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• LQ mediate interactions where a lepton turns into a quark

<latexit sha1_base64="e5x1OI5ZKMFjEdTDZh3EByAjnCI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PRSC9Ks1t+7OQVaJV5AaFGj2q1+9QcKyGKVhgmrd9dzUBDlVhjOB00ov05hSNqZD7FoqaYw6yOfHTsmZVQYkSpQtachc/T2R01jrSRzazpiakV72ZuJ/Xjcz0U2Qc5lmBiVbLIoyQUxCZp+TAVfIjJhYQpni9lbCRlRRZmw+FRuCt/zyKmld1L2ruvtwWWvcFnGU4QRO4Rw8uIYG3EMTfGDA4Rle4c2Rzovz7nwsWktOMXMMf+B8/gBmD45q</latexit>

`
<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

(lepton) (quark)

(leptoquark)

List of Scalar LQ:

• All of them have color
• Different representations of EW SU(2) • Some can have B violating and/or RHN interactions

• Interaction with different chiralities!

Dorsner, Fajfer, Greljo, Kamenik, Kosnik, Phys. Rept. 641 (2016) 1-68

Rodolfo Capdevilla, Fermilab
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• Unification

1.1) Theoretical Motivations

• SUSY-RPV

<latexit sha1_base64="EohRCSqM2BCAMUMyD6SiLN769/0=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAWNFGRgYWok+pCaKHMdprdpOZDugKvRTWBhAiJUvYeNvcNsMUDiSpaNzztW9PmHKqNKO82WVVlbX1jfKm5Wt7Z3dPbu631VJJjHp4IQlsh8iRRgVpKOpZqSfSoJ4yEgvHDdnfu+eSEUTcacnKfE5GgoaU4y0kQK76t2acISC3JMctpvX08CuOXVnDviXuAWpgQKtwP70ogRnnAiNGVJq4Dqp9nMkNcWMTCtepkiK8BgNycBQgThRfj4/fQqPjRLBOJHmCQ3n6s+JHHGlJjw0SY70SC17M/E/b5Dp+NLPqUgzTQReLIozBnUCZz3AiEqCNZsYgrCk5laIR0girE1bFVOCu/zlv6R7WnfP6077rNa4Kuoog0NwBE6ACy5AA9yAFugADB7AE3gBr9aj9Wy9We+LaMkqZg7AL1gf339ok4E=</latexit>

⇤QCD
<latexit sha1_base64="nyB2HKYx/qoNOPOX30O8085R/zY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUREXRZFcOGign1AE8JkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnXO6dE2acKe0439bK6tr6xmZlq7q9s7u3bx8ctlWaS0JbJOWp7IZYUc4S2tJMc9rNJMUi5LQTDm+nfmdEpWJp8qTHGfUF7icsZgRrIwW27T2YcISDwpMC3XUmgV1z6s4MaJm4JalBiWZgf3lRSnJBE004VqrnOpn2Cyw1I5xOql6uaIbJEPdpz9AEC6r8Ynb5BJ0aJUJxKs1LNJqpvycKLJQai9AkBdYDtehNxf+8Xq7ja79gSZZrmpD5ojjnSKdoWgOKmKRE87EhmEhmbkVkgCUm2pRVNSW4i19eJu3zuntZdx4vao2bso4KHMMJnIELV9CAe2hCCwiM4Ble4c0qrBfr3fqYR1escuYI/sD6/AH5mpM7</latexit>

⇤EW
<latexit sha1_base64="lZjcncpatSlwhZDgbycjcjWFN4k=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5UgBIwVDDAwFKlpKzVR5Dhua9V2ItsBVaGPwsIAQqw8CRtvg9tmgJaTLJ3u7tP3+aKUUaUd59sqrayurW+UNytb2zu7e3Z1v62STGLi4YQlshshRRgVxNNUM9JNJUE8YqQTja6nfueBSEUT0dLjlAQcDQTtU4y0kUK76t+ZcIzC3Jcc3nitSWjXnLozA1wmbkFqoEAztL/8OMEZJ0JjhpTquU6qgxxJTTEjk4qfKZIiPEID0jNUIE5UkM9On8Bjo8Swn0jzhIYz9fdEjrhSYx6ZJEd6qBa9qfif18t0/zLIqUgzTQSeL+pnDOoETnuAMZUEazY2BGFJza0QD5FEWJu2KqYEd/HLy6R9WnfP6879Wa1xVdRRBofgCJwAF1yABrgFTeABDB7BM3gFb9aT9WK9Wx/zaMkqZg7AH1ifP6Pek5k=</latexit>

⇤GUT

<latexit sha1_base64="fLO9EgbzLPkWSGsI8foqmM8Zhyg=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUVGPRS8eK5q20Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4lJh6OWSzbIVKEUUE8TTUj7UQSxENGWuHweuK3HohUNBb3epQQn6O+oBHFSBspsA/uvMppNcCwqyknCnoVtxpkhI8Du+zUnCngInFzUgY5GoH91e3FOOVEaMyQUh3XSbSfIakpZmRc6qaKJAgPUZ90DBXIrPOz6QdjeGyUHoxiaUpoOFV/T2SIKzXioenkSA/UvDcR//M6qY4u/YyKJNVE4NmiKGVQx3ASB+xRSbBmI0MQltTcCvEASYS1Ca1kQnDnX14kzZOae15zbs/K9as8jiI4BEegAlxwAergBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwB8R6VTA==</latexit>

SU(3)c ⇥ U(1)em
<latexit sha1_base64="MmDLHludcc2Myg7vquEecHt9iOY=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUBIwVLAwMRZC2qI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g4ux37wnQtKI36phTNwQ9TgNKEZKS555cOOUjsoehh1FQyKhLqtl7+qndEp22bvzzKJVsSaA88TOSBFkqHvmZ6cb4SQkXGGGpGzbVqzcFAlFMSOjQieRJEZ4gHqkrSlHepebTq4ZwUOtdGEQCf24ghP190SKQimHoa87Q6T6ctYbi/957UQFZ25KeZwowvF0UZAwqCI4jgZ2qSBYsaEmCAuq/wpxHwmElQ6woEOwZ0+eJ41qxT6pWNfHxdp5Fkce7IF9UAI2OAU1cAnqwAEYPIAn8AJejUfj2Xgz3qetOSOb2QV/YHx8A9xHmOc=</latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y
<latexit sha1_base64="Ta3XsgU1G2f+ewNXN2BkjyDRWGU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCC6Uk4mtZdOPOSk1baEOZTCft0MkkzEyEGoq/4saFIm79D3f+jZM2C209lwuHc+5l7hwvYlQqy/o2ckvLK6tr+fXCxubW9o65u9eUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y2uU7/1QISkIb9X44i4ARpw6lOMlJZ65kHDKZ2VK7BbSQs2bku2Ve6ZRatqTQEXiZ2RIshQ75lf3X6I44BwhRmSsmNbkXITJBTFjEwK3ViSCOERGpCOphwFRLrJ9PoJPNZKH/qh0M0VnKq/NxIUSDkOPD0ZIDWU814q/ud1YuVfugnlUawIx7OH/JhBFcI0CtingmDFxpogLKi+FeIhEggrHVhBh2DPf3mRNE+q9nnVujst1q6yOPLgEByBErDBBaiBG1AHDsDgETyDV/BmPBkvxrvxMRvNGdnOPvgD4/MHcNqR/g==</latexit>

