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•     masses and oscillations implies that physics beyond the SM does exist!

•      masses can be add as in the SM quark sector

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

SM gauge singlet• Dirac neutrinos and 

�L = y⌫H̃LN + h.c.
<latexit sha1_base64="zjPjuGaHOVBlsvJOok5nDsm6jvA=">AAACDnicbVDLSgNBEJz1GeNr1aOXxhAQxGU3CnoRgl5yCBLBPCAbwuxkkgyZnV1mZoWw5Au8+CtePCji1bM3/8bJ46CJBQ1FVTfdXUHMmdKu+20tLa+srq1nNrKbW9s7u/befk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBm7NcfqFQsEvd6GNNWiHuCdRnB2khtO3+a+gRzKI/gCoZtXyTga8Y7FEpQhls4gb5DnLadcx13Algk3ozk0AyVtv3ldyKShFRowrFSTc+NdSvFUjPC6SjrJ4rGmAxwjzYNFTikqpVO3hlB3igd6EbSlNAwUX9PpDhUahgGpjPEuq/mvbH4n9dMdPeylTIRJ5oKMl3UTTjoCMbZQIdJSjQfGoKJZOZWIH0sMdEmwawJwZt/eZHUCo535hTuznPF61kcGXSIjtAx8tAFKqISqqAqIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx+A5Zk0</latexit>

y⌫ ' 10�13
<latexit sha1_base64="Z795k0+udXLPjHF9px5poL8i8z8=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpK0gi6LblxWsA9oYphMJ+3QmUmcmQghFPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee8KEUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKU4lJC8cslt0QKcKoIC1NNSPdRBLEQ0Y64eh64nceiVQ0Fnc6S4jP0UDQiGKkjRTYh1ngiRR6inLyAF3nPj9z6+PArjhVZwq4SNyCVECBZmB/ef0Yp5wIjRlSquc6ifZzJDXFjIzLXqpIgvAIDUjPUIE4UX4+PX8MT4zSh1EsTQkNp+rviRxxpTIemk6O9FDNexPxP6+X6ujSz6lIUk0Eni2KUgZ1DCdZwD6VBGuWGYKwpOZWiIdIIqxNYmUTgjv/8iJp16puvVq7Pa80roo4SuAIHINT4IIL0AA3oAlaAIMcPINX8GY9WS/Wu/Uxa12yipkD8AfW5w+dzZSb</latexit>

•       is in a real SM representation and admits a Majorana massN
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

��L =
1

2
MNNN + h.c.

<latexit sha1_base64="lFtL5ogqdcs1jY5fr0yI82DbpAA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQpCGpgm6EohsXKhXsA5oQJpNJO3TyYGYilJCvcOOvuHGhiFtx5984abvQ1nO5cDjnXmbu8RJGhTTNb620sLi0vFJeraytb2xu6ds7bRGnHJMWjlnMux4ShNGItCSVjHQTTlDoMdLxhpeF33kgXNA4upejhDgh6kc0oBhJJbl6rWb7hEkEMxsjBq9zeA7tgCOcWXlWz+GNewuLOoIDAxuuXjUNcww4T6wpqYIpmq7+ZfsxTkMSScyQED3LTKSTIS4pZiSv2KkgCcJD1Cc9RSMUEuFk47NyeKAUHwYxVx1JOFZ/b2QoFGIUemoyRHIgZr1C/M/rpTI4czIaJakkEZ48FKQMyhgWGUGfcoIlGymCMKfqrxAPkApFqiQrKgRr9uR50q4b1rFRvzupNi6mcZTBHtgHh8ACp6ABrkATtAAGj+AZvII37Ul70d61j8loSZvu7II/0D5/AHqanGQ=</latexit>

mN ' MN
<latexit sha1_base64="pYNxRJlOBnVShOkqi0nW1TeUC1M=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LHoxYulgv2Adl2y6bQNTbJrklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhTFn2rjut7O0vLK6tp7byG9ube/sFvb2GzpKFIU6jXikWiHRwJmEumGGQytWQETIoRkOryZ+8xGUZpG8M6MYfEH6kvUYJcZK9yKo4o5mAh7wTVANCkW35E6BF4mXkSLKUAsKX51uRBMB0lBOtG57bmz8lCjDKIdxvpNoiAkdkj60LZVEgPbT6dVjfGyVLu5FypY0eKr+nkiJ0HokQtspiBnoeW8i/ue1E9O78FMm48SApLNFvYRjE+FJBLjLFFDDR5YQqpi9FdMBUYQaG1TehuDNv7xIGuWSd1oq354VK5dZHDl0iI7QCfLQOaqga1RDdUSRQs/oFb05T86L8+58zFqXnGzmAP2B8/kDfAiR2Q==</latexit>

m⌫ ' y2⌫v
2

MN
<latexit sha1_base64="IwEwlqEymdI+hYAlLxbiNQkvssk=">AAACDXicbVC7TsMwFHXKq5RXgZHFoiAxVUlBgrGChQVUJPqQmjZyXKe1ajvBdipFUX6AhV9hYQAhVnY2/gb3MUDLka50dM69uvceP2JUadv+tnJLyyura/n1wsbm1vZOcXevocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/vBr7zRGRiobiXicR6XDUFzSgGGkjecUj7rkihq6inDxAN5AIp8lY6lbgqFvJ0hvvNvOKJbtsTwAXiTMjJTBDzSt+ub0Qx5wIjRlSqu3Yke6kSGqKGckKbqxIhPAQ9UnbUIE4UZ108k0Gj43Sg0EoTQkNJ+rviRRxpRLum06O9EDNe2PxP68d6+Cik1IRxZoIPF0UxAzqEI6jgT0qCdYsMQRhSc2tEA+QSUSbAAsmBGf+5UXSqJSd03Ll7qxUvZzFkQcH4BCcAAecgyq4BjVQBxg8gmfwCt6sJ+vFerc+pq05azazD/7A+vwBD8GbjA==</latexit>

MN
<latexit sha1_base64="5I6whhE9JkPjCZixTDMGaDq8gEg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16UiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnEccz+kAyX6glG00sNt965bLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJo1L2zsqV+/NS9SqLIw9HcAyn4MEFVOEGalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/92GNlg==</latexit>

10
15 GeV

<latexit sha1_base64="AkyNUGilaNI47WSExV3vnl5fK08=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJKqKHgpetBjBfsBTSyb7bZdupuE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZF8ScKe0439bS8srq2npho7i5tb2za++VmipKJKENEvFItgOsKGchbWimOW3HkmIRcNoKRtcTv/VIpWJReK/HMfUFHoSszwjWRuraJdd5SN2zzLtMPSnQDW1mXbvsVJwp0CJxc1KGHPWu/eX1IpIIGmrCsVId14m1n2KpGeE0K3qJojEmIzygHUNDLKjy0+ntGToySg/1I2kq1Giq/p5IsVBqLALTKbAeqnlvIv7ndRLdv/BTFsaJpiGZLeonHOkITYJAPSYp0XxsCCaSmVsRGWKJiTZxFU0I7vzLi6RZrbgnlerdabl2lcdRgAM4hGNw4RxqcAt1aACBJ3iGV3izMuvFerc+Zq1LVj6zD39gff4AdGOTbA==</latexit>⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

100 GeV
<latexit sha1_base64="Em1CrqnqKfohrDYe5o59wxiGbzQ=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0qKHgpetBjBfsB3bVk09k2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeO6387S8srq2npho7i5tb2zW9rbb+o4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4vJ74rUdQmsXy3owSCATpSxYxSoyVHjzX9S8zXwl8A81xt1R2K+4UeJF4OSmjHPVu6cvvxTQVIA3lROuO5yYmyIgyjHIYF/1UQ0LokPShY6kkAnSQTa8e42Or9HAUK1vS4Kn6eyIjQuuRCG2nIGag572J+J/XSU10EWRMJqkBSWeLopRjE+NJBLjHFFDDR5YQqpi9FdMBUYQaG1TRhuDNv7xImtWKd1qp3p2Va1d5HAV0iI7QCfLQOaqhW1RHDUSRQs/oFb05T86L8+58zFqXnHzmAP2B8/kD+dmRhw==</latexit>⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

y⌫
<latexit sha1_base64="YLur2i2/WsQWAR3t3uefJj8iCg4=">AAACFnicbVDLSsNAFJ3UV62vqEs3wSK40JC0trW7ohuXFewDmhAm00k7dDIJMxMhhH6FG3/FjQtF3Io7/8bpQ9DWA8Mczrn3zp3jx5QIaVlfWm5ldW19I79Z2Nre2d3T9w/aIko4wi0U0Yh3fSgwJQy3JJEUd2OOYehT3PFH1xO/c4+5IBG7k2mM3RAOGAkIglJJnn6eOdMhPT7w3cwyrSnOLLNStksVddvVWr1aH6eew5Kxpxd/SoxlYs9JEczR9PRPpx+hJMRMIgqF6NlWLN0MckkQxeOCkwgcQzSCA9xTlMEQCzebbjQ2TpTSN4KIq8OkMVV/d2QwFCINfVUZQjkUi95E/M/rJTK4dDPC4kRihmYPBQk1ZGRMMjL6hGMkaaoIRJyoXQ00hBwiqZIsqBDsxS8vk3bJtMtm6fai2Liax5EHR+AYnAIb1EAD3IAmaAEEHsATeAGv2qP2rL1p77PSnDbvOQR/oH18A2Z6m74=</latexit>

