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Motivation
Éfor complete coverage of new physics searches

Neutrino oscillations m! != 0
<latexit sha1_base64="JnsSKuUuFr6uUgLlprAGaoW2n0E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8S8OIxgnlAdgmzk9lkyMzsOg8hhPyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnHGmje9/e4W19Y3NreJ2aWd3b/+gfHjU0qlVhDZJylPVibGmnEnaNMxw2skUxSLmtB2Pbmd++4kqzVL5YMYZjQQeSJYwgo2TQtELpUWhpI/I75UrftWfA62SICcVyNHolb/CfkqsoNIQjrXuBn5moglWhhFOp6XQapphMsID2nVUYkF1NJnfPEVnTumjJFWupEFz9ffEBAutxyJ2nQKboV72ZuJ/Xtea5DqaMJlZQyVZLEosRyZFswBQnylKDB87goli7lZEhlhhYlxMJRdCsPzyKmnVqsFFtXZ/Wanf5HEU4QRO4RwCuII63EEDmkAgg2d4hTfPei/eu/exaC14+cwx/IH3+QMYypEN</latexit>

needs BSM

Lesson from the LHC 
on 3rd gen. charged 
fermions and the Higgs

fermions ! anti-fermions
<latexit sha1_base64="p6gyLiIIsPD2FNm/JhmXRoj7lfQ=">AAACH3icbVBNSwMxFMz6bf2qevQSLIIXy66KehLBi8cKVoXuUrLp2zY0m12St2pZ+k+8+Fe8eFBEvPXfmLYraHUgMJmZR/ImTKUw6LoDZ2p6ZnZufmGxtLS8srpWXt+4NkmmOdR5IhN9GzIDUiioo0AJt6kGFocSbsLu+dC/uQNtRKKusJdCELO2EpHgDK3ULB/5CA+YR6Bjeze0T30JEWrR7iDTOrmn4wBlCsXed6zfLFfcqjsC/Uu8glRIgVqz/Om3Ep7FoJBLZkzDc1MMcqZRcAn9kp8ZSBnvsjY0LFUsBhPko/36dMcqLRol2h6FdKT+nMhZbEwvDm0yZtgxk95Q/M9rZBidBLlQaYag+PihKJMUEzosi7aEBo6yZwnjWti/Ut5hmnG0lZZsCd7kyn/J9X7VO6juXx5Wzk6LOhbIFtkmu8Qjx+SMXJAaqRNOHskzeSVvzpPz4rw7H+PolFPMbJJfcAZfY22kaA==</latexit>

mf = yf v
<latexit sha1_base64="2I2+A8nV1PElLthOd+P9TJ3WAy4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgQspMFXSjFNy4rGAf0I4lk2ba0CQzJJlKGfofblwo4tZ/ceffmLaz0NYD93I4515yc4KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfB26jdHVGkWyQczjqkvcF+ykBFsrPQouiG6RmPbO2do1C2W3LI7A1omXkZKkKHWLX51ehFJBJWGcKx123Nj46dYGUY4nRQ6iaYxJkPcp21LJRZU++ns6gk6sUoPhZGyJQ2aqb83Uiy0HovATgpsBnrRm4r/ee3EhFd+ymScGCrJ/KEw4chEaBoB6jFFieFjSzBRzN6KyAArTIwNqmBD8Ba/vEwalbJ3Xq7cX5SqN1kceTiCYzgFDy6hCndQgzoQUPAMr/DmPDkvzrvzMR/NOdnOIfyB8/kDfp6RMQ==</latexit>