SU(5), SO(10)

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫
<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="kdJLap+M1r6xuRng/7eTUihAvdk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2LeM9w==</latexit>n

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫<latexit sha1_base64="SQqMuhxi0UnCFZ6RjYhYCIeCk2E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB41OM/g==</latexit>u
<latexit sha1_base64="55qFClV0QuHnT63TskExW1ORIoA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyY+M7Q==</latexit>

d
<latexit sha1_base64="TBrBICPSvqlf+LFqaAhkmJHhFSo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AyxOM7g==</latexit>e<latexit sha1_base64="TBrBICPSvqlf+LFqaAhkmJHhFSo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AyxOM7g==</latexit>e

<latexit sha1_base64="39Ans59nKKmmCzMMuBc9BlB7ldQ=">AAACHHicbVBNS8NAEN34bf2qevSyWAS9lERFvQiiF48t2FpoStlsJu3iZhN2J0IJ/SFe/CtePCjixYPgv3Hb5qDVBwOP92Z2Z16QSmHQdb+cmdm5+YXFpeXSyura+kZ5c6tpkkxzaPBEJroVMANSKGigQAmtVAOLAwm3wd3VyL+9B21Eom5wkEInZj0lIsEZWqlbPqrTc+pLiHDfD6AnVM60ZoNhzoc0830aUh9UWIi+Fr0+HnTLFbfqjkH/Eq8gFVKg1i1/+GHCsxgUcsmMaXtuih37KAouYVjyMwMp43esB21LFYvBdPLxcUO6Z5WQRom2pZCO1Z8TOYuNGcSB7YwZ9s20NxL/89oZRmedXKg0Q1B88lGUSYoJHSVFQ6GBoxxYwrgWdlfK+0wzjjbPkg3Bmz75L2keVr2Tqls/rlxcFnEskR2yS/aJR07JBbkmNdIgnDyQJ/JCXp1H59l5c94nrTNOMbNNfsH5/Aaa5qG8</latexit>

Q =

✓
u
d

◆

<latexit sha1_base64="X+8s/tvSvbG+YQpIfOYGewOFMbU=">AAACHHicbVA9SwNBEN3z2/gVtbRZDII24U5FbYSgjYWFgolCNoS9zVyyuLd37M4J4cgPsfGv2FgoYmMh+G/cJFf49WDg8d7M7swLUyUt+v6nNzE5NT0zOzdfWlhcWl4pr641bJIZAXWRqMTchNyCkhrqKFHBTWqAx6GC6/D2dOhf34GxMtFX2E+hFfOulpEUHJ3ULu+dHzMFEW6zELpS59wY3h/kYkCZzhijQBnoTiEzI7s93GmXK37VH4H+JUFBKqTARbv8zjqJyGLQKBS3thn4KbbcoyiFgkGJZRZSLm55F5qOah6DbeWj4wZ0yykdGiXGlUY6Ur9P5Dy2th+HrjPm2LO/vaH4n9fMMDpq5VKnGYIW44+iTFFM6DAp2pEGBKq+I1wY6XaloscNF+jyLLkQgt8n/yWN3WpwUPUv9yu1kyKOObJBNsk2CcghqZEzckHqRJB78kieyYv34D15r97buHXCK2bWyQ94H19+86JC</latexit>

L =

✓
⌫
e

◆

<latexit sha1_base64="PNIquqI8acsYabsxr6hdDDprhpY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBUMpuEfVY9NJjBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1Gydo9rDWa9YcsvuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpVsreZdm9uyhVb7I48nAEx3AKHlxBFWpQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDIjWOLw==</latexit>

W,H
+

(leptoneutrinos?)
<latexit sha1_base64="wymOn/ulvfT1+1dZZWve3glCWkA=">AAACGHicbVBNS8NAEN34bf2qevSyWAS91EREPRa9ePDQgq1CE8pmO2kXN5uwOxFC6M/w4l/x4kERr978N27bHPx6MPB4b2Z35oWpFAZd99OZmZ2bX1hcWq6srK6tb1Q3tzomyTSHNk9kom9DZkAKBW0UKOE21cDiUMJNeHcx9m/uQRuRqGvMUwhiNlAiEpyhlXrVQ19ChPt+CAOhCqY1y0cFH9GW79Mr6oPql6KvxWCIB71qza27E9C/xCtJjZRo9qoffj/hWQwKuWTGdD03xcA+ioJLGFX8zEDK+B0bQNdSxWIwQTE5bET3rNKnUaJtKaQT9ftEwWJj8ji0nTHDofntjcX/vG6G0VlQCJVmCIpPP4oySTGh45RoX2jgKHNLGNfC7kr5kGnG0WZZsSF4v0/+SzpHde+k7raOa43zMo4lskN2yT7xyClpkEvSJG3CyQN5Ii/k1Xl0np03533aOuOUM9vkB5yPL0XSoIo=</latexit>✓

Q
L

◆

<latexit sha1_base64="LMgz/7UlQjU4Vb3VXNJbFb4ou6Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4jmAckS5idzCZDZmeHmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpKWw6Pvf3srq2vrGZmGruL2zu7dfOjhs2DQzjNdZKlPTiqjlUiheR4GSt7ThNIkkb0bDu6nffOLGilQ94kjzMKF9JWLBKDqp2dEDcU4a3VLZr/gzkGUS5KQMOWrd0lenl7Is4QqZpNa2A19jOKYGBZN8UuxklmvKhrTP244qmnAbjmfnTsipU3okTo0rhWSm/p4Y08TaURK5zoTiwC56U/E/r51hfBOOhdIZcsXmi+JMEkzJ9HfSE4YzlCNHKDPC3UrYgBrK0CVUdCEEiy8vk8ZFJbiq+A+X5eptHkcBjuEEziCAa6jCPdSgDgyG8Ayv8OZp78V79z7mrStePnMEf+B9/gB+2I8E</latexit>

�, V

(leptoquarks!)

