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Fermion mass

Lf = y` LH`R
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Origin of fermion mass from SSB, e.g. the SU(2)L ⇥ U(1)Y
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Dirac term only

EXP: all masses 
come from SSB

m` = y` v
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Weinberg ’67



Neutrinos
Massless by fiat in SM, does nature abhore gauge singlets?

Gauge extension motivations

unification of forces weak force asymmetry minimal gauged seesaw

SU(5), SO(10), E6, . . .
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SU(4)c ⇥ SU(2)L ⇥ SU(2)R
<latexit sha1_base64="VfGxRnrDsNB4bTBWgn3IuOGts2w=">AAACDnicbVC7TgJBFJ31ifhatbSZSEigIbuERO1IbCws8LFAApvN7DDAhNlHZu6akA1fYOOv2FhojK21nX/jAFsIeJJJzj3n3ty5x48FV2BZP8ba+sbm1nZuJ7+7t39waB4dN1WUSMocGolItn2imOAhc4CDYO1YMhL4grX80dXUbz0yqXgUPsA4Zm5ABiHvc0pAS55ZvHdKtbJHcRd4wBTWZbXs3SyWd55ZsCrWDHiV2BkpoAwNz/zu9iKaBCwEKohSHduKwU2JBE4Fm+S7iWIxoSMyYB1NQ6KXuensnAkuaqWH+5HULwQ8U/9OpCRQahz4ujMgMFTL3lT8z+sk0L9wUx7GCbCQzhf1E4EhwtNscI9LRkGMNSFUcv1XTIdEEgo6wbwOwV4+eZU0qxVb89taoX6ZxZFDp+gMlZCNzlEdXaMGchBFT+gFvaF349l4NT6Mz3nrmpHNnKAFGF+/ftSZMQ==</latexit><latexit sha1_base64="VfGxRnrDsNB4bTBWgn3IuOGts2w=">AAACDnicbVC7TgJBFJ31ifhatbSZSEigIbuERO1IbCws8LFAApvN7DDAhNlHZu6akA1fYOOv2FhojK21nX/jAFsIeJJJzj3n3ty5x48FV2BZP8ba+sbm1nZuJ7+7t39waB4dN1WUSMocGolItn2imOAhc4CDYO1YMhL4grX80dXUbz0yqXgUPsA4Zm5ABiHvc0pAS55ZvHdKtbJHcRd4wBTWZbXs3SyWd55ZsCrWDHiV2BkpoAwNz/zu9iKaBCwEKohSHduKwU2JBE4Fm+S7iWIxoSMyYB1NQ6KXuensnAkuaqWH+5HULwQ8U/9OpCRQahz4ujMgMFTL3lT8z+sk0L9wUx7GCbCQzhf1E4EhwtNscI9LRkGMNSFUcv1XTIdEEgo6wbwOwV4+eZU0qxVb89taoX6ZxZFDp+gMlZCNzlEdXaMGchBFT+gFvaF349l4NT6Mz3nrmpHNnKAFGF+/ftSZMQ==</latexit><latexit sha1_base64="VfGxRnrDsNB4bTBWgn3IuOGts2w=">AAACDnicbVC7TgJBFJ31ifhatbSZSEigIbuERO1IbCws8LFAApvN7DDAhNlHZu6akA1fYOOv2FhojK21nX/jAFsIeJJJzj3n3ty5x48FV2BZP8ba+sbm1nZuJ7+7t39waB4dN1WUSMocGolItn2imOAhc4CDYO1YMhL4grX80dXUbz0yqXgUPsA4Zm5ABiHvc0pAS55ZvHdKtbJHcRd4wBTWZbXs3SyWd55ZsCrWDHiV2BkpoAwNz/zu9iKaBCwEKohSHduKwU2JBE4Fm+S7iWIxoSMyYB1NQ6KXuensnAkuaqWH+5HULwQ8U/9OpCRQahz4ujMgMFTL3lT8z+sk0L9wUx7GCbCQzhf1E4EhwtNscI9LRkGMNSFUcv1XTIdEEgo6wbwOwV4+eZU0qxVb89taoX6ZxZFDp+gMlZCNzlEdXaMGchBFT+gFvaF349l4NT6Mz3nrmpHNnKAFGF+/ftSZMQ==</latexit><latexit sha1_base64="VfGxRnrDsNB4bTBWgn3IuOGts2w=">AAACDnicbVC7TgJBFJ31ifhatbSZSEigIbuERO1IbCws8LFAApvN7DDAhNlHZu6akA1fYOOv2FhojK21nX/jAFsIeJJJzj3n3ty5x48FV2BZP8ba+sbm1nZuJ7+7t39waB4dN1WUSMocGolItn2imOAhc4CDYO1YMhL4grX80dXUbz0yqXgUPsA4Zm5ABiHvc0pAS55ZvHdKtbJHcRd4wBTWZbXs3SyWd55ZsCrWDHiV2BkpoAwNz/zu9iKaBCwEKohSHduKwU2JBE4Fm+S7iWIxoSMyYB1NQ6KXuensnAkuaqWH+5HULwQ8U/9OpCRQahz4ujMgMFTL3lT8z+sk0L9wUx7GCbCQzhf1E4EhwtNscI9LRkGMNSFUcv1XTIdEEgo6wbwOwV4+eZU0qxVb89taoX6ZxZFDp+gMlZCNzlEdXaMGchBFT+gFvaF349l4NT6Mz3nrmpHNnKAFGF+/ftSZMQ==</latexit>

SU(3)3
<latexit sha1_base64="mZIIX4nC33G5b7Aj9UME7+6E3PQ=">AAAB7nicbZDNSgMxFIXv+FvrX9Wlm2AR6qbMWEHdFdy4rOi0hXYsmTTThmYyIckIZehDuHGhiFufx51vY9rOQlsPBD7OvZfce0LJmTau++2srK6tb2wWtorbO7t7+6WDw6ZOUkWoTxKeqHaINeVMUN8ww2lbKorjkNNWOLqZ1ltPVGmWiAczljSI8UCwiBFsrNW69yu1s8dar1R2q+5MaBm8HMqQq9ErfXX7CUljKgzhWOuO50oTZFgZRjidFLupphKTER7QjkWBY6qDbLbuBJ1ap4+iRNknDJq5vycyHGs9jkPbGWMz1Iu1qflfrZOa6CrImJCpoYLMP4pSjkyCprejPlOUGD62gIlidldEhlhhYmxCRRuCt3jyMjTPq57lu4ty/TqPowDHcAIV8OAS6nALDfCBwAie4RXeHOm8OO/Ox7x1xclnjuCPnM8fs0GOdA==</latexit><latexit sha1_base64="mZIIX4nC33G5b7Aj9UME7+6E3PQ=">AAAB7nicbZDNSgMxFIXv+FvrX9Wlm2AR6qbMWEHdFdy4rOi0hXYsmTTThmYyIckIZehDuHGhiFufx51vY9rOQlsPBD7OvZfce0LJmTau++2srK6tb2wWtorbO7t7+6WDw6ZOUkWoTxKeqHaINeVMUN8ww2lbKorjkNNWOLqZ1ltPVGmWiAczljSI8UCwiBFsrNW69yu1s8dar1R2q+5MaBm8HMqQq9ErfXX7CUljKgzhWOuO50oTZFgZRjidFLupphKTER7QjkWBY6qDbLbuBJ1ap4+iRNknDJq5vycyHGs9jkPbGWMz1Iu1qflfrZOa6CrImJCpoYLMP4pSjkyCprejPlOUGD62gIlidldEhlhhYmxCRRuCt3jyMjTPq57lu4ty/TqPowDHcAIV8OAS6nALDfCBwAie4RXeHOm8OO/Ox7x1xclnjuCPnM8fs0GOdA==</latexit><latexit sha1_base64="mZIIX4nC33G5b7Aj9UME7+6E3PQ=">AAAB7nicbZDNSgMxFIXv+FvrX9Wlm2AR6qbMWEHdFdy4rOi0hXYsmTTThmYyIckIZehDuHGhiFufx51vY9rOQlsPBD7OvZfce0LJmTau++2srK6tb2wWtorbO7t7+6WDw6ZOUkWoTxKeqHaINeVMUN8ww2lbKorjkNNWOLqZ1ltPVGmWiAczljSI8UCwiBFsrNW69yu1s8dar1R2q+5MaBm8HMqQq9ErfXX7CUljKgzhWOuO50oTZFgZRjidFLupphKTER7QjkWBY6qDbLbuBJ1ap4+iRNknDJq5vycyHGs9jkPbGWMz1Iu1qflfrZOa6CrImJCpoYLMP4pSjkyCprejPlOUGD62gIlidldEhlhhYmxCRRuCt3jyMjTPq57lu4ty/TqPowDHcAIV8OAS6nALDfCBwAie4RXeHOm8OO/Ox7x1xclnjuCPnM8fs0GOdA==</latexit><latexit sha1_base64="mZIIX4nC33G5b7Aj9UME7+6E3PQ=">AAAB7nicbZDNSgMxFIXv+FvrX9Wlm2AR6qbMWEHdFdy4rOi0hXYsmTTThmYyIckIZehDuHGhiFufx51vY9rOQlsPBD7OvZfce0LJmTau++2srK6tb2wWtorbO7t7+6WDw6ZOUkWoTxKeqHaINeVMUN8ww2lbKorjkNNWOLqZ1ltPVGmWiAczljSI8UCwiBFsrNW69yu1s8dar1R2q+5MaBm8HMqQq9ErfXX7CUljKgzhWOuO50oTZFgZRjidFLupphKTER7QjkWBY6qDbLbuBJ1ap4+iRNknDJq5vycyHGs9jkPbGWMz1Iu1qflfrZOa6CrImJCpoYLMP4pSjkyCprejPlOUGD62gIlidldEhlhhYmxCRRuCt3jyMjTPq57lu4ty/TqPowDHcAIV8OAS6nALDfCBwAie4RXeHOm8OO/Ox7x1xclnjuCPnM8fs0GOdA==</latexit>

SU(2)L ⇥ SU(2)R ⇥ U(1)B�L
<latexit sha1_base64="dXEez2Dad+AWHHbA0buIQxQ/Nv4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VIF5akCOqu6MZFF/WRttCGMJlO26GTSZiZCCX0F9z4K25cKOLWnTv/xmkbQVsPDJx7zr3cuSeIGZXKtr+M3NLyyupafr2wsbm1vWPu7jVklAhMXByxSLQCJAmjnLiKKkZasSAoDBhpBsPLid+8J0LSiN+pUUy8EPU57VGMlJZ807p1rUrJr8GOoiGRcFbe/JSu5ZT89OK4NvbNol22p4CLxMlIEWSo++ZnpxvhJCRcYYakbDt2rLwUCUUxI+NCJ5EkRniI+qStKUd6n5dOLxrDI610YS8S+nEFp+rviRSFUo7CQHeGSA3kvDcR//PaieqdeSnlcaIIx7NFvYRBFcFJPLBLBcGKjTRBWFD9V4gHSCCsdIgFHYIzf/IiaVTKjubXJ8XqeRZHHhyAQ2ABB5yCKrgCdeACDB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzA+vgGI7JpJ</latexit><latexit sha1_base64="dXEez2Dad+AWHHbA0buIQxQ/Nv4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VIF5akCOqu6MZFF/WRttCGMJlO26GTSZiZCCX0F9z4K25cKOLWnTv/xmkbQVsPDJx7zr3cuSeIGZXKtr+M3NLyyupafr2wsbm1vWPu7jVklAhMXByxSLQCJAmjnLiKKkZasSAoDBhpBsPLid+8J0LSiN+pUUy8EPU57VGMlJZ807p1rUrJr8GOoiGRcFbe/JSu5ZT89OK4NvbNol22p4CLxMlIEWSo++ZnpxvhJCRcYYakbDt2rLwUCUUxI+NCJ5EkRniI+qStKUd6n5dOLxrDI610YS8S+nEFp+rviRSFUo7CQHeGSA3kvDcR//PaieqdeSnlcaIIx7NFvYRBFcFJPLBLBcGKjTRBWFD9V4gHSCCsdIgFHYIzf/IiaVTKjubXJ8XqeRZHHhyAQ2ABB5yCKrgCdeACDB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzA+vgGI7JpJ</latexit><latexit sha1_base64="dXEez2Dad+AWHHbA0buIQxQ/Nv4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VIF5akCOqu6MZFF/WRttCGMJlO26GTSZiZCCX0F9z4K25cKOLWnTv/xmkbQVsPDJx7zr3cuSeIGZXKtr+M3NLyyupafr2wsbm1vWPu7jVklAhMXByxSLQCJAmjnLiKKkZasSAoDBhpBsPLid+8J0LSiN+pUUy8EPU57VGMlJZ807p1rUrJr8GOoiGRcFbe/JSu5ZT89OK4NvbNol22p4CLxMlIEWSo++ZnpxvhJCRcYYakbDt2rLwUCUUxI+NCJ5EkRniI+qStKUd6n5dOLxrDI610YS8S+nEFp+rviRSFUo7CQHeGSA3kvDcR//PaieqdeSnlcaIIx7NFvYRBFcFJPLBLBcGKjTRBWFD9V4gHSCCsdIgFHYIzf/IiaVTKjubXJ8XqeRZHHhyAQ2ABB5yCKrgCdeACDB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzA+vgGI7JpJ</latexit><latexit sha1_base64="dXEez2Dad+AWHHbA0buIQxQ/Nv4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VIF5akCOqu6MZFF/WRttCGMJlO26GTSZiZCCX0F9z4K25cKOLWnTv/xmkbQVsPDJx7zr3cuSeIGZXKtr+M3NLyyupafr2wsbm1vWPu7jVklAhMXByxSLQCJAmjnLiKKkZasSAoDBhpBsPLid+8J0LSiN+pUUy8EPU57VGMlJZ807p1rUrJr8GOoiGRcFbe/JSu5ZT89OK4NvbNol22p4CLxMlIEWSo++ZnpxvhJCRcYYakbDt2rLwUCUUxI+NCJ5EkRniI+qStKUd6n5dOLxrDI610YS8S+nEFp+rviRSFUo7CQHeGSA3kvDcR//PaieqdeSnlcaIIx7NFvYRBFcFJPLBLBcGKjTRBWFD9V4gHSCCsdIgFHYIzf/IiaVTKjubXJ8XqeRZHHhyAQ2ABB5yCKrgCdeACDB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzA+vgGI7JpJ</latexit>

