLJDUo2XxRmApiYjL9nvS4QmbEyBLKFLe3EjagijJjMyrYELzFl5dJo1L2Lsrnd2el6nUWRx6O4BhOwYNLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/boaPhw==</latexit>

2`4j

Probability for both neutrino to decay within [1cm, 1m]

on event by event basis

[c.f.r. 1E-2/1E-3 @ LHC, Caputo+ 1704.08721 ]
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Displaced decay

• Consider displaced a decay within                                     and spherical detector
<latexit sha1_base64="5NdJJLCHeQQ6/cWgNH5c6SP0gRc=">AAACD3icbVC7SgNBFL0bXzG+opY2g0GxkLArvgqLoI2FRQTzgGwIs5NJMmRmd5mZFcKSP7DxV2wsFLG1tfNvnN2soIkHBs49517u3OOFnClt219Wbm5+YXEpv1xYWV1b3yhubtVVEElCayTggWx6WFHOfFrTTHPaDCXFwuO04Q2vEr9xT6VigX+nRyFtC9z3WY8RrI3UKe477mHsSoGIGKMLdNNJiy4lSfXjiXGnWLLLdgo0S5yMlCBDtVP8dLsBiQT1NeFYqZZjh7odY6kZ4XRccCNFQ0yGuE9bhvpYUNWO03vGaM8oXdQLpHm+Rqn6eyLGQqmR8EynwHqgpr1E/M9rRbp33o6ZH0aa+mSyqBdxpAOUhIO6TFKi+cgQTCQzf0VkgCUm2kRYMCE40yfPkvpR2Tktn9welyqXWRx52IFdOAAHzqAC11CFGhB4gCd4gVfr0Xq23qz3SWvOyma24Q+sj2/R7Jqo</latexit>

1 cm < Ldec < 1m

• Consider again the           final state, with the higher rate. Both SS and OS 
<latexit sha1_base64="UZQ6qIdEdAg0uAfLlix/lbmc2O0=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dM5GFgQ2aHXhiZnd3MzJoQwld48aAxXv0cb/6NA+xBwUo6qVR1p7srSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/WbT6g0j+W9GSXoR7QvecgZNVZ6qHRQCHJGHrvFklt2ZyDLxMtICTLUusWvTi9maYTSMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbKmmE2h/PDp6QE6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1IRX/pjLJDUo2XxRmApiYjL9nvS4QmbEyBLKFLe3EjagijJjMyrYELzFl5dJo1L2Lsrnd2el6nUWRx6O4BhOwYNLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/boaPhw==</latexit>

2`4j

Probability for both neutrino to decay within [1cm, 1m]

on event by event basis

[c.f.r. 1E-2/1E-3 @ LHC, Caputo+ 1704.08721 ]

Detector stable

• Bounds from invisible Higgs decay, mappable in
<latexit sha1_base64="8u0pJL26LbMjalTggmQOp2efk9w=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWFhEMA9IljA7e5MMmZ1dZmaFsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHmfM2qs1Ore22hIe+WKW3VnIMvEy0kFctR75a9uGLM0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9m6E3JilZD0Y2WfNGSm/p7IaKT1OApsMqJmqBe9qfif10lN/9rPuExSg5LNP+qngpiYTG8nIVfIjBhbQpnidlfChlRRZmxDJVuCt3jyMmmeVb3L6sXDeaV2k9dRhCM4hlPw4ApqcAd1aACDETzDK7w5ifPivDsf82jByWcO4Q+czx8O5Y9n</latexit>

⇤

<latexit sha1_base64="zGg018DuS+uvlNAq756RLnWdXNI="></latexit>

⇤ > 360TeV (FCC� ee), 320TeV (CEPC)
<latexit sha1_base64="vRxZS870iu/goTBzQ1SKKSj2cpM=">AAACIXicbZDLagIxFIYz9mbtbdouuwmVggWRGe3FpdRNBRcWvIEzSCZGDWYuJJmCDPMq3fRVuumipbgrfZlGnUWrHgh8/P85nJzfCRgV0jC+tdTW9s7uXno/c3B4dHyin561hR9yTFrYZz7vOkgQRj3SklQy0g04Qa7DSMeZVOd+55lwQX2vKacBsV008uiQYiSV1NfLpZJh5SOLu7BJ2vESc7V69TrOW/miucGs1mvK7etZo2AsCq6DmUAWJNXo6zNr4OPQJZ7EDAnRM41A2hHikmJG4owVChIgPEEj0lPoIZcIO1pcGMMrpQzg0OfqeRIu1L8TEXKFmLqO6nSRHItVby5u8nqhHJbtiHpBKImHl4uGIYPSh/O44IBygiWbKkCYU/VXiMeIIyxVqBkVgrl68jq0iwXzrnD7dJOtPCRxpMEFuAQ5YIJ7UAGPoAFaAIMX8AY+wKf2qr1rX9ps2ZrSkplz8K+0n19vRqCh</latexit>

330TeV (ILC), 210TeV (CLIC)

neglecting phase space
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Dipole operator

• Antisymmetry of         , need two flavors of RH neutrino 
<latexit sha1_base64="MrHRzHzeHI8k//i/588sPeF0wYM=">AAACIXicbZBNS8MwGMdTX+d8q3r0UhyCBxmt+LLj0IvHCe4F2jrSLO3CkrQkqTBKv4oXv4oXD4rsJn4Zs66Cbj4Q+PH/P0/y5B8klEhl25/G0vLK6tp6ZaO6ubW9s2vu7XdknAqE2yimsegFUGJKOG4roijuJQJDFlDcDUY3U7/7iIUkMb9X4wT7DEachARBpaW+2ci84hJXRIGf2XW7qNMFyD1JIgYfMo+lHk/zvG/WfjxrEZwSaqCsVt+ceIMYpQxzhSiU0nXsRPkZFIogivOql0qcQDSCEXY1csiw9LNiudw61srACmOhD1dWof6eyCCTcswC3cmgGsp5byr+57mpCht+RniSKszR7KEwpZaKrWlc1oAIjBQda4BIEL2rhYZQQKR0qFUdgjP/5UXonNWdy/rF3XmteV3GUQGH4AicAAdcgSa4BS3QBgg8gRfwBt6NZ+PV+DAms9Ylo5w5AH/K+PoG5+CgVQ==</latexit>