Fritzsch, Minkowski, Annals Phys. 93 (1975) 193-266

<latexit sha1_base64="EeD2+9ybNmQM9WaI1Og8I2hd47M=">AAACDnicbZC7TsMwFIadcivlVmBksagqMVUJQsBYwdKxlUhbqQmR4zqtVeci+wSpivIELLwKCwMIsTKz8Ta4TQdoOZLlT/9/juzz+4ngCkzz2yitrW9sbpW3Kzu7e/sH1cOjropTSZlNYxHLvk8UEzxiNnAQrJ9IRkJfsJ4/uZ35vQcmFY+jO5gmzA3JKOIBpwS05FXrPeyoNFEMsDMmkLVyLy2okxe3nd9Tr1ozG+a88CpYC6ihRbW96pczjGkasgioIEoNLDMBNyMSOBUsrzipYgmhEzJiA40RCZlys/k6Oa5rZYiDWOoTAZ6rvycyEio1DX3dGRIYq2VvJv7nDVIIrt2MR0kKLKLFQ0EqMMR4lg0ecskoiKkGQiXXf8V0TCShoBOs6BCs5ZVXoXvesC4bZuei1rxZxFFGJ+gUnSELXaEmaqE2shFFj+gZvaI348l4Md6Nj6K1ZCxmjtGfMj5/ACb9nC8=</latexit>

W � ĤuQ̂Û
c

Yukawas

<latexit sha1_base64="l0HTMfzi3y+dj4cH/TsX+u0bu18="></latexit>✓
@2W

@ ̂1@ ̂2

◆

 ̂3= 3,S
<latexit sha1_base64="gDzIbsXzuiaH6ncwY7lpLwczyQM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUREXRbddOGiBfuAJobJdNIOnUzCPIQSunPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv994TpoxK5Tjf1tLyyuraemmjvLm1vbNr7+23ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHN7nfeSBC0oTfqXFK/BgNOI0oRspIgX3kxUgNMWLZ7QR6UqeSKFgPNGxCfY/LgV1xqs4UcJG4BamAAo3A/vL6CdYx4QozJGXPdVLlZ0goihmZlD0tSYrwCA1Iz1COYiL9bPrHBJ4YpQ+jRJjiCk7V3xMZiqUcx6HpzK+W814u/uf1tIqu/IzyVCvC8WxRpBlUCcxDgX0qCFZsbAjCgppbIR4igbAy0eUhuPMvL5L2WdW9qDrN80rtuoijBA7BMTgFLrgENVAHDdACGDyCZ/AK3qwn68V6tz5mrUtWMXMA/sD6/AGpUJiD</latexit>

L � HuQu
c

<latexit sha1_base64="PMaNJwOb1TOVKc/O1d1B1vM8rns=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhKEgLECBgaGVqIPqQmV4zqtVceJ7BukKsoHsPArLAwgxMoHsPE3uG0GaLmSdY/OOVfX9/ix4Bps+9sqLC2vrK4V10sbm1vbO+XdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3Q10dsPTGkeyTsYx8wLyUDygFMChuqVK23s6iTWDLA7JJDeZrPeyPt1dk+Ny67a08KLwMlBBeVV75W/3H5Ek5BJoIJo3XXsGLyUKOBUsKzkJprFhI7IgHUNlCRk2kunx2T4yDB9HETKPAl4yv6eSEmo9Tj0jTMkMNTz2oT8T+smEFx4KZdxAkzS2aIgERgiPEkG97liFMTYAEIVN3/FdEgUoWDyK5kQnPmTF0HrpOqcVe3GaaV2mcdRRAfoEB0jB52jGrpBddREFD2iZ/SK3qwn68V6tz5m1oKVz+yjP2V9/gBrPZs6</latexit>

W � L̂Q̂D̂c
R-parity: Forbids B and L violation

RPV

<latexit sha1_base64="Qnom2pLTotjNb7R+ukpN9vVWZec=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtQzaWKRIwDwgG8Ps7E0yZPbBzF0hLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy9x7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzRTea3HkBpEYV3OI6hG7BBKPqCMzRSr1hyA4ZDzmRanVBXJ7EGpC4K6UNan9Aq9e+5Sdllewq6TJw5KZE5ar3il+tHPAkgRC6Z1h3HjrGbMoWCS5gU3ERDzPiIDaBjaMgC0N10esyEnhjFp/1ImRcinaq/J1IWaD0OPJPMVteLXib+53US7F91UxHGCULIZx/1E0kxolkz1BcKOMqxIYwrYXalfMgU42j6K5gSnMWTl0nzrOxclO36ealyPa8jT47IMTklDrkkFXJLaqRBOHkkz+SVvFlP1ov1bn3MojlrPnNI/sD6/AFnLJsw</latexit>

L � Q̃Ldc

(leptoquark!)

Dawson, Nucl. Phys. B 261 (1985) 297-318

Georgi, Glashow, Phys. Rev. Lett. 32 (1974) 438-441

Rodolfo Capdevilla, Fermilab
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1.1) Theoretical Motivations

• Higgstability
<latexit sha1_base64="jK7NXHRtxzLCuQ0p6gZe9PLaqKA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wWLKQEWxyqVOPzofVmttw50CrxCtIDQq0htWvwSgmqaDSEI617ntuYvwMK8MIp7PKINU0wWSCx7RvqcSCaj+b3zpDZ1YZoTBWtqRBc/X3RIaF1lMR2E6BTaSXvVz8z+unJrzxMyaT1FBJFovClCMTo/xxNGKKEsOnlmCimL0VkQgrTIyNp2JD8JZfXiWdi4Z31XAfLmvN2yKOMpzAKdTBg2towj20oA0EIniGV3hzhPPivDsfi9aSU8wcwx84nz89RY22</latexit>

V (h)

<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

loops

<latexit sha1_base64="ievW4ILiqLN0nNgtc/afWGp9mfY=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V3X34bLWuC3qKMMJnMI5eHANDbiHJrSAwhie4RXenNR5cd6dj0W05BQzx/AHzucPPmuPgg==</latexit>

�
<latexit sha1_base64="0bjS+PdqrtflTG/Nn6arVUDjtdI=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosunFZwT6gCWEynbRDZ5IwMxFK7MJfceNCEbf+hjv/xmmbhbYeGDiccy73zglTzpR2nG9raXlldW29tFHe3Nre2bX39lsqySShTZLwRHZCrChnMW1qpjntpJJiEXLaDoc3E7/9QKViSXyvRyn1Be7HLGIEayMF9qHHTbiHg9yTAtEoGlc9kZ0GdsWpOVOgReIWpAIFGoH95fUSkgkaa8KxUl3XSbWfY6kZ4XRc9jJFU0yGuE+7hsZYUOXn0/vH6MQoPRQl0rxYo6n6eyLHQqmRCE1SYD1Q895E/M/rZjq68nMWp5mmMZktijKOdIImZaAek5RoPjIEE8nMrYgMsMREm8rKpgR3/suLpHVWcy9qzt15pX5d1FGCIziGKrhwCXW4hQY0gcAjPMMrvFlP1ov1bn3MoktWMXMAf2B9/gB0LpW7</latexit>

�e↵(µ)

Franceschini, Strumia, Wulzer, JHEP 08 (2022) 229

Bandyopadhyay, Mandal, 
Phys. Rev. D 95 (2017) 3, 035007

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQLQ can save the day!

Rodolfo Capdevilla, Fermilab
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1.2) Pheno Motivations

• B Meson Decay Anomalies: Charged Current
<latexit sha1_base64="xOmlO/5H7oypJ901+Bowa9x7pc0="></latexit>

RD(⇤) =
BR(B ! D(⇤)⌧⌫)

BR(B ! D(⇤)`⌫)
LHCb Collaboration, LHCb-PAPER-2022-039 

Bhaskar, Das, Mandal, Mitra, Neeraj, 
Phys. Rev. D 104 (2021) 3, 035016

LQ can save the day!