U(1)B�L
<latexit sha1_base64="oZcqeD67iOGacOq9nLb1L2wG/R4=">AAAB8XicbZDNSgMxFIXv+FvrX9Wlm2AR6sIyI4K6K7px4aKC0xbboWTSTBuaSYYkI5Shb+HGhSJufRt3vo1pOwttPRD4OPdecu8JE860cd1vZ2l5ZXVtvbBR3Nza3tkt7e03tEwVoT6RXKpWiDXlTFDfMMNpK1EUxyGnzXB4M6k3n6jSTIoHM0poEOO+YBEj2Fjr0a94J93s+vRu3C2V3ao7FVoEL4cy5Kp3S1+dniRpTIUhHGvd9tzEBBlWhhFOx8VOqmmCyRD3aduiwDHVQTbdeIyOrdNDkVT2CYOm7u+JDMdaj+LQdsbYDPR8bWL+V2unJroMMiaS1FBBZh9FKUdGosn5qMcUJYaPLGCimN0VkQFWmBgbUtGG4M2fvAiNs6pn+f68XLvK4yjAIRxBBTy4gBrcQh18ICDgGV7hzdHOi/PufMxal5x85gD+yPn8Ae8ej74=</latexit><latexit sha1_base64="oZcqeD67iOGacOq9nLb1L2wG/R4=">AAAB8XicbZDNSgMxFIXv+FvrX9Wlm2AR6sIyI4K6K7px4aKC0xbboWTSTBuaSYYkI5Shb+HGhSJufRt3vo1pOwttPRD4OPdecu8JE860cd1vZ2l5ZXVtvbBR3Nza3tkt7e03tEwVoT6RXKpWiDXlTFDfMMNpK1EUxyGnzXB4M6k3n6jSTIoHM0poEOO+YBEj2Fjr0a94J93s+vRu3C2V3ao7FVoEL4cy5Kp3S1+dniRpTIUhHGvd9tzEBBlWhhFOx8VOqmmCyRD3aduiwDHVQTbdeIyOrdNDkVT2CYOm7u+JDMdaj+LQdsbYDPR8bWL+V2unJroMMiaS1FBBZh9FKUdGosn5qMcUJYaPLGCimN0VkQFWmBgbUtGG4M2fvAiNs6pn+f68XLvK4yjAIRxBBTy4gBrcQh18ICDgGV7hzdHOi/PufMxal5x85gD+yPn8Ae8ej74=</latexit><latexit sha1_base64="oZcqeD67iOGacOq9nLb1L2wG/R4=">AAAB8XicbZDNSgMxFIXv+FvrX9Wlm2AR6sIyI4K6K7px4aKC0xbboWTSTBuaSYYkI5Shb+HGhSJufRt3vo1pOwttPRD4OPdecu8JE860cd1vZ2l5ZXVtvbBR3Nza3tkt7e03tEwVoT6RXKpWiDXlTFDfMMNpK1EUxyGnzXB4M6k3n6jSTIoHM0poEOO+YBEj2Fjr0a94J93s+vRu3C2V3ao7FVoEL4cy5Kp3S1+dniRpTIUhHGvd9tzEBBlWhhFOx8VOqmmCyRD3aduiwDHVQTbdeIyOrdNDkVT2CYOm7u+JDMdaj+LQdsbYDPR8bWL+V2unJroMMiaS1FBBZh9FKUdGosn5qMcUJYaPLGCimN0VkQFWmBgbUtGG4M2fvAiNs6pn+f68XLvK4yjAIRxBBTy4gBrcQh18ICDgGV7hzdHOi/PufMxal5x85gD+yPn8Ae8ej74=</latexit><latexit sha1_base64="oZcqeD67iOGacOq9nLb1L2wG/R4=">AAAB8XicbZDNSgMxFIXv+FvrX9Wlm2AR6sIyI4K6K7px4aKC0xbboWTSTBuaSYYkI5Shb+HGhSJufRt3vo1pOwttPRD4OPdecu8JE860cd1vZ2l5ZXVtvbBR3Nza3tkt7e03tEwVoT6RXKpWiDXlTFDfMMNpK1EUxyGnzXB4M6k3n6jSTIoHM0poEOO+YBEj2Fjr0a94J93s+vRu3C2V3ao7FVoEL4cy5Kp3S1+dniRpTIUhHGvd9tzEBBlWhhFOx8VOqmmCyRD3aduiwDHVQTbdeIyOrdNDkVT2CYOm7u+JDMdaj+LQdsbYDPR8bWL+V2unJroMMiaS1FBBZh9FKUdGosn5qMcUJYaPLGCimN0VkQFWmBgbUtGG4M2fvAiNs6pn+f68XLvK4yjAIRxBBTy4gBrcQh18ICDgGV7hzdHOi/PufMxal5x85gD+yPn8Ae8ej74=</latexit>

⌫
<latexit sha1_base64="MLyiwfRdT91W33ZLmIGQ2+/dn68=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiR9GXdFNy4r2lpoQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sHIrq2vrG/nNwtb2zu5ecf+greJUEtoiMY9lJ8CKciZoSzPNaSeRFEcBp3fB+HLm391TqVgsbvUkoX6Eh4KFjGBtpJueSPvFkmO79brn1ZBj1yr1SrlsiOeee1UPubYzRwmWaPaL771BTNKICk04VqrrOon2Myw1I5xOC71U0QSTMR7SrqECR1T52fzUKToxygCFsTQlNJqr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSCLRWHKkY7R7G80YJISzSeGYCKZuRWREZaYaJNOwYTw9Sn6n7TLtmv4dbXUuFjGkYcjOIZTcOEMGnAFTWgBgSE8wBM8W9x6tF6s10VrzlrOHMIPWG+f5VKONA==</latexit><latexit sha1_base64="MLyiwfRdT91W33ZLmIGQ2+/dn68=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiR9GXdFNy4r2lpoQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sHIrq2vrG/nNwtb2zu5ecf+greJUEtoiMY9lJ8CKciZoSzPNaSeRFEcBp3fB+HLm391TqVgsbvUkoX6Eh4KFjGBtpJueSPvFkmO79brn1ZBj1yr1SrlsiOeee1UPubYzRwmWaPaL771BTNKICk04VqrrOon2Myw1I5xOC71U0QSTMR7SrqECR1T52fzUKToxygCFsTQlNJqr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSCLRWHKkY7R7G80YJISzSeGYCKZuRWREZaYaJNOwYTw9Sn6n7TLtmv4dbXUuFjGkYcjOIZTcOEMGnAFTWgBgSE8wBM8W9x6tF6s10VrzlrOHMIPWG+f5VKONA==</latexit><latexit sha1_base64="MLyiwfRdT91W33ZLmIGQ2+/dn68=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiR9GXdFNy4r2lpoQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sHIrq2vrG/nNwtb2zu5ecf+greJUEtoiMY9lJ8CKciZoSzPNaSeRFEcBp3fB+HLm391TqVgsbvUkoX6Eh4KFjGBtpJueSPvFkmO79brn1ZBj1yr1SrlsiOeee1UPubYzRwmWaPaL771BTNKICk04VqrrOon2Myw1I5xOC71U0QSTMR7SrqECR1T52fzUKToxygCFsTQlNJqr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSCLRWHKkY7R7G80YJISzSeGYCKZuRWREZaYaJNOwYTw9Sn6n7TLtmv4dbXUuFjGkYcjOIZTcOEMGnAFTWgBgSE8wBM8W9x6tF6s10VrzlrOHMIPWG+f5VKONA==</latexit><latexit sha1_base64="MLyiwfRdT91W33ZLmIGQ2+/dn68=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiR9GXdFNy4r2lpoQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sHIrq2vrG/nNwtb2zu5ecf+greJUEtoiMY9lJ8CKciZoSzPNaSeRFEcBp3fB+HLm391TqVgsbvUkoX6Eh4KFjGBtpJueSPvFkmO79brn1ZBj1yr1SrlsiOeee1UPubYzRwmWaPaL771BTNKICk04VqrrOon2Myw1I5xOC71U0QSTMR7SrqECR1T52fzUKToxygCFsTQlNJqr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSCLRWHKkY7R7G80YJISzSeGYCKZuRWREZaYaJNOwYTw9Sn6n7TLtmv4dbXUuFjGkYcjOIZTcOEMGnAFTWgBgSE8wBM8W9x6tF6s10VrzlrOHMIPWG+f5VKONA==</latexit>

N
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Glashow ’79
Gell-Mann et al. ’79,…

see Pavel’s talk



Origin of neutrino mass
Not as simple as charged fermions - enter Majorana - two sources
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Majorana ’37
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oscillations,
0ν2β, endpoint,
cosmology, 
Neff, CνB,
…

Not as simple as charged fermions - enter Majorana - two sources
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colliders,
meson decays,
warm DM, 
leptogenesis,
…

Not as simple as charged fermions - enter Majorana - two sources
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O
T
O = 1,

S
T = S, S =

p
M⌫

<latexit sha1_base64="3PepEdv0HzsPnRktJg/QwyLaKIU="></latexit><latexit sha1_base64="3PepEdv0HzsPnRktJg/QwyLaKIU="></latexit><latexit sha1_base64="3PepEdv0HzsPnRktJg/QwyLaKIU="></latexit><latexit sha1_base64="3PepEdv0HzsPnRktJg/QwyLaKIU="></latexit>

MD = mN
�1/2

O

p
M⌫

<latexit sha1_base64="c5p5mplagt3zGsD1E6TYdrLaZlo="></latexit><latexit sha1_base64="c5p5mplagt3zGsD1E6TYdrLaZlo="></latexit><latexit sha1_base64="c5p5mplagt3zGsD1E6TYdrLaZlo="></latexit><latexit sha1_base64="c5p5mplagt3zGsD1E6TYdrLaZlo="></latexit>

non-unitarity,
colliders, meson
decays, 0ν2β, 
eEDMs,
…

M⌫ = MD
TMN

�1MD

= MD
TmN

�1/2 mN
�1/2MD| {z }
OS

<latexit sha1_base64="3vC9rTOAd/xG6Fw8jKhQglEgh6o="></latexit><latexit sha1_base64="3vC9rTOAd/xG6Fw8jKhQglEgh6o="></latexit><latexit sha1_base64="3vC9rTOAd/xG6Fw8jKhQglEgh6o="></latexit><latexit sha1_base64="3vC9rTOAd/xG6Fw8jKhQglEgh6o="></latexit>

Not as simple as charged fermions - enter Majorana - two sources



Finding the origins

Gauge extensions: additional W’s, Z’s and Higgsses

unification

N3 16F , 27F , . . .
<latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit>

MGUT & 1016 GeV
<latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit>

p-decay :



Finding the origins

Gauge extensions: additional W’s, Z’s and Higgsses

unification

N3 16F , 27F , . . .
<latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit>

MGUT & 1016 GeV
<latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit>

p-decay :

partial unification
Left-Right

LR =

✓
N
`R

◆

<latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit>

K-decay : MPS & 108 GeV
<latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit>

Pati, Salam ‘75



Finding the origins

Gauge extensions: additional W’s, Z’s and Higgsses

unification

N3 16F , 27F , . . .
<latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit>

MGUT & 1016 GeV
<latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit>

p-decay :

partial unification
Left-Right

LR =

✓
N
`R

◆

<latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit>

K-decay : MPS & 108 GeV
<latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit>

MWR & 3� 4 TeV
<latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit>

K & B oscillations :

mLRSM : flavor fixed V q
R ' V q

L
<latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit>

nEDM, strong P breaking

Maiezza, MN ‘14

 Senjanović, Mohapatra ’79,
Beall, Bander, Soni ’82, many …

Bertolini, Nesti, Maiezza ‘14

Pati, Salam ‘75



Finding the origins

Gauge extensions: additional W’s, Z’s and Higgsses

unification

N3 16F , 27F , . . .
<latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit><latexit sha1_base64="gT0WSMQUkhiEv4feov25p3vo4YA="></latexit>

