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<latexit sha1_base64="/5I8udlmLoC017jkishI/Sqc1VY="></latexit>
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2
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,

<latexit sha1_base64="VGD5MfSqpqkHju3J8z4qn4YTwao="></latexit>

Vus ⇠ � , Vcb ⇠ �2 , Vub ⇠ �3

where                       and
<latexit sha1_base64="xjAX4L1SUAuJG94z+JEGItyOOxU=">AAACEnicbVBNS8NAEN3Ur1q/oh69BFtBQUpSpHosetCLUNF+QBPKZjttl+4mcXdTKCG/wYt/xYsHRbx68ua/MWkraOuDgcd7M8zMcwNGpTLNLy2zsLi0vJJdza2tb2xu6ds7demHgkCN+MwXTRdLYNSDmqKKQTMQgLnLoOEOLlK/MQQhqe/dqVEADsc9j3YpwSqR2vpRYdiObI5VX/Do9jqObUk53JdOyvbxj3wJ9biQa+t5s2iOYcwTa0ryaIpqW/+0Oz4JOXiKMCxlyzID5URYKEoYxDk7lBBgMsA9aCXUwxykE41fio2DROkYXV8k5SljrP6eiDCXcsTdpDO9Us56qfif1wpV98yJqBeECjwyWdQNmaF8I83H6FABRLFRQjARNLnVIH0sMFFJimkI1uzL86ReKlrlYvmmlK+cT+PIoj20jw6RhU5RBV2hKqohgh7QE3pBr9qj9qy9ae+T1ow2ndlFf6B9fAOXy51o</latexit>

vSM ' 246GeV
<latexit sha1_base64="euIVSWqm8LPQ9X5el0751vRx8KI=">AAACFXicbVDLSgMxFM34tr6qLt0EW8GFlJki1WXRjUsF+4BOKZn0tg3NZMbkjlCG/oQbf8WNC0XcCu78G9M6C209EHI451ySe4JYCoOu++UsLC4tr6yurec2Nre2d/K7e3UTJZpDjUcy0s2AGZBCQQ0FSmjGGlgYSGgEw8uJ37gHbUSkbnEUQztkfSV6gjO0Uid/UvSlTXcZ9Y0I4W5yKerjAJB10stxprqlcvm02MkX3JI7BZ0nXkYKJMN1J//pdyOehKCQS2ZMy3NjbKdMo+ASxjk/MRAzPmR9aFmqWAimnU63GtMjq3RpL9L2KKRT9fdEykJjRmFgkyHDgZn1JuJ/XivB3nk7FSpOEBT/eaiXSIoRnVREu0IDRzmyhHEt7F8pHzDNONoic7YEb3bleVIvl7xKqXJTLlQvsjrWyAE5JMfEI2ekSq7INakRTh7IE3khr86j8+y8Oe8/0QUnm9knf+B8fAMwFp2P</latexit>

� ' sin ✓C ' 0.224

<latexit sha1_base64="/Xdhvf2XMm4DVYpAkYNG6/kZyP8="></latexit>

tan ✓⌫23 ⇠ 1 , tan ✓⌫12 ⇠ 1p
2
, ✓⌫13 ⇠ �p

2
,
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• Why three (replicated) families? 

• Why the three families interact so differently with the Higgs? 

• What is the origin of  very small neutrino masses, and why 
the PMNS mixing is so different from the CKM mixing?
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Flavour deconstruction
• SM is embedded in a gauge symmetry that contains a separate factor for each family:
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Flavour deconstruction
• SM is embedded in a gauge symmetry that contains a separate factor for each family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

• Discriminates between the three families (no longer family replication).

• The EW Higgs doublet is a third family particle (i.e. singlet of       and       but not of       ).<latexit sha1_base64="SYtF0dWosKYUp5NDZcWtUF1leIY=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDzJ3bfd+2B5WqU3MWQOvELUgVCrQGla/+MCZpRIUmHCvluU6i/QxLzQin5tFU0QSTCR5Rz1CBI6r8bLH0HF0YZYjCWJoSGi3U3xMZjpSaRYHpjLAeq1UvF//zvFSH137GRJJqKsjyozDlSMcoTwANmaRE85khmEhmdkVkjCUm2uSUh+CunrxOOvWa26g1HurV5k0RRxnO4BwuwYUraMI9tKANBJ7gGV7hzZpaL9a79bFsLVnFzCn8gfX5Ay4MkGw=</latexit>

G1
<latexit sha1_base64="sQ9DvN3bBcav3CJJ9Yevmx6fCxg=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDrD63+75tDypVp+YsgNaJW5AqFGgNKl/9YUzSiApNOFbKc51E+xmWmhFOzaOpogkmEzyinqECR1T52WLpObowyhCFsTQlNFqovycyHCk1iwLTGWE9VqteLv7neakOr/2MiSTVVJDlR2HKkY5RngAaMkmJ5jNDMJHM7IrIGEtMtMkpD8FdPXmddOo1t1FrPNSrzZsijjKcwTlcggtX0IR7aEEbCDzBM7zCmzW1Xqx362PZWrKKmVP4A+vzBy+WkG0=</latexit>

G2
<latexit sha1_base64="T8HYD8DuyR82/SwcgbRvqzfy24g=">AAAB9HicbVDLSsNAFL3xWeOr6tLNYBFclaRCdVl0ocsK9gFpKJPppB06mcSZSaGEfocbF4q49WPc+TdO2iy09cCFwzn3ztx7goQzpR3n21pb39jc2i7t2Lt7+weH5aPjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3udyZUKhaLRz1NqB/hoWAhI1gbye959l0/u5zZPd+2++WKU3XmQKvELUgFCjT75a/eICZpRIUmHCvluU6i/QxLzQin5tFU0QSTMR5Sz1CBI6r8bL70DJ0bZYDCWJoSGs3V3xMZjpSaRoHpjLAeqWUvF//zvFSH137GRJJqKsjiozDlSMcoTwANmKRE86khmEhmdkVkhCUm2uSUh+Aun7xK2rWqW6/WH2qVxk0RRwlO4QwuwIUraMA9NKEFBJ7gGV7hzZpYL9a79bFoXbOKmRP4A+vzBzEgkG4=</latexit>

G3
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• Explains SM flavour structure with all fundamental (Yukawa) couplings being         .<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="SYtF0dWosKYUp5NDZcWtUF1leIY=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDzJ3bfd+2B5WqU3MWQOvELUgVCrQGla/+MCZpRIUmHCvluU6i/QxLzQin5tFU0QSTCR5Rz1CBI6r8bLH0HF0YZYjCWJoSGi3U3xMZjpSaRYHpjLAeq1UvF//zvFSH137GRJJqKsjyozDlSMcoTwANmaRE85khmEhmdkVkjCUm2uSUh+CunrxOOvWa26g1HurV5k0RRxnO4BwuwYUraMI9tKANBJ7gGV7hzZpaL9a79bFsLVnFzCn8gfX5Ay4MkGw=</latexit>

G1
<latexit sha1_base64="sQ9DvN3bBcav3CJJ9Yevmx6fCxg=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDrD63+75tDypVp+YsgNaJW5AqFGgNKl/9YUzSiApNOFbKc51E+xmWmhFOzaOpogkmEzyinqECR1T52WLpObowyhCFsTQlNFqovycyHCk1iwLTGWE9VqteLv7neakOr/2MiSTVVJDlR2HKkY5RngAaMkmJ5jNDMJHM7IrIGEtMtMkpD8FdPXmddOo1t1FrPNSrzZsijjKcwTlcggtX0IR7aEEbCDzBM7zCmzW1Xqx362PZWrKKmVP4A+vzBy+WkG0=</latexit>

G2
<latexit sha1_base64="T8HYD8DuyR82/SwcgbRvqzfy24g=">AAAB9HicbVDLSsNAFL3xWeOr6tLNYBFclaRCdVl0ocsK9gFpKJPppB06mcSZSaGEfocbF4q49WPc+TdO2iy09cCFwzn3ztx7goQzpR3n21pb39jc2i7t2Lt7+weH5aPjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3udyZUKhaLRz1NqB/hoWAhI1gbye959l0/u5zZPd+2++WKU3XmQKvELUgFCjT75a/eICZpRIUmHCvluU6i/QxLzQin5tFU0QSTMR5Sz1CBI6r8bL70DJ0bZYDCWJoSGs3V3xMZjpSaRoHpjLAeqWUvF//zvFSH137GRJJqKsjiozDlSMcoTwANmKRE86khmEhmdkVkhCUm2uSUh+Aun7xK2rWqW6/WH2qVxk0RRwlO4QwuwIUraMA9NKEFBJ7gGV7hzZpYL9a79bFoXbOKmRP4A+vzBzEgkG4=</latexit>

G3
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Flavour deconstruction
• SM is embedded in a gauge symmetry that contains a separate factor for each family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

• Discriminates between the three families (no longer family replication).

• The EW Higgs doublet is a third family particle (i.e. singlet of       and       but not of       ).
• Explains SM flavour structure with all fundamental (Yukawa) couplings being         .

Some examples:

‣  [This talk]
<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="SYtF0dWosKYUp5NDZcWtUF1leIY=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDzJ3bfd+2B5WqU3MWQOvELUgVCrQGla/+MCZpRIUmHCvluU6i/QxLzQin5tFU0QSTCR5Rz1CBI6r8bLH0HF0YZYjCWJoSGi3U3xMZjpSaRYHpjLAeq1UvF//zvFSH137GRJJqKsjyozDlSMcoTwANmaRE85khmEhmdkVkjCUm2uSUh+CunrxOOvWa26g1HurV5k0RRxnO4BwuwYUraMI9tKANBJ7gGV7hzZpaL9a79bFsLVnFzCn8gfX5Ay4MkGw=</latexit>

G1
<latexit sha1_base64="sQ9DvN3bBcav3CJJ9Yevmx6fCxg=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDrD63+75tDypVp+YsgNaJW5AqFGgNKl/9YUzSiApNOFbKc51E+xmWmhFOzaOpogkmEzyinqECR1T52WLpObowyhCFsTQlNFqovycyHCk1iwLTGWE9VqteLv7neakOr/2MiSTVVJDlR2HKkY5RngAaMkmJ5jNDMJHM7IrIGEtMtMkpD8FdPXmddOo1t1FrPNSrzZsijjKcwTlcggtX0IR7aEEbCDzBM7zCmzW1Xqx362PZWrKKmVP4A+vzBy+WkG0=</latexit>

G2
<latexit sha1_base64="T8HYD8DuyR82/SwcgbRvqzfy24g=">AAAB9HicbVDLSsNAFL3xWeOr6tLNYBFclaRCdVl0ocsK9gFpKJPppB06mcSZSaGEfocbF4q49WPc+TdO2iy09cCFwzn3ztx7goQzpR3n21pb39jc2i7t2Lt7+weH5aPjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3udyZUKhaLRz1NqB/hoWAhI1gbye959l0/u5zZPd+2++WKU3XmQKvELUgFCjT75a/eICZpRIUmHCvluU6i/QxLzQin5tFU0QSTMR5Sz1CBI6r8bL70DJ0bZYDCWJoSGs3V3xMZjpSaRoHpjLAeqWUvF//zvFSH137GRJJqKsjiozDlSMcoTwANmKRE86khmEhmdkVkhCUm2uSUh+Aun7xK2rWqW6/WH2qVxk0RRwlO4QwuwIUraMA9NKEFBJ7gGV7hzZpYL9a79bFoXbOKmRP4A+vzBzEgkG4=</latexit>

G3
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Flavour deconstruction
• SM is embedded in a gauge symmetry that contains a separate factor for each family:

<latexit sha1_base64="fiZ1M734QHiKS1LhCv3gOZ6W2Sc="></latexit>

Guniversal ⇥G1 ⇥G2 ⇥G3

• Discriminates between the three families (no longer family replication).

• The EW Higgs doublet is a third family particle (i.e. singlet of       and       but not of       ).
• Explains SM flavour structure with all fundamental (Yukawa) couplings being         .

Some examples:

‣  

‣  

‣  

‣  

‣  

[This talk]

[Li and Ma, PRL 81’; Muller and Nandi, hep-ph/9602390;

Chiang et al, 0911.1480; Allwicher et al, 2011.01946; 

Davighi et al 2312.13346; Capdevila et al, 2401.00848 …..]

[Carone and Murayama, hep-ph/9504393]

[Bordone et al, 1712.01368; Greljo and Stefanek, 1802.04274;

Cornella et al, 1903.11517; Fuentes-Martín et al, 2006.16250 …..]

<latexit sha1_base64="/RouuIk21NrGYwd31YHKZYl6Yks="></latexit>

SU(4)c,3 ⇥ SU(3)c,12 ⇥ SU(2)L ⇥ U(1)Y1+Y2+R3

<latexit sha1_base64="nlbxdpykrznSEiSvzDHbB9SwhFA="></latexit>

SU(3)c,1 ⇥ SU(3)c,2 ⇥ SU(3)c,3 ⇥ SU(2)L ⇥ U(1)Y

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

[Barbieri and Isidori, 2312.14004]
<latexit sha1_base64="GvJe1uyQUW475JoARJrB+mmp1Dc="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)R1 ⇥ U(1)R2 ⇥ U(1)(B�L)12 ⇥ U(1)Y3

<latexit sha1_base64="SYtF0dWosKYUp5NDZcWtUF1leIY=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDzJ3bfd+2B5WqU3MWQOvELUgVCrQGla/+MCZpRIUmHCvluU6i/QxLzQin5tFU0QSTCR5Rz1CBI6r8bLH0HF0YZYjCWJoSGi3U3xMZjpSaRYHpjLAeq1UvF//zvFSH137GRJJqKsjyozDlSMcoTwANmaRE85khmEhmdkVkjCUm2uSUh+CunrxOOvWa26g1HurV5k0RRxnO4BwuwYUraMI9tKANBJ7gGV7hzZpaL9a79bFsLVnFzCn8gfX5Ay4MkGw=</latexit>

G1
<latexit sha1_base64="sQ9DvN3bBcav3CJJ9Yevmx6fCxg=">AAAB9HicbVC7TsMwFL0prxJeBUYWiwqJqUo6FMYKBhiLRB9SGlWO67RWHSfYTqUq6newMIAQKx/Dxt/gtBmg5UhXOjrnXvveEyScKe0431ZpY3Nre6e8a+/tHxweVY5POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJre5351SqVgsHvUsoX6ER4KFjGBtJL/v2XeDrD63+75tDypVp+YsgNaJW5AqFGgNKl/9YUzSiApNOFbKc51E+xmWmhFOzaOpogkmEzyinqECR1T52WLpObowyhCFsTQlNFqovycyHCk1iwLTGWE9VqteLv7neakOr/2MiSTVVJDlR2HKkY5RngAaMkmJ5jNDMJHM7IrIGEtMtMkpD8FdPXmddOo1t1FrPNSrzZsijjKcwTlcggtX0IR7aEEbCDzBM7zCmzW1Xqx362PZWrKKmVP4A+vzBy+WkG0=</latexit>

G2
<latexit sha1_base64="T8HYD8DuyR82/SwcgbRvqzfy24g=">AAAB9HicbVDLSsNAFL3xWeOr6tLNYBFclaRCdVl0ocsK9gFpKJPppB06mcSZSaGEfocbF4q49WPc+TdO2iy09cCFwzn3ztx7goQzpR3n21pb39jc2i7t2Lt7+weH5aPjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8W3udyZUKhaLRz1NqB/hoWAhI1gbye959l0/u5zZPd+2++WKU3XmQKvELUgFCjT75a/eICZpRIUmHCvluU6i/QxLzQin5tFU0QSTMR5Sz1CBI6r8bL70DJ0bZYDCWJoSGs3V3xMZjpSaRoHpjLAeqWUvF//zvFSH137GRJJqKsjiozDlSMcoTwANmKRE86khmEhmdkVkhCUm2uSUh+Aun7xK2rWqW6/WH2qVxk0RRwlO4QwuwIUraMA9NKEFBJ7gGV7hzZpYL9a79bFoXbOKmRP4A+vzBzEgkG4=</latexit>

G3

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/hep-ph/9602390
https://arxiv.org/abs/0911.1480
https://arxiv.org/abs/2011.01946
https://arxiv.org/abs/2312.13346
https://arxiv.org/abs/2401.00848
https://arxiv.org/abs/hep-ph/9504393
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2006.16250
https://arxiv.org/abs/2312.14004
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<latexit sha1_base64="LokjAR/Ko6OYpA0b2IsguT7Fbgk="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H3 1 2 0 0 1/2

4

Tri-hypercharge: basics
• Gauge anomalies cancel separately for each family, 

as in the SM, but without family replication.