Rodolfo Capdevilla, Fermilab
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1.2) Pheno Motivations

• B Meson Decay Anomalies: Neutral Current
<latexit sha1_base64="CVnOcu1Ekdmtk/PkPFGM/WfScQ0=">AAACMnicbVDLSsNAFJ3UV62vqks3g0WoLkoiom6EUjeKm1qsCk0sk+lNO3TyYGYilJBvcuOXCC50oYhbP8JJm4VWD1w4nHMvM+e4EWdSmeaLUZiZnZtfKC6WlpZXVtfK6xvXMowFhTYNeShuXSKBswDaiikOt5EA4rscbtzhaebf3IOQLAyu1CgCxyf9gHmMEqWlbvm81U0u7pLq3m6a4hNse4LQBDda1Qa2VYhzC9t+nM0uTv8xAYM2uuWKWTPHwH+JlZMKytHslp/sXkhjHwJFOZGyY5mRchIiFKMc0pIdS4gIHZI+dDQNiA/SScaRU7yjlR72QqEnUHis/rxIiC/lyHf1pk/UQE57mfif14mVd+wkLIhiBQGdPOTFHOu8WX+4xwRQxUeaECqY/iumA6JbU7rlki7Bmo78l1zv16zDmnl5UKk38jqKaAttoyqy0BGqozPURG1E0QN6Rm/o3Xg0Xo0P43OyWjDym030C8bXN5oIpX4=</latexit>

RK(⇤) =
BR(B ! K(⇤)µµ)

BR(B ! K(⇤)ee)

Bhaskar, Das, Mandal, Mitra, Neeraj, 
Phys. Rev. D 104 (2021) 3, 035016

LHCb Collaboration, Nature Phys. 18 (2022) 3

LHCb Collaboration, JHEP 08 (2017) 055

LQ can save the day!

Rodolfo Capdevilla, Fermilab
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1.2) Pheno Motivations

• Muon g-2
<latexit sha1_base64="wt9GcUosaOTh9ap7bC7IQhIxYRo="></latexit>

aµ(exp) = 116 592 061(41)⇥ 10�11

Muon g-2 Collaboration (BNL), 
Phys. Rev. D 73 (2006) 072003

<latexit sha1_base64="Kw1Nu6bO54R5rTxrzRnEzAyBRZc="></latexit>

aµ(the) = 116 591 810(43)⇥ 10�11

Muon g-2 Theory Initiative, 
Phys. Rept. 887 (2020) 1-166

BMW collaboration, Nature 593 (2021) 7857, 51

Muon g-2 Collaboration (FNAL), 
Phys. Rev. Lett. 126 (2021) 14, 141801

<latexit sha1_base64="s/y4tzXuNMUbGcaAKk4BZeG0+W8=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduHDRgn1Ak4bJdNIOnUnCzEQIIX/hxl9x40IRt7rzb5ymWWjrgQuHc+7l3nv8mFGpLOvbWFldW9/YrGxVt3d29/bNg8OujBKBSQdHLBJ9H0nCaEg6iipG+rEgiPuM9PzpzczvPRAhaRTeqzQmLkfjkAYUI6Ulz6wjz+EJdCTl0AkEwlnq0WGDFyr3aJ5xL3MEh3ftfNjIPbNm1a0CcJnYJamBEi3P/HJGEU44CRVmSMqBbcXKzZBQFDOSV51EkhjhKRqTgaYh4kS6WfFXDk+1MoJBJHSFChbq74kMcSlT7utOjtRELnoz8T9vkKjgys1oGCeKhHi+KEgYVBGchQRHVBCsWKoJwoLqWyGeIJ2O0lFWdQj24svLpNuo2xd1q31ea16XcVTAMTgBZ8AGl6AJbkELdAAGj+AZvII348l4Md6Nj3nrilHOHIE/MD5/AOcBn8M=</latexit>

aµ ⇠ y2imµmi

m2
LQ

Unitarity

mu
on-
top

mu
on-
bot
tom

102 103 104 105
10-2

10-1

100

101

mLQ [TeV]

y L
Q

Bigaran, Volkas, Phys. Rev. D 105 (2022) 1, 015002

LQ can save the day!

Rodolfo Capdevilla, Fermilab
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1.2) Pheno Motivations

• Neutrino Masses
<latexit sha1_base64="2WWa3xlailI/fB0xRND2LHRuOmQ="></latexit>

L � LR̃2d
c + LS1,3Q+ R̃2S1,3H

†

<latexit sha1_base64="YosWnZkRdqi4tQl+9LQ8+MgzUm8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUznpBSC6n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m5U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2e9kwBUyIyaWUKa4vZWwEVWUGZtQyYbgLb+8SloXVe+q6j7UKvXbPI4inMApnIMH11CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AHHyI80</latexit>

3
<latexit sha1_base64="S6OVvVWT9B5by5DFs27Sv9kGSPM=">AAAB9XicbVBNS8NAEJ3Urxq/qh69LBbBU0m0qMeiF48V7Ac0sWy2m3bpZhN2N0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWZekHCmtON8W6WV1bX1jfKmvbW9s7tX2T9oqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY30z9ziOVisXiXk8S6kd4KFjICNZGerAzLwiRF2CZned5v1J1as4MaJm4BalCgWa/8uUNYpJGVGjCsVI910m0n2GpGeE0t71U0QSTMR7SnqECR1T52ezqHJ0YZYDCWJoSGs3U3xMZjpSaRIHpjLAeqUVvKv7n9VIdXvkZE0mqqSDzRWHKkY7RNAI0YJISzSeGYCKZuRWREZaYaBOUbUJwF19eJu2zmntRc+7q1cZ1EUcZjuAYTsGFS2jALTShBQQkPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gDHM5IN</latexit>

3̄
<latexit sha1_base64="W0zO0YaRON+NwuGr5idxBbbGk4Y=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE1GPRi8cKthbaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n/8MS1EYm6x3HKg5gOlIgEo2iltpt3w4j4k16l6tW8Gcgy8QtShQKNXuWr209YFnOFTFJjOr6XYpBTjYJJPnG7meEpZSM64B1LFY25CfLZvRNyYpU+iRJtSyGZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJmT5P+kJzhnJsCWVa2FsJG1JNGdqIXBuCv/jyMmmd1fyLmnd3Xq1fF3GU4QiO4RR8uIQ63EIDmsBAwjO8wpvz6Lw4787HvLXkFDOH8AfO5w/5HI9G</latexit>

1
<latexit sha1_base64="DvRwCER/s5a2StLNV0LVKtDPdfU=">AAAB73icbVBNT8JAEJ3iF9Yv1KOXjcQEL6QVox6JXjxitEACDdkuW9iw3dbdrQlp+BNePGiMV/+ON/+NC/Sg4EsmeXlvJjPzgoQzpR3n2yqsrK6tbxQ37a3tnd290v5BU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupn6rScqFYvFgx4n1I/wQLCQEayN1LbvvUrttEd6pbJTdWZAy8TNSRlyNHqlr24/JmlEhSYcK9VxnUT7GZaaEU4ndjdVNMFkhAe0Y6jAEVV+Nrt3gk6M0kdhLE0JjWbq74kMR0qNo8B0RlgP1aI3Ff/zOqkOr/yMiSTVVJD5ojDlSMdo+jzqM0mJ5mNDMJHM3IrIEEtMtInINiG4iy8vk+ZZ1b2oOnfn5fp1HkcRjuAYKuDCJdThFhrgAQEOz/AKb9aj9WK9Wx/z1oKVzxzCH1ifPzZMjsc=</latexit>

