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OPENING UP AN OPERATOR

Z 0
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s̄�⇢bL µ̄�⇢µ

https://indico.cern.ch/event/633880/contributions/2577369/attachments/1462257/2258960/Instant_fuentes.pdf
https://indico.cern.ch/event/633880/contributions/2577370/attachments/1462451/2259308/Nisandzic-CERN.pdf
https://indico.cern.ch/event/633880/contributions/2577378/attachments/1462390/2259203/2017_05_B_anomalies_WS_RKs_YS_v1.pdf


IN THIS TALK Z’ MEDIATOR &        .

s̄�⇢bL µ̄�⇢µ

U(1)(B�L)3
<latexit sha1_base64="Z2Y68XF8L4NOJK14263DjQehJhc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahPVgSFdSLFL148FDB2EIbw2a7aZduNmF3o5TQ/+HFg4pXf4w3/43bj4O2Phh4vDfDzLwg4Uxp2/62cguLS8sr+dXC2vrG5lZxe+dexakk1CUxj2UzwIpyJqirmea0mUiKo4DTRtC/GvmNRyoVi8WdHiTUi3BXsJARrI304Jadip+VLw9vKv7x0C+W7Ko9BponzpSUYIq6X/xqd2KSRlRowrFSLcdOtJdhqRnhdFhop4ommPRxl7YMFTiiysvGVw/RgVE6KIylKaHRWP09keFIqUEUmM4I656a9Ubif14r1eGZlzGRpJoKMlkUphzpGI0iQB0mKdF8YAgmkplbEelhiYk2QRVMCM7sy/PEPaqeV53bk1LtYppGHvZgH8rgwCnU4Brq4AIBCc/wCm/Wk/VivVsfk9acNZ3ZhT+wPn8AUymQog==</latexit><latexit sha1_base64="Z2Y68XF8L4NOJK14263DjQehJhc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahPVgSFdSLFL148FDB2EIbw2a7aZduNmF3o5TQ/+HFg4pXf4w3/43bj4O2Phh4vDfDzLwg4Uxp2/62cguLS8sr+dXC2vrG5lZxe+dexakk1CUxj2UzwIpyJqirmea0mUiKo4DTRtC/GvmNRyoVi8WdHiTUi3BXsJARrI304Jadip+VLw9vKv7x0C+W7Ko9BponzpSUYIq6X/xqd2KSRlRowrFSLcdOtJdhqRnhdFhop4ommPRxl7YMFTiiysvGVw/RgVE6KIylKaHRWP09keFIqUEUmM4I656a9Ubif14r1eGZlzGRpJoKMlkUphzpGI0iQB0mKdF8YAgmkplbEelhiYk2QRVMCM7sy/PEPaqeV53bk1LtYppGHvZgH8rgwCnU4Brq4AIBCc/wCm/Wk/VivVsfk9acNZ3ZhT+wPn8AUymQog==</latexit><latexit sha1_base64="Z2Y68XF8L4NOJK14263DjQehJhc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahPVgSFdSLFL148FDB2EIbw2a7aZduNmF3o5TQ/+HFg4pXf4w3/43bj4O2Phh4vDfDzLwg4Uxp2/62cguLS8sr+dXC2vrG5lZxe+dexakk1CUxj2UzwIpyJqirmea0mUiKo4DTRtC/GvmNRyoVi8WdHiTUi3BXsJARrI304Jadip+VLw9vKv7x0C+W7Ko9BponzpSUYIq6X/xqd2KSRlRowrFSLcdOtJdhqRnhdFhop4ommPRxl7YMFTiiysvGVw/RgVE6KIylKaHRWP09keFIqUEUmM4I656a9Ubif14r1eGZlzGRpJoKMlkUphzpGI0iQB0mKdF8YAgmkplbEelhiYk2QRVMCM7sy/PEPaqeV53bk1LtYppGHvZgH8rgwCnU4Brq4AIBCc/wCm/Wk/VivVsfk9acNZ3ZhT+wPn8AUymQog==</latexit><latexit sha1_base64="Z2Y68XF8L4NOJK14263DjQehJhc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahPVgSFdSLFL148FDB2EIbw2a7aZduNmF3o5TQ/+HFg4pXf4w3/43bj4O2Phh4vDfDzLwg4Uxp2/62cguLS8sr+dXC2vrG5lZxe+dexakk1CUxj2UzwIpyJqirmea0mUiKo4DTRtC/GvmNRyoVi8WdHiTUi3BXsJARrI304Jadip+VLw9vKv7x0C+W7Ko9BponzpSUYIq6X/xqd2KSRlRowrFSLcdOtJdhqRnhdFhop4ommPRxl7YMFTiiysvGVw/RgVE6KIylKaHRWP09keFIqUEUmM4I656a9Ubif14r1eGZlzGRpJoKMlkUphzpGI0iQB0mKdF8YAgmkplbEelhiYk2QRVMCM7sy/PEPaqeV53bk1LtYppGHvZgH8rgwCnU4Brq4AIBCc/wCm/Wk/VivVsfk9acNZ3ZhT+wPn8AUymQog==</latexit>