<latexit sha1_base64="04IDmtvV9NzePlrvD74hOm7K0AY=">AAACMXicbVDLThsxFPVAW2D6YFqWbKxGlegi0QxC0CUqG5ZBIoCUSSOP5yZx48dg30GNRvmlbvgTxIYFCLHlJ/CELHgdydLxOff6+p6skMJhHF8FC4vv3n9YWl4JP376/GU1+vrtyJnScuhwI409yZgDKTR0UKCEk8ICU5mE42y8V/vHZ2CdMPoQJwX0FBtqMRCcoZf60X5aOPGn4tMUTktxliL8Q6uqvXaTG/23HDKEnG5s+p sqjAaNP6kVwxE2R0zn3hoIkLmbhmE/asSteAb6miRz0iBztPvRRZobXir/JpfMuW4SF9irmEXBJUzDtHRQMD5mQ+h6qpkC16tmG0/pD6/44cb6o5HO1KcdFVPOTVTmKxXDkXvp1eJbXrfEwa9eJXRRImj+OGhQSoqG1vHRXFjgKCeeMG6F/yvlI2YZRx9yHULycuXX5GizlWy3tg+2Gru/53Esk3XynWyQhOyQXbJP2qRDOPlPLsk1uQnOg6vgNrh7LF0I5j1r5BmC+wemH6pm</latexit>

 c ⌘ CP-conjugated (2-component) right-handed fields
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<latexit sha1_base64="LokjAR/Ko6OYpA0b2IsguT7Fbgk="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H3 1 2 0 0 1/2

4

Tri-hypercharge: basics
• Gauge anomalies cancel separately for each family, 

as in the SM, but without family replication.

• The EW Higgs doublet(s) is a third family particle,                                           
i.e.                                      such that:

<latexit sha1_base64="04IDmtvV9NzePlrvD74hOm7K0AY=">AAACMXicbVDLThsxFPVAW2D6YFqWbKxGlegi0QxC0CUqG5ZBIoCUSSOP5yZx48dg30GNRvmlbvgTxIYFCLHlJ/CELHgdydLxOff6+p6skMJhHF8FC4vv3n9YWl4JP376/GU1+vrtyJnScuhwI409yZgDKTR0UKCEk8ICU5mE42y8V/vHZ2CdMPoQJwX0FBtqMRCcoZf60X5aOPGn4tMUTktxliL8Q6uqvXaTG/23HDKEnG5s+p sqjAaNP6kVwxE2R0zn3hoIkLmbhmE/asSteAb6miRz0iBztPvRRZobXir/JpfMuW4SF9irmEXBJUzDtHRQMD5mQ+h6qpkC16tmG0/pD6/44cb6o5HO1KcdFVPOTVTmKxXDkXvp1eJbXrfEwa9eJXRRImj+OGhQSoqG1vHRXFjgKCeeMG6F/yvlI2YZRx9yHULycuXX5GizlWy3tg+2Gru/53Esk3XynWyQhOyQXbJP2qRDOPlPLsk1uQnOg6vgNrh7LF0I5j1r5BmC+wemH6pm</latexit>

 c ⌘ CP-conjugated (2-component) right-handed fields

<latexit sha1_base64="Q1LUX0cAo5t44DOySguMr9KoOns="></latexit>

L = ytq3H3u
c
3 + ybq3H̃3d

c
3 + y⌧ `3

eH3e
c
3

<latexit sha1_base64="46F+KhzbbQHu9PewyQ8ObtD/ZQY="></latexit>

H3 ⇠ (1,2)(0,0,1/2)
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<latexit sha1_base64="daFU/7HMy8mWz/lSqQg2hs+Ay3k="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H
u,d
3 1 2 0 0 ±1/2

4

Tri-hypercharge: basics
• Gauge anomalies cancel separately for each family, 

as in the SM, but without family replication.

• The EW Higgs doublet(s) is a third family particle,                                           
i.e.                                      such that:

• Type II 2HDM can take care of                   mass                
hierarchies via                                            .

<latexit sha1_base64="04IDmtvV9NzePlrvD74hOm7K0AY=">AAACMXicbVDLThsxFPVAW2D6YFqWbKxGlegi0QxC0CUqG5ZBIoCUSSOP5yZx48dg30GNRvmlbvgTxIYFCLHlJ/CELHgdydLxOff6+p6skMJhHF8FC4vv3n9YWl4JP376/GU1+vrtyJnScuhwI409yZgDKTR0UKCEk8ICU5mE42y8V/vHZ2CdMPoQJwX0FBtqMRCcoZf60X5aOPGn4tMUTktxliL8Q6uqvXaTG/23HDKEnG5s+p sqjAaNP6kVwxE2R0zn3hoIkLmbhmE/asSteAb6miRz0iBztPvRRZobXir/JpfMuW4SF9irmEXBJUzDtHRQMD5mQ+h6qpkC16tmG0/pD6/44cb6o5HO1KcdFVPOTVTmKxXDkXvp1eJbXrfEwa9eJXRRImj+OGhQSoqG1vHRXFjgKCeeMG6F/yvlI2YZRx9yHULycuXX5GizlWy3tg+2Gru/53Esk3XynWyQhOyQXbJP2qRDOPlPLsk1uQnOg6vgNrh7LF0I5j1r5BmC+wemH6pm</latexit>

 c ⌘ CP-conjugated (2-component) right-handed fields

<latexit sha1_base64="soSn1UW+AL8o2SPtadQfxtnWOgQ="></latexit>

tan� = vu/vd ⇡ ��2 ' 20

<latexit sha1_base64="6GQ3X96DIxa6HUMgDOg6iAQrPjI=">AAACIHicbZDLSgMxGIUzXut4q7rTzWARXEid6aK6LLpxWcFeYGYYMmnahiaTIflHKEPBZ3HhVh/DnbjUl/AVTC8LbXsg8HHOn5D/xClnGlz3y1pZXVvf2Cxs2ds7u3v7xYPDppaZIrRBJJeqHWNNOUtoAxhw2k4VxSLmtBUPbsd565EqzWTyAMOUhgL3EtZlBIOxouJx4NsiyuOLAHA2ujQIIzsIbaOoWHLL7kTOIngzKKGZ6lHxJ+hIkgmaAOFYa99zUwhzrIARTs2zmaYpJgPco77BBAuqw3yyw8g5M07H6UplTgLOxP17I8dC66GIzaTA0Nfz2dhcmsVSDgDHelnoZ9C9DnOWpBnQhEx/0c24A9IZt+V0mKIE+NAAJoqZRRzSxwoTMJ2OG/Lm+1iEZqXsVcvV+0qpdjPrqoBO0Ck6Rx66QjV0h+qogQh6Qi/oFb1Zz9a79WF9TkdXrNmdI/RP1vcvScqhnw==</latexit>

mb,⌧/mt

<latexit sha1_base64="a2jqGrB+2TBbacRrLmyhWIKNy0E="></latexit>

L = ytq3H
u
3 u

c
3 + ybq3H

d
3d

c
3 + y⌧ `3H

d
3 e

c
3

<latexit sha1_base64="LS/goAiGv8yI94PR1h0NawMtFUI="></latexit>

H
u,d
3 ⇠ (1,2)(0,0,±1/2)
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<latexit sha1_base64="daFU/7HMy8mWz/lSqQg2hs+Ay3k="></latexit>

Field SU(3)c SU(2)L U(1)Y1 U(1)Y2 U(1)Y3

q1 3 2 1/6 0 0
u
c
1 3̄ 1 �2/3 0 0

d
c
1 3̄ 1 1/3 0 0

`1 1 2 �1/2 0 0
e
c
1 1 1 1 0 0

q2 3 2 0 1/6 0
u
c
2 3̄ 1 0 �2/3 0

d
c
2 3̄ 1 0 1/3 0

`2 1 2 0 �1/2 0
e
c
2 1 1 0 1 0

q3 3 2 0 0 1/6
u
c
3 3̄ 1 0 0 �2/3

d
c
3 3̄ 1 0 0 1/3

`3 1 2 0 0 �1/2
e
c
3 1 1 0 0 1

H
u,d
3 1 2 0 0 ±1/2

4

Tri-hypercharge: basics
• Gauge anomalies cancel separately for each family, 

as in the SM, but without family replication.

• The EW Higgs doublet(s) is a third family particle,                                           
i.e.                                      such that:

• Type II 2HDM can take care of                   mass                
hierarchies via                                            .

• Light charged fermion masses and mixing arise from 
the tri-hypercharge SSB down to SM hypercharge:

<latexit sha1_base64="04IDmtvV9NzePlrvD74hOm7K0AY=">AAACMXicbVDLThsxFPVAW2D6YFqWbKxGlegi0QxC0CUqG5ZBIoCUSSOP5yZx48dg30GNRvmlbvgTxIYFCLHlJ/CELHgdydLxOff6+p6skMJhHF8FC4vv3n9YWl4JP376/GU1+vrtyJnScuhwI409yZgDKTR0UKCEk8ICU5mE42y8V/vHZ2CdMPoQJwX0FBtqMRCcoZf60X5aOPGn4tMUTktxliL8Q6uqvXaTG/23HDKEnG5s+p sqjAaNP6kVwxE2R0zn3hoIkLmbhmE/asSteAb6miRz0iBztPvRRZobXir/JpfMuW4SF9irmEXBJUzDtHRQMD5mQ+h6qpkC16tmG0/pD6/44cb6o5HO1KcdFVPOTVTmKxXDkXvp1eJbXrfEwa9eJXRRImj+OGhQSoqG1vHRXFjgKCeeMG6F/yvlI2YZRx9yHULycuXX5GizlWy3tg+2Gru/53Esk3XynWyQhOyQXbJP2qRDOPlPLsk1uQnOg6vgNrh7LF0I5j1r5BmC+wemH6pm</latexit>

 c ⌘ CP-conjugated (2-component) right-handed fields

<latexit sha1_base64="soSn1UW+AL8o2SPtadQfxtnWOgQ="></latexit>

tan� = vu/vd ⇡ ��2 ' 20

<latexit sha1_base64="6GQ3X96DIxa6HUMgDOg6iAQrPjI=">AAACIHicbZDLSgMxGIUzXut4q7rTzWARXEid6aK6LLpxWcFeYGYYMmnahiaTIflHKEPBZ3HhVh/DnbjUl/AVTC8LbXsg8HHOn5D/xClnGlz3y1pZXVvf2Cxs2ds7u3v7xYPDppaZIrRBJJeqHWNNOUtoAxhw2k4VxSLmtBUPbsd565EqzWTyAMOUhgL3EtZlBIOxouJx4NsiyuOLAHA2ujQIIzsIbaOoWHLL7kTOIngzKKGZ6lHxJ+hIkgmaAOFYa99zUwhzrIARTs2zmaYpJgPco77BBAuqw3yyw8g5M07H6UplTgLOxP17I8dC66GIzaTA0Nfz2dhcmsVSDgDHelnoZ9C9DnOWpBnQhEx/0c24A9IZt+V0mKIE+NAAJoqZRRzSxwoTMJ2OG/Lm+1iEZqXsVcvV+0qpdjPrqoBO0Ck6Rx66QjV0h+qogQh6Qi/oFb1Zz9a79WF9TkdXrNmdI/RP1vcvScqhnw==</latexit>

mb,⌧/mt

<latexit sha1_base64="zvfJE/ta9f4a1eP0oopzoEUktpY="></latexit>

YSM ⌘ Y = Y1 + Y2 + Y3

<latexit sha1_base64="a2jqGrB+2TBbacRrLmyhWIKNy0E="></latexit>

L = ytq3H
u
3 u

c
3 + ybq3H

d
3d

c
3 + y⌧ `3H

d
3 e

c
3

<latexit sha1_base64="LS/goAiGv8yI94PR1h0NawMtFUI="></latexit>

H
u,d
3 ⇠ (1,2)(0,0,±1/2)
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Tri-hypercharge: spurions
<latexit sha1_base64="mh+Kz+Yn9KZZbgZ7P1GrG+Lj51k="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 0
0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

5

Tri-hypercharge: spurions
<latexit sha1_base64="mh+Kz+Yn9KZZbgZ7P1GrG+Lj51k="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 0
0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

5

Tri-hypercharge: spurions

<latexit sha1_base64="LtNElNXKYklvZeSd+6G04oQ29QY="></latexit>

� ⇠ (0,�1

6
,
1

6
)

<latexit sha1_base64="95LRP4yBsvh0KLhjZG8wFKZDsIs="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 �(0,� 1

6 ,
1
6 )

0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

<latexit sha1_base64="tADnARsUQJGjhM5BxnOo2dEqLOE=">AAACWXicdVHLSsNAFJ3EqjW+Wrt0M1gEVyWpUN0IRTddVrAPaGOYTKbt0EkmzkzEEvI1fo1bXYk/47TNwj48MHA4517uvWf8mFGpbPvbMHcKu3v7xQPr8Oj45LRUPutKnghMOpgzLvo+koTRiHQUVYz0Y0FQ6DPS86cPc7/3SoSkPHpSs5i4IRpHdEQxUlrySnfDgTVsTyh88dJ61vLS6+w5DbJgSXBmDV3rf3ilql2zF4CbxMlJFeRoe2WjMAw4TkISKcyQlAPHjpWbIqEoZkSPSySJEZ6iMRloGqGQSDdd3JnBS60EcMSFfpGCC/VvR4pCKWehrytDpCZy3ZuLW723fMCK6HM+VciX2zoGiRrduimN4kSRCC9XGyUMKg7nMcOACoIVm2mCsKD6OognSCCs9GfMc3PWU9ok3XrNadQaj/Vq8z5PsAjOwQW4Ag64AU3QAm3QARi8gw/wCb6MH9Mwi6a1LDWNvKcCVmBWfgHcNqwF</latexit>

�q2H
d
3d

c
3
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

5
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               

• We also promote the spurion in the (2,2) entry to hyperon                                    :
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               

• We also promote the spurion in the (2,2) entry to hyperon                                    :
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Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 6

Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  
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Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 6

Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  

• Need to generate remaining quark mixing:
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Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  

• Need to generate remaining quark mixing:

‣ simply introduce just  
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Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  

• Need to generate remaining quark mixing:

‣ simply introduce just  
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Tri-hypercharge: spurions

• So far we have two scalars (hyperons)                             and  
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Tri-hypercharge: UV-complete model