yf F L H f R
<latexit sha1_base64="NnSqUHIp0e4QdLtWWKR9LN3fghg=">AAACBnicbVBNS8MwGE79nPOr6lGE4BA8yGinoCcZCLKDhynuA9ZS0izdwtK0JKlQyk5e/CtePCji1d/gzX9juvWgmw8kPDzP+77J+/gxo1JZ1rexsLi0vLJaWiuvb2xubZs7u20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KOr3O88ECFpxO9VGhM3RANOA4qR0pJnHqReAJ1Il+QT4LV3A50T2MivwLvzzIpVtSaA88QuSAUUaHrml9OPcBISrjBDUvZsK1ZuhoSimJFx2UkkiREeoQHpacpRSKSbTdYYwyOt9GEQCX24ghP1d0eGQinT0NeVIVJDOevl4n9eL1HBhZtRHieKcDx9KEgYVBHMM4F9KghWLNUEYUH1XyEeIoGw0smVdQj27MrzpF2r2qfV2u1ZpX5ZxFEC++AQHAMbnIM6aIAmaAEMHsEzeAVvxpPxYrwbH9PSBaPo2QN/YHz+ABRclus=</latexit>
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Run 1 LHC
CMS and ATLAS

CMS & ATLAS Õ16

Mass sourced via SSB due to the Higgs 
vev and a single Dirac type Yukawa 
coupling

Dirac Õ31



Neutrinos

Special, both Dirac and 
Majorana mass possible

fermions = anti-fermions
<latexit sha1_base64="7X4qYdr+edJjG/ocEnmvVfu/zOE=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQhpDHdR0EYRbCwVjApJCHubuWTJ3t6xOyeG4/6CjX/FxkIRWzs7/42bD0ETHwy8fW+GnXlBIoVBz/tyCjOzc/MLi0vF5ZXVtXV3Y/PaxKnmUOOxjPVtwAxIoaCGAiXcJhpYFEi4CXpnA//mDrQRsbrCfgLNiHWUCAVnaKWWW24g3GMWgo7s29CcHtORRJlCsfdj5C235FW8Ieg08cekRMa4aLmfjXbM0wgUcsmMqftegs2MaRRcQl5spAYSxnusA3VLFYvANLPhRTndtUqbhrG2pZAO1d8TGYuM6UeB7YwYds2kNxD/8+ophkfNTKgkRVB89FGYSooxHcRD20IDR9m3hHEt7K6Ud5lmHG2IRRuCP3nyNLmuVvz9SvXyoHR6Mo5jkWyTHVImPjkkp+ScXJAa4eSBPJEX8uo8Os/Om/M+ai0445kt8gfOxzcTuZ3J</latexit>

Lepton number is broken

Majorana Õ37

Racah, Furry Õ39

Seesaw contains both

mD ! L ! R + mL ! T
L C! L + mR ! T

R C! R
<latexit sha1_base64="MzUCQoZyjsCj/LHlaI76neTHHOI="></latexit>

m! ! mL " mT
D m! 1

R mD
<latexit sha1_base64="pBrZPO1DFFcIpRrLZk0/XVbvwjU=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYWiUFCSZUCQYGhoL6kpo0cly3tWo7wXaQqqhfwMKvsDCAECszG3+D+xig5Ui+Oj7nXtn3hDGjSjvOt7W0vLK6tp7ZyG5ube/s2nv7dRUlEpMajlgkmyFShFFBappqRpqxJIiHjDTCweXYbzwQqWgkqnoYE5+jnqBdipE2UmDneeCJBHqKcnIPeXADC6Zetaum3rXTgjsaXwM75xSdCeAicWckB2aoBPaX14lwwonQmCGlWq4Taz9FUlPMyCjrJYrECA9Qj7QMFYgT5aeTdUYwb5QO7EbSHKHhRP09kSKu1JCHppMj3Vfz3lj8z2slunvup1TEiSYCTx/qJgzqCI6zgR0qCdZsaAjCkpq/QtxHEmFtEsyaENz5lRdJvVR0T4ql29Nc+WIWRwYcgiNwDFxwBsrgGlRADWDwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPPEqaTA==</latexit>