MGUT & 1016 GeV
<latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit><latexit sha1_base64="tnY98a4pyCgK8ZEem8zQj+iiOdc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKLupGqNAXtGPJpLdtaOZBckcsw3yAG3/FjQtF3PoB7vwb08dCWw8ETs45l+QeL5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94NfYb96C0CIMqjiJwfdYPRE9whkbq5As3naRcq6a03UeT8qlj3yXOmbkjPGBCy1BPTcou2hPQReLMSIHMUOnkv9rdkMc+BMgl07rl2BG6CVMouIQ01441RIwPWR9ahgbMB+0mk2VSemSULu2FypwA6UT9PZEwX+uR75mkz3Cg572x+J/XirF34SYiiGKEgE8f6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+cKcGZX3mR1E+KjuG3p4XS5ayOLDkgh+SYOOSclMg1qZAa4eSRPJNX8mY9WS/Wu/UxjWas2cw++QPr8wfzxZpE</latexit>

p-decay :

partial unification
Left-Right

LR =

✓
N
`R

◆

<latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit><latexit sha1_base64="+fUx35rfaGL2QdkL2BB1ZrzhMXs="></latexit>

K-decay : MPS & 108 GeV
<latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit><latexit sha1_base64="1b6iSJWEhZizTGzSRawlcMLQK7g=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0RTCUBC22EiOYByRpmJzfJkNkHM3fFsKS28VdsLBSx9Qvs/BsnyRaaeGDgzDnnMnOPF0mh0ba/rczC4tLySnY1t7a+sbmV396p6TBWHKo8lKFqeEyDFAFUUaCERqSA+Z6Eujc4H/v1e1BahMEtDiNwfdYLRFdwhkZq5/ev2knlZkRbPTQhnzr2XVIyV4QHTOgF1EbtfMEu2hPQeeKkpEBSVNr5r1Yn5LEPAXLJtG46doRuwhQKLmGUa8UaIsYHrAdNQwPmg3aTySojemiUDu2GypwA6UT9PZEwX+uh75mkz7CvZ72x+J/XjLFbchMRRDFCwKcPdWNJMaTjXmhHKOAoh4YwroT5K+V9phhH017OlODMrjxPasdFx/Drk0L5LK0jS/bIATkiDjklZXJJKqRKOHkkz+SVvFlP1ov1bn1Moxkrndklf2B9/gDZhJm0</latexit>

MWR & 3� 4 TeV
<latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit>

K & B oscillations :

mLRSM : flavor fixed V q
R ' V q

L
<latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit><latexit sha1_base64="8hDUZXxFVHTD663+leEl69JQ6ig=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlCAkmVImFgaEgepHaEDmu01q1k9R2EFXUV2FhACFWXoSNt8FpO0DLL1n6/J9z5OM/SDhT2nG+rcLK6tr6RnGztLW9s7tn75ebKk4loQ0S81i2A6woZxFtaKY5bSeSYhFw2gqGV3m99UilYnF0r8cJ9QTuRyxkBGtj+Xa5+TDy71BXMUFHKL/c+HbFqTpToWVw51CBueq+/dXtxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RiMsKDKy6a7T9CxcXoojKU5kUZT9/dEhoVSYxGYToH1QC3WcvO/WifV4YWXsShJNY3I7KEw5UjHKA8C9ZikRPOxAUwkM7siMsASE23iKpkQ3MUvL0PztOoavj2r1C7ncRThEI7gBFw4hxpcQx0aQOAJnuEV3qyJ9WK9Wx+z1oI1nzmAP7I+fwD9fZO8</latexit>

colliders

eEDM, wDM, …
0⌫2�

<latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit>

Pati, Salam ‘75



Keung, Senjanović ‘83
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production
fixed by CKM

Main feature: Lepton Number Violation

N
<latexit sha1_base64="bvKlbMI6m6+qa36pPljFhqJDNa4=">AAACHHicbZBNS8MwGMfT+Tbn29Sjl+AYeJDRDmXzNvDiSSa4OVjrSNN0C0vTkqTCKP0engT9LN7Eq+BH8WbaFdHNB/Lw5//keeHnRoxKZZqfRmlldW19o7xZ2dre2d2r7h/0ZRgLTHo4ZKEYuEgSRjnpKaoYGUSCoMBl5M6dXmb1uwciJA35rZpFxAnQmFOfYqS0dZ/Y+YiEuSm8TkfVmtkw84DLwipEDRTRHVW/bC/EcUC4wgxJObTMSDkJEopiRtKKHUsSITxFYzLUkqOASCfJV6awrh0P+qHQjyuYu787EhRIOQv0ZfUAqYlcrGXmf7VhrPy2k1AexYpwPF/kxwyqEGYIoEcFwYrNtEBYUH0rxBMkEFYaVMX2iK9h/nBJxFgns2G1TjWLczPL7WbGyloksyz6zYal9c1ZrXNRUCuDI3AMToAFWqADrkAX9AAGAjyCZ/BiPBmvxpvxPv9aMoqeQ/AnjI9vMhWgTg==</latexit><latexit sha1_base64="bvKlbMI6m6+qa36pPljFhqJDNa4=">AAACHHicbZBNS8MwGMfT+Tbn29Sjl+AYeJDRDmXzNvDiSSa4OVjrSNN0C0vTkqTCKP0engT9LN7Eq+BH8WbaFdHNB/Lw5//keeHnRoxKZZqfRmlldW19o7xZ2dre2d2r7h/0ZRgLTHo4ZKEYuEgSRjnpKaoYGUSCoMBl5M6dXmb1uwciJA35rZpFxAnQmFOfYqS0dZ/Y+YiEuSm8TkfVmtkw84DLwipEDRTRHVW/bC/EcUC4wgxJObTMSDkJEopiRtKKHUsSITxFYzLUkqOASCfJV6awrh0P+qHQjyuYu787EhRIOQv0ZfUAqYlcrGXmf7VhrPy2k1AexYpwPF/kxwyqEGYIoEcFwYrNtEBYUH0rxBMkEFYaVMX2iK9h/nBJxFgns2G1TjWLczPL7WbGyloksyz6zYal9c1ZrXNRUCuDI3AMToAFWqADrkAX9AAGAjyCZ/BiPBmvxpvxPv9aMoqeQ/AnjI9vMhWgTg==</latexit><latexit sha1_base64="bvKlbMI6m6+qa36pPljFhqJDNa4=">AAACHHicbZBNS8MwGMfT+Tbn29Sjl+AYeJDRDmXzNvDiSSa4OVjrSNN0C0vTkqTCKP0engT9LN7Eq+BH8WbaFdHNB/Lw5//keeHnRoxKZZqfRmlldW19o7xZ2dre2d2r7h/0ZRgLTHo4ZKEYuEgSRjnpKaoYGUSCoMBl5M6dXmb1uwciJA35rZpFxAnQmFOfYqS0dZ/Y+YiEuSm8TkfVmtkw84DLwipEDRTRHVW/bC/EcUC4wgxJObTMSDkJEopiRtKKHUsSITxFYzLUkqOASCfJV6awrh0P+qHQjyuYu787EhRIOQv0ZfUAqYlcrGXmf7VhrPy2k1AexYpwPF/kxwyqEGYIoEcFwYrNtEBYUH0rxBMkEFYaVMX2iK9h/nBJxFgns2G1TjWLczPL7WbGyloksyz6zYal9c1ZrXNRUCuDI3AMToAFWqADrkAX9AAGAjyCZ/BiPBmvxpvxPv9aMoqeQ/AnjI9vMhWgTg==</latexit><latexit sha1_base64="bvKlbMI6m6+qa36pPljFhqJDNa4=">AAACHHicbZBNS8MwGMfT+Tbn29Sjl+AYeJDRDmXzNvDiSSa4OVjrSNN0C0vTkqTCKP0engT9LN7Eq+BH8WbaFdHNB/Lw5//keeHnRoxKZZqfRmlldW19o7xZ2dre2d2r7h/0ZRgLTHo4ZKEYuEgSRjnpKaoYGUSCoMBl5M6dXmb1uwciJA35rZpFxAnQmFOfYqS0dZ/Y+YiEuSm8TkfVmtkw84DLwipEDRTRHVW/bC/EcUC4wgxJObTMSDkJEopiRtKKHUsSITxFYzLUkqOASCfJV6awrh0P+qHQjyuYu787EhRIOQv0ZfUAqYlcrGXmf7VhrPy2k1AexYpwPF/kxwyqEGYIoEcFwYrNtEBYUH0rxBMkEFYaVMX2iK9h/nBJxFgns2G1TjWLczPL7WbGyloksyz6zYal9c1ZrXNRUCuDI3AMToAFWqADrkAX9AAGAjyCZ/BiPBmvxpvxPv9aMoqeQ/AnjI9vMhWgTg==</latexit> On-shell Majorana fermion

N ! `±jj
<latexit sha1_base64="HTqngXJbzKmKWxtLdyE1Fj9bU+c="></latexit><latexit sha1_base64="HTqngXJbzKmKWxtLdyE1Fj9bU+c="></latexit><latexit sha1_base64="HTqngXJbzKmKWxtLdyE1Fj9bU+c="></latexit><latexit sha1_base64="HTqngXJbzKmKWxtLdyE1Fj9bU+c="></latexit>

50-50% same-opposite sign

flavor states measure       (free)V `
R

<latexit sha1_base64="qiNFI38/pJCrlNnGGMvHgKl5mds=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgupCRFaVdScOOyin1AE8tkctMOnTyYmQgl9CdcCfot7sStWz/FnZM0C209MJfDufdyzxw35kwq0/wyVlbX1jc2S1vl7Z3dvf3KwWFXRomg0KERj0TfJRI4C6GjmOLQjwWQwOXQcyfXWb/3CEKyKLxX0xicgIxC5jNKlJb63QcbOB/eDStVs2bmwMvEKkgVFWgPK9+2F9EkgFBRTqQcWGasnJQIxSiHWdlOJMSETsgIBpqGJADppLnfGT7Viof9SOgXKpyrvzdSEkg5DVw9GRA1lou9TPyvN0iU33RSFsaJgpDOD/kJxyrC2eexxwRQxaeaECqY9orpmAhClY6obHvg6xhzOyl3Z6kY6WLWrMa5zuLSzGqzPtNZWYvJLJNuvWZpfntRbV0VqZXQMTpBZ8hCDdRCN6iNOogijp7QC3o1no034934mI+uGMXOEfoD4/MHyPudbg==</latexit><latexit sha1_base64="qiNFI38/pJCrlNnGGMvHgKl5mds=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgupCRFaVdScOOyin1AE8tkctMOnTyYmQgl9CdcCfot7sStWz/FnZM0C209MJfDufdyzxw35kwq0/wyVlbX1jc2S1vl7Z3dvf3KwWFXRomg0KERj0TfJRI4C6GjmOLQjwWQwOXQcyfXWb/3CEKyKLxX0xicgIxC5jNKlJb63QcbOB/eDStVs2bmwMvEKkgVFWgPK9+2F9EkgFBRTqQcWGasnJQIxSiHWdlOJMSETsgIBpqGJADppLnfGT7Viof9SOgXKpyrvzdSEkg5DVw9GRA1lou9TPyvN0iU33RSFsaJgpDOD/kJxyrC2eexxwRQxaeaECqY9orpmAhClY6obHvg6xhzOyl3Z6kY6WLWrMa5zuLSzGqzPtNZWYvJLJNuvWZpfntRbV0VqZXQMTpBZ8hCDdRCN6iNOogijp7QC3o1no034934mI+uGMXOEfoD4/MHyPudbg==</latexit><latexit sha1_base64="qiNFI38/pJCrlNnGGMvHgKl5mds=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgupCRFaVdScOOyin1AE8tkctMOnTyYmQgl9CdcCfot7sStWz/FnZM0C209MJfDufdyzxw35kwq0/wyVlbX1jc2S1vl7Z3dvf3KwWFXRomg0KERj0TfJRI4C6GjmOLQjwWQwOXQcyfXWb/3CEKyKLxX0xicgIxC5jNKlJb63QcbOB/eDStVs2bmwMvEKkgVFWgPK9+2F9EkgFBRTqQcWGasnJQIxSiHWdlOJMSETsgIBpqGJADppLnfGT7Viof9SOgXKpyrvzdSEkg5DVw9GRA1lou9TPyvN0iU33RSFsaJgpDOD/kJxyrC2eexxwRQxaeaECqY9orpmAhClY6obHvg6xhzOyl3Z6kY6WLWrMa5zuLSzGqzPtNZWYvJLJNuvWZpfntRbV0VqZXQMTpBZ8hCDdRCN6iNOogijp7QC3o1no034934mI+uGMXOEfoD4/MHyPudbg==</latexit><latexit sha1_base64="qiNFI38/pJCrlNnGGMvHgKl5mds=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgupCRFaVdScOOyin1AE8tkctMOnTyYmQgl9CdcCfot7sStWz/FnZM0C209MJfDufdyzxw35kwq0/wyVlbX1jc2S1vl7Z3dvf3KwWFXRomg0KERj0TfJRI4C6GjmOLQjwWQwOXQcyfXWb/3CEKyKLxX0xicgIxC5jNKlJb63QcbOB/eDStVs2bmwMvEKkgVFWgPK9+2F9EkgFBRTqQcWGasnJQIxSiHWdlOJMSETsgIBpqGJADppLnfGT7Viof9SOgXKpyrvzdSEkg5DVw9GRA1lou9TPyvN0iU33RSFsaJgpDOD/kJxyrC2eexxwRQxaeaECqY9orpmAhClY6obHvg6xhzOyl3Z6kY6WLWrMa5zuLSzGqzPtNZWYvJLJNuvWZpfntRbV0VqZXQMTpBZ8hCDdRCN6iNOogijp7QC3o1no034934mI+uGMXOEfoD4/MHyPudbg==</latexit>