<latexit sha1_base64="tJoFIfDdhDiQcv4z6K6dsZ7/Mjg="></latexit>

�q23 H
u,d
3

q2 Q3 Q3
u
c
3, d

c
3

<latexit sha1_base64="H1vJQpD8TmmGSwvP5vvWSrZi0kU="></latexit>

�`i3 H
u,d
3

qi, `i
u
c
i , d

c
i , e

c
i

H
u,d
i

H
u,d
i

<latexit sha1_base64="68q2eyrlcGXMss/xLvFXnMqxJHI=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBg5SkSPUiFL14rGDaQhvKZrtpl242YXcjlNAf4cWDIl79Pd78N27aHLT1wcDjvRlm5gUJZ0o7zrdVWlvf2Nwqb9s7u3v7B5XDo7aKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKX+50nKhWLxaOeJtSP8EiwkBGsjdRhN+5F3bYHlapTc+ZAq8QtSBUKtAaVr/4wJmlEhSYcK9VznUT7GZaaEU5ndj9VNMFkgke0Z6jAEVV+Nj93hs6MMkRhLE0Jjebq74kMR0pNo8B0RliP1bKXi/95vVSH137GRJJqKshiUZhypGOU/46GTFKi+dQQTCQztyIyxhITbRLKQ3CXX14l7XrNbdQaD5fV5m0RRxlO4BTOwYUraMI9tMADAhN4hld4sxLrxXq3PhatJauYOYY/sD5/AAmPjhQ=</latexit>

i = 1, 2

<latexit sha1_base64="V3yofTJUSbpqWRzXJ6E3m6vK8+w=">AAACDXicbVC7TsMwFHV4lvAKMLJYFKSyVEmHwoJUwcJYJPpASRQ5jtNadR6yHVAV9QdY+BUWBhBiZWfjb3DaDNBypHt1dM69su/xU0aFNM1vbWl5ZXVtvbKhb25t7+wae/tdkWQckw5OWML7PhKE0Zh0JJWM9FNOUOQz0vNHV4Xfuydc0CS+leOUuBEaxDSkGEklecaxY+t3Xp5NLlQPJrXA4XQwlIjz5AFmp7rj6rruGVWzbk4BF4lVkioo0faMLydIcBaRWGKGhLAtM5VujrikmJGJ7mSCpAiP0IDYisYoIsLNp9dM4IlSAhgmXFUs4VT9vZGjSIhx5KvJCMmhmPcK8T/PzmR47uY0TjNJYjx7KMwYlAksooEB5QRLNlYEYU7VXyEeIo6wVAEWIVjzJy+SbqNuNevNm0a1dVnGUQGH4AjUgAXOQAtcgzboAAwewTN4BW/ak/aivWsfs9Elrdw5AH+gff4A3siaIw==</latexit>

Yu = Yd(d ! u)

<latexit sha1_base64="+ZyDpR89HI56HJeu6KZOmHXJj74="></latexit>

L = Y
ij
u qiH

u
3 u

c
j + Y

ij
d qiH

d
3d

c
j + Y

ij
e `iH

d
3 e

c
j + h.c.

<latexit sha1_base64="4XViA8SPjv7hfn1R8UrvBRpAW98="></latexit>

Yd =

0

BBBBBBB@

cd11
�`13

M
H

d
1

cd12
�q12

MQ2

�`23

M
H

d
2

cd13
�q12

MQ2

�q23

MQ3

cd21
�`13

M
H

d
1

�q12

MQ1

cd22
�`23

M
H

d
2

cd23
�q23

MQ3

cd31
�`13

M
H

d
1

�q12

MQ2

�q23

MQ3

cd32
�`23

M
H

d
2

�q23

MQ2

yb

1

CCCCCCCA

<latexit sha1_base64="uRgDbYRchfsewYM/vHI5pWmeVxg="></latexit>

Ye =

0

BBBB@

ce11
�`13

M
H

d
1

0 0

0 ce22
�`23

M
H

d
2

0

0 0 y⌧

1

CCCCA

<latexit sha1_base64="mUqzdUqiATTk5FkzfFJosEp0rps="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
u,d
2 0 ±1/2 0 (1,2)

H
u,d
1 ±1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)

�q23 0 -1/6 1/6 (1,1)

�`13 -1/2 0 1/2 (1,1)

�`23 0 -1/2 1/2 (1,1)

Q1 1/6 0 0 (3,2)

Q2 0 1/6 0 (3,2)

Q3 0 0 1/6 (3,2)

Heavy messengers chosen  
to have approx. same matter 
under each hypercharge
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Tri-hypercharge: UV-complete model

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2
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Tri-hypercharge: UV-complete model

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2
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<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

<latexit sha1_base64="hFBVgtlLb5t6V27tffe68PV3vLw="></latexit>

v12 ⇠ h�q12i, MQ3 , MH
u,d
2

<latexit sha1_base64="hDb9dQC6qB0Qckg5AKWccReronk=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0XoopSki+qy6KYboQX7gCaGyWTaDp08mJmIJeQX/BRXbvUr3Ii4dec/OGkjaOuBC4dz7p2597gRo0IaxptWWFvf2Nwqbpd2dvf2D/TDo54IY45JF4cs5AMXCcJoQLqSSkYGESfIdxnpu9OrzO/fES5oGNzIWURsH40DOqIYSSU5esUalq6dpOUkZnqbxFUvTatWVSkdpVTraVqy7FIGRy8bNWMOuErMnJRBjrajf1leiGOfBBIzJMTQNCJpJ4hLihlR78aCRAhP0ZgMFQ2QT4SdzC9K4ZlSPDgKuapAwrn6eyJBvhAz31WdPpITsexl4r/e/c8HK9YwlqMLO6FBFEsS4MUOo5hBGcIsOehRTrBkM0UQ5lSdAfEEcYSlyjfLx1xOY5X06jWzUWt06uXmZZ5UEZyAU1ABJjgHTdACbdAFGDyAJ/AMXrRH7VV71z4WrQUtnzkGf6B9fgP5f6Vq</latexit>

M
H

u,d
1

, MQ1,2

<latexit sha1_base64="rm7T9r++dR5wVTFL9cYrfji1sMo="></latexit>

h�`13i
M

H
u,d
1

⇠ �6 h�q12i
MQ1,2

⇠ �

<latexit sha1_base64="e1llC3wTvbKmUm3zXELrKwWkjZo="></latexit>

h�`23i
M

H
u,d
2

⇠ �3 h�q23i
MQ3

⇠ �2
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<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="na8UlFO9HDjN9Rp1iD5Bsihudg8=">AAACH3icbVDLSsNAFJ3UV42vqks3g0VwISWpUF0W3XQjVLQPaGKYTKft0JlJmJkUSsifuPFX3LhQRNz1b0zSLrT1wMDhnHu5c44fMqq0Zc2Mwtr6xuZWcdvc2d3bPygdHrVVEElMWjhggez6SBFGBWlpqhnphpIg7jPS8ce3md+ZEKloIB71NCQuR0NBBxQjnUpeqeb0zIkXOxzpkeTxw12SOIpyhyExZAQ2vPgyeYqji37iyFwyHdc0Ta9UtipWDrhK7AUpgwWaXunb6Qc44kRozJBSPdsKtRsjqSlmJDGdSJEQ4TEakl5KBeJEuXGeL4FnqdKHg0CmT2iYq783YsSVmnI/ncxyqGUvE//zepEeXLsxFWGkicDzQ4OIQR3ArCzYp5JgzaYpQVjS9K8Qj5BEWKeVZiXYy5FXSbtasWuV2n21XL9Z1FEEJ+AUnAMbXIE6aIAmaAEMnsEreAcfxovxZnwaX/PRgrHYOQZ/YMx+ABYnolI=</latexit>

vSM ⇠ hHu,d
3 i

<latexit sha1_base64="jYbg+6vf2EsMQNKn4A0TQCHHADs="></latexit>

v23 ⇠ h�q23i, h�`23i, h�`13i

<latexit sha1_base64="jjst7JIMuTUkeIw/Zus5q+6CWoM=">AAACDXicbVDLSsNAFJ3UV42vqEs3wSpUkJKIVpdFN+6s0Bc0sUymk3boTBJmJkIJ+QE3/oobF4q4de/Ov3GSZqHVAxcO59zLvfd4ESVCWtaXVlpYXFpeKa/qa+sbm1vG9k5HhDFHuI1CGvKeBwWmJMBtSSTFvYhjyDyKu97kKvO795gLEgYtOY2wy+AoID5BUCppYBw4DMoxgjS5Sau2dZecpc5xrnGWtHAnPdJ1fWBUrJqVw/xL7IJUQIHmwPh0hiGKGQ4kolCIvm1F0k0glwRRnOpOLHAE0QSOcF/RADIs3CT/JjUPlTI0/ZCrCqSZqz8nEsiEmDJPdWZ3inkvE//z+rH0L9yEBFEscYBmi/yYmjI0s2jMIeEYSTpVBCJO1K0mGkMOkVQBZiHY8y//JZ2Tml2v1W9PK43LIo4y2AP7oApscA4a4Bo0QRsg8ACewAt41R61Z+1Ne5+1lrRiZhf8gvbxDUtJmmo=</latexit>

O(105 TeV)

<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations:
<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>
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<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

Different CKM alignments are 
possible (via          coefficients)

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>
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Phenomenology

See talk by

 Claudia Cornella!

The SM effective theory (SMEFT)

ℒSMEFT = ℒSM + Cαβij
ℓq (ℓα

L γμqj
L)(qi

Lγμℓβ
L) + … [Cℓq ∼ Λ−2 ∼ g2

NP/m

SMEFT [ ]E ≪ MNP

E

NPq q

ℓ ℓ

q

ℓ

q

ℓ

E ≪ MNP

If New Physics (NP) is heavy (mass gap), the SMEFT provides the analog of 
the Fermi theory for the SM

59 new possible interactions (2499 new flavorful couplings) at 𝒪(Λ−2)
NP is unlikely to produce them all with the same strength

Can we infer anything about them from the SM couplings?

   Javier Fuentes-Martín | Long-term impact of flavor physics in model building 7
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U(2)5

vSM

<latexit sha1_base64="kMc04QmoPcN0L8P82sbasgFudY8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12
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•        potentially mediating                 
mixing and                     , typically:

‣ Higher for large            and           .

The SM effective theory (SMEFT)

ℒSMEFT = ℒSM + Cαβij
ℓq (ℓα
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Lγμℓβ
L) + … [Cℓq ∼ Λ−2 ∼ g2

NP/m

SMEFT [ ]E ≪ MNP

E

NPq q
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ℓ

E ≪ MNP

If New Physics (NP) is heavy (mass gap), the SMEFT provides the analog of 
the Fermi theory for the SM

59 new possible interactions (2499 new flavorful couplings) at 𝒪(Λ−2)
NP is unlikely to produce them all with the same strength

Can we infer anything about them from the SM couplings?
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v12 & O(100 TeV)

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>
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<latexit sha1_base64="WRJzQ5Yapk2rFsTpQH22p01wiUk=">AAACM3icbVDLSsNAFJ34rPFVdekmWIS6qUkX1WXRjcsq9gFNDJPJpB06eTBzI5bQz/BTXLnVjxB34rb/4KStoG0PXDiccy/33uMlnEkwzQ9tZXVtfWOzsKVv7+zu7RcPDlsyTgWhTRLzWHQ8LClnEW0CA047iaA49Dhte4Pr3G8/UiFZHN3DMKFOiHsRCxjBoCS3eG539bINfQrYze5GD5k/OnMzqzrSbUdfArdYMivmBMYisWakhGZouMWx7cckDWkEhGMpu5aZgJNhAYxwqtakkiaYDHCPdhWNcEilk00eGxmnSvGNIBaqIjAm6t+JDIdSDkNPdYYY+nLey8Wl3tPvggWrm0Jw6WQsSlKgEZneEKTcgNjIAzR8JigBPlQEE8HUGwbpY4EJqJjzfKz5NBZJq1qxapXabbVUv5olVUDH6ASVkYUuUB3doAZqIoKe0St6Q+/ai/apfWnf09YVbTZzhP5BG/8AHeCjyA==</latexit>
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<latexit sha1_base64="aOtdr2h6W0/mSRzRQy5CHdtq0OY=">AAACM3icbVDLTgJBEJz1ifhCPXrZSEzwgrsc0CPRi0c08khg3cwODUyYfWSm10g2fIaf4smrfoTxZrzyD84CJgpU0kmlqjvdXV4kuELL+jBWVtfWNzYzW9ntnd29/dzBYV2FsWRQY6EIZdOjCgQPoIYcBTQjCdT3BDS8wXXqNx5BKh4G9ziMwPFpL+Bdzihqyc2dt1vZQhv7gNRN7kYPCYzO3MQujbJtJ7sEbi5vFa0JzEViz0iezFB1c+N2J2SxDwEyQZVq2VaETkIlciZAr4kVRJQNaA9amgbUB+Ukk8dG5qlWOmY3lLoCNCfq34mE+koNfU93+hT7at5LxaXe0++CBasVY/fSSXgQxQgBm97QjYWJoZkGaHa4BIZiqAllkus3TNankjLUMaf52PNpLJJ6qWiXi+XbUr5yNUsqQ47JCSkQm1yQCrkhVVIjjDyTV/JG3o0X49P4Mr6nrSvGbOaI/IMx/gEfnaPJ</latexit>
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Phenomenology

See talk by

 Claudia Cornella!

[see EW global fit and FCC-ee projections in Davighi and Stefanek, 2305.113344]

•        potentially mediating                 
mixing and                     , typically:

‣ Higher for large            and           .