�µ⌫

• After EWSB generate a dipole with the      boson and 
<latexit sha1_base64="X7NK7kJgm/O0T2MIr2aB0Fpl6Sg=">AAACE3icbVDLSsNAFL3xWesr6tJNsAgiUhLxtSy6cVnBPjANZTKdtEMnkzAzEUrIP7jxV9y4UMStG3f+jdM0grYeGDhzzr137hw/ZlQq2/4y5uYXFpeWSyvl1bX1jU1za7spo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94NfZb90RIGvFbNYqJF6I+pwHFSGmpax6mnXyIK/q+l9pVO8fRDMnusq5Z+blZs8QpSAUK1LvmZ6cX4SQkXGGGpHQdO1ZeioSimJGs3EkkiREeoj5xNeUoJNJL83Uya18rPSuIhD5cWbn6uyNFoZSj0NeVIVIDOe2Nxf88N1HBhZdSHieKcDx5KEiYpSJrHJDVo4JgxUaaICyo3tXCAyQQVjrGsg7Bmf7yLGkeV52z6unNSaV2WcRRgl3YgwNw4BxqcA11aACGB3iCF3g1Ho1n4814n5TOGUXPDvyB8fENJOWZ4w==</latexit>

Z
<latexit sha1_base64="QbZ6NN9S8Oe+zIr50CUMROWOVCE=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+IQPMhsxbfj0IvHCe4F2jLSLO3CkrQkqTBKP4YXv4oXD4p43c1vY9ZV0M0HAj/+/+dJnvyDhBKpbPvLqCwtr6yuVddrG5tb2zvm7l5HxqlAuI1iGoteACWmhOO2IoriXiIwZAHF3WB0O/W7j1hIEvMHNU6wz2DESUgQVFrqm6eZV1ziiijwM7thF3WyALkXQcZg3jfrP5K1CE4JdVBWq29OvEGMUoa5QhRK6Tp2ovwMCkUQxXnNSyVOIBrBCLsaOWRY+lmxU24daWVghbHQhyurUH9PZJBJOWaB7mRQDeW8NxX/89xUhdd+RniSKszR7KEwpZaKrWlK1oAIjBQda4BIEL2rhYZQQKR0ljUdgjP/5UXonDWcy8bF/Xm9eVPGUQUH4BAcAwdcgSa4Ay3QBgg8gRfwBt6NZ+PV+DA+Z60Vo5zZB3/KmHwDLMicGg==</latexit>�

<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="f2BV7yHNJ7QnSiJyWPwJrNjQg2o="></latexit>

ONB =
↵NB

⇤
N�µ⌫NBµ⌫
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• Future colliders can produce huge numbers of       bosons
<latexit sha1_base64="X7NK7kJgm/O0T2MIr2aB0Fpl6Sg=">AAACE3icbVDLSsNAFL3xWesr6tJNsAgiUhLxtSy6cVnBPjANZTKdtEMnkzAzEUrIP7jxV9y4UMStG3f+jdM0grYeGDhzzr137hw/ZlQq2/4y5uYXFpeWSyvl1bX1jU1za7spo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94NfZb90RIGvFbNYqJF6I+pwHFSGmpax6mnXyIK/q+l9pVO8fRDMnusq5Z+blZs8QpSAUK1LvmZ6cX4SQkXGGGpHQdO1ZeioSimJGs3EkkiREeoj5xNeUoJNJL83Uya18rPSuIhD5cWbn6uyNFoZSj0NeVIVIDOe2Nxf88N1HBhZdSHieKcDx5KEiYpSJrHJDVo4JgxUaaICyo3tXCAyQQVjrGsg7Bmf7yLGkeV52z6unNSaV2WcRRgl3YgwNw4BxqcA11aACGB3iCF3g1Ho1n4814n5TOGUXPDvyB8fENJOWZ4w==</latexit>

Z

What about the N decay?

• Differently from            this operator can trigger N decay via the photon dipole
<latexit sha1_base64="XcR0xNWWJqunxVYKLXeFuDIaAek=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiTia1l005VWsA9oQ5lMJ+3QySTOTAol5DvcuFDErR/jzr9x2mahrQcuHM65l3vv8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9up3xpTqVgkHvUkpl6IB4IFjGBtJC/tEszRfdZL72pZzy47FWcGtEzcnJQhR71nf3X7EUlCKjThWKmO68TaS7HUjHCalbqJojEmIzygHUMFDqny0tnRGToxSh8FkTQlNJqpvydSHCo1CX3TGWI9VIveVPzP6yQ6uPZSJuJEU0Hmi4KEIx2haQKozyQlmk8MwUQycysiQywx0SankgnBXXx5mTTPKu5l5eLhvFy9yeMowhEcwym4cAVVqEEdGkDgCZ7hFd6ssfVivVsf89aClc8cwh9Ynz9wL5Hm</latexit>

ONH

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

• Whether       decays via mixing or via             also depends on
<latexit sha1_base64="76MNah1+U4bPduNapXCGd5wnNxI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF08S0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mnGMfkgHkvc5o8ZKD3fdSrdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvonx+f1aqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0GmNgQ==</latexit>

N2
<latexit sha1_base64="T2HJqv/ir8v+NzUKLuxpJQ3fOgM=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiTia1nqxpVWsA9oQ5lMJ+3QySTOTAol5DvcuFDErR/jzr9x2mahrQcuHM65l3vv8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o5up3xpTqVgkHvUkpl6IB4IFjGBtJC/tEszRfdZL72pZzy47FWcGtEzcnJQhR71nf3X7EUlCKjThWKmO68TaS7HUjHCalbqJojEmIzygHUMFDqny0tnRGToxSh8FkTQlNJqpvydSHCo1CX3TGWI9VIveVPzP6yQ6uPZSJuJEU0Hmi4KEIx2haQKozyQlmk8MwUQycysiQywx0SankgnBXXx5mTTPKu5l5eLhvFyt5XEU4QiO4RRcuIIq3EIdGkDgCZ7hFd6ssfVivVsf89aClc8cwh9Ynz9nEZHg</latexit>