SU(3)c
<latexit sha1_base64="+qcwuIYjjuQgjQ89k3+ZWMMtAss=">AAAB73icbVBNT8JAEJ3iF9Yv1KOXjcQEL6QlRj0SvXjwgNECCTRku2xhw3Zbd7cmpOFPePGgMV79O978Ny7Qg4IvmeTlvZnMzAsSzpR2nG+rsLK6tr5R3LS3tnd290r7B00Vp5JQj8Q8lu0AK8qZoJ5mmtN2IimOAk5bweh66reeqFQsFg96nFA/wgPBQkawNlLbvvcqtdPeba9UdqrODGiZuDkpQ45Gr/TV7cckjajQhGOlOq6TaD/DUjPC6cTupoommIzwgHYMFTiiys9m907QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif14n1eGlnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2EdkmBHfx5WXSrFXd86pzd1auX+VxFOEIjqECLlxAHW6gAR4Q4PAMr/BmPVov1rv1MW8tWPnMIfyB9fkDEemOrw==</latexit>

SU(2)L
<latexit sha1_base64="FhOjQRNBSdY58NqUKMMzocffpj0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhKQ2G5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qlevug9XlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gDGQ48z</latexit>

2
<latexit sha1_base64="W0zO0YaRON+NwuGr5idxBbbGk4Y=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE1GPRi8cKthbaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n/8MS1EYm6x3HKg5gOlIgEo2iltpt3w4j4k16l6tW8Gcgy8QtShQKNXuWr209YFnOFTFJjOr6XYpBTjYJJPnG7meEpZSM64B1LFY25CfLZvRNyYpU+iRJtSyGZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJmT5P+kJzhnJsCWVa2FsJG1JNGdqIXBuCv/jyMmmd1fyLmnd3Xq1fF3GU4QiO4RR8uIQ63EIDmsBAwjO8wpvz6Lw4787HvLXkFDOH8AfO5w/5HI9G</latexit>

1
<latexit sha1_base64="sfmw+nySRh7pfn6PVS1YXmPPaJU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0sxt2J0IJ+RlePCji1V/jzX/jts1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6O/e7j0wbruQDzhIWxGQsecQpQSv1B5EmNPPzrJEPqzWv7i3g/iV+QWpQoDWsfg5GiqYxk0gFMabvewkGGdHIqWB5ZZAalhA6JWPWt1SSmJkgW5ycu2dWGbmR0rYkugv150RGYmNmcWg7Y4ITs+rNxf+8forRdZBxmaTIJF0uilLhonLn/7sjrhlFMbOEUM3trS6dEJsC2pQqNgR/9eW/pHNR9xt17/6y1rwp4ijDCZzCOfhwBU24gxa0gYKCJ3iBVwedZ+fNeV+2lpxi5hh+wfn4BkD6kTw=</latexit>

1

6

<latexit sha1_base64="EHUUAMKVbH1/dd7CzLw1k7isFp4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1hbSUjbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7Gt1O//cS1EbF6wEnCexEdKhEKRtFKfjfUlGVenp3n/WrNrbszkGXiFaQGBZr96ld3ELM04gqZpMb4nptgL6MaBZM8r3RTwxPKxnTIfUsVjbjpZbOTc3JilQEJY21LIZmpvycyGhkziQLbGVEcmUVvKv7n+SmG171MqCRFrth8UZhKgjGZ/k8GQnOGcmIJZVrYWwkbUZsC2pQqNgRv8eVl8nhW9y7r7v1FrXFTxFGGIziGU/DgChpwB01oAYMYnuEV3hx0Xpx352PeWnKKmUP4A+fzBzxrkTk=</latexit>

1

3

<latexit sha1_base64="1Y5zIubU15ZE411zsGYhk4EM+2g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpoh6LXjxWsB/QhLLZbtqlu5uwuxFKyN/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5G7md5+o0iyWj2aa0EDgkWQRI9hYyb/wI4VJ5uVZIx9Ua27dnQOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTvOKn2qaYDLBI9q3VGJBdZDNb87RmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bL3kz8z+unJroJMiaT1FBJFouilCMTo1kAaMgUJYZPLcFEMXsrImNsUzA2pooNwVt+eZV0GnXvqu4+XNaat0UcZTiBUzgHD66hCffQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBpgGRbw==</latexit>

�1

2

<latexit sha1_base64="JQE0EfwG5jLog/l6InQKQU4i5I4=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrjHokevGIiQsY2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsrNf2qd9p76JUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3UXPvziv16zyOIhzBMVTBg0uowy00wAcCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8ASv2OSg==</latexit>

U(1)Y

<latexit sha1_base64="GhpMcjwk04DxWuWu4PpQVdlQDhI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz14rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrtTyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBlgeMyw==</latexit>

B
<latexit sha1_base64="vmZkabHxG7pgwXkhs7DOmRVk1LI=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6UvjNU=</latexit>

L

<latexit sha1_base64="/1EkkavOrhIJ2jmuna8KXZGXNQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfEOMug==</latexit>

1
<latexit sha1_base64="HbUdwR6jH5TPmCdS6Acoreln1Xs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV9/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+WIjPE=</latexit>�1

<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0
<latexit sha1_base64="HbUdwR6jH5TPmCdS6Acoreln1Xs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV9/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+WIjPE=</latexit>�1

<latexit sha1_base64="HbUdwR6jH5TPmCdS6Acoreln1Xs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV9/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+WIjPE=</latexit>�1

<latexit sha1_base64="Onsom0p/28a6arXWAFxGPd7wRjE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBPJTdIuqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNI3ptJTH2Bh5KFjGBjpYe0F4So9ng27ZcrbtXNgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeOWnTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmnVqt5F1b07r9Sv8ziKcATHcAoeXEIdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gDjHI/P</latexit>