•         protected by           symmetry, but  
tested by dilepton tails for low      and by  
EW precision for large     :

<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>
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' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
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The SM effective theory (SMEFT)

ℒSMEFT = ℒSM + Cαβij
ℓq (ℓα

L γμqj
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Lγμℓβ
L) + … [Cℓq ∼ Λ−2 ∼ g2

NP/m

SMEFT [ ]E ≪ MNP

E

NPq q

ℓ ℓ

q

ℓ
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E ≪ MNP

If New Physics (NP) is heavy (mass gap), the SMEFT provides the analog of 
the Fermi theory for the SM

59 new possible interactions (2499 new flavorful couplings) at 𝒪(Λ−2)
NP is unlikely to produce them all with the same strength

Can we infer anything about them from the SM couplings?
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<latexit sha1_base64="/APRJb+wd7E38Z7iEycb6wbONGg=">AAACOXicbVBNS8NAEN34WeNX1KOXxSLUS0kUq+BF9OKxglWhCWWynbaLu0nY3ail+Ev8KZ686i/w6E0ET/4BkxpBWx8MPN6bYWZemAiujeu+WBOTU9Mzs6U5e35hcWnZWVk913GqGDZYLGJ1GYJGwSNsGG4EXiYKQYYCL8Kr49y/uEaleRydmX6CgYRuxDucgcmklrPrN21fpr7i3Z4BpeIbin4XpAT/oLKDW7Yf2ONoOWW36g5Bx4lXkDIpUG85H347ZqnEyDABWjc9NzHBAJThTOCd7acaE2BX0MVmRiOQqIPB8L07upkpbdqJVVaRoUP198QApNZ9GWadEkxPj3q5+K93+7NgzGqmprMfDHiUpAYj9n1DJxXUxDSPkba5QmZEPyPAFM/eoKwHCpjJws7z8UbTGCfn21WvVq2dbpcPj4qkSmSdbJAK8cgeOSQnpE4ahJF78kieyLP1YL1ab9b7d+uEVcyskT+wPr8ASoymYQ==</latexit>
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<latexit sha1_base64="aOtdr2h6W0/mSRzRQy5CHdtq0OY=">AAACM3icbVDLTgJBEJz1ifhCPXrZSEzwgrsc0CPRi0c08khg3cwODUyYfWSm10g2fIaf4smrfoTxZrzyD84CJgpU0kmlqjvdXV4kuELL+jBWVtfWNzYzW9ntnd29/dzBYV2FsWRQY6EIZdOjCgQPoIYcBTQjCdT3BDS8wXXqNx5BKh4G9ziMwPFpL+Bdzihqyc2dt1vZQhv7gNRN7kYPCYzO3MQujbJtJ7sEbi5vFa0JzEViz0iezFB1c+N2J2SxDwEyQZVq2VaETkIlciZAr4kVRJQNaA9amgbUB+Ukk8dG5qlWOmY3lLoCNCfq34mE+koNfU93+hT7at5LxaXe0++CBasVY/fSSXgQxQgBm97QjYWJoZkGaHa4BIZiqAllkus3TNankjLUMaf52PNpLJJ6qWiXi+XbUr5yNUsqQ47JCSkQm1yQCrkhVVIjjDyTV/JG3o0X49P4Mr6nrSvGbOaI/IMx/gEfnaPJ</latexit>

(✓eR)12

<latexit sha1_base64="Ii67c3Gu/ve9oinDnKczOZ/4KWY=">AAACJnicbVDLSsNAFJ34rPEVdelmaBHqpiQFq8uiG5cVTFtIY5lMJ+3QySTMTMQSuvdTXLnVr3An4s4f8B+ctBW07YELh3Pu5d57goRRqWz701hZXVvf2Cxsmds7u3v71sFhU8apwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvMr91j0Rksb8Vo0S4keoz2lIMVJa6lrFjme65erpXXY2Nju+uQRdq2RX7AngInFmpARmaHSt704vxmlEuMIMSek5dqL8DAlFMSN6TSpJgvAQ9YmnKUcRkX42+WUMT7TSg2EsdHEFJ+rfiQxFUo6iQHdGSA3kvJeLS72H3wULlpeq8MLPKE9SRTie3hCmDKoY5pnBHhUEKzbSBGFB9RsQD5BAWOlk83yc+TQWSbNacWqV2k21VL+cJVUAx6AIysAB56AOrkEDuACDR/AMXsCr8WS8Ge/Gx7R1xZjNHIF/ML5+AICgnck=</latexit>

U(2)5
<latexit sha1_base64="6Anas4TBcatKn39VwynKAFwDnDw=">AAACI3icbVDLSsNAFJ3UV42vqEsXDhbBVUkqVJdFNy4r2AekIUymk3boZBJmJmIJXfoprtzqV7gTNy78BP/BSRtB2x64cDjnXu69J0gYlcq2P43Syura+kZ509za3tnds/YP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRte537knQtKY36lxQrwIDTgNKUZKS7513HPNgZ+dT8yeZy6Bb1Xsqj0FXCROQSqgQNO3vnv9GKcR4QozJKXr2InyMiQUxYzoNakkCcIjNCCuphxFRHrZ9JEJPNVKH4ax0MUVnKp/JzIUSTmOAt0ZITWU814uLvUefhcsWG6qwksvozxJFeF4dkOYMqhimAcG+1QQrNhYE4QF1W9APEQCYaVjzfNx5tNYJO1a1alX67e1SuOqSKoMjsAJOAMOuAANcAOaoAUweATP4AW8Gk/Gm/FufMxaS0Yxcwj+wfj6AUfqnTk=</latexit>g3

<latexit sha1_base64="6Anas4TBcatKn39VwynKAFwDnDw=">AAACI3icbVDLSsNAFJ3UV42vqEsXDhbBVUkqVJdFNy4r2AekIUymk3boZBJmJmIJXfoprtzqV7gTNy78BP/BSRtB2x64cDjnXu69J0gYlcq2P43Syura+kZ509za3tnds/YP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRte537knQtKY36lxQrwIDTgNKUZKS7513HPNgZ+dT8yeZy6Bb1Xsqj0FXCROQSqgQNO3vnv9GKcR4QozJKXr2InyMiQUxYzoNakkCcIjNCCuphxFRHrZ9JEJPNVKH4ax0MUVnKp/JzIUSTmOAt0ZITWU814uLvUefhcsWG6qwksvozxJFeF4dkOYMqhimAcG+1QQrNhYE4QF1W9APEQCYaVjzfNx5tNYJO1a1alX67e1SuOqSKoMjsAJOAMOuAANcAOaoAUweATP4AW8Gk/Gm/FufMxaS0Yxcwj+wfj6AUfqnTk=</latexit>g3

https://arxiv.org/abs/2305.16280
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<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

9

Phenomenology

See talk by

 Claudia Cornella!

[see EW global fit and FCC-ee projections in Davighi and Stefanek, 2305.113344]

•        potentially mediating                 
mixing and                     , typically:

‣ Higher for large            and           .

•         protected by           symmetry, but  
tested by dilepton tails for low      and by  
EW precision for large     :

<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

The SM effective theory (SMEFT)

ℒSMEFT = ℒSM + Cαβij
ℓq (ℓα

L γμqj
L)(qi

Lγμℓβ
L) + … [Cℓq ∼ Λ−2 ∼ g2

NP/m

SMEFT [ ]E ≪ MNP

E

NPq q

ℓ ℓ

q

ℓ

q

ℓ

E ≪ MNP

If New Physics (NP) is heavy (mass gap), the SMEFT provides the analog of 
the Fermi theory for the SM

59 new possible interactions (2499 new flavorful couplings) at 𝒪(Λ−2)
NP is unlikely to produce them all with the same strength

Can we infer anything about them from the SM couplings?
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v12

v23

U(3)5

U(2)5

vSM

<latexit sha1_base64="/pHYkrBaQ2lqYxGcOVs/4J3pCak="></latexit>

v12 & O(100 TeV)

<latexit sha1_base64="YctkvIG5AvEI7uL8vsRjpw1XbAM="></latexit>

g1 ' g2 ' g3 '
p
3gY

) v23 & 5 TeV

• if

2 4 6 8 10

0.5

1.0

1.5

2.0

<latexit sha1_base64="z2BgzUbF2rSDqkF5bAxZwj1MIAU=">AAACMnicbVDLTsJAFJ3iC/FVdemmkRhdkZYFuiS6cYmJPGJpyHS4wITpIzO3BtLwF36KK7f6E7ozbvUfHKAmCp5kkpNz7muOHwuu0LZfjdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2fKpA8BDqyFFAK5ZAA19A0x9eTf3mPUjFo/AWxzF4Ae2HvMcZRS11zFLbLbQRRjgblUroTtK7007qlCeTQtsrLKBjFu2SPYO1TJyMFEmGWsf8ancjlgQQIhNUKdexY/RSKpEzAXpFoiCmbEj74Goa0gCUl86OmVgnWulavUjqF6I1U393pDRQahz4ujKgOFCL3lT81xv9LFiy3AR7F17KwzhBCNn8hl4iLIysaX5Wl0tgKMaaUCa5/obFBlRShjrlaT7OYhrLpFEuOZVS5aZcrF5mSeXJETkmZ8Qh56RKrkmN1AkjD+SJPJMX49F4M96Nj3lpzsh6DskfGJ/ftselXA==</latexit>

Z 0
12

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="MinsLyvIMZyRDnfURU+jFsaHdUc=">AAACPXicbVA7T8MwGHTKq4RXgJElokIqA1XSoYBYKuiA1KVIlFZKospx3daq85DtIKoov4WfwsQKMz+ADVhZcdoglYaTLJ3u7rP9nRtSwoVhvCmFpeWV1bXiurqxubW9o+3u3fEgYgi3UUAD1nUhx5T4uC2IoLgbMgw9l+KOO75K/c49ZpwE/q2YhNjx4NAnA4KgkFJPO7cttXliBzKTXhE3E/ui3JgTGsmxajtqHj2tZFSMKfQ8MTNSAhlaPe3T7gco8rAvEIWcW6YRCieGTBBEcaLaEcchRGM4xJakPvQwd+Lpiol+JJW+PgiYPL7Qp+r8RAw9zieeK5MeFCO+6KXiv97D7wM5y4rE4MyJiR9GAvto9odBRHUR6GmVep8wjASdSAIRI3INHY0gg0jIwtN+zMU28uSuWjFrldpNtVS/zJoqggNwCMrABKegDq5BC7QBAo/gGbyAV+VJeVc+lK9ZtKBkM/vgD5TvH6MfqBI=</latexit>

K �K (D �D)
<latexit sha1_base64="/APRJb+wd7E38Z7iEycb6wbONGg=">AAACOXicbVBNS8NAEN34WeNX1KOXxSLUS0kUq+BF9OKxglWhCWWynbaLu0nY3ail+Ev8KZ686i/w6E0ET/4BkxpBWx8MPN6bYWZemAiujeu+WBOTU9Mzs6U5e35hcWnZWVk913GqGDZYLGJ1GYJGwSNsGG4EXiYKQYYCL8Kr49y/uEaleRydmX6CgYRuxDucgcmklrPrN21fpr7i3Z4BpeIbin4XpAT/oLKDW7Yf2ONoOWW36g5Bx4lXkDIpUG85H347ZqnEyDABWjc9NzHBAJThTOCd7acaE2BX0MVmRiOQqIPB8L07upkpbdqJVVaRoUP198QApNZ9GWadEkxPj3q5+K93+7NgzGqmprMfDHiUpAYj9n1DJxXUxDSPkba5QmZEPyPAFM/eoKwHCpjJws7z8UbTGCfn21WvVq2dbpcPj4qkSmSdbJAK8cgeOSQnpE4ahJF78kieyLP1YL1ab9b7d+uEVcyskT+wPr8ASoymYQ==</latexit>

µ ! e� (3e)

<latexit sha1_base64="WRJzQ5Yapk2rFsTpQH22p01wiUk=">AAACM3icbVDLSsNAFJ34rPFVdekmWIS6qUkX1WXRjcsq9gFNDJPJpB06eTBzI5bQz/BTXLnVjxB34rb/4KStoG0PXDiccy/33uMlnEkwzQ9tZXVtfWOzsKVv7+zu7RcPDlsyTgWhTRLzWHQ8LClnEW0CA047iaA49Dhte4Pr3G8/UiFZHN3DMKFOiHsRCxjBoCS3eG539bINfQrYze5GD5k/OnMzqzrSbUdfArdYMivmBMYisWakhGZouMWx7cckDWkEhGMpu5aZgJNhAYxwqtakkiaYDHCPdhWNcEilk00eGxmnSvGNIBaqIjAm6t+JDIdSDkNPdYYY+nLey8Wl3tPvggWrm0Jw6WQsSlKgEZneEKTcgNjIAzR8JigBPlQEE8HUGwbpY4EJqJjzfKz5NBZJq1qxapXabbVUv5olVUDH6ASVkYUuUB3doAZqIoKe0St6Q+/ai/apfWnf09YVbTZzhP5BG/8AHeCjyA==</latexit>

(✓dR)12
<latexit sha1_base64="aOtdr2h6W0/mSRzRQy5CHdtq0OY=">AAACM3icbVDLTgJBEJz1ifhCPXrZSEzwgrsc0CPRi0c08khg3cwODUyYfWSm10g2fIaf4smrfoTxZrzyD84CJgpU0kmlqjvdXV4kuELL+jBWVtfWNzYzW9ntnd29/dzBYV2FsWRQY6EIZdOjCgQPoIYcBTQjCdT3BDS8wXXqNx5BKh4G9ziMwPFpL+Bdzihqyc2dt1vZQhv7gNRN7kYPCYzO3MQujbJtJ7sEbi5vFa0JzEViz0iezFB1c+N2J2SxDwEyQZVq2VaETkIlciZAr4kVRJQNaA9amgbUB+Ukk8dG5qlWOmY3lLoCNCfq34mE+koNfU93+hT7at5LxaXe0++CBasVY/fSSXgQxQgBm97QjYWJoZkGaHa4BIZiqAllkus3TNankjLUMaf52PNpLJJ6qWiXi+XbUr5yNUsqQ47JCSkQm1yQCrkhVVIjjDyTV/JG3o0X49P4Mr6nrSvGbOaI/IMx/gEfnaPJ</latexit>

(✓eR)12

<latexit sha1_base64="Ii67c3Gu/ve9oinDnKczOZ/4KWY=">AAACJnicbVDLSsNAFJ34rPEVdelmaBHqpiQFq8uiG5cVTFtIY5lMJ+3QySTMTMQSuvdTXLnVr3An4s4f8B+ctBW07YELh3Pu5d57goRRqWz701hZXVvf2Cxsmds7u3v71sFhU8apwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvMr91j0Rksb8Vo0S4keoz2lIMVJa6lrFjme65erpXXY2Nju+uQRdq2RX7AngInFmpARmaHSt704vxmlEuMIMSek5dqL8DAlFMSN6TSpJgvAQ9YmnKUcRkX42+WUMT7TSg2EsdHEFJ+rfiQxFUo6iQHdGSA3kvJeLS72H3wULlpeq8MLPKE9SRTie3hCmDKoY5pnBHhUEKzbSBGFB9RsQD5BAWOlk83yc+TQWSbNacWqV2k21VL+cJVUAx6AIysAB56AOrkEDuACDR/AMXsCr8WS8Ge/Gx7R1xZjNHIF/ML5+AICgnck=</latexit>

U(2)5
<latexit sha1_base64="6Anas4TBcatKn39VwynKAFwDnDw=">AAACI3icbVDLSsNAFJ3UV42vqEsXDhbBVUkqVJdFNy4r2AekIUymk3boZBJmJmIJXfoprtzqV7gTNy78BP/BSRtB2x64cDjnXu69J0gYlcq2P43Syura+kZ509za3tnds/YP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRte537knQtKY36lxQrwIDTgNKUZKS7513HPNgZ+dT8yeZy6Bb1Xsqj0FXCROQSqgQNO3vnv9GKcR4QozJKXr2InyMiQUxYzoNakkCcIjNCCuphxFRHrZ9JEJPNVKH4ax0MUVnKp/JzIUSTmOAt0ZITWU814uLvUefhcsWG6qwksvozxJFeF4dkOYMqhimAcG+1QQrNhYE4QF1W9APEQCYaVjzfNx5tNYJO1a1alX67e1SuOqSKoMjsAJOAMOuAANcAOaoAUweATP4AW8Gk/Gm/FufMxaS0Yxcwj+wfj6AUfqnTk=</latexit>g3

<latexit sha1_base64="6Anas4TBcatKn39VwynKAFwDnDw=">AAACI3icbVDLSsNAFJ3UV42vqEsXDhbBVUkqVJdFNy4r2AekIUymk3boZBJmJmIJXfoprtzqV7gTNy78BP/BSRtB2x64cDjnXu69J0gYlcq2P43Syura+kZ509za3tnds/YP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRte537knQtKY36lxQrwIDTgNKUZKS7513HPNgZ+dT8yeZy6Bb1Xsqj0FXCROQSqgQNO3vnv9GKcR4QozJKXr2InyMiQUxYzoNakkCcIjNCCuphxFRHrZ9JEJPNVKH4ax0MUVnKp/JzIUSTmOAt0ZITWU814uLvUefhcsWG6qwksvozxJFeF4dkOYMqhimAcG+1QQrNhYE4QF1W9APEQCYaVjzfNx5tNYJO1a1alX67e1SuOqSKoMjsAJOAMOuAANcAOaoAUweATP4AW8Gk/Gm/FufMxaS0Yxcwj+wfj6AUfqnTk=</latexit>g3

https://arxiv.org/abs/2305.16280
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Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.
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Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="RfzVcvEZ/A9lFT2HT5t1NIEETlI="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i

�`23

MN23

`2H
u
3 ⌫

c
i + c1i

�`13

MN13

`1H
u
3 ⌫

c
i

+Mij⌫
c
i ⌫

c
j + h.c.

