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Figure 2: Upper: RG evolution of � (left) and of �� (right) varying Mt, ↵3(MZ), Mh by
±3�. Lower: Same as above, with more “physical” normalisations. The Higgs quartic coupling
is compared with the top Yukawa and weak gauge coupling through the ratios sign(�)

p
4|�|/yt

and sign(�)
p

8|�|/g2, which correspond to the ratios of running masses mh/mt and mh/mW ,
respectively (left). The Higgs quartic �-function is shown in units of its top contribution, ��(top
contribution) = �3y4

t
/8⇡2 (right). The grey shadings cover values of the RG scale above the

Planck mass MPl ⇡ 1.2⇥ 1019 GeV, and above the reduced Planck mass M̄Pl = MPl/
p
8⇡.
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Perhaps the key discovery of LHC

µc ⇠ (3⇥ 108 � 3⇥ 1012)GeV
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/8⇡2 (right). The grey shadings cover values of the RG scale above the

Planck mass MPl ⇡ 1.2⇥ 1019 GeV, and above the reduced Planck mass M̄Pl = MPl/
p
8⇡.
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at 2�
<latexit sha1_base64="dZ9ZkFtRxqMiSwmohRDd/RjWA8o=">AAAB/XicbVBNS8NAEJ34WeNXVDx5WSyCp5L0oiJi0YvHCsYWmlA22227dDcJuxuxhEL/ihcPKl79Cd69+W/cfhy09cHA470ZZuZFKWdKu+63tbC4tLyyWliz1zc2t7adnd17lWSSUJ8kPJH1CCvKWUx9zTSn9VRSLCJOa1HveuTXHqhULInvdD+locCdmLUZwdpITWc/EFHymGM9QME5KqNAsY7ATafoltwx0DzxpqR4+WlfDAGg2nS+glZCMkFjTThWquG5qQ5zLDUjnA7sIFM0xaSHO7RhaIwFVWE+Pn+AjozSQu1Emoo1Gqu/J3IslOqLyHQKrLtq1huJ/3mNTLdPw5zFaaZpTCaL2hlHOkGjLFCLSUo07xuCiWTmVkS6WGKiTWK2CcGbfXme+OXSWcm79YqVK5igAAdwCMfgwQlU4Aaq4AOBHJ7gBV6tofVsvVnvk9YFazqzB39gffwA+2+WkA==</latexit><latexit sha1_base64="zrH3VhJXOKmU3Q1eq2Hupti41Vo=">AAAB/XicbVDLSsNAFJ3UV42vqLhyM1gEVyXpRkXEohuXFYwtNKFMppN26MwkzEzEEgr+igguVNz6Ce7diH/j9LHQ1gMXDufcy733RCmjSrvut1WYm19YXCou2yura+sbzubWjUoyiYmPE5bIRoQUYVQQX1PNSCOVBPGIkXrUuxj69VsiFU3Ete6nJOSoI2hMMdJGajk7AY+SuxzpAQxOYAUGinY4ajklt+yOAGeJNyGlsw/7NH38smst5zNoJzjjRGjMkFJNz011mCOpKWZkYAeZIinCPdQhTUMF4kSF+ej8Adw3ShvGiTQlNBypvydyxJXq88h0cqS7atobiv95zUzHR2FORZppIvB4UZwxqBM4zAK2qSRYs74hCEtqboW4iyTC2iRmmxC86ZdniV8pH5e9K69UPQdjFMEu2AMHwAOHoAouQQ34AIMcPIBn8GLdW0/Wq/U2bi1Yk5lt8AfW+w/ripgE</latexit><latexit sha1_base64="zrH3VhJXOKmU3Q1eq2Hupti41Vo=">AAAB/XicbVDLSsNAFJ3UV42vqLhyM1gEVyXpRkXEohuXFYwtNKFMppN26MwkzEzEEgr+igguVNz6Ce7diH/j9LHQ1gMXDufcy733RCmjSrvut1WYm19YXCou2yura+sbzubWjUoyiYmPE5bIRoQUYVQQX1PNSCOVBPGIkXrUuxj69VsiFU3Ete6nJOSoI2hMMdJGajk7AY+SuxzpAQxOYAUGinY4ajklt+yOAGeJNyGlsw/7NH38smst5zNoJzjjRGjMkFJNz011mCOpKWZkYAeZIinCPdQhTUMF4kSF+ej8Adw3ShvGiTQlNBypvydyxJXq88h0cqS7atobiv95zUzHR2FORZppIvB4UZwxqBM4zAK2qSRYs74hCEtqboW4iyTC2iRmmxC86ZdniV8pH5e9K69UPQdjFMEu2AMHwAOHoAouQQ34AIMcPIBn8GLdW0/Wq/U2bi1Yk5lt8AfW+w/ripgE</latexit><latexit sha1_base64="ARD4CWX33R4QzRZic/B/enMAgZA=">AAAB/XicbVBNS8NAEN34WetXVTx5WSyCp5L0ouKl6MVjBWMLTSiT7aZdursJuxuxhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz86KUM21c99tZWl5ZXVsvbZQ3t7Z3dit7+/c6yRShPkl4otoRaMqZpL5hhtN2qiiIiNNWNLye+K0HqjRL5J0ZpTQU0JcsZgSMlbqVw0BEyWMOZoyDS1zHgWZ9Ad1K1a25U+BF4hWkigo0u5WvoJeQTFBpCAetO56bmjAHZRjhdFwOMk1TIEPo046lEgTVYT49f4xPrNLDcaJsSYOn6u+JHITWIxHZTgFmoOe9ifif18lMfB7mTKaZoZLMFsUZxybBkyxwjylKDB9ZAkQxeysmA1BAjE2sbEPw5l9eJH69dlHzbr1q46pIo4SO0DE6RR46Qw10g5rIRwTl6Bm9ojfnyXlx3p2PWeuSU8wcoD9wPn8AjgSUww==</latexit>

Perhaps the key discovery of LHC

µc ⇠ (3⇥ 108 � 3⇥ 1012)GeV
<latexit sha1_base64="iMvIokirGr8gnpWWeFG7W5516fk="></latexit><latexit sha1_base64="iMvIokirGr8gnpWWeFG7W5516fk="></latexit><latexit sha1_base64="iMvIokirGr8gnpWWeFG7W5516fk="></latexit><latexit sha1_base64="iMvIokirGr8gnpWWeFG7W5516fk="></latexit>

Why is 
high-scale quartic 

•  Supersymmetry?  
•  Anthropics of vacuum stability?
•  …

O(10�2)
<latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit>

?



An Exact      SymmetryZ2
<latexit sha1_base64="JiYFlbq8RiClY54TyTjXOGLEIsY=">AAAB6XicbVA9SwNBEJ3zM8avqGBjsxgEq3CXRu2CNpYJeiaYHHFvM5cs2ds7dveEEPITbCxUbP1Hdjb+FjcfhSY+GHi8N8PMvDAVXBvX/XKWlldW19ZzG/nNre2d3cLe/p1OMsXQZ4lIVCOkGgWX6BtuBDZShTQOBdbD/tXYrz+i0jyRt2aQYhDTruQRZ9RY6ea+XW4Xim7JnYAsEm9GipXD2vcDAFTbhc9WJ2FZjNIwQbVuem5qgiFVhjOBo3wr05hS1qddbFoqaYw6GE5OHZETq3RIlChb0pCJ+ntiSGOtB3FoO2NqenreG4v/ec3MROfBkMs0MyjZdFGUCWISMv6bdLhCZsTAEsoUt7cS1qOKMmPTydsQvPmXF4lfLl2UvJoN4xKmyMERHMMpeHAGFbiGKvjAoAtP8AKvjnCenTfnfdq65MxmDuAPnI8f2NWPOA==</latexit><latexit sha1_base64="HGZRZ2khW5j2MEOu+lfGtkuDSyg=">AAAB6XicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNo3YhNpYJuiaYLGF2MpsMmZ1dZmaFsOQTbCxUbK39C7/AzsZvcfIoNPHAhcM593LvPUEiuDaO84WWlldW19ZzG/nNre2d3cLe/q2OU0WZR2MRq2ZANBNcMs9wI1gzUYxEgWCNYHA59hv3TGkeyxszTJgfkZ7kIafEWOn6rlPuFIpOyZkALxJ3RoqVw/o3f69+1DqFz3Y3pmnEpKGCaN1yncT4GVGGU8FG+XaqWULogPRYy1JJIqb9bHLqCJ9YpYvDWNmSBk/U3xMZibQeRoHtjIjp63lvLP7ntVITnvsZl0lqmKTTRWEqsInx+G/c5YpRI4aWEKq4vRXTPlGEGptO3obgzr+8SLxy6aLk1m0YVZgiB0dwDKfgwhlU4Apq4AGFHjzAEzwjgR7RC3qdti6h2cwB/AF6+wEoaZD0</latexit><latexit sha1_base64="HGZRZ2khW5j2MEOu+lfGtkuDSyg=">AAAB6XicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNo3YhNpYJuiaYLGF2MpsMmZ1dZmaFsOQTbCxUbK39C7/AzsZvcfIoNPHAhcM593LvPUEiuDaO84WWlldW19ZzG/nNre2d3cLe/q2OU0WZR2MRq2ZANBNcMs9wI1gzUYxEgWCNYHA59hv3TGkeyxszTJgfkZ7kIafEWOn6rlPuFIpOyZkALxJ3RoqVw/o3f69+1DqFz3Y3pmnEpKGCaN1yncT4GVGGU8FG+XaqWULogPRYy1JJIqb9bHLqCJ9YpYvDWNmSBk/U3xMZibQeRoHtjIjp63lvLP7ntVITnvsZl0lqmKTTRWEqsInx+G/c5YpRI4aWEKq4vRXTPlGEGptO3obgzr+8SLxy6aLk1m0YVZgiB0dwDKfgwhlU4Apq4AGFHjzAEzwjgR7RC3qdti6h2cwB/AF6+wEoaZD0</latexit><latexit sha1_base64="g+Y9rF+CIJReWhOA8Pmfdr1eT6s=">AAAB6XicbVBNT8JAEJ36ifiFevSykZh4Ii0X9Ub04hGjFSI0ZLtMYcN22+xuTUjDT/DiQY1X/5E3/40L9KDgSyZ5eW8mM/PCVHBtXPfbWVldW9/YLG2Vt3d29/YrB4cPOskUQ58lIlHtkGoUXKJvuBHYThXSOBTYCkfXU7/1hErzRN6bcYpBTAeSR5xRY6W7x169V6m6NXcGsky8glShQLNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiV+vXda8W7fauCrSKMExnMAZeHAODbiBJvjAYADP8ApvjnBenHfnY9664hQzR/AHzucPTCKNUw==</latexit>

SU(2)
Z2 ! SU(2)0

<latexit sha1_base64="clwSF+fu3Ktszq+CDzhUKv9zdN0="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="STeynz28zVk8CTtwgOojjxeYHYM=">AAACE3icbVBNTxsxFHzLR4E00MCViwWqGi7Rbg5tERekXjiC6ELUbBR5nbeJhdde2W9B0Sr/hEv/CpceCkLixr+pE3IA0pEsjWbGeu9NWijpKAyfg6XlldUPa+sbtY/1za1Pje36hTOlFRgLo4ztpNyhkhpjkqSwU1jkearwMr36MfUvr9E6afRPGhfYy/lQy0wKTl7qN76ex832AUuOWOKIiyuLqvrVb0+qRBk9VJiRlcMRcWvNzWQam+W/9Bv7YSucgS2SaE72YY7TfuMpGRhR5qhJKO5cNwoL6lXckhQKJ7WkdFj4+XyIXU81z9H1qtl9E/bZKwOWGeufJjZTX/+oeO7cOE99Muc0cu+9qfg/r1tS9r1XSV2UhFq8DMpKxciwaVlsIC0KUmNPuLDS78rEiFsuyFda8yVE709eJHG7ddiKzkJYh13YgyZE8A2O4QROIQYBt3AHf+E++B38CR5e2loK5rXtwBsEj/8AI6ufzQ==</latexit><latexit sha1_base64="STeynz28zVk8CTtwgOojjxeYHYM=">AAACE3icbVBNTxsxFHzLR4E00MCViwWqGi7Rbg5tERekXjiC6ELUbBR5nbeJhdde2W9B0Sr/hEv/CpceCkLixr+pE3IA0pEsjWbGeu9NWijpKAyfg6XlldUPa+sbtY/1za1Pje36hTOlFRgLo4ztpNyhkhpjkqSwU1jkearwMr36MfUvr9E6afRPGhfYy/lQy0wKTl7qN76ex832AUuOWOKIiyuLqvrVb0+qRBk9VJiRlcMRcWvNzWQam+W/9Bv7YSucgS2SaE72YY7TfuMpGRhR5qhJKO5cNwoL6lXckhQKJ7WkdFj4+XyIXU81z9H1qtl9E/bZKwOWGeufJjZTX/+oeO7cOE99Muc0cu+9qfg/r1tS9r1XSV2UhFq8DMpKxciwaVlsIC0KUmNPuLDS78rEiFsuyFda8yVE709eJHG7ddiKzkJYh13YgyZE8A2O4QROIQYBt3AHf+E++B38CR5e2loK5rXtwBsEj/8AI6ufzQ==</latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit>

H(2, 1)
Z2 ! H

0(1, 2)
<latexit sha1_base64="a64RFKxZgPn25BN+gYQ/tl3BsQg="></latexit><latexit sha1_base64="KhN7tHsvkWAZkB4lJl91JvdN2Pw="></latexit><latexit sha1_base64="KhN7tHsvkWAZkB4lJl91JvdN2Pw="></latexit><latexit sha1_base64="+aT///Ct9y4c4B95xmwUXkxgWx4=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1hBykw3VtyIbrpUsCp2Ssmkd9pgJhmSO0oZ+itu/BU3LlR0p19jWrvwdSBwOOdccu+JUiks+v67NzE5NT0zOzdfWFhcWl4prq6dW50ZDg2upTaXEbMghYIGCpRwmRpgSSThIro+HvoXN2Cs0OoM+ym0EtZVIhacoZPaxVq9XN0Ndmh4QEOLjF8bkPlVuzrIQ6lVV0KMRnR7yIzRt4NhrL5dDnarO+1iya/4I9C/JBiTEhnjpF18CzuaZwko5JJZ2wz8FFs5Myi4hEEhzCykbgHWhaajiiVgW/nowgHdckqHxtq4p5CO1O8TOUus7SeRSyYMe/a3NxT/85oZxrVWLlSaISj+9VGcSYqaDuuiHWGAo+w7wrgRblfKe8wwjq7Ugish+H3yX9KoVvYrwalfOjwatzFHNsgmKZOA7JFDUicnpEE4uSMP5Ik8e/feo/fivX5FJ7zxzDr5Ae/jE2BBoWA=</latexit>

Introduce H’ with H
Z2 ! H

0
<latexit sha1_base64="M5aAtK5aU6zmCdp12DAcVIPaHB4="></latexit><latexit sha1_base64="M5aAtK5aU6zmCdp12DAcVIPaHB4="></latexit><latexit sha1_base64="M5aAtK5aU6zmCdp12DAcVIPaHB4="></latexit><latexit sha1_base64="M5aAtK5aU6zmCdp12DAcVIPaHB4="></latexit>

Spontaneously break         Z2
<latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit>

H’ must be SU(2) singlet 

hH 0i = v
0 � v

<latexit sha1_base64="cAHXXgwTbWZWltMl7N3MZTDbvfc=">AAACBnicdZDLSgMxFIYzXmu9VV2KECyiq5IUse1CKLrpsoK9QGcomTSdhmYyQ5IplNKVG1/FjQtF3PoM7nwbM20FFT0Q+PL/55Cc348F1wahD2dpeWV1bT2zkd3c2t7Zze3tN3WUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlD69TvzViSvNI3ppxzLyQBJL3OSXGSt3ckSuIDASDtVPoqjlewpG9BAEcdXN5VEAIYYxhCrh0gSxUKuUiLkOcWrbyYFH1bu7d7UU0CZk0VBCtOxjFxpsQZTgVbJp1E81iQockYB2LkoRMe5PZGlN4YpUe7EfKHmngTP0+MSGh1uPQt50hMQP920vFv7xOYvplb8JlnBgm6fyhfiKgiWCaCexxxagRYwuEKm7/CumAKEKNTS5rQ/jaFP4PzWIBowK+Oc9XrxZxZMAhOAZnAIMSqIIaqIMGoOAOPIAn8OzcO4/Oi/M6b11yFjMH4Ec5b5+kM5dQ</latexit><latexit sha1_base64="cAHXXgwTbWZWltMl7N3MZTDbvfc=">AAACBnicdZDLSgMxFIYzXmu9VV2KECyiq5IUse1CKLrpsoK9QGcomTSdhmYyQ5IplNKVG1/FjQtF3PoM7nwbM20FFT0Q+PL/55Cc348F1wahD2dpeWV1bT2zkd3c2t7Zze3tN3WUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlD69TvzViSvNI3ppxzLyQBJL3OSXGSt3ckSuIDASDtVPoqjlewpG9BAEcdXN5VEAIYYxhCrh0gSxUKuUiLkOcWrbyYFH1bu7d7UU0CZk0VBCtOxjFxpsQZTgVbJp1E81iQockYB2LkoRMe5PZGlN4YpUe7EfKHmngTP0+MSGh1uPQt50hMQP920vFv7xOYvplb8JlnBgm6fyhfiKgiWCaCexxxagRYwuEKm7/CumAKEKNTS5rQ/jaFP4PzWIBowK+Oc9XrxZxZMAhOAZnAIMSqIIaqIMGoOAOPIAn8OzcO4/Oi/M6b11yFjMH4Ec5b5+kM5dQ</latexit><latexit sha1_base64="cAHXXgwTbWZWltMl7N3MZTDbvfc=">AAACBnicdZDLSgMxFIYzXmu9VV2KECyiq5IUse1CKLrpsoK9QGcomTSdhmYyQ5IplNKVG1/FjQtF3PoM7nwbM20FFT0Q+PL/55Cc348F1wahD2dpeWV1bT2zkd3c2t7Zze3tN3WUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlD69TvzViSvNI3ppxzLyQBJL3OSXGSt3ckSuIDASDtVPoqjlewpG9BAEcdXN5VEAIYYxhCrh0gSxUKuUiLkOcWrbyYFH1bu7d7UU0CZk0VBCtOxjFxpsQZTgVbJp1E81iQockYB2LkoRMe5PZGlN4YpUe7EfKHmngTP0+MSGh1uPQt50hMQP920vFv7xOYvplb8JlnBgm6fyhfiKgiWCaCexxxagRYwuEKm7/CumAKEKNTS5rQ/jaFP4PzWIBowK+Oc9XrxZxZMAhOAZnAIMSqIIaqIMGoOAOPIAn8OzcO4/Oi/M6b11yFjMH4Ec5b5+kM5dQ</latexit><latexit sha1_base64="cAHXXgwTbWZWltMl7N3MZTDbvfc=">AAACBnicdZDLSgMxFIYzXmu9VV2KECyiq5IUse1CKLrpsoK9QGcomTSdhmYyQ5IplNKVG1/FjQtF3PoM7nwbM20FFT0Q+PL/55Cc348F1wahD2dpeWV1bT2zkd3c2t7Zze3tN3WUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlD69TvzViSvNI3ppxzLyQBJL3OSXGSt3ckSuIDASDtVPoqjlewpG9BAEcdXN5VEAIYYxhCrh0gSxUKuUiLkOcWrbyYFH1bu7d7UU0CZk0VBCtOxjFxpsQZTgVbJp1E81iQockYB2LkoRMe5PZGlN4YpUe7EfKHmngTP0+MSGh1uPQt50hMQP920vFv7xOYvplb8JlnBgm6fyhfiKgiWCaCexxxagRYwuEKm7/CumAKEKNTS5rQ/jaFP4PzWIBowK+Oc9XrxZxZMAhOAZnAIMSqIIaqIMGoOAOPIAn8OzcO4/Oi/M6b11yFjMH4Ec5b5+kM5dQ</latexit>