U(1) ⇢ U(1)B1+B2�2B3 ⇥ U(1)µ�⌧
<latexit sha1_base64="JVrrei7dmisVQpCNCJVSNWnEfNs=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyyCIpaZKl42UurGZQVHhU4ZMmnahmYuJCdCGfombnwVNy5UBFf6NqbtLLT1QODj/8/h5PxhKrgCx/m2Zmbn5hcWC0vF5ZXVtXV7Y/NWJVpS5tFEJPI+JIoJHjMPOAh2n0pGolCwu7B3OfTvHphUPIlvoJ+yZkQ6MW9zSsBIgX3i7bn7vtKhYoCHHGS1wD2oBZXDSi04GmAfeMRUbvmRPvSB6EFgl5yyMyo8DW4OJZRXPbA//VZCdcRioIIo1XCdFJoZkcCpYIOirxVLCe2RDmsYjIlZ2sxG9w3wrlFauJ1I82LAI/X3REYipfpRaDojAl016Q3F/7yGhvZZM+NxqoHFdLyorQWGBA/Dwi0uGQXRN0Co5OavmHaJJBRMpEUTgjt58jR4lfJ52b0+LlUv8jQKaBvtoD3kolNURVeojjxE0SN6Rq/ozXqyXqx362PcOmPlM1voT1lfP0+Qn64=</latexit><latexit sha1_base64="JVrrei7dmisVQpCNCJVSNWnEfNs=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyyCIpaZKl42UurGZQVHhU4ZMmnahmYuJCdCGfombnwVNy5UBFf6NqbtLLT1QODj/8/h5PxhKrgCx/m2Zmbn5hcWC0vF5ZXVtXV7Y/NWJVpS5tFEJPI+JIoJHjMPOAh2n0pGolCwu7B3OfTvHphUPIlvoJ+yZkQ6MW9zSsBIgX3i7bn7vtKhYoCHHGS1wD2oBZXDSi04GmAfeMRUbvmRPvSB6EFgl5yyMyo8DW4OJZRXPbA//VZCdcRioIIo1XCdFJoZkcCpYIOirxVLCe2RDmsYjIlZ2sxG9w3wrlFauJ1I82LAI/X3REYipfpRaDojAl016Q3F/7yGhvZZM+NxqoHFdLyorQWGBA/Dwi0uGQXRN0Co5OavmHaJJBRMpEUTgjt58jR4lfJ52b0+LlUv8jQKaBvtoD3kolNURVeojjxE0SN6Rq/ozXqyXqx362PcOmPlM1voT1lfP0+Qn64=</latexit><latexit sha1_base64="JVrrei7dmisVQpCNCJVSNWnEfNs=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyyCIpaZKl42UurGZQVHhU4ZMmnahmYuJCdCGfombnwVNy5UBFf6NqbtLLT1QODj/8/h5PxhKrgCx/m2Zmbn5hcWC0vF5ZXVtXV7Y/NWJVpS5tFEJPI+JIoJHjMPOAh2n0pGolCwu7B3OfTvHphUPIlvoJ+yZkQ6MW9zSsBIgX3i7bn7vtKhYoCHHGS1wD2oBZXDSi04GmAfeMRUbvmRPvSB6EFgl5yyMyo8DW4OJZRXPbA//VZCdcRioIIo1XCdFJoZkcCpYIOirxVLCe2RDmsYjIlZ2sxG9w3wrlFauJ1I82LAI/X3REYipfpRaDojAl016Q3F/7yGhvZZM+NxqoHFdLyorQWGBA/Dwi0uGQXRN0Co5OavmHaJJBRMpEUTgjt58jR4lfJ52b0+LlUv8jQKaBvtoD3kolNURVeojjxE0SN6Rq/ozXqyXqx362PcOmPlM1voT1lfP0+Qn64=</latexit><latexit sha1_base64="JVrrei7dmisVQpCNCJVSNWnEfNs=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyyCIpaZKl42UurGZQVHhU4ZMmnahmYuJCdCGfombnwVNy5UBFf6NqbtLLT1QODj/8/h5PxhKrgCx/m2Zmbn5hcWC0vF5ZXVtXV7Y/NWJVpS5tFEJPI+JIoJHjMPOAh2n0pGolCwu7B3OfTvHphUPIlvoJ+yZkQ6MW9zSsBIgX3i7bn7vtKhYoCHHGS1wD2oBZXDSi04GmAfeMRUbvmRPvSB6EFgl5yyMyo8DW4OJZRXPbA//VZCdcRioIIo1XCdFJoZkcCpYIOirxVLCe2RDmsYjIlZ2sxG9w3wrlFauJ1I82LAI/X3REYipfpRaDojAl016Q3F/7yGhvZZM+NxqoHFdLyorQWGBA/Dwi0uGQXRN0Co5OavmHaJJBRMpEUTgjt58jR4lfJ52b0+LlUv8jQKaBvtoD3kolNURVeojjxE0SN6Rq/ozXqyXqx362PcOmPlM1voT1lfP0+Qn64=</latexit>

U(1)BGL
<latexit sha1_base64="Poui9QgW3DcPx7mt5DMFwFGWmW0=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBiE+5EUBsJWmhhEcEzweQIe5u9ZMnu3rG7J4Qj/8LGQsXWn2Pnv3GTXKGJDwYe780wMy9MONPGdb+dhcWl5ZXVwlpxfWNza7u0s/ug41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ6uxn7jiSrNYnlvhgkNBO5JFjGCjZUe/Yp31Mkur29HnVLZrboToHni5aQMOeqd0le7G5NUUGkIx1q3PDcxQYaVYYTTUbGdappgMsA92rJUYkF1kE0uHqFDq3RRFCtb0qCJ+nsiw0LroQhtp8Cmr2e9sfif10pNdBZkTCapoZJMF0UpRyZG4/dRlylKDB9agoli9lZE+lhhYmxIRRuCN/vyPPGPq+dV7+6kXLvI0yjAPhxABTw4hRrcQB18ICDhGV7hzdHOi/PufExbF5x8Zg/+wPn8AYQLj7E=</latexit><latexit sha1_base64="Poui9QgW3DcPx7mt5DMFwFGWmW0=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBiE+5EUBsJWmhhEcEzweQIe5u9ZMnu3rG7J4Qj/8LGQsXWn2Pnv3GTXKGJDwYe780wMy9MONPGdb+dhcWl5ZXVwlpxfWNza7u0s/ug41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ6uxn7jiSrNYnlvhgkNBO5JFjGCjZUe/Yp31Mkur29HnVLZrboToHni5aQMOeqd0le7G5NUUGkIx1q3PDcxQYaVYYTTUbGdappgMsA92rJUYkF1kE0uHqFDq3RRFCtb0qCJ+nsiw0LroQhtp8Cmr2e9sfif10pNdBZkTCapoZJMF0UpRyZG4/dRlylKDB9agoli9lZE+lhhYmxIRRuCN/vyPPGPq+dV7+6kXLvI0yjAPhxABTw4hRrcQB18ICDhGV7hzdHOi/PufExbF5x8Zg/+wPn8AYQLj7E=</latexit><latexit sha1_base64="Poui9QgW3DcPx7mt5DMFwFGWmW0=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBiE+5EUBsJWmhhEcEzweQIe5u9ZMnu3rG7J4Qj/8LGQsXWn2Pnv3GTXKGJDwYe780wMy9MONPGdb+dhcWl5ZXVwlpxfWNza7u0s/ug41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ6uxn7jiSrNYnlvhgkNBO5JFjGCjZUe/Yp31Mkur29HnVLZrboToHni5aQMOeqd0le7G5NUUGkIx1q3PDcxQYaVYYTTUbGdappgMsA92rJUYkF1kE0uHqFDq3RRFCtb0qCJ+nsiw0LroQhtp8Cmr2e9sfif10pNdBZkTCapoZJMF0UpRyZG4/dRlylKDB9agoli9lZE+lhhYmxIRRuCN/vyPPGPq+dV7+6kXLvI0yjAPhxABTw4hRrcQB18ICDhGV7hzdHOi/PufExbF5x8Zg/+wPn8AYQLj7E=</latexit><latexit sha1_base64="Poui9QgW3DcPx7mt5DMFwFGWmW0=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhBiE+5EUBsJWmhhEcEzweQIe5u9ZMnu3rG7J4Qj/8LGQsXWn2Pnv3GTXKGJDwYe780wMy9MONPGdb+dhcWl5ZXVwlpxfWNza7u0s/ug41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ6uxn7jiSrNYnlvhgkNBO5JFjGCjZUe/Yp31Mkur29HnVLZrboToHni5aQMOeqd0le7G5NUUGkIx1q3PDcxQYaVYYTTUbGdappgMsA92rJUYkF1kE0uHqFDq3RRFCtb0qCJ+nsiw0LroQhtp8Cmr2e9sfif10pNdBZkTCapoZJMF0UpRyZG4/dRlylKDB9agoli9lZE+lhhYmxIRRuCN/vyPPGPq+dV7+6kXLvI0yjAPhxABTw4hRrcQB18ICDhGV7hzdHOi/PufExbF5x8Zg/+wPn8AYQLj7E=</latexit>