ONB
<latexit sha1_base64="u0pTnzXKr8SLSrlcXYJvVpNc8/c=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSC1VS8RorWJhQkehDaqPIcZ3Wqu1EtoNUonwJCwMIsfIpbPwNbpoBWo50dY/OuVe+PkHMqNKO822VVlbX1jfKm5Wt7Z3dqr2331FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNzM/O4jkYpG4kFPY+JxNBI0pBhpI/l2lfvpnd/ITvPuZr5dc+pODrhM3ILUQIGWb38NhhFOOBEaM6RU33Vi7aVIaooZySqDRJEY4Qkakb6hAnGivDQ/PIPHRhnCMJKmhIa5+nsjRVypKQ/MJEd6rBa9mfif1090eOWlVMSJJgLPHwoTBnUEZynAIZUEazY1BGFJza0Qj5FEWJusKiYEd/HLy6TTqLsX9fP7s1rzuoijDA7BETgBLrgETXALWqANMEjAM3gFb9aT9WK9Wx/z0ZJV7ByAP7A+fwAYmZK9</latexit>mN2 �mN1
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<latexit sha1_base64="7H6c19BZWQJqb+gVZqSPwdFz2Lw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZSZ4mtZ6saVVLEP7AxDJs20oUlmSDJCGbvwV9y4UMStv+HOvzF9LLT1wIXDOfdy7z1hwqjSjvNtLSwuLa+s5tby6xubW9v2zm5DxanEpI5jFstWiBRhVJC6ppqRViIJ4iEjzbB/OfKbD0QqGos7PUiIz1FX0IhipI0U2PuZJzms3g6L956O4XXgmiofB3bBKTljwHniTkkBTFEL7C+vE+OUE6ExQ0q1XSfRfoakppiRYd5LFUkQ7qMuaRsqECfKz8b3D+GRUTowiqUpoeFY/T2RIa7UgIemkyPdU7PeSPzPa6c6uvAzKpJUE4Eni6KUQfPpKAzYoZJgzQaGICypuRXiHpIIaxNZ3oTgzr48TxrlkntWOr05KVSq0zhy4AAcgiJwwTmogCtQA3WAwSN4Bq/gzXqyXqx362PSumBNZ/bAH1ifP1QilF8=</latexit>

BR(Z ! N1N2)

• Above the lines the decay via mixing dominates for the given

<latexit sha1_base64="wzbMJxMRWyhPxK442sUFsbs5hKQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scwUXxuh6MaVVLAPaIchk2ba0CQzJBmhDPMBbvwVNy4UcesHuPNvTKcjaOuBkMM555Lc40eMKm3bX1ZhYXFpeaW4Wlpb39jcKm/vtFQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R1cTv31PpKKhuNPjiLgcDQQNKEbaSF65IuEF7AUS4YR7yY1XS4+y20nT5IeYlF21M8B54uSkAnI0vPJnrx/imBOhMUNKdR070m6CpKaYkbTUixWJEB6hAekaKhAnyk2yZVJ4YJQ+DEJpjtAwU39PJIgrNea+SXKkh2rWm4j/ed1YB+duQkUUayLw9KEgZlCHcNIM7FNJsGZjQxCW1PwV4iEyzWjTX8mU4MyuPE9atapzWj25Pa7UL/M6imAP7IND4IAzUAfXoAGaAIMH8ARewKv1aD1bb9b7NFqw8pld8AfWxzcAJZr+</latexit>

r =
mN2 �mN1

mN1

<latexit sha1_base64="7H6c19BZWQJqb+gVZqSPwdFz2Lw=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZSZ4mtZ6saVVLEP7AxDJs20oUlmSDJCGbvwV9y4UMStv+HOvzF9LLT1wIXDOfdy7z1hwqjSjvNtLSwuLa+s5tby6xubW9v2zm5DxanEpI5jFstWiBRhVJC6ppqRViIJ4iEjzbB/OfKbD0QqGos7PUiIz1FX0IhipI0U2PuZJzms3g6L956O4XXgmiofB3bBKTljwHniTkkBTFEL7C+vE+OUE6ExQ0q1XSfRfoakppiRYd5LFUkQ7qMuaRsqECfKz8b3D+GRUTowiqUpoeFY/T2RIa7UgIemkyPdU7PeSPzPa6c6uvAzKpJUE4Eni6KUQfPpKAzYoZJgzQaGICypuRXiHpIIaxNZ3oTgzr48TxrlkntWOr05KVSq0zhy4AAcgiJwwTmogCtQA3WAwSN4Bq/gzXqyXqx362PSumBNZ/bAH1ifP1QilF8=</latexit>

BR(Z ! N1N2)

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

⇤

• Region exists where decay is induced by the mixing and production via Z decay
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Prompt decay

• Still use the dominant LNV           final state
<latexit sha1_base64="UZQ6qIdEdAg0uAfLlix/lbmc2O0=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dM5GFgQ2aHXhiZnd3MzJoQwld48aAxXv0cb/6NA+xBwUo6qVR1p7srSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/WbT6g0j+W9GSXoR7QvecgZNVZ6qHRQCHJGHrvFklt2ZyDLxMtICTLUusWvTi9maYTSMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbKmmE2h/PDp6QE6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1IRX/pjLJDUo2XxRmApiYjL9nvS4QmbEyBLKFLe3EjagijJjMyrYELzFl5dJo1L2Lsrnd2el6nUWRx6O4BhOwYNLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/boaPhw==</latexit>

2`4j

• Basic selections on               and isolations 
<latexit sha1_base64="IEXZPs4eBYlO4S3+W+yds4Z3RUA=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8SNgVX8egF48R8oLNEmYns8mQ2ZllplcIm3yGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/nZXVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLh/dRvPTFtuJJ1GCUsiElf8ohTAlbyk279HI87DMi4Wyq7FXcGvEy8nJRRjlq39NXpKZrGTAIVxBjfcxMIMqKBU8EmxU5qWELokPSZb6kkMTNBNjt5gk+t0sOR0rYk4Jn6eyIjsTGjOLSdMYGBWfSm4n+en0J0G2RcJikwSeeLolRgUHj6P+5xzSiIkSWEam5vxXRANKFgUyraELzFl5dJ86LiXVeuHi/L1bs8jgI6RifoDHnoBlXRA6qhBqJIoWf0it4ccF6cd+dj3rri5DNH6A+czx/DV5Dv</latexit>

pT , |⌘|

• Consider the reducible                  background with flat charge mis-ID of 
<latexit sha1_base64="95GGz58i19IoXN/j0fRhxDcEJns=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQxJJIfSyLblxWsA9oY5lMb9qxk0mYmRRK6J+4caGIW//EnX/jNM1Cqwcu93DOvcyd48ecKe04X1ZhaXllda24XtrY3NresXf3mipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3cz81hikYpG415MYvJAMBAsYJdpIPdvuAucPJzhrp7j62LPLTsXJgP8SNydllKPesz+7/YgmIQhNOVGq4zqx9lIiNaMcpqVuoiAmdEQG0DFUkBCUl2aXT/GRUfo4iKQpoXGm/txISajUJPTNZEj0UC16M/E/r5Po4MpLmYgTDYLOHwoSjnWEZzHgPpNANZ8YQqhk5lZMh0QSqk1YJROCu/jlv6R5VnEvKud31XLtOo+jiA7QITpGLrpENXSL6qiBKBqjJ/SCXq3UerberPf5aMHKd/bRL1gf38nJknk=</latexit>