Neutrinos

Special, both Dirac and 
Majorana mass possible

fermions = anti-fermions
<latexit sha1_base64="7X4qYdr+edJjG/ocEnmvVfu/zOE=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQhpDHdR0EYRbCwVjApJCHubuWTJ3t6xOyeG4/6CjX/FxkIRWzs7/42bD0ETHwy8fW+GnXlBIoVBz/tyCjOzc/MLi0vF5ZXVtXV3Y/PaxKnmUOOxjPVtwAxIoaCGAiXcJhpYFEi4CXpnA//mDrQRsbrCfgLNiHWUCAVnaKWWW24g3GMWgo7s29CcHtORRJlCsfdj5C235FW8Ieg08cekRMa4aLmfjXbM0wgUcsmMqftegs2MaRRcQl5spAYSxnusA3VLFYvANLPhRTndtUqbhrG2pZAO1d8TGYuM6UeB7YwYds2kNxD/8+ophkfNTKgkRVB89FGYSooxHcRD20IDR9m3hHEt7K6Ud5lmHG2IRRuCP3nyNLmuVvz9SvXyoHR6Mo5jkWyTHVImPjkkp+ScXJAa4eSBPJEX8uo8Os/Om/M+ai0445kt8gfOxzcTuZ3J</latexit>

Lepton number is broken

Majorana Õ37

Racah, Furry Õ39

Seesaw contains both

mD ! L ! R + mL ! T
L C! L + mR ! T

R C! R
<latexit sha1_base64="MzUCQoZyjsCj/LHlaI76neTHHOI="></latexit>

m! ! mL " mT
D m! 1

R mD
<latexit sha1_base64="pBrZPO1DFFcIpRrLZk0/XVbvwjU=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJVYWiUFCSZUCQYGhoL6kpo0cly3tWo7wXaQqqhfwMKvsDCAECszG3+D+xig5Ui+Oj7nXtn3hDGjSjvOt7W0vLK6tp7ZyG5ube/s2nv7dRUlEpMajlgkmyFShFFBappqRpqxJIiHjDTCweXYbzwQqWgkqnoYE5+jnqBdipE2UmDneeCJBHqKcnIPeXADC6Zetaum3rXTgjsaXwM75xSdCeAicWckB2aoBPaX14lwwonQmCGlWq4Taz9FUlPMyCjrJYrECA9Qj7QMFYgT5aeTdUYwb5QO7EbSHKHhRP09kSKu1JCHppMj3Vfz3lj8z2slunvup1TEiSYCTx/qJgzqCI6zgR0qCdZsaAjCkpq/QtxHEmFtEsyaENz5lRdJvVR0T4ql29Nc+WIWRwYcgiNwDFxwBsrgGlRADWDwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPPEqaTA==</latexit>

¥ Which is it?

¥ Are all  neutrinos protected by gauge symmetry?

¥ If so, where are the ÔMajoranaÕ gauge and Higgs bosons?



uniÞcation

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

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

p-decay :

uniÞcation of forces weak force asymmetry minimal gauged seesaw

SU(5), SO(10), E6, . . .
<latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit>

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

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

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

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

N
<latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit>

!
<latexit sha1_base64="1tcDzTL0diKEpwyGlrqkPq9MOEQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldlyTHoBePEc0DkiXMTibJkNnZZWZWCCGf4MWDIl79Im/+jZOHoKIFDUVVN91dUSq4Nhh/OLm19Y3Nrfx2YWd3b/+geHjU1EmmKGvQRCSqHRHNBJesYbgRrJ0qRuJIsFY0vpr7rXumNE/knZmkLIzJUPIBp8RY6bYrs16xhN1qUPE9H2EXl8vlAFviYd+rBMhz8QIlWKHeK753+wnNYiYNFUTrjodTE06JMpwKNit0M81SQsdkyDqWShIzHU4Xp87QmVX6aJAoW9Kghfp9YkpirSdxZDtjYkb6tzcX//I6mRlUwymXaWaYpMtFg0wgk6D536jPFaNGTCwhVHF7K6Ijogg1Np2CDeHrU/Q/afqud+H6N0GpdrmKIw8ncArn4EEFanANdWgAhSE8wBM8O8J5dF6c12VrzlnNHMMPOG+fuNKOGA==</latexit>
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uniÞcation of forces weak force asymmetry minimal gauged seesaw