U(1)X +VL fermions

<latexit sha1_base64="TuE6x0fsEPxxdivQk5sX6zfeDj0=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEilISEdSLFLx48FDBtIUmhM120y7dTcLuRighRy/+FS8eVLz6F7z5b9y2OWjrg4HHezPMzAsSRqWyrG+jtLC4tLxSXq2srW9sbpnbOy0ZpwITB8csFp0AScJoRBxFFSOdRBDEA0bawfB67LcfiJA0ju7VKCEeR/2IhhQjpSXf3Hdq9pGfdXJ4nGWu4LB1C92TkAiubZnnvlm16tYEcJ7YBamCAk3f/HJ7MU45iRRmSMqubSXKy5BQFDOSV9xUkgThIeqTrqYR4kR62eSRHB5qpQfDWOiKFJyovycyxKUc8UB3cqQGctYbi/953VSFF15GoyRVJMLTRWHKoIrhOBXYo4JgxUaaICyovhXiARIIK51dRYdgz748T5zT+mXdvjurNq6KNMpgDxyAGrDBOWiAG9AEDsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHUEqYeg==</latexit><latexit sha1_base64="TuE6x0fsEPxxdivQk5sX6zfeDj0=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEilISEdSLFLx48FDBtIUmhM120y7dTcLuRighRy/+FS8eVLz6F7z5b9y2OWjrg4HHezPMzAsSRqWyrG+jtLC4tLxSXq2srW9sbpnbOy0ZpwITB8csFp0AScJoRBxFFSOdRBDEA0bawfB67LcfiJA0ju7VKCEeR/2IhhQjpSXf3Hdq9pGfdXJ4nGWu4LB1C92TkAiubZnnvlm16tYEcJ7YBamCAk3f/HJ7MU45iRRmSMqubSXKy5BQFDOSV9xUkgThIeqTrqYR4kR62eSRHB5qpQfDWOiKFJyovycyxKUc8UB3cqQGctYbi/953VSFF15GoyRVJMLTRWHKoIrhOBXYo4JgxUaaICyovhXiARIIK51dRYdgz748T5zT+mXdvjurNq6KNMpgDxyAGrDBOWiAG9AEDsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHUEqYeg==</latexit><latexit sha1_base64="TuE6x0fsEPxxdivQk5sX6zfeDj0=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEilISEdSLFLx48FDBtIUmhM120y7dTcLuRighRy/+FS8eVLz6F7z5b9y2OWjrg4HHezPMzAsSRqWyrG+jtLC4tLxSXq2srW9sbpnbOy0ZpwITB8csFp0AScJoRBxFFSOdRBDEA0bawfB67LcfiJA0ju7VKCEeR/2IhhQjpSXf3Hdq9pGfdXJ4nGWu4LB1C92TkAiubZnnvlm16tYEcJ7YBamCAk3f/HJ7MU45iRRmSMqubSXKy5BQFDOSV9xUkgThIeqTrqYR4kR62eSRHB5qpQfDWOiKFJyovycyxKUc8UB3cqQGctYbi/953VSFF15GoyRVJMLTRWHKoIrhOBXYo4JgxUaaICyovhXiARIIK51dRYdgz748T5zT+mXdvjurNq6KNMpgDxyAGrDBOWiAG9AEDsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHUEqYeg==</latexit><latexit sha1_base64="TuE6x0fsEPxxdivQk5sX6zfeDj0=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEilISEdSLFLx48FDBtIUmhM120y7dTcLuRighRy/+FS8eVLz6F7z5b9y2OWjrg4HHezPMzAsSRqWyrG+jtLC4tLxSXq2srW9sbpnbOy0ZpwITB8csFp0AScJoRBxFFSOdRBDEA0bawfB67LcfiJA0ju7VKCEeR/2IhhQjpSXf3Hdq9pGfdXJ4nGWu4LB1C92TkAiubZnnvlm16tYEcJ7YBamCAk3f/HJ7MU45iRRmSMqubSXKy5BQFDOSV9xUkgThIeqTrqYR4kR62eSRHB5qpQfDWOiKFJyovycyxKUc8UB3cqQGctYbi/953VSFF15GoyRVJMLTRWHKoIrhOBXYo4JgxUaaICyovhXiARIIK51dRYdgz748T5zT+mXdvjurNq6KNMpgDxyAGrDBOWiAG9AEDsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHUEqYeg==</latexit>

U(1)µ�⌧ +VL fermions

<latexit sha1_base64="peBT9gCCG2p1+VX9dhdMed6Lgyc=">AAACDnicbVDNSsNAGNzUv1r/oh69LBalopZEBPUiBS8ePFQwbaEJYbPdtEt3k7C7EUrIG3jxVbx4UPHq2Ztv47bNQa0DC8PMfHz7TZAwKpVlfRmlufmFxaXycmVldW19w9zcask4FZg4OGax6ARIEkYj4iiqGOkkgiAeMNIOhldjv31PhKRxdKdGCfE46kc0pBgpLfnmvlOzD/zM5emxq1Caw8MscwWHrRvoHoVEcJ2See6bVatuTQBniV2QKijQ9M1PtxfjlJNIYYak7NpWorwMCUUxI3nFTSVJEB6iPulqGiFOpJdN7snhnlZ6MIyFfpGCE/XnRIa4lCMe6CRHaiD/emPxP6+bqvDcy2iUpIpEeLooTBlUMRyXA3tUEKzYSBOEBdV/hXiABMJKV1jRJdh/T54lzkn9om7fnlYbl0UbZbADdkEN2OAMNMA1aAIHYPAAnsALeDUejWfjzXifRktGMbMNfsH4+AbKt5t5</latexit><latexit sha1_base64="peBT9gCCG2p1+VX9dhdMed6Lgyc=">AAACDnicbVDNSsNAGNzUv1r/oh69LBalopZEBPUiBS8ePFQwbaEJYbPdtEt3k7C7EUrIG3jxVbx4UPHq2Ztv47bNQa0DC8PMfHz7TZAwKpVlfRmlufmFxaXycmVldW19w9zcask4FZg4OGax6ARIEkYj4iiqGOkkgiAeMNIOhldjv31PhKRxdKdGCfE46kc0pBgpLfnmvlOzD/zM5emxq1Caw8MscwWHrRvoHoVEcJ2See6bVatuTQBniV2QKijQ9M1PtxfjlJNIYYak7NpWorwMCUUxI3nFTSVJEB6iPulqGiFOpJdN7snhnlZ6MIyFfpGCE/XnRIa4lCMe6CRHaiD/emPxP6+bqvDcy2iUpIpEeLooTBlUMRyXA3tUEKzYSBOEBdV/hXiABMJKV1jRJdh/T54lzkn9om7fnlYbl0UbZbADdkEN2OAMNMA1aAIHYPAAnsALeDUejWfjzXifRktGMbMNfsH4+AbKt5t5</latexit><latexit sha1_base64="peBT9gCCG2p1+VX9dhdMed6Lgyc=">AAACDnicbVDNSsNAGNzUv1r/oh69LBalopZEBPUiBS8ePFQwbaEJYbPdtEt3k7C7EUrIG3jxVbx4UPHq2Ztv47bNQa0DC8PMfHz7TZAwKpVlfRmlufmFxaXycmVldW19w9zcask4FZg4OGax6ARIEkYj4iiqGOkkgiAeMNIOhldjv31PhKRxdKdGCfE46kc0pBgpLfnmvlOzD/zM5emxq1Caw8MscwWHrRvoHoVEcJ2See6bVatuTQBniV2QKijQ9M1PtxfjlJNIYYak7NpWorwMCUUxI3nFTSVJEB6iPulqGiFOpJdN7snhnlZ6MIyFfpGCE/XnRIa4lCMe6CRHaiD/emPxP6+bqvDcy2iUpIpEeLooTBlUMRyXA3tUEKzYSBOEBdV/hXiABMJKV1jRJdh/T54lzkn9om7fnlYbl0UbZbADdkEN2OAMNMA1aAIHYPAAnsALeDUejWfjzXifRktGMbMNfsH4+AbKt5t5</latexit><latexit sha1_base64="peBT9gCCG2p1+VX9dhdMed6Lgyc=">AAACDnicbVDNSsNAGNzUv1r/oh69LBalopZEBPUiBS8ePFQwbaEJYbPdtEt3k7C7EUrIG3jxVbx4UPHq2Ztv47bNQa0DC8PMfHz7TZAwKpVlfRmlufmFxaXycmVldW19w9zcask4FZg4OGax6ARIEkYj4iiqGOkkgiAeMNIOhldjv31PhKRxdKdGCfE46kc0pBgpLfnmvlOzD/zM5emxq1Caw8MscwWHrRvoHoVEcJ2See6bVatuTQBniV2QKijQ9M1PtxfjlJNIYYak7NpWorwMCUUxI3nFTSVJEB6iPulqGiFOpJdN7snhnlZ6MIyFfpGCE/XnRIa4lCMe6CRHaiD/emPxP6+bqvDcy2iUpIpEeLooTBlUMRyXA3tUEKzYSBOEBdV/hXiABMJKV1jRJdh/T54lzkn9om7fnlYbl0UbZbADdkEN2OAMNMA1aAIHYPAAnsALeDUejWfjzXifRktGMbMNfsH4+AbKt5t5</latexit>