An Exact      SymmetryZ2
<latexit sha1_base64="JiYFlbq8RiClY54TyTjXOGLEIsY=">AAAB6XicbVA9SwNBEJ3zM8avqGBjsxgEq3CXRu2CNpYJeiaYHHFvM5cs2ds7dveEEPITbCxUbP1Hdjb+FjcfhSY+GHi8N8PMvDAVXBvX/XKWlldW19ZzG/nNre2d3cLe/p1OMsXQZ4lIVCOkGgWX6BtuBDZShTQOBdbD/tXYrz+i0jyRt2aQYhDTruQRZ9RY6ea+XW4Xim7JnYAsEm9GipXD2vcDAFTbhc9WJ2FZjNIwQbVuem5qgiFVhjOBo3wr05hS1qddbFoqaYw6GE5OHZETq3RIlChb0pCJ+ntiSGOtB3FoO2NqenreG4v/ec3MROfBkMs0MyjZdFGUCWISMv6bdLhCZsTAEsoUt7cS1qOKMmPTydsQvPmXF4lfLl2UvJoN4xKmyMERHMMpeHAGFbiGKvjAoAtP8AKvjnCenTfnfdq65MxmDuAPnI8f2NWPOA==</latexit><latexit sha1_base64="HGZRZ2khW5j2MEOu+lfGtkuDSyg=">AAAB6XicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNo3YhNpYJuiaYLGF2MpsMmZ1dZmaFsOQTbCxUbK39C7/AzsZvcfIoNPHAhcM593LvPUEiuDaO84WWlldW19ZzG/nNre2d3cLe/q2OU0WZR2MRq2ZANBNcMs9wI1gzUYxEgWCNYHA59hv3TGkeyxszTJgfkZ7kIafEWOn6rlPuFIpOyZkALxJ3RoqVw/o3f69+1DqFz3Y3pmnEpKGCaN1yncT4GVGGU8FG+XaqWULogPRYy1JJIqb9bHLqCJ9YpYvDWNmSBk/U3xMZibQeRoHtjIjp63lvLP7ntVITnvsZl0lqmKTTRWEqsInx+G/c5YpRI4aWEKq4vRXTPlGEGptO3obgzr+8SLxy6aLk1m0YVZgiB0dwDKfgwhlU4Apq4AGFHjzAEzwjgR7RC3qdti6h2cwB/AF6+wEoaZD0</latexit><latexit sha1_base64="HGZRZ2khW5j2MEOu+lfGtkuDSyg=">AAAB6XicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNo3YhNpYJuiaYLGF2MpsMmZ1dZmaFsOQTbCxUbK39C7/AzsZvcfIoNPHAhcM593LvPUEiuDaO84WWlldW19ZzG/nNre2d3cLe/q2OU0WZR2MRq2ZANBNcMs9wI1gzUYxEgWCNYHA59hv3TGkeyxszTJgfkZ7kIafEWOn6rlPuFIpOyZkALxJ3RoqVw/o3f69+1DqFz3Y3pmnEpKGCaN1yncT4GVGGU8FG+XaqWULogPRYy1JJIqb9bHLqCJ9YpYvDWNmSBk/U3xMZibQeRoHtjIjp63lvLP7ntVITnvsZl0lqmKTTRWEqsInx+G/c5YpRI4aWEKq4vRXTPlGEGptO3obgzr+8SLxy6aLk1m0YVZgiB0dwDKfgwhlU4Apq4AGFHjzAEzwjgR7RC3qdti6h2cwB/AF6+wEoaZD0</latexit><latexit sha1_base64="g+Y9rF+CIJReWhOA8Pmfdr1eT6s=">AAAB6XicbVBNT8JAEJ36ifiFevSykZh4Ii0X9Ub04hGjFSI0ZLtMYcN22+xuTUjDT/DiQY1X/5E3/40L9KDgSyZ5eW8mM/PCVHBtXPfbWVldW9/YLG2Vt3d29/YrB4cPOskUQ58lIlHtkGoUXKJvuBHYThXSOBTYCkfXU7/1hErzRN6bcYpBTAeSR5xRY6W7x169V6m6NXcGsky8glShQLNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiV+vXda8W7fauCrSKMExnMAZeHAODbiBJvjAYADP8ApvjnBenHfnY9664hQzR/AHzucPTCKNUw==</latexit>

SU(2)
Z2 ! SU(2)0

<latexit sha1_base64="clwSF+fu3Ktszq+CDzhUKv9zdN0="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="STeynz28zVk8CTtwgOojjxeYHYM=">AAACE3icbVBNTxsxFHzLR4E00MCViwWqGi7Rbg5tERekXjiC6ELUbBR5nbeJhdde2W9B0Sr/hEv/CpceCkLixr+pE3IA0pEsjWbGeu9NWijpKAyfg6XlldUPa+sbtY/1za1Pje36hTOlFRgLo4ztpNyhkhpjkqSwU1jkearwMr36MfUvr9E6afRPGhfYy/lQy0wKTl7qN76ex832AUuOWOKIiyuLqvrVb0+qRBk9VJiRlcMRcWvNzWQam+W/9Bv7YSucgS2SaE72YY7TfuMpGRhR5qhJKO5cNwoL6lXckhQKJ7WkdFj4+XyIXU81z9H1qtl9E/bZKwOWGeufJjZTX/+oeO7cOE99Muc0cu+9qfg/r1tS9r1XSV2UhFq8DMpKxciwaVlsIC0KUmNPuLDS78rEiFsuyFda8yVE709eJHG7ddiKzkJYh13YgyZE8A2O4QROIQYBt3AHf+E++B38CR5e2loK5rXtwBsEj/8AI6ufzQ==</latexit><latexit sha1_base64="STeynz28zVk8CTtwgOojjxeYHYM=">AAACE3icbVBNTxsxFHzLR4E00MCViwWqGi7Rbg5tERekXjiC6ELUbBR5nbeJhdde2W9B0Sr/hEv/CpceCkLixr+pE3IA0pEsjWbGeu9NWijpKAyfg6XlldUPa+sbtY/1za1Pje36hTOlFRgLo4ztpNyhkhpjkqSwU1jkearwMr36MfUvr9E6afRPGhfYy/lQy0wKTl7qN76ex832AUuOWOKIiyuLqvrVb0+qRBk9VJiRlcMRcWvNzWQam+W/9Bv7YSucgS2SaE72YY7TfuMpGRhR5qhJKO5cNwoL6lXckhQKJ7WkdFj4+XyIXU81z9H1qtl9E/bZKwOWGeufJjZTX/+oeO7cOE99Muc0cu+9qfg/r1tS9r1XSV2UhFq8DMpKxciwaVlsIC0KUmNPuLDS78rEiFsuyFda8yVE709eJHG7ddiKzkJYh13YgyZE8A2O4QROIQYBt3AHf+E++B38CR5e2loK5rXtwBsEj/8AI6ufzQ==</latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="8r25as40eRRM930OMVqWgl67IOo="></latexit><latexit sha1_base64="WkxH1KJRhpEqHdhttlH8QplSsus=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6ibMtOFD9yIblwqOip2Ssmkd9pgJhmSO0oZ+idu/BU3LlQEV/o3prULXwcCh3PO5eaeOJPCou9/eCOjY+MTk1PTpZnZufmF8uLSudW54RByLbW5jJkFKRSEKFDCZWaApbGEi/j6sO9f3ICxQqsz7GbQSFlbiURwhk5qlrdOw43aJo32aGSR8WsDsrhq1npFJLVqS0jQiHYHmTH6ttePDfLrzXLFr/oD0L8kGJIKGeK4WX6LWprnKSjkkllbD/wMGwUzKLiEXinKLWRuP2tD3VHFUrCNYnBfj645pUUTbdxTSAfq94mCpdZ209glU4Yd+9vri/959RyTnUYhVJYjKP61KMklRU37ZdGWMMBRdh1h3Aj3V8o7zDCOrtKSKyH4ffJfEtaqu9XgxK/sHwzbmCIrZJVskIBsk31yRI5JSDi5Iw/kiTx7996j9+K9fkVHvOHMMvkB7/0TDRShUg==</latexit>

H(2, 1)
Z2 ! H

0(1, 2)
<latexit sha1_base64="a64RFKxZgPn25BN+gYQ/tl3BsQg="></latexit><latexit sha1_base64="KhN7tHsvkWAZkB4lJl91JvdN2Pw="></latexit><latexit sha1_base64="KhN7tHsvkWAZkB4lJl91JvdN2Pw="></latexit><latexit sha1_base64="+aT///Ct9y4c4B95xmwUXkxgWx4=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1hBykw3VtyIbrpUsCp2Ssmkd9pgJhmSO0oZ+itu/BU3LlR0p19jWrvwdSBwOOdccu+JUiks+v67NzE5NT0zOzdfWFhcWl4prq6dW50ZDg2upTaXEbMghYIGCpRwmRpgSSThIro+HvoXN2Cs0OoM+ym0EtZVIhacoZPaxVq9XN0Ndmh4QEOLjF8bkPlVuzrIQ6lVV0KMRnR7yIzRt4NhrL5dDnarO+1iya/4I9C/JBiTEhnjpF18CzuaZwko5JJZ2wz8FFs5Myi4hEEhzCykbgHWhaajiiVgW/nowgHdckqHxtq4p5CO1O8TOUus7SeRSyYMe/a3NxT/85oZxrVWLlSaISj+9VGcSYqaDuuiHWGAo+w7wrgRblfKe8wwjq7Ugish+H3yX9KoVvYrwalfOjwatzFHNsgmKZOA7JFDUicnpEE4uSMP5Ik8e/feo/fivX5FJ7zxzDr5Ae/jE2BBoWA=</latexit>

•  Total Mirror Sector  
•  Electroweak Mirror Sector
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SU(2)0 = SU(2)R
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splittings arise, and how ⌫ masses become decoupled from u masses. We find that precision

gauge coupling unification is possible even in the presence of the required Froggatt-Nielsen

states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by

V (H, H 0) = �m2(H†H + H 0†H 0) +
�

2
(H†H + H 0†H 0)2 + �0H†HH 0†H 0. (3)

We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is

VLE(H) = �0 v02 H†H � �0
✓
1 +

�0

2�

◆
(H†H)2. (4)

In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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Introduce H’ with H
Z2 ! H

0
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H’ must be SU(2) singlet 

hH 0i = v
0 � v
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splittings arise, and how ⌫ masses become decoupled from u masses. We find that precision

gauge coupling unification is possible even in the presence of the required Froggatt-Nielsen

states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by

V (H, H 0) = �m2(H†H + H 0†H 0) +
�

2
(H†H + H 0†H 0)2 + �0H†HH 0†H 0. (3)

We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is

VLE(H) = �0 v02 H†H � �0
✓
1 +

�0

2�

◆
(H†H)2. (4)

In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by
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We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is

VLE(H) = �0 v02 H†H � �0
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In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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gauge coupling unification is possible even in the presence of the required Froggatt-Nielsen

states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by

V (H, H 0) = �m2(H†H + H 0†H 0) +
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We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is
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In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs
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Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-
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splittings arise, and how ⌫ masses become decoupled from u masses. We find that precision

gauge coupling unification is possible even in the presence of the required Froggatt-Nielsen

states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by

V (H, H 0) = �m2(H†H + H 0†H 0) +
�

2
(H†H + H 0†H 0)2 + �0H†HH 0†H 0. (3)

We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is

VLE(H) = �0 v02 H†H � �0
✓
1 +

�0

2�

◆
(H†H)2. (4)

In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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�SM (v0) = 0
<latexit sha1_base64="g7dvSY6ZBhq4mkNN8S6bwUAJI6g=">AAAB/XicdVDLSgMxFL3js9ZXVVy5CS1iRSgztfSxEIpu3AgVrS20pWTSTBuaeZBkCmUo+Cm6caHi1v9w59+YaRVU9EDgcM653JtjB5xJZZrvxtz8wuLScmIlubq2vrGZ2tq+kX4oCK0Tn/uiaWNJOfNoXTHFaTMQFLs2pw17eBb7jREVkvnetRoHtOPivsccRrDSUje1m2xzne7hbnR1McmODg7RCTK7qYyZq5SL+UIRmTnTLFl5Kyb5UuG4gCytxMhU0+2jOwCodVNv7Z5PQpd6inAsZcsyA9WJsFCMcDpJtkNJA0yGuE9bmnrYpbITTc+foH2t9JDjC/08habq94kIu1KOXVsnXawG8rcXi395rVA55U7EvCBU1COzRU7IkfJR3AXqMUGJ4mNNMBFM34rIAAtMlG4sqUv4+in6n9TzuUrOutRlnMIMCdiDNGTBghJU4RxqUAcCEdzDIzwZt8aD8Wy8zKJzxufMDvyA8foBSf2VcQ==</latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="5r0oTUueSk5zwkMkUCEkcRYBtJ4=">AAAB/XicdVDLSgMxFM34rPVVFVdugkWsmyFTSx8LoejGjVDR2kI7DJlM2oZmHiSZQhkK/oobFypu/Q93/o2ZtoKKHggczjmXe3PciDOpEPowFhaXlldWM2vZ9Y3Nre3czu6dDGNBaJOEPBRtF0vKWUCbiilO25Gg2Hc5bbnDi9RvjaiQLAxu1Tiito/7AesxgpWWnNx+tst12sNOcnM1KYyOT+AZRE4uj8xatVwslSEyEapYRSslxUrptAQtraTIgzkaTu6964Uk9mmgCMdSdiwUKTvBQjHC6STbjSWNMBniPu1oGmCfSjuZnj+BR1rxYC8U+gUKTtXvEwn2pRz7rk76WA3kby8V//I6sepV7YQFUaxoQGaLejGHKoRpF9BjghLFx5pgIpi+FZIBFpgo3VhWl/D1U/g/aRbNmmldo3z9fN5GBhyAQ1AAFqiAOrgEDdAEBCTgATyBZ+PeeDRejNdZdMGYz+yBHzDePgE5B5Po</latexit>
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Figure 2: Upper: RG evolution of � (left) and of �� (right) varying Mt, ↵3(MZ), Mh by
±3�. Lower: Same as above, with more “physical” normalisations. The Higgs quartic coupling
is compared with the top Yukawa and weak gauge coupling through the ratios sign(�)

p
4|�|/yt

and sign(�)
p

8|�|/g2, which correspond to the ratios of running masses mh/mt and mh/mW ,
respectively (left). The Higgs quartic �-function is shown in units of its top contribution, ��(top
contribution) = �3y4