2⇤

<latexit sha1_base64="Jwdv9brLw0oYt7Kq9RqmVZWZRZs=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqgKqkIGCsYGEsEn1ITRQ5rttadZzIvkGqov4CC7/CwgBCrGxs/A1umwFajmTp6Jx7bZ8TJoJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHaeKsiaNRaw6IdFMcMmawEGwTqIYiULB2uHoZuq3H5jSPJb3ME6YH5GB5H1OCRgpsCue5hLXPBgyIEHmnp5NsJeoOIEYe8Lc08vVwC47VWcGvEzcnJRRjkZgf3m9mKYRk0AF0brrOgn4GVHAqWCTkpdqlhA6IgPWNVSSiGk/myWa4BOj9HA/VuZIwDP190ZGIq3HUWgmIwJDvehNxf+8bgr9Kz/jMkmBSTp/qJ8KbOJO68E9rhgFMTaEUMXNXzEdEkUomBJLpgR3MfIyadWq7kXVuTsv16/zOoroCB2jCnLRJaqjW9RATUTRI3pGr+jNerJerHfrYz5asPKdQ/QH1ucP8cycdQ==</latexit>

sin 2✓1,3 / �1,3

<latexit sha1_base64="p6J1xFWierrYAQLKqh4eHQF4fdU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjoi6LblxWsLXQGYZMJtOGJpOQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwuGce7n3nlgyqo3nfTuVpeWV1bXqem1jc2t7x93d62iRK0zaWDChujHShNGMtA01jHSlIojHjNzHw+uJf/9AlKYiuzMjSUKO+hlNKUbGSpF7wKMgIcwgGEglpBGQR0nk1r2GNwVcJH5J6qBEK3K/gkTgnJPMYIa07vmeNGGBlKGYkXEtyDWRCA9Rn/QszRAnOiym14/hsVUSmAplKzNwqv6eKBDXesRj28mRGeh5byL+5/Vyk16GBc1kbkiGZ4vSnEH75CQKmFBFsGEjSxBW1N4K8QAphI0NrGZD8OdfXiSd04Z/3vBuz+rNqzKOKjgER+AE+OACNMENaIE2wOARPINX8OY8OS/Ou/Mxa6045cw++APn8wdEGJUa</latexit>m� / md chiral flip!

L violation!

Dorsner, Fajfer, Kosnik, 
Eur. Phys. J. C 77 (2017) 6, 417

Rodolfo Capdevilla, Fermilab
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Low E:  Meson Decays, Meson Mixing
High E: LHC

Unification, RPV, Higgstability…

B anomalies, g-2, Neutrino Masses…

Rodolfo Capdevilla, Fermilab



13

2.1) Current Constraints

• Mesons

<latexit sha1_base64="ycB+495LS83AxjRY2/XqBcl/rNk=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ie0S8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fjd23HCAkkGikecEuukh25IdJZOeo+9csWrejPgZeLnpAI56r3yV7cf01QyZakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVQRyUyQzQ6e4BOn9HEUa1fK4pn6eyIj0pixDF2nJHZoFr2p+J/XSW10FWRcJallis4XRanANsbT73Gfa0atGDtCqObuVkyHRBNqXUYlF4K/+PIyaZ5V/Yuqd3deqV3ncRThCI7hFHy4hBrcQh0aQEHCM7zCG9LoBb2jj3lrAeUzh/AH6PMHIg6QoA==</latexit>

ūj

<latexit sha1_base64="LIdrR7aUBiA/n4CE184rSR6q2uM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7A/6ldrbt2dgSwTryA1KNDsV796YcKymCtkkhrT9dwU/ZxqFEzySaWXGZ5SNqID3rVU0ZgbP5+dOiEnVglJlGhbCslM/T2R09iYcRzYzpji0Cx6U/E/r5thdOXnQqUZcsXmi6JMEkzI9G8SCs0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXyeNZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBGxo3L</latexit>

dk

<latexit sha1_base64="3cAL1NR1UywYGiyLJy3k5rKHzP8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBgw2JiHosehG8VLAf0KZls920SzebuLsplNDf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd294r7B3UVJZLQGol4JJs+VpQzQWuaaU6bsaQ49Dlt+MPbqd8YUalYJB71OKZeiPuCBYxgbSSvHbNO+Qzdd8q2bXeLJcd2ZkDLxM1ICTJUu8Wvdi8iSUiFJhwr1XKdWHsplpoRTieFdqJojMkQ92nLUIFDqrx0dvQEnRilh4JImhIazdTfEykOlRqHvukMsR6oRW8q/ue1Eh1ceykTcaKpIPNFQcKRjtA0AdRjkhLNx4ZgIpm5FZEBlphok1PBhOAuvrxM6ue2e2k7Dxelyk0WRx6O4BhOwYUrqMAdVKEGBJ7gGV7hzRpZL9a79TFvzVnZzCH8gfX5AzUwkG0=</latexit>

⇡�,K�...

<latexit sha1_base64="fec0LIvEZOKEcfhu2/KrZDfMG6k=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy8tjt8=</latexit>

`�

<latexit sha1_base64="WWwUxYpVIS7baF4/2MFYxkM4/AY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDbbabt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0M/Vbj6g0j+W9GScYRHQgeZ8zaqz04IdUZb5MJ10fheiWK27VnYEsEy8nFchR75a//F7M0gilYYJq3fHcxAQZVYYzgZOSn2pMKBvRAXYslTRCHWSzqyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif14nNf2rIOMySQ1KNl/UTwUxMZlGQHpcITNibAllittbCRtSRZmxQZVsCN7iy8ukeVb1Lqru3Xmldp3HUYQjOIZT8OASanALdWgAAwXP8ApvzpPz4rw7H/PWgpPPHMIfOJ8/7tKSyw==</latexit>

⌫̄`

<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit> ..
.

Semileptonic
Decays

Mixing

<latexit sha1_base64="LIdrR7aUBiA/n4CE184rSR6q2uM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7A/6ldrbt2dgSwTryA1KNDsV796YcKymCtkkhrT9dwU/ZxqFEzySaWXGZ5SNqID3rVU0ZgbP5+dOiEnVglJlGhbCslM/T2R09iYcRzYzpji0Cx6U/E/r5thdOXnQqUZcsXmi6JMEkzI9G8SCs0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXyeNZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBGxo3L</latexit>

dk
<latexit sha1_base64="qsZT3qGwjS8STGVAVW3wLt7KnXE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDabTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZekHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2BNOZO0ZZjhtJsoikXAaScY30z9zhNVmsXy3kwS6gs8lCxiBBsrPfQDrLIwHzwOqjW37s6AlolXkBoUaA6qX/0wJqmg0hCOte55bmL8DCvDCKd5pZ9qmmAyxkPas1RiQbWfzQ7O0YlVQhTFypY0aKb+nsiw0HoiAtspsBnpRW8q/uf1UhNd+RmTSWqoJPNFUcqRidH0exQyRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/CBeQjw==</latexit>

d̄j
<latexit sha1_base64="nITQHvGyfuMSol6eaqxS4P4dfpc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTIwkS5idnU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGnD9HoZuo/PFFtmJL3dpzSUOCBZAkj2DrpsRdhnceTPu9Xa37dnwEtk6AgNSjQ7Fe/erEimaDSEo6N6QZ+asMca8sIp5NKLzM0xWSEB7TrqMSCmjCfHTxBJ06JUaK0K2nRTP09kWNhzFhErlNgOzSL3lT8z+tmNrkKcybTzFJJ5ouSjCOr0PR7FDNNieVjRzDRzN2KyBBrTKzLqOJCCBZfXibts3pwUffvzmuN6yKOMhzBMZxCAJfQgFtoQgsICHiGV3jztPfivXsf89aSV8wcwh94nz8LH5CR</latexit>