SU(5), SO(10), E6, . . .
<latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit><latexit sha1_base64="dmNTWB7UzlPhiT6+b5+F6CS72Mc=">AAACA3icbZBNS8MwGMfT+TbnW9WbXoJDmDBGK76dZCCCNyez22ArJU2zLSxtSpIKowy8+FW8eFDEq1/Cm9/GbOtBNx8I+fH/Pw/J8/djRqWyrG8jt7C4tLySXy2srW9sbpnbOw3JE4GJgznjouUjSRiNiKOoYqQVC4JCn5GmP7ga+80HIiTl0b0axsQNUS+iXYqR0pJn7tWd0ulRGdZvS7al72vvrAw7LOBKembRqliTgvNgZ1AEWdU886sTcJyEJFKYISnbthUrN0VCUczIqNBJJIkRHqAeaWuMUEikm052GMFDrQSwy4U+kYIT9fdEikIph6GvO0Ok+nLWG4v/ee1EdS/clEZxokiEpw91EwYVh+NAYEAFwYoNNSAsqP4rxH0kEFY6toIOwZ5deR4axxVb891JsXqZxZEH++AAlIANzkEV3IAacAAGj+AZvII348l4Md6Nj2lrzshmdsGfMj5/AM1NlG0=</latexit>

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

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

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

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

N
<latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit><latexit sha1_base64="4XN3jWZtDVKXJenqFmX9YfUA0oI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw0w2x1vQiydJwCyQDKGnU5O06ekZunuEEPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6QcKZ0o7zYa2srq1vbGa2sts7u3v7uYPDpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0ApGVzO/dQ9SsVjc6nECfkQGgoWMEm2k+k0vl3dst1LxvDJ27HKxUiwUDPHcC6/kYdd25sijJWq93Hu3H9M0AqEpJ0p1XCfR/oRIzSiHababKkgIHZEBdAwVJALlT+aHTvGpUfo4jKUpofFc/T4xIZFS4ygwnRHRQ/Xbm4l/eZ1Uh54/YSJJNQi6WBSmHOsYz77GfSaBaj42hFDJzK2YDokkVJtssiaEr0/x/6RZsF3D66V89XIZRwYdoxN0hlx0jqroGtVQA1EE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0CLQ+NLw==</latexit>

!
<latexit sha1_base64="1tcDzTL0diKEpwyGlrqkPq9MOEQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldlyTHoBePEc0DkiXMTibJkNnZZWZWCCGf4MWDIl79Im/+jZOHoKIFDUVVN91dUSq4Nhh/OLm19Y3Nrfx2YWd3b/+geHjU1EmmKGvQRCSqHRHNBJesYbgRrJ0qRuJIsFY0vpr7rXumNE/knZmkLIzJUPIBp8RY6bYrs16xhN1qUPE9H2EXl8vlAFviYd+rBMhz8QIlWKHeK753+wnNYiYNFUTrjodTE06JMpwKNit0M81SQsdkyDqWShIzHU4Xp87QmVX6aJAoW9Kghfp9YkpirSdxZDtjYkb6tzcX//I6mRlUwymXaWaYpMtFg0wgk6D536jPFaNGTCwhVHF7K6Ijogg1Np2CDeHrU/Q/afqud+H6N0GpdrmKIw8ncArn4EEFanANdWgAhSE8wBM8O8J5dF6c12VrzlnNHMMPOG+fuNKOGA==</latexit>

partial uniÞcation
Left-Right

L R =
!

N
! R

"

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

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

M W R ! 3 ! 4 TeV
<latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit><latexit sha1_base64="JXonMhAZ+qXPUFm/Yw6D4iED3i8=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDYGHY1oJUEbGyEKHlBEpbZyU0yZPbBzF0xLClt/BUbC0Vs/QQ7/8bJo9DEAwOHc87lzj1+LIVGx/m2FhaXlldWM2vZ9Y3NrW17Z7eqo0RxqPBIRqruMw1ShFBBgRLqsQIW+BJqfv9q5NfuQWkRhWUcxNAKWDcUHcEZGsmzD268tObdDWmziyYV0LOTAm0iPGBKy1AdenbOyTtj0HniTkmOTFHy7K9mO+JJACFyybRuuE6MrZQpFFzCMNtMNMSM91kXGoaGLADdSseHDOmRUdq0EynzQqRj9fdEygKtB4FvkgHDnp71RuJ/XiPBzkUrFWGcIIR8sqiTSIoRHbVC20IBRzkwhHElzF8p7zHFOJrusqYEd/bkeVI9zbuG3xZyxctpHRmyTw7JMXHJOSmSa1IiFcLJI3kmr+TNerJerHfrYxJdsKYze+QPrM8fFaCYtw==</latexit>