t
/8⇡2 (right). The grey shadings cover values of the RG scale above the

Planck mass MPl ⇡ 1.2⇥ 1019 GeV, and above the reduced Planck mass M̄Pl = MPl/
p
8⇡.
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v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v0 ⇠ O(µc)
<latexit sha1_base64="vDsx0YQvQ4YnGcBr6SJ0KXfvLn8=">AAACAXicdVDLSsNAFJ3UV62vqhvBzWAR66YksbR1V3Tjzgr2AU0Ik+m0HTqThJlJoYS68VfcuFDErX/hzr9x0lZQ0QMXDufcy733+BGjUpnmh5FZWl5ZXcuu5zY2t7Z38rt7LRnGApMmDlkoOj6ShNGANBVVjHQiQRD3GWn7o8vUb4+JkDQMbtUkIi5Hg4D2KUZKS17+YHwCHUk5TByMGLyewqLDYw+fevmCWTqvVexyBZol06xatpUSu1o+K0NLKykKYIGGl393eiGOOQkUZkjKrmVGyk2QUBQzMs05sSQRwiM0IF1NA8SJdJPZB1N4rJUe7IdCV6DgTP0+kSAu5YT7upMjNZS/vVT8y+vGql9zExpEsSIBni/qxwyqEKZxwB4VBCs20QRhQfWtEA+RQFjp0HI6hK9P4f+kZZcss2TdlAv1i0UcWXAIjkARWKAK6uAKNEATYHAHHsATeDbujUfjxXidt2aMxcw++AHj7ROwUZXD</latexit><latexit sha1_base64="vDsx0YQvQ4YnGcBr6SJ0KXfvLn8=">AAACAXicdVDLSsNAFJ3UV62vqhvBzWAR66YksbR1V3Tjzgr2AU0Ik+m0HTqThJlJoYS68VfcuFDErX/hzr9x0lZQ0QMXDufcy733+BGjUpnmh5FZWl5ZXcuu5zY2t7Z38rt7LRnGApMmDlkoOj6ShNGANBVVjHQiQRD3GWn7o8vUb4+JkDQMbtUkIi5Hg4D2KUZKS17+YHwCHUk5TByMGLyewqLDYw+fevmCWTqvVexyBZol06xatpUSu1o+K0NLKykKYIGGl393eiGOOQkUZkjKrmVGyk2QUBQzMs05sSQRwiM0IF1NA8SJdJPZB1N4rJUe7IdCV6DgTP0+kSAu5YT7upMjNZS/vVT8y+vGql9zExpEsSIBni/qxwyqEKZxwB4VBCs20QRhQfWtEA+RQFjp0HI6hK9P4f+kZZcss2TdlAv1i0UcWXAIjkARWKAK6uAKNEATYHAHHsATeDbujUfjxXidt2aMxcw++AHj7ROwUZXD</latexit><latexit sha1_base64="vDsx0YQvQ4YnGcBr6SJ0KXfvLn8=">AAACAXicdVDLSsNAFJ3UV62vqhvBzWAR66YksbR1V3Tjzgr2AU0Ik+m0HTqThJlJoYS68VfcuFDErX/hzr9x0lZQ0QMXDufcy733+BGjUpnmh5FZWl5ZXcuu5zY2t7Z38rt7LRnGApMmDlkoOj6ShNGANBVVjHQiQRD3GWn7o8vUb4+JkDQMbtUkIi5Hg4D2KUZKS17+YHwCHUk5TByMGLyewqLDYw+fevmCWTqvVexyBZol06xatpUSu1o+K0NLKykKYIGGl393eiGOOQkUZkjKrmVGyk2QUBQzMs05sSQRwiM0IF1NA8SJdJPZB1N4rJUe7IdCV6DgTP0+kSAu5YT7upMjNZS/vVT8y+vGql9zExpEsSIBni/qxwyqEKZxwB4VBCs20QRhQfWtEA+RQFjp0HI6hK9P4f+kZZcss2TdlAv1i0UcWXAIjkARWKAK6uAKNEATYHAHHsATeDbujUfjxXidt2aMxcw++AHj7ROwUZXD</latexit><latexit sha1_base64="vDsx0YQvQ4YnGcBr6SJ0KXfvLn8=">AAACAXicdVDLSsNAFJ3UV62vqhvBzWAR66YksbR1V3Tjzgr2AU0Ik+m0HTqThJlJoYS68VfcuFDErX/hzr9x0lZQ0QMXDufcy733+BGjUpnmh5FZWl5ZXcuu5zY2t7Z38rt7LRnGApMmDlkoOj6ShNGANBVVjHQiQRD3GWn7o8vUb4+JkDQMbtUkIi5Hg4D2KUZKS17+YHwCHUk5TByMGLyewqLDYw+fevmCWTqvVexyBZol06xatpUSu1o+K0NLKykKYIGGl393eiGOOQkUZkjKrmVGyk2QUBQzMs05sSQRwiM0IF1NA8SJdJPZB1N4rJUe7IdCV6DgTP0+kSAu5YT7upMjNZS/vVT8y+vGql9zExpEsSIBni/qxwyqEKZxwB4VBCs20QRhQfWtEA+RQFjp0HI6hK9P4f+kZZcss2TdlAv1i0UcWXAIjkARWKAK6uAKNEATYHAHHsATeDbujUfjxXidt2aMxcw++AHj7ROwUZXD</latexit>



Summary of Setup

SU(4)
v0
�! SU(3)

<latexit sha1_base64="IcT0l8TotH/ioPRRwrfqJnCdxUU=">AAACE3icbVC7SgNBFL0b3/EVtbQZFFERwq4KaifaWCq6GsiGMDuZJENmZ5aZu0pY8hE21v6FjYWKrY2df+MksfB1YOBwzrncuSdOpbDo+x9eYWR0bHxicqo4PTM7N19aWLy0OjOMh0xLbSoxtVwKxUMUKHklNZwmseRXcee4719dc2OFVhfYTXktoS0lmoJRdFK9tFU8Dzd2N0lkkbKO4TK/Xu/lkdSqZUSrjdQYfdMjLrSzWS+t+mV/APKXBF9k9XAl2roHgNN66T1qaJYlXCGT1Npq4KdYy6lBwSTvFaPM8tStpS1edVTRhNtaPjiqR9ac0iBNbdxTSAbq94mcJtZ2k9glE4pt+9vri/951Qyb+7VcqDRDrthwUTOTBDXpN0QawnCGsusIZUa4vxLWpoYydD0WXQnB75P/knC7fFAOzlwZRzDEJCzDCmxAAHtwCCdwCiEwuIUHeIJn78579F6812G04H3NLMEPeG+fey6e7A==</latexit><latexit sha1_base64="hqPn7mhXvChWOI4ye4bZupGKQUA=">AAACE3icbVBNSwMxFMz6WetX1aOX0CK2CGVXBfVW9OKxomuFbinZNG2D2WRJ3ipl6Y8QxL/ixYOKVy/e+m9MWw/aOhAYZubx8iaMBTfgugNnZnZufmExs5RdXlldW89tbF4blWjKfKqE0jchMUxwyXzgINhNrBmJQsFq4e3Z0K/dMW24klfQi1kjIh3J25wSsFIzt5e99IuHJRwYIPRWM5He7fbTQCjZ0bzTBaK1uu9jGzooNXMFt+yOgKeJ90MKlXyw9zio9KrN3FfQUjSJmAQqiDF1z42hkRINnArWzwaJYbFdSzqsbqkkETONdHRUH+9YpYXbStsnAY/U3xMpiYzpRaFNRgS6ZtIbiv959QTax42UyzgBJul4UTsRGBQeNoRbXDMKomcJoZrbv2LaJZpQsD1mbQne5MnTxN8vn5S9C1vGKRojg7ZRHhWRh45QBZ2jKvIRRQ/oGb2iN+fJeXHenY9xdMb5mdlCf+B8fgODEqBy</latexit><latexit sha1_base64="hqPn7mhXvChWOI4ye4bZupGKQUA=">AAACE3icbVBNSwMxFMz6WetX1aOX0CK2CGVXBfVW9OKxomuFbinZNG2D2WRJ3ipl6Y8QxL/ixYOKVy/e+m9MWw/aOhAYZubx8iaMBTfgugNnZnZufmExs5RdXlldW89tbF4blWjKfKqE0jchMUxwyXzgINhNrBmJQsFq4e3Z0K/dMW24klfQi1kjIh3J25wSsFIzt5e99IuHJRwYIPRWM5He7fbTQCjZ0bzTBaK1uu9jGzooNXMFt+yOgKeJ90MKlXyw9zio9KrN3FfQUjSJmAQqiDF1z42hkRINnArWzwaJYbFdSzqsbqkkETONdHRUH+9YpYXbStsnAY/U3xMpiYzpRaFNRgS6ZtIbiv959QTax42UyzgBJul4UTsRGBQeNoRbXDMKomcJoZrbv2LaJZpQsD1mbQne5MnTxN8vn5S9C1vGKRojg7ZRHhWRh45QBZ2jKvIRRQ/oGb2iN+fJeXHenY9xdMb5mdlCf+B8fgODEqBy</latexit><latexit sha1_base64="L93BJNY6EHeO0kVqLfum/mVRO0w=">AAACE3icbVDLSgMxFM3UV62vqks3wSK2CGVGBXVXdOOyomMLbSmZNG1DM8mQ3KmUoR/hxl9x40LFrRt3/o3pY6GtBwKHc87l5p4gEtyA6347qYXFpeWV9GpmbX1jcyu7vXNvVKwp86kSSlcDYpjgkvnAQbBqpBkJA8EqQe9q5Ff6TBuu5B0MItYISUfyNqcErNTMHmVu/fxpAdcNENrTTCT9w2FSF0p2NO90gWitHobYhk4KzWzOLbpj4HniTUkOTVFuZr/qLUXjkEmgghhT89wIGgnRwKlgw0w9Niyya0mH1SyVJGSmkYyPGuIDq7RwW2n7JOCx+nsiIaExgzCwyZBA18x6I/E/rxZD+7yRcBnFwCSdLGrHAoPCo4Zwi2tGQQwsIVRz+1dMu0QTCrbHjC3Bmz15nvjHxYuid+PmSpfTNtJoD+2jPPLQGSqha1RGPqLoET2jV/TmPDkvzrvzMYmmnOnMLvoD5/MHajidYw==</latexit>

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

⇤UV
<latexit sha1_base64="csMeqC3UKZOfcsEPIsfOxrWzidY=">AAAB83icdVC7SgNBFL3rM66vqGBjMxgEq7AbQx5d0MbCIgE3CSRLnJ1MkiGzD2dmA2HJd9hYqNj6M3Y2fouziYKKHhg4nHMu987xIs6ksqw3Y2l5ZXVtPbNhbm5t7+xm9/abMowFoQ4JeSjaHpaUs4A6iilO25Gg2Pc4bXnji9RvTaiQLAyu1TSiro+HARswgpWWXLN7pbN93Euc5qyXzVn5aqVUKJaQlbessl2wU1IoF8+KyNZKilztsPF+AwD1Xva12w9J7NNAEY6l7NhWpNwEC8UIpzOzG0saYTLGQ9rRNMA+lW4yP3qGTrTSR4NQ6BcoNFe/TyTYl3LqezrpYzWSv71U/MvrxGpQcRMWRLGiAVksGsQcqRClDaA+E5QoPtUEE8H0rYiMsMBE6Z5MXcLXT9H/xCnkq3m7ocs4hwUycATHcAo2lKEGl1AHBwjcwh08wKMxMe6NJ+N5EV0yPmcO4AeMlw9qrpOc</latexit><latexit sha1_base64="ybg9SPqhBO6h/VTSt/TazjOuXeg=">AAAB83icdVDLSsNAFJ34rPFVFdy4GSyCq5DU0seu1I0LFy2YttCGMplM2qGThzOTQgn9DjcuVNz2L/wCd278FietgooeGDiccy73znFjRoU0zTdtZXVtfWMzt6Vv7+zu7ecPDtsiSjgmNo5YxLsuEoTRkNiSSka6MScocBnpuOPLzO9MCBc0Cm/kNCZOgIYh9SlGUkmO3r9WWQ8NUrs9G+QLplGrloulMjQN06xYRSsjxUrpogQtpWQo1I9b73TeeGkO8q99L8JJQEKJGRKiZ5mxdFLEJcWMzPR+IkiM8BgNSU/REAVEOOni6Bk8U4oH/YirF0q4UL9PpCgQYhq4KhkgORK/vUz8y+sl0q86KQ3jRJIQLxf5CYMyglkD0KOcYMmmiiDMqboV4hHiCEvVk65K+Pop/J/YRaNmWC1VRgMskQMn4BScAwtUQB1cgSawAQa34A48gEdtot1rT9rzMrqifc4cgR/Q5h+6M5VY</latexit><latexit sha1_base64="ybg9SPqhBO6h/VTSt/TazjOuXeg=">AAAB83icdVDLSsNAFJ34rPFVFdy4GSyCq5DU0seu1I0LFy2YttCGMplM2qGThzOTQgn9DjcuVNz2L/wCd278FietgooeGDiccy73znFjRoU0zTdtZXVtfWMzt6Vv7+zu7ecPDtsiSjgmNo5YxLsuEoTRkNiSSka6MScocBnpuOPLzO9MCBc0Cm/kNCZOgIYh9SlGUkmO3r9WWQ8NUrs9G+QLplGrloulMjQN06xYRSsjxUrpogQtpWQo1I9b73TeeGkO8q99L8JJQEKJGRKiZ5mxdFLEJcWMzPR+IkiM8BgNSU/REAVEOOni6Bk8U4oH/YirF0q4UL9PpCgQYhq4KhkgORK/vUz8y+sl0q86KQ3jRJIQLxf5CYMyglkD0KOcYMmmiiDMqboV4hHiCEvVk65K+Pop/J/YRaNmWC1VRgMskQMn4BScAwtUQB1cgSawAQa34A48gEdtot1rT9rzMrqifc4cgR/Q5h+6M5VY</latexit><latexit sha1_base64="GZjSJePC0VDWSWCyYfVEqeA8BxM=">AAAB83icdVDLSsNAFJ3UV42vqks3g0VwFZJa+tgV3bhwUcG0hTaUyWTSDp1M4sykUEK/w40LFbf+jDv/xklbQUUPDBzOOZd75/gJo1LZ9odRWFvf2Nwqbps7u3v7B6XDo46MU4GJi2MWi56PJGGUE1dRxUgvEQRFPiNdf3KV+90pEZLG/E7NEuJFaMRpSDFSWvLMwY3OBmiYuZ35sFS2rWajVqnWoG3Zdt2pODmp1KsXVehoJUcZrNAelt4HQYzTiHCFGZKy79iJ8jIkFMWMzM1BKkmC8ASNSF9TjiIivWxx9ByeaSWAYSz04wou1O8TGYqknEW+TkZIjeVvLxf/8vqpChteRnmSKsLxclGYMqhimDcAAyoIVmymCcKC6lshHiOBsNI9mbqEr5/C/4lbsZqWc2uXW5erNorgBJyCc+CAOmiBa9AGLsDgHjyAJ/BsTI1H48V4XUYLxmrmGPyA8fYJ3eyRtw==</latexit>

✓
H

H
0

◆

<latexit sha1_base64="3GWAaG6jKnOG/9UqUuXIsyH5apA="></latexit><latexit sha1_base64="rJARy4KQxyYaNZGSDHhCSuZYT+4="></latexit><latexit sha1_base64="rJARy4KQxyYaNZGSDHhCSuZYT+4="></latexit><latexit sha1_base64="1IcYaTsN8kuo0VVT/kn6O/kBgKY=">AAACEHicdVA9SwNBEN3zM55fUUubxSCmCrsWJumCNikjGBVyIextJsni3t6xuyeGI3/Bxr9iY6Fia2nnv3FPo6jog4HHezPMzAsTKYwl5NWbmZ2bX1gsLPnLK6tr68WNzVMTp5pDm8cy1uchMyCFgrYVVsJ5ooFFoYSz8OIo988uQRsRqxM7TqAbsaESA8GZdVKvWPaDEIZCZUnErBZXE+w3cRD4zT3sB6D6X3qvWCIVQgilFOeEVg+II/V6bZ/WMM0thxKaotUrvgT9mKcRKMslM6ZDSWK7GdNWcAkTP0gNJIxfsCF0HFUsAtPN3j+a4F2n9PEg1q6Uxe/q94mMRcaMo9B1uvtG5reXi395ndQOat1MqCS1oPjHokEqsY1xHg/uCw3cyrEjjGvhbsV8xDTj1oXouxA+P8X/k/Z+pV6hx6TUOJymUUDbaAeVEUVV1EBN1EJtxNE1ukX36MG78e68R+/po3XGm85soR/wnt8AFTGcJg==</latexit>