d̄l

<latexit sha1_base64="ZxG5SEyYrbB+cKPeaHD2ICA/00U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGLZYIhLVCahGwSW2DDcCO6lCGgcC28HoZuq3n1BpnsgHM07Rj+lA8ogzaqx0H/Z5v1pz6+4MZJl4BalBgWa/+tULE5bFKA0TVOuu56bGz6kynAmcVHqZxpSyER1g11JJY9R+Pjt1Qk6sEpIoUbakITP190ROY63HcWA7Y2qGetGbiv953cxEV37OZZoZlGy+KMoEMQmZ/k1CrpAZMbaEMsXtrYQNqaLM2HQqNgRv8eVl8nhW9y7q7t15rXFdxFGGIziGU/DgEhpwC01oAYMBPMMrvDnCeXHenY95a8kpZg7hD5zPH0O+jck=</latexit>

di

<latexit sha1_base64="jHiHHEPC7P7keYoEwxbh0DeUdTc=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8yLIroh5LvQheKtgP2G5LNs22odlkSWaFUvozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvCgV3IDnfTsrq2vrG5uFreL2zu7efungsGFUpimrUyWUbkXEMMElqwMHwVqpZiSJBGtGw9up33xi2nAlH2GUsjAhfcljTglYKbjveOe42vFc1+2Wyp7rzYCXiZ+TMspR65a+2j1Fs4RJoIIYE/heCuGYaOBUsEmxnRmWEjokfRZYKknCTDienTzBp1bp4VhpWxLwTP09MSaJMaMksp0JgYFZ9Kbif16QQXwTjrlMM2CSzhfFmcCg8PR/3OOaURAjSwjV3N6K6YBoQsGmVLQh+IsvL5PGhetfud7DZblSzeMooGN0gs6Qj65RBd2hGqojihR6Rq/ozQHnxXl3PuatK04+c4T+wPn8AXmUj2w=</latexit>

K0, B0...

<latexit sha1_base64="OpSlXYSkiSItLh5OHDaWajP5hWk="></latexit>

�mB = 3.337(33)⇥ 10�10 MeV

<latexit sha1_base64="tdWonKAA4Qyp1yZuxPG9qBnAMYU="></latexit>

�mK = 3.484(6)⇥ 10�12 MeV

<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit> ..
.

Crivellin, Muller, Schnell, 
Phys. Rev. D 103 (2021) 11, 115023, 
Phys. Rev. D 104 (2021) 5, 055020

APV

Rodolfo Capdevilla, Fermilab
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2.1) Current Constraints

• LHC

Double Production Single Production

dileptons dileptons + jet

Drell-Yan

Nirmal Raj, Phys. Rev. D 95 (2017) 1, 015011
Diaz, Schmaltz, Zhong, JHEP 10 (2017) 097

Rodolfo Capdevilla, Fermilab
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2.1) Current Constraints

• First Generation LQ:  up/down-LQ-electron

LQ mass

LQ
 c

ou
pl

in
g

HL-LHC

<latexit sha1_base64="f+/V1InQXBuaEb/XTB2FJm7OR54=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8dK7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDU6Y2A</latexit>

S1

<latexit sha1_base64="1dnS4+7tehOXuhxHL7HZb3LMMxM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8dK7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbRSo9E/75crbtWdg/wlXk4qkKPeL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvX8Y2C</latexit>

S3

<latexit sha1_base64="BkWlv+gpYN0uBUeATBvsu8tpJcQ=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxb07L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfU542A</latexit>

R2

Rodolfo Capdevilla, Fermilab

Crivellin, Muller, Schnell, 
Phys. Rev. D 103 (2021) 11, 115023

Bansal, RC, Delgado, Kolda, Martin, 
Raj, Phys. Rev. D 98 (2018) 1, 015037
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Low E:  Meson Decays, Meson Mixing
High E: LHC

Unification, RPV, Higgstability…

B anomalies, g-2, Neutrino Masses…

Rodolfo Capdevilla, Fermilab
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2.2) Muon Colliders

• Production Channels

Rodolfo Capdevilla, Fermilab

Double Production

Single Production

Drell-Yan

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="8LwSUnN9H9H1hAvNCyo3rrOHOYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoMgFuFOgloGbSwsEjAfmJxhb7OXLNndO3b3hHDkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRfEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkY3U7/1RJVmkbw345j6Ag8kCxnBxkoPaVcJdFefPJ71iiW37M6AlomXkRJkqPWKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ort4gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhlZ8yGSeGSjJfFCYcmQhN30d9pigxfGwJJorZWxEZYoWJsSEVbAje4svLpHle9i7Kbr1Sql5nceThCI7hFDy4hCrcQg0aQEDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AdF/kFs=</latexit>

LQ⇤

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="dnxlAXkHk2+8ZvJ4hnowYQCbk7c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0s0l3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWM7mZ+64kpzWP5aCYJ8yMcSB5yisZKrW6AKhtPe+WKW3XnIKvEy0kFctR75a9uP6ZpxKShArXueG5i/AyV4VSwaambapYgHeGAdSyVGDHtZ/Nzp+TMKn0SxsqWNGSu/p7IMNJ6EgW2M0Iz1MveTPzP66QmvPEzLpPUMEkXi8JUEBOT2e+kzxWjRkwsQaq4vZXQISqkxiZUsiF4yy+vkuZF1buqug+XldptHkcRTuAUzsGDa6jBPdShARRG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gCa+4+/</latexit>

q̄

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="8LwSUnN9H9H1hAvNCyo3rrOHOYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoMgFuFOgloGbSwsEjAfmJxhb7OXLNndO3b3hHDkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRfEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkY3U7/1RJVmkbw345j6Ag8kCxnBxkoPaVcJdFefPJ71iiW37M6AlomXkRJkqPWKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ort4gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhlZ8yGSeGSjJfFCYcmQhN30d9pigxfGwJJorZWxEZYoWJsSEVbAje4svLpHle9i7Kbr1Sql5nceThCI7hFDy4hCrcQg0aQEDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AdF/kFs=</latexit>

LQ⇤

<latexit sha1_base64="fo6BCR2gU3YP82+EYokPKGnFLFw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEJeyKqMegF48RzAPyYnbSmwyZnV1nZoWw5Ce8eFDEq7/jzb9xkuxBEwsaiqpuurv8WHBtXPfbWVpeWV1bz23kN7e2d3YLe/s1HSWKYZVFIlINn2oUXGLVcCOwESukoS+w7g9vJ379CZXmkXwwoxjbIe1LHnBGjZUatY57Ruqd026h6JbcKcgi8TJShAyVbuGr1YtYEqI0TFCtm54bm3ZKleFM4DjfSjTGlA1pH5uWShqibqfTe8fk2Co9EkTKljRkqv6eSGmo9Sj0bWdIzUDPexPxP6+ZmOC6nXIZJwYlmy0KEkFMRCbPkx5XyIwYWUKZ4vZWwgZUUWZsRHkbgjf/8iKpnZe8y5J7f1Es32Rx5OAQjuAEPLiCMtxBBarAQMAzvMKb8+i8OO/Ox6x1yclmDuAPnM8fXHuO3w==</latexit>