…

Celis, Fuentes-Martin, Jung, Serodio 1505.03079

Aristizabal, Staub & Vicente 1503.06077
Altmannshofer, Gori, Pospelov & Yavin 1403.1269

Crivellin, D’Ambrosio & Heeck 1501.0093

Crivellin, Fuentes-Martin, Greljo & Isidori, 1611.02703

RA, Cox, Han & Yanagida, 1705.03858

U(1)B3�3Lµ
<latexit sha1_base64="K59EcW6H7XAtF+jpYuF+4ejN8ig=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoB0tiBfUiRS8ePFQwttCGsNlu2qW7m7C7UUrsT/HiQcWr/8Sb/8Ztm4O2Phh4vDfDzLwwYVRpx/m2FhaXlldWC2vF9Y3NrW27tHOv4lRi4uGYxbIVIkUYFcTTVDPSSiRBPGSkGQ6uxn7zgUhFY3GnhwnxOeoJGlGMtJECu+RV3MMguwxqR7WboMPTUWCXnaozAZwnbk7KIEcjsL863RinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy+ggeGKULo1iaEhpO1N8TGeJKDXloOjnSfTXrjcX/vHaqozM/oyJJNRF4uihKGdQxHOcAu1QSrNnQEIQlNbdC3EcSYW3SKpoQ3NmX54l3XD2vurcn5fpFnkYB7IF9UAEuOAV1cA0awAMYPIJn8ArerCfrxXq3PqatC1Y+swv+wPr8AYthknA=</latexit><latexit sha1_base64="K59EcW6H7XAtF+jpYuF+4ejN8ig=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoB0tiBfUiRS8ePFQwttCGsNlu2qW7m7C7UUrsT/HiQcWr/8Sb/8Ztm4O2Phh4vDfDzLwwYVRpx/m2FhaXlldWC2vF9Y3NrW27tHOv4lRi4uGYxbIVIkUYFcTTVDPSSiRBPGSkGQ6uxn7zgUhFY3GnhwnxOeoJGlGMtJECu+RV3MMguwxqR7WboMPTUWCXnaozAZwnbk7KIEcjsL863RinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy+ggeGKULo1iaEhpO1N8TGeJKDXloOjnSfTXrjcX/vHaqozM/oyJJNRF4uihKGdQxHOcAu1QSrNnQEIQlNbdC3EcSYW3SKpoQ3NmX54l3XD2vurcn5fpFnkYB7IF9UAEuOAV1cA0awAMYPIJn8ArerCfrxXq3PqatC1Y+swv+wPr8AYthknA=</latexit><latexit sha1_base64="K59EcW6H7XAtF+jpYuF+4ejN8ig=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoB0tiBfUiRS8ePFQwttCGsNlu2qW7m7C7UUrsT/HiQcWr/8Sb/8Ztm4O2Phh4vDfDzLwwYVRpx/m2FhaXlldWC2vF9Y3NrW27tHOv4lRi4uGYxbIVIkUYFcTTVDPSSiRBPGSkGQ6uxn7zgUhFY3GnhwnxOeoJGlGMtJECu+RV3MMguwxqR7WboMPTUWCXnaozAZwnbk7KIEcjsL863RinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy+ggeGKULo1iaEhpO1N8TGeJKDXloOjnSfTXrjcX/vHaqozM/oyJJNRF4uihKGdQxHOcAu1QSrNnQEIQlNbdC3EcSYW3SKpoQ3NmX54l3XD2vurcn5fpFnkYB7IF9UAEuOAV1cA0awAMYPIJn8ArerCfrxXq3PqatC1Y+swv+wPr8AYthknA=</latexit><latexit sha1_base64="K59EcW6H7XAtF+jpYuF+4ejN8ig=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoB0tiBfUiRS8ePFQwttCGsNlu2qW7m7C7UUrsT/HiQcWr/8Sb/8Ztm4O2Phh4vDfDzLwwYVRpx/m2FhaXlldWC2vF9Y3NrW27tHOv4lRi4uGYxbIVIkUYFcTTVDPSSiRBPGSkGQ6uxn7zgUhFY3GnhwnxOeoJGlGMtJECu+RV3MMguwxqR7WboMPTUWCXnaozAZwnbk7KIEcjsL863RinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy+ggeGKULo1iaEhpO1N8TGeJKDXloOjnSfTXrjcX/vHaqozM/oyJJNRF4uihKGdQxHOcAu1QSrNnQEIQlNbdC3EcSYW3SKpoQ3NmX54l3XD2vurcn5fpFnkYB7IF9UAEuOAV1cA0awAMYPIJn8ArerCfrxXq3PqatC1Y+swv+wPr8AYthknA=</latexit>