<latexit sha1_base64="mIT+jgyji7YvKWRrEwivvTuoJoY="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)

⌫c2 0 0 0 (1,1)

N23 0 1/2 -1/2 (1,1)

N13 1/2 0 -1/2 (1,1)
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Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:
<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="RfzVcvEZ/A9lFT2HT5t1NIEETlI="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i

�`23

MN23

`2H
u
3 ⌫

c
i + c1i

�`13

MN13

`1H
u
3 ⌫

c
i

+Mij⌫
c
i ⌫

c
j + h.c.

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1
<latexit sha1_base64="mIT+jgyji7YvKWRrEwivvTuoJoY="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)

⌫c2 0 0 0 (1,1)

N23 0 1/2 -1/2 (1,1)

N13 1/2 0 -1/2 (1,1)



Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 10

Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:
<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="RfzVcvEZ/A9lFT2HT5t1NIEETlI="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i
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u
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c
i + c1i
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+Mij⌫
c
i ⌫

c
j + h.c.

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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<latexit sha1_base64="mIT+jgyji7YvKWRrEwivvTuoJoY="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)

⌫c2 0 0 0 (1,1)

N23 0 1/2 -1/2 (1,1)

N13 1/2 0 -1/2 (1,1)
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Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:
<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="RfzVcvEZ/A9lFT2HT5t1NIEETlI="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i

�`23

MN23

`2H
u
3 ⌫

c
i + c1i

�`13

MN13

`1H
u
3 ⌫

c
i

+Mij⌫
c
i ⌫

c
j + h.c.

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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<latexit sha1_base64="6ydy8r9tJuzyvNAYU3CWmcoCnrw="></latexit>

m⌫ ' mDM�1
R mT

D Seesaw mechanism!

<latexit sha1_base64="mIT+jgyji7YvKWRrEwivvTuoJoY="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)

⌫c2 0 0 0 (1,1)

N23 0 1/2 -1/2 (1,1)

N13 1/2 0 -1/2 (1,1)
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Extension to neutrinos
• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

✓   

✓No need of  small couplings nor              
being very heavy 

✓No need of  adding extra scalars 

✓

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="HLbqObWdIFKs5Wh+wtKp7uSdRI4=">AAACHnicbVDLSsNAFJ3UV42vqDvdDBbBhZQkQhXcFN24rGAfkIQwmU7aoZMHM5NiCQU/xZVb/Qp34lY/wn9w0lbQ1gMXDufcO3PvCVJGhTTNT620tLyyulZe1zc2t7Z3jN29lkgyjkkTJyzhnQAJwmhMmpJKRjopJygKGGkHg+vCbw8JFzSJ7+QoJV6EejENKUZSSb5x4Dr60M8te3zqXipin41119ML+EbFrJoTwEVizUgFzNDwjS+3m+AsIrHEDAnhWGYqvRxxSTEj6t1MkBThAeoRR9EYRUR4+eSGMTxWSheGCVcVSzhRf0/kKBJiFAWqM0KyL+a9QvzXu//5YMFyMhleeDmN00ySGE93CDMGZQKLrGCXcoIlGymCMKfqDIj7iCMsVaJFPtZ8GoukZVetWrV2a1fqV7OkyuAQHIETYIFzUAc3oAGaAIMH8ASewYv2qL1qb9r7tLWkzWb2wR9oH9/SkZ+l</latexit>v12, v23

<latexit sha1_base64="wv6dJZUvvV5d/3rZ4amOScH/Q0A=">AAACLXicbVDLSsNAFJ3UV42vqEs3g0VQkJIUrC6LLnQjVLAPSGKZTKft0MmDmYm0hH6Dn+LKrX6FC0HcuvIfnKQRtPXAwOGce+/ce7yIUSFN800rLCwuLa8UV/W19Y3NLWN7pynCmGPSwCELedtDgjAakIakkpF2xAnyPUZa3vAi9Vv3hAsaBrdyHBHXR/2A9ihGUkkd48ix9WsHRREPR5Z5l1gnE+fY8ZEccD+5JM2J7rh6ho5RMstmBjhPrJyUQI56x/hyuiGOfRJIzJAQtmVG0k0QlxQzogbHgkQID1Gf2IoGyCfCTbKTJvBAKV3YC7l6gYSZ+rsjQb4QY99TlemyYtZLxX+90c8Hc5Ydy96Zm9AgiiUJ8HSHXsygDGEaHexSTrBkY0UQ5lSdAfEAcYSlCjjNx5pNY540K2WrWq7eVEq18zypItgD++AQWOAU1MAVqIMGwOABPIFn8KI9aq/au/YxLS1oec8u+APt8xvo1qXn</latexit>

M ⇡ 1015 GeV

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="RfzVcvEZ/A9lFT2HT5t1NIEETlI="></latexit>
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<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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<latexit sha1_base64="6ydy8r9tJuzyvNAYU3CWmcoCnrw="></latexit>

m⌫ ' mDM�1
R mT

D Seesaw mechanism!

<latexit sha1_base64="mIT+jgyji7YvKWRrEwivvTuoJoY="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)

⌫c2 0 0 0 (1,1)

N23 0 1/2 -1/2 (1,1)

N13 1/2 0 -1/2 (1,1)

<latexit sha1_base64="xV3TWxY5YqQsd/+E86Cho3eH5WQ="></latexit>

MN23,13 ⇡ v23 ⇡ O(10TeV)



Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 11

“Deconstructed” GUT?
• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings: 

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y,



Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 11

“Deconstructed” GUT?
• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings: 

• “Deconstructed” theories seems to preserve an approximate      (cyclic permutation symmetry) 
relating the three sites (i.e. approx. same matter content under the three sites):

‣ E.g.                                                       ,                                                ,
<latexit sha1_base64="uhqrb9L1sShREvrS+gI1fXLVCTI="></latexit>

{�( 1
2 ,�

1
2 ,0)

`12 ,�
( 1
2 ,0,�

1
2 )

`13 ,�
(0, 12 ,�

1
2 )

`23 }
<latexit sha1_base64="ODzJdRotWdQBk8vwDA84VahW+yA="></latexit>

{Q( 1
6 ,0,0)

1 , Q
(0, 16 ,0)
2 , Q

(0,0, 16 )
3 }

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

<latexit sha1_base64="2ZIVaAIQR/kdwFNYlP8t0CHm0/Q="></latexit>

{H( 1
2 ,0,0)

1 , H
(0, 12 ,0)
2 , H

(0,0, 12 )
3 }

,
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“Deconstructed” GUT?
• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings: 

• “Deconstructed” theories seems to preserve an approximate      (cyclic permutation symmetry) 
relating the three sites (i.e. approx. same matter content under the three sites):

‣ E.g.                                                       ,                                                ,

‣ If       is exact at very high energies, then:

 with       permuting the three           , contains a single gauge coupling in the UV.

<latexit sha1_base64="o/72Obl3b7xThS4sWMJOk303jGQ="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3[de Rújula, Georgi, Glashow 84’, ]SU(3)c × SU(3)L × SU(3)R × ℤ3

<latexit sha1_base64="uhqrb9L1sShREvrS+gI1fXLVCTI="></latexit>

{�( 1
2 ,�

1
2 ,0)

`12 ,�
( 1
2 ,0,�

1
2 )

`13 ,�
(0, 12 ,�

1
2 )

`23 }
<latexit sha1_base64="ODzJdRotWdQBk8vwDA84VahW+yA="></latexit>

{Q( 1
6 ,0,0)

1 , Q
(0, 16 ,0)
2 , Q

(0,0, 16 )
3 }

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3
<latexit sha1_base64="U309tBaTfxZGvKAc7coF2Xe+84I=">AAACGHicbVDLSsNAFJ34rPEVHzs3wSLUTUkKVpdFNy4rmraQhDKZTtqhk0mYmYg19EdcudWvcCdu3fkR/oOTNgVtPXDhcM693HtPkFAipGV9aUvLK6tr66UNfXNre2fX2NtviTjlCDsopjHvBFBgShh2JJEUdxKOYRRQ3A6GV7nfvsdckJjdyVGC/Qj2GQkJglJJXePQc/Vbp3J2qnu+PkPXKFtVawJzkdgFKYMCza7x7fVilEaYSUShEK5tJdLPIJcEUTzWvVTgBKIh7GNXUQYjLPxscv3YPFFKzwxjropJc6L+nshgJMQoClRnBOVAzHu5+K/3MFuwYLmpDC/8jLAklZih6Q1hSk0Zm3lKZo9wjCQdKQIRJ+oNEw0gh0iqLPN87Pk0FkmrVrXr1fpNrdy4LJIqgSNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2ifP4ikm5o=</latexit>

SU(5)

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

<latexit sha1_base64="2ZIVaAIQR/kdwFNYlP8t0CHm0/Q="></latexit>

{H( 1
2 ,0,0)

1 , H
(0, 12 ,0)
2 , H

(0,0, 12 )
3 }

,

[Salam 79’, Rajpoot 81’, Georgi 82’ …]
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“Deconstructed” GUT?
• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings: 

• “Deconstructed” theories seems to preserve an approximate      (cyclic permutation symmetry) 
relating the three sites (i.e. approx. same matter content under the three sites):

‣ E.g.                                                       ,                                                ,

‣ If       is exact at very high energies, then:

 with       permuting the three           , contains a single gauge coupling in the UV.

<latexit sha1_base64="o/72Obl3b7xThS4sWMJOk303jGQ="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3

✓ Deconstructed GUTs may be the origin of  low energy flavour deconstructed models.

[de Rújula, Georgi, Glashow 84’, ]SU(3)c × SU(3)L × SU(3)R × ℤ3

<latexit sha1_base64="uhqrb9L1sShREvrS+gI1fXLVCTI="></latexit>

{�( 1
2 ,�

1
2 ,0)

`12 ,�
( 1
2 ,0,�

1
2 )

`13 ,�
(0, 12 ,�

1
2 )

`23 }
<latexit sha1_base64="ODzJdRotWdQBk8vwDA84VahW+yA="></latexit>

{Q( 1
6 ,0,0)

1 , Q
(0, 16 ,0)
2 , Q

(0,0, 16 )
3 }

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3

<latexit sha1_base64="ICArV4+Wf/Y3maTFpmKfs1WD/RM=">AAACIXicbVDLSsNAFJ34rPEVdSnCYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQlZ/iyq1+hTtxJ36D/+CkTUFbDwwczrn3zr0nSBiVyrY/jaXlldW19dKGubm1vbNr7e23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB0Mr3K/fU+EpDG/VaOEeBHqcxpSjJSWfOuo65rdCKlBEGR3Yz87G5tdz5zBt8p2xZ4ALhKnIGVQoOFb391ejNOIcIUZktJ17ER5GRKKYkb07FSSBOEh6hNXU44iIr1scsYYnmilB8NY6McVnKi/OzIUSTmKAl2ZbyznvVz813uYfbBguakKL7yM8iRVhOPpDmHKoIphHhfsUUGwYiNNEBZUnwHxAAmElQ41z8eZT2ORtKoVp1ap3VTL9csiqRI4BMfgFDjgHNTBNWiAJsDgETyDF/BqPBlvxrvxMS1dMoqeA/AHxtcPdbegbA==</latexit>Z3
<latexit sha1_base64="U309tBaTfxZGvKAc7coF2Xe+84I=">AAACGHicbVDLSsNAFJ34rPEVHzs3wSLUTUkKVpdFNy4rmraQhDKZTtqhk0mYmYg19EdcudWvcCdu3fkR/oOTNgVtPXDhcM693HtPkFAipGV9aUvLK6tr66UNfXNre2fX2NtviTjlCDsopjHvBFBgShh2JJEUdxKOYRRQ3A6GV7nfvsdckJjdyVGC/Qj2GQkJglJJXePQc/Vbp3J2qnu+PkPXKFtVawJzkdgFKYMCza7x7fVilEaYSUShEK5tJdLPIJcEUTzWvVTgBKIh7GNXUQYjLPxscv3YPFFKzwxjropJc6L+nshgJMQoClRnBOVAzHu5+K/3MFuwYLmpDC/8jLAklZih6Q1hSk0Zm3lKZo9wjCQdKQIRJ+oNEw0gh0iqLPN87Pk0FkmrVrXr1fpNrdy4LJIqgSNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2ifP4ikm5o=</latexit>

SU(5)

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="l4W7Db6NtacovtOgkxtYhlOE1rY="></latexit>

SU(3)c ⇥ SU(2)L,1 ⇥ SU(2)L,2 ⇥ SU(2)L,3 ⇥ U(1)Y

<latexit sha1_base64="2ZIVaAIQR/kdwFNYlP8t0CHm0/Q="></latexit>

{H( 1
2 ,0,0)

1 , H
(0, 12 ,0)
2 , H

(0,0, 12 )
3 }

,

[Salam 79’, Rajpoot 81’, Georgi 82’ …]
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Deconstructed GUT example

<latexit sha1_base64="HXylrQvfM+vuhU88w87lTvVwKmM="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5̄ 1 1
F2 1 5̄ 1
F3 1 1 5̄
T1 10 1 1
T2 1 10 1
T3 1 1 10

⌦ 24 24 24

H1 5 1 1
H2 1 5 1
H3 1 1 5

+ hyperons and VL fermions of  tri-hypercharge model
<latexit sha1_base64="40SQJDVaftdgyhcCx3ExnwiQGbA=">AAAFa3icfVTdbtMwFM7GClv429gdcGFRVeKiq9pJDG4qTfxpmrgY0rpNasN04pw0po4d2Q5bifJOPA0SV/ACvAMnXZGWrtqREn3n87F9fM5nh5kU1nW7v1ZW76w17t5b3/DvP3j46PHm1pMTq3PDccC11OYsBItSKBw44SSeZQYhDSWehpN31fjpNzRWaHXsphkGKYyViAUHR9T55uFo6H88L0Q5MmKcODBGX7CoIr4UvBzpTO </latexit>

Fi ! dci � `i
<latexit sha1_base64="AjTaVEHuKKn3xDyFKRLOTQgAxi4="></latexit>

Ti ! qi � uc
i � eci
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Deconstructed GUT example

<latexit sha1_base64="pENeEy+Gk9X3AJnhOi1MdiRz1GM="></latexit>

SU(5)3

v24��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1 ⇥ U(1)2 ⇥ U(1)3
v12��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2 ⇥ U(1)3
v23��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2+3 .