V `T
R MNV `

R = mN
<latexit sha1_base64="cjnZ5LgTCgfqqb7Z3K68rNrBSpg=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIruqMCLpRCm7cWKq000IvQyY9bUMzF5KMUIZ5DDe+ihsXirjtzrcxnc5CWw8EPv7/nOTkd0POpDLNbyO3srq2vpHfLGxt7+zuFfcPbBlEgkKDBjwQLZdI4MyHhmKKQysUQDyXQ9Md38785hMIyQK/riYhdD0y9NmAUaK05BTP7F7cAc5xPXEecdxJb4xdHkGC751qgu3ezNbeNfacKnaKJbNspoWXwcqghLKqOcVppx/QyANfUU6kbFtmqLoxEYpRDkmhE0kICR2TIbQ1+sQD2Y3TNRJ8opU+HgRCH1/hVP09ERNPyonn6k6PqJFc9Gbif147UoOrbsz8MFLg0/lDg4hjFeBZSrjPBFDFJxoIFUzviumICEKVzrKgQ7AWv7wM9nnZ0vxwUarcZHHk0RE6RqfIQpeogu5QDTUQRc/oFb2jD+PFeDM+ja95a87IZg7RnzKmP/m4nwk=</latexit><latexit sha1_base64="cjnZ5LgTCgfqqb7Z3K68rNrBSpg=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIruqMCLpRCm7cWKq000IvQyY9bUMzF5KMUIZ5DDe+ihsXirjtzrcxnc5CWw8EPv7/nOTkd0POpDLNbyO3srq2vpHfLGxt7+zuFfcPbBlEgkKDBjwQLZdI4MyHhmKKQysUQDyXQ9Md38785hMIyQK/riYhdD0y9NmAUaK05BTP7F7cAc5xPXEecdxJb4xdHkGC751qgu3ezNbeNfacKnaKJbNspoWXwcqghLKqOcVppx/QyANfUU6kbFtmqLoxEYpRDkmhE0kICR2TIbQ1+sQD2Y3TNRJ8opU+HgRCH1/hVP09ERNPyonn6k6PqJFc9Gbif147UoOrbsz8MFLg0/lDg4hjFeBZSrjPBFDFJxoIFUzviumICEKVzrKgQ7AWv7wM9nnZ0vxwUarcZHHk0RE6RqfIQpeogu5QDTUQRc/oFb2jD+PFeDM+ja95a87IZg7RnzKmP/m4nwk=</latexit><latexit sha1_base64="cjnZ5LgTCgfqqb7Z3K68rNrBSpg=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIruqMCLpRCm7cWKq000IvQyY9bUMzF5KMUIZ5DDe+ihsXirjtzrcxnc5CWw8EPv7/nOTkd0POpDLNbyO3srq2vpHfLGxt7+zuFfcPbBlEgkKDBjwQLZdI4MyHhmKKQysUQDyXQ9Md38785hMIyQK/riYhdD0y9NmAUaK05BTP7F7cAc5xPXEecdxJb4xdHkGC751qgu3ezNbeNfacKnaKJbNspoWXwcqghLKqOcVppx/QyANfUU6kbFtmqLoxEYpRDkmhE0kICR2TIbQ1+sQD2Y3TNRJ8opU+HgRCH1/hVP09ERNPyonn6k6PqJFc9Gbif147UoOrbsz8MFLg0/lDg4hjFeBZSrjPBFDFJxoIFUzviumICEKVzrKgQ7AWv7wM9nnZ0vxwUarcZHHk0RE6RqfIQpeogu5QDTUQRc/oFb2jD+PFeDM+ja95a87IZg7RnzKmP/m4nwk=</latexit><latexit sha1_base64="cjnZ5LgTCgfqqb7Z3K68rNrBSpg=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIruqMCLpRCm7cWKq000IvQyY9bUMzF5KMUIZ5DDe+ihsXirjtzrcxnc5CWw8EPv7/nOTkd0POpDLNbyO3srq2vpHfLGxt7+zuFfcPbBlEgkKDBjwQLZdI4MyHhmKKQysUQDyXQ9Md38785hMIyQK/riYhdD0y9NmAUaK05BTP7F7cAc5xPXEecdxJb4xdHkGC751qgu3ezNbeNfacKnaKJbNspoWXwcqghLKqOcVppx/QyANfUU6kbFtmqLoxEYpRDkmhE0kICR2TIbQ1+sQD2Y3TNRJ8opU+HgRCH1/hVP09ERNPyonn6k6PqJFc9Gbif147UoOrbsz8MFLg0/lDg4hjFeBZSrjPBFDFJxoIFUzviumICEKVzrKgQ7AWv7wM9nnZ0vxwUarcZHHk0RE6RqfIQpeogu5QDTUQRc/oFb2jD+PFeDM+ja95a87IZg7RnzKmP/m4nwk=</latexit>

}
<latexit sha1_base64="+sJiEkC2q6nA4ZEQAvokSoKdUcs=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eq9gPaEPZbDft0s0m7E6EEvoPvHhQxKv/yJv/xk2bg7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHKb1ztPXBsRq0ecJtyP6EiJUDCK1nrozwbVmlt35yKr4BVQg0LNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHsWFY248bP5pjNyZp0hCWNtn0Iyd39PZDQyZhoFtjOiODbLtdz8r9ZLMbz2M6GSFLlii4/CVBKMSX42GQrNGcqpBcq0sLsSNqaaMrThVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGITwDK/w5kycF+fd+Vi0lpxi5hj+yPn8AZ1ajWM=</latexit><latexit sha1_base64="+sJiEkC2q6nA4ZEQAvokSoKdUcs=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eq9gPaEPZbDft0s0m7E6EEvoPvHhQxKv/yJv/xk2bg7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHKb1ztPXBsRq0ecJtyP6EiJUDCK1nrozwbVmlt35yKr4BVQg0LNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHsWFY248bP5pjNyZp0hCWNtn0Iyd39PZDQyZhoFtjOiODbLtdz8r9ZLMbz2M6GSFLlii4/CVBKMSX42GQrNGcqpBcq0sLsSNqaaMrThVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGITwDK/w5kycF+fd+Vi0lpxi5hj+yPn8AZ1ajWM=</latexit><latexit sha1_base64="+sJiEkC2q6nA4ZEQAvokSoKdUcs=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eq9gPaEPZbDft0s0m7E6EEvoPvHhQxKv/yJv/xk2bg7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHKb1ztPXBsRq0ecJtyP6EiJUDCK1nrozwbVmlt35yKr4BVQg0LNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHsWFY248bP5pjNyZp0hCWNtn0Iyd39PZDQyZhoFtjOiODbLtdz8r9ZLMbz2M6GSFLlii4/CVBKMSX42GQrNGcqpBcq0sLsSNqaaMrThVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGITwDK/w5kycF+fd+Vi0lpxi5hj+yPn8AZ1ajWM=</latexit><latexit sha1_base64="+sJiEkC2q6nA4ZEQAvokSoKdUcs=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eq9gPaEPZbDft0s0m7E6EEvoPvHhQxKv/yJv/xk2bg7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHKb1ztPXBsRq0ecJtyP6EiJUDCK1nrozwbVmlt35yKr4BVQg0LNQfWrP4xZGnGFTFJjep6boJ9RjYJJPqv0U8MTyiZ0xHsWFY248bP5pjNyZp0hCWNtn0Iyd39PZDQyZhoFtjOiODbLtdz8r9ZLMbz2M6GSFLlii4/CVBKMSX42GQrNGcqpBcq0sLsSNqaaMrThVGwI3vLJq9C+qHuW7y9rjZsijjKcwCmcgwdX0IA7aEILGITwDK/w5kycF+fd+Vi0lpxi5hj+yPn8AZ1ajWM=</latexit>

m`jj = mNi
<latexit sha1_base64="K9lrsi1rmdQtFYYV1z5MSYil0U8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdKAU3rqSCvUA7DJn0tE2bzAxJRijjLHwVNy4UcetruPNtTNtZaOsPgS//OYec/EHMmdKO820VlpZXVteK66WNza3tHXt3r6GiRFKo04hHshUQBZyFUNdMc2jFEogIODSD0fWk3nwAqVgU3utxDJ4g/ZD1GCXaWL59IPy0A5zjIR5m+BKb663PMt8uOxVnKrwIbg5llKvm21+dbkQTAaGmnCjVdp1YeymRmlEOWamTKIgJHZE+tA2GRIDy0un+GT42Thf3ImlOqPHU/T2REqHUWASmUxA9UPO1iflfrZ3o3oWXsjBONIR09lAv4VhHeBIG7jIJVPOxAUIlM7tiOiCSUG0iK5kQ3PkvL0LjtOIavjsrV6/yOIroEB2hE+Sic1RFN6iG6oiiR/SMXtGb9WS9WO/Wx6y1YOUz++iPrM8fzi2VSw==</latexit><latexit sha1_base64="K9lrsi1rmdQtFYYV1z5MSYil0U8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdKAU3rqSCvUA7DJn0tE2bzAxJRijjLHwVNy4UcetruPNtTNtZaOsPgS//OYec/EHMmdKO820VlpZXVteK66WNza3tHXt3r6GiRFKo04hHshUQBZyFUNdMc2jFEogIODSD0fWk3nwAqVgU3utxDJ4g/ZD1GCXaWL59IPy0A5zjIR5m+BKb663PMt8uOxVnKrwIbg5llKvm21+dbkQTAaGmnCjVdp1YeymRmlEOWamTKIgJHZE+tA2GRIDy0un+GT42Thf3ImlOqPHU/T2REqHUWASmUxA9UPO1iflfrZ3o3oWXsjBONIR09lAv4VhHeBIG7jIJVPOxAUIlM7tiOiCSUG0iK5kQ3PkvL0LjtOIavjsrV6/yOIroEB2hE+Sic1RFN6iG6oiiR/SMXtGb9WS9WO/Wx6y1YOUz++iPrM8fzi2VSw==</latexit><latexit sha1_base64="K9lrsi1rmdQtFYYV1z5MSYil0U8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdKAU3rqSCvUA7DJn0tE2bzAxJRijjLHwVNy4UcetruPNtTNtZaOsPgS//OYec/EHMmdKO820VlpZXVteK66WNza3tHXt3r6GiRFKo04hHshUQBZyFUNdMc2jFEogIODSD0fWk3nwAqVgU3utxDJ4g/ZD1GCXaWL59IPy0A5zjIR5m+BKb663PMt8uOxVnKrwIbg5llKvm21+dbkQTAaGmnCjVdp1YeymRmlEOWamTKIgJHZE+tA2GRIDy0un+GT42Thf3ImlOqPHU/T2REqHUWASmUxA9UPO1iflfrZ3o3oWXsjBONIR09lAv4VhHeBIG7jIJVPOxAUIlM7tiOiCSUG0iK5kQ3PkvL0LjtOIavjsrV6/yOIroEB2hE+Sic1RFN6iG6oiiR/SMXtGb9WS9WO/Wx6y1YOUz++iPrM8fzi2VSw==</latexit><latexit sha1_base64="K9lrsi1rmdQtFYYV1z5MSYil0U8=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRgTdKAU3rqSCvUA7DJn0tE2bzAxJRijjLHwVNy4UcetruPNtTNtZaOsPgS//OYec/EHMmdKO820VlpZXVteK66WNza3tHXt3r6GiRFKo04hHshUQBZyFUNdMc2jFEogIODSD0fWk3nwAqVgU3utxDJ4g/ZD1GCXaWL59IPy0A5zjIR5m+BKb663PMt8uOxVnKrwIbg5llKvm21+dbkQTAaGmnCjVdp1YeymRmlEOWamTKIgJHZE+tA2GRIDy0un+GT42Thf3ImlOqPHU/T2REqHUWASmUxA9UPO1iflfrZ3o3oWXsjBONIR09lAv4VhHeBIG7jIJVPOxAUIlM7tiOiCSUG0iK5kQ3PkvL0LjtOIavjsrV6/yOIroEB2hE+Sic1RFN6iG6oiiR/SMXtGb9WS9WO/Wx6y1YOUz++iPrM8fzi2VSw==</latexit>