10
�7

<latexit sha1_base64="WFkR5IiaxNH1myal5oVBvuag49s=">AAACGHicbVC7TsMwFHXKq5RXgJElokJigJC0tKVbBQtjkehDSkPluE5r1XnIdpCqKJ/Bwq+wMIAQazf+BjcNErQcyfLROfdeXx8npIQLw/hSciura+sb+c3C1vbO7p66f9DmQcQQbqGABqzrQI4p8XFLEEFxN2QYeg7FHWd8M/M7j5hxEvj3YhJi24NDn7gEQSGlvnoR99IhFhs6dmzoRoozQ6+UzVJF3ma1Vq/WE9N4iM9rSdJXiz9F2jIxM1IEGZp9ddobBCjysC8QhZxbphEKO4ZMEERxUuhFHIcQjeEQW5L60MPcjtOdEu1EKgPNDZg8vtBS9XdHDD3OJ54jKz0oRnzRm4n/eVYk3Cs7Jn4YCeyj+UNuRDURaLOUtAFhGAk6kQQiRuSuGhpBBpGQWRZkCObil5dJu6SbZb10d1lsXGdx5MEROAanwAQ10AC3oAlaAIEn8ALewLvyrLwqH8rnvDSnZD2H4A+U6TfOIZvW</latexit>⇠<latexit sha1_base64="4+XSSrwucRUWcfxy3r21XADKmXM=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK4KCFpbWt3RTcuK9gHJKFMppN26OTBzEQoIT/hxl9x40IRt4I7/8ZpGkFbDwxzOOfeO3eOG1HChWF8KYW19Y3NreJ2aWd3b/9APTzq8TBmCHdRSEM2cCHHlAS4K4igeBAxDH2X4r47vZ77/XvMOAmDOzGLsOPDcUA8gqCQ0lCtJHY2xGJj10kM3chQMfR6zazW5W02mq1GK7U58dOhWv6p0FaJmZMyyNEZqp/2KESxjwOBKOTcMo1IOAlkgiCK05IdcxxBNIVjbEkaQB9zJ8kWSrUzqYw0L2TyBELL1N8dCfQ5n/murPShmPBlby7+51mx8C6dhARRLHCAFg95MdVEqM0j0kaEYSToTBKIGJG7amgCGURCBlmSIZjLX14lvapu1vTq7UW5fZXHUQQn4BScAxM0QRvcgA7oAgQewBN4Aa/Ko/KsvCnvi9KCkvccgz9QPr4Bh1ubQg==</latexit>

1<latexit sha1_base64="rSwLG4+wYEVUEDIkiSH/Tvv9pV8=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQkGGmta3dFd24rGAfMB1KJk3b0MyDJCOUYb7Bjb/ixoUibl25829MpyNo64GQwzn33twcN2RUSNP80nIrq2vrG/nNwtb2zu6evn/QFkHEMWnhgAW86yJBGPVJS1LJSDfkBHkuIx13cj3zO/eECxr4d3IaEsdDI58OKUZSSX39LO6lQ2w+cp3YNMwU56ZRKVulirqtaq1erSdW0teLPzZcJlZGiiBDs69/9gYBjjziS8yQELZlhtKJEZcUM5IUepEgIcITNCK2oj7yiHDidJsEnihlAIcBV8eXMFV/d8TIE2LquarSQ3IsFr2Z+J9nR3J46cTUDyNJfDx/aBgxKAM4ywcOKCdYsqkiCHOqdoV4jDjCUqVYUCFYi19eJu2SYZWN0u1FsXGVxZEHR+AYnAIL1EAD3IAmaAEMHsATeAGv2qP2rL1p7/PSnJb1HII/0D6+Ab9dmbA=</latexit>⇠<latexit sha1_base64="4+XSSrwucRUWcfxy3r21XADKmXM=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK4KCFpbWt3RTcuK9gHJKFMppN26OTBzEQoIT/hxl9x40IRt4I7/8ZpGkFbDwxzOOfeO3eOG1HChWF8KYW19Y3NreJ2aWd3b/9APTzq8TBmCHdRSEM2cCHHlAS4K4igeBAxDH2X4r47vZ77/XvMOAmDOzGLsOPDcUA8gqCQ0lCtJHY2xGJj10kM3chQMfR6zazW5W02mq1GK7U58dOhWv6p0FaJmZMyyNEZqp/2KESxjwOBKOTcMo1IOAlkgiCK05IdcxxBNIVjbEkaQB9zJ8kWSrUzqYw0L2TyBELL1N8dCfQ5n/murPShmPBlby7+51mx8C6dhARRLHCAFg95MdVEqM0j0kaEYSToTBKIGJG7amgCGURCBlmSIZjLX14lvapu1vTq7UW5fZXHUQQn4BScAxM0QRvcgA7oAgQewBN4Aa/Ko/KsvCnvi9KCkvccgz9QPr4Bh1ubQg==</latexit>

Connections with 

GUT theories

Connections with 

baryogenesis via  

oscillation⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>
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• The new sterile states interact with the SM via                 mixing ⌫ �N
<latexit sha1_base64="ulqsivpfxV6MAAarUOtAvh55Qjk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWanVVSs7Jfa9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZuRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/9TKgkRa7YfFGYSoIxmf5O+kJzhnJsCWVa2FsJG1JNGdqEijYEb/HlZdKsVryLSvXhsly7yeMowDGcwBl4cAU1uIM6NIDBCJ7hFd6cxHlx3p2PeeuKk88cwR84nz8VPY6+</latexit>

(
⌫mass = cos ✓ ⌫ + sin ✓ N

Nmass = � sin ✓ ⌫ + cos ✓ N
<latexit sha1_base64="S6JIqPVVlqI68sj4+WP1uvJDAyM="></latexit>

✓ ' y⌫v

MN
<latexit sha1_base64="HboRWkODetO+a4Tw/9rUtLXpsgQ=">AAACCnicbVA9SwNBEN2L3/Hr1NJmNQhW4S4KWoo2NoqCSYRcOPY2c2Zxb+/cnRPCkdrGv2JjoYitv8DOf+MmptDEBwOP92aYmRdlUhj0vC+nNDU9Mzs3v1BeXFpeWXXX1hsmzTWHOk9lqq8jZkAKBXUUKOE608CSSEIzuj0Z+M170Eak6gp7GbQTdqNELDhDK4XuVoBdQEYDIxK4o0GsGS96YaByet8vzsLzfuhWvKo3BJ0k/ohUyAgXofsZdFKeJ6CQS2ZMy/cybBdMo+AS+uUgN5AxfstuoGWpYgmYdjF8pU93rNKhcaptKaRD9fdEwRJjeklkOxOGXTPuDcT/vFaO8WG7ECrLERT/WRTnkmJKB7nQjtDAUfYsYVwLeyvlXWbTQJte2Ybgj788SRq1qr9XrV3uV46OR3HMk02yTXaJTw7IETklF6ROOHkgT+SFvDqPzrPz5rz/tJac0cwG+QPn4xtkQJq1</latexit>

• Heavy neutrino decay via charged / neutral currents

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmc BpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

e+
<latexit sha1_base64="rbJLzWjiEvaKskPI1udhMhe7e8k=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7L1fuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5WCNig==</latexit>

W+
<latexit sha1_base64="68IKg2gSukMqyn6jmFIVFyUlpo4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpVMreeblyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH0AyNfA==</latexit>

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit> �N ' 10�2 GeV

⇣ mN

100 GeV

⌘ m⌫

mN
<latexit sha1_base64="bFdAeZvnPBMMWyUHKdiD01yiJ6k="></latexit>

• They decay after macroscopic distances

Detector stable Displaced decay

<latexit sha1_base64="Q17coKLdb1aw7jFhv4tu0kcRkPo=">AAACCXicbVBNSwMxEM36WetX1aMHg0XwVHaloMeiF09SwdpCt5RsOtuGJtltkhXKskcv/hUvHhTEq//Am//GtN2Dtj4Y5vHeDMm8IOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t7+vY4SRaFBIx6pVkA0cCahYZjh0IoVEBFwaAbDq4nffAClWSTvzDiGjiB9yUJGibFSt3TkayZghH09Uib1Q0VoKrq+TDLbbrKsWyq7FXcKvEi8nJRRjnq39OX3IpoIkIZyonXbc2PTSYkyjHLIin6iISZ0SPrQtlQSAbqTTg/J8IlVejiMlC1p8FT9vZESofVYBHZSEDPQ895E/M9rJya86KRMxokBSWcPhQnHJsKTVHCPKaCGjy0hVDH7V0wHxIZhbHZFG4I3f/IiaZ5VvGrF826r5dplnkcBHaJjdIo8dI5q6BrVUQNR9Iie0St6c56cF+fd+ZiNLjn5zgH6A+fzB7u3muA=</latexit>

'
r

m⌫

mN
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[Antush+ ’16]
[Blondel+ ’16]

bosons
<latexit sha1_base64="WdxywOqfvW6+hiTPfJqTDpeQFNU=">AAACA3icbVDLSgMxFM3UV62vUVfiJliEurBMakGXRTfurGBtoR1LJs20oZnMkGSEMgxu/BU3LhTErT/hzr8xnc5Cqwcu93DOvST3eBFnSjvOl1VYWFxaXimultbWNza37O2dWxXGktAWCXkoOx5WlDNBW5ppTjuRpDjwOG1744up376nUrFQ3OhJRN0ADwXzGcHaSH17L+kRzOFVWkHOXYJq6XHWT9Kjvl12qk4G+JegnJRBjmbf/uwNQhIHVGjCsVJd5ETaTbDUjHCalnqxohEmYzykXUMFDqhyk+yEFB4aZQD9UJoSGmbqz40EB0pNAs9MBliP1Lw3Ff/zurH2z9yEiSjWVJDZQ37MoQ7hNA84YJISzSeGYCKZ+SskIywx0Sa1kgkBzZ/8l7RrVVSvInRdLzfO8zyKYB8cgApA4BQ0wCVoghYg4AE8gRfwaj1az9ab9T4bLVj5zi74BevjG7fMlYQ=</latexit>

O(1012 � 1013)
<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z
Tiny     in the seesaw limit

<latexit sha1_base64="XuR8Uoat1sUr8pfdv9Do2jgG/tk="></latexit>

�mix ' 2⇥ 10�5

✓
1 GeV

mN

◆
fb

<latexit sha1_base64="i+6ECKXgP8Ej4XBX55yzw8dkczQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DXjxGMA9IljA7mU3GzGOZmRXCkn/w4kFBvPo93vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ETaUM0lblllOu4mmWEScdqLJ7dzvPFFtmJIPdprQUOCRZDEj2Dqp3TdsJPCgXPGr/gJonQQ5qUCO5qD81R8qkgoqLeHYmF7gJzbMsLaMcDor9VNDE0wmeER7jkosqAmzxbUzdOGUIYqVdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MbXYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ56oa1KpBcF+rNG7yPIpwBudwCQHUoQF30IQWEHiEZ3iFN095L96797FsLXj5zCn8gff5AzR5j1w=</latexit>�

<latexit sha1_base64="r7FpZ5/0gKhufmtH/8mBoMuO3G4=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koI0QtLGMYEwwOcLeZi9Zsnt32Z0LhJDfYWOhILb+Fzv/jZvkCk18MPB4b4aZeUEihUHX/XZya+sbm1v57cLO7t7+QfHw6NHEqWa8zmIZ62ZADZci4nUUKHkz0ZyqQPJGMLid+Y0R10bE0QOOE+4r2otEKBhFK/ltM9RIDLkmqvPUKZbcsjsHWSVeRkqQodYpfrW7MUsVj5BJakzLcxP0J1SjYJJPC+3U8ISyAe3xlqURVdz4k/nRU3JmlS4JY20rQjJXf09MqDJmrALbqSj2zbI3E//zWimGV/5EREmKPGKLRWEqCcZklgDpCs0ZyrEllGlhbyWsTzVlaHMq2BC85ZdXSeOi7FXKnndfKVVvsjzycAKncA4eXEIV7qAGdWAwhGd4hTdn5Lw4787HojXnZDPH8AfO5w89kZGR</latexit>p
s = mZ

<latexit sha1_base64="42CBVWCNRq/AyXm1loV1sVyDgCo=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koJUEbSwjGBNMjrC32UuW7N5dducCIeR32FgoiK3/xc5/4ya5QhMfDDzem2FmXpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8ejRxqhmvs1jGuhlQw6WIeB0FSt5MNKcqkLwRDG5nfmPEtRFx9IDjhPuK9iIRCkbRSn7bDDUSQ66J6jx1iiW37M5BVomXkRJkqHWKX+1uzFLFI2SSGtPy3AT9CdUomOTTQjs1PKFsQHu8ZWlEFTf+ZH70lJxZpUvCWNuKkMzV3xMTqowZq8B2Kop9s+zNxP+8VorhlT8RUZIij9hiUZhKgjGZJUC6QnOGcmwJZVrYWwnrU00Z2pwKNgRv+eVV0rgoe5Wy591XStWbLI88nMApnIMHl1CFO6hBHRgM4Rle4c0ZOS/Ou/OxaM052cwx/IHz+QM/GpGS</latexit>p
s > mZ
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• The naive seesaw scaling can be challenged with 
<latexit sha1_base64="3oWx9huuq3OnFHNbge/92q9QsNw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FL56kgrWVNpTNdtIu3WzC7kYoob/CiwcF8eq/8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etBxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+Hrmt59QaR7LezNJ0I/oUPKQM2qs9Cj7t6Q3RFLrlytu1Z2DrBIvJxXI0eyXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCSz/jMkkNSrZYFKaCmJjMvicDrpAZMbGEMsXtrYSNqKLM2IxKNgRv+eVV0q5VvXrV8+7qlcZVnkcRTuAUzsGDC2jADTShBQwieIZXeHOU8+K8Ox+L1oKTzxzDHzifPxbBj8I=</latexit>

nN � 2
<latexit sha1_base64="aEMueD/ym5zmRgAMQfyeA67MWR4="></latexit>

Mmass =

0

@
0 Y⌫v

Y T
⌫ v MN

1

A

• One can express the Yukawa matrix as

with

physical masses

• Which can then be written as

• The angle     can take complex values!<latexit sha1_base64="yLlTWlXyAgxfkScOlnJpxvmvqtg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtoQ9lsJ+3azSbsboQa+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++xGV5rG8M5ME/YgOJQ85o8ZKzad+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXlwXpx352PRWnDymWP4A+fzB39jjTc=</latexit>z
<latexit sha1_base64="dgJMxCkpWC79WExvMznqdRRTB2k=">AAAB/3icbVBNSwMxEM3Wr1q/VsWTl2ARBKHsSkEvQtGLxwrWFrpLmU3TNjTJLklWqEvBv+LFg4J49W9489+YtnvQ1gcDj/dmmJkXJZxp43nfTmFpeWV1rbhe2tjc2t5xd/fudZwqQhsk5rFqRaApZ5I2DDOcthJFQUScNqPh9cRvPlClWSzvzCihoYC+ZD1GwFip4x484kscAE8GgE8xw0EfhICOW/Yq3hR4kfg5KaMc9Y77FXRjkgoqDeGgddv3EhNmoAwjnI5LQappAmQIfdq2VIKgOsym54/xsVW6uBcrW9Lgqfp7IgOh9UhEtlOAGeh5byL+57VT07sIMyaT1FBJZot6KccmxpMscJcpSgwfWQJEMXsrJgNQQIxNrGRD8OdfXiTNs4pfrfj+bbVcu8rzKKJDdIROkI/OUQ3doDpqIIIy9Ixe0Zvz5Lw4787HrLXg5DP76A+czx+FppRi</latexit>

z = ↵+ i�
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• This allows       to departure from the seesaw limit 
<latexit sha1_base64="RQt//54cKz0CYuCKD2mS9wQiln0=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwcF8er3ePNvnCR70MSChqKqm+6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1HBpcS23aEbMghYIGCpTQTgywOJLQisa3M7/1BMYKrR5wkkAYs6ESA8EZOqnZxREg65UrftWfg66SICcVkqPeK391+5qnMSjkklnbCfwEw4wZFFzCtNRNLSSMj9kQOo4qFoMNs/m1U3rmlD4daONKIZ2rvycyFls7iSPXGTMc2WVvJv7ndVIcXIeZUEmKoPhi0SCVFDWdvU77wgBHOXGEcSPcrZSPmGEcXUAlF0Kw/PIqaV1Ug8tqENxfVmo3eR5FckJOyTkJyBWpkTtSJw3CySN5Jq/kzdPei/fufSxaC14+c0z+wPv8ATwWj2E=</latexit>

✓

<latexit sha1_base64="wJLWbPdrKDqA/bXJYJMTRQcjbDs=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF48VrC00oWy203bpbpLuTgol9Hd48aAgXv0v3vw3btsctPXBwOO9GWbmhYkUBl332ylsbG5t7xR3S3v7B4dH5eOTJxOnmkOTxzLW7ZAZkCKCJgqU0E40MBVKaIWju7nfmoA2Io4ecZpAoNggEn3BGVop8HEIyKhvhIJxt1xxq+4CdJ14OamQHI1u+cvvxTxVECGXzJiO5yYYZEyj4BJmJT81kDA+YgPoWBoxBSbIFkfP6IVVerQfa1sR0oX6eyJjypipCm2nYjg0q95c/M/rpNi/CTIRJSlCxJeL+qmkGNN5ArQnNHCUU0sY18LeSvmQacbR5lSyIXirL6+T1lXVq1U976FWqd/meRTJGTknl8Qj16RO7kmDNAknY/JMXsmbM3FenHfnY9lacPKZU/IHzucPTIuSQg==</latexit>

✓ '

Exponential enhancement of the mixing angle

Direct searches contraints

Prompt

DisplacedStable

• All three regimes possible

• Motivates searches for prompt N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>
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<latexit sha1_base64="ZogH6fDe8nC+fzwzYm/HroiBRJo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiCB5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHDzpOFcMWi0WsOgHVKLjEluFGYCdRSKNAYDsY38z89hMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1b1vGatUr/O8yjCCZzCOXhwCXW4gwa0gAHCM7zCm/PovDjvzseiteDkM8fwB87nDy7ajQI=</latexit>

E

<latexit sha1_base64="TftTOiN+lv6cFfnDSlxyjPV7EEg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY9OJFqWhtsV1KNs22oUl2SbJCWfZfePGgIF79Nd78N6btHrT1wcDjvRlm5gUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7ew86ShShTRLxSLUDrClnkjYNM5y2Y0WxCDhtBaPLid96okqzSN6bcUx9gQeShYxgY6XHtKsEurvOTm565YpbdadAi8TLSQVyNHrlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTi/O0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCY891Mm48RQSWaLwoQjE6HJ+6jPFCWGjy3BRDF7KyJDrDAxNqSSDcGbf3mRtE6rXq3qebe1Sv0iz6MIB3AIx+DBGdThChrQBAISnuEV3hztvDjvzsesteDkM/vwB87nD1ajkIM=</latexit>

SM+N

<latexit sha1_base64="oAJPYED8FD2edR6KgvRkVjD0Qao=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoDeLXjy2YG2hDWWznbRrN5uwuxFK6C/w4kFBvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnScKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvp357SdUmsfy3kwS9CM6lDzkjBorNa/75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+qXq3qec1apX6T51GEEziFc/DgEupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPHyW8jPw=</latexit>

? • Are GeV scale RH neutrinos the only BSM states?