H
<latexit sha1_base64="LqSVxD4+/+smAVmA46qp9uA2Em4=">AAAB6HicdZDLSgMxFIbPeK3jrerSTbAIrkrShW0XYtFNl1UcW2hLyaSZNjRzIckIpRR8ADcuVNz6Mu7d+TZmWgUV/SHw8f/nkHOOn0ihDcbvzsLi0vLKam7NXd/Y3NrO7+xe6zhVjHsslrFq+VRzKSLuGWEkbyWK09CXvOmPzrO8ecOVFnF0ZcYJ74Z0EIlAMGqsdenWe/kCLmKMCSEoA1I+xhaq1UqJVBDJIqvC6at7cgsAjV7+rdOPWRryyDBJtW4TnJjuhCojmORTt5NqnlA2ogPethjRkOvuZDbpFB1ap4+CWNkXGTRzv3dMaKj1OPRtZUjNUP/OMvOvrJ2aoNKdiChJDY/Y/KMglcjEKFsb9YXizMixBcqUsLMiNqSKMmOP49ojfG2K/gevVKwWyQUu1M5grhzswwEcAYEy1KAODfCAQQB38ACPzsi5d56c53npgvPZswc/5Lx8APkFjrM=</latexit><latexit sha1_base64="k+CokANhz6/yAew9C2ZC2ZiH8ZY=">AAAB6HicdZDNSgMxFIUz9a+Of1WXboJFcFWSLmy7EItuuqzi2EJbSibNtKGZzJBkhDL0Ddy4UHGrD+Pejfg2ZloFFT0Q+DjnXnLv9WPBtUHo3cktLC4tr+RX3bX1jc2twvbOlY4SRZlHIxGptk80E1wyz3AjWDtWjIS+YC1/fJblrWumNI/kpZnErBeSoeQBp8RY68Jt9AtFVEIIYYxhBrhyhCzUatUyrkKcRVbFkxf3OH5+c5v9wmt3ENEkZNJQQbTuYBSbXkqU4VSwqdtNNIsJHZMh61iUJGS6l84mncID6wxgECn7pIEz93tHSkKtJ6FvK0NiRvp3lpl/ZZ3EBNVeymWcGCbp/KMgEdBEMFsbDrhi1IiJBUIVt7NCOiKKUGOP49ojfG0K/wevXKqV8Dkq1k/BXHmwB/bBIcCgAuqgAZrAAxQE4AbcgXtn7Nw6D87jvDTnfPbsgh9ynj4A6SCQJw==</latexit><latexit sha1_base64="k+CokANhz6/yAew9C2ZC2ZiH8ZY=">AAAB6HicdZDNSgMxFIUz9a+Of1WXboJFcFWSLmy7EItuuqzi2EJbSibNtKGZzJBkhDL0Ddy4UHGrD+Pejfg2ZloFFT0Q+DjnXnLv9WPBtUHo3cktLC4tr+RX3bX1jc2twvbOlY4SRZlHIxGptk80E1wyz3AjWDtWjIS+YC1/fJblrWumNI/kpZnErBeSoeQBp8RY68Jt9AtFVEIIYYxhBrhyhCzUatUyrkKcRVbFkxf3OH5+c5v9wmt3ENEkZNJQQbTuYBSbXkqU4VSwqdtNNIsJHZMh61iUJGS6l84mncID6wxgECn7pIEz93tHSkKtJ6FvK0NiRvp3lpl/ZZ3EBNVeymWcGCbp/KMgEdBEMFsbDrhi1IiJBUIVt7NCOiKKUGOP49ojfG0K/wevXKqV8Dkq1k/BXHmwB/bBIcCgAuqgAZrAAxQE4AbcgXtn7Nw6D87jvDTnfPbsgh9ynj4A6SCQJw==</latexit><latexit sha1_base64="i7YFD/ugC7j6b8vtC5PB9TbB8m8=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbBU0l6sO2t6KXHKq4ttEvJptk2NPtBkhXK0n/gxYOKV3+SN/+N2baCij4YeLw3w8w8P5FCG4w/nMLa+sbmVnG7tLO7t39QPjy603GqGHdZLGPV86nmUkTcNcJI3ksUp6EvedefXuV+954rLeLo1swS7oV0HIlAMGqsdFNqD8sVXMUYE0JQTkj9AlvSbDZqpIFIbllUYIXOsPw+GMUsDXlkmKRa9wlOjJdRZQSTfF4apJonlE3pmPctjWjItZctLp2jM6uMUBArW5FBC/X7REZDrWehbztDaib6t5eLf3n91AQNLxNRkhoeseWiIJXIxCh/G42E4szImSWUKWFvRWxCFWXGhlOyIXx9iv4nbq3arJJrXGldrtIowgmcwjkQqEML2tABFxgE8ABP8OxMnUfnxXldthac1cwx/IDz9gmLmozm</latexit>

•  3 are W’
•  4 are H

7 Goldstones



Summary of Setup

SU(4)
v0
�! SU(3)

<latexit sha1_base64="IcT0l8TotH/ioPRRwrfqJnCdxUU=">AAACE3icbVC7SgNBFL0b3/EVtbQZFFERwq4KaifaWCq6GsiGMDuZJENmZ5aZu0pY8hE21v6FjYWKrY2df+MksfB1YOBwzrncuSdOpbDo+x9eYWR0bHxicqo4PTM7N19aWLy0OjOMh0xLbSoxtVwKxUMUKHklNZwmseRXcee4719dc2OFVhfYTXktoS0lmoJRdFK9tFU8Dzd2N0lkkbKO4TK/Xu/lkdSqZUSrjdQYfdMjLrSzWS+t+mV/APKXBF9k9XAl2roHgNN66T1qaJYlXCGT1Npq4KdYy6lBwSTvFaPM8tStpS1edVTRhNtaPjiqR9ac0iBNbdxTSAbq94mcJtZ2k9glE4pt+9vri/951Qyb+7VcqDRDrthwUTOTBDXpN0QawnCGsusIZUa4vxLWpoYydD0WXQnB75P/knC7fFAOzlwZRzDEJCzDCmxAAHtwCCdwCiEwuIUHeIJn78579F6812G04H3NLMEPeG+fey6e7A==</latexit><latexit sha1_base64="hqPn7mhXvChWOI4ye4bZupGKQUA=">AAACE3icbVBNSwMxFMz6WetX1aOX0CK2CGVXBfVW9OKxomuFbinZNG2D2WRJ3ipl6Y8QxL/ixYOKVy/e+m9MWw/aOhAYZubx8iaMBTfgugNnZnZufmExs5RdXlldW89tbF4blWjKfKqE0jchMUxwyXzgINhNrBmJQsFq4e3Z0K/dMW24klfQi1kjIh3J25wSsFIzt5e99IuHJRwYIPRWM5He7fbTQCjZ0bzTBaK1uu9jGzooNXMFt+yOgKeJ90MKlXyw9zio9KrN3FfQUjSJmAQqiDF1z42hkRINnArWzwaJYbFdSzqsbqkkETONdHRUH+9YpYXbStsnAY/U3xMpiYzpRaFNRgS6ZtIbiv959QTax42UyzgBJul4UTsRGBQeNoRbXDMKomcJoZrbv2LaJZpQsD1mbQne5MnTxN8vn5S9C1vGKRojg7ZRHhWRh45QBZ2jKvIRRQ/oGb2iN+fJeXHenY9xdMb5mdlCf+B8fgODEqBy</latexit><latexit sha1_base64="hqPn7mhXvChWOI4ye4bZupGKQUA=">AAACE3icbVBNSwMxFMz6WetX1aOX0CK2CGVXBfVW9OKxomuFbinZNG2D2WRJ3ipl6Y8QxL/ixYOKVy/e+m9MWw/aOhAYZubx8iaMBTfgugNnZnZufmExs5RdXlldW89tbF4blWjKfKqE0jchMUxwyXzgINhNrBmJQsFq4e3Z0K/dMW24klfQi1kjIh3J25wSsFIzt5e99IuHJRwYIPRWM5He7fbTQCjZ0bzTBaK1uu9jGzooNXMFt+yOgKeJ90MKlXyw9zio9KrN3FfQUjSJmAQqiDF1z42hkRINnArWzwaJYbFdSzqsbqkkETONdHRUH+9YpYXbStsnAY/U3xMpiYzpRaFNRgS6ZtIbiv959QTax42UyzgBJul4UTsRGBQeNoRbXDMKomcJoZrbv2LaJZpQsD1mbQne5MnTxN8vn5S9C1vGKRojg7ZRHhWRh45QBZ2jKvIRRQ/oGb2iN+fJeXHenY9xdMb5mdlCf+B8fgODEqBy</latexit><latexit sha1_base64="L93BJNY6EHeO0kVqLfum/mVRO0w=">AAACE3icbVDLSgMxFM3UV62vqks3wSK2CGVGBXVXdOOyomMLbSmZNG1DM8mQ3KmUoR/hxl9x40LFrRt3/o3pY6GtBwKHc87l5p4gEtyA6347qYXFpeWV9GpmbX1jcyu7vXNvVKwp86kSSlcDYpjgkvnAQbBqpBkJA8EqQe9q5Ff6TBuu5B0MItYISUfyNqcErNTMHmVu/fxpAdcNENrTTCT9w2FSF0p2NO90gWitHobYhk4KzWzOLbpj4HniTUkOTVFuZr/qLUXjkEmgghhT89wIGgnRwKlgw0w9Niyya0mH1SyVJGSmkYyPGuIDq7RwW2n7JOCx+nsiIaExgzCwyZBA18x6I/E/rxZD+7yRcBnFwCSdLGrHAoPCo4Zwi2tGQQwsIVRz+1dMu0QTCrbHjC3Bmz15nvjHxYuid+PmSpfTNtJoD+2jPPLQGSqha1RGPqLoET2jV/TmPDkvzrvzMYmmnOnMLvoD5/MHajidYw==</latexit>

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

⇤UV
<latexit sha1_base64="csMeqC3UKZOfcsEPIsfOxrWzidY=">AAAB83icdVC7SgNBFL3rM66vqGBjMxgEq7AbQx5d0MbCIgE3CSRLnJ1MkiGzD2dmA2HJd9hYqNj6M3Y2fouziYKKHhg4nHMu987xIs6ksqw3Y2l5ZXVtPbNhbm5t7+xm9/abMowFoQ4JeSjaHpaUs4A6iilO25Gg2Pc4bXnji9RvTaiQLAyu1TSiro+HARswgpWWXLN7pbN93Euc5qyXzVn5aqVUKJaQlbessl2wU1IoF8+KyNZKilztsPF+AwD1Xva12w9J7NNAEY6l7NhWpNwEC8UIpzOzG0saYTLGQ9rRNMA+lW4yP3qGTrTSR4NQ6BcoNFe/TyTYl3LqezrpYzWSv71U/MvrxGpQcRMWRLGiAVksGsQcqRClDaA+E5QoPtUEE8H0rYiMsMBE6Z5MXcLXT9H/xCnkq3m7ocs4hwUycATHcAo2lKEGl1AHBwjcwh08wKMxMe6NJ+N5EV0yPmcO4AeMlw9qrpOc</latexit><latexit sha1_base64="ybg9SPqhBO6h/VTSt/TazjOuXeg=">AAAB83icdVDLSsNAFJ34rPFVFdy4GSyCq5DU0seu1I0LFy2YttCGMplM2qGThzOTQgn9DjcuVNz2L/wCd278FietgooeGDiccy73znFjRoU0zTdtZXVtfWMzt6Vv7+zu7ecPDtsiSjgmNo5YxLsuEoTRkNiSSka6MScocBnpuOPLzO9MCBc0Cm/kNCZOgIYh9SlGUkmO3r9WWQ8NUrs9G+QLplGrloulMjQN06xYRSsjxUrpogQtpWQo1I9b73TeeGkO8q99L8JJQEKJGRKiZ5mxdFLEJcWMzPR+IkiM8BgNSU/REAVEOOni6Bk8U4oH/YirF0q4UL9PpCgQYhq4KhkgORK/vUz8y+sl0q86KQ3jRJIQLxf5CYMyglkD0KOcYMmmiiDMqboV4hHiCEvVk65K+Pop/J/YRaNmWC1VRgMskQMn4BScAwtUQB1cgSawAQa34A48gEdtot1rT9rzMrqifc4cgR/Q5h+6M5VY</latexit><latexit sha1_base64="ybg9SPqhBO6h/VTSt/TazjOuXeg=">AAAB83icdVDLSsNAFJ34rPFVFdy4GSyCq5DU0seu1I0LFy2YttCGMplM2qGThzOTQgn9DjcuVNz2L/wCd278FietgooeGDiccy73znFjRoU0zTdtZXVtfWMzt6Vv7+zu7ecPDtsiSjgmNo5YxLsuEoTRkNiSSka6MScocBnpuOPLzO9MCBc0Cm/kNCZOgIYh9SlGUkmO3r9WWQ8NUrs9G+QLplGrloulMjQN06xYRSsjxUrpogQtpWQo1I9b73TeeGkO8q99L8JJQEKJGRKiZ5mxdFLEJcWMzPR+IkiM8BgNSU/REAVEOOni6Bk8U4oH/YirF0q4UL9PpCgQYhq4KhkgORK/vUz8y+sl0q86KQ3jRJIQLxf5CYMyglkD0KOcYMmmiiDMqboV4hHiCEvVk65K+Pop/J/YRaNmWC1VRgMskQMn4BScAwtUQB1cgSawAQa34A48gEdtot1rT9rzMrqifc4cgR/Q5h+6M5VY</latexit><latexit sha1_base64="GZjSJePC0VDWSWCyYfVEqeA8BxM=">AAAB83icdVDLSsNAFJ3UV42vqks3g0VwFZJa+tgV3bhwUcG0hTaUyWTSDp1M4sykUEK/w40LFbf+jDv/xklbQUUPDBzOOZd75/gJo1LZ9odRWFvf2Nwqbps7u3v7B6XDo46MU4GJi2MWi56PJGGUE1dRxUgvEQRFPiNdf3KV+90pEZLG/E7NEuJFaMRpSDFSWvLMwY3OBmiYuZ35sFS2rWajVqnWoG3Zdt2pODmp1KsXVehoJUcZrNAelt4HQYzTiHCFGZKy79iJ8jIkFMWMzM1BKkmC8ASNSF9TjiIivWxx9ByeaSWAYSz04wou1O8TGYqknEW+TkZIjeVvLxf/8vqpChteRnmSKsLxclGYMqhimDcAAyoIVmymCcKC6lshHiOBsNI9mbqEr5/C/4lbsZqWc2uXW5erNorgBJyCc+CAOmiBa9AGLsDgHjyAJ/BsTI1H48V4XUYLxmrmGPyA8fYJ3eyRtw==</latexit>

✓
H

H
0

◆

<latexit sha1_base64="3GWAaG6jKnOG/9UqUuXIsyH5apA="></latexit><latexit sha1_base64="rJARy4KQxyYaNZGSDHhCSuZYT+4="></latexit><latexit sha1_base64="rJARy4KQxyYaNZGSDHhCSuZYT+4="></latexit><latexit sha1_base64="1IcYaTsN8kuo0VVT/kn6O/kBgKY=">AAACEHicdVA9SwNBEN3zM55fUUubxSCmCrsWJumCNikjGBVyIextJsni3t6xuyeGI3/Bxr9iY6Fia2nnv3FPo6jog4HHezPMzAsTKYwl5NWbmZ2bX1gsLPnLK6tr68WNzVMTp5pDm8cy1uchMyCFgrYVVsJ5ooFFoYSz8OIo988uQRsRqxM7TqAbsaESA8GZdVKvWPaDEIZCZUnErBZXE+w3cRD4zT3sB6D6X3qvWCIVQgilFOeEVg+II/V6bZ/WMM0thxKaotUrvgT9mKcRKMslM6ZDSWK7GdNWcAkTP0gNJIxfsCF0HFUsAtPN3j+a4F2n9PEg1q6Uxe/q94mMRcaMo9B1uvtG5reXi395ndQOat1MqCS1oPjHokEqsY1xHg/uCw3cyrEjjGvhbsV8xDTj1oXouxA+P8X/k/Z+pV6hx6TUOJymUUDbaAeVEUVV1EBN1EJtxNE1ukX36MG78e68R+/po3XGm85soR/wnt8AFTGcJg==</latexit>

H
<latexit sha1_base64="LqSVxD4+/+smAVmA46qp9uA2Em4=">AAAB6HicdZDLSgMxFIbPeK3jrerSTbAIrkrShW0XYtFNl1UcW2hLyaSZNjRzIckIpRR8ADcuVNz6Mu7d+TZmWgUV/SHw8f/nkHOOn0ihDcbvzsLi0vLKam7NXd/Y3NrO7+xe6zhVjHsslrFq+VRzKSLuGWEkbyWK09CXvOmPzrO8ecOVFnF0ZcYJ74Z0EIlAMGqsdenWe/kCLmKMCSEoA1I+xhaq1UqJVBDJIqvC6at7cgsAjV7+rdOPWRryyDBJtW4TnJjuhCojmORTt5NqnlA2ogPethjRkOvuZDbpFB1ap4+CWNkXGTRzv3dMaKj1OPRtZUjNUP/OMvOvrJ2aoNKdiChJDY/Y/KMglcjEKFsb9YXizMixBcqUsLMiNqSKMmOP49ojfG2K/gevVKwWyQUu1M5grhzswwEcAYEy1KAODfCAQQB38ACPzsi5d56c53npgvPZswc/5Lx8APkFjrM=</latexit><latexit sha1_base64="k+CokANhz6/yAew9C2ZC2ZiH8ZY=">AAAB6HicdZDNSgMxFIUz9a+Of1WXboJFcFWSLmy7EItuuqzi2EJbSibNtKGZzJBkhDL0Ddy4UHGrD+Pejfg2ZloFFT0Q+DjnXnLv9WPBtUHo3cktLC4tr+RX3bX1jc2twvbOlY4SRZlHIxGptk80E1wyz3AjWDtWjIS+YC1/fJblrWumNI/kpZnErBeSoeQBp8RY68Jt9AtFVEIIYYxhBrhyhCzUatUyrkKcRVbFkxf3OH5+c5v9wmt3ENEkZNJQQbTuYBSbXkqU4VSwqdtNNIsJHZMh61iUJGS6l84mncID6wxgECn7pIEz93tHSkKtJ6FvK0NiRvp3lpl/ZZ3EBNVeymWcGCbp/KMgEdBEMFsbDrhi1IiJBUIVt7NCOiKKUGOP49ojfG0K/wevXKqV8Dkq1k/BXHmwB/bBIcCgAuqgAZrAAxQE4AbcgXtn7Nw6D87jvDTnfPbsgh9ynj4A6SCQJw==</latexit><latexit sha1_base64="k+CokANhz6/yAew9C2ZC2ZiH8ZY=">AAAB6HicdZDNSgMxFIUz9a+Of1WXboJFcFWSLmy7EItuuqzi2EJbSibNtKGZzJBkhDL0Ddy4UHGrD+Pejfg2ZloFFT0Q+DjnXnLv9WPBtUHo3cktLC4tr+RX3bX1jc2twvbOlY4SRZlHIxGptk80E1wyz3AjWDtWjIS+YC1/fJblrWumNI/kpZnErBeSoeQBp8RY68Jt9AtFVEIIYYxhBrhyhCzUatUyrkKcRVbFkxf3OH5+c5v9wmt3ENEkZNJQQbTuYBSbXkqU4VSwqdtNNIsJHZMh61iUJGS6l84mncID6wxgECn7pIEz93tHSkKtJ6FvK0NiRvp3lpl/ZZ3EBNVeymWcGCbp/KMgEdBEMFsbDrhi1IiJBUIVt7NCOiKKUGOP49ojfG0K/wevXKqV8Dkq1k/BXHmwB/bBIcCgAuqgAZrAAxQE4AbcgXtn7Nw6D87jvDTnfPbsgh9ynj4A6SCQJw==</latexit><latexit sha1_base64="i7YFD/ugC7j6b8vtC5PB9TbB8m8=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbBU0l6sO2t6KXHKq4ttEvJptk2NPtBkhXK0n/gxYOKV3+SN/+N2baCij4YeLw3w8w8P5FCG4w/nMLa+sbmVnG7tLO7t39QPjy603GqGHdZLGPV86nmUkTcNcJI3ksUp6EvedefXuV+954rLeLo1swS7oV0HIlAMGqsdFNqD8sVXMUYE0JQTkj9AlvSbDZqpIFIbllUYIXOsPw+GMUsDXlkmKRa9wlOjJdRZQSTfF4apJonlE3pmPctjWjItZctLp2jM6uMUBArW5FBC/X7REZDrWehbztDaib6t5eLf3n91AQNLxNRkhoeseWiIJXIxCh/G42E4szImSWUKWFvRWxCFWXGhlOyIXx9iv4nbq3arJJrXGldrtIowgmcwjkQqEML2tABFxgE8ABP8OxMnUfnxXldthac1cwx/IDz9gmLmozm</latexit>

•  3 are W’
•  4 are H

7 Goldstones

Fine Tuning
v02

⇤2
UV

v2

v02
=

v2

⇤2
UV

<latexit sha1_base64="ehFRMOJDMWytB4fcuY0ceF0v3bI="></latexit><latexit sha1_base64="SLTU6EIPPA6Iq29kjYX6Hd0n6BA="></latexit><latexit sha1_base64="SLTU6EIPPA6Iq29kjYX6Hd0n6BA="></latexit><latexit sha1_base64="92OXWnAomCyORFx1jk1pH3TF8y4="></latexit>

as in Standard Model

•  Complex stable nuclei?
•  Escape He universe at BBN?