narrow mass peaks for mN < MWR
<latexit sha1_base64="KLRxii7Sfa5uTm1Efsh2gOsvPyY=">AAAB9HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF2IFNy4UarYC7TDkEkzbWiSGZNMoQx9DjcuFHHrw7jzbUzbWWjrD4GP/5zDOfnDhDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB9aTeHFKlWSwfzSihvsA9ySJGsLGWL4I7dIlug6wZPIyDUtmtuFOhRfByKEOuWlD66nRjkgoqDeFY67bnJsbPsDKMcDoudlJNE0wGuEfbFiUWVPvZ9OgxOrZOF0Wxsk8aNHV/T2RYaD0Soe0U2PT1fG1i/ldrpya68DMmk9RQSWaLopQjE6NJAqjLFCWGjyxgopi9FZE+VpgYm1PRhuDNf3kRGqcVz/L9Wbl6lcdRgEM4ghPw4ByqcAM1qAOBJ3iGV3hzhs6L8+58zFqXnHzmAP7I+fwBdqKROg==</latexit><latexit sha1_base64="KLRxii7Sfa5uTm1Efsh2gOsvPyY=">AAAB9HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF2IFNy4UarYC7TDkEkzbWiSGZNMoQx9DjcuFHHrw7jzbUzbWWjrD4GP/5zDOfnDhDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB9aTeHFKlWSwfzSihvsA9ySJGsLGWL4I7dIlug6wZPIyDUtmtuFOhRfByKEOuWlD66nRjkgoqDeFY67bnJsbPsDKMcDoudlJNE0wGuEfbFiUWVPvZ9OgxOrZOF0Wxsk8aNHV/T2RYaD0Soe0U2PT1fG1i/ldrpya68DMmk9RQSWaLopQjE6NJAqjLFCWGjyxgopi9FZE+VpgYm1PRhuDNf3kRGqcVz/L9Wbl6lcdRgEM4ghPw4ByqcAM1qAOBJ3iGV3hzhs6L8+58zFqXnHzmAP7I+fwBdqKROg==</latexit><latexit sha1_base64="KLRxii7Sfa5uTm1Efsh2gOsvPyY=">AAAB9HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF2IFNy4UarYC7TDkEkzbWiSGZNMoQx9DjcuFHHrw7jzbUzbWWjrD4GP/5zDOfnDhDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB9aTeHFKlWSwfzSihvsA9ySJGsLGWL4I7dIlug6wZPIyDUtmtuFOhRfByKEOuWlD66nRjkgoqDeFY67bnJsbPsDKMcDoudlJNE0wGuEfbFiUWVPvZ9OgxOrZOF0Wxsk8aNHV/T2RYaD0Soe0U2PT1fG1i/ldrpya68DMmk9RQSWaLopQjE6NJAqjLFCWGjyxgopi9FZE+VpgYm1PRhuDNf3kRGqcVz/L9Wbl6lcdRgEM4ghPw4ByqcAM1qAOBJ3iGV3hzhs6L8+58zFqXnHzmAP7I+fwBdqKROg==</latexit><latexit sha1_base64="KLRxii7Sfa5uTm1Efsh2gOsvPyY=">AAAB9HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF2IFNy4UarYC7TDkEkzbWiSGZNMoQx9DjcuFHHrw7jzbUzbWWjrD4GP/5zDOfnDhDNtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB9aTeHFKlWSwfzSihvsA9ySJGsLGWL4I7dIlug6wZPIyDUtmtuFOhRfByKEOuWlD66nRjkgoqDeFY67bnJsbPsDKMcDoudlJNE0wGuEfbFiUWVPvZ9OgxOrZOF0Wxsk8aNHV/T2RYaD0Soe0U2PT1fG1i/ldrpya68DMmk9RQSWaLopQjE6NJAqjLFCWGjyxgopi9FZE+VpgYm1PRhuDNf3kRGqcVz/L9Wbl6lcdRgEM4ghPw4ByqcAM1qAOBJ3iGV3hzhs6L8+58zFqXnHzmAP7I+fwBdqKROg==</latexit>

~no missing energy

more on the Majorana nature

Gluza, Jelinski ’15 ’16
Das, Dev, Mohapatra ’17 

Colliders



Golden channel: pp ! WR ! `RN
<latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit>
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<latexit sha1_base64="vee7Vm9YxFQe82J/z5iWT12i7OU="></latexit><latexit sha1_base64="vee7Vm9YxFQe82J/z5iWT12i7OU="></latexit><latexit sha1_base64="vee7Vm9YxFQe82J/z5iWT12i7OU="></latexit><latexit sha1_base64="vee7Vm9YxFQe82J/z5iWT12i7OU="></latexit>

mostly on-shell, N boosted

off-shell = soft lepton and N

clear peak

minv disappears
Ruiz ‘17 see Richard’s talk

Keung, Senjanović ‘83



Sketch of a search for pp ! WR ! `RN
<latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit>

MN, Nesti, Senjanović, Zhang ‘11
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CMS: Gninenko et al. ’07

Reach of 5-6 TeV at 14 TeV

Richard’s talk



pp ! WR ! `RN
<latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit>

MN, Nesti, Popara ’18
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Isolation and displacement

2nd lepton isolation depends on the boost of N

Lab decay length very sensitive to mN

�0
N ⇠ ↵2

2m
5
N

64⇡M4
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' 1

2.5mm

(mN/10 GeV)5

(MWR/3 TeV)4
<latexit sha1_base64="Sc0ZaZbo41vzbeORkS0oILmV2w0="></latexit><latexit sha1_base64="Sc0ZaZbo41vzbeORkS0oILmV2w0="></latexit><latexit sha1_base64="Sc0ZaZbo41vzbeORkS0oILmV2w0="></latexit><latexit sha1_base64="Sc0ZaZbo41vzbeORkS0oILmV2w0="></latexit>

�N '

8
<

:

MWR
2mN

, WR ! on-shell,

1 TeV
mN

, WR ! o↵-shell
<latexit sha1_base64="RfqjASDu8L89tCbfHxpaB5zhdoM="></latexit><latexit sha1_base64="RfqjASDu8L89tCbfHxpaB5zhdoM="></latexit><latexit sha1_base64="RfqjASDu8L89tCbfHxpaB5zhdoM="></latexit><latexit sha1_base64="RfqjASDu8L89tCbfHxpaB5zhdoM="></latexit>

Simultaneous transition from prompt 
isolated to displaced merged - look for 
displaced merged jets (tracks)



Displaced jet discrimination
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Event generation: custom generator KSEG, small width issues with MG5

Main bckgs

sites.google.com/site/leftrighthep
also Feynrules model file and Delphes, 

Madanalysis displacement hack

background # generator weight # detector
V + 012j 22.46M 0.021 9.93M
V V + 012j 10.55M 0.0028 4.61M
tt̄+ 012j 10.47M 0.024 4.38M

<latexit sha1_base64="zYbAsX8V2TuQWcsZWgtL2RUlK+E="></latexit><latexit sha1_base64="zYbAsX8V2TuQWcsZWgtL2RUlK+E="></latexit><latexit sha1_base64="zYbAsX8V2TuQWcsZWgtL2RUlK+E="></latexit><latexit sha1_base64="zYbAsX8V2TuQWcsZWgtL2RUlK+E="></latexit>

MN, Nesti, Popara ’18
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Sensitivity estimate

Electron Channel L = 300 fb�1 MWR : 4 TeV 4TeV 4TeV 6TeV 6TeV 6TeV 6TeV
variable range # bins mN : 20GeV 300GeV 2TeV 20GeV 300GeV 2TeV 3TeV
pT (`1) {150, 4500}GeV 35 14.19 13.82 7.19 1.03 1.77 1.22 0.80
dT (j1) {0.001, 300}mm 100 17.57 14.04 7.60 2.02 1.91 1.38 0.97
#(jets) 1, 2, 3, 4 4 17.88 14.20 7.94 2.24 2.04 1.47 1.08
#(leptons) 1, 2 2 17.97 14.90 9.08 2.30 2.23 1.60 1.22
#(same sign) 0, 1 2 18.00 15.71 9.85 2.32 2.61 1.70 1.30
minv

`1j1
{200, 8500}GeV 20 18.82 17.24 10.91 2.81 3.03 1.91 1.47

<latexit sha1_base64="DVFwO+uO+8oE6AsPbECHggBJbyk="> CaF/rhAtSj3TckycryKov1zKr1lLd91eAm39lCTMOxrsF8IRinTaDpIgUiB1XXBZOk0B0yvdKC0CLRrICek4JQoXtzH0/YVCfmdluVxSxW+uOCbOgM9YP07jh7R/MsI3xSfePb2mulbvoOV77DyqfTjG4n9a44cR2k9a/+4NmoTXjP+sr6xtq3kBVYz6wfrJfWsUW3/97p7zze+bL3Y+/33mXvj2bqg632ncfWDev9+Q+afhGW</latexit><latexit sha1_base64="DVFwO+uO+8oE6AsPbECHggBJbyk="> CaF/rhAtSj3TckycryKov1zKr1lLd91eAm39lCTMOxrsF8IRinTaDpIgUiB1XXBZOk0B0yvdKC0CLRrICek4JQoXtzH0/YVCfmdluVxSxW+uOCbOgM9YP07jh7R/MsI3xSfePb2mulbvoOV77DyqfTjG4n9a44cR2k9a/+4NmoTXjP+sr6xtq3kBVYz6wfrJfWsUW3/97p7zze+bL3Y+/33mXvj2bqg632ncfWDev9+Q+afhGW</latexit><latexit sha1_base64="DVFwO+uO+8oE6AsPbECHggBJbyk="> CaF/rhAtSj3TckycryKov1zKr1lLd91eAm39lCTMOxrsF8IRinTaDpIgUiB1XXBZOk0B0yvdKC0CLRrICek4JQoXtzH0/YVCfmdluVxSxW+uOCbOgM9YP07jh7R/MsI3xSfePb2mulbvoOV77DyqfTjG4n9a44cR2k9a/+4NmoTXjP+sr6xtq3kBVYz6wfrJfWsUW3/97p7zze+bL3Y+/33mXvj2bqg632ncfWDev9+Q+afhGW</latexit><latexit sha1_base64="DVFwO+uO+8oE6AsPbECHggBJbyk="> CaF/rhAtSj3TckycryKov1zKr1lLd91eAm39lCTMOxrsF8IRinTaDpIgUiB1XXBZOk0B0yvdKC0CLRrICek4JQoXtzH0/YVCfmdluVxSxW+uOCbOgM9YP07jh7R/MsI3xSfePb2mulbvoOV77DyqfTjG4n9a44cR2k9a/+4NmoTXjP+sr6xtq3kBVYz6wfrJfWsUW3/97p7zze+bL3Y+/33mXvj2bqg632ncfWDev9+Q+afhGW</latexit>

rough pre-selection

bin over 6 variables below

sensitivity =

vuut
X

i2bins

s2i
si + bi

<latexit sha1_base64="0BiXnDj1IKvFLD0PP0SVkElJRM8="></latexit><latexit sha1_base64="0BiXnDj1IKvFLD0PP0SVkElJRM8="></latexit><latexit sha1_base64="0BiXnDj1IKvFLD0PP0SVkElJRM8="></latexit><latexit sha1_base64="0BiXnDj1IKvFLD0PP0SVkElJRM8="></latexit>

MN, Nesti, Popara ’18

Sensitivities



Recasting the W 0 ! `⌫
<latexit sha1_base64="xhFrUBaoKkWTRgkoPaLIDG3tOHc="></latexit><latexit sha1_base64="xhFrUBaoKkWTRgkoPaLIDG3tOHc="></latexit><latexit sha1_base64="xhFrUBaoKkWTRgkoPaLIDG3tOHc="></latexit><latexit sha1_base64="xhFrUBaoKkWTRgkoPaLIDG3tOHc="></latexit>

prompt hard leading lepton and significant missing energy

exponential distributions have tails

d�

dmT
= ↵2

2
⇡

24
pT

Z 1

⌧�

Z 1

⌧�
x1

dx1,2

�
ŝ�m2

N � 2p2T
�
± 1

q
(ŝ�m2

N )
2 � 4p2T ŝ

"±` (pT , ⌘`)

(ŝ�M2)2 + (�M)2
|VudV`N |2 fu(x1,2)fd(x2,1) e

�l0/L±

<latexit sha1_base64="EtqMpjzyABQ0nDKRbtXpcUhXDYo="></latexit><latexit sha1_base64="EtqMpjzyABQ0nDKRbtXpcUhXDYo="></latexit><latexit sha1_base64="EtqMpjzyABQ0nDKRbtXpcUhXDYo="></latexit><latexit sha1_base64="EtqMpjzyABQ0nDKRbtXpcUhXDYo="></latexit>

l0 =
5
m

<latexit sha1_base64="lpcBuXpdJUiMB9R4+mgeKrp/DEo="></latexit><latexit sha1_base64="lpcBuXpdJUiMB9R4+mgeKrp/DEo="></latexit><latexit sha1_base64="lpcBuXpdJUiMB9R4+mgeKrp/DEo="></latexit><latexit sha1_base64="lpcBuXpdJUiMB9R4+mgeKrp/DEo="></latexit>

jN
<latexit sha1_base64="so6+1tTM20fYS8YvLLbuxTNHdwI="></latexit><latexit sha1_base64="so6+1tTM20fYS8YvLLbuxTNHdwI="></latexit><latexit sha1_base64="so6+1tTM20fYS8YvLLbuxTNHdwI="></latexit><latexit sha1_base64="so6+1tTM20fYS8YvLLbuxTNHdwI="></latexit>

N
<latexit sha1_base64="oXKsiUMyhpDIysAw/V/is20Qofg="></latexit><latexit sha1_base64="oXKsiUMyhpDIysAw/V/is20Qofg="></latexit><latexit sha1_base64="oXKsiUMyhpDIysAw/V/is20Qofg="></latexit><latexit sha1_base64="oXKsiUMyhpDIysAw/V/is20Qofg="></latexit>
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MN, Nesti, Popara ’18



Search overview pp ! WR ! `RN
<latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit><latexit sha1_base64="f60d+oJc7C818w+SFgLQQdV0pzk="></latexit>
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standard prompt isolated mode

merged neutrino jet

displaced jet

invisible: prompt `+ Emiss
<latexit sha1_base64="oUlxl7Hv1sn/Gddi/BMlsyg6VmY="></latexit><latexit sha1_base64="oUlxl7Hv1sn/Gddi/BMlsyg6VmY="></latexit><latexit sha1_base64="oUlxl7Hv1sn/Gddi/BMlsyg6VmY="></latexit>

` jN
<latexit sha1_base64="EdB/UwBOj3W/0/sY7+GNY9fuio4="></latexit><latexit sha1_base64="EdB/UwBOj3W/0/sY7+GNY9fuio4="></latexit><latexit sha1_base64="EdB/UwBOj3W/0/sY7+GNY9fuio4="></latexit>

` jdN
<latexit sha1_base64="1V+G4vmJRm0FUdOQO8iKXw1LJG8="></latexit><latexit sha1_base64="1V+G4vmJRm0FUdOQO8iKXw1LJG8="></latexit><latexit sha1_base64="1V+G4vmJRm0FUdOQO8iKXw1LJG8="></latexit>

Mitra, Ruiz, Spannowsky ’16

Cottin, Helo, Hirsch ’18

Ng et al. ‘15, Ruiz ’17

relevant for any light N 
search (SHIP, FASER, 
MATHUSLA, etc.)