K & B oscillations :

mLRSM : ßavor Þxed V q
R ! V q

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

colliders

eEDM, wDM, É

0! 2"
<latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit><latexit sha1_base64="kWNt2UoOtmUFMYaXrBV1i136NO8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSBD1JwYvHCvYDm1A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2srW9sbm2Xdsq7e/sHh5Wj47ZOMsWwxRKRqG5INQousWW4EdhNFdI4FNgJx7ezeucJleaJfDCTFIOYDiWPOKPGWo+uL7O6H6Kh/UrVrblzkVXwCqhCoWa/8uUPEpbFKA0TVOue56YmyKkynAmclv1MY0rZmA6xZ1HSGHWQzzeeknPrDEiUKPukIXP390ROY60ncWg7Y2pGerk2M/+r9TITXQc5l2lmULLFR1EmiEnI7Hwy4AqZERMLlCludyVsRBVlxoZUtiF4yyevQrte8yzfX1YbN0UcJTiFM7gAD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq1rTjFzAn/kfP4A/s+Qcw==</latexit>

Pati, Salam Ô75



Colliders

New gauge bosons

New Higgses

Éstriking signals of LNV, Left-Right as a paradigmatic example

h, !

N

N

p

p
WR

! R

N p

p
ZLR

N

N

On-shell Majorana fermion

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

50-50% same-opposite sign

lN ! 2.5 mm
!

M W R

3 TeV

" 4 !
10 GeV

mN

" 5

<latexit sha1_base64="9fd+2YK4VNPTvAzdEELdtHgelas="></latexit>

possibly displaced



Keung, Senjanovi" Ô83

p

p
WR

eR

N

eR

WR

j

j

production
Þxed by CKM

Main feature: Lepton Number Violation

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

ßavor states measure       (free)V !
R

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

V ! T
R M N V !

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

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

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

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

~no missing energy

more on the Majorana nature

Gluza, Jelinski Õ15 Õ16
Das, Dev, Mohapatra Õ17 

Gauge sector

predict Dirac couplings MN, Senjanovi", Tello, Õ13

M D = M N

!
vL

vR
!

1
M N

M !
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Golden channel: pp ! WR ! ! R N
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mostly on-shell, N boosted

off-shell = soft lepton and N

clear peak

minv disappears

Ruiz Ô17

Keung, Senjanovi" Ô83



Signal features for pp ! WR ! ! R N
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pp ! WR ! ! R N
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Isolation and displacement

2nd lepton isolation depends on the boost of N

Lab decay length very sensitive to mN

! 0
N !

! 2
2m5

N

64" M 4
W R

"
1

2.5 mm
(mN / 10 GeV)5

(M W R / 3 TeV)4
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Simultaneous transition from 

prompt isolated to displaced 

merged - look for displaced 

merged jets (tracks)



Displaced jets
on simulating DJs

sites.google.com/site/leftrighthepModules available at

MN, Nesti, Popara Õ18

Delphes  hack/extension

added track displacement info

smeared with the vertex resolutions

store for each track



Displaced jets

sites.google.com/site/leftrighthepModules available at

Delphes  hack/extension

added track displacement info

smeared with the vertex resolutions

store for each track

FastJet  clustering as in the prompt case

remove soft tracks above certain pT cut

MN, Nesti, Popara Õ18

deÞne min track displacement as jet dT

on simulating DJs



Displaced jets

sites.google.com/site/leftrighthepModules available at

MN, Nesti, Popara Õ18

Madanalysis  use of cuts

displacement info in .lhe .hep and .lhco

use the last two fake entries for dT, dZ

perform cuts as usual

on simulating DJs

Delphes  hack/extension

added track displacement info

smeared with the vertex resolutions

store for each track

FastJet  clustering as in the prompt case

remove soft tracks above certain pT cut

deÞne min track displacement as jet dT



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

Main bckgs

sites.google.com/site/leftrighthepFeynrules model Þle at

background # generator weight # detector
V + 012j 22.46M 0.021 9.93M
V V + 012j 10.55M 0.0028 4.61M
t t̄ + 012j 10.47M 0.024 4.38M
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Recast of the W ! ! !"
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ATLAS 1706.04786Recast from