`+`�4j
<latexit sha1_base64="sWzmsOShsIvHYxxvgu9WKX5jwaE=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4Mcy4H4NePEYwCyRj6OnUJE16eobuHiEM+QgvHhTx6vd482/sLAdNfFDweK+KqnpBIrg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIPbsd94QqV5LB/MMEE/oj3JQ86osVLDcx+zk7NRp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8m5I3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeO1nXCapQcmmi8JUEBOT8e+kyxUyI4aWUKa4vZWwPlWUGZtQwYbgzb+8SOqnZe+yfHF/XqrczOLIwwEcwjF4cAUVuIMq1IDBAJ7hFd6cxHlx3p2PaWvOmc3swx84nz9Bs47h</latexit>

10�3
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Z width

• In the mis-ID bkg scenario can probe 

Caveat

• Dipole operator can only be generated at loop level in a weakly coupled UV 
completion with only spin 0,1/2, 1 states [Craig+ 2001.00017]

1000 TeV               10 TeV…

<latexit sha1_base64="BLKfFMWLPmfGTsJ8g158ORcVZwo=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkrie1l047JCX9DEMplO2qEzSZiZCDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe+8JEs6Udpxva2l5ZXVtvbBR3Nza3inZu3tNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXD24nfeqRSsTiq61FCfYH7EQsZwdpIXbvkOg9n3knmSYHqtDnu2mWn4kyBFombkzLkqHXtL68Xk1TQSBOOleq4TqL9DEvNCKfjopcqmmAyxH3aMTTCgio/mx4+RkdG6aEwlqYijabq74kMC6VGIjCdAuuBmvcm4n9eJ9XhtZ+xKEk1jchsUZhypGM0SQH1mKRE85EhmEhmbkVkgCUm2mRVNCG48y8vkuZpxb2sXNyfl6s3eRwFOIBDOAYXrqAKd1CDBhBI4Rle4c16sl6sd+tj1rpk5TP78AfW5w8tIpIn</latexit>

103 TeV
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Displaced decay

• Similar strategy than the             operator
<latexit sha1_base64="XcR0xNWWJqunxVYKLXeFuDIaAek=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiTia1l005VWsA9oQ5lMJ+3QySTOTAol5DvcuFDErR/jzr9x2mahrQcuHM65l3vv8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9up3xpTqVgkHvUkpl6IB4IFjGBtJC/tEszRfdZL72pZzy47FWcGtEzcnJQhR71nf3X7EUlCKjThWKmO68TaS7HUjHCalbqJojEmIzygHUMFDqny0tnRGToxSh8FkTQlNJqpvydSHCo1CX3TGWI9VIveVPzP6yQ6uPZSJuJEU0Hmi4KEIx2haQKozyQlmk8MwUQycysiQywx0SankgnBXXx5mTTPKu5l5eLhvFy9yeMowhEcwym4cAVVqEEdGkDgCZ7hFd6ssfVivVsf89aClc8cwh9Ynz9wL5Hm</latexit>

ONH
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Displaced decay

• Similar strategy than the             operator
<latexit sha1_base64="XcR0xNWWJqunxVYKLXeFuDIaAek=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiTia1l005VWsA9oQ5lMJ+3QySTOTAol5DvcuFDErR/jzr9x2mahrQcuHM65l3vv8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9up3xpTqVgkHvUkpl6IB4IFjGBtJC/tEszRfdZL72pZzy47FWcGtEzcnJQhR71nf3X7EUlCKjThWKmO68TaS7HUjHCalbqJojEmIzygHUMFDqny0tnRGToxSh8FkTQlNJqpvydSHCo1CX3TGWI9VIveVPzP6yQ6uPZSJuJEU0Hmi4KEIx2haQKozyQlmk8MwUQycysiQywx0SankgnBXXx5mTTPKu5l5eLhvFy9yeMowhEcwym4cAVVqEEdGkDgCZ7hFd6ssfVivVsf89aClc8cwh9Ynz9wL5Hm</latexit>

ONH

Probability for both neutrino to decay within [1cm, 1m]

on event by event basis

Detector stable

• FCC-ee will measure 
corressponding to                      

<latexit sha1_base64="la2slA/98c57ZgLwYFWJl+cuKO8=">AAAB+nicbVDJTsMwEHXKVsqWwpGLRYXEhSihbMcKLhyLRBepDZXjOq1Vx4nsCagK/RQuHECIK1/Cjb/BXQ7Q8qSRnt6b0cy8IBFcg+t+W7ml5ZXVtfx6YWNza3vHLu7WdZwqymo0FrFqBkQzwSWrAQfBmoliJAoEawSD67HfeGBK81jewTBhfkR6koecEjBSxy66TrkNPGIae+59dlwedeyS67gT4EXizUgJzVDt2F/tbkzTiEmggmjd8twE/Iwo4FSwUaGdapYQOiA91jJUErPMzyanj/ChUbo4jJUpCXii/p7ISKT1MApMZ0Sgr+e9sfif10ohvPQzLpMUmKTTRWEqMMR4nAPucsUoiKEhhCpubsW0TxShYNIqmBC8+ZcXSf3E8c6ds9vTUuVqFkce7aMDdIQ8dIEq6AZVUQ1R9Iie0St6s56sF+vd+pi25qzZzB76A+vzByJnkqU=</latexit>