• For tri-hypercharge, need of  deconstructing             and             as well for embedding 
in              This suggests a possible  intermediate scale, i.e. two options:SM3

<latexit sha1_base64="HXylrQvfM+vuhU88w87lTvVwKmM="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5̄ 1 1
F2 1 5̄ 1
F3 1 1 5̄
T1 10 1 1
T2 1 10 1
T3 1 1 10

⌦ 24 24 24

H1 5 1 1
H2 1 5 1
H3 1 1 5

+ hyperons and VL fermions of  tri-hypercharge model

<latexit sha1_base64="WauNCTM/PU1oGzdzO3y+jWmsMLk=">AAACHXicbVDLSsNAFJ34rPEVdSVuBotQNyWpUF0W3bisaNpCGsJkOmmHTh7MTMQSip/iyq1+hTtxK36E/+CkjaKtBy4czrl35t7jJ4wKaZof2sLi0vLKamlNX9/Y3No2dnZbIk45JjaOWcw7PhKE0YjYkkpGOgknKPQZafvDi9xv3xIuaBzdyFFC3BD1IxpQjKSSPGO/6+jXduXk2MvwWO+6+g88o2xWzQngPLEKUgYFmp7x2e3FOA1JJDFDQjiWmUg3Q1xSzIh6PBUkQXiI+sRRNEIhEW42OWEMj5TSg0HMVUUSTtTfExkKhRiFvuoMkRyIWS8X//Xuvj+Ys5xUBmduRqMklSTC0x2ClEEZwzwq2KOcYMlGiiDMqToD4gHiCEsVaJ6PNZvGPGnVqla9Wr+qlRvnRVIlcAAOQQVY4BQ0wCVoAhtgcA8ewRN41h60F+1Ve5u2LmjFzB74A+39C0BSnY4=</latexit>

SU(3)c
<latexit sha1_base64="rXqo0Tq0BYKhwfwkRKg7l315A44=">AAACHXicbVDLSsNAFJ34rPEVdSVugkWom5J0UV0W3bhwUdG0hTSEyXTSDp1MwsxELKH4Ka7c6le4E7fiR/gPTtoo2nrgwuGce2fuPUFCiZCW9aEtLC4tr6yW1vT1jc2tbWNntyXilCPsoJjGvBNAgSlh2JFEUtxJOIZRQHE7GJ7nfvsWc0FidiNHCfYi2GckJAhKJfnGftfVr51K7djPLsd619N/4Btlq2pNYM4TuyBlUKDpG5/dXozSCDOJKBTCta1EehnkkiCK1eOpwAlEQ9jHrqIMRlh42eSEsXmklJ4ZxlwVk+ZE/T2RwUiIURSozgjKgZj1cvFf7+77gznLTWV46mWEJanEDE13CFNqytjMozJ7hGMk6UgRiDhRZ5hoADlEUgWa52PPpjFPWrWqXa/Wr2rlxlmRVAkcgENQATY4AQ1wAZrAAQjcg0fwBJ61B+1Fe9Xepq0LWjGzB/5Ae/8CGBaddg==</latexit>

SU(2)L
<latexit sha1_base64="OEzFPNz4bv2DyYkgYCfxOm1YtkA=">AAACH3icbVDLSsNAFJ34rPEVddlNsAh1E5KK1WXRjcuKpi0ksUymk3boZBJmJmIJXfgprtzqV7gTt/0I/8GkjaitBy4czrmXe+/xY0qENM2JsrS8srq2XtpQN7e2d3a1vf2WiBKOsI0iGvGODwWmhGFbEklxJ+YYhj7FbX94mfvte8wFiditHMXYC2GfkYAgKDOpq5VdR72xq6fHd+nJ2FBdT/1BV6uYhjmFvkisglRAgWZX+3R7EUpCzCSiUAjHMmPppZBLgigeq24icAzREPaxk1EGQyy8dPrEWD/KlJ4eRDwrJvWp+nsihaEQo9DPOkMoB2Ley8V/vYfvBQuWk8jg3EsJixOJGZrdECRUl5Geh6X3CMdI0lFGIOIke0NHA8ghklmkeT7WfBqLpFUzrLpRv65VGhdFUiVQBoegCixwBhrgCjSBDRB4BM/gBbwqT8qb8q58zFqXlGLmAPyBMvkCoZadqw==</latexit>

SU(5)3.

<latexit sha1_base64="40SQJDVaftdgyhcCx3ExnwiQGbA=">AAAFa3icfVTdbtMwFM7GClv429gdcGFRVeKiq9pJDG4qTfxpmrgY0rpNasN04pw0po4d2Q5bifJOPA0SV/ACvAMnXZGWrtqREn3n87F9fM5nh5kU1nW7v1ZW76w17t5b3/DvP3j46PHm1pMTq3PDccC11OYsBItSKBw44SSeZQYhDSWehpN31fjpNzRWaHXsphkGKYyViAUHR9T55uFo6H88L0Q5MmKcODBGX7CoIr4UvBzpTO </latexit>

Fi ! dci � `i
<latexit sha1_base64="AjTaVEHuKKn3xDyFKRLOTQgAxi4="></latexit>

Ti ! qi � uc
i � eci
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Deconstructed GUT example

<latexit sha1_base64="pENeEy+Gk9X3AJnhOi1MdiRz1GM="></latexit>

SU(5)3

v24��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1 ⇥ U(1)2 ⇥ U(1)3
v12��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2 ⇥ U(1)3
v23��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2+3 .

• For tri-hypercharge, need of  deconstructing             and             as well for embedding 
in              This suggests a possible  intermediate scale, i.e. two options:SM3

<latexit sha1_base64="HXylrQvfM+vuhU88w87lTvVwKmM="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5̄ 1 1
F2 1 5̄ 1
F3 1 1 5̄
T1 10 1 1
T2 1 10 1
T3 1 1 10

⌦ 24 24 24

H1 5 1 1
H2 1 5 1
H3 1 1 5

+ hyperons and VL fermions of  tri-hypercharge model

<latexit sha1_base64="EdYfRHhas/L++KyI6exlF+9DBw8="></latexit>

SU(5)3
v24��! SM1 ⇥ SM2 ⇥ SM3

vSM3���! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1 ⇥ U(1)2 ⇥ U(1)3
v12��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2 ⇥ U(1)3
v23��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2+3 .

<latexit sha1_base64="WauNCTM/PU1oGzdzO3y+jWmsMLk=">AAACHXicbVDLSsNAFJ34rPEVdSVuBotQNyWpUF0W3bisaNpCGsJkOmmHTh7MTMQSip/iyq1+hTtxK36E/+CkjaKtBy4czrl35t7jJ4wKaZof2sLi0vLKamlNX9/Y3No2dnZbIk45JjaOWcw7PhKE0YjYkkpGOgknKPQZafvDi9xv3xIuaBzdyFFC3BD1IxpQjKSSPGO/6+jXduXk2MvwWO+6+g88o2xWzQngPLEKUgYFmp7x2e3FOA1JJDFDQjiWmUg3Q1xSzIh6PBUkQXiI+sRRNEIhEW42OWEMj5TSg0HMVUUSTtTfExkKhRiFvuoMkRyIWS8X//Xuvj+Ys5xUBmduRqMklSTC0x2ClEEZwzwq2KOcYMlGiiDMqToD4gHiCEsVaJ6PNZvGPGnVqla9Wr+qlRvnRVIlcAAOQQVY4BQ0wCVoAhtgcA8ewRN41h60F+1Ve5u2LmjFzB74A+39C0BSnY4=</latexit>

SU(3)c
<latexit sha1_base64="rXqo0Tq0BYKhwfwkRKg7l315A44=">AAACHXicbVDLSsNAFJ34rPEVdSVugkWom5J0UV0W3bhwUdG0hTSEyXTSDp1MwsxELKH4Ka7c6le4E7fiR/gPTtoo2nrgwuGce2fuPUFCiZCW9aEtLC4tr6yW1vT1jc2tbWNntyXilCPsoJjGvBNAgSlh2JFEUtxJOIZRQHE7GJ7nfvsWc0FidiNHCfYi2GckJAhKJfnGftfVr51K7djPLsd619N/4Btlq2pNYM4TuyBlUKDpG5/dXozSCDOJKBTCta1EehnkkiCK1eOpwAlEQ9jHrqIMRlh42eSEsXmklJ4ZxlwVk+ZE/T2RwUiIURSozgjKgZj1cvFf7+77gznLTWV46mWEJanEDE13CFNqytjMozJ7hGMk6UgRiDhRZ5hoADlEUgWa52PPpjFPWrWqXa/Wr2rlxlmRVAkcgENQATY4AQ1wAZrAAQjcg0fwBJ61B+1Fe9Xepq0LWjGzB/5Ae/8CGBaddg==</latexit>

SU(2)L
<latexit sha1_base64="OEzFPNz4bv2DyYkgYCfxOm1YtkA=">AAACH3icbVDLSsNAFJ34rPEVddlNsAh1E5KK1WXRjcuKpi0ksUymk3boZBJmJmIJXfgprtzqV7gTt/0I/8GkjaitBy4czrmXe+/xY0qENM2JsrS8srq2XtpQN7e2d3a1vf2WiBKOsI0iGvGODwWmhGFbEklxJ+YYhj7FbX94mfvte8wFiditHMXYC2GfkYAgKDOpq5VdR72xq6fHd+nJ2FBdT/1BV6uYhjmFvkisglRAgWZX+3R7EUpCzCSiUAjHMmPppZBLgigeq24icAzREPaxk1EGQyy8dPrEWD/KlJ4eRDwrJvWp+nsihaEQo9DPOkMoB2Ley8V/vYfvBQuWk8jg3EsJixOJGZrdECRUl5Geh6X3CMdI0lFGIOIke0NHA8ghklmkeT7WfBqLpFUzrLpRv65VGhdFUiVQBoegCixwBhrgCjSBDRB4BM/gBbwqT8qb8q58zFqXlGLmAPyBMvkCoZadqw==</latexit>

SU(5)3.

<latexit sha1_base64="40SQJDVaftdgyhcCx3ExnwiQGbA=">AAAFa3icfVTdbtMwFM7GClv429gdcGFRVeKiq9pJDG4qTfxpmrgY0rpNasN04pw0po4d2Q5bifJOPA0SV/ACvAMnXZGWrtqREn3n87F9fM5nh5kU1nW7v1ZW76w17t5b3/DvP3j46PHm1pMTq3PDccC11OYsBItSKBw44SSeZQYhDSWehpN31fjpNzRWaHXsphkGKYyViAUHR9T55uFo6H88L0Q5MmKcODBGX7CoIr4UvBzpTO </latexit>

Fi ! dci � `i
<latexit sha1_base64="AjTaVEHuKKn3xDyFKRLOTQgAxi4="></latexit>

Ti ! qi � uc
i � eci
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Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Gauge coupling unification
No intermediate  scale:SM3

<latexit sha1_base64="/K1KtcPt9PRxQSEFacQtm/iryks="></latexit>

SU(5)3
MGUT�! SU(3)c ⇥ SU(2)L ⇥ U(1)3Y

<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeVRobust prediction for GUT scale:

<latexit sha1_base64="EbvsfHUsBick9kv2bukHLEDXJhg="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(MGUT)
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Gauge coupling unification
No intermediate  scale:SM3

<latexit sha1_base64="/K1KtcPt9PRxQSEFacQtm/iryks="></latexit>

SU(5)3
MGUT�! SU(3)c ⇥ SU(2)L ⇥ U(1)3Y How low can can we deconstruct             and              ?

<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeVRobust prediction for GUT scale:

<latexit sha1_base64="Lx4widZ3pP3Hlq9Kn+dyticViW8="></latexit>

vSM3 = 5⇥ 1015 GeV
<latexit sha1_base64="46fisffMSrfctUpfnAg8TAB5Ycw="></latexit>

MGUT ' 1.8⇥ 1016 GeV

proton decay!

<latexit sha1_base64="Z24XvmtuihE5JnLdO7ctrVKIxrM=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkpSobosunFZ0bSFNITJdNIOnUzCzEQsoX6KK7f6Fe7EreBH+A9O2hS09cCFwzn3ztx7goQSIS3rS1taXlldWy9t6Jtb2zu7xt5+S8QpR9hBMY15J4ACU8KwI4mkuJNwDKOA4nYwvMr99j3mgsTsTo4S7EWwz0hIEJRK8o3DrqvfOpWzUz9DY73r6TP4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1dipwAtEQ9rGrKIMRFl42uWBsniilZ4YxV8WkOVF/T2QwEmIUBaozgnIg5r1c/Nd7mH2wYLmpDC+8jLAklZih6Q5hSk0Zm3lSZo9wjCQdKQIRJ+oMEw0gh0iqPPN87Pk0FkmrVrXr1fpNrdy4LJIqgSNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2ifPwYMnXo=</latexit>

SU(3)c
<latexit sha1_base64="P8AplaPBM6nxNBRibiXaJyGvatA=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkrSRXVZdOPCRUXTFtIQJtNJO3QyCTMTsYT6Ka7c6le4E7eCH+E/OGlT0NYDFw7n3Dtz7wkSSoS0rC9taXlldW29tKFvbm3v7Bp7+y0RpxxhB8U05p0ACkwJw44kkuJOwjGMAorbwfAy99v3mAsSszs5SrAXwT4jIUFQKsk3DruufutUaqd+dj3Wu54+g2+Urao1gblI7IKUQYGmb3x3ezFKI8wkolAI17YS6WWQS4IoVm+nAicQDWEfu4oyGGHhZZMLxuaJUnpmGHNVTJoT9fdEBiMhRlGgOiMoB2Ley8V/vYfZBwuWm8rw3MsIS1KJGZruEKbUlLGZJ2X2CMdI0pEiEHGizjDRAHKIpMozz8eeT2ORtGpVu16t39TKjYsiqRI4AsegAmxwBhrgCjSBAxB4BM/gBbxqT9qb9q59TFuXtGLmAPyB9vkD3dmdYg==</latexit>

SU(2)L

<latexit sha1_base64="EbvsfHUsBick9kv2bukHLEDXJhg="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(MGUT)
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Proton decay
• Gauge leptoquarks of              mediate proton decay. 

• Proton lifetime depends on             which depends as 
well on          (scale at which             and              are 
deconstructed).  

•                                 saturates current proton decay 
bounds, while                                   saturates the 
projected sensitivity.