• Assume extra NP at a scale  
<latexit sha1_base64="U+NfN9x7Rcx/w1ogNRWnqHfgWbE=">AAAB/HicbVDLSsNAFL2pr1pfsS7dDBbBhZRECrosunGhUsHaQhPCZDJph04ezEyKJfRX3LhQELd+iDv/xmmbhbYeGDiccy73zvFTzqSyrG+jtLK6tr5R3qxsbe/s7pn71UeZZILQNkl4Iro+lpSzmLYVU5x2U0Fx5HPa8YdXU78zokKyJH5Q45S6Ee7HLGQEKy15ZtW50eEAI6ffR6NTdOvdeWbNqlszoGViF6QGBVqe+eUECckiGivCsZQ920qVm2OhGOF0UnEySVNMhrhPe5rGOKLSzWe3T9CxVgIUJkK/WKGZ+nsix5GU48jXyQirgVz0puJ/Xi9T4YWbszjNFI3JfFGYcaQSNC0CBUxQovhYE0wE07ciMsACE6XrqugS7MUvL5POWd1u1G37vlFrXhZ9lOEQjuAEbDiHJlxDC9pA4Ame4RXejInxYrwbH/NoyShmDuAPjM8fqF2TWw==</latexit>

⇤ � v,MN

• At low energy their effects are parametrized with the EFT language
<latexit sha1_base64="ZogH6fDe8nC+fzwzYm/HroiBRJo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiCB5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHDzpOFcMWi0WsOgHVKLjEluFGYCdRSKNAYDsY38z89hMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1b1vGatUr/O8yjCCZzCOXhwCXW4gwa0gAHCM7zCm/PovDjvzseiteDkM8fwB87nDy7ajQI=</latexit>

E
<latexit sha1_base64="XSQZdF6KE7NdRmL/uTa7KJQ7E9Q=">AAAB73icbVBNS8NAFHypX7V+VT16WSyCp5JIQY9FLx48VLCm0Iay2by0SzebsLsRSumP8OJBQbz6d7z5b9y2OWjrwMIwM499b8JMcG1c99spra1vbG6Vtys7u3v7B9XDo0ed5ophm6UiVZ2QahRcYttwI7CTKaRJKNAPRzcz339CpXkqH8w4wyChA8ljzqixkt+7s9GI9qs1t+7OQVaJV5AaFGj1q1+9KGV5gtIwQbXuem5mgglVhjOB00ov15hRNqID7FoqaYI6mMzXnZIzq0QkTpV90pC5+ntiQhOtx0lokwk1Q73szcT/vG5u4qtgwmWWG5Rs8VGcC2JSMrudRFwhM2JsCWWK210JG1JFmbENVWwJ3vLJq8S/qHuNuufdN2rN66KPMpzAKZyDB5fQhFtoQRsYjOAZXuHNyZwX5935WERLTjFzDH/gfP4Ao+GPlg==</latexit>

⇤
<latexit sha1_base64="CSznM3u+TB2hjvyS8lZkLD9IBHk=">AAACAnicbVDNSgMxGMzWv1r/Vr0IXoJF8CBlVwoKXopePFawttBdlmyabUOTbEiyQin14qt48aAgXn0Kb76N2XYP2joQMsx8Q/JNLBnVxvO+ndLS8srqWnm9srG5tb3j7u7d6zRTmLRwylLViZEmjArSMtQw0pGKIB4z0o6H17nffiBK01TcmZEkIUd9QROKkbFS5B4EUtPT4DKQg/zqRAHPgl5qdORWvZo3BVwkfkGqoEAzcr9sDmecCIMZ0rrre9KEY6QMxYxMKkGmiUR4iPqka6lAnOhwPN1gAo+t0oNJquwRBk7V34kx4lqPeGwnOTIDPe/l4n9eNzPJRTimQmaGCDx7KMkYNCnM64A9qgg2bGQJworav0I8QAphY0ur2BL8+ZUXSfus5tdrvn9brzauij7K4BAcgRPgg3PQADegCVoAg0fwDF7Bm/PkvDjvzsdstOQUmX3wB87nD2HUlqo=</latexit>

 , �, Xµ . . .

• Higher dimensional operators are built out from SM and     fields:
<latexit sha1_base64="GTIOfDGXQJKZBELr3VgDH6cyT9U=">AAAB+XicbVDLSsNAFJ3UV62PRl26GSyCq5JIQZdFUdwIFVtbaEKZTCft0JlJmIdQQ7/EjQsFceufuPNvnLZZaOuBC4dz7uXee6KUUaU979sprKyurW8UN0tb2zu7ZXdv/0ElRmLSwglLZCdCijAqSEtTzUgnlQTxiJF2NLqc+u1HIhVNRFOPUxJyNBA0phhpK/XcciAMzALJ4f3t1XVz0nMrXtWbAS4TPycVkKPRc7+CfoINJ0JjhpTq+l6qwwxJTTEjk1JgFEkRHqEB6VoqECcqzGaHT+CxVfowTqQtoeFM/T2RIa7UmEe2kyM9VIveVPzP6xodn4cZFanRROD5otgwqBM4TQH2qSRYs7ElCEtqb4V4iCTC2mZVsiH4iy8vk/Zp1a9Vff+uVqlf5HkUwSE4AifAB2egDm5AA7QABgY8g1fw5jw5L8678zFvLTj5zAH4A+fzB0xtkqs=</latexit>

⌫SMEFT

<latexit sha1_base64="X4QpbKl84QvCE8aapPUMSFMIl1A="></latexit>

SM+N +
X

n>4

1

⇤n�4
O

n

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>
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• At dimension-5 only three operators are present

<latexit sha1_base64="+ZJS4H323p902v4KomIcyL8H3+M=">AAACAXicbVDLSsNAFL3xWesr6sKFm8Ei1E1JpKAboeimC8EK1hTaECbTSTt08mBmIpTQjb/ixoWCuPUv3Pk3TtMstPXAvRzOuZeZe/yEM6ks69tYWl5ZXVsvbZQ3t7Z3ds29/QcZp4LQNol5LDo+lpSziLYVU5x2EkFx6HPq+KPrqe88UiFZHN2rcULdEA8iFjCClZY88zDrEczR7cRz0CWq3qDmad48s2LVrBxokdgFqUCBlmd+9foxSUMaKcKxlF3bSpSbYaEY4XRS7qWSJpiM8IB2NY1wSKWb5QdM0IlW+iiIha5IoVz9vZHhUMpx6OvJEKuhnPem4n9eN1XBhZuxKEkVjcjsoSDlSMVomgbqM0GJ4mNNMBFM/xWRIRaYKJ1ZWYdgz5+8SJyzml2v2fZdvdK4KvIowREcQxVsOIcGNKEFbSAwgWd4hTfjyXgx3o2P2eiSUewcwB8Ynz8jMZP6</latexit>

OW = (LH)(LH)

<latexit sha1_base64="5NSjpSJ4sV2UBjAIr5IkIAEkmKU=">AAACBnicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoBuh6CarWsHaQhPDZDJph04mYWYilJCNG3/FjQsFces3uPNvnD4W2nouFw7n3MvMPUHKqFSW9W2UlpZXVtfK65WNza3tHXN3704mmcCkjROWiG6AJGGUk7aiipFuKgiKA0Y6wfBq7HceiJA04bdqlBIvRn1OI4qR0pJvHuYuRgxeF37edAp4AZu6nHs3RH3o+GbVqlkTwEViz0gVzNDyzS83THAWE64wQ1L2bCtVXo6EopiRouJmkqQID1Gf9DTlKCbSyydXFPBYKyGMEqGbKzhRf2/kKJZyFAd6MkZqIOe9sfif18tUdO7llKeZIhxPH4oyBlUCx5HAkAqCFRtpgrCg+q8QD5BAWOngKjoEe/7kRdI5rdn1mm3f1KuNy1keZXAAjsAJsMEZaAAHtEAbYPAInsEreDOejBfj3fiYjpaM2c4++APj8wcIq5bL</latexit>

ONH = NNH
†
H

<latexit sha1_base64="V3DAlAUROHqDSvnFmSlQiuyUvvc=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWakoBuh1I2rWsHaQmccMmnahiaZIckIZZi/cOOvuHGhIG67829M2xG09cCFk3PuJfeeMGZUacf5sgorq2vrG8XN0tb2zu6evX9wr6JEYtLCEYtkJ0SKMCpIS1PNSCeWBPGQkXY4upr67UciFY3EnR7HxOdoIGifYqSNFNiV1MOIwZssSBv1DF7CBvQUHXD0kHo88USSGaUe/DwCu+xUnBngMnFzUgY5moE98XoRTjgRGjOkVNd1Yu2nSGqKGclKXqJIjPAIDUjXUIE4UX46uyuDJ0bpwX4kTQkNZ+rviRRxpcY8NJ0c6aFa9Kbif1430f0LP6UiTjQReP5RP2FQR3AaEuxRSbBmY0MQltTsCvEQSYS1ibJkQnAXT14m7bOKW6247m21XKvneRTBETgGp8AF56AGrkETtAAGT+AFvIF369l6tT6sz3lrwcpnDsEfWJNvhGyfWQ==</latexit>

ONB = N�µ⌫NBµ⌫

<latexit sha1_base64="77v/ZaSqpaxi0ywUq1Oio9Pdpbg=">AAACCnicbVC7TsMwFHXKq5RXgJHFokJiqpKqEowVLAwMRaK0UlMix3Faq7YTbKdSFWVl4VdYGEBCrHwBG3+D22aAliNd6eice+17T5AwqrTjfFulldW19Y3yZmVre2d3z94/uFNxKjFp45jFshsgRRgVpK2pZqSbSIJ4wEgnGF1O/c6YSEVjcasnCelzNBA0ohhpI/k25L4nUugpyskD9CKJcDa+r+eZd20eCVHu21Wn5swAl4lbkCoo0PLtLy+MccqJ0JghpXquk+h+hqSmmJG84qWKJAiP0ID0DBWIE9XPZpfk8MQoIYxiaUpoOFN/T2SIKzXhgenkSA/VojcV//N6qY7O+xkVSaqJwPOPopRBHcNpLDCkkmDNJoYgLKnZFeIhMmloE17FhOAunrxMOvWa26i57k2j2rwo8iiDI3AMToELzkATXIEWaAMMHsEzeAVv1pP1Yr1bH/PWklXMHII/sD5/AC/ZmnU=</latexit>

m⌫ ' v2

⇤Weinberg operator

Genuine                       operators
<latexit sha1_base64="GTIOfDGXQJKZBELr3VgDH6cyT9U=">AAAB+XicbVDLSsNAFJ3UV62PRl26GSyCq5JIQZdFUdwIFVtbaEKZTCft0JlJmIdQQ7/EjQsFceufuPNvnLZZaOuBC4dz7uXee6KUUaU979sprKyurW8UN0tb2zu7ZXdv/0ElRmLSwglLZCdCijAqSEtTzUgnlQTxiJF2NLqc+u1HIhVNRFOPUxJyNBA0phhpK/XcciAMzALJ4f3t1XVz0nMrXtWbAS4TPycVkKPRc7+CfoINJ0JjhpTq+l6qwwxJTTEjk1JgFEkRHqEB6VoqECcqzGaHT+CxVfowTqQtoeFM/T2RIa7UmEe2kyM9VIveVPzP6xodn4cZFanRROD5otgwqBM4TQH2qSRYs7ElCEtqb4V4iCTC2mZVsiH4iy8vk/Zp1a9Vff+uVqlf5HkUwSE4AifAB2egDm5AA7QABgY8g1fw5jw5L8678zFvLTj5zAH4A+fzB0xtkqs=</latexit>