0.3⇥ 10�3

<latexit sha1_base64="6IwRNpfBiSqtYmbR5tFbjf6MATc=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLCbviqwxaKNhEMA/MhnB3cpMMmdldZmaFsOQDbPwVGwtFbP0AO//GyaPQxAMDh3PO5c49QSy4Nq777czNLywuLWdWsqtr6xubua3tio4SxbDMIhGpWgAaBQ+xbLgRWIsVggwEVoPe5dCvPqDSPArvTD/GhoROyNucgbFSM5f3WygMUP8KpITmPfU1l9RzXf8w9ZWkN1gZ2JRbcEegs8SbkDyZoNTMffmtiCUSQ8MEaF333Ng0UlCGM4GDrJ9ojIH1oIN1S0OQqBvp6JgB3bdKi7YjZV9o6Ej9PZGC1LovA5uUYLp62huK/3n1xLTPGykP48RgyMaL2omgJqLDZmiLK2RG9C0Bprj9K2VdUMCM7S9rS/CmT54llaOCd1o4uT3OFy8mdWTILtkjB8QjZ6RIrkmJlAkjj+SZvJI358l5cd6dj3F0zpnM7JA/cD5/AFXdmeg=</latexit>

��Z ⇠ 100KeV
<latexit sha1_base64="Y4IppP7JefT8NQ3e8nurtjbwwa8=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgQspM8bUsunHhokJf0BlKJpNpQ5PMkGSEMnTlxl9x40IRt36DO//GtJ2Fth4IHM45l5t7goRRpR3n2yosLa+srhXXSxubW9s79u5eS8WpxKSJYxbLToAUYVSQpqaakU4iCeIBI+1geDPx2w9EKhqLhh4lxOeoL2hEMdJG6tmH3p0Jhwh6fW1SHFYd7zTzJIcN0hr37LJTcaaAi8TNSRnkqPfsLy+MccqJ0Jghpbquk2g/Q1JTzMi45KWKJAgPUZ90DRWIE+Vn0zPG8NgoIYxiaZ7QcKr+nsgQV2rEA5PkSA/UvDcR//O6qY6u/IyKJNVE4NmiKGVQx3DSCQypJFizkSEIS2r+CvEASYS1aa5kSnDnT14krWrFvaic35+Va9d5HUVwAI7ACXDBJaiBW1AHTYDBI3gGr+DNerJerHfrYxYtWPnMPvgD6/MHmX6X8g==</latexit>

⇤ & 20TeV
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Photon dipole

• If the mixing is negligible small, the heaviest      can decay via the photon dipole

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

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

N

• Depending on the masses and suppression scale one can have 
<latexit sha1_base64="0c28mydNElUbQfM3KbV2XQHwHy4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTF17LoxoVIBdsKTQiTySQdOpmEmYlQQlZu/BU3LhRx6ze482+ctllo64GBwznncuceP2VUKsv6NioLi0vLK9XV2tr6xuaWub3TlUkmMOnghCXi3keSMMpJR1HFyH0qCIp9Rnr+8HLs9x6IkDThd2qUEjdGEachxUhpyTP3HabDAfLyG69ZQCeK4LWXOyKGAcGFZ9athjUBnCd2SeqgRNszv5wgwVlMuMIMSdm3rVS5ORKKYkaKmpNJkiI8RBHpa8pRTKSbT84o4KFWAhgmQj+u4ET9PZGjWMpR7OtkjNRAznpj8T+vn6nw3M0pTzNFOJ4uCjMGVQLHncCACoIVG2mCsKD6rxAPkEBY6eZqugR79uR50m027NPGye1xvXVR1lEFe+AAHAEbnIEWuAJt0AEYPIJn8ArejCfjxXg3PqbRilHO7II/MD5/AELZmF4=</latexit>

�N2 � Ldec

• Many experiment can be sensitive to RHN with macroscopic decay lengths…
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Photon dipole

• If the mixing is negligible small, the heaviest      can decay via the photon dipole

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

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

N

• Depending on the masses and suppression scale one can have 
<latexit sha1_base64="0c28mydNElUbQfM3KbV2XQHwHy4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTF17LoxoVIBdsKTQiTySQdOpmEmYlQQlZu/BU3LhRx6ze482+ctllo64GBwznncuceP2VUKsv6NioLi0vLK9XV2tr6xuaWub3TlUkmMOnghCXi3keSMMpJR1HFyH0qCIp9Rnr+8HLs9x6IkDThd2qUEjdGEachxUhpyTP3HabDAfLyG69ZQCeK4LWXOyKGAcGFZ9athjUBnCd2SeqgRNszv5wgwVlMuMIMSdm3rVS5ORKKYkaKmpNJkiI8RBHpa8pRTKSbT84o4KFWAhgmQj+u4ET9PZGjWMpR7OtkjNRAznpj8T+vn6nw3M0pTzNFOJ4uCjMGVQLHncCACoIVG2mCsKD6rxAPkEBY6eZqugR79uR50m027NPGye1xvXVR1lEFe+AAHAEbnIEWuAJt0AEYPIJn8ArejCfjxXg3PqbRilHO7II/MD5/AELZmF4=</latexit>

�N2 � Ldec

• Many experiment can be sensitive to RHN with macroscopic decay lengths…SHiP

NA62 - beam dump

FASER
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Photon dipole

• If the mixing is negligible small, the heaviest      can decay via the photon dipole

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

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

N

• Depending on the masses and suppression scale one can have 
<latexit sha1_base64="0c28mydNElUbQfM3KbV2XQHwHy4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTF17LoxoVIBdsKTQiTySQdOpmEmYlQQlZu/BU3LhRx6ze482+ctllo64GBwznncuceP2VUKsv6NioLi0vLK9XV2tr6xuaWub3TlUkmMOnghCXi3keSMMpJR1HFyH0qCIp9Rnr+8HLs9x6IkDThd2qUEjdGEachxUhpyTP3HabDAfLyG69ZQCeK4LWXOyKGAcGFZ9athjUBnCd2SeqgRNszv5wgwVlMuMIMSdm3rVS5ORKKYkaKmpNJkiI8RBHpa8pRTKSbT84o4KFWAhgmQj+u4ET9PZGjWMpR7OtkjNRAznpj8T+vn6nw3M0pTzNFOJ4uCjMGVQLHncCACoIVG2mCsKD6rxAPkEBY6eZqugR79uR50m027NPGye1xvXVR1lEFe+AAHAEbnIEWuAJt0AEYPIJn8ArejCfjxXg3PqbRilHO7II/MD5/AELZmF4=</latexit>

�N2 � Ldec

• Many experiment can be sensitive to RHN with macroscopic decay lengths…SHiP

NA62 - beam dump
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Photon dipole