Bonilla, Modak, Srivastava & Valle, 1705.00915

RK(⇤)
<latexit sha1_base64="iuSRQBJge630BfVvwM9B/V44mHw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUDyURQb0VvAiCVDG2kMay2W7apZtN2N0IJeRnePGg4tV/481/47bNQVsfDDzem2FmXpBwprRtf1sLi0vLK6ultfL6xubWdmVn90HFqSTUJTGPZTvAinImqKuZ5rSdSIqjgNNWMLwc+60nKhWLxb0eJdSPcF+wkBGsjeTddbPrx6x2fJTn3UrVrtsToHniFKQKBZrdylenF5M0okITjpXyHDvRfoalZoTTvNxJFU0wGeI+9QwVOKLKzyYn5+jQKD0UxtKU0Gii/p7IcKTUKApMZ4T1QM16Y/E/z0t1eO5nTCSppoJMF4UpRzpG4/9Rj0lKNB8Zgolk5lZEBlhiok1KZROCM/vyPHFP6hd15/a02rgp0ijBPhxADRw4gwZcQRNcIBDDM7zCm6WtF+vd+pi2LljFzB78gfX5A9oskI0=</latexit><latexit sha1_base64="iuSRQBJge630BfVvwM9B/V44mHw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUDyURQb0VvAiCVDG2kMay2W7apZtN2N0IJeRnePGg4tV/481/47bNQVsfDDzem2FmXpBwprRtf1sLi0vLK6ultfL6xubWdmVn90HFqSTUJTGPZTvAinImqKuZ5rSdSIqjgNNWMLwc+60nKhWLxb0eJdSPcF+wkBGsjeTddbPrx6x2fJTn3UrVrtsToHniFKQKBZrdylenF5M0okITjpXyHDvRfoalZoTTvNxJFU0wGeI+9QwVOKLKzyYn5+jQKD0UxtKU0Gii/p7IcKTUKApMZ4T1QM16Y/E/z0t1eO5nTCSppoJMF4UpRzpG4/9Rj0lKNB8Zgolk5lZEBlhiok1KZROCM/vyPHFP6hd15/a02rgp0ijBPhxADRw4gwZcQRNcIBDDM7zCm6WtF+vd+pi2LljFzB78gfX5A9oskI0=</latexit><latexit sha1_base64="iuSRQBJge630BfVvwM9B/V44mHw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUDyURQb0VvAiCVDG2kMay2W7apZtN2N0IJeRnePGg4tV/481/47bNQVsfDDzem2FmXpBwprRtf1sLi0vLK6ultfL6xubWdmVn90HFqSTUJTGPZTvAinImqKuZ5rSdSIqjgNNWMLwc+60nKhWLxb0eJdSPcF+wkBGsjeTddbPrx6x2fJTn3UrVrtsToHniFKQKBZrdylenF5M0okITjpXyHDvRfoalZoTTvNxJFU0wGeI+9QwVOKLKzyYn5+jQKD0UxtKU0Gii/p7IcKTUKApMZ4T1QM16Y/E/z0t1eO5nTCSppoJMF4UpRzpG4/9Rj0lKNB8Zgolk5lZEBlhiok1KZROCM/vyPHFP6hd15/a02rgp0ijBPhxADRw4gwZcQRNcIBDDM7zCm6WtF+vd+pi2LljFzB78gfX5A9oskI0=</latexit><latexit sha1_base64="iuSRQBJge630BfVvwM9B/V44mHw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUDyURQb0VvAiCVDG2kMay2W7apZtN2N0IJeRnePGg4tV/481/47bNQVsfDDzem2FmXpBwprRtf1sLi0vLK6ultfL6xubWdmVn90HFqSTUJTGPZTvAinImqKuZ5rSdSIqjgNNWMLwc+60nKhWLxb0eJdSPcF+wkBGsjeTddbPrx6x2fJTn3UrVrtsToHniFKQKBZrdylenF5M0okITjpXyHDvRfoalZoTTvNxJFU0wGeI+9QwVOKLKzyYn5+jQKD0UxtKU0Gii/p7IcKTUKApMZ4T1QM16Y/E/z0t1eO5nTCSppoJMF4UpRzpG4/9Rj0lKNB8Zgolk5lZEBlhiok1KZROCM/vyPHFP6hd15/a02rgp0ijBPhxADRw4gwZcQRNcIBDDM7zCm6WtF+vd+pi2LljFzB78gfX5A9oskI0=</latexit>



THE FLAVOR STRUCTURE

i) QUARK FLAVOR VIOLATION
ii) LEPTON UNIVERSALITY VIOLATIONB anomalies

is telling us: iii) QUARK-LEPTON CONNECTION
iv) FSB CONNECTION WITH MASSES AND MIXINGS



WHAT IS THE LARGEST FLAVOUR 
SYMMETRY IN SM?

U(1)4 ⇥ SU(3)5
<latexit sha1_base64="tRC5JUPlBxhvXBOSqcLomvwIJN0=">AAAB/HicbVDLTgJBEJz1ifhaHzcvE4kJXMiuYtQbiR48YnSFBBYyO8zChNlHZnpNcEP8FS8e1Hj1Q7z5Nw6wBwUr6aRS1Z3uLi8WXIFlfRsLi0vLK6u5tfz6xubWtrmze6+iRFLm0EhEsuERxQQPmQMcBGvEkpHAE6zuDS7Hfv2BScWj8A6GMXMD0gu5zykBLXXMfadol9qVFvCAKXzrFE9K7dOOWbDK1gR4ntgZKaAMtY751epGNAlYCFQQpZq2FYObEgmcCjbKtxLFYkIHpMeamoZEL3PTyfUjfKSVLvYjqSsEPFF/T6QkUGoYeLozINBXs95Y/M9rJuCfuykP4wRYSKeL/ERgiPA4CtzlklEQQ00IlVzfimmfSEJBB5bXIdizL88T57h8UbZvKoXqVZZGDh2gQ1RENjpDVXSNashBFD2iZ/SK3own48V4Nz6mrQtGNrOH/sD4/AHI3JMP</latexit><latexit sha1_base64="tRC5JUPlBxhvXBOSqcLomvwIJN0=">AAAB/HicbVDLTgJBEJz1ifhaHzcvE4kJXMiuYtQbiR48YnSFBBYyO8zChNlHZnpNcEP8FS8e1Hj1Q7z5Nw6wBwUr6aRS1Z3uLi8WXIFlfRsLi0vLK6u5tfz6xubWtrmze6+iRFLm0EhEsuERxQQPmQMcBGvEkpHAE6zuDS7Hfv2BScWj8A6GMXMD0gu5zykBLXXMfadol9qVFvCAKXzrFE9K7dOOWbDK1gR4ntgZKaAMtY751epGNAlYCFQQpZq2FYObEgmcCjbKtxLFYkIHpMeamoZEL3PTyfUjfKSVLvYjqSsEPFF/T6QkUGoYeLozINBXs95Y/M9rJuCfuykP4wRYSKeL/ERgiPA4CtzlklEQQ00IlVzfimmfSEJBB5bXIdizL88T57h8UbZvKoXqVZZGDh2gQ1RENjpDVXSNashBFD2iZ/SK3own48V4Nz6mrQtGNrOH/sD4/AHI3JMP</latexit><latexit sha1_base64="tRC5JUPlBxhvXBOSqcLomvwIJN0=">AAAB/HicbVDLTgJBEJz1ifhaHzcvE4kJXMiuYtQbiR48YnSFBBYyO8zChNlHZnpNcEP8FS8e1Hj1Q7z5Nw6wBwUr6aRS1Z3uLi8WXIFlfRsLi0vLK6u5tfz6xubWtrmze6+iRFLm0EhEsuERxQQPmQMcBGvEkpHAE6zuDS7Hfv2BScWj8A6GMXMD0gu5zykBLXXMfadol9qVFvCAKXzrFE9K7dOOWbDK1gR4ntgZKaAMtY751epGNAlYCFQQpZq2FYObEgmcCjbKtxLFYkIHpMeamoZEL3PTyfUjfKSVLvYjqSsEPFF/T6QkUGoYeLozINBXs95Y/M9rJuCfuykP4wRYSKeL/ERgiPA4CtzlklEQQ00IlVzfimmfSEJBB5bXIdizL88T57h8UbZvKoXqVZZGDh2gQ1RENjpDVXSNashBFD2iZ/SK3own48V4Nz6mrQtGNrOH/sD4/AHI3JMP</latexit><latexit sha1_base64="tRC5JUPlBxhvXBOSqcLomvwIJN0=">AAAB/HicbVDLTgJBEJz1ifhaHzcvE4kJXMiuYtQbiR48YnSFBBYyO8zChNlHZnpNcEP8FS8e1Hj1Q7z5Nw6wBwUr6aRS1Z3uLi8WXIFlfRsLi0vLK6u5tfz6xubWtrmze6+iRFLm0EhEsuERxQQPmQMcBGvEkpHAE6zuDS7Hfv2BScWj8A6GMXMD0gu5zykBLXXMfadol9qVFvCAKXzrFE9K7dOOWbDK1gR4ntgZKaAMtY751epGNAlYCFQQpZq2FYObEgmcCjbKtxLFYkIHpMeamoZEL3PTyfUjfKSVLvYjqSsEPFF/T6QkUGoYeLozINBXs95Y/M9rJuCfuykP4wRYSKeL/ERgiPA4CtzlklEQQ00IlVzfimmfSEJBB5bXIdizL88T57h8UbZvKoXqVZZGDh2gQ1RENjpDVXSNashBFD2iZ/SK3own48V4Nz6mrQtGNrOH/sD4/AHI3JMP</latexit>