⌫SMEFT
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• Many more at dimension-six…. [Yi Liao+ ’16]

• Interestingly, these operator can change the prompt/displaced behavior
[DB+ ’20]
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<latexit sha1_base64="5NSjpSJ4sV2UBjAIr5IkIAEkmKU=">AAACBnicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoBuh6CarWsHaQhPDZDJph04mYWYilJCNG3/FjQsFces3uPNvnD4W2nouFw7n3MvMPUHKqFSW9W2UlpZXVtfK65WNza3tHXN3704mmcCkjROWiG6AJGGUk7aiipFuKgiKA0Y6wfBq7HceiJA04bdqlBIvRn1OI4qR0pJvHuYuRgxeF37edAp4AZu6nHs3RH3o+GbVqlkTwEViz0gVzNDyzS83THAWE64wQ1L2bCtVXo6EopiRouJmkqQID1Gf9DTlKCbSyydXFPBYKyGMEqGbKzhRf2/kKJZyFAd6MkZqIOe9sfif18tUdO7llKeZIhxPH4oyBlUCx5HAkAqCFRtpgrCg+q8QD5BAWOngKjoEe/7kRdI5rdn1mm3f1KuNy1keZXAAjsAJsMEZaAAHtEAbYPAInsEreDOejBfj3fiYjpaM2c4++APj8wcIq5bL</latexit>

ONH = NNH
†
H

<latexit sha1_base64="xH7buaa7JJG9M6GkaLKWh0d4cPg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF0+lirWFNpTNdtMu3WzC7kQoof/AiwcF8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxesBJwv2IDpUIBaNopftGo1+uuFV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn80ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzN4mA6E5QzmxhDIt7K2EjaimDG04JRuCt/zyKmlfVL1a1fPuapX6dZ5HEU7gFM7Bg0uowy00oQUMQniGV3hzxs6L8+58LFoLTj5zDH/gfP4A2ECNYw==</latexit>

NN

EWSB

Contribution to     Majorana mass

New interactions
<latexit sha1_base64="7zVqjLeAIjid28PdOWXcLwaLAb8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FL55KBWsLbSib7aZZursJuxuhhP4FLx4UxKs/yJv/xk2bg7Y+GHi8N8PMvCDhTBvX/XZKG5tb2zvl3cre/sHhUfX45FHHqSK0S2Ieq36ANeVM0q5hhtN+oigWAae9YHqb+70nqjSL5YOZJdQXeCJZyAg2uRShdntUrbl1dwG0TryC1KBAZ1T9Go5jkgoqDeFY64HnJsbPsDKMcDqvDFNNE0ymeEIHlkosqPazxa1zdGGVMQpjZUsatFB/T2RYaD0Tge0U2ER61cvF/7xBasJrP2MySQ2VZLkoTDkyMcofR2OmKDF8ZgkmitlbEYmwwsTYeCo2BG/15XXSu6p7jbrn3TdqrZsijzKcwTlcggdNaMEddKALBCJ4hld4c4Tz4rw7H8vWklPMnMIfOJ8/8j+N/w==</latexit>

hNN
<latexit sha1_base64="yIwttrn49ogu6Mcu6KIJH9CFMgM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi6dSwdhCG8pmu2mWbjZhdyKU0t/gxYOCePX/ePPfuG1z0NYHA4/3ZpiZF2ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PHk2aa8Z9lspUd0JquBSK+yhQ8k6mOU1Cydvh6Hbmt5+4NiJVDzjOeJDQoRKRYBSt5McxaTb71Zpbd+cgq8QrSA0KtPrVr94gZXnCFTJJjel6bobBhGoUTPJppZcbnlE2okPetVTRhJtgMj92Ss6sMiBRqm0pJHP198SEJsaMk9B2JhRjs+zNxP+8bo7RdTARKsuRK7ZYFOWSYEpmn5OB0JyhHFtCmRb2VsJiqilDm0/FhuAtv7xK2hd177LuefeXtcZNkUcZTuAUzsGDK2jAHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD7bhjnE=</latexit>

hhNN

<latexit sha1_base64="Wt9DXIoMnQYaZh33yOb9BGx+gMc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VrC20sWy2k3bpbhJ2N0IJ/QtePCiIV3+QN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbJa2yts7u3v7lYPDBx2nimGLxSJWnYBqFDzCluFGYCdRSGUgsB2Mb3K//YRK8zi6N5MEfUmHEQ85oyaX8PGc9CtVt+bOQJaJV5AqFGj2K1+9QcxSiZFhgmrd9dzE+BlVhjOB03Iv1ZhQNqZD7FoaUYnaz2a3TsmpVQYkjJWtyJCZ+nsio1LriQxsp6RmpBe9XPzP66YmvPIzHiWpwYjNF4WpICYm+eNkwBUyIyaWUKa4vZWwEVWUGRtP2YbgLb68TNoXNa9e87y7erVxXeRRgmM4gTPw4BIacAtNaAGDETzDK7w50nlx3p2PeeuKU8wcwR84nz/RIY3p</latexit>

e+

<latexit sha1_base64="rk12mLaE9P46kJs4gsnwyNmuHHI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsYXU/91hMqzWN5b8YJ+hEdSB5yRo2V7vDxrFeuuFV3BrJMvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nrvOrVqp53W6vUr/I8inAEx3AKHlxAHW6gAU1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDfbSNwQ==</latexit>

e�

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

<latexit sha1_base64="AbsbdsYohk7wVKi8+ZhUmLiIMd0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWuNBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14nnauqV6t6XqtWadzkeRThDM7hEjyoQwPuoAltYIDwDK/w5jw6L86787FsLTj5zCn8gfP5A2QJjSU=</latexit>

h

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

• New Higgs decay mode
<latexit sha1_base64="s6pTa8T8X3Gg47Mg4wifng9iKQU="></latexit>

�(h ! NN) ' 1

2⇡

v2

⇤2
mh

s

1� 4
m2

N

m2
h

• And additional production channel relevant for FCC-ee

Independent of the mixing angle

<latexit sha1_base64="llj9u5Ns6Y+RzF5ifaO2Qoxxnqw=">AAACGXicbVBNS8NAEN34WetX1KOXxSJ4sSalYMFLsSAeK1hbbGLZbDft0t0k7m6EEvIzvPhXvHhQEI968t+4TXPQ1gcDj/dmmJnnRYxKZVnfxsLi0vLKamGtuL6xubVt7uzeyDAWmLRwyELR8ZAkjAakpahipBMJgrjHSNsbNSZ++4EIScPgWo0j4nI0CKhPMVJa6pknjqQDjnrJ7TC9SxJHcHjRaBxXqlaaaouTe2jXLOcsc3wv7Zklq2xlgPPEzkkJ5Gj2zE+nH+KYk0BhhqTs2lak3AQJRTEjadGJJYkQHqEB6WoaIE6km2SPpfBQK33oh0JXoGCm/p5IEJdyzD3dyZEayllvIv7ndWPl19yEBlGsSICni/yYQRXCSUqwTwXBio01QVhQfSvEQyQQVjrLog7Bnn15nrQrZbtatu2raql+nudRAPvgABwBG5yCOrgETdACGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4+gHCZZ9e</latexit>

�FCC�240
Zh ' 180 fb

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>
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• It could also be the main production mode for RH neutrinos at FCC-ee

<latexit sha1_base64="zzUA/4Ar+LP71E7l+xj0Bs27e1Y=">AAACBHicbVBNS8NAEJ34WetX1JteFovgqSRS0JMUvfQkFawttCFstpt26W4SdjdiCQUv/hUvHhTEqz/Cm//GbRtBWx8MvH1vhp15QcKZ0o7zZS0sLi2vrBbWiusbm1vb9s7urYpTSWiDxDyWrQAryllEG5ppTluJpFgEnDaDweXYb95RqVgc3ehhQj2BexELGcHaSL6931GsJ7CfXdVG6Bz9vAS7H/l2ySk7E6B54uakBDnqvv3Z6cYkFTTShGOl2q6TaC/DUjPC6ajYSRVNMBngHm0bGmFBlZdNbhihI6N0URhLU5FGE/X3RIaFUkMRmE6BdV/NemPxP6+d6vDMy1iUpJpGZPpRmHKkYzQOBHWZpETzoSGYSGZ2RaSPJSbaxFY0IbizJ8+T5knZrZRd97pSql7keRTgAA7hGFw4hSrUoA4NIPAAT/ACr9aj9Wy9We/T1gUrn9mDP7A+vgFmLpfS</latexit>

�NH > �mix

10 20 30 40 50 60 70 80
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10-7

10-4

MN1,2 [GeV]

|�
e
2

c�=0.1 cm

c�=1m
c�=5m

h�
N
N
forbidden

�� bound

BR(h�NN)=10%

BR(h�NN)=1%

BR(h�NN)=0.1%

Normal Hierarchy
FCC-ee 240 GeV

• It offers a complementary way to search for RH neutrinos
Provided      is not too large…

<latexit sha1_base64="XSQZdF6KE7NdRmL/uTa7KJQ7E9Q=">AAAB73icbVBNS8NAFHypX7V+VT16WSyCp5JIQY9FLx48VLCm0Iay2by0SzebsLsRSumP8OJBQbz6d7z5b9y2OWjrwMIwM499b8JMcG1c99spra1vbG6Vtys7u3v7B9XDo0ed5ophm6UiVZ2QahRcYttwI7CTKaRJKNAPRzcz339CpXkqH8w4wyChA8ljzqixkt+7s9GI9qs1t+7OQVaJV5AaFGj1q1+9KGV5gtIwQbXuem5mgglVhjOB00ov15hRNqID7FoqaYI6mMzXnZIzq0QkTpV90pC5+ntiQhOtx0lokwk1Q73szcT/vG5u4qtgwmWWG5Rs8VGcC2JSMrudRFwhM2JsCWWK210JG1JFmbENVWwJ3vLJq8S/qHuNuufdN2rN66KPMpzAKZyDB5fQhFtoQRsYjOAZXuHNyZwX5935WERLTjFzDH/gfP4Ao+GPlg==</latexit>