• If the mixing is negligible small, the heaviest      can decay via the photon dipole

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

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

N

• Depending on the masses and suppression scale one can have 
<latexit sha1_base64="0c28mydNElUbQfM3KbV2XQHwHy4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiTF17LoxoVIBdsKTQiTySQdOpmEmYlQQlZu/BU3LhRx6ze482+ctllo64GBwznncuceP2VUKsv6NioLi0vLK9XV2tr6xuaWub3TlUkmMOnghCXi3keSMMpJR1HFyH0qCIp9Rnr+8HLs9x6IkDThd2qUEjdGEachxUhpyTP3HabDAfLyG69ZQCeK4LWXOyKGAcGFZ9athjUBnCd2SeqgRNszv5wgwVlMuMIMSdm3rVS5ORKKYkaKmpNJkiI8RBHpa8pRTKSbT84o4KFWAhgmQj+u4ET9PZGjWMpR7OtkjNRAznpj8T+vn6nw3M0pTzNFOJ4uCjMGVQLHncCACoIVG2mCsKD6rxAPkEBY6eZqugR79uR50m027NPGye1xvXVR1lEFe+AAHAEbnIEWuAJt0AEYPIJn8ArejCfjxXg3PqbRilHO7II/MD5/AELZmF4=</latexit>

�N2 � Ldec

• Many experiment can be sensitive to RHN with macroscopic decay lengths…SHiP

NA62 - beam dump

FASER
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• The signal in the decay volume is a single photon 

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

N1

• In the       rest frame
<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

Smaller      implies longer lifetime but softer photons…
<latexit sha1_base64="G8bqSPj9q+UC2B8GxtQyPeKxTLo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnO8mY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaC9RklxkrNboTckF654lW9Gdxl4uekAjnqvfJXN5I0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrk9qWyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTf86yJhIUoOCzhf1U+4a6U5fdyOmkBo+toRQxeytLh0SRaixAZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJTMjyY=</latexit>

�
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• The dipole mediates              production via meson decay, either in fixed target  
experiments [SHiP, NA62-dump] or in pp collisions [FASER]

<latexit sha1_base64="o+4lBjI5QyeqUgAFIpqJ05iDOlc=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBoPgKewGX8egF08hgnlAsiyzk9lkyOzsMjMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFSSCa+M436iwtr6xuVXcLu3s7u0flA+P2jpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxnczv/PElOaxfDSThHkRGUoeckqMlToN38UNv+aXK07VmQOvEjcnFcjR9Mtf/UFM04hJQwXRuuc6ifEyogyngk1L/VSzhNAxGbKepZJETHvZ/NwpPrPKAIexsiUNnqu/JzISaT2JAtsZETPSy95M/M/rpSa88TIuk9QwSReLwlRgE+PZ73jAFaNGTCwhVHF7K6Yjogg1NqGSDcFdfnmVtGtV96p6+XBRqd/mcRThBE7hHFy4hjrcQxNaQGEMz/AKbyhBL+gdfSxaCyifOYY/QJ8/6f6Opw==</latexit>

N1N2

Beam-dump experiment LHC collisions

<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

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

N2
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• Meson multiplicities estimated with PYTHIA, FORESEE and SENSCalc

NA62 dump -  
<latexit sha1_base64="M3DfKfHAIIv+QRGD814C8SDQifQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTioxuh6MaVVugL2hgm00k7dGYSZiZCCQF/xY0LRdz6He78G6dtFtp64MLhnHu5954gZlRpx/m2FhaXlldWC2vF9Y3NrW17Z7epokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC8HvutRyIVjURdj2LicdQXNKQYaSP59v6tn3Ylh7W7egYvoes8pG4l8+2SU3YmgPPEzUkJ5Kj59le3F+GEE6ExQ0p1XCfWXoqkppiRrNhNFIkRHqI+6RgqECfKSyfnZ/DIKD0YRtKU0HCi/p5IEVdqxAPTyZEeqFlvLP7ndRIdVryUijjRRODpojBhUEdwnAXsUUmwZiNDEJbU3ArxAEmEtUmsaEJwZ1+eJ82TsntePrs/LVWv8jgK4AAcgmPgggtQBTegBhoAgxQ8g1fwZj1ZL9a79TFtXbDymT3wB9bnD8dElBc=</latexit>

NPOT = 1018

HIKE - 

SHiP - 
<latexit sha1_base64="tSrazqX+C6XC6WY3oYqNnYCEZm0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaRodSMU3bjSCn1BE8NkOmmHziRhZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceP2ZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/eDX22w9ESBqFDTWKictRP6QBxUhpyTMPbrzUERzWbxsZvIBVR1FOJLSt+7RiZZ5ZssrWBHCe2DkpgRx1z/xyehFOOAkVZkjKrm3Fyk2RUBQzkhWdRJIY4SHqk66mIdLL3HTyRgaPtNKDQSR0hQpO1N8TKeJSjrivOzlSAznrjcX/vG6ignM3pWGcKBLi6aIgYVBFcJwJ7FFBsGIjTRAWVN8K8QAJhJVOrqhDsGdfnietStmulk/vTkq1yzyOAtgHh+AY2OAM1MA1qIMmwOARPINX8GY8GS/Gu/ExbV0w8pk98AfG5w9xNpc0</latexit>

NPOT = 6⇥ 1020

<latexit sha1_base64="nRyXtCPz5GI0OqamoPg1DjpirJ8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUSsj4VQdONKK/QFTQyT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57/JhRqSzr25ibX1hcWi6sFFfX1jc2za3tpowSgUkDRywSbR9JwmhIGooqRtqxIIj7jLT8wdXIbz0QIWkU1tUwJi5HvZAGFCOlJc/cu/FSR3BYu61n8AJWHEU5kdC27lP7PPPMklW2xoCzxM5JCeSoeeaX041wwkmoMENSdmwrVm6KhKKYkazoJJLECA9Qj3Q0DZFe5qbjNzJ4oJUuDCKhK1RwrP6eSBGXcsh93cmR6stpbyT+53USFZy5KQ3jRJEQTxYFCYMqgqNMYJcKghUbaoKwoPpWiPtIIKx0ckUdgj398ixpHpXtk3Ll7rhUvczjKIBdsA8OgQ1OQRVcgxpoAAwewTN4BW/Gk/FivBsfk9Y5I5/ZAX9gfP4Ae8uXOw==</latexit>