Anthropic Weak Scale?



SM’ and LR Versions

Assume q(2, 1), `(2, 1)
<latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit>

How do quarks and leptons transform under  SU(2) X SU(2)’ and        ?        Z2
<latexit sha1_base64="6IycghJo6Pf+7CiScYrJaXa3ELE=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFoGbSwTNImYHHFvM5cs2ds7dveEcOQn2FgoYusvsrPxt7j5KDTxwcDjvRlm5gWJ4Nq47peTW1ldW9/Ibxa2tnd294r7B00dp4phg8UiVncB1Si4xIbhRuBdopBGgcBWMLya+K1HVJrH8taMEvQj2pc85IwaK93cdyvdYsktu1OQZeLNSal6VP9+AIBat/jZ6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx66picWqVHwljZkoZM1d8TGY20HkWB7YyoGehFbyL+57VTE174GZdJalCy2aIwFcTEZPI36XGFzIiRJZQpbm8lbEAVZcamU7AheIsvL5Nmpey5Za9u07iEGfJwDCdwBh6cQxWuoQYNYNCHJ3iBV0c4z86b8z5rzTnzmUP4A+fjB2zYj2Q=</latexit><latexit sha1_base64="byjGzaTNa44xryDJQ5/yOkA73II=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA+MS5id3E2GzM4uM7NCCPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUEiuDau++VkVlbX1jeym7mt7Z3dvfz+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGg8uJ37xHpXksb8wwQT+iPclDzqix0vVtp9TJF9yiOwVZJt6cFMpHtW/+XvmodvKfd92YpRFKwwTVuu25ifFHVBnOBI5zd6nGhLIB7WHbUkkj1P5oeuqYnFqlS8JY2ZKGTNXfEyMaaT2MAtsZUdPXi95E/M9rpya88EdcJqlByWaLwlQQE5PJ36TLFTIjhpZQpri9lbA+VZQZm07OhuAtvrxMGqWi5xa9mk2jAjNk4RhO4Aw8OIcyXEEV6sCgBw/wBM+OcB6dF+d11ppx5jOH8AfO2w++GZEg</latexit><latexit sha1_base64="byjGzaTNa44xryDJQ5/yOkA73II=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA+MS5id3E2GzM4uM7NCCPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUEiuDau++VkVlbX1jeym7mt7Z3dvfz+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGg8uJ37xHpXksb8wwQT+iPclDzqix0vVtp9TJF9yiOwVZJt6cFMpHtW/+XvmodvKfd92YpRFKwwTVuu25ifFHVBnOBI5zd6nGhLIB7WHbUkkj1P5oeuqYnFqlS8JY2ZKGTNXfEyMaaT2MAtsZUdPXi95E/M9rpya88EdcJqlByWaLwlQQE5PJ36TLFTIjhpZQpri9lbA+VZQZm07OhuAtvrxMGqWi5xa9mk2jAjNk4RhO4Aw8OIcyXEEV6sCgBw/wBM+OcB6dF+d11ppx5jOH8AfO2w++GZEg</latexit><latexit sha1_base64="al2z04Fs9N1QATialLjQhYABz0k=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLDHKR4QL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7T6g0j+WDmSboR3QkecgZNVa6fxzUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easO5nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvTu30rjO4yjCGZzDJXhwBQ24hSa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD94xjX8=</latexit>

DoubletsSM’

Singlets

q(2, 1), `(2, 1)  ! q0(1, 2), `0(1, 2)
<latexit sha1_base64="utErcg54z9CBOLM8C8rra6i5I+I="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="S11MQ5k6FF9+sXekXz/FC+AOCcw="></latexit>

ū, d̄, ē  ! ū0, d̄0, ē0
<latexit sha1_base64="rJaQ2nkguLoCeSrcS4tUh+IGg5Y="></latexit><latexit sha1_base64="2OyPZKYyjZ66zFLeX+NYg1GJ6s0="></latexit><latexit sha1_base64="2OyPZKYyjZ66zFLeX+NYg1GJ6s0="></latexit><latexit sha1_base64="AZJr6HCugFwVthkXlt5KPIvNCak="></latexit>

Z2
<latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit><latexit sha1_base64="IDc/b7UyeYO35iefZSaWgd8XKsM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjRPPAZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXF0uhDcYfTm5ldW19I79Z2Nre2d0r7h+0dZQoxlsskpHqelRzKULeMsJI3o0Vp4EnecebXGZ+554rLaLw1kxj7gZ0FApfMGqsdHM3qAyKJVzGGBNCUEZI9RxbUq/XKqSGSGZZlGCJ5qD43h9GLAl4aJikWvcIjo2bUmUEk3xW6Ceax5RN6Ij3LA1pwLWbzk+doROrDJEfKVuhQXP1+0RKA62ngWc7A2rG+reXiX95vcT4NTcVYZwYHrLFIj+RyEQo+xsNheLMyKkllClhb0VsTBVlxqZTsCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMBjBAzzBsyOdR+fFeV205pzlzCH8gPP2CSx2jbk=</latexit>



SM’ and LR Versions

Assume q(2, 1), `(2, 1)
<latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit><latexit sha1_base64="2gLLVcwS+0BwqtFC/b8gzmLggj8=">AAACJnicbVBdS8MwFE3n15xfVR99CQ5hwhjtEBREGPri4wT3AWsZaZZuYWlak1QYpb/GF/+KLz5MRHzzp5h1FXTzQuDknHNvbo4XMSqVZX0ahZXVtfWN4mZpa3tnd8/cP2jLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxvfzPTOIxGShvxeTSLiBmjIqU8xUprqm1eJkw3piaHnJlbNyqq6BNKHSr1qn1ahcwkdwlh2S/tm+ccAl4GdgzLIq9k3p84gxHFAuMIMSdmzrUi5CRKKYkbSkhNLEiE8RkPS05CjgEg3yTZM4YlmBtAPhT5cwYz93ZGgQMpJ4GlngNRILmoz8j+tFyv/wk0oj2JFOJ4/5McMqhDOMoMDKghWbKIBwoLqXSEeIYGw0smWdAj24peXQbtes62afXdWblzncRTBETgGFWCDc9AAt6AJWgCDJ/ACpuDNeDZejXfjY24tGHnPIfhTxtc3pG6fCg==</latexit>

How do quarks and leptons transform under  SU(2) X SU(2)’ and        ?        Z2
<latexit sha1_base64="6IycghJo6Pf+7CiScYrJaXa3ELE=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFoGbSwTNImYHHFvM5cs2ds7dveEcOQn2FgoYusvsrPxt7j5KDTxwcDjvRlm5gWJ4Nq47peTW1ldW9/Ibxa2tnd294r7B00dp4phg8UiVncB1Si4xIbhRuBdopBGgcBWMLya+K1HVJrH8taMEvQj2pc85IwaK93cdyvdYsktu1OQZeLNSal6VP9+AIBat/jZ6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx66picWqVHwljZkoZM1d8TGY20HkWB7YyoGehFbyL+57VTE174GZdJalCy2aIwFcTEZPI36XGFzIiRJZQpbm8lbEAVZcamU7AheIsvL5Nmpey5Za9u07iEGfJwDCdwBh6cQxWuoQYNYNCHJ3iBV0c4z86b8z5rzTnzmUP4A+fjB2zYj2Q=</latexit><latexit sha1_base64="byjGzaTNa44xryDJQ5/yOkA73II=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA+MS5id3E2GzM4uM7NCCPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUEiuDau++VkVlbX1jeym7mt7Z3dvfz+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGg8uJ37xHpXksb8wwQT+iPclDzqix0vVtp9TJF9yiOwVZJt6cFMpHtW/+XvmodvKfd92YpRFKwwTVuu25ifFHVBnOBI5zd6nGhLIB7WHbUkkj1P5oeuqYnFqlS8JY2ZKGTNXfEyMaaT2MAtsZUdPXi95E/M9rpya88EdcJqlByWaLwlQQE5PJ36TLFTIjhpZQpri9lbA+VZQZm07OhuAtvrxMGqWi5xa9mk2jAjNk4RhO4Aw8OIcyXEEV6sCgBw/wBM+OcB6dF+d11ppx5jOH8AfO2w++GZEg</latexit><latexit sha1_base64="byjGzaTNa44xryDJQ5/yOkA73II=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA+MS5id3E2GzM4uM7NCCPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUEiuDau++VkVlbX1jeym7mt7Z3dvfz+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGg8uJ37xHpXksb8wwQT+iPclDzqix0vVtp9TJF9yiOwVZJt6cFMpHtW/+XvmodvKfd92YpRFKwwTVuu25ifFHVBnOBI5zd6nGhLIB7WHbUkkj1P5oeuqYnFqlS8JY2ZKGTNXfEyMaaT2MAtsZUdPXi95E/M9rpya88EdcJqlByWaLwlQQE5PJ36TLFTIjhpZQpri9lbA+VZQZm07OhuAtvrxMGqWi5xa9mk2jAjNk4RhO4Aw8OIcyXEEV6sCgBw/wBM+OcB6dF+d11ppx5jOH8AfO2w++GZEg</latexit><latexit sha1_base64="al2z04Fs9N1QATialLjQhYABz0k=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLDHKR4QL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7T6g0j+WDmSboR3QkecgZNVa6fxzUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easO5nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvTu30rjO4yjCGZzDJXhwBQ24hSa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD94xjX8=</latexit>

DoubletsSM’

Singlets

q(2, 1), `(2, 1)  ! q0(1, 2), `0(1, 2)
<latexit sha1_base64="utErcg54z9CBOLM8C8rra6i5I+I="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="S11MQ5k6FF9+sXekXz/FC+AOCcw="></latexit>

ū, d̄, ē  ! ū0, d̄0, ē0
<latexit sha1_base64="rJaQ2nkguLoCeSrcS4tUh+IGg5Y="></latexit><latexit sha1_base64="2OyPZKYyjZ66zFLeX+NYg1GJ6s0="></latexit><latexit sha1_base64="2OyPZKYyjZ66zFLeX+NYg1GJ6s0="></latexit><latexit sha1_base64="AZJr6HCugFwVthkXlt5KPIvNCak="></latexit>

LR

ū, d̄, ē, ⌫̄
<latexit sha1_base64="6TsQQK+O20TrzHlIZzAe3Iu+uE8=">AAACDXicdZDLSgMxFIbPeK31VnWpi+AFXEhJurB1J7pxWcFqoS0lk8nUYCYzJBmhDH0BN76KG0FF3Lp3585HMdNaUNEDgY//P4eT8/uJFMZi/O5NTE5Nz8wW5orzC4tLy6WV1XMTp5rxBotlrJs+NVwKxRtWWMmbieY08iW/8K+Oc//immsjYnVm+wnvRLSnRCgYtU7qlrbbPtVZOthDQwjGwMfQVumgW9rCZYwxIQTlQKr72MHBQa1Caojklqutw42H0w8AqHdLb+0gZmnElWWSGtMiOLGdjGormOSDYjs1PKHsivZ4y6GiETedbHjNAO04JUBhrN1TFg3V7xMZjYzpR77rjKi9NL+9XPzLa6U2rHUyoZLUcsVGi8JUIhujPBoUCM2ZlX0HlGnh/orYJdWUWRdg0YUwvhT9D+eVMsFlcurSOIJRFWAdNmEXCFThEE6gDg1gcAN38AhP3q137z17L6PWCe9rZg1+lPf6CX6Xng8=</latexit><latexit sha1_base64="pb3tXzioyeXZ6XFJbufG0wlfLS4="></latexit><latexit sha1_base64="pb3tXzioyeXZ6XFJbufG0wlfLS4="></latexit><latexit sha1_base64="P2y0nr1MSaKdljju3SxncM3fB/8=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVXEhJurDtrujGZQV7gc5QMmnahmYyQ5IRytAXcOOruHGhiFv37nwbM72Aih4IfPz/OZycP4gF1wahTye3srq2vpHfLGxt7+zuufsHLR0lirImjUSkOgHRTHDJmoYbwTqxYiQMBGsH46vMb98xpXkkb80kZn5IhpIPOCXGSj33xAuISpPpOZxBfwlsCZ5Mpj23iEoIIYwxzABXLpCFWq1axlWIM8tWESyq0XM/vH5Ek5BJQwXRuotRbPyUKMOpYNOCl2gWEzomQ9a1KEnItJ/OrpnCU6v04SBS9kkDZ+r3iZSEWk/CwHaGxIz0by8T//K6iRlU/ZTLODFM0vmiQSKgiWAWDexzxagREwuEKm7/CumIKEKNDbBgQ1heCv+HVrmEUQnfoGL9chFHHhyBY3AGMKiAOrgGDdAEFNyDR/AMXpwH58l5dd7mrTlnMXMIfpTz/gVunZvK</latexit>

q(2, 1), `(2, 1)  ! q0(1, 2), `0(1, 2)
<latexit sha1_base64="utErcg54z9CBOLM8C8rra6i5I+I="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="sCNIODwJqEHkRPU+OhTqNoUOqa0="></latexit><latexit sha1_base64="S11MQ5k6FF9+sXekXz/FC+AOCcw="></latexit>

Doublets

SU(2)0 = SU(2)R
<latexit sha1_base64="TWfYMExfRWR6Ix3faxxg/AhPa78=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm6FFrAgl6UY3QtGNy3pJW2hDmEwn7dDJhZlJoYS+iQtdKOLWN3Hn2zhNu9DqDwMf/zmHc+b3E86ksqwvo7Cyura+UdwsbW3v7O6Z+wctGaeCUIfEPBYdH0vKWUQdxRSnnURQHPqctv3R9azeHlMhWRw9qElC3RAPIhYwgpW2PNO8d6r10xN0iXLw7jyzYtWsXOgv2AuoNMq9sycAaHrmZ68fkzSkkSIcS9m1rUS5GRaKEU6npV4qaYLJCA9oV2OEQyrdLL98io6100dBLPSLFMrdnxMZDqWchL7uDLEayuXazPyv1k1VcOFmLEpSRSMyXxSkHKkYzWJAfSYoUXyiARPB9K2IDLHAROmwSjoEe/nLf6FVr9lWzb7VaVzBXEU4gjJUwYZzaMANNMEBAmN4hBd4NTLj2Xgz3uetBWMxcwi/ZHx8A43Ukns=</latexit><latexit sha1_base64="WUYmIzbfeFyJwpZ/z13JUiZk6kI=">AAAB+XicbZDLSsNAFIYn9VbrLerSzdAiVoSSdKMboejGZb2kLbQhTKaTduhkEmYmhRD6Fi7duFDErW/irm/jNO1CW38Y+PjPOZwzvx8zKpVlTY3C2vrG5lZxu7Szu7d/YB4etWSUCEwcHLFIdHwkCaOcOIoqRjqxICj0GWn7o9tZvT0mQtKIP6k0Jm6IBpwGFCOlLc80H51q/fwMXsMcvAfPrFg1KxdcBXsBlUa5d/E8baRNz/zu9SOchIQrzJCUXduKlZshoShmZFLqJZLECI/QgHQ1chQS6Wb55RN4qp0+DCKhH1cwd39PZCiUMg193RkiNZTLtZn5X62bqODKzSiPE0U4ni8KEgZVBGcxwD4VBCuWakBYUH0rxEMkEFY6rJIOwV7+8iq06jXbqtn3Oo0bMFcRnIAyqAIbXIIGuANN4AAMxuAFvIF3IzNejQ/jc95aMBYzx+CPjK8flz6UAQ==</latexit><latexit sha1_base64="WUYmIzbfeFyJwpZ/z13JUiZk6kI=">AAAB+XicbZDLSsNAFIYn9VbrLerSzdAiVoSSdKMboejGZb2kLbQhTKaTduhkEmYmhRD6Fi7duFDErW/irm/jNO1CW38Y+PjPOZwzvx8zKpVlTY3C2vrG5lZxu7Szu7d/YB4etWSUCEwcHLFIdHwkCaOcOIoqRjqxICj0GWn7o9tZvT0mQtKIP6k0Jm6IBpwGFCOlLc80H51q/fwMXsMcvAfPrFg1KxdcBXsBlUa5d/E8baRNz/zu9SOchIQrzJCUXduKlZshoShmZFLqJZLECI/QgHQ1chQS6Wb55RN4qp0+DCKhH1cwd39PZCiUMg193RkiNZTLtZn5X62bqODKzSiPE0U4ni8KEgZVBGcxwD4VBCuWakBYUH0rxEMkEFY6rJIOwV7+8iq06jXbqtn3Oo0bMFcRnIAyqAIbXIIGuANN4AAMxuAFvIF3IzNejQ/jc95aMBYzx+CPjK8flz6UAQ==</latexit><latexit sha1_base64="Yrpc0g+Iyb7eIBgG4yHKHmHfMOw=">AAAB+XicbZDLTsJAFIZP8YZ4q7p0M5EYcUNaNroxIbpxiZcCCTTNdJjChOklM1MS0vAmblxojFvfxJ1v41C6UPBPJvnyn3Nyzvx+wplUlvVtlNbWNza3ytuVnd29/QPz8Kgt41QQ6pCYx6LrY0k5i6ijmOK0mwiKQ5/Tjj++ndc7Eyoki6MnNU2oG+JhxAJGsNKWZ5qPTq1xcY6uUQ7eg2dWrbqVC62CXUAVCrU886s/iEka0kgRjqXs2Vai3AwLxQins0o/lTTBZIyHtKcxwiGVbpZfPkNn2hmgIBb6RQrl7u+JDIdSTkNfd4ZYjeRybW7+V+ulKrhyMxYlqaIRWSwKUo5UjOYxoAETlCg+1YCJYPpWREZYYKJ0WBUdgr385VVoN+q2VbfvrWrzpoijDCdwCjWw4RKacActcIDABJ7hFd6MzHgx3o2PRWvJKGaO4Y+Mzx97VZDy</latexit>