⇤
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• The RH neutrino decays via mixing through neutral and charged-currents

• Final states with Same-Sign leptons can be particularly clean

• And produced in pairs give rise to a plethora of final states
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• The BRs in the final state depend on the choice of the CP phases of the PMNS

• We can choose benchmark points that maximizes/minimizes the mixing with 
1st+2nd generation leptons

[Caputo+ ’17]

<latexit sha1_base64="Pixdiv9d5ICYwN/a+URUFWfdpGQ=">AAACEHicbVC7TgJBFJ3FF+Jr1dJmItFgQ3YJUUuCjRVBI0LCEjI7XGDCzO4yM2tCNvyBjb9iY6GJsbW0828cHoWCJ5nk5Jx7c+ccP+JMacf5tlIrq2vrG+nNzNb2zu6evX9wr8JYUqjRkIey4RMFnAVQ00xzaEQSiPA51P3B1cSvP4BULAzu9CiCliC9gHUZJdpIbfs08aTA5dtxrlLBng5xwQPOcREPz7CnmIAhdvLuedvOOnlnCrxM3DnJojmqbfvL64Q0FhBoyolSTdeJdCshUjPKYZzxYgURoQPSg6ahARGgWsk0zxifGKWDu6E0L9B4qv7eSIhQaiR8MymI7qtFbyL+5zVj3b1sJSyIYg0BnR3qxhyb3JNycIdJoJqPDCFUMvNXTPtEEqpNhRlTgrsYeZnUC3m3mHfdm2K2VJ73kUZH6BjlkIsuUAldoyqqIYoe0TN6RW/Wk/VivVsfs9GUNd85RH9gff4A+qWZ4w==</latexit>

BR(NN ! 2`4q) ' 0.16

<latexit sha1_base64="GTEzZfmyJaJhBIHeDaRcOPALq7c=">AAACEHicbVDNTgIxGOz6i/i36tFLI9HgZbNLSPRI8OKJoBEhYTekWwo0tN2l7ZqQDW/gxVfx4kET49WjN9/GAntQcJImk5nvy9eZMGZUadf9tlZW19Y3NnNb+e2d3b19++DwXkWJxKSBIxbJVogUYVSQhqaakVYsCeIhI81weDX1mw9EKhqJOz2OScBRX9AexUgbqWOfpb7ksHo7KdZq0NcRLPkaJbAMR+fQV5STEXQdr9SxC67jzgCXiZeRAshQ79hffjfCCSdCY4aUanturIMUSU0xI5O8nygSIzxEfdI2VCBOVJDO8kzgqVG6sBdJ84SGM/X3Roq4UmMemkmO9EAtelPxP6+d6N5lkFIRJ5oIPD/USxg0uaflwC6VBGs2NgRhSc1fIR4gibA2FeZNCd5i5GXSLDle2fG8m3KhUs36yIFjcAKKwAMXoAKuQR00AAaP4Bm8gjfryXqx3q2P+eiKle0cgT+wPn8ACVGZ7A==</latexit>

BR(NN ! 2⌧4q) ' 0.12

2
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PROMPT DECAYS

<latexit sha1_base64="Wt9DXIoMnQYaZh33yOb9BGx+gMc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VrC20sWy2k3bpbhJ2N0IJ/QtePCiIV3+QN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbJa2yts7u3v7lYPDBx2nimGLxSJWnYBqFDzCluFGYCdRSGUgsB2Mb3K//YRK8zi6N5MEfUmHEQ85oyaX8PGc9CtVt+bOQJaJV5AqFGj2K1+9QcxSiZFhgmrd9dzE+BlVhjOB03Iv1ZhQNqZD7FoaUYnaz2a3TsmpVQYkjJWtyJCZ+nsio1LriQxsp6RmpBe9XPzP66YmvPIzHiWpwYjNF4WpICYm+eNkwBUyIyaWUKa4vZWwEVWUGRtP2YbgLb68TNoXNa9e87y7erVxXeRRgmM4gTPw4BIacAtNaAGDETzDK7w50nlx3p2PeeuKU8wcwR84nz/RIY3p</latexit>

e+

<latexit sha1_base64="rk12mLaE9P46kJs4gsnwyNmuHHI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsYXU/91hMqzWN5b8YJ+hEdSB5yRo2V7vDxrFeuuFV3BrJMvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nrvOrVqp53W6vUr/I8inAEx3AKHlxAHW6gAU1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDfbSNwQ==</latexit>

e�

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

<latexit sha1_base64="AbsbdsYohk7wVKi8+ZhUmLiIMd0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWuNBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14nnauqV6t6XqtWadzkeRThDM7hEjyoQwPuoAltYIDwDK/w5jw6L86787FsLTj5zCn8gfP5A2QJjSU=</latexit>

h

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

<latexit sha1_base64="nU45m0yM3+amGDCC6XhVU5gUMvU=">AAACCnicbVBPS8MwHE3nvzn/VT16CQ7BU2lEUNDD0IvHCc4N1lLSNN3CkrYkqTDKrl78Kl48KIhXP4E3v41Z14NuPgi8vPd+JL8XZpwp7brfVm1peWV1rb7e2Njc2t6xd/fuVZpLQjsk5anshVhRzhLa0Uxz2sskxSLktBuOrqd+94FKxdLkTo8z6gs8SFjMCNZGCmzocROOcFB4UkCOw8kldB3kXZR3IiaB3XQdtwRcJKgiTVChHdhfXpSSXNBEE46V6iM3036BpWaE00nDyxXNMBnhAe0bmmBBlV+Um0zgkVEiGKfSnETDUv09UWCh1FiEJimwHqp5byr+5/VzHZ/7BUuyXNOEzB6Kcw51Cqe1wIhJSjQfG4KJZOavkAyxxESb8hqmBDS/8iLpnjjo1EHo9rTZuqr6qIMDcAiOAQJnoAVuQBt0AAGP4Bm8gjfryXqx3q2PWbRmVTP74A+szx+Mw5ln</latexit>

�lab < 0.1 cm
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• First and second generation mixing

- Ask for                       
<latexit sha1_base64="LUlxGvHoTQG891AgtC9p3p7QgKQ=">AAAB/XicbVBNS8NAEN34WetXtEcvi0UQxJJIQY9FLx4rWFtsYtlsJ+3SzSbsboQQ6l/x4kFBvPo/vPlv3LY5aOuDZR/vzTAzL0g4U9pxvq2l5ZXVtfXSRnlza3tn197bv1NxKim0aMxj2QmIAs4EtDTTHDqJBBIFHNrB6Gritx9BKhaLW50l4EdkIFjIKNFG6tmVe+zpGHvA+cPJ7Dvt2VWn5kyBF4lbkCoq0OzZX14/pmkEQlNOlOq6TqL9nEjNKIdx2UsVJISOyAC6hgoSgfLz6fJjfGSUPg5jaZ7QeKr+7shJpFQWBaYyInqo5r2J+J/XTXV44edMJKkGQWeDwpRjc+4kCdxnEqjmmSGESmZ2xXRIJKHa5FU2IbjzJy+S9lnNrddc96ZebVwWeZTQATpEx8hF56iBrlETtRBFGXpGr+jNerJerHfrY1a6ZBU9FfQH1ucPjiCT4Q==</latexit>

Z ! `+`�

- Ask for                
<latexit sha1_base64="a8ZKch7VR6jPoXW9Oaxv75Hurds=">AAACB3icbVDLSgMxFM3UV62vUZciBIsgiGVGCroRim5cVrC20E6HTJppQ5PMkGSEMszKjb/ixoWCuPUX3Pk3ptNZaPXA5R7OuZfkniBmVGnH+bJKC4tLyyvl1cra+sbmlr29c6eiRGLSwhGLZCdAijAqSEtTzUgnlgTxgJF2ML6a+u17IhWNxK2exMTjaChoSDHSRvLtfd5PJcGZn/YIY/1jmLeTDF5A7o98u+rUnBzwL3ELUgUFmr792RtEOOFEaMyQUl3XibWXIqkpZiSr9BJFYoTHaEi6hgrEifLS/IwMHhplAMNImhIa5urPjRRxpSY8MJMc6ZGa96bif1430eG5l1IRJ5oIPHsoTBjUEZxmAgfURKDZxBCEJTV/hXiEJMLaJFcxIbjzJ/8l7dOaW6+57k292rgs8iiDPXAAjoALzkADXIMmaAEMHsATeAGv1qP1bL1Z77PRklXs7IJfsD6+Ab2JmHE=</latexit>

mrec
`+`� = mh

Suppress SM backgrounds- Require an extra pair of SS leptons            

Low acceptance at low mass 
due to isolation requirements

Select Higgs-Strahlung process
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• Sensitivity down to per-mill exotic Higgs branching ratios can be achieved!!