Minimal Flavour Violation

However is this symmetry Gaugable?

Some diagonal 
combination of SU(3)’s, U(1)’s?

Introduce fermions as many 
 fermions as it takes

Georgi & Chivukula ’87 
D’Ambrosio, Giudice, Isidori & Strumia ‘02

SM
<latexit sha1_base64="+mBvgBNwU6UjAP+cHmNQOhJ4j2Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EisYW2lA22027dHcTdzdCCfkTXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo6uJ33qiSrNY3ptxQgOBB5JFjGBjpXbWVQLd3eS9as2tu1OgReIVpAYFmr3qV7cfk1RQaQjHWnc8NzFBhpVhhNO80k01TTAZ4QHtWCqxoDrIpvfm6MgqfRTFypY0aKr+nsiw0HosQtspsBnqeW8i/ud1UhOdBxmTSWqoJLNFUcqRidHkedRnihLDx5Zgopi9FZEhVpgYG1HFhuDNv7xI/JP6Rd27Pa01Los0ynAAh3AMHpxBA66hCT4Q4PAMr/DmPDovzrvzMWstOcXMPvyB8/kDIgCPkQ==</latexit><latexit sha1_base64="+mBvgBNwU6UjAP+cHmNQOhJ4j2Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EisYW2lA22027dHcTdzdCCfkTXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo6uJ33qiSrNY3ptxQgOBB5JFjGBjpXbWVQLd3eS9as2tu1OgReIVpAYFmr3qV7cfk1RQaQjHWnc8NzFBhpVhhNO80k01TTAZ4QHtWCqxoDrIpvfm6MgqfRTFypY0aKr+nsiw0HosQtspsBnqeW8i/ud1UhOdBxmTSWqoJLNFUcqRidHkedRnihLDx5Zgopi9FZEhVpgYG1HFhuDNv7xI/JP6Rd27Pa01Los0ynAAh3AMHpxBA66hCT4Q4PAMr/DmPDovzrvzMWstOcXMPvyB8/kDIgCPkQ==</latexit><latexit sha1_base64="+mBvgBNwU6UjAP+cHmNQOhJ4j2Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EisYW2lA22027dHcTdzdCCfkTXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo6uJ33qiSrNY3ptxQgOBB5JFjGBjpXbWVQLd3eS9as2tu1OgReIVpAYFmr3qV7cfk1RQaQjHWnc8NzFBhpVhhNO80k01TTAZ4QHtWCqxoDrIpvfm6MgqfRTFypY0aKr+nsiw0HosQtspsBnqeW8i/ud1UhOdBxmTSWqoJLNFUcqRidHkedRnihLDx5Zgopi9FZEhVpgYG1HFhuDNv7xI/JP6Rd27Pa01Los0ynAAh3AMHpxBA66hCT4Q4PAMr/DmPDovzrvzMWstOcXMPvyB8/kDIgCPkQ==</latexit><latexit sha1_base64="+mBvgBNwU6UjAP+cHmNQOhJ4j2Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EisYW2lA22027dHcTdzdCCfkTXjyoePX3ePPfuG1z0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo6uJ33qiSrNY3ptxQgOBB5JFjGBjpXbWVQLd3eS9as2tu1OgReIVpAYFmr3qV7cfk1RQaQjHWnc8NzFBhpVhhNO80k01TTAZ4QHtWCqxoDrIpvfm6MgqfRTFypY0aKr+nsiw0HosQtspsBnqeW8i/ud1UhOdBxmTSWqoJLNFUcqRidHkedRnihLDx5Zgopi9FZEhVpgYG1HFhuDNv7xI/JP6Rd27Pa01Los0ynAAh3AMHpxBA66hCT4Q4PAMr/DmPDovzrvzMWstOcXMPvyB8/kDIgCPkQ==</latexit>