MN, Nesti, Popara ’18

Richard’s talk



Experimental limits review pp ! WR ! `RN, . . .
<latexit sha1_base64="jj6S6aYthaduuenQSLgMkMkhQUs="></latexit><latexit sha1_base64="jj6S6aYthaduuenQSLgMkMkhQUs="></latexit><latexit sha1_base64="jj6S6aYthaduuenQSLgMkMkhQUs="></latexit><latexit sha1_base64="jj6S6aYthaduuenQSLgMkMkhQUs="></latexit>

probes the off-shell N, too

dijets di-boson WZ modetb

*interplay with 0⌫2�
<latexit sha1_base64="c4MsbBycCjjtnbkxTS35xb+nZdU=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4kJIUpV1JwY3LCvaBTSiTyU07dDIJMxOhhP6FK0G/xZ24deenuHOSZqGtB+ZyOPde7pnjxYxKZVlfRmltfWNzq7xd2dnd2z+oHh71ZJQIAl0SsUgMPCyBUQ5dRRWDQSwAhx6Dvje9yfr9RxCSRvxezWJwQzzmNKAEKy09WA5PGo4HCo+qNatu5TBXiV2QGirQGVW/HT8iSQhcEYalHNpWrNwUC0UJg3nFSSTEmEzxGIaachyCdNPc8dw804pvBpHQjyszV39vpDiUchZ6ejLEaiKXe5n4X2+YqKDlppTHiQJOFoeChJkqMrPvmz4VQBSbaYKJoNqrSSZYYKJ0SBXHh0AHmdtJmTdPxVgXq243L3QWV1ZWW425zspeTmaV9Bp1W/O7y1r7ukitjE7QKTpHNmqiNrpFHdRFBHH0hF7Qq/FsvBnvxsditGQUO8foD4zPHxqLnh0=</latexit><latexit sha1_base64="c4MsbBycCjjtnbkxTS35xb+nZdU=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4kJIUpV1JwY3LCvaBTSiTyU07dDIJMxOhhP6FK0G/xZ24deenuHOSZqGtB+ZyOPde7pnjxYxKZVlfRmltfWNzq7xd2dnd2z+oHh71ZJQIAl0SsUgMPCyBUQ5dRRWDQSwAhx6Dvje9yfr9RxCSRvxezWJwQzzmNKAEKy09WA5PGo4HCo+qNatu5TBXiV2QGirQGVW/HT8iSQhcEYalHNpWrNwUC0UJg3nFSSTEmEzxGIaachyCdNPc8dw804pvBpHQjyszV39vpDiUchZ6ejLEaiKXe5n4X2+YqKDlppTHiQJOFoeChJkqMrPvmz4VQBSbaYKJoNqrSSZYYKJ0SBXHh0AHmdtJmTdPxVgXq243L3QWV1ZWW425zspeTmaV9Bp1W/O7y1r7ukitjE7QKTpHNmqiNrpFHdRFBHH0hF7Qq/FsvBnvxsditGQUO8foD4zPHxqLnh0=</latexit><latexit sha1_base64="c4MsbBycCjjtnbkxTS35xb+nZdU=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4kJIUpV1JwY3LCvaBTSiTyU07dDIJMxOhhP6FK0G/xZ24deenuHOSZqGtB+ZyOPde7pnjxYxKZVlfRmltfWNzq7xd2dnd2z+oHh71ZJQIAl0SsUgMPCyBUQ5dRRWDQSwAhx6Dvje9yfr9RxCSRvxezWJwQzzmNKAEKy09WA5PGo4HCo+qNatu5TBXiV2QGirQGVW/HT8iSQhcEYalHNpWrNwUC0UJg3nFSSTEmEzxGIaachyCdNPc8dw804pvBpHQjyszV39vpDiUchZ6ejLEaiKXe5n4X2+YqKDlppTHiQJOFoeChJkqMrPvmz4VQBSbaYKJoNqrSSZYYKJ0SBXHh0AHmdtJmTdPxVgXq243L3QWV1ZWW425zspeTmaV9Bp1W/O7y1r7ukitjE7QKTpHNmqiNrpFHdRFBHH0hF7Qq/FsvBnvxsditGQUO8foD4zPHxqLnh0=</latexit><latexit sha1_base64="c4MsbBycCjjtnbkxTS35xb+nZdU=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4kJIUpV1JwY3LCvaBTSiTyU07dDIJMxOhhP6FK0G/xZ24deenuHOSZqGtB+ZyOPde7pnjxYxKZVlfRmltfWNzq7xd2dnd2z+oHh71ZJQIAl0SsUgMPCyBUQ5dRRWDQSwAhx6Dvje9yfr9RxCSRvxezWJwQzzmNKAEKy09WA5PGo4HCo+qNatu5TBXiV2QGirQGVW/HT8iSQhcEYalHNpWrNwUC0UJg3nFSSTEmEzxGIaachyCdNPc8dw804pvBpHQjyszV39vpDiUchZ6ejLEaiKXe5n4X2+YqKDlppTHiQJOFoeChJkqMrPvmz4VQBSbaYKJoNqrSSZYYKJ0SBXHh0AHmdtJmTdPxVgXq243L3QWV1ZWW425zspeTmaV9Bp1W/O7y1r7ukitjE7QKTpHNmqiNrpFHdRFBHH0hF7Qq/FsvBnvxsditGQUO8foD4zPHxqLnh0=</latexit>

Mohapatra Senjanović ’79
Tello, MN, Nesti, Senjanović, Vissani ‘10

ATLAS 
1801.07893MWR > 3 TeV

<latexit sha1_base64="RwVuwDZGR3kaFv3VUJcB9i6qwn8="></latexit><latexit sha1_base64="RwVuwDZGR3kaFv3VUJcB9i6qwn8="></latexit><latexit sha1_base64="RwVuwDZGR3kaFv3VUJcB9i6qwn8="></latexit><latexit sha1_base64="RwVuwDZGR3kaFv3VUJcB9i6qwn8="></latexit>

ATLAS 
1808.02380up to ⇠ 5 TeV

<latexit sha1_base64="cx4bV1shlRqGU1+O6v5peTAI/IQ=">AAACInicbZDLSgNBEEV74ivGV4xLN41BcCFhJijGXcCNywh5QSaEnk5NbOx50F0jCUN+xZWg3+JOXAn+iDt7kiw08UIXl1tVdHG8WAqNtv1p5dbWNza38tuFnd29/YPiYamto0RxaPFIRqrrMQ1ShNBCgRK6sQIWeBI63sNN1u88gtIiCps4iaEfsFEofMEZmmhQLLlaBPSSughjTGkT2tNBsWxX7JnoqnEWpkwWagyK3+4w4kkAIXLJtO45doz9lCkUXMK04CYaYsYf2Ah6xoYsAN1PZ7dP6alJhtSPlHkh0ln6eyNlgdaTwDOTAcN7vdzLwv96vQT9Wj8VYZwghHz+kZ9IihHNQNChUMBRToxhXAlzK+X3TDGOBlfBHYJvkM7OSaU3TdXIFLviXJ0bFpd2VmvVjJWzTGbVtKsVx/i7i3L9ekEtT47JCTkjDrkidXJLGqRFOBmTJ/JCXq1n6816tz7mozlrsXNE/sj6+gGKMKFi</latexit><latexit sha1_base64="cx4bV1shlRqGU1+O6v5peTAI/IQ=">AAACInicbZDLSgNBEEV74ivGV4xLN41BcCFhJijGXcCNywh5QSaEnk5NbOx50F0jCUN+xZWg3+JOXAn+iDt7kiw08UIXl1tVdHG8WAqNtv1p5dbWNza38tuFnd29/YPiYamto0RxaPFIRqrrMQ1ShNBCgRK6sQIWeBI63sNN1u88gtIiCps4iaEfsFEofMEZmmhQLLlaBPSSughjTGkT2tNBsWxX7JnoqnEWpkwWagyK3+4w4kkAIXLJtO45doz9lCkUXMK04CYaYsYf2Ah6xoYsAN1PZ7dP6alJhtSPlHkh0ln6eyNlgdaTwDOTAcN7vdzLwv96vQT9Wj8VYZwghHz+kZ9IihHNQNChUMBRToxhXAlzK+X3TDGOBlfBHYJvkM7OSaU3TdXIFLviXJ0bFpd2VmvVjJWzTGbVtKsVx/i7i3L9ekEtT47JCTkjDrkidXJLGqRFOBmTJ/JCXq1n6816tz7mozlrsXNE/sj6+gGKMKFi</latexit><latexit sha1_base64="cx4bV1shlRqGU1+O6v5peTAI/IQ=">AAACInicbZDLSgNBEEV74ivGV4xLN41BcCFhJijGXcCNywh5QSaEnk5NbOx50F0jCUN+xZWg3+JOXAn+iDt7kiw08UIXl1tVdHG8WAqNtv1p5dbWNza38tuFnd29/YPiYamto0RxaPFIRqrrMQ1ShNBCgRK6sQIWeBI63sNN1u88gtIiCps4iaEfsFEofMEZmmhQLLlaBPSSughjTGkT2tNBsWxX7JnoqnEWpkwWagyK3+4w4kkAIXLJtO45doz9lCkUXMK04CYaYsYf2Ah6xoYsAN1PZ7dP6alJhtSPlHkh0ln6eyNlgdaTwDOTAcN7vdzLwv96vQT9Wj8VYZwghHz+kZ9IihHNQNChUMBRToxhXAlzK+X3TDGOBlfBHYJvkM7OSaU3TdXIFLviXJ0bFpd2VmvVjJWzTGbVtKsVx/i7i3L9ekEtT47JCTkjDrkidXJLGqRFOBmTJ/JCXq1n6816tz7mozlrsXNE/sj6+gGKMKFi</latexit><latexit sha1_base64="cx4bV1shlRqGU1+O6v5peTAI/IQ=">AAACInicbZDLSgNBEEV74ivGV4xLN41BcCFhJijGXcCNywh5QSaEnk5NbOx50F0jCUN+xZWg3+JOXAn+iDt7kiw08UIXl1tVdHG8WAqNtv1p5dbWNza38tuFnd29/YPiYamto0RxaPFIRqrrMQ1ShNBCgRK6sQIWeBI63sNN1u88gtIiCps4iaEfsFEofMEZmmhQLLlaBPSSughjTGkT2tNBsWxX7JnoqnEWpkwWagyK3+4w4kkAIXLJtO45doz9lCkUXMK04CYaYsYf2Ah6xoYsAN1PZ7dP6alJhtSPlHkh0ln6eyNlgdaTwDOTAcN7vdzLwv96vQT9Wj8VYZwghHz+kZ9IihHNQNChUMBRToxhXAlzK+X3TDGOBlfBHYJvkM7OSaU3TdXIFLviXJ0bFpd2VmvVjJWzTGbVtKsVx/i7i3L9ekEtT47JCTkjDrkidXJLGqRFOBmTJ/JCXq1n6816tz7mozlrsXNE/sj6+gGKMKFi</latexit>