Outlook

limited by lumi

taus ~ 4 TeV ATLAS 1807.11421



Search overview pp ! WR ! ! R N
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standard prompt isolated mode

merged neutrino jet

displaced jet

invisible: prompt ! + Emiss
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Mitra, Ruiz, Spannowsky Õ16

Cottin, Helo, Hirsch Õ18

Ng et al. Ô15, Ruiz Õ17

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

MN, Nesti, Popara Õ18
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ÔRight-handedÕ Higgs
decays
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to SM via 
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Tri-linear Higgs @ LO
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Kinematics

characteristic mass peaks

displacementangular separation

~soft leptons

 MN, Nesti, 
Vasquez Õ16



Sensitivity

h ! !! ! NNNN

displaced 0.01 mm - >1m

discovery reach beyond direct 
searches

connection to 

Combined h ! NN ! ! NN !! ! NNNN

GERDA, Neutrino Õ16

KamLAND-Zen Õ16
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Summary

Origin of neutrino mass and and LNV testable at the LHC

Prompt searches covered, while experimental opportunities remain in

WR ! ! R j d
N
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<latexit sha1_base64="OoC8/vbS98cQ1+MfpKvl1/xcA+U=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQkBT14KhXsBzShbLbTdulmE3Y3Son9KV48KOLVX+LNf+O2zUFbHww83pthZl4Qc6a043xbuZXVtfWN/GZha3tnd88u7jdVlEgKDRrxSLYDooAzAQ3NNId2LIGEAYdWMLqe+q0HkIpF4l6PY/BDMhCszyjRRuraxeEp9m6Aa4I9HeEarnXtklN2ZsDLxM1ICWWod+0vrxfRJAShKSdKdVwn1n5KpGaUw6TgJQpiQkdkAB1DBQlB+ens9Ak+NkoP9yNpSmg8U39PpCRUahwGpjMkeqgWvan4n9dJdP/ST5mIEw2Czhf1E47Nk9MccI9JoJqPDSFUMnMrpkMiCdUmrYIJwV18eZk0K2X3rFy5Oy9Vr7I48ugQHaET5KILVEW3qI4aiKJH9Ixe0Zv1ZL1Y79bHvDVnZTMH6A+szx8HDpKK</latexit>

h ! !! ! 4N
<latexit sha1_base64="xvH1NHydhy+9vXh94OIu7wttDss=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqszUgq6koAtXUsE+oDOUTJq2oZnMkNwRytCFG3/FjQtF3PoR7vwb03YQbT0QcjjnXpJzglhwDY7zZeVWVtfWN/Kbha3tnd09e/+gqaNEUdagkYhUOyCaCS5ZAzgI1o4VI2EgWCsYXU791j1TmkfyDsYx80MykLzPKQEjde3iEHsQYe+KCSA/l1Gq+KZrl5yyMwNeJm5GSihDvWt/er2IJiGTQAXRuuM6MfgpUcCpYJOCl2gWEzoiA9YxVJKQaT+dhZjgY6P0cD9S5kjAM/X3RkpCrcdhYCZDAkO96E3F/7xOAv1zP+UyToBJOn+onwhsQk4bwT2uGAUxNoRQxc1fMR0SRSiY3gqmBHcx8jJpVsruablyWy3VLrI68qiIjtAJctEZqqFrVEcNRNEDekIv6NV6tJ6tN+t9Ppqzsp1D9AfWxzcSupZt</latexit>

Feasible in Run-2, prepare to optimize for Run-3

Pheno tools for LLPs under development

Displaced jets & use of fakes

Interplay needed between hep-ph and hep-ex