Grinstein, Redi, Villadoro ’02 
RA, Fernandez-Martinez, Gavela,  

Grinstein, Merlo & Quilez ’15

NO

B � L?
<latexit sha1_base64="FvIIE9wrfK7G6b8cFIXNdWJqyxg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqCdLvXjwUMHYQhvKZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99tZWl5ZXVsvbZQ3t7Z3dit7+486ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4egm91tPVGkWywczTmgg8ECyiBFscqlxenfdq1TdmjsFWiReQapQoNmrfHX7MUkFlYZwrHXHcxMTZFgZRjidlLuppgkmIzygHUslFlQH2fTWCTq2Sh9FsbIlDZqqvycyLLQei9B2CmyGet7Lxf+8TmqiyyBjMkkNlWS2KEo5MjHKH0d9pigxfGwJJorZWxEZYoWJsfGUbQje/MuLxD+rXdW8+/NqvVGkUYJDOIIT8OAC6nALTfCBwBCe4RXeHOG8OO/Ox6x1ySlmDuAPnM8fiU+NcA==</latexit><latexit sha1_base64="FvIIE9wrfK7G6b8cFIXNdWJqyxg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqCdLvXjwUMHYQhvKZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99tZWl5ZXVsvbZQ3t7Z3dit7+486ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4egm91tPVGkWywczTmgg8ECyiBFscqlxenfdq1TdmjsFWiReQapQoNmrfHX7MUkFlYZwrHXHcxMTZFgZRjidlLuppgkmIzygHUslFlQH2fTWCTq2Sh9FsbIlDZqqvycyLLQei9B2CmyGet7Lxf+8TmqiyyBjMkkNlWS2KEo5MjHKH0d9pigxfGwJJorZWxEZYoWJsfGUbQje/MuLxD+rXdW8+/NqvVGkUYJDOIIT8OAC6nALTfCBwBCe4RXeHOG8OO/Ox6x1ySlmDuAPnM8fiU+NcA==</latexit><latexit sha1_base64="FvIIE9wrfK7G6b8cFIXNdWJqyxg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqCdLvXjwUMHYQhvKZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99tZWl5ZXVsvbZQ3t7Z3dit7+486ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4egm91tPVGkWywczTmgg8ECyiBFscqlxenfdq1TdmjsFWiReQapQoNmrfHX7MUkFlYZwrHXHcxMTZFgZRjidlLuppgkmIzygHUslFlQH2fTWCTq2Sh9FsbIlDZqqvycyLLQei9B2CmyGet7Lxf+8TmqiyyBjMkkNlWS2KEo5MjHKH0d9pigxfGwJJorZWxEZYoWJsfGUbQje/MuLxD+rXdW8+/NqvVGkUYJDOIIT8OAC6nALTfCBwBCe4RXeHOG8OO/Ox6x1ySlmDuAPnM8fiU+NcA==</latexit><latexit sha1_base64="FvIIE9wrfK7G6b8cFIXNdWJqyxg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqCdLvXjwUMHYQhvKZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99tZWl5ZXVsvbZQ3t7Z3dit7+486ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4egm91tPVGkWywczTmgg8ECyiBFscqlxenfdq1TdmjsFWiReQapQoNmrfHX7MUkFlYZwrHXHcxMTZFgZRjidlLuppgkmIzygHUslFlQH2fTWCTq2Sh9FsbIlDZqqvycyLLQei9B2CmyGet7Lxf+8TmqiyyBjMkkNlWS2KEo5MjHKH0d9pigxfGwJJorZWxEZYoWJsfGUbQje/MuLxD+rXdW8+/NqvVGkUYJDOIIT8OAC6nALTfCBwBCe4RXeHOG8OO/Ox6x1ySlmDuAPnM8fiU+NcA==</latexit>

Q
<latexit sha1_base64="tOe/yScxYA0yt+yL9aW+yxS97Lk=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1Fip2exVqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w8Ydoyl</latexit><latexit sha1_base64="tOe/yScxYA0yt+yL9aW+yxS97Lk=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1Fip2exVqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w8Ydoyl</latexit><latexit sha1_base64="tOe/yScxYA0yt+yL9aW+yxS97Lk=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1Fip2exVqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w8Ydoyl</latexit><latexit sha1_base64="tOe/yScxYA0yt+yL9aW+yxS97Lk=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1Fip2exVqm7NnYEsE68gVSjQ6FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPDp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqKrIOcyzQxKNl8UZYKYhEy/Jn2ukBkxtoQyxe2thA2poszYbMo2BG/x5WXin9eua17zolq/KdIowTGcwBl4cAl1uIMG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w8Ydoyl</latexit>
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FLAVOR VIA SYMMETRY: 1-GEN

qL , uR , dR , `L , eR , ⌫R
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SU(3)L

FLAVOR VIA SYMMETRY: 3-GEN

3 3 3 1 1 1

1 1 1 3 3 3

SU(3)Q

The Largest Local Symmetry that the SM+3      admits⌫R

q2L , cR , sR , `2L , µR , ⌫2R
q1L , uR , dR , `1L , eR , ⌫1R

q3L , tR , bR , `3L , ⌧R , ⌫3R
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RA, P. Cox, C. Han & T. T. Yanagida arXiv:1704.08158



FLAVOR VIA SYMMETRY: 3-GEN

The Largest Local Symmetry that the SM+3      admits⌫R

SU(3)Q ⇥ SU(3)L ⇥ U(1)B�L

But the gauge bosons here act independently
on quarks and leptons or have no flavor

Break the symmetry to mix 
the different sectors

✓L�Q
<latexit sha1_base64="UJA/ru7v+9ogol7nmNPdSPArOmY=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQe0CWlhYJOCZQO4Ie5u9ZMneB7tzQjjyN2wsVGz9NXb+GzfJFZr4YODx3gwz84JUCo22/W2VVlbX1jfKm5Wt7Z3dver+waNOMsW4yxKZqE5ANZci5i4KlLyTKk6jQPJ2MLqZ+u0nrrRI4gccp9yP6CAWoWAUjeR5OORIe/n9WWvSq9bsuj0DWSZOQWpQoNmrfnn9hGURj5FJqnXXsVP0c6pQMMknFS/TPKVsRAe8a2hMI679fHbzhJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGV34u4jRDHrP5ojCTBBMyDYD0heIM5dgQypQwtxI2pIoyNDFVTAjO4svLxD2vX9ed1kWtcVukUYYjOIZTcOASGnAHTXCBQQrP8ApvVma9WO/Wx7y1ZBUzh/AH1ucPOsWRWw==</latexit><latexit sha1_base64="UJA/ru7v+9ogol7nmNPdSPArOmY=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQe0CWlhYJOCZQO4Ie5u9ZMneB7tzQjjyN2wsVGz9NXb+GzfJFZr4YODx3gwz84JUCo22/W2VVlbX1jfKm5Wt7Z3dver+waNOMsW4yxKZqE5ANZci5i4KlLyTKk6jQPJ2MLqZ+u0nrrRI4gccp9yP6CAWoWAUjeR5OORIe/n9WWvSq9bsuj0DWSZOQWpQoNmrfnn9hGURj5FJqnXXsVP0c6pQMMknFS/TPKVsRAe8a2hMI679fHbzhJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGV34u4jRDHrP5ojCTBBMyDYD0heIM5dgQypQwtxI2pIoyNDFVTAjO4svLxD2vX9ed1kWtcVukUYYjOIZTcOASGnAHTXCBQQrP8ApvVma9WO/Wx7y1ZBUzh/AH1ucPOsWRWw==</latexit><latexit sha1_base64="UJA/ru7v+9ogol7nmNPdSPArOmY=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQe0CWlhYJOCZQO4Ie5u9ZMneB7tzQjjyN2wsVGz9NXb+GzfJFZr4YODx3gwz84JUCo22/W2VVlbX1jfKm5Wt7Z3dver+waNOMsW4yxKZqE5ANZci5i4KlLyTKk6jQPJ2MLqZ+u0nrrRI4gccp9yP6CAWoWAUjeR5OORIe/n9WWvSq9bsuj0DWSZOQWpQoNmrfnn9hGURj5FJqnXXsVP0c6pQMMknFS/TPKVsRAe8a2hMI679fHbzhJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGV34u4jRDHrP5ojCTBBMyDYD0heIM5dgQypQwtxI2pIoyNDFVTAjO4svLxD2vX9ed1kWtcVukUYYjOIZTcOASGnAHTXCBQQrP8ApvVma9WO/Wx7y1ZBUzh/AH1ucPOsWRWw==</latexit><latexit sha1_base64="UJA/ru7v+9ogol7nmNPdSPArOmY=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTQe0CWlhYJOCZQO4Ie5u9ZMneB7tzQjjyN2wsVGz9NXb+GzfJFZr4YODx3gwz84JUCo22/W2VVlbX1jfKm5Wt7Z3dver+waNOMsW4yxKZqE5ANZci5i4KlLyTKk6jQPJ2MLqZ+u0nrrRI4gccp9yP6CAWoWAUjeR5OORIe/n9WWvSq9bsuj0DWSZOQWpQoNmrfnn9hGURj5FJqnXXsVP0c6pQMMknFS/TPKVsRAe8a2hMI679fHbzhJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGV34u4jRDHrP5ojCTBBMyDYD0heIM5dgQypQwtxI2pIoyNDFVTAjO4svLxD2vX9ed1kWtcVukUYYjOIZTcOASGnAHTXCBQQrP8ApvVma9WO/Wx7y1ZBUzh/AH1ucPOsWRWw==</latexit>