ATLAS 
1703.09127MWR > 3.6 TeV

<latexit sha1_base64="4JNCfDEgGgpH4wwbN5/G3T4nRdk=">AAACKXicbZDJSgNBEIZ73I1b1JN4aQyCBwkzbtGLCF68CCpZhCQMPZ2a2KRnobtGDMPg03gS9Fm8qVefwps9SQ5uBV38/FVFVX9eLIVG236zxsYnJqemZ2YLc/MLi0vF5ZW6jhLFocYjGalrj2mQIoQaCpRwHStggSeh4fVO83rjFpQWUVjFfgztgHVD4QvO0Fhuce3cTRvuVUaP6W75gLYQ7jClVahnbrFkl+1B0L/CGYkSGc WFW/xsdSKeBBAil0zrpmPH2E6ZQsElZIVWoiFmvMe60DQyZAHodjr4QkY3jdOhfqTMC5EO3O8TKQu07gee6QwY3ujftdz8r9ZM0D9spyKME4SQDxf5iaQY0ZwH7QgFHGXfCMaVMLdSfsMU42ioFVod8A3ZwTmp9LJUdU2yy05l27DYt/N8uJOzcn6T+SvqO2XH6Mu90snRiNoMWScbZIs4pEJOyBm5IDXCyT15IE/k2Xq0XqxX633YOmaNZlbJj7A+vgCwXKNv</latexit><latexit sha1_base64="4JNCfDEgGgpH4wwbN5/G3T4nRdk=">AAACKXicbZDJSgNBEIZ73I1b1JN4aQyCBwkzbtGLCF68CCpZhCQMPZ2a2KRnobtGDMPg03gS9Fm8qVefwps9SQ5uBV38/FVFVX9eLIVG236zxsYnJqemZ2YLc/MLi0vF5ZW6jhLFocYjGalrj2mQIoQaCpRwHStggSeh4fVO83rjFpQWUVjFfgztgHVD4QvO0Fhuce3cTRvuVUaP6W75gLYQ7jClVahnbrFkl+1B0L/CGYkSGc WFW/xsdSKeBBAil0zrpmPH2E6ZQsElZIVWoiFmvMe60DQyZAHodjr4QkY3jdOhfqTMC5EO3O8TKQu07gee6QwY3ujftdz8r9ZM0D9spyKME4SQDxf5iaQY0ZwH7QgFHGXfCMaVMLdSfsMU42ioFVod8A3ZwTmp9LJUdU2yy05l27DYt/N8uJOzcn6T+SvqO2XH6Mu90snRiNoMWScbZIs4pEJOyBm5IDXCyT15IE/k2Xq0XqxX633YOmaNZlbJj7A+vgCwXKNv</latexit><latexit sha1_base64="4JNCfDEgGgpH4wwbN5/G3T4nRdk=">AAACKXicbZDJSgNBEIZ73I1b1JN4aQyCBwkzbtGLCF68CCpZhCQMPZ2a2KRnobtGDMPg03gS9Fm8qVefwps9SQ5uBV38/FVFVX9eLIVG236zxsYnJqemZ2YLc/MLi0vF5ZW6jhLFocYjGalrj2mQIoQaCpRwHStggSeh4fVO83rjFpQWUVjFfgztgHVD4QvO0Fhuce3cTRvuVUaP6W75gLYQ7jClVahnbrFkl+1B0L/CGYkSGc WFW/xsdSKeBBAil0zrpmPH2E6ZQsElZIVWoiFmvMe60DQyZAHodjr4QkY3jdOhfqTMC5EO3O8TKQu07gee6QwY3ujftdz8r9ZM0D9spyKME4SQDxf5iaQY0ZwH7QgFHGXfCMaVMLdSfsMU42ioFVod8A3ZwTmp9LJUdU2yy05l27DYt/N8uJOzcn6T+SvqO2XH6Mu90snRiNoMWScbZIs4pEJOyBm5IDXCyT15IE/k2Xq0XqxX633YOmaNZlbJj7A+vgCwXKNv</latexit><latexit sha1_base64="4JNCfDEgGgpH4wwbN5/G3T4nRdk=">AAACKXicbZDJSgNBEIZ73I1b1JN4aQyCBwkzbtGLCF68CCpZhCQMPZ2a2KRnobtGDMPg03gS9Fm8qVefwps9SQ5uBV38/FVFVX9eLIVG236zxsYnJqemZ2YLc/MLi0vF5ZW6jhLFocYjGalrj2mQIoQaCpRwHStggSeh4fVO83rjFpQWUVjFfgztgHVD4QvO0Fhuce3cTRvuVUaP6W75gLYQ7jClVahnbrFkl+1B0L/CGYkSGc WFW/xsdSKeBBAil0zrpmPH2E6ZQsElZIVWoiFmvMe60DQyZAHodjr4QkY3jdOhfqTMC5EO3O8TKQu07gee6QwY3ujftdz8r9ZM0D9spyKME4SQDxf5iaQY0ZwH7QgFHGXfCMaVMLdSfsMU42ioFVod8A3ZwTmp9LJUdU2yy05l27DYt/N8uJOzcn6T+SvqO2XH6Mu90snRiNoMWScbZIs4pEJOyBm5IDXCyT15IE/k2Xq0XqxX633YOmaNZlbJj7A+vgCwXKNv</latexit>

/ ⇠LR
<latexit sha1_base64="hJrwMM3B+o3vSUghI9yMtMNTpog=">AAACIHicbZBNS8NAEIY3ftb6FfXoJVgED1KSorTeCl48eKhiP6AJYbPZtEs3ybK7KZaQf+JJ0N/iTTzqP/HmJs1BWwd2eHlnhpl9PEaJkKb5qa2srq1vbFa2qts7u3v7+sFhT8QJR7iLYhrzgQcFpiTCXUkkxQPGMQw9ivve5Dqv96eYCxJHD3LGsBPCUUQCgqBUlqvrNuMxk7FhPxI3vb3PXL1m1s0ijGVhlaIGyui4+rftxygJcSQRhUIMLZNJJ4VcEkRxVrUTgRlEEzjCQyUjGGLhpMXlmXGqHN8IYq5eJI3C/T2RwlCIWeipzhDKsVis5eZ/tWEig5aTkoglEkdovihIqKF+mmMwfMIxknSmBEScqFsNNIYcIqlgVW0fBwpocU5KvSzlI5XMutU8VywuzTy3Gjkra5HMsug16pbSdxe19lVJrQKOwQk4AxZogja4AR3QBQhMwRN4Aa/as/amvWsf89YVrZw5An9C+/oBICuhPg==</latexit><latexit sha1_base64="hJrwMM3B+o3vSUghI9yMtMNTpog=">AAACIHicbZBNS8NAEIY3ftb6FfXoJVgED1KSorTeCl48eKhiP6AJYbPZtEs3ybK7KZaQf+JJ0N/iTTzqP/HmJs1BWwd2eHlnhpl9PEaJkKb5qa2srq1vbFa2qts7u3v7+sFhT8QJR7iLYhrzgQcFpiTCXUkkxQPGMQw9ivve5Dqv96eYCxJHD3LGsBPCUUQCgqBUlqvrNuMxk7FhPxI3vb3PXL1m1s0ijGVhlaIGyui4+rftxygJcSQRhUIMLZNJJ4VcEkRxVrUTgRlEEzjCQyUjGGLhpMXlmXGqHN8IYq5eJI3C/T2RwlCIWeipzhDKsVis5eZ/tWEig5aTkoglEkdovihIqKF+mmMwfMIxknSmBEScqFsNNIYcIqlgVW0fBwpocU5KvSzlI5XMutU8VywuzTy3Gjkra5HMsug16pbSdxe19lVJrQKOwQk4AxZogja4AR3QBQhMwRN4Aa/as/amvWsf89YVrZw5An9C+/oBICuhPg==</latexit><latexit sha1_base64="hJrwMM3B+o3vSUghI9yMtMNTpog=">AAACIHicbZBNS8NAEIY3ftb6FfXoJVgED1KSorTeCl48eKhiP6AJYbPZtEs3ybK7KZaQf+JJ0N/iTTzqP/HmJs1BWwd2eHlnhpl9PEaJkKb5qa2srq1vbFa2qts7u3v7+sFhT8QJR7iLYhrzgQcFpiTCXUkkxQPGMQw9ivve5Dqv96eYCxJHD3LGsBPCUUQCgqBUlqvrNuMxk7FhPxI3vb3PXL1m1s0ijGVhlaIGyui4+rftxygJcSQRhUIMLZNJJ4VcEkRxVrUTgRlEEzjCQyUjGGLhpMXlmXGqHN8IYq5eJI3C/T2RwlCIWeipzhDKsVis5eZ/tWEig5aTkoglEkdovihIqKF+mmMwfMIxknSmBEScqFsNNIYcIqlgVW0fBwpocU5KvSzlI5XMutU8VywuzTy3Gjkra5HMsug16pbSdxe19lVJrQKOwQk4AxZogja4AR3QBQhMwRN4Aa/as/amvWsf89YVrZw5An9C+/oBICuhPg==</latexit><latexit sha1_base64="hJrwMM3B+o3vSUghI9yMtMNTpog=">AAACIHicbZBNS8NAEIY3ftb6FfXoJVgED1KSorTeCl48eKhiP6AJYbPZtEs3ybK7KZaQf+JJ0N/iTTzqP/HmJs1BWwd2eHlnhpl9PEaJkKb5qa2srq1vbFa2qts7u3v7+sFhT8QJR7iLYhrzgQcFpiTCXUkkxQPGMQw9ivve5Dqv96eYCxJHD3LGsBPCUUQCgqBUlqvrNuMxk7FhPxI3vb3PXL1m1s0ijGVhlaIGyui4+rftxygJcSQRhUIMLZNJJ4VcEkRxVrUTgRlEEzjCQyUjGGLhpMXlmXGqHN8IYq5eJI3C/T2RwlCIWeipzhDKsVis5eZ/tWEig5aTkoglEkdovihIqKF+mmMwfMIxknSmBEScqFsNNIYcIqlgVW0fBwpocU5KvSzlI5XMutU8VywuzTy3Gjkra5HMsug16pbSdxe19lVJrQKOwQk4AxZogja4AR3QBQhMwRN4Aa/as/amvWsf89YVrZw5An9C+/oBICuhPg==</latexit>

standard prompt isolated mode

ATLAS 
1809.111054.7 TeV

<latexit sha1_base64="AsHxlLv6NZCjqBONU+4A5zk+FWA=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULuFUPbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9tza2t7Z3dvPHGQPj45PcvnTs5YOY8WhyUMZqo7LNEgRQBMFSuhECpjvSmi7k/u0334CpUUYNHAaQd9no0B4gjM00SCfKxcrtIfwjAltQGs2yBfsor0Q3TTOyhTISvVB/rs3DHnsQ4BcMq27jh1hP2EKBZcwy/ZiDRHjEzaCrrEB80H3k8XhM3plkiH1QmVegHSR/t5ImK/11HfNpM9wrNd7afhfrxujV+0nIohihIAvP/JiSTGkKQU6FAo4yqkxjCthbqV8zBTjaFhle0PwDM/FOYl0Z4kamWIXncqNYXFrp7VaSlk562Q2TatUdIx/LBdqdytqGXJBLsk1cUiF1MgDqZMm4SQmL+SNvFuv1of1aX0tR7es1c45+SNr/gO3nZ/j</latexit><latexit sha1_base64="AsHxlLv6NZCjqBONU+4A5zk+FWA=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULuFUPbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9tza2t7Z3dvPHGQPj45PcvnTs5YOY8WhyUMZqo7LNEgRQBMFSuhECpjvSmi7k/u0334CpUUYNHAaQd9no0B4gjM00SCfKxcrtIfwjAltQGs2yBfsor0Q3TTOyhTISvVB/rs3DHnsQ4BcMq27jh1hP2EKBZcwy/ZiDRHjEzaCrrEB80H3k8XhM3plkiH1QmVegHSR/t5ImK/11HfNpM9wrNd7afhfrxujV+0nIohihIAvP/JiSTGkKQU6FAo4yqkxjCthbqV8zBTjaFhle0PwDM/FOYl0Z4kamWIXncqNYXFrp7VaSlk562Q2TatUdIx/LBdqdytqGXJBLsk1cUiF1MgDqZMm4SQmL+SNvFuv1of1aX0tR7es1c45+SNr/gO3nZ/j</latexit><latexit sha1_base64="AsHxlLv6NZCjqBONU+4A5zk+FWA=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULuFUPbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9tza2t7Z3dvPHGQPj45PcvnTs5YOY8WhyUMZqo7LNEgRQBMFSuhECpjvSmi7k/u0334CpUUYNHAaQd9no0B4gjM00SCfKxcrtIfwjAltQGs2yBfsor0Q3TTOyhTISvVB/rs3DHnsQ4BcMq27jh1hP2EKBZcwy/ZiDRHjEzaCrrEB80H3k8XhM3plkiH1QmVegHSR/t5ImK/11HfNpM9wrNd7afhfrxujV+0nIohihIAvP/JiSTGkKQU6FAo4yqkxjCthbqV8zBTjaFhle0PwDM/FOYl0Z4kamWIXncqNYXFrp7VaSlk562Q2TatUdIx/LBdqdytqGXJBLsk1cUiF1MgDqZMm4SQmL+SNvFuv1of1aX0tR7es1c45+SNr/gO3nZ/j</latexit><latexit sha1_base64="AsHxlLv6NZCjqBONU+4A5zk+FWA=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULuFUPbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9tza2t7Z3dvPHGQPj45PcvnTs5YOY8WhyUMZqo7LNEgRQBMFSuhECpjvSmi7k/u0334CpUUYNHAaQd9no0B4gjM00SCfKxcrtIfwjAltQGs2yBfsor0Q3TTOyhTISvVB/rs3DHnsQ4BcMq27jh1hP2EKBZcwy/ZiDRHjEzaCrrEB80H3k8XhM3plkiH1QmVegHSR/t5ImK/11HfNpM9wrNd7afhfrxujV+0nIohihIAvP/JiSTGkKQU6FAo4yqkxjCthbqV8zBTjaFhle0PwDM/FOYl0Z4kamWIXncqNYXFrp7VaSlk562Q2TatUdIx/LBdqdytqGXJBLsk1cUiF1MgDqZMm4SQmL+SNvFuv1of1aX0tR7es1c45+SNr/gO3nZ/j</latexit>