Super-Kamiokande 90% CL
Hyper-Kamiokande 90% CL

<latexit sha1_base64="z8eF3TQ+A+GSLOfCvkw6LEmMppQ=">AAACHXicbVDLSsNAFJ34rPEVdSVuBotQNyWpWF0W3bisaNpCGstkOmmHTh7MTMQSip/iyq1+hTtxK36E/+CkjaKtBy4czrl35t7jxYwKaZof2tz8wuLScmFFX11b39g0trYbIko4JjaOWMRbHhKE0ZDYkkpGWjEnKPAYaXqD88xv3hIuaBRey2FM3AD1QupTjKSSOsZu29Gv7NLx4U16NNLbrv6DjlE0y+YYcJZYOSmCHPWO8dnuRjgJSCgxQ0I4lhlLN0VcUsyIejwRJEZ4gHrEUTREARFuOj5hBA+U0oV+xFWFEo7V3xMpCoQYBp7qDJDsi2kvE//17r4/mLGcRPqnbkrDOJEkxJMd/IRBGcEsKtilnGDJhoogzKk6A+I+4ghLFWiWjzWdxixpVMpWtVy9rBRrZ3lSBbAH9kEJWOAE1MAFqAMbYHAPHsETeNYetBftVXubtM5p+cwO+APt/Qvxhp1f</latexit>

SU(5)3

<latexit sha1_base64="bvDkmc1K39k5NIh3R/3O/GnvqPM=">AAACJXicbVDLSsNAFJ3UV42vqEs3o0VwVZIuqsuiC90IFZq2kIYwmU7aoZMHMxOxhK79FFdu9SvcieDKL/AfnLQRtfXAwOGce+/ce/yEUSFN810rLS2vrK6V1/WNza3tHWN3ry3ilGNi45jFvOsjQRiNiC2pZKSbcIJCn5GOP7rI/c4t4YLGUUuOE+KGaBDRgGIkleQZhz1Hv/ayXojkkIfZpd2aTPSeq//AMypm1ZwCLhKrIBVQoOkZn71+jNOQRBIzJIRjmYl0M8QlxYyo6akgCcIjNCCOohEKiXCz6SkTeKyUPgxirl4k4VT93ZGhUIhx6KvKfGUx7+Xiv97d9wcLlpPK4MzNaJSkkkR4tkOQMihjmEcG+5QTLNlYEYQ5VWdAPEQcYamCzfOx5tNYJO1a1apX6ze1SuO8SKoMDsAROAEWOAUNcAWawAYY3INH8ASetQftRXvV3malJa3o2Qd/oH18AZsNoXM=</latexit>

MGUT
<latexit sha1_base64="9k5qf1YI17+KV3x3wFDaM4xGQkY=">AAACKXicbVDLSsNAFJ3UV42vqEs3wVJwVZIK1WXRjRuhon1AEsNkOmmHTh7MTIol5Av8FFdu9SvcqVvX/oOTNkJtPTBwOOfeO/ceL6aEC8P4UEorq2vrG+VNdWt7Z3dP2z/o8ChhCLdRRCPW8yDHlIS4LYiguBczDAOP4q43usz97hgzTqLwTkxi7ARwEBKfICik5GpV21LHbmoHUAxZkN5eZ/fpaZaptqPOwdUqRs2YQl8mZkEqoEDL1b7tfoSSAIcCUci5ZRqxcFLIBEEUy/EJxzFEIzjAlqQhDDB30uk5mV6VSl/3IyZfKPSpOt+RwoDzSeDJynxtvujl4r/ew+8HS5aVCP/cSUkYJwKHaLaDn1BdRHoem94nDCNBJ5JAxIg8Q0dDyCASMtw8H3MxjWXSqdfMRq1xU680L4qkyuAIHIMTYIIz0ARXoAXaAIFH8AxewKvypLwp78rnrLSkFD2H4A+Urx+1vaMH</latexit>vSM3

<latexit sha1_base64="IJIWK34jvCb08QiYR487Jvvg7hY=">AAACIHicbVDLSsNAFJ34rPEVdamLYBHqpiQVqsuiG5cVTVtIQ5hMJ+3QySTMTMQSuvFTXLnVr3AnLvUf/AcnbYTaeuDC4Zx7Z+49QUKJkJb1qS0tr6yurZc29M2t7Z1dY2+/JeKUI+ygmMa8E0CBKWHYkURS3Ek4hlFAcTsYXuV++x5zQWJ2J0cJ9iLYZyQkCEol+cZR19VvncrZqZ+hsd719Fn4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1fipwAtEQ9rGrKIMRFl42uWJsniilZ4YxV8WkOVFnJzIYCTGKAtUZQTkQ814u/us9/H6wYLmpDC+8jLAklZih6Q5hSk0Zm3laZo9wjCQdKQIRJ+oMEw0gh0iqTPN87Pk0FkmrVrXr1fpNrdy4LJIqgUNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2hfP+9snco=</latexit>

SU(3)c
<latexit sha1_base64="fzdNi/5U/fyQIjSL/9mUcbTTfho=">AAACIHicbVC7TsMwFHV4lvAKMMIQUSGVpUo6FMYKFgaGIkhbKY0ix3Vaq44T2Q6iirrwKUys8BVsiBH+gX/AaYNUWo50paNz7rXvPUFCiZCW9aktLa+srq2XNvTNre2dXWNvvyXilCPsoJjGvBNAgSlh2JFEUtxJOIZRQHE7GF7mfvsec0FididHCfYi2GckJAhKJfnGUdfVb51K7dTPrsd619Nn4Rtlq2pNYC4SuyBlUKDpG9/dXozSCDOJKBTCta1EehnkkiCK1fupwAlEQ9jHrqIMRlh42eSKsXmilJ4ZxlwVk+ZEnZ3IYCTEKApUZwTlQMx7ufiv9/D7wYLlpjI89zLCklRihqY7hCk1ZWzmaZk9wjGSdKQIRJyoM0w0gBwiqTLN87Hn01gkrVrVrlfrN7Vy46JIqgQOwTGoABucgQa4Ak3gAAQewTN4Aa/ak/amvWsf09YlrZg5AH+gff0Axuidsg==</latexit>

SU(2)L

<latexit sha1_base64="fys+nIfeO2BHoJE/OFxHbjIbI+I="></latexit>

vSM3  3⇥ 1015 GeV
<latexit sha1_base64="r6mIivZ8+N4Z3rc2M/ZK09sq+Os="></latexit>

vSM3  6⇥ 1015 GeV
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.

• These theories lead to a multi-scale picture where the lower scale may be close to EW.

✓One of  the most simple options is the tri-hypercharge group:
<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.

• These theories lead to a multi-scale picture where the lower scale may be close to EW.

✓One of  the most simple options is the tri-hypercharge group:

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.

• These theories lead to a multi-scale picture where the lower scale may be close to EW.

✓One of  the most simple options is the tri-hypercharge group:

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

• This is solved if  they arise from GUT “deconstructed” frameworks where the three sites are 
related by a cyclic permutation symmetry, leading to a single gauge coupling in the UV.

• One example of  this is:

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3 Same matter 
under each !SU(5)
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.

• These theories lead to a multi-scale picture where the lower scale may be close to EW.

✓One of  the most simple options is the tri-hypercharge group:

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

• This is solved if  they arise from GUT “deconstructed” frameworks where the three sites are 
related by a cyclic permutation symmetry, leading to a single gauge coupling in the UV.

• One example of  this is:

✓Flavour deconstructed theories consistent all the way from the EW scale to the GUT scale! 

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3 Same matter 
under each !SU(5)
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Take home messages
• Flavour deconstruction is very successful to explain the flavour structure of  the SM.

• These theories lead to a multi-scale picture where the lower scale may be close to EW.

✓One of  the most simple options is the tri-hypercharge group:

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

• This is solved if  they arise from GUT “deconstructed” frameworks where the three sites are 
related by a cyclic permutation symmetry, leading to a single gauge coupling in the UV.

• One example of  this is:

✓Flavour deconstructed theories consistent all the way from the EW scale to the GUT scale! 

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3

Thank you!

Same matter 
under each !SU(5)
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Backup: Yukawa couplings UV-complete model
<latexit sha1_base64="tDUjWuiMDM4yOEYa9u5HAFn13SE="></latexit>

L = Y
ij
u qiH

u
3 u

c
j + Y

ij
d qiH

d
3d

c
j + Y

ij
e `iH

d
3 e

c
j + h.c.

<latexit sha1_base64="uIz2ZhYQCIfHMo8FMllMvh1ef5w="></latexit>

Ye =

0

BBBB@

ce11
�`13

M
H

d
1

0 0

0 ce22
�`23

M
H

d
2

0

0 0 ce33

1

CCCCA

<latexit sha1_base64="3cJsHbs6rl1QL3XEZxWn1yzSdb8="></latexit>

Yu =

0

BBBBBBBB@

cu11
�̃`13

MH1
u

cu12
�̃`23

MH2
u

�q12

MQ2

cu13
�q12

MQ2

�q23

MQ3

cu21
�`13

MH1
u

�q12

MQ2

cu22
�̃`23

MH2
u

cu23
�q23

MQ3

cu31
�`13

MH1
u

�̃q23

MQ2

�̃q12

MQ1

cu32
�`23

MH2
u

�̃q23

MQ3

cu33

1

CCCCCCCCA

<latexit sha1_base64="r0dcm37WsTjypKsjglFVJgjabZA=">AAAFzXictVTLbtNAFJ20NhTzaAMLFmxGRCA2RH5IhU2lCiToBtFKpC2KgzUej5NRxg8846rRYLb8Dr/D3zB2HNokdsoCrmTp6t5z7rlzRh4/ZZQL0/zV2drW9Fu3d+4Yd+/df7C71314ypM8w2SAE5Zk5z7ihNGYDAQVjJynGUGRz8iZP31b9s8uSMZpEn8Ss5SMIjSOaUgxEqrkdbd/ukPjsyeD4sD1yZjGMo2QyOhlgT1pWc </latexit>
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0
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MQ2
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CCCCCCCCA
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Backup: Neutrinos

• Avoid complete singlet neutrinos but introduce neutrino  and 

: 

N23 (0,
1
4

, −
1
4 )

ϕatm (0, −
1
4

,
1
4 )

ℒ ⊃
1
Λ

(ϕatmℓ3HuN23 + ϕ̃ atmℓ2HuN23) + ϕℓ23N23N23
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="4vvt5bSpgLp+tKzK2XSdSk10AmQ="></latexit>

↵�1
Y1

⇡ ↵�1
Y2

⇡ ↵�1
Y3

⇡
p
3↵�1

Y (v12)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2), plus colour 
octet                         from cyclic       at        scale 
to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, which 
becomes exact at high energies.                                                            

Qi
<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="4vvt5bSpgLp+tKzK2XSdSk10AmQ="></latexit>

↵�1
Y1

⇡ ↵�1
Y2

⇡ ↵�1
Y3

⇡
p
3↵�1

Y (v12)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

• VL quarks  help bend SU(2), plus colour 
octet                         from cyclic       at        scale 
to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, which 
becomes exact at high energies.                                                            

Qi
<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="4vvt5bSpgLp+tKzK2XSdSk10AmQ="></latexit>

↵�1
Y1

⇡ ↵�1
Y2

⇡ ↵�1
Y3

⇡
p
3↵�1

Y (v12)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:
<latexit sha1_base64="q4W3fpoxRDbGdinhp/SLAajonPA=">AAACGnicbVDLSsNAFJ34rPEVdelmsAh1U5IuqsuiG5cV7EOSECbTSTt08mBmUiwh3+HGX3HjQhF34sa/cdIG1NYDl3s4515m7vETRoU0zS9tZXVtfWOzsqVv7+zu7RsHh10RpxyTDo5ZzPs+EoTRiHQklYz0E05Q6DPS88dXhd+bEC5oHN3KaULcEA0jGlCMpJI8w3Jsfehld15m5XltolojP3NQkvD4Hs6Nxo+hO67uGVWzbs4Al4lVkioo0faMD2cQ4zQkkcQMCWFbZiLdDHFJMSO57qSCJAiP0ZDYikYoJMLNZqfl8FQpAxjEXFUk4Uz9vZGhUIhp6KvJEMmRWPQK8T/PTmVw4WY0SlJJIjx/KEgZlDEscoIDygmWbKoIwpyqv0I8QhxhqdIsQrAWT14m3UbdatabN41q67KMowKOwQmoAQucgxa4Bm3QARg8gCfwAl61R+1Ze9Pe56MrWrlzBP5A+/wG46yfgw==</latexit>

gY1(v12) ⇡ gY2(v12)

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

<latexit sha1_base64="8d7vSqSKDnJmxaMCO3FoOgBYHsY=">AAACKXicbVDLSsNAFJ34rPEVdekmWIS6CUkLre6KblxWsA9pQphMJ+3QycOZSbGE/I4bf8WNgqJu/REnbRbaeuDC4Zx7ufceL6aEC9P8VFZW19Y3Nktb6vbO7t6+dnDY4VHCEG6jiEas50GOKQlxWxBBcS9mGAYexV1vfJX73QlmnEThrZjG2AngMCQ+QVBIydWadl8duumdm9ayrDJx02otO7NhHLPoweb3TEg99xc902hcqLajqq5WNg1zBn2ZWAUpgwItV3u1BxFKAhwKRCHnfcuMhZNCJgiiOFPthOMYojEc4r6kIQwwd9LZp5l+KpWB7kdMVij0mfp7IoUB59PAk50BFCO+6OXif14/Ef65k5IwTgQO0XyRn1BdRHoemz4gDCNBp5JAxIi8VUcjyCASMtw8BGvx5WXSqRpW3ajfVMvNyyKOEjgGJ6ACLNAATXANWqANEHgEz+ANvCtPyovyoXzNW1eUYuYI/IHy/QOnRaWV</latexit>

gY3(v23) ⇡
p
3gY (v23) ⇡ 0.79

<latexit sha1_base64="Lo68XPVfJM+WOIJZ+zNcLgsKL3c=">AAACDnicbVDLSsNAFJ3UV42vqEs3wVKom5BErLorunFZwT4kCWEynbRDJw9mJsUS8gVu/BU3LhRx69qdf2PSZqGtBy4czrmXe+/xYkq40PVvqbKyura+Ud2Ut7Z3dveU/YMujxKGcAdFNGJ9D3JMSYg7ggiK+zHDMPAo7nnj68LvTTDjJArvxDTGTgCHIfEJgiKXXKVuW/LQTe/d1DCzrDFxU/M0O7FhHLPoQdfOLmXbkWVXqemaPoO6TIyS1ECJtqt82YMIJQEOBaKQc8vQY+GkkAmCKM5kO+E4hmgMh9jKaQgDzJ109k6m1nNloPoRyysU6kz9PZHCgPNp4OWdARQjvugV4n+elQj/wklJGCcCh2i+yE+oKiK1yEYdEIaRoNOcQMRIfquKRpBBJPIEixCMxZeXSdfUjKbWvDVrrasyjio4AsegAQxwDlrgBrRBByDwCJ7BK3iTnqQX6V36mLdWpHLmEPyB9PkDeteZ1A==</latexit>

gY12(v23) ⇡ 0.59
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="9p0byS67Y2i7+opGlcgNQH+HeCM="></latexit> gs,1gs,2gs,3q
g2s,1 + g2s,2 + g2s,3

= gs(vSM3)

<latexit sha1_base64="fRWKUwWp1NZsU9VdoPq3K8f4u3Q="></latexit>

gs,1 ' gs,2 ' gs,3 '
p
3gs(vSM3)

<latexit sha1_base64="q4W3fpoxRDbGdinhp/SLAajonPA=">AAACGnicbVDLSsNAFJ34rPEVdelmsAh1U5IuqsuiG5cV7EOSECbTSTt08mBmUiwh3+HGX3HjQhF34sa/cdIG1NYDl3s4515m7vETRoU0zS9tZXVtfWOzsqVv7+zu7RsHh10RpxyTDo5ZzPs+EoTRiHQklYz0E05Q6DPS88dXhd+bEC5oHN3KaULcEA0jGlCMpJI8w3Jsfehld15m5XltolojP3NQkvD4Hs6Nxo+hO67uGVWzbs4Al4lVkioo0faMD2cQ4zQkkcQMCWFbZiLdDHFJMSO57qSCJAiP0ZDYikYoJMLNZqfl8FQpAxjEXFUk4Uz9vZGhUIhp6KvJEMmRWPQK8T/PTmVw4WY0SlJJIjx/KEgZlDEscoIDygmWbKoIwpyqv0I8QhxhqdIsQrAWT14m3UbdatabN41q67KMowKOwQmoAQucgxa4Bm3QARg8gCfwAl61R+1Ze9Pe56MrWrlzBP5A+/wG46yfgw==</latexit>

gY1(v12) ⇡ gY2(v12)