Z2
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ū0

ū
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P ! q

0
y
⇤
ū
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Theories with SM’

Two minimal gauge groups

•  1-1’                dark matter
•  1            No dark matter 

Key feature of each choice

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

SM 0

G = 3� 2� 20 �
⇢
1� 10

1

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>
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<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>
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Theories with Left-Right Symmetry

q, `
P ! q0†, `0†

qL, `L
P ! qR, `R

SU(2)L
P ! SU(2)R

ū, d̄, ē
Not necessary to introduce 
singlet fermions

SU(2)0 = SU(2)R
<latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit>
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L5 =
1

M
(qiỹijq

0
j) HH

0
<latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit>

Flavor from d>4

P ) ỹ† = ỹ
<latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit>

�CKM ⇠ O(1)
<latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit>

Eigenvalues real



Theories with Left-Right Symmetry

q, `
P ! q0†, `0†

qL, `L
P ! qR, `R

SU(2)L
P ! SU(2)R

ū, d̄, ē
Not necessary to introduce 
singlet fermions

SU(2)0 = SU(2)R
<latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit><latexit sha1_base64="ngnGsNsDITa+/gmMpfRmOSpKjsU=">AAAB+nicdVDLSsNAFJ3UV62vWJduBotYNyWJoY+FUHTjsj5iC20Ik+m0HTp5MDMRS+ivuHGh4tYvceffOGkrqOiBC4dz7uXee/yYUSEN40PLLS2vrK7l1wsbm1vbO/pu8VZECcfEwRGLeMdHgjAaEkdSyUgn5gQFPiNtf3ye+e07wgWNwhs5iYkboGFIBxQjqSRPL8Jrp2wdH8HTOfGuCp5eMiqNetWyq9CoGEbNtMyMWDX7xIamUjKUwAItT3/v9SOcBCSUmCEhuqYRSzdFXFLMyLTQSwSJER6jIekqGqKACDed3T6Fh0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzIGCfcoIlmyiCMKfqVohHiCMsVVxZCF+fwv+JY1UaFfPSLjXPFmnkwT44AGVgghpoggvQAg7A4B48gCfwrE21R+1Fe5235rTFzB74Ae3tE9bykUo=</latexit>

Z2 ! PStrong CP problem solved
via key ingredients SU(3)

P ! SU(3)

L5 =
1

M
(qiỹijq

0
j) HH

0
<latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit><latexit sha1_base64="U5FHmD+QPPxOUIF5EKwr6qQWeOs="></latexit>

Flavor from d>4

P ) ỹ† = ỹ
<latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit><latexit sha1_base64="mtonruGeTL7wjY6rB8kWl0nzCOI="></latexit>

�CKM ⇠ O(1)
<latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit><latexit sha1_base64="kS2TK08cEwu7IZuFsrnSWV9r5cI=">AAACBnicdVDLSgMxFM3UV62vqktBgkWomzIpYttdsRtBxAqOLXSGIZNJ29DMgyQjlKE7N/6KGxcqbv0Gd/6NmbaCih64cDjnXu69x4s5k8o0P4zcwuLS8kp+tbC2vrG5VdzeuZFRIgi1SMQj0fWwpJyF1FJMcdqNBcWBx2nHG7Uyv3NLhWRReK3GMXUCPAhZnxGstOQW922fcoXdtHV+MYG2ZAFMbYI5vJyU0VHBLZbMimmaCCGYEVQ7MTVpNOpVVIcoszRKYI62W3y3/YgkAQ0V4VjKHjJj5aRYKEY4nRTsRNIYkxEe0J6mIQ6odNLpHxN4qBUf9iOhK1Rwqn6fSHEg5TjwdGeA1VD+9jLxL6+XqH7dSVkYJ4qGZLaon3CoIpiFAn0mKFF8rAkmgulbIRligYnS0WUhfH0K/ydWtdKooKvjUvN0nkYe7IEDUAYI1EATnIE2sAABd+ABPIFn4954NF6M11lrzpjP7IIfMN4+AU69l90=</latexit>

Eigenvalues real



Two Types of Theories

G = 3� 2� 20 � 1
<latexit sha1_base64="8lt42B18a65vK2i9eTsejWrXgEI=">AAACCHicbVC7TgJBFL2LL8DXqqXNREKwWbKLhVqYEC20xESEBAjODrMwYXZ2MzNrQgitjV/gP9hYqLH1E+z8G4dHoeBJbnJyzr259x4/5kxp1/22UkvLK6tr6Ux2fWNza9ve2b1VUSIJrZKIR7LuY0U5E7Sqmea0HkuKQ5/Tmt+/GPu1eyoVi8SNHsS0FeKuYAEjWBupbaNLdIaOnJJTKjgeajaz+d+C4xXads4tuhOgReLNSK6ciZ/uAKDStr+anYgkIRWacKxUw3Nj3RpiqRnhdJRtJorGmPRxlzYMFTikqjWcfDJCeaN0UBBJU0Kjifp7YohDpQahbzpDrHtq3huL/3mNRAcnrSETcaKpINNFQcKRjtA4FtRhkhLNB4ZgIpm5FZEelphoE17WhODNv7xIqqXiadG7NmGcwxRp2IcDOAQPjqEMV1CBKhB4gGd4hTfr0Xqx3q2PaWvKms3swR9Ynz9MhZVt</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="kJNclXgMxqkYCrf2aoS9Bn/t5Yo=">AAACCHicbVA9T8MwEHXKVylfAUYWi6oqS6qkDMCAVMEAY5EIrdREleM6rVXHiWwHqYq6svBXWBgAsfIT2Pg3uG2G0vKkk57eu9PdvSBhVCrb/jEKK6tr6xvFzdLW9s7unrl/8CDjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5P/NYjEZLG/F6NEuJHqM9pSDFSWuqa8AZewlOrbtWrlgM9r1SZFyyn2jXLds2eAi4TJydlkKPZNb+9XozTiHCFGZKy49iJ8jMkFMWMjEteKkmC8BD1SUdTjiIi/Wz6yRhWtNKDYSx0cQWn6vxEhiIpR1GgOyOkBnLRm4j/eZ1Uhed+RnmSKsLxbFGYMqhiOIkF9qggWLGRJggLqm+FeIAEwkqHV9IhOIsvLxO3XruoOXd2uXGVp1EER+AYnAAHnIEGuAVN4AIMnsALeAPvxrPxanwYn7PWgpHPHII/ML5+AQRVk7s=</latexit>

G = 3� 2� 20 � 1� 10
<latexit sha1_base64="HV0KtfroVWLkxoqu6G2ExmwV5lU=">AAAB+HicbVDLSgNBEOyNr2R9rXr0MhgkXjbsxoN6EIIe9BjBNYFkibOTSTJk9sHMbCAs+RDBiwcVr36KN//GyeOgiQUNRVU33V1BwplUjvNt5FZW19Y38gVzc2t7Z9fa23+QcSoI9UjMY9EIsKScRdRTTHHaSATFYcBpPRhcT/z6kArJ4uhejRLqh7gXsS4jWGmpbVnmDbpEp3bFrpRs13ZLbavolJ0p0DJx56RYLSRPjwBQa1tfrU5M0pBGinAsZdN1EuVnWChGOB2brVTSBJMB7tGmphEOqfSz6eVjdKyVDurGQlek0FT9PZHhUMpRGOjOEKu+XPQm4n9eM1Xdcz9jUZIqGpHZom7KkYrRJAbUYYISxUeaYCKYvhWRPhaYKB2WqUNwF19eJl6lfFF273QYVzBDHg7hCE7AhTOowi3UwAMCQ3iGV3gzMuPFeDc+Zq05Yz5zAH9gfP4A0qORlg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="WbqAJalYpyk4xSdWLMXWDhxgVDI=">AAAB+HicbVBNS8NAEJ34WeNX1KOXxSL1kpLUg3oQih70WMHYQhvKZrtpl24+2N0USug/8eJBxas/xZv/xm2bg7Y+GHi8N8PMvCDlTCrH+TZWVtfWNzZLW+b2zu7evnVw+CSTTBDqkYQnohVgSTmLqaeY4rSVCoqjgNNmMLyd+s0RFZIl8aMap9SPcD9mISNYaalrWeYdukbnds2uVWzXditdq+xUnRnQMnELUoYCja711eklJItorAjHUrZdJ1V+joVihNOJ2ckkTTEZ4j5taxrjiEo/n10+Qada6aEwEbpihWbq74kcR1KOo0B3RlgN5KI3Ff/z2pkKL/2cxWmmaEzmi8KMI5WgaQyoxwQlio81wUQwfSsiAywwUTosU4fgLr68TLxa9arqPjjl+k2RRgmO4QTOwIULqMM9NMADAiN4hld4M3LjxXg3PuatK0YxcwR/YHz+AIpzj+Q=</latexit>

q, ū, ....
P ! q0†, ū0†, . . . .

<latexit sha1_base64="n9BiYN654vyh2rIVbQwPz4mKubA="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="vdyCZB0WoD+jPNod2XQ/fplCvjY="></latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

  SM’

G = 3� 2L � 2R � 1B�L
<latexit sha1_base64="P7/JRCKpkEHK2cqqig+mOUPWQoY=">AAAB/XicbVC7SgNBFL0bXzG+omJlMxqENAm7sVALIcRCixRRjAkkyzI7mU2GzD6YmRXCEvBXbCxUbG39Bjs/xN7Jo9DEAxcO59zLvfe4EWdSmeaXkVpYXFpeSa9m1tY3Nrey2zt3MowFoXUS8lA0XSwpZwGtK6Y4bUaCYt/ltOH2L0Z+454KycLgVg0iavu4GzCPEay05GT3LtE5Oi6UnKqum4LlJJVCdehkc2bRHAPNE2tKcuWD/PcHANSc7Ge7E5LYp4EiHEvZssxI2QkWihFOh5l2LGmESR93aUvTAPtU2sn4/CE60koHeaHQFSg0Vn9PJNiXcuC7utPHqidnvZH4n9eKlXdqJyyIYkUDMlnkxRypEI2yQB0mKFF8oAkmgulbEelhgYnSiWV0CNbsy/OkXiqeFa1rHUYFJkjDPhxCHiw4gTJcQQ3qQCCBR3iGF+PBeDJejbdJa8qYzuzCHxjvP4C0lQw=</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="AZUClSYRKH55XnG62s5MPpyrkXs=">AAAB/XicbVC7SgNBFL0bXzG+VsXKZjAINgm7sVALIcRCixRRXBNIlmV2MpsMmX0wMyuEJeCv2Fio2Pofdv6Nk0ehiQcuHM65l3vv8RPOpLKsbyO3tLyyupZfL2xsbm3vmLt7DzJOBaEOiXksWj6WlLOIOoopTluJoDj0OW36g6ux33ykQrI4ulfDhLoh7kUsYAQrLXnmwTW6RKelilfXdVeyvaxWqo88s2iVrQnQIrFnpAgzNDzzq9ONSRrSSBGOpWzbVqLcDAvFCKejQieVNMFkgHu0rWmEQyrdbHL+CB1rpYuCWOiKFJqovycyHEo5DH3dGWLVl/PeWPzPa6cqOHczFiWpohGZLgpSjlSMxlmgLhOUKD7UBBPB9K2I9LHAROnECjoEe/7lReJUyhdl+9YqVmuzNPJwCEdwAjacQRVuoAEOEMjgGV7hzXgyXox342PamjNmM/vwB8bnD3zNks4=</latexit>

G = 4� 2L � 2R
<latexit sha1_base64="rr9vfPYLCgWdBqim7D0w8/ZypIw=">AAAB83icbVA9SwNBEJ2LXzF+RQUbm8Ug2BjugqAWQtBCC4tEPBNIjri32UuW7O2du3uBcOR32Fio2Ppn7Gz8LW4+Co0+GHi8N8PMPD/mTGnb/rQyc/MLi0vZ5dzK6tr6Rn5z605FiSTUJRGPZN3HinImqKuZ5rQeS4pDn9Oa37sY+bU+lYpF4lYPYuqFuCNYwAjWRvIu0Rk6Oiy1rk3dtPIFu2iPgf4SZ0oK5Z3q1z0AVFr5j2Y7IklIhSYcK9Vw7Fh7KZaaEU6HuWaiaIxJD3dow1CBQ6q8dHz0EO0bpY2CSJoSGo3VnxMpDpUahL7pDLHuqllvJP7nNRIdnHgpE3GiqSCTRUHCkY7QKAHUZpISzQeGYCKZuRWRLpaYaJNTzoTgzL78l7il4mnRqZowzmGCLOzCHhyAA8dQhiuogAsEHuARnuHF6ltP1qv1NmnNWNOZbfgF6/0bmvSRww==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="KTTG0lV+f3vWLsKKhZA9tgodshA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBfUgFD3owUMVYwttKJvtpl262cTdTaGE/g4vHlS8+me8+W/ctjlo64OBx3szzMzzY86Utu1vK7e0vLK6ll8vbGxube8Ud/ceVZRIQl0S8Ug2fawoZ4K6mmlOm7GkOPQ5bfiDq4nfGFKpWCQe9CimXoh7ggWMYG0k7xpdoOpJpXNr6r5TLNllewq0SJyMlCBDvVP8ancjkoRUaMKxUi3HjrWXYqkZ4XRcaCeKxpgMcI+2DBU4pMpLp0eP0ZFRuiiIpCmh0VT9PZHiUKlR6JvOEOu+mvcm4n9eK9HBmZcyESeaCjJbFCQc6QhNEkBdJinRfGQIJpKZWxHpY4mJNjkVTAjO/MuLxK2Uz8vOnV2qXWZp5OEADuEYHDiFGtxAHVwg8ATP8Apv1tB6sd6tj1lrzspm9uEPrM8fDkGP3g==</latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

LR
q, `

P ! q0†, `0†
<latexit sha1_base64="SVQ63tYaAUUTkk1iIzY/L4yK0pk="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="A+TSorUs6I7XNFDpipdtWVNrtLY="></latexit>