NPOT = 5⇥ 1019

<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

• Cut on                       - isocontours of              signal events  
<latexit sha1_base64="CSArp1DEj4d6oJFKSM+FIzqIRf4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKiiK6rGAf0IQwmU7aoTOTMDMRSsjGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrkd+65FIRWPxoIcJ8TnqCRpRjLSRAnv3JvB6iHMEL6HrHWWe5PCWNPPArjhVZww4S9yCVECBemB/ed0Yp5wIjRlSquM6ifYzJDXFjORlL1UkQXiAeqRjqECcKD8bP5DDA6N0YRRLU0LDsfp7IkNcqSEPTSdHuq+mvZH4n9dJdXThZ1QkqSYCTxZFKYM6hqM0YJdKgjUbGoKwpOZWiPtIIqxNZmUTgjv98ixpHlfds+rp/UmldlXEUQJ7YB8cAhecgxq4A3XQABjk4Bm8gjfryXqx3q2PSeucVczsgD+wPn8AoaiVKg==</latexit>

E� > 1GeV
<latexit sha1_base64="smATDPkWUkFvRIXNwV+eC6zXaco=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6vghBL54konlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7glhwbVz3y8ktLC4tr+RXC2vrG5tbxe2duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AiG1xO/8YhK80g+mFGMfkj7kvc4o8ZK97eXx51iyS27U5C/xMtICTJUO8XPdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkwCpd0ouULWnIVP05kdJQ61EY2M6QmoGe9ybif14rMb0LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y39J/ajsnZVP705KlassjjzswT4cggfnUIEbqEINGPThCV7g1RHOs/PmvM9ac042swu/4Hx8A55DjWA=</latexit>

N = 3
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• Meson multiplicities estimated with PYTHIA, FORESEE and SENSCalc

NA62 dump -  
<latexit sha1_base64="M3DfKfHAIIv+QRGD814C8SDQifQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTioxuh6MaVVugL2hgm00k7dGYSZiZCCQF/xY0LRdz6He78G6dtFtp64MLhnHu5954gZlRpx/m2FhaXlldWC2vF9Y3NrW17Z7epokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC8HvutRyIVjURdj2LicdQXNKQYaSP59v6tn3Ylh7W7egYvoes8pG4l8+2SU3YmgPPEzUkJ5Kj59le3F+GEE6ExQ0p1XCfWXoqkppiRrNhNFIkRHqI+6RgqECfKSyfnZ/DIKD0YRtKU0HCi/p5IEVdqxAPTyZEeqFlvLP7ndRIdVryUijjRRODpojBhUEdwnAXsUUmwZiNDEJbU3ArxAEmEtUmsaEJwZ1+eJ82TsntePrs/LVWv8jgK4AAcgmPgggtQBTegBhoAgxQ8g1fwZj1ZL9a79TFtXbDymT3wB9bnD8dElBc=</latexit>

NPOT = 1018

HIKE - 

SHiP - 
<latexit sha1_base64="tSrazqX+C6XC6WY3oYqNnYCEZm0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaRodSMU3bjSCn1BE8NkOmmHziRhZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceP2ZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/eDX22w9ESBqFDTWKictRP6QBxUhpyTMPbrzUERzWbxsZvIBVR1FOJLSt+7RiZZ5ZssrWBHCe2DkpgRx1z/xyehFOOAkVZkjKrm3Fyk2RUBQzkhWdRJIY4SHqk66mIdLL3HTyRgaPtNKDQSR0hQpO1N8TKeJSjrivOzlSAznrjcX/vG6ignM3pWGcKBLi6aIgYVBFcJwJ7FFBsGIjTRAWVN8K8QAJhJVOrqhDsGdfnietStmulk/vTkq1yzyOAtgHh+AY2OAM1MA1qIMmwOARPINX8GY8GS/Gu/ExbV0w8pk98AfG5w9xNpc0</latexit>

NPOT = 6⇥ 1020

<latexit sha1_base64="nRyXtCPz5GI0OqamoPg1DjpirJ8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUSsj4VQdONKK/QFTQyT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57/JhRqSzr25ibX1hcWi6sFFfX1jc2za3tpowSgUkDRywSbR9JwmhIGooqRtqxIIj7jLT8wdXIbz0QIWkU1tUwJi5HvZAGFCOlJc/cu/FSR3BYu61n8AJWHEU5kdC27lP7PPPMklW2xoCzxM5JCeSoeeaX041wwkmoMENSdmwrVm6KhKKYkazoJJLECA9Qj3Q0DZFe5qbjNzJ4oJUuDCKhK1RwrP6eSBGXcsh93cmR6stpbyT+53USFZy5KQ3jRJEQTxYFCYMqgqNMYJcKghUbaoKwoPpWiPtIIKx0ckUdgj398ixpHpXtk3Ll7rhUvczjKIBdsA8OgQ1OQRVcgxpoAAwewTN4BW/Gk/FivBsfk9Y5I5/ZAX9gfP4Ae8uXOw==</latexit>

NPOT = 5⇥ 1019

<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

• Cut on                       - isocontours of              signal events  
<latexit sha1_base64="CSArp1DEj4d6oJFKSM+FIzqIRf4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKiiK6rGAf0IQwmU7aoTOTMDMRSsjGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrkd+65FIRWPxoIcJ8TnqCRpRjLSRAnv3JvB6iHMEL6HrHWWe5PCWNPPArjhVZww4S9yCVECBemB/ed0Yp5wIjRlSquM6ifYzJDXFjORlL1UkQXiAeqRjqECcKD8bP5DDA6N0YRRLU0LDsfp7IkNcqSEPTSdHuq+mvZH4n9dJdXThZ1QkqSYCTxZFKYM6hqM0YJdKgjUbGoKwpOZWiPtIIqxNZmUTgjv98ixpHlfds+rp/UmldlXEUQJ7YB8cAhecgxq4A3XQABjk4Bm8gjfryXqx3q2PSeucVczsgD+wPn8AoaiVKg==</latexit>