Limits from untagged 
H decays [De Blas+ ’19]

     cannot  
decay promptly

• Corresponds to 
<latexit sha1_base64="4EiRp1oSY29srX8+agosn0LEtlc=">AAACB3icbVC7SgNBFJ2Nrxhfq5YiDAbBKuxKRMEmaGNhESEvyC5hdnKTDJnZXWdmhbCksvFXbCwUxNZfsPNvnCRbaOKBgcM553LnniDmTGnH+bZyS8srq2v59cLG5tb2jr2711BRIinUacQj2QqIAs5CqGumObRiCUQEHJrB8HriNx9AKhaFNT2KwRekH7Ieo0QbqWMfercm3CXYU0zAPT5zHO8y9aTANWiMO3bRKTlT4EXiZqSIMlQ79pfXjWgiINSUE6XarhNrPyVSM8phXPASBTGhQ9KHtqEhEaD8dHrGGB8bpYt7kTQv1Hiq/p5IiVBqJAKTFEQP1Lw3Ef/z2onuXfgpC+NEQ0hni3oJxzrCk05wl0mgmo8MIVQy81dMB0QSqk1zBVOCO3/yImmeltxyyXXvysXKVdZHHh2gI3SCXHSOKugGVVEdUfSIntErerOerBfr3fqYRXNWNrOP/sD6/AHiT5fs</latexit>

⇤ ' 500 TeV
• Can the flavor structure be determined once     is detected? Work in progress

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmc BpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>
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• Third generation mixing

- Ask for                       
<latexit sha1_base64="LUlxGvHoTQG891AgtC9p3p7QgKQ=">AAAB/XicbVBNS8NAEN34WetXtEcvi0UQxJJIQY9FLx4rWFtsYtlsJ+3SzSbsboQQ6l/x4kFBvPo/vPlv3LY5aOuDZR/vzTAzL0g4U9pxvq2l5ZXVtfXSRnlza3tn197bv1NxKim0aMxj2QmIAs4EtDTTHDqJBBIFHNrB6Gritx9BKhaLW50l4EdkIFjIKNFG6tmVe+zpGHvA+cPJ7Dvt2VWn5kyBF4lbkCoq0OzZX14/pmkEQlNOlOq6TqL9nEjNKIdx2UsVJISOyAC6hgoSgfLz6fJjfGSUPg5jaZ7QeKr+7shJpFQWBaYyInqo5r2J+J/XTXV44edMJKkGQWeDwpRjc+4kCdxnEqjmmSGESmZ2xXRIJKHa5FU2IbjzJy+S9lnNrddc96ZebVwWeZTQATpEx8hF56iBrlETtRBFGXpGr+jNerJerHfrY1a6ZBU9FfQH1ucPjiCT4Q==</latexit>

Z ! `+`�

- Ask for                
<latexit sha1_base64="a8ZKch7VR6jPoXW9Oaxv75Hurds=">AAACB3icbVDLSgMxFM3UV62vUZciBIsgiGVGCroRim5cVrC20E6HTJppQ5PMkGSEMszKjb/ixoWCuPUX3Pk3ptNZaPXA5R7OuZfkniBmVGnH+bJKC4tLyyvl1cra+sbmlr29c6eiRGLSwhGLZCdAijAqSEtTzUgnlgTxgJF2ML6a+u17IhWNxK2exMTjaChoSDHSRvLtfd5PJcGZn/YIY/1jmLeTDF5A7o98u+rUnBzwL3ELUgUFmr792RtEOOFEaMyQUl3XibWXIqkpZiSr9BJFYoTHaEi6hgrEifLS/IwMHhplAMNImhIa5urPjRRxpSY8MJMc6ZGa96bif1430eG5l1IRJ5oIPHsoTBjUEZxmAgfURKDZxBCEJTV/hXiEJMLaJFcxIbjzJ/8l7dOaW6+57k292rgs8iiDPXAAjoALzkADXIMmaAEMHsATeAGv1qP1bL1Z77PRklXs7IJfsD6+Ab2JmHE=</latexit>

mrec
`+`� = mh

Select Higgs-Strahlung process

- Ask for ~46% of BR
<latexit sha1_base64="vCRtCPjOSjGkfqV7jHXbdPq8U3w=">AAACBnicbZDNSsNAFIUn/tb6F3Wpi8FScFUSKai7ohuXFawtNCFMpjft0JkkzkyEErpx46u4caEgbn0Gd76N0zYLbT0w8HHuvdy5J0w5U9pxvq2l5ZXVtfXSRnlza3tn197bv1NJJim0aMIT2QmJAs5iaGmmOXRSCUSEHNrh8GpSbz+AVCyJb/UoBV+QfswiRok2VmAfeZAqxg3mniZZMBh7igm4xxeOVw3silNzpsKL4BZQQYWagf3l9RKaCYg15USpruuk2s+J1IxyGJe9TEFK6JD0oWswJgKUn0+vGOOqcXo4SqR5scZT9/dEToRSIxGaTkH0QM3XJuZ/tW6mo3M/Z3GaaYjpbFGUcawTPIkE95gEqvnIAKGSmb9iOiCSUG2CK5sQ3PmTF6F9WnPrNde9qVcal0UeJXSIjtEJctEZaqBr1EQtRNEjekav6M16sl6sd+tj1rpkFTMH6I+szx/lwpib</latexit>

✏⌧h ' 90% [Tran+ ’15]

Parameter space not 
covered by indirect  

searches can be tested
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DETECTOR STABLE

<latexit sha1_base64="Wt9DXIoMnQYaZh33yOb9BGx+gMc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VrC20sWy2k3bpbhJ2N0IJ/QtePCiIV3+QN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbJa2yts7u3v7lYPDBx2nimGLxSJWnYBqFDzCluFGYCdRSGUgsB2Mb3K//YRK8zi6N5MEfUmHEQ85oyaX8PGc9CtVt+bOQJaJV5AqFGj2K1+9QcxSiZFhgmrd9dzE+BlVhjOB03Iv1ZhQNqZD7FoaUYnaz2a3TsmpVQYkjJWtyJCZ+nsio1LriQxsp6RmpBe9XPzP66YmvPIzHiWpwYjNF4WpICYm+eNkwBUyIyaWUKa4vZWwEVWUGRtP2YbgLb68TNoXNa9e87y7erVxXeRRgmM4gTPw4BIacAtNaAGDETzDK7w50nlx3p2PeeuKU8wcwR84nz/RIY3p</latexit>

e+

<latexit sha1_base64="rk12mLaE9P46kJs4gsnwyNmuHHI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsYXU/91hMqzWN5b8YJ+hEdSB5yRo2V7vDxrFeuuFV3BrJMvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nrvOrVqp53W6vUr/I8inAEx3AKHlxAHW6gAU1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDfbSNwQ==</latexit>

e�

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

<latexit sha1_base64="AbsbdsYohk7wVKi8+ZhUmLiIMd0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWuNBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14nnauqV6t6XqtWadzkeRThDM7hEjyoQwPuoAltYIDwDK/w5jw6L86787FsLTj5zCn8gfP5A2QJjSU=</latexit>

h

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

<latexit sha1_base64="qeuVMt1gvW5R4xNmtxk5HrH82NY=">AAACBnicbVBPS8MwHE39O+e/qkc9BIfgabQyURBk6MXjBOcGaylpmm1hSVqSVBilFy9+FS8eFMSrn8Gb38as60E3HwRe3ns/kt8LE0aVdpxva2FxaXlltbJWXd/Y3Nq2d3bvVZxKTNo4ZrHshkgRRgVpa6oZ6SaSIB4y0glH1xO/80CkorG40+OE+BwNBO1TjLSRAvvAYyYcoSDzJIcMhfnlqXdRXHge2DWn7hSA88QtSQ2UaAX2lxfFOOVEaMyQUj3XSbSfIakpZiSveqkiCcIjNCA9QwXiRPlZsUUOj4wSwX4szREaFurviQxxpcY8NEmO9FDNehPxP6+X6v65n1GRpJoIPH2onzKoYzipBEZUEqzZ2BCEJTV/hXiIJMLaFFc1JbizK8+TzkndbdRd97ZRa16VfVTAPjgEx8AFZ6AJbkALtAEGj+AZvII368l6sd6tj2l0wSpn9sAfWJ8/hnyYZA==</latexit>

�lab > 5 m
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• Limits from Higgs invisible decays
<latexit sha1_base64="wnDon1PlAEVa2qRubyr0FrypVkw=">AAACC3icbVDNSgMxGMz6W+vfqkcv0VKol2W3FPRY6sVjFWsL3aVk02wbmmSXJFsoS89efBUvHhTEqy/gzbcxbfegrQOBYeb7+DITJowq7brf1tr6xubWdmGnuLu3f3BoHx0/qDiVmLRwzGLZCZEijArS0lQz0kkkQTxkpB2Ormd+e0ykorG415OEBBwNBI0oRtpIPfss8yWHjbtpZejrGFIxvvAZUUpRDl2nWvXLPbvkOu4ccJV4OSmBHM2e/eX3Y5xyIjRmSKmu5yY6yJDUFDMyLfqpIgnCIzQgXUMF4kQF2TzKFJaN0odRLM0TGs7V3xsZ4kpNeGgmOdJDtezNxP+8bqqjqyCjIkk1EXhxKEoZNKFnvcA+lQRrNjEEYUnNXyEeIomwNu0VTQnecuRV0q46Xs3xvNtaqd7I+yiAU3AOKsADl6AObkATtAAGj+AZvII368l6sd6tj8XompXvnIA/sD5/AGV+mTk=</latexit>

BR(h ! inv) . 0.22% [De Blas+ ’19]
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DISPLACED DECAY

<latexit sha1_base64="Wt9DXIoMnQYaZh33yOb9BGx+gMc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoMeiF48VrC20sWy2k3bpbhJ2N0IJ/QtePCiIV3+QN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbJa2yts7u3v7lYPDBx2nimGLxSJWnYBqFDzCluFGYCdRSGUgsB2Mb3K//YRK8zi6N5MEfUmHEQ85oyaX8PGc9CtVt+bOQJaJV5AqFGj2K1+9QcxSiZFhgmrd9dzE+BlVhjOB03Iv1ZhQNqZD7FoaUYnaz2a3TsmpVQYkjJWtyJCZ+nsio1LriQxsp6RmpBe9XPzP66YmvPIzHiWpwYjNF4WpICYm+eNkwBUyIyaWUKa4vZWwEVWUGRtP2YbgLb68TNoXNa9e87y7erVxXeRRgmM4gTPw4BIacAtNaAGDETzDK7w50nlx3p2PeeuKU8wcwR84nz/RIY3p</latexit>

e+

<latexit sha1_base64="rk12mLaE9P46kJs4gsnwyNmuHHI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtLbQxrLZTtqlm03Y3Qgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFcMmi0Ws2gHVKLjEpuFGYDtRSKNAYCsYXU/91hMqzWN5b8YJ+hEdSB5yRo2V7vDxrFeuuFV3BrJMvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nrvOrVqp53W6vUr/I8inAEx3AKHlxAHW6gAU1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDfbSNwQ==</latexit>

e�

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

<latexit sha1_base64="AbsbdsYohk7wVKi8+ZhUmLiIMd0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWuNBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa89jMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14nnauqV6t6XqtWadzkeRThDM7hEjyoQwPuoAltYIDwDK/w5jw6L86787FsLTj5zCn8gfP5A2QJjSU=</latexit>

h

<latexit sha1_base64="LYfHciBOlChQDydouMm/CAhG6mQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48tWFtsQ9lsJ+3azSbsboQS+gu8eFAQr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjex2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rG8M5ME/YgOJQ85o8ZKzYd+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6t6XrNWqV/neRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB07DjRc=</latexit>