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

2L � 2R
<latexit sha1_base64="h9u3GC6g88YGo2bfQQhGCX2JL0Q=">AAAB73icdVA9SwNBEJ3zM8avqGBjsxgEG8PtFSbpgjYWFokYE0mOc2+zlyzZ+2B3Twghv8LGQsXWv2Nn429xL1FQ0QcDj/dmmJnnJ4Irbdtv1tz8wuLScm4lv7q2vrFZ2Nq+UnEqKWvSWMSy7RPFBI9YU3MtWDuRjIS+YC1/eJr5rVsmFY+jSz1KmBuSfsQDTok20rXjnaMj5HgXXqFol2zbxhijjODysW1ItVpxcAXhzDIo1nYb7zcAUPcKr91eTNOQRZoKolQH24l2x0RqTgWb5LupYgmhQ9JnHUMjEjLljqcHT9CBUXooiKWpSKOp+n1iTEKlRqFvOkOiB+q3l4l/eZ1UBxV3zKMk1Syis0VBKpCOUfY96nHJqBYjQwiV3NyK6IBIQrXJKG9C+PoU/U+aTqlawg0TxgnMkIM92IdDwFCGGpxBHZpAIYQ7eIBHS1r31pP1PGudsz5nduAHrJcP8WWQ7A==</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="/MlCevKIhUyNRj6wpxCiMpDig+4=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgxZL0YNtb0YsHD1VcW2mXJZtm29Bkd0myQln6K7x4UPHq3/HmvzHbVlDRBwOP92aYmRckgmuD0IdTWFpeWV0rrpc2Nre2d8q7e7c6ThVlLo1FrLoB0UzwiLmGG8G6iWJEBoJ1gvF57nfumdI8jm7MJGGeJMOIh5wSY6W7mn8JT2DNv/bLFVRFCGGMYU5w/RRZ0mw2argBcW5ZVMACbb/83h/ENJUsMlQQrXsYJcbLiDKcCjYt9VPNEkLHZMh6lkZEMu1ls4On8MgqAxjGylZk4Ez9PpERqfVEBrZTEjPSv71c/MvrpSZseBmPktSwiM4XhamAJob593DAFaNGTCwhVHF7K6Qjogg1NqOSDeHrU/g/cWvVZhVfoUrrbJFGERyAQ3AMMKiDFrgAbeACCiR4AE/g2VHOo/PivM5bC85iZh/8gPP2CWSyjwc=</latexit>

dark 
matter

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

SM 0

e0,
<latexit sha1_base64="h1qvpLn/UksjYJetBlqKOXbr8yY=">AAAB6XicdVDLSgNBEOyNrxhfUY96GAyiBwk7OZjkFvTiMUHXBJIlzE5mkyGzD2ZmhbDkE7x4UPHqT/gd3rz5Kc4mCipa0FBUddPd5cWCK23bb1ZuYXFpeSW/Wlhb39jcKm7vXKsokZQ5NBKR7HhEMcFD5miuBevEkpHAE6ztjc8zv33DpOJReKUnMXMDMgy5zynRRrpkRyf9Ysku27aNMUYZwdVT25B6vVbBNYQzy6DU2H9pvQNAs1987Q0imgQs1FQQpbrYjrWbEqk5FWxa6CWKxYSOyZB1DQ1JwJSbzk6dokOjDJAfSVOhRjP1+0RKAqUmgWc6A6JH6reXiX953UT7NTflYZxoFtL5Ij8RSEco+xsNuGRUi4khhEpubkV0RCSh2qRTMCF8fYr+J06lXC/jlgnjDObIwx4cwDFgqEIDLqAJDlAYwi3cw4MlrDvr0Xqat+asz5ld+AHr+QNZXI+b</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="D3PNDqMdjSJXfr246N2B2XF5XTE=">AAAB6XicdVBNSwMxEM36WetX1aOXYBE9SEl6sO2t6MVjRdcW2qVk09k2NPtBkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8w8P5FCG0I+nKXlldW19cJGcXNre2e3tLd/p+NUcXB5LGPV8ZkGKSJwjTASOokCFvoS2v74Mvfb96C0iKNbM0nAC9kwEoHgzFjpBk7O+qUyqRBCKKU4J7R2TixpNOpVWsc0tyzKaIFWv/TeG8Q8DSEyXDKtu5QkxsuYMoJLmBZ7qYaE8TEbQtfSiIWgvWx26hQfW2WAg1jZigyeqd8nMhZqPQl92xkyM9K/vVz8y+umJqh7mYiS1EDE54uCVGIT4/xvPBAKuJETSxhXwt6K+Ygpxo1Np2hD+PoU/0/caqVRodek3LxYpFFAh+gInSKKaqiJrlALuYijIXpAT+jZkc6j8+K8zluXnMXMAfoB5+0TS6eNVg==</latexit>

u0



Two Types of Theories

G = 3� 2� 20 � 1
<latexit sha1_base64="8lt42B18a65vK2i9eTsejWrXgEI=">AAACCHicbVC7TgJBFL2LL8DXqqXNREKwWbKLhVqYEC20xESEBAjODrMwYXZ2MzNrQgitjV/gP9hYqLH1E+z8G4dHoeBJbnJyzr259x4/5kxp1/22UkvLK6tr6Ux2fWNza9ve2b1VUSIJrZKIR7LuY0U5E7Sqmea0HkuKQ5/Tmt+/GPu1eyoVi8SNHsS0FeKuYAEjWBupbaNLdIaOnJJTKjgeajaz+d+C4xXads4tuhOgReLNSK6ciZ/uAKDStr+anYgkIRWacKxUw3Nj3RpiqRnhdJRtJorGmPRxlzYMFTikqjWcfDJCeaN0UBBJU0Kjifp7YohDpQahbzpDrHtq3huL/3mNRAcnrSETcaKpINNFQcKRjtA4FtRhkhLNB4ZgIpm5FZEelphoE17WhODNv7xIqqXiadG7NmGcwxRp2IcDOAQPjqEMV1CBKhB4gGd4hTfr0Xqx3q2PaWvKms3swR9Ynz9MhZVt</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="kJNclXgMxqkYCrf2aoS9Bn/t5Yo=">AAACCHicbVA9T8MwEHXKVylfAUYWi6oqS6qkDMCAVMEAY5EIrdREleM6rVXHiWwHqYq6svBXWBgAsfIT2Pg3uG2G0vKkk57eu9PdvSBhVCrb/jEKK6tr6xvFzdLW9s7unrl/8CDjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5P/NYjEZLG/F6NEuJHqM9pSDFSWuqa8AZewlOrbtWrlgM9r1SZFyyn2jXLds2eAi4TJydlkKPZNb+9XozTiHCFGZKy49iJ8jMkFMWMjEteKkmC8BD1SUdTjiIi/Wz6yRhWtNKDYSx0cQWn6vxEhiIpR1GgOyOkBnLRm4j/eZ1Uhed+RnmSKsLxbFGYMqhiOIkF9qggWLGRJggLqm+FeIAEwkqHV9IhOIsvLxO3XruoOXd2uXGVp1EER+AYnAAHnIEGuAVN4AIMnsALeAPvxrPxanwYn7PWgpHPHII/ML5+AQRVk7s=</latexit>

G = 3� 2� 20 � 1� 10
<latexit sha1_base64="HV0KtfroVWLkxoqu6G2ExmwV5lU=">AAAB+HicbVDLSgNBEOyNr2R9rXr0MhgkXjbsxoN6EIIe9BjBNYFkibOTSTJk9sHMbCAs+RDBiwcVr36KN//GyeOgiQUNRVU33V1BwplUjvNt5FZW19Y38gVzc2t7Z9fa23+QcSoI9UjMY9EIsKScRdRTTHHaSATFYcBpPRhcT/z6kArJ4uhejRLqh7gXsS4jWGmpbVnmDbpEp3bFrpRs13ZLbavolJ0p0DJx56RYLSRPjwBQa1tfrU5M0pBGinAsZdN1EuVnWChGOB2brVTSBJMB7tGmphEOqfSz6eVjdKyVDurGQlek0FT9PZHhUMpRGOjOEKu+XPQm4n9eM1Xdcz9jUZIqGpHZom7KkYrRJAbUYYISxUeaYCKYvhWRPhaYKB2WqUNwF19eJl6lfFF273QYVzBDHg7hCE7AhTOowi3UwAMCQ3iGV3gzMuPFeDc+Zq05Yz5zAH9gfP4A0qORlg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="WbqAJalYpyk4xSdWLMXWDhxgVDI=">AAAB+HicbVBNS8NAEJ34WeNX1KOXxSL1kpLUg3oQih70WMHYQhvKZrtpl24+2N0USug/8eJBxas/xZv/xm2bg7Y+GHi8N8PMvCDlTCrH+TZWVtfWNzZLW+b2zu7evnVw+CSTTBDqkYQnohVgSTmLqaeY4rSVCoqjgNNmMLyd+s0RFZIl8aMap9SPcD9mISNYaalrWeYdukbnds2uVWzXditdq+xUnRnQMnELUoYCja711eklJItorAjHUrZdJ1V+joVihNOJ2ckkTTEZ4j5taxrjiEo/n10+Qada6aEwEbpihWbq74kcR1KOo0B3RlgN5KI3Ff/z2pkKL/2cxWmmaEzmi8KMI5WgaQyoxwQlio81wUQwfSsiAywwUTosU4fgLr68TLxa9arqPjjl+k2RRgmO4QTOwIULqMM9NMADAiN4hld4M3LjxXg3PuatK0YxcwR/YHz+AIpzj+Q=</latexit>

q, ū, ....
P ! q0†, ū0†, . . . .

<latexit sha1_base64="n9BiYN654vyh2rIVbQwPz4mKubA="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="vdyCZB0WoD+jPNod2XQ/fplCvjY="></latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

  SM’

G = 3� 2L � 2R � 1B�L
<latexit sha1_base64="P7/JRCKpkEHK2cqqig+mOUPWQoY=">AAAB/XicbVC7SgNBFL0bXzG+omJlMxqENAm7sVALIcRCixRRjAkkyzI7mU2GzD6YmRXCEvBXbCxUbG39Bjs/xN7Jo9DEAxcO59zLvfe4EWdSmeaXkVpYXFpeSa9m1tY3Nrey2zt3MowFoXUS8lA0XSwpZwGtK6Y4bUaCYt/ltOH2L0Z+454KycLgVg0iavu4GzCPEay05GT3LtE5Oi6UnKqum4LlJJVCdehkc2bRHAPNE2tKcuWD/PcHANSc7Ge7E5LYp4EiHEvZssxI2QkWihFOh5l2LGmESR93aUvTAPtU2sn4/CE60koHeaHQFSg0Vn9PJNiXcuC7utPHqidnvZH4n9eKlXdqJyyIYkUDMlnkxRypEI2yQB0mKFF8oAkmgulbEelhgYnSiWV0CNbsy/OkXiqeFa1rHUYFJkjDPhxCHiw4gTJcQQ3qQCCBR3iGF+PBeDJejbdJa8qYzuzCHxjvP4C0lQw=</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="AZUClSYRKH55XnG62s5MPpyrkXs=">AAAB/XicbVC7SgNBFL0bXzG+VsXKZjAINgm7sVALIcRCixRRXBNIlmV2MpsMmX0wMyuEJeCv2Fio2Pofdv6Nk0ehiQcuHM65l3vv8RPOpLKsbyO3tLyyupZfL2xsbm3vmLt7DzJOBaEOiXksWj6WlLOIOoopTluJoDj0OW36g6ux33ykQrI4ulfDhLoh7kUsYAQrLXnmwTW6RKelilfXdVeyvaxWqo88s2iVrQnQIrFnpAgzNDzzq9ONSRrSSBGOpWzbVqLcDAvFCKejQieVNMFkgHu0rWmEQyrdbHL+CB1rpYuCWOiKFJqovycyHEo5DH3dGWLVl/PeWPzPa6cqOHczFiWpohGZLgpSjlSMxlmgLhOUKD7UBBPB9K2I9LHAROnECjoEe/7lReJUyhdl+9YqVmuzNPJwCEdwAjacQRVuoAEOEMjgGV7hzXgyXox342PamjNmM/vwB8bnD3zNks4=</latexit>

G = 4� 2L � 2R
<latexit sha1_base64="rr9vfPYLCgWdBqim7D0w8/ZypIw=">AAAB83icbVA9SwNBEJ2LXzF+RQUbm8Ug2BjugqAWQtBCC4tEPBNIjri32UuW7O2du3uBcOR32Fio2Ppn7Gz8LW4+Co0+GHi8N8PMPD/mTGnb/rQyc/MLi0vZ5dzK6tr6Rn5z605FiSTUJRGPZN3HinImqKuZ5rQeS4pDn9Oa37sY+bU+lYpF4lYPYuqFuCNYwAjWRvIu0Rk6Oiy1rk3dtPIFu2iPgf4SZ0oK5Z3q1z0AVFr5j2Y7IklIhSYcK9Vw7Fh7KZaaEU6HuWaiaIxJD3dow1CBQ6q8dHz0EO0bpY2CSJoSGo3VnxMpDpUahL7pDLHuqllvJP7nNRIdnHgpE3GiqSCTRUHCkY7QKAHUZpISzQeGYCKZuRWRLpaYaJNTzoTgzL78l7il4mnRqZowzmGCLOzCHhyAA8dQhiuogAsEHuARnuHF6ltP1qv1NmnNWNOZbfgF6/0bmvSRww==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="KTTG0lV+f3vWLsKKhZA9tgodshA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBfUgFD3owUMVYwttKJvtpl262cTdTaGE/g4vHlS8+me8+W/ctjlo64OBx3szzMzzY86Utu1vK7e0vLK6ll8vbGxube8Ud/ceVZRIQl0S8Ug2fawoZ4K6mmlOm7GkOPQ5bfiDq4nfGFKpWCQe9CimXoh7ggWMYG0k7xpdoOpJpXNr6r5TLNllewq0SJyMlCBDvVP8ancjkoRUaMKxUi3HjrWXYqkZ4XRcaCeKxpgMcI+2DBU4pMpLp0eP0ZFRuiiIpCmh0VT9PZHiUKlR6JvOEOu+mvcm4n9eK9HBmZcyESeaCjJbFCQc6QhNEkBdJinRfGQIJpKZWxHpY4mJNjkVTAjO/MuLxK2Uz8vOnV2qXWZp5OEADuEYHDiFGtxAHVwg8ATP8Apv1tB6sd6tj1lrzspm9uEPrM8fDkGP3g==</latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

LR
q, `

P ! q0†, `0†
<latexit sha1_base64="SVQ63tYaAUUTkk1iIzY/L4yK0pk="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="A+TSorUs6I7XNFDpipdtWVNrtLY="></latexit>

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

2L � 2R
<latexit sha1_base64="h9u3GC6g88YGo2bfQQhGCX2JL0Q=">AAAB73icdVA9SwNBEJ3zM8avqGBjsxgEG8PtFSbpgjYWFokYE0mOc2+zlyzZ+2B3Twghv8LGQsXWv2Nn429xL1FQ0QcDj/dmmJnnJ4Irbdtv1tz8wuLScm4lv7q2vrFZ2Nq+UnEqKWvSWMSy7RPFBI9YU3MtWDuRjIS+YC1/eJr5rVsmFY+jSz1KmBuSfsQDTok20rXjnaMj5HgXXqFol2zbxhijjODysW1ItVpxcAXhzDIo1nYb7zcAUPcKr91eTNOQRZoKolQH24l2x0RqTgWb5LupYgmhQ9JnHUMjEjLljqcHT9CBUXooiKWpSKOp+n1iTEKlRqFvOkOiB+q3l4l/eZ1UBxV3zKMk1Syis0VBKpCOUfY96nHJqBYjQwiV3NyK6IBIQrXJKG9C+PoU/U+aTqlawg0TxgnMkIM92IdDwFCGGpxBHZpAIYQ7eIBHS1r31pP1PGudsz5nduAHrJcP8WWQ7A==</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="/MlCevKIhUyNRj6wpxCiMpDig+4=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgxZL0YNtb0YsHD1VcW2mXJZtm29Bkd0myQln6K7x4UPHq3/HmvzHbVlDRBwOP92aYmRckgmuD0IdTWFpeWV0rrpc2Nre2d8q7e7c6ThVlLo1FrLoB0UzwiLmGG8G6iWJEBoJ1gvF57nfumdI8jm7MJGGeJMOIh5wSY6W7mn8JT2DNv/bLFVRFCGGMYU5w/RRZ0mw2argBcW5ZVMACbb/83h/ENJUsMlQQrXsYJcbLiDKcCjYt9VPNEkLHZMh6lkZEMu1ls4On8MgqAxjGylZk4Ez9PpERqfVEBrZTEjPSv71c/MvrpSZseBmPktSwiM4XhamAJob593DAFaNGTCwhVHF7K6Qjogg1NqOSDeHrU/g/cWvVZhVfoUrrbJFGERyAQ3AMMKiDFrgAbeACCiR4AE/g2VHOo/PivM5bC85iZh/8gPP2CWSyjwc=</latexit>

dark 
matter

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

SM 0

e0,
<latexit sha1_base64="h1qvpLn/UksjYJetBlqKOXbr8yY=">AAAB6XicdVDLSgNBEOyNrxhfUY96GAyiBwk7OZjkFvTiMUHXBJIlzE5mkyGzD2ZmhbDkE7x4UPHqT/gd3rz5Kc4mCipa0FBUddPd5cWCK23bb1ZuYXFpeSW/Wlhb39jcKm7vXKsokZQ5NBKR7HhEMcFD5miuBevEkpHAE6ztjc8zv33DpOJReKUnMXMDMgy5zynRRrpkRyf9Ysku27aNMUYZwdVT25B6vVbBNYQzy6DU2H9pvQNAs1987Q0imgQs1FQQpbrYjrWbEqk5FWxa6CWKxYSOyZB1DQ1JwJSbzk6dokOjDJAfSVOhRjP1+0RKAqUmgWc6A6JH6reXiX953UT7NTflYZxoFtL5Ij8RSEco+xsNuGRUi4khhEpubkV0RCSh2qRTMCF8fYr+J06lXC/jlgnjDObIwx4cwDFgqEIDLqAJDlAYwi3cw4MlrDvr0Xqat+asz5ld+AHr+QNZXI+b</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="D3PNDqMdjSJXfr246N2B2XF5XTE=">AAAB6XicdVBNSwMxEM36WetX1aOXYBE9SEl6sO2t6MVjRdcW2qVk09k2NPtBkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8w8P5FCG0I+nKXlldW19cJGcXNre2e3tLd/p+NUcXB5LGPV8ZkGKSJwjTASOokCFvoS2v74Mvfb96C0iKNbM0nAC9kwEoHgzFjpBk7O+qUyqRBCKKU4J7R2TixpNOpVWsc0tyzKaIFWv/TeG8Q8DSEyXDKtu5QkxsuYMoJLmBZ7qYaE8TEbQtfSiIWgvWx26hQfW2WAg1jZigyeqd8nMhZqPQl92xkyM9K/vVz8y+umJqh7mYiS1EDE54uCVGIT4/xvPBAKuJETSxhXwt6K+Ygpxo1Np2hD+PoU/0/caqVRodek3LxYpFFAh+gInSKKaqiJrlALuYijIXpAT+jZkc6j8+K8zluXnMXMAfoB5+0TS6eNVg==</latexit>

u0

�SM (v0) = 0
<latexit sha1_base64="g7dvSY6ZBhq4mkNN8S6bwUAJI6g=">AAAB/XicdVDLSgMxFL3js9ZXVVy5CS1iRSgztfSxEIpu3AgVrS20pWTSTBuaeZBkCmUo+Cm6caHi1v9w59+YaRVU9EDgcM653JtjB5xJZZrvxtz8wuLScmIlubq2vrGZ2tq+kX4oCK0Tn/uiaWNJOfNoXTHFaTMQFLs2pw17eBb7jREVkvnetRoHtOPivsccRrDSUje1m2xzne7hbnR1McmODg7RCTK7qYyZq5SL+UIRmTnTLFl5Kyb5UuG4gCytxMhU0+2jOwCodVNv7Z5PQpd6inAsZcsyA9WJsFCMcDpJtkNJA0yGuE9bmnrYpbITTc+foH2t9JDjC/08habq94kIu1KOXVsnXawG8rcXi395rVA55U7EvCBU1COzRU7IkfJR3AXqMUGJ4mNNMBFM34rIAAtMlG4sqUv4+in6n9TzuUrOutRlnMIMCdiDNGTBghJU4RxqUAcCEdzDIzwZt8aD8Wy8zKJzxufMDvyA8foBSf2VcQ==</latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="5r0oTUueSk5zwkMkUCEkcRYBtJ4=">AAAB/XicdVDLSgMxFM34rPVVFVdugkWsmyFTSx8LoejGjVDR2kI7DJlM2oZmHiSZQhkK/oobFypu/Q93/o2ZtoKKHggczjmXe3PciDOpEPowFhaXlldWM2vZ9Y3Nre3czu6dDGNBaJOEPBRtF0vKWUCbiilO25Gg2Hc5bbnDi9RvjaiQLAxu1Tiito/7AesxgpWWnNx+tst12sNOcnM1KYyOT+AZRE4uj8xatVwslSEyEapYRSslxUrptAQtraTIgzkaTu6964Uk9mmgCMdSdiwUKTvBQjHC6STbjSWNMBniPu1oGmCfSjuZnj+BR1rxYC8U+gUKTtXvEwn2pRz7rk76WA3kby8V//I6sepV7YQFUaxoQGaLejGHKoRpF9BjghLFx5pgIpi+FZIBFpgo3VhWl/D1U/g/aRbNmmldo3z9fN5GBhyAQ1AAFqiAOrgEDdAEBCTgATyBZ+PeeDRejNdZdMGYz+yBHzDePgE5B5Po</latexit>