with e.g. a bi-fundamental

Quark-Lepton tied up in other way… 
 by a enlarged SM gauge group 

GUT’s, Pati Salam?

uncharted territory!



QUARK-LEPTON CONNECTION

Unify quark and lepton representations:

 L =

✓
uL dL
⌫L eL

◆
 R =

✓
uR dR
eR ⌫R

◆
o

SU(4)

)

SU(2)

SU(3)H

SU(4)⇥ SU(2)L ⇥ SU(2)R ⇥ SU(3)H

Pati, Salam ‘74

No Landau polesU(1)B�L
<latexit sha1_base64="qLCX5O4padAVwZVma3QrX4FtfsY=">AAAB/3icbVDLSsNAFJ3UV62vqAsXbgaLUBeWRAR1I0U3LlxUMLbQhjCZ3rRDJw9mJkIJ2fgrblyouPU33Pk3TtMutPXAhcM5986de/yEM6ks69soLSwuLa+UVytr6xubW+b2zoOMU0HBoTGPRdsnEjiLwFFMcWgnAkjoc2j5w+ux33oEIVkc3atRAm5I+hELGCVKS5651y3eyHyeQo6dmn3kZVfHt7lnVq26VQDPE3tKqmiKpmd+dXsxTUOIFOVEyo5tJcrNiFCMcsgr3VRCQuiQ9KGjaURCkG5WLM/xoVZ6OIiFrkjhQv09kZFQylHo686QqIGc9cbif14nVcG5m7EoSRVEdLIoSDlWMR6ngXtMAFV8pAmhgum/YjogglClM6voEOzZk+eJc1K/qNt3p9XG5TSNMtpHB6iGbHSGGugGNZGDKMrRM3pFb8aT8WK8Gx+T1pIxndlFf2B8/gDzpJWF</latexit><latexit sha1_base64="qLCX5O4padAVwZVma3QrX4FtfsY=">AAAB/3icbVDLSsNAFJ3UV62vqAsXbgaLUBeWRAR1I0U3LlxUMLbQhjCZ3rRDJw9mJkIJ2fgrblyouPU33Pk3TtMutPXAhcM5986de/yEM6ks69soLSwuLa+UVytr6xubW+b2zoOMU0HBoTGPRdsnEjiLwFFMcWgnAkjoc2j5w+ux33oEIVkc3atRAm5I+hELGCVKS5651y3eyHyeQo6dmn3kZVfHt7lnVq26VQDPE3tKqmiKpmd+dXsxTUOIFOVEyo5tJcrNiFCMcsgr3VRCQuiQ9KGjaURCkG5WLM/xoVZ6OIiFrkjhQv09kZFQylHo686QqIGc9cbif14nVcG5m7EoSRVEdLIoSDlWMR6ngXtMAFV8pAmhgum/YjogglClM6voEOzZk+eJc1K/qNt3p9XG5TSNMtpHB6iGbHSGGugGNZGDKMrRM3pFb8aT8WK8Gx+T1pIxndlFf2B8/gDzpJWF</latexit><latexit sha1_base64="qLCX5O4padAVwZVma3QrX4FtfsY=">AAAB/3icbVDLSsNAFJ3UV62vqAsXbgaLUBeWRAR1I0U3LlxUMLbQhjCZ3rRDJw9mJkIJ2fgrblyouPU33Pk3TtMutPXAhcM5986de/yEM6ks69soLSwuLa+UVytr6xubW+b2zoOMU0HBoTGPRdsnEjiLwFFMcWgnAkjoc2j5w+ux33oEIVkc3atRAm5I+hELGCVKS5651y3eyHyeQo6dmn3kZVfHt7lnVq26VQDPE3tKqmiKpmd+dXsxTUOIFOVEyo5tJcrNiFCMcsgr3VRCQuiQ9KGjaURCkG5WLM/xoVZ6OIiFrkjhQv09kZFQylHo686QqIGc9cbif14nVcG5m7EoSRVEdLIoSDlWMR6ngXtMAFV8pAmhgum/YjogglClM6voEOzZk+eJc1K/qNt3p9XG5TSNMtpHB6iGbHSGGugGNZGDKMrRM3pFb8aT8WK8Gx+T1pIxndlFf2B8/gDzpJWF</latexit><latexit sha1_base64="qLCX5O4padAVwZVma3QrX4FtfsY=">AAAB/3icbVDLSsNAFJ3UV62vqAsXbgaLUBeWRAR1I0U3LlxUMLbQhjCZ3rRDJw9mJkIJ2fgrblyouPU33Pk3TtMutPXAhcM5986de/yEM6ks69soLSwuLa+UVytr6xubW+b2zoOMU0HBoTGPRdsnEjiLwFFMcWgnAkjoc2j5w+ux33oEIVkc3atRAm5I+hELGCVKS5651y3eyHyeQo6dmn3kZVfHt7lnVq26VQDPE3tKqmiKpmd+dXsxTUOIFOVEyo5tJcrNiFCMcsgr3VRCQuiQ9KGjaURCkG5WLM/xoVZ6OIiFrkjhQv09kZFQylHo686QqIGc9cbif14nVcG5m7EoSRVEdLIoSDlWMR6ngXtMAFV8pAmhgum/YjogglClM6voEOzZk+eJc1K/qNt3p9XG5TSNMtpHB6iGbHSGGugGNZGDKMrRM3pFb8aT8WK8Gx+T1pIxndlFf2B8/gDzpJWF</latexit>

RA, P. Cox, C. Han & T. T. Yanagida arXiv:1704.08158



THE PATTERN OF FLAVOUR 
BREAKING
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Yes, two very massive RH neutrinos are enough for 
Lepto-genesis and LH masses

SU(3)H ⇥ U(1)B�L ! U(1)h

Leptons
Q

uarks

RA, P. Cox, C. Han & T. T. Yanagida arXiv:1704.08158
dL rotation = VCKM , ⌫L rotation = R23UPMNS eL rotation = R23
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@ ⇤Seesaw
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Rotation to mass basis:
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CONCLUSIONS

Experimental hints point 
towards flavor physics in 
Quarks&Leptons

This could be the tip of a 
submerged 
`theory of gauged flavor’

Or a theory of flavor to be 
formulated by… you