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="nq0SnHKTb2vuIW9WiHjoKEKrWhg=">AAAB+XicbVDLSsNAFL2prxpfUZduBovgQkrSRXVZdOPCRQX7gDSEyXTSDp08mJkUSuifuHGhiFv/xJ1/46TNQlsPXDicc+/MvSdIOZPKtr+Nysbm1vZOddfc2z84PLKOT7oyyQShHZLwRPQDLClnMe0opjjtp4LiKOC0F0zuCr83pUKyJH5Ss5R6ER7FLGQEKy35ljVwzZGfP1yxuTnwTNP0rZpdtxdA68QpSQ1KtH3razBMSBbRWBGOpXQdO1VejoVihFP9aiZpiskEj6iraYwjKr18sfkcXWhliMJE6IoVWqi/J3IcSTmLAt0ZYTWWq14h/ue5mQpvvJzFaaZoTJYfhRlHKkFFDGjIBCWKzzTBRDC9KyJjLDBROqwiBGf15HXSbdSdZr352Ki1bss4qnAG53AJDlxDC+6hDR0gMIVneIU3IzdejHfjY9laMcqZU/gD4/MHbZ+RlQ==</latexit>gL,isame for         couplings via  
<latexit sha1_base64="/RHJ7IP4txA8tnlwD4fHBpuPE1w=">AAACAHicbVC7TsMwFHV4lvAKMDCwWFRITFXSoTBWsDAwFIk+pCSqHNdprTp2ZDugKurCr7AwgBArn8HG3+C0GaDlSFc6Oude3XtPlDKqtOt+Wyura+sbm5Ute3tnd2/fOTjsKJFJTNpYMCF7EVKEUU7ammpGeqkkKIkY6Ubj68LvPhCpqOD3epKSMEFDTmOKkTZS3zkOfFsFkg5HGkkpHuGtHYS2bfedqltzZ4DLxCtJFZRo9Z2vYCBwlhCuMUNK+Z6b6jBHUlPMyNQOMkVShMdoSHxDOUqICvPZA1N4ZpQBjIU0xTWcqb8ncpQoNUki05kgPVKLXiH+5/mZji/DnPI004Tj+aI4Y1ALWKQBB1QSrNnEEIQlNbdCPEISYW0yK0LwFl9eJp16zWvUGnf1avOqjKMCTsApOAceuABNcANaoA0wmIJn8ArerCfrxXq3PuatK1Y5cwT+wPr8AQnClMA=</latexit>

s ! L
<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

<latexit sha1_base64="8d7vSqSKDnJmxaMCO3FoOgBYHsY=">AAACKXicbVDLSsNAFJ34rPEVdekmWIS6CUkLre6KblxWsA9pQphMJ+3QycOZSbGE/I4bf8WNgqJu/REnbRbaeuDC4Zx7ufceL6aEC9P8VFZW19Y3Nktb6vbO7t6+dnDY4VHCEG6jiEas50GOKQlxWxBBcS9mGAYexV1vfJX73QlmnEThrZjG2AngMCQ+QVBIydWadl8duumdm9ayrDJx02otO7NhHLPoweb3TEg99xc902hcqLajqq5WNg1zBn2ZWAUpgwItV3u1BxFKAhwKRCHnfcuMhZNCJgiiOFPthOMYojEc4r6kIQwwd9LZp5l+KpWB7kdMVij0mfp7IoUB59PAk50BFCO+6OXif14/Ef65k5IwTgQO0XyRn1BdRHoemz4gDCNBp5JAxIi8VUcjyCASMtw8BGvx5WXSqRpW3ajfVMvNyyKOEjgGJ6ACLNAATXANWqANEHgEz+ANvCtPyovyoXzNW1eUYuYI/IHy/QOnRaWV</latexit>

gY3(v23) ⇡
p
3gY (v23) ⇡ 0.79

<latexit sha1_base64="Lo68XPVfJM+WOIJZ+zNcLgsKL3c=">AAACDnicbVDLSsNAFJ3UV42vqEs3wVKom5BErLorunFZwT4kCWEynbRDJw9mJsUS8gVu/BU3LhRx69qdf2PSZqGtBy4czrmXe+/xYkq40PVvqbKyura+Ud2Ut7Z3dveU/YMujxKGcAdFNGJ9D3JMSYg7ggiK+zHDMPAo7nnj68LvTTDjJArvxDTGTgCHIfEJgiKXXKVuW/LQTe/d1DCzrDFxU/M0O7FhHLPoQdfOLmXbkWVXqemaPoO6TIyS1ECJtqt82YMIJQEOBaKQc8vQY+GkkAmCKM5kO+E4hmgMh9jKaQgDzJ109k6m1nNloPoRyysU6kz9PZHCgPNp4OWdARQjvugV4n+elQj/wklJGCcCh2i+yE+oKiK1yEYdEIaRoNOcQMRIfquKRpBBJPIEixCMxZeXSdfUjKbWvDVrrasyjio4AsegAQxwDlrgBrRBByDwCJ7BK3iTnqQX6V36mLdWpHLmEPyB9PkDeteZ1A==</latexit>

gY12(v23) ⇡ 0.59
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="9p0byS67Y2i7+opGlcgNQH+HeCM="></latexit> gs,1gs,2gs,3q
g2s,1 + g2s,2 + g2s,3

= gs(vSM3)

<latexit sha1_base64="fRWKUwWp1NZsU9VdoPq3K8f4u3Q="></latexit>

gs,1 ' gs,2 ' gs,3 '
p
3gs(vSM3)

<latexit sha1_base64="q4W3fpoxRDbGdinhp/SLAajonPA=">AAACGnicbVDLSsNAFJ34rPEVdelmsAh1U5IuqsuiG5cV7EOSECbTSTt08mBmUiwh3+HGX3HjQhF34sa/cdIG1NYDl3s4515m7vETRoU0zS9tZXVtfWOzsqVv7+zu7RsHh10RpxyTDo5ZzPs+EoTRiHQklYz0E05Q6DPS88dXhd+bEC5oHN3KaULcEA0jGlCMpJI8w3Jsfehld15m5XltolojP3NQkvD4Hs6Nxo+hO67uGVWzbs4Al4lVkioo0faMD2cQ4zQkkcQMCWFbZiLdDHFJMSO57qSCJAiP0ZDYikYoJMLNZqfl8FQpAxjEXFUk4Uz9vZGhUIhp6KvJEMmRWPQK8T/PTmVw4WY0SlJJIjx/KEgZlDEscoIDygmWbKoIwpyqv0I8QhxhqdIsQrAWT14m3UbdatabN41q67KMowKOwQmoAQucgxa4Bm3QARg8gCfwAl61R+1Ze9Pe56MrWrlzBP5A+/wG46yfgw==</latexit>

gY1(v12) ⇡ gY2(v12)

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="nq0SnHKTb2vuIW9WiHjoKEKrWhg=">AAAB+XicbVDLSsNAFL2prxpfUZduBovgQkrSRXVZdOPCRQX7gDSEyXTSDp08mJkUSuifuHGhiFv/xJ1/46TNQlsPXDicc+/MvSdIOZPKtr+Nysbm1vZOddfc2z84PLKOT7oyyQShHZLwRPQDLClnMe0opjjtp4LiKOC0F0zuCr83pUKyJH5Ss5R6ER7FLGQEKy35ljVwzZGfP1yxuTnwTNP0rZpdtxdA68QpSQ1KtH3razBMSBbRWBGOpXQdO1VejoVihFP9aiZpiskEj6iraYwjKr18sfkcXWhliMJE6IoVWqi/J3IcSTmLAt0ZYTWWq14h/ue5mQpvvJzFaaZoTJYfhRlHKkFFDGjIBCWKzzTBRDC9KyJjLDBROqwiBGf15HXSbdSdZr352Ki1bss4qnAG53AJDlxDC+6hDR0gMIVneIU3IzdejHfjY9laMcqZU/gD4/MHbZ+RlQ==</latexit>gL,isame for         couplings via  
<latexit sha1_base64="/RHJ7IP4txA8tnlwD4fHBpuPE1w=">AAACAHicbVC7TsMwFHV4lvAKMDCwWFRITFXSoTBWsDAwFIk+pCSqHNdprTp2ZDugKurCr7AwgBArn8HG3+C0GaDlSFc6Oude3XtPlDKqtOt+Wyura+sbm5Ute3tnd2/fOTjsKJFJTNpYMCF7EVKEUU7ammpGeqkkKIkY6Ubj68LvPhCpqOD3epKSMEFDTmOKkTZS3zkOfFsFkg5HGkkpHuGtHYS2bfedqltzZ4DLxCtJFZRo9Z2vYCBwlhCuMUNK+Z6b6jBHUlPMyNQOMkVShMdoSHxDOUqICvPZA1N4ZpQBjIU0xTWcqb8ncpQoNUki05kgPVKLXiH+5/mZji/DnPI004Tj+aI4Y1ALWKQBB1QSrNnEEIQlNbdCPEISYW0yK0LwFl9eJp16zWvUGnf1avOqjKMCTsApOAceuABNcANaoA0wmIJn8ArerCfrxXq3PuatK1Y5cwT+wPr8AQnClMA=</latexit>

s ! L
<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

• Unification achieved with tri-hypercharge 
content (only 3 VL quarks) plus cyclic colour 
octet                         from cyclic       at        scale 
(non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, which 
becomes exact at high energies.                                                            

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24

<latexit sha1_base64="8d7vSqSKDnJmxaMCO3FoOgBYHsY=">AAACKXicbVDLSsNAFJ34rPEVdekmWIS6CUkLre6KblxWsA9pQphMJ+3QycOZSbGE/I4bf8WNgqJu/REnbRbaeuDC4Zx7ufceL6aEC9P8VFZW19Y3Nktb6vbO7t6+dnDY4VHCEG6jiEas50GOKQlxWxBBcS9mGAYexV1vfJX73QlmnEThrZjG2AngMCQ+QVBIydWadl8duumdm9ayrDJx02otO7NhHLPoweb3TEg99xc902hcqLajqq5WNg1zBn2ZWAUpgwItV3u1BxFKAhwKRCHnfcuMhZNCJgiiOFPthOMYojEc4r6kIQwwd9LZp5l+KpWB7kdMVij0mfp7IoUB59PAk50BFCO+6OXif14/Ef65k5IwTgQO0XyRn1BdRHoemz4gDCNBp5JAxIi8VUcjyCASMtw8BGvx5WXSqRpW3ajfVMvNyyKOEjgGJ6ACLNAATXANWqANEHgEz+ANvCtPyovyoXzNW1eUYuYI/IHy/QOnRaWV</latexit>

gY3(v23) ⇡
p
3gY (v23) ⇡ 0.79

<latexit sha1_base64="Lo68XPVfJM+WOIJZ+zNcLgsKL3c=">AAACDnicbVDLSsNAFJ3UV42vqEs3wVKom5BErLorunFZwT4kCWEynbRDJw9mJsUS8gVu/BU3LhRx69qdf2PSZqGtBy4czrmXe+/xYkq40PVvqbKyura+Ud2Ut7Z3dveU/YMujxKGcAdFNGJ9D3JMSYg7ggiK+zHDMPAo7nnj68LvTTDjJArvxDTGTgCHIfEJgiKXXKVuW/LQTe/d1DCzrDFxU/M0O7FhHLPoQdfOLmXbkWVXqemaPoO6TIyS1ECJtqt82YMIJQEOBaKQc8vQY+GkkAmCKM5kO+E4hmgMh9jKaQgDzJ109k6m1nNloPoRyysU6kz9PZHCgPNp4OWdARQjvugV4n+elQj/wklJGCcCh2i+yE+oKiK1yEYdEIaRoNOcQMRIfquKRpBBJPIEixCMxZeXSdfUjKbWvDVrrasyjio4AsegAQxwDlrgBrRBByDwCJ7BK3iTnqQX6V36mLdWpHLmEPyB9PkDeteZ1A==</latexit>

gY12(v23) ⇡ 0.59

<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3
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Backup: Literature review

‣ 1979  Abdus Salam; EPS conference 1979, footnote 41                                                                 

‣ 1981  Subhash Rajpoot; PRD 24 (1981) 1890. 

‣ 1982  Howard Georgi; Nucl. Phys. B 202 (1982) 397 

‣ 1984  de Rújula, Georgi, Glashow; Fifth worksop on GUT 

‣ 1995 Barbieri, Dvali and Strumia, hep-ph/9407239 

‣ 1998-2007 C.L. Chou, [hep-ph/9804325]; Asaka and Takanashi, [hep-ph/0409147]; Babu, Barr and Gogoladze [0709.3491] 

‣ 2023 MFN, Stephen F. King, Avelino Vicente [2311.05683]; 

GUT product groups
<latexit sha1_base64="EjYq06GkPowPwQSPoVqmB2xMlyw="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3

“tribal group” to motivate multiple scales vs SO(10)
<latexit sha1_base64="QcYCwiYKJzmu0cgocduuqJZaGAM="></latexit>

SMi ⇥ SU(5)j

<latexit sha1_base64="KOWcL11XAzd5O9zh77C62MWqRug="></latexit>

Mi

numerics + study different breakings + discrete symmetries for 1 gauge coupling

<latexit sha1_base64="nX6ZIHUyLkgRVhA8tQL2LeAv2Gg="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ SU(5)TC + cyclic permutation (also  )SO(10)5

<latexit sha1_base64="5hKmFn8V8lAEOFPkL+mR/8ytNFQ="></latexit>

SU(3)c ⇥ SU(3)L ⇥ SU(3)R ⇥ Z3

SUSY 
<latexit sha1_base64="/aiAN0yzVrJ5wCMAgUP8IwFHCQ4="></latexit>

SU(5)3
+ discrete symmetries d=5 proton decay!

<latexit sha1_base64="WctcwfSN4YWR3li2P7z3WE4Q310="></latexit>

SO(10)3

<latexit sha1_base64="YqIUsy5AtkJIWBzKCQ7gnXDsUD4="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3
Broken via  to 
“deconstructed” theory of  
flavour (e.g. tri-hypercharge)

24

+  scalars(5i, 5j)

https://cds.cern.ch/record/101473/files/C79.06.27_Vol.%202.pdf
https://doi.org/10.1103/PhysRevD.24.1890
https://doi.org/10.1016/0550-3213(82)90406-0
https://cds.cern.ch/record/104471/?ln=es
https://arxiv.org/abs/hep-ph/9407239
https://arxiv.org/abs/hep-ph/9804325
http://hep-ph/0409147
https://arxiv.org/abs/0709.3491
https://arxiv.org/abs/2311.05683
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Backup: SU(5) cube model table
<latexit sha1_base64="bYpj/T6szwITWCK52CnQFsCgA/Y="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5 1 1

F2 1 5 1

F3 1 1 5

T1 10 1 1

T2 1 10 1

T3 1 1 10

�1 10 1 1

�2 1 10 1

�3 1 1 10

N12 5 5 1

N13 5 1 5

N23 1 5 5

⌦ 24 24 24

H
u,d
1 5, 5 1 1

H
u,d
2 1 5, 5 1

H
u,d
3 1 1 5, 5

�F
12 5 5 1

�F
13 5 1 5

�F
23 1 5 5

�T
12 10 10 1

�T
13 10 1 10

�T
23 1 10 10
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Backup: SU(5) cube model table
<latexit sha1_base64="bYpj/T6szwITWCK52CnQFsCgA/Y="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5 1 1

F2 1 5 1

F3 1 1 5

T1 10 1 1

T2 1 10 1

T3 1 1 10

�1 10 1 1

�2 1 10 1

�3 1 1 10

N12 5 5 1

N13 5 1 5

N23 1 5 5

⌦ 24 24 24

H
u,d
1 5, 5 1 1

H
u,d
2 1 5, 5 1

H
u,d
3 1 1 5, 5

�F
12 5 5 1

�F
13 5 1 5

�F
23 1 5 5

�T
12 10 10 1

�T
13 10 1 10

�T
23 1 10 10

+ cyclic  to split down/charged 
lepton masses as in conventional 

45
SU(5)