Z

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

<latexit sha1_base64="Oc9Yr4/BrWorj2tTdO+jnEVUrmE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g6XgKiQiKNhF0Y3LCtYWmhAmk2k7dCYJMxOhhPyFG3/FjQsFcdudf+MkzUJbDwycOfce7r0nSBiVyra/jdra+sbmVn27sbO7t39gHh49yjgVmPRwzGIxCJAkjEakp6hiZJAIgnjASD+Y3hb1/hMRksbRg5olxONoHNERxUhpyTct23Lc6yxzBYeY53nbZdocIr9UGApy2IZFR/HluW82bcsuAVeJU5EmqND1zbkbxjjlJFKYISmHjp0oL0NCUcxI3nBTSRKEp2hMhppGiBPpZeVdOWxpJYSjWOgXKViqvx0Z4lLOuN6xxZGayOVaIf5XG6ZqdOVlNEpSRSK8GDRKGVQxLEKCIRUEKzbTBGFB9a4QT5BAWOkoGzoEZ/nkVdI/t5wLy3HuL5qdmyqPOjgBp+AMOOASdMAd6IIewOAZvIJ38GG8GG/Gp/G1aK0ZlecY/IEx/wGvcJ7P</latexit>

0.1 cm < �lab < 1 m
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- Ask for                       
<latexit sha1_base64="LUlxGvHoTQG891AgtC9p3p7QgKQ=">AAAB/XicbVBNS8NAEN34WetXtEcvi0UQxJJIQY9FLx4rWFtsYtlsJ+3SzSbsboQQ6l/x4kFBvPo/vPlv3LY5aOuDZR/vzTAzL0g4U9pxvq2l5ZXVtfXSRnlza3tn197bv1NxKim0aMxj2QmIAs4EtDTTHDqJBBIFHNrB6Gritx9BKhaLW50l4EdkIFjIKNFG6tmVe+zpGHvA+cPJ7Dvt2VWn5kyBF4lbkCoq0OzZX14/pmkEQlNOlOq6TqL9nEjNKIdx2UsVJISOyAC6hgoSgfLz6fJjfGSUPg5jaZ7QeKr+7shJpFQWBaYyInqo5r2J+J/XTXV44edMJKkGQWeDwpRjc+4kCdxnEqjmmSGESmZ2xXRIJKHa5FU2IbjzJy+S9lnNrddc96ZebVwWeZTQATpEx8hF56iBrlETtRBFGXpGr+jNerJerHfrY1a6ZBU9FfQH1ucPjiCT4Q==</latexit>

Z ! `+`�

- Ask for                
<latexit sha1_base64="a8ZKch7VR6jPoXW9Oaxv75Hurds=">AAACB3icbVDLSgMxFM3UV62vUZciBIsgiGVGCroRim5cVrC20E6HTJppQ5PMkGSEMszKjb/ixoWCuPUX3Pk3ptNZaPXA5R7OuZfkniBmVGnH+bJKC4tLyyvl1cra+sbmlr29c6eiRGLSwhGLZCdAijAqSEtTzUgnlgTxgJF2ML6a+u17IhWNxK2exMTjaChoSDHSRvLtfd5PJcGZn/YIY/1jmLeTDF5A7o98u+rUnBzwL3ELUgUFmr792RtEOOFEaMyQUl3XibWXIqkpZiSr9BJFYoTHaEi6hgrEifLS/IwMHhplAMNImhIa5urPjRRxpSY8MJMc6ZGa96bif1430eG5l1IRJ5oIPHsoTBjUEZxmAgfURKDZxBCEJTV/hXiEJMLaJFcxIbjzJ/8l7dOaW6+57k292rgs8iiDPXAAjoALzkADXIMmaAEMHsATeAGv1qP1bL1Z77PRklXs7IJfsD6+Ab2JmHE=</latexit>

mrec
`+`� = mh

Select Higgs-Strahlung process

• First and second generation mixing

Prompt!

• From the exponential decay law compute the probability to have two RH 
neutrinos decaying with a selected 

<latexit sha1_base64="SAPhbT2CnLndV4wNQzyEhDJTnxM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMCaQLGF20psMmX040yuEkJ/w4kFBvPo53vwbJ8keNLGgoajqprsrSJU05LrfTmFldW19o7hZ2tre2d0r7x88mCTTAhsiUYluBdygkjE2SJLCVqqRR4HCZjC8nvrNJ9RGJvE9jVL0I96PZSgFJyu1OjeoiDPVLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyreudVz7s7r9Su8jyKcATHcAoeXEANbqEODRCg4Ble4c15dF6cd+dj3lpw8plD+APn8wcb1o/V</latexit>

�l

Seesaw limit
<latexit sha1_base64="QOfD1Yl7Q1ZEMK+dgH7WB7qG/nw=">AAACF3icbVBNS8NAEN34bf2qevSyWAQvlkSKCl5EL55EwbZCU8NmO7GLu0ncnQgl5ld48a948aAgXvXmv3H7cfDrwcDjvRlm5oWpFAZd99MZG5+YnJqemS3NzS8sLpWXVxomyTSHOk9koi9CZkCKGOooUMJFqoGpUEIzvD7q+81b0EYk8Tn2UmgrdhWLSHCGVgrKW3c+dgFZAHeX274RCm6oH2nGc7fq7vj7ua8VhUZR5Co4KYJyxcoD0L/EG5EKGeE0KH/4nYRnCmLkkhnT8twU2znTKLiEouRnBlLGr9kVtCyNmQLTzgdvFXTDKh0aJdpWjHSgfp/ImTKmp0LbqRh2zW+vL/7ntTKM9tq5iNMMIebDRVEmKSa0nxHtCA0cZc8SxrWwt1LeZTYUtEmWbAje75f/kuZ21atVPe+sVjk4HOUxQ9bIOtkkHtklB+SYnJI64eSePJJn8uI8OE/Oq/M2bB1zRjOr5Aec9y+RMJ9q</latexit>

|✓e|2 ' 0.06 eV

mN
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• FCC-ee offers a great handle to search for long-lived RH neutrinos
[Antush+ ’16, Blondel+ ’16]

• The naive seesaw scaling can be challenged when more than one 
RH neutrino is present in the spectrum

• RH neutrinos can decay promptly, displaced or be detector stable

• D>4 operators in the                     add new production and decay  
channels for RH neutrinos 

<latexit sha1_base64="GTIOfDGXQJKZBELr3VgDH6cyT9U=">AAAB+XicbVDLSsNAFJ3UV62PRl26GSyCq5JIQZdFUdwIFVtbaEKZTCft0JlJmIdQQ7/EjQsFceufuPNvnLZZaOuBC4dz7uXee6KUUaU979sprKyurW8UN0tb2zu7ZXdv/0ElRmLSwglLZCdCijAqSEtTzUgnlQTxiJF2NLqc+u1HIhVNRFOPUxJyNBA0phhpK/XcciAMzALJ4f3t1XVz0nMrXtWbAS4TPycVkKPRc7+CfoINJ0JjhpTq+l6qwwxJTTEjk1JgFEkRHqEB6VoqECcqzGaHT+CxVfowTqQtoeFM/T2RIa7UmEe2kyM9VIveVPzP6xodn4cZFanRROD5otgwqBM4TQH2qSRYs7ElCEtqb4V4iCTC2mZVsiH4iy8vk/Zp1a9Vff+uVqlf5HkUwSE4AifAB2egDm5AA7QABgY8g1fw5jw5L8678zFvLTj5zAH4A+fzB0xtkqs=</latexit>

⌫SMEFT

• These extra production modes can be efficiently tested at future lepton 
colliders as FCC-ee both in at the Z-pole and at the Higgs threshold
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• FCC-ee offers a great handle to search for long-lived RH neutrinos
[Antush+ ’16, Blondel+ ’16]

• The naive seesaw scaling can be challenged when more than one 
RH neutrino is present in the spectrum

• RH neutrinos can decay promptly, displaced or be detector stable

• D>4 operators in the                     add new production and decay  
channels for RH neutrinos 

<latexit sha1_base64="GTIOfDGXQJKZBELr3VgDH6cyT9U=">AAAB+XicbVDLSsNAFJ3UV62PRl26GSyCq5JIQZdFUdwIFVtbaEKZTCft0JlJmIdQQ7/EjQsFceufuPNvnLZZaOuBC4dz7uXee6KUUaU979sprKyurW8UN0tb2zu7ZXdv/0ElRmLSwglLZCdCijAqSEtTzUgnlQTxiJF2NLqc+u1HIhVNRFOPUxJyNBA0phhpK/XcciAMzALJ4f3t1XVz0nMrXtWbAS4TPycVkKPRc7+CfoINJ0JjhpTq+l6qwwxJTTEjk1JgFEkRHqEB6VoqECcqzGaHT+CxVfowTqQtoeFM/T2RIa7UmEe2kyM9VIveVPzP6xodn4cZFanRROD5otgwqBM4TQH2qSRYs7ElCEtqb4V4iCTC2mZVsiH4iy8vk/Zp1a9Vff+uVqlf5HkUwSE4AifAB2egDm5AA7QABgY8g1fw5jw5L8678zFvLTj5zAH4A+fzB0xtkqs=</latexit>

⌫SMEFT

• These extra production modes can be efficiently tested at future lepton 
colliders as FCC-ee both in at the Z-pole and at the Higgs threshold

Thank you!