E� > 1GeV
<latexit sha1_base64="smATDPkWUkFvRIXNwV+eC6zXaco=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6vghBL54konlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7glhwbVz3y8ktLC4tr+RXC2vrG5tbxe2duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AiG1xO/8YhK80g+mFGMfkj7kvc4o8ZK97eXx51iyS27U5C/xMtICTJUO8XPdjdiSYjSMEG1bnlubPyUKsOZwHGhnWiMKRvSPrYslTRE7afTU8fkwCpd0ouULWnIVP05kdJQ61EY2M6QmoGe9ybif14rMb0LP+UyTgxKNlvUSwQxEZn8TbpcITNiZAllittbCRtQRZmx6RRsCN78y39J/ajsnZVP705KlassjjzswT4cggfnUIEbqEINGPThCV7g1RHOs/PmvM9ac042swu/4Hx8A55DjWA=</latexit>

N = 3

<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

Modifying the photon energy threshold: 0.5 GeV, 2 GeV
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• Similar strategy applicable to active-sterile dipole

<latexit sha1_base64="fAEclSiymbXLlaSx99y+D3OmeiI=">AAACI3icbZDLSgMxFIYzXmu9VV26CRbBVZkRbwiCKIgrL2Cr0GmHM5lMG0wyQ5IRyjDv4sZXceNCKW5c+C6mtYK3Awk/338OyfnDlDNtXPfNGRufmJyaLs2UZ+fmFxYrS8sNnWSK0DpJeKJuQtCUM0nrhhlOb1JFQYScXoe3xwP/+o4qzRJ5ZXopbQnoSBYzAsaioLKf+wQ4Pi/wAY4CX2Zthv0QFD7DvmYdAe3cF5nlBbZXwPBJ8AWCStWtucPCf4U3ElU0qoug0vejhGSCSkM4aN303NS0clCGEU6Lsp9pmgK5hQ5tWilBUN3KhzsWeN2SCMeJskcaPKTfJ3IQWvdEaDsFmK7+7Q3gf14zM/FeK2cyzQyV5POhOOPYJHgQGI6YosTwnhVAFLN/xaQLCoixsZZtCN7vlf+KxmbN26ltX25VD49GcZTQKlpDG8hDu+gQnaILVEcE3aNH9IxenAfnyek7r5+tY85oZgX9KOf9AzF/pBI=</latexit>

O = di⌫N̄�µ⌫⌫iFµ⌫
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Thank you
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BACKUP



Benchmark point choices
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<latexit sha1_base64="fDp9Q3Hu8/8EJL9Nk2n8BR7BLHU=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0TmM9g==</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="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N

<latexit sha1_base64="k4rIPPd9So4f3/Z7wdcqUvoVKP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9I1jA76SRjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBZcG9f9dnJLyyura/n1wsbm1vZOcXevrmWiGNaYFFI1A6pR8AhrhhuBzVghDQOBjWB4M/EbT6g0l9G9GcXoh7Qf8R5n1Fip3kYhHk46xZJbdqcgi8TLSAkyVDvFr3ZXsiTEyDBBtW55bmz8lCrDmcBxoZ1ojCkb0j62LI1oiNpPp9eOyZFVuqQnla3IkKn6eyKlodajMLCdITUDPe9NxP+8VmJ6V37KozgxGLHZol4iiJFk8jrpcoXMiJEllClubyVsQBVlxgZUsCF48y8vkvpp2bson9+dlSrXWRx5OIBDOAYPLqECt1CFGjB4hGd4hTdHOi/Ou/Mxa8052cw+/IHz+QMtv47i</latexit>

`+

<latexit sha1_base64="k4rIPPd9So4f3/Z7wdcqUvoVKP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9I1jA76SRjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBZcG9f9dnJLyyura/n1wsbm1vZOcXevrmWiGNaYFFI1A6pR8AhrhhuBzVghDQOBjWB4M/EbT6g0l9G9GcXoh7Qf8R5n1Fip3kYhHk46xZJbdqcgi8TLSAkyVDvFr3ZXsiTEyDBBtW55bmz8lCrDmcBxoZ1ojCkb0j62LI1oiNpPp9eOyZFVuqQnla3IkKn6eyKlodajMLCdITUDPe9NxP+8VmJ6V37KozgxGLHZol4iiJFk8jrpcoXMiJEllClubyVsQBVlxgZUsCF48y8vkvpp2bson9+dlSrXWRx5OIBDOAYPLqECt1CFGjB4hGd4hTdHOi/Ou/Mxa8052cw+/IHz+QMtv47i</latexit>

`+

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="fpEVx+r5r/WPYia/i57lKPkPQ/M=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbduKxgH9AOJZNm2thMMiYZoQz9BzcuFHHr/7jzb0zbWWjrgQuHc+7l3nvCRHBjPe8bLS2vrK6tFzaKm1vbO7ulvf2GUammrE6VULoVEsMEl6xuuRWslWhG4lCwZji8mfjNJ6YNV/LejhIWxKQvecQpsU5qdEKi8WO3VPYq3hR4kfg5KUOOWrf01ekpmsZMWiqIMW3fS2yQEW05FWxc7KSGJYQOSZ+1HZUkZibIpteO8bFTejhS2pW0eKr+nshIbMwoDl1nTOzAzHsT8T+vndroKsi4TFLLJJ0tilKBrcKT13GPa0atGDlCqObuVkwHRBNqXUBFF4I///IiaZxW/IvK+d1ZuXqdx1GAQziCE/DhEqpwCzWoA4UHeIZXeEMKvaB39DFrXUL5zAH8Afr8AS1gjuI=</latexit>

q̄

<latexit sha1_base64="fpEVx+r5r/WPYia/i57lKPkPQ/M=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbduKxgH9AOJZNm2thMMiYZoQz9BzcuFHHr/7jzb0zbWWjrgQuHc+7l3nvCRHBjPe8bLS2vrK6tFzaKm1vbO7ulvf2GUammrE6VULoVEsMEl6xuuRWslWhG4lCwZji8mfjNJ6YNV/LejhIWxKQvecQpsU5qdEKi8WO3VPYq3hR4kfg5KUOOWrf01ekpmsZMWiqIMW3fS2yQEW05FWxc7KSGJYQOSZ+1HZUkZibIpteO8bFTejhS2pW0eKr+nshIbMwoDl1nTOzAzHsT8T+vndroKsi4TFLLJJ0tilKBrcKT13GPa0atGDlCqObuVkwHRBNqXUBFF4I///IiaZxW/IvK+d1ZuXqdx1GAQziCE/DhEqpwCzWoA4UHeIZXeEMKvaB39DFrXUL5zAH8Afr8AS1gjuI=</latexit>

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

N1

Decay volume