V 0,W+

<latexit sha1_base64="p8AgtcYvmIdqWzCTmNJxUexJaUI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8aNgVUY9BLx4jmAfkxeykNxkyO7vOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHf5seDauO63s7S8srq2ntvIb25t7+wW9vZrOkoUwyqLRKQaPtUouMSq4UZgI1ZIQ19g3R/eTvz6EyrNI/lgRjG2Q9qXPOCMGis1ah33lNQ7Z91C0S25U5BF4mWkCBkq3cJXqxexJERpmKBaNz03Nu2UKsOZwHG+lWiMKRvSPjYtlTRE3U6n947JsVV6JIiULWnIVP09kdJQ61Ho286QmoGe9ybif14zMcF1O+UyTgxKNlsUJIKYiEyeJz2ukBkxsoQyxe2thA2ooszYiPI2BG/+5UVSOy95lyX3/qJYvsniyMEhHMEJeHAFZbiDClSBgYBneIU359F5cd6dj1nrkpPNHMAfOJ8/X4OO4Q==</latexit>

V 0,W�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="8LwSUnN9H9H1hAvNCyo3rrOHOYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoMgFuFOgloGbSwsEjAfmJxhb7OXLNndO3b3hHDkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRfEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkY3U7/1RJVmkbw345j6Ag8kCxnBxkoPaVcJdFefPJ71iiW37M6AlomXkRJkqPWKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ort4gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhlZ8yGSeGSjJfFCYcmQhN30d9pigxfGwJJorZWxEZYoWJsSEVbAje4svLpHle9i7Kbr1Sql5nceThCI7hFDy4hCrcQg0aQEDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AdF/kFs=</latexit>

LQ⇤

<latexit sha1_base64="sHwYAXOXMvx/KpCUz7GXETZLGm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz66vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHWco2B</latexit>

V 0

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q
<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ
<latexit sha1_base64="sHwYAXOXMvx/KpCUz7GXETZLGm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz66vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHWco2B</latexit>

V 0

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q
<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="sHwYAXOXMvx/KpCUz7GXETZLGm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz66vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHWco2B</latexit>

V 0

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ <latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ
<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q
<latexit sha1_base64="sHwYAXOXMvx/KpCUz7GXETZLGm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz66vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHWco2B</latexit>

V 0

<latexit sha1_base64="lXgrlJlQrDuUMzKkP/H8a8nDHxI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04sFDAuYByRJmJ7PJkHmsM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2T2llXC3Rfn/RKZb/iz4CWSZCTMuSo9Upf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCb3TtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenzqM80JZaPHcFEM3crIkOsMbEuoqILIVh8eZk0zyvBZcWvX5SrN3kcBTiGEziDAK6gCndQgwYQ4PAMr/DmPXov3rv3MW9d8fKZI/gD7/MHsyyPvw==</latexit>

LQ

<latexit sha1_base64="8LwSUnN9H9H1hAvNCyo3rrOHOYc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoMgFuFOgloGbSwsEjAfmJxhb7OXLNndO3b3hHDkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRfEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkY3U7/1RJVmkbw345j6Ag8kCxnBxkoPaVcJdFefPJ71iiW37M6AlomXkRJkqPWKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ort4gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhlZ8yGSeGSjJfFCYcmQhN30d9pigxfGwJJorZWxEZYoWJsSEVbAje4svLpHle9i7Kbr1Sql5nceThCI7hFDy4hCrcQg0aQEDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AdF/kFs=</latexit>

LQ⇤

<latexit sha1_base64="sHwYAXOXMvx/KpCUz7GXETZLGm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz66vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHWco2B</latexit>

V 0
<latexit sha1_base64="Lrk7dKzMeuXRQ2FlGAX4NQH5Wps=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3n1BpHssHM0rQj2hf8pAzaqx033w87ZbKbsWdgiwSLydlyFHrlr46vZilEUrDBNW67bmJ8TOqDGcCx8VOqjGhbEj72LZU0gi1n01PHZNjq/RIGCtb0pCp+nsio5HWoyiwnRE1Az3vTcT/vHZqwis/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0ijYEb/7lRdI4q3gXFffuvFy9zuMowCEcwQl4cAlVuIUa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/QZI19</latexit>

W+

<latexit sha1_base64="SDdiiXKwCzqLHSKaQSFZvQv77zA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6bz6edktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14ZWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbyLint3Xq5e53EU4BCO4AQ8uIQq3EIN6sCgD8/wCm+OcF6cd+dj1rrk5DMH8AfO5w/TbI1/</latexit>

W�
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2.2) Muon Colliders

• RK: Minimal Scenario

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="aMFSmYQ2XhHp5B85TGm0D7du3iE=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwISWRoi6Lbly4qNAXNKFMJpN26EwSZiZCCQU3/oobF4q49Sfc+TdOHwttPTBwOOdc7twTpJwp7Tjf1tLyyuraemGjuLm1vbNr7+03VZJJQhsk4YlsB1hRzmLa0Exz2k4lxSLgtBUMbsZ+64FKxZK4rocp9QXuxSxiBGsjde1D786EQ4w8xQSqON5Z7kmB6rQ56tolp+xMgBaJOyMlmKHWtb+8MCGZoLEmHCvVcZ1U+zmWmhFOR0UvUzTFZIB7tGNojAVVfj65YYROjBKiKJHmxRpN1N8TORZKDUVgkgLrvpr3xuJ/XifT0ZWfszjNNI3JdFGUcaQTNC4EhUxSovnQEEwkM39FpI8lJtrUVjQluPMnL5Lmedm9KDv3lVL1elZHAY7gGE7BhUuowi3UoAEEHuEZXuHNerJerHfrYxpdsmYzB/AH1ucPEeOWhA==</latexit>

⇤ ⇠ 40TeV

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="WmUqu4BXYXzVVkAtUTM7/XJoym0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt2swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+wFvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFCRo3I</latexit>

jb

<latexit sha1_base64="EtmYShtTWqPqbG0uF+onIYpAG/k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0qeM8w==</latexit>

j
conservative tagging performance

Probing the U1 LQ 
scenario for RK requires 

10 TeV muon collider

Huang, Jana, Queiroz, Rodejohann, 
Phys. Rev. D 105 (2022) 1, 015013
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2.2) Muon Colliders

• RK: Democratic Couplings

Rodolfo Capdevilla, Fermilab

 

best fit

Asadi, RC, Cesarotti, Homiller, 
JHEP 10 (2021) 182

A 3 TeV Muon Collider 
will entirely probe this 

scenario for RK
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2.2) Muon Colliders

• RK:

Rodolfo Capdevilla, Fermilab

Azatov, Garosi, Greljo, Marzocca, Salko, Trifinopoulos, 
JHEP 10 (2022) 149

The 10 TeV Muon 
Collider will entirely 

probe RK

LH
C

M
uC
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Low E:  Meson Decays, Meson Mixing
High E: LHC

Unification, RPV, Higgstability…

B anomalies, g-2, Neutrino Masses…

Rodolfo Capdevilla, Fermilab



Summary

1. LQ are awesome! They appear in multiple theoretical scenarios


2. LQ are useful! They can provide BSM explanations to multiple anomalies


3. Muon colliders can produce lots of LQ: Parameter space for some 

anomalies fully probed!

22
Rodolfo Capdevilla, Fermilab



Thanks!

Rodolfo Capdevilla, Fermilab