Strong CP

P



Two Types of Theories

G = 3� 2� 20 � 1
<latexit sha1_base64="8lt42B18a65vK2i9eTsejWrXgEI=">AAACCHicbVC7TgJBFL2LL8DXqqXNREKwWbKLhVqYEC20xESEBAjODrMwYXZ2MzNrQgitjV/gP9hYqLH1E+z8G4dHoeBJbnJyzr259x4/5kxp1/22UkvLK6tr6Ux2fWNza9ve2b1VUSIJrZKIR7LuY0U5E7Sqmea0HkuKQ5/Tmt+/GPu1eyoVi8SNHsS0FeKuYAEjWBupbaNLdIaOnJJTKjgeajaz+d+C4xXads4tuhOgReLNSK6ciZ/uAKDStr+anYgkIRWacKxUw3Nj3RpiqRnhdJRtJorGmPRxlzYMFTikqjWcfDJCeaN0UBBJU0Kjifp7YohDpQahbzpDrHtq3huL/3mNRAcnrSETcaKpINNFQcKRjtA4FtRhkhLNB4ZgIpm5FZEelphoE17WhODNv7xIqqXiadG7NmGcwxRp2IcDOAQPjqEMV1CBKhB4gGd4hTfr0Xqx3q2PaWvKms3swR9Ynz9MhZVt</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="y/quO2x5WbUEtF9vWaAaWb2liLI=">AAACCHicbVDLSsNAFJ3UVxtfUZduBkupm5SkLtSFUHShywrGFptQJtNpO3TyYGYiltCtG7/AfxDEhYpbP8GdX6PTx6K2HrhwOOde7r3HjxkV0rK+tczC4tLySjanr66tb2waW9vXIko4Jg6OWMTrPhKE0ZA4kkpG6jEnKPAZqfm9s6FfuyVc0Ci8kv2YeAHqhLRNMZJKahrwHJ7AA7NsloumDV1XL0wLpl1sGnmrZI0A54k9IflKLn68eb77qTaNL7cV4SQgocQMCdGwrVh6KeKSYkYGupsIEiPcQx3SUDREARFeOvpkAAtKacF2xFWFEo7U6YkUBUL0A191Bkh2xaw3FP/zGolsH3kpDeNEkhCPF7UTBmUEh7HAFuUES9ZXBGFO1a0QdxFHWKrwdBWCPfvyPHHKpeOSfanCOAVjZMEu2AP7wAaHoAIuQBU4AIN78ARewZv2oL1o79rHuDWjTWZ2wB9on78g9peN</latexit><latexit sha1_base64="kJNclXgMxqkYCrf2aoS9Bn/t5Yo=">AAACCHicbVA9T8MwEHXKVylfAUYWi6oqS6qkDMCAVMEAY5EIrdREleM6rVXHiWwHqYq6svBXWBgAsfIT2Pg3uG2G0vKkk57eu9PdvSBhVCrb/jEKK6tr6xvFzdLW9s7unrl/8CDjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5P/NYjEZLG/F6NEuJHqM9pSDFSWuqa8AZewlOrbtWrlgM9r1SZFyyn2jXLds2eAi4TJydlkKPZNb+9XozTiHCFGZKy49iJ8jMkFMWMjEteKkmC8BD1SUdTjiIi/Wz6yRhWtNKDYSx0cQWn6vxEhiIpR1GgOyOkBnLRm4j/eZ1Uhed+RnmSKsLxbFGYMqhiOIkF9qggWLGRJggLqm+FeIAEwkqHV9IhOIsvLxO3XruoOXd2uXGVp1EER+AYnAAHnIEGuAVN4AIMnsALeAPvxrPxanwYn7PWgpHPHII/ML5+AQRVk7s=</latexit>

G = 3� 2� 20 � 1� 10
<latexit sha1_base64="HV0KtfroVWLkxoqu6G2ExmwV5lU=">AAAB+HicbVDLSgNBEOyNr2R9rXr0MhgkXjbsxoN6EIIe9BjBNYFkibOTSTJk9sHMbCAs+RDBiwcVr36KN//GyeOgiQUNRVU33V1BwplUjvNt5FZW19Y38gVzc2t7Z9fa23+QcSoI9UjMY9EIsKScRdRTTHHaSATFYcBpPRhcT/z6kArJ4uhejRLqh7gXsS4jWGmpbVnmDbpEp3bFrpRs13ZLbavolJ0p0DJx56RYLSRPjwBQa1tfrU5M0pBGinAsZdN1EuVnWChGOB2brVTSBJMB7tGmphEOqfSz6eVjdKyVDurGQlek0FT9PZHhUMpRGOjOEKu+XPQm4n9eM1Xdcz9jUZIqGpHZom7KkYrRJAbUYYISxUeaYCKYvhWRPhaYKB2WqUNwF19eJl6lfFF273QYVzBDHg7hCE7AhTOowi3UwAMCQ3iGV3gzMuPFeDc+Zq05Yz5zAH9gfP4A0qORlg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="Nkx7EuNJs5k5AQwEk3fM7MzYUV8=">AAAB+HicbVBNS8NAEN3UrzZ+RT16WSxSLylJPagHoehBjxWMLbahbLabdulmE3Y3xRL6QwQvHlQ8Cf4Ub/4a3bYetPXBwOO9GWbmBQmjUjnOp5FbWFxaXskXzNW19Y1Na2v7RsapwMTDMYtFI0CSMMqJp6hipJEIgqKAkXrQPx/79QERksb8Wg0T4keoy2lIMVJaaluWeQFP4aFdsSsl27XdUtsqOmVnAjhP3B9SrBaS+9u3u69a2/podWKcRoQrzJCUTddJlJ8hoShmZGS2UkkShPuoS5qachQR6WeTy0dwXysdGMZCF1dwov6eyFAk5TAKdGeEVE/OemPxP6+ZqvDYzyhPUkU4ni4KUwZVDMcxwA4VBCs21ARhQfWtEPeQQFjpsEwdgjv78jzxKuWTsnulwzgDU+TBLtgDB8AFR6AKLkENeACDAXgAT+DZyIxH48V4nbbmjJ+ZHfAHxvs3pxSTtg==</latexit><latexit sha1_base64="WbqAJalYpyk4xSdWLMXWDhxgVDI=">AAAB+HicbVBNS8NAEJ34WeNX1KOXxSL1kpLUg3oQih70WMHYQhvKZrtpl24+2N0USug/8eJBxas/xZv/xm2bg7Y+GHi8N8PMvCDlTCrH+TZWVtfWNzZLW+b2zu7evnVw+CSTTBDqkYQnohVgSTmLqaeY4rSVCoqjgNNmMLyd+s0RFZIl8aMap9SPcD9mISNYaalrWeYdukbnds2uVWzXditdq+xUnRnQMnELUoYCja711eklJItorAjHUrZdJ1V+joVihNOJ2ckkTTEZ4j5taxrjiEo/n10+Qada6aEwEbpihWbq74kcR1KOo0B3RlgN5KI3Ff/z2pkKL/2cxWmmaEzmi8KMI5WgaQyoxwQlio81wUQwfSsiAywwUTosU4fgLr68TLxa9arqPjjl+k2RRgmO4QTOwIULqMM9NMADAiN4hld4M3LjxXg3PuatK0YxcwR/YHz+AIpzj+Q=</latexit>

q, ū, ....
P ! q0†, ū0†, . . . .

<latexit sha1_base64="n9BiYN654vyh2rIVbQwPz4mKubA="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="rImuTijJXYOBq6HgH41pGvBHJNY="></latexit><latexit sha1_base64="vdyCZB0WoD+jPNod2XQ/fplCvjY="></latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

  SM’

G = 3� 2L � 2R � 1B�L
<latexit sha1_base64="P7/JRCKpkEHK2cqqig+mOUPWQoY=">AAAB/XicbVC7SgNBFL0bXzG+omJlMxqENAm7sVALIcRCixRRjAkkyzI7mU2GzD6YmRXCEvBXbCxUbG39Bjs/xN7Jo9DEAxcO59zLvfe4EWdSmeaXkVpYXFpeSa9m1tY3Nrey2zt3MowFoXUS8lA0XSwpZwGtK6Y4bUaCYt/ltOH2L0Z+454KycLgVg0iavu4GzCPEay05GT3LtE5Oi6UnKqum4LlJJVCdehkc2bRHAPNE2tKcuWD/PcHANSc7Ge7E5LYp4EiHEvZssxI2QkWihFOh5l2LGmESR93aUvTAPtU2sn4/CE60koHeaHQFSg0Vn9PJNiXcuC7utPHqidnvZH4n9eKlXdqJyyIYkUDMlnkxRypEI2yQB0mKFF8oAkmgulbEelhgYnSiWV0CNbsy/OkXiqeFa1rHUYFJkjDPhxCHiw4gTJcQQ3qQCCBR3iGF+PBeDJejbdJa8qYzuzCHxjvP4C0lQw=</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="Y+aBhkX1ovZQ6mMQNR0wCFh3LzI=">AAAB/XicbVC7SgNBFJ2Nrxhfq2JlMxqEWCTsxkIthBALLVJEcU0gWZbZySQZMju7zMwKYQn4B36DjYWKrb2fYOeH2Dt5FJp44MLhnHu59x4/YlQqy/oyUnPzC4tL6eXMyura+oa5uXUrw1hg4uCQhaLuI0kY5cRRVDFSjwRBgc9Ize+dD/3aHRGShvxG9SPiBqjDaZtipLTkmTsX8Awe5YteRdd13vaScr4y8MysVbBGgLPEnpBsaS/3/fHQPKx65mezFeI4IFxhhqRs2Fak3AQJRTEjg0wzliRCuIc6pKEpRwGRbjI6fwAPtNKC7VDo4gqO1N8TCQqk7Ae+7gyQ6sppbyj+5zVi1T5xE8qjWBGOx4vaMYMqhMMsYIsKghXra4KwoPpWiLtIIKx0Yhkdgj398ixxioXTgn2lwyiDMdJgF+yDHLDBMSiBS1AFDsAgAY/gGbwY98aT8Wq8jVtTxmRmG/yB8f4D83uWIg==</latexit><latexit sha1_base64="AZUClSYRKH55XnG62s5MPpyrkXs=">AAAB/XicbVC7SgNBFL0bXzG+VsXKZjAINgm7sVALIcRCixRRXBNIlmV2MpsMmX0wMyuEJeCv2Fio2Pofdv6Nk0ehiQcuHM65l3vv8RPOpLKsbyO3tLyyupZfL2xsbm3vmLt7DzJOBaEOiXksWj6WlLOIOoopTluJoDj0OW36g6ux33ykQrI4ulfDhLoh7kUsYAQrLXnmwTW6RKelilfXdVeyvaxWqo88s2iVrQnQIrFnpAgzNDzzq9ONSRrSSBGOpWzbVqLcDAvFCKejQieVNMFkgHu0rWmEQyrdbHL+CB1rpYuCWOiKFJqovycyHEo5DH3dGWLVl/PeWPzPa6cqOHczFiWpohGZLgpSjlSMxlmgLhOUKD7UBBPB9K2I9LHAROnECjoEe/7lReJUyhdl+9YqVmuzNPJwCEdwAjacQRVuoAEOEMjgGV7hzXgyXox342PamjNmM/vwB8bnD3zNks4=</latexit>

G = 4� 2L � 2R
<latexit sha1_base64="rr9vfPYLCgWdBqim7D0w8/ZypIw=">AAAB83icbVA9SwNBEJ2LXzF+RQUbm8Ug2BjugqAWQtBCC4tEPBNIjri32UuW7O2du3uBcOR32Fio2Ppn7Gz8LW4+Co0+GHi8N8PMPD/mTGnb/rQyc/MLi0vZ5dzK6tr6Rn5z605FiSTUJRGPZN3HinImqKuZ5rQeS4pDn9Oa37sY+bU+lYpF4lYPYuqFuCNYwAjWRvIu0Rk6Oiy1rk3dtPIFu2iPgf4SZ0oK5Z3q1z0AVFr5j2Y7IklIhSYcK9Vw7Fh7KZaaEU6HuWaiaIxJD3dow1CBQ6q8dHz0EO0bpY2CSJoSGo3VnxMpDpUahL7pDLHuqllvJP7nNRIdnHgpE3GiqSCTRUHCkY7QKAHUZpISzQeGYCKZuRWRLpaYaJNTzoTgzL78l7il4mnRqZowzmGCLOzCHhyAA8dQhiuogAsEHuARnuHF6ltP1qv1NmnNWNOZbfgF6/0bmvSRww==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="e6ZvAyc6nbKliwat87wV1KtPk90=">AAAB83icbVC7SgNBFL3rM8ZXVLCxGQyCjWE3CGohhFhoYZGIawLJEmYns8mQ2dl1ZjYQQr7DxkLFNn/hF9jZ+C1OHoUmHrhwOOde7r3HjzlT2ra/rIXFpeWV1dRaen1jc2s7s7P7oKJEEuqSiEey6mNFORPU1UxzWo0lxaHPacXvXI38SpdKxSJxr3sx9ULcEixgBGsjedfoEp2e5Bu3pu4amayds8dA88SZkmxhv/zNhsWPUiPzWW9GJAmp0IRjpWqOHWuvj6VmhNNBup4oGmPSwS1aM1TgkCqvPz56gI6M0kRBJE0Jjcbq74k+DpXqhb7pDLFuq1lvJP7n1RIdnHt9JuJEU0Emi4KEIx2hUQKoySQlmvcMwUQycysibSwx0SantAnBmX15nrj53EXOKZswijBBCg7gEI7BgTMowA2UwAUCj/AEL/Bqda1n6816n7QuWNOZPfgDa/gD6nmTfw==</latexit><latexit sha1_base64="KTTG0lV+f3vWLsKKhZA9tgodshA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpBfUgFD3owUMVYwttKJvtpl262cTdTaGE/g4vHlS8+me8+W/ctjlo64OBx3szzMzzY86Utu1vK7e0vLK6ll8vbGxube8Ud/ceVZRIQl0S8Ug2fawoZ4K6mmlOm7GkOPQ5bfiDq4nfGFKpWCQe9CimXoh7ggWMYG0k7xpdoOpJpXNr6r5TLNllewq0SJyMlCBDvVP8ancjkoRUaMKxUi3HjrWXYqkZ4XRcaCeKxpgMcI+2DBU4pMpLp0eP0ZFRuiiIpCmh0VT9PZHiUKlR6JvOEOu+mvcm4n9eK9HBmZcyESeaCjJbFCQc6QhNEkBdJinRfGQIJpKZWxHpY4mJNjkVTAjO/MuLxK2Uz8vOnV2qXWZp5OEADuEYHDiFGtxAHVwg8ATP8Apv1tB6sd6tj1lrzspm9uEPrM8fDkGP3g==</latexit>

G = . . . .
<latexit sha1_base64="N07sD3BhUmwgzfEW3virlqGtyQQ=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgIXsrcssGHvI7t7JoSQ+Bts/Cs2FmqMnYWd/8bloFBwkrd582Yms/O8iDOpLOvbSM3NLywupZfNldW19Y3M5tatDGNBqENCHoqahyXlLKCOYorTWiQo9j1Oq17vYlSv3lEhWRjcqH5EXR93AtZmBCsthZkduIQSILQPBTAhpzM0yuEIDqGYIK9fO0G+mclaBSsJNEvsCcmefZilewCoNDNfjVZIYp8GinAsZd22IuUOsFCMcDo0G7GkESY93KF1TQPsU+kOkquGKKeVFmqHQiNQKFF/TwywL2Xf93Snj1VXTtdG4n+1eqzaJ+6ABVGsaEDGi9oxRypEI4tQiwlKFO9rgolg+q+IdLHARGkjTW2CPX3yLHGKhdOCfW1ly+cwjjTswh4caB+PoQxXUAEHCDzAE7zAq/FoPBtvxvu4NWVMZrbhTxifPyLXlAA=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="jLtyGFJ0zdk6qK58URai8CUYPUg=">AAACFHicbVA9TwJBEJ3DLzy/UBMbm40EsZHcYaEWRKKFlph4QgKE7C0LbNj7yO6eCSH8CRt/gH/CxkKNsbOwMf4b9w4KRSd5mzdvZjI7zw05k8qyvozUzOzc