CMS 
1811.00806

tau

*e, mu

3.5 TeV
<latexit sha1_base64="gqc7pygXAnsP7hz6oEuJXepvzMY=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULurUTbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9sza2Nza3tnN7GX3Dw6Pcvnjk6YOY8WhwUMZqrbLNEgRQAMFSmhHCpjvSmi54/u033oCpUUY1HESQc9nw0B4gjM0UT+fuymWaBfhGRNah+a0ny/YRXsuum6cpSmQpWr9/Hd3EPLYhwC5ZFp3HDvCXsIUCi5hmu3GGiLGx2wIHWMD5oPuJfPDp/TCJAPqhcq8AOk8/b2RMF/rie+aSZ/hSK/20vC/XidGr9JLRBDFCAFffOTFkmJIUwp0IBRwlBNjGFfC3Er5iCnG0bDKdgfgGZ7zcxLpThM1NMUuOuUrw6Jkp7VynbJyVsmsm+Z10TH+8bZQvVtSy5Azck4uiUPKpEoeSI00CCcxeSFv5N16tT6sT+trMbphLXdOyR9Zsx+ydp/g</latexit><latexit sha1_base64="gqc7pygXAnsP7hz6oEuJXepvzMY=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULurUTbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9sza2Nza3tnN7GX3Dw6Pcvnjk6YOY8WhwUMZqrbLNEgRQAMFSmhHCpjvSmi54/u033oCpUUY1HESQc9nw0B4gjM0UT+fuymWaBfhGRNah+a0ny/YRXsuum6cpSmQpWr9/Hd3EPLYhwC5ZFp3HDvCXsIUCi5hmu3GGiLGx2wIHWMD5oPuJfPDp/TCJAPqhcq8AOk8/b2RMF/rie+aSZ/hSK/20vC/XidGr9JLRBDFCAFffOTFkmJIUwp0IBRwlBNjGFfC3Er5iCnG0bDKdgfgGZ7zcxLpThM1NMUuOuUrw6Jkp7VynbJyVsmsm+Z10TH+8bZQvVtSy5Azck4uiUPKpEoeSI00CCcxeSFv5N16tT6sT+trMbphLXdOyR9Zsx+ydp/g</latexit><latexit sha1_base64="gqc7pygXAnsP7hz6oEuJXepvzMY=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULurUTbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9sza2Nza3tnN7GX3Dw6Pcvnjk6YOY8WhwUMZqrbLNEgRQAMFSmhHCpjvSmi54/u033oCpUUY1HESQc9nw0B4gjM0UT+fuymWaBfhGRNah+a0ny/YRXsuum6cpSmQpWr9/Hd3EPLYhwC5ZFp3HDvCXsIUCi5hmu3GGiLGx2wIHWMD5oPuJfPDp/TCJAPqhcq8AOk8/b2RMF/rie+aSZ/hSK/20vC/XidGr9JLRBDFCAFffOTFkmJIUwp0IBRwlBNjGFfC3Er5iCnG0bDKdgfgGZ7zcxLpThM1NMUuOuUrw6Jkp7VynbJyVsmsm+Z10TH+8bZQvVtSy5Azck4uiUPKpEoeSI00CCcxeSFv5N16tT6sT+trMbphLXdOyR9Zsx+ydp/g</latexit><latexit sha1_base64="gqc7pygXAnsP7hz6oEuJXepvzMY=">AAACH3icbZBNS0JBFIbn9mn2odWyzZAELULurUTbCW1aGvgFKjJ3PFcH534wc24kF39Jq6B+S7to609p11x1UdoLc3h5zznM4XEjKTTa9sza2Nza3tnN7GX3Dw6Pcvnjk6YOY8WhwUMZqrbLNEgRQAMFSmhHCpjvSmi54/u033oCpUUY1HESQc9nw0B4gjM0UT+fuymWaBfhGRNah+a0ny/YRXsuum6cpSmQpWr9/Hd3EPLYhwC5ZFp3HDvCXsIUCi5hmu3GGiLGx2wIHWMD5oPuJfPDp/TCJAPqhcq8AOk8/b2RMF/rie+aSZ/hSK/20vC/XidGr9JLRBDFCAFffOTFkmJIUwp0IBRwlBNjGFfC3Er5iCnG0bDKdgfgGZ7zcxLpThM1NMUuOuUrw6Jkp7VynbJyVsmsm+Z10TH+8bZQvVtSy5Azck4uiUPKpEoeSI00CCcxeSFv5N16tT6sT+trMbphLXdOyR9Zsx+ydp/g</latexit>

lepton + missing energy

*e, mu ATLAS 
1706.04786 

tauh
ATLAS 

1801.06992MWR > 3.7 TeV
<latexit sha1_base64="Bd2KLg3YfDQdT8Wzv8yUVcf21jI="></latexit><latexit sha1_base64="Bd2KLg3YfDQdT8Wzv8yUVcf21jI="></latexit><latexit sha1_base64="Bd2KLg3YfDQdT8Wzv8yUVcf21jI="></latexit><latexit sha1_base64="Bd2KLg3YfDQdT8Wzv8yUVcf21jI="></latexit>

MWR & 5 TeV
<latexit sha1_base64="gkRPTAVnUAwFhbTGadCqRQaySKU="></latexit><latexit sha1_base64="gkRPTAVnUAwFhbTGadCqRQaySKU="></latexit><latexit sha1_base64="gkRPTAVnUAwFhbTGadCqRQaySKU="></latexit><latexit sha1_base64="gkRPTAVnUAwFhbTGadCqRQaySKU="></latexit>



Nuclear vs. collider physics

LNV interplay
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<latexit sha1_base64="nYJq4RsxdysvxentrwbjElwm3fg="></latexit><latexit sha1_base64="nYJq4RsxdysvxentrwbjElwm3fg="></latexit><latexit sha1_base64="nYJq4RsxdysvxentrwbjElwm3fg="></latexit><latexit sha1_base64="nYJq4RsxdysvxentrwbjElwm3fg="></latexit>

Immediate proposal after Majorana:          via light neutrino exchange0⌫2�
<latexit sha1_base64="P85uWArQJzv1pYjfoJ89Ga0/0cY=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBPVW8OKxgv3AJpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5gKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtSjYJLbBluBHZThTQOBXbC8e2s3nlCpXkiH8wkxSCmQ8kjzqix1qPry6zuh2hov1J1a+5cZBW8AqpQqNmvfPmDhGUxSsME1brnuakJcqoMZwKnZT/TmFI2pkPsWZQ0Rh3k842n5Nw6AxIlyj5pyNz9PZHTWOtJHNrOmJqRXq7NzP9qvcxE10HOZZoZlGzxUZQJYhIyO58MuEJmxMQCZYrbXQkbUUWZsSGVbQje8smr0K7XPMv3l9XGTRFHCU7hDC7AgytowB00oQUMJDzDK7w52nlx3p2PReuaU8ycwB85nz/9TpBu</latexit><latexit sha1_base64="P85uWArQJzv1pYjfoJ89Ga0/0cY=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBPVW8OKxgv3AJpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5gKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtSjYJLbBluBHZThTQOBXbC8e2s3nlCpXkiH8wkxSCmQ8kjzqix1qPry6zuh2hov1J1a+5cZBW8AqpQqNmvfPmDhGUxSsME1brnuakJcqoMZwKnZT/TmFI2pkPsWZQ0Rh3k842n5Nw6AxIlyj5pyNz9PZHTWOtJHNrOmJqRXq7NzP9qvcxE10HOZZoZlGzxUZQJYhIyO58MuEJmxMQCZYrbXQkbUUWZsSGVbQje8smr0K7XPMv3l9XGTRFHCU7hDC7AgytowB00oQUMJDzDK7w52nlx3p2PReuaU8ycwB85nz/9TpBu</latexit><latexit sha1_base64="P85uWArQJzv1pYjfoJ89Ga0/0cY=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBPVW8OKxgv3AJpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5gKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtSjYJLbBluBHZThTQOBXbC8e2s3nlCpXkiH8wkxSCmQ8kjzqix1qPry6zuh2hov1J1a+5cZBW8AqpQqNmvfPmDhGUxSsME1brnuakJcqoMZwKnZT/TmFI2pkPsWZQ0Rh3k842n5Nw6AxIlyj5pyNz9PZHTWOtJHNrOmJqRXq7NzP9qvcxE10HOZZoZlGzxUZQJYhIyO58MuEJmxMQCZYrbXQkbUUWZsSGVbQje8smr0K7XPMv3l9XGTRFHCU7hDC7AgytowB00oQUMJDzDK7w52nlx3p2PReuaU8ycwB85nz/9TpBu</latexit><latexit sha1_base64="P85uWArQJzv1pYjfoJ89Ga0/0cY=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBPVW8OKxgv3AJpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5gKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtSjYJLbBluBHZThTQOBXbC8e2s3nlCpXkiH8wkxSCmQ8kjzqix1qPry6zuh2hov1J1a+5cZBW8AqpQqNmvfPmDhGUxSsME1brnuakJcqoMZwKnZT/TmFI2pkPsWZQ0Rh3k842n5Nw6AxIlyj5pyNz9PZHTWOtJHNrOmJqRXq7NzP9qvcxE10HOZZoZlGzxUZQJYhIyO58MuEJmxMQCZYrbXQkbUUWZsSGVbQje8smr0K7XPMv3l9XGTRFHCU7hDC7AgytowB00oQUMJDzDK7w52nlx3p2PReuaU8ycwB85nz/9TpBu</latexit>
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Nuclear vs. collider physics

LNV interplay
Immediate proposal after Majorana:          via light neutrino exchange0⌫2�
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connection to LFV

VR = VPMNS
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Majorana - Dirac connection

M⌫ = MD
TMN

�1MD +ML,

C : MD
T = MD, ML =

vL
vR

MN
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Six flavor channels for MD
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Majorana - Dirac connection
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�L(3, 1, 2), �(2, 2, 0), �R(1, 3, 2)
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‘Right-handed’ Higgs
decays

s✓ = 5%

10%

to SM via 
mixing

radiative loops
(SM,WR,�

++
L,R)

��!�� =
m3

�

64⇡

⇣ ↵

4⇡

⌘2
|F�|2

��!ff = s2✓ �h!ff (mh ! m�)

Displaced photons Dev, 
Mohapatra, Zhang ’16

�0
R

<latexit sha1_base64="irz+ObHBxHuH+4Hpl1yY6f7eVFU=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkoignor6MFjFfuBbSyb7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N6s0nro2I1T2OEu5HtK9EKBhFaz10rrlE2r17dLulsltxpyKL4OVQhly1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9sWFY248bPpxmNybJ0eCWNtn0IydX9PZDQyZhQFtjOiODDztYn5X62dYnjhZ0IlKXLFZh+FqSQYk8n5pCc0ZyhHFijTwu5K2IBqytCGVLQhePMnL0LjtOJZvj0rVy/zOApwCEdwAh6cQxVuoAZ1YKDgGV7hzTHOi/PufMxal5x85gD+yPn8AeBukFo=</latexit><latexit sha1_base64="irz+ObHBxHuH+4Hpl1yY6f7eVFU=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkoignor6MFjFfuBbSyb7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N6s0nro2I1T2OEu5HtK9EKBhFaz10rrlE2r17dLulsltxpyKL4OVQhly1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9sWFY248bPpxmNybJ0eCWNtn0IydX9PZDQyZhQFtjOiODDztYn5X62dYnjhZ0IlKXLFZh+FqSQYk8n5pCc0ZyhHFijTwu5K2IBqytCGVLQhePMnL0LjtOJZvj0rVy/zOApwCEdwAh6cQxVuoAZ1YKDgGV7hzTHOi/PufMxal5x85gD+yPn8AeBukFo=</latexit><latexit sha1_base64="irz+ObHBxHuH+4Hpl1yY6f7eVFU=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkoignor6MFjFfuBbSyb7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N6s0nro2I1T2OEu5HtK9EKBhFaz10rrlE2r17dLulsltxpyKL4OVQhly1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9sWFY248bPpxmNybJ0eCWNtn0IydX9PZDQyZhQFtjOiODDztYn5X62dYnjhZ0IlKXLFZh+FqSQYk8n5pCc0ZyhHFijTwu5K2IBqytCGVLQhePMnL0LjtOJZvj0rVy/zOApwCEdwAh6cQxVuoAZ1YKDgGV7hzTHOi/PufMxal5x85gD+yPn8AeBukFo=</latexit><latexit sha1_base64="irz+ObHBxHuH+4Hpl1yY6f7eVFU=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkoignor6MFjFfuBbSyb7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N6s0nro2I1T2OEu5HtK9EKBhFaz10rrlE2r17dLulsltxpyKL4OVQhly1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9sWFY248bPpxmNybJ0eCWNtn0IydX9PZDQyZhQFtjOiODDztYn5X62dYnjhZ0IlKXLFZh+FqSQYk8n5pCc0ZyhHFijTwu5K2IBqytCGVLQhePMnL0LjtOJZvj0rVy/zOApwCEdwAh6cQxVuoAZ1YKDgGV7hzTHOi/PufMxal5x85gD+yPn8AeBukFo=</latexit>

 MN, Nesti, Vasquez ’16



‘Right-handed’ Higgs
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‘Right-handed’ Higgs
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Tri-linear Higgs @ LO
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Signal features

characteristic mass peaks

displacedangular separation

soft leptons
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Sensitivity

h ! �� ! NNNN

displaced 0.01 mm - >1m

discovery reach beyond 
direct searches

connection to 

Combined h ! NN � ! NN �� ! NNNN

GERDA, Neutrino ’16

KamLAND-Zen ’16
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LNV Higgs candidates

Spontaneous B-L SU(2)L ⇥ U(1)R ⇥ U(1)B�L

Graesser ’07 
Caputo, Hernandez, Lopez-Pavon ’17EFT from SM + h + N

SM + h + N + singlet scalar Shoemaker,  Petraki, Kusenko ’10 

RPV Susy

Banks, Carpenter Fortin ’08 

h ! ⌫4⌫4
Pilaftsis ’92 

Carpenter ’11

LNV disfavored

needs post-LHC revision

more

ml̃ ' m⌫̃

No-go for vanilla see-saw(s)

Fourth generation

Deppisch, Mitra ’18



Summary

Outlook

Perform the non-trivial searches, including other channels

Improve theoretical tools, vertexing, data driven backgrounds

More studies needed for future colliders, HE-HL LHC, FCC-ee, eh, hh 

Conclusions

Neutrino masses provide a clear path beyond the SM

TeV Colliders can discover the origin of neutrino mass

Testing LNV is a fundamental issue, similar to baryon number
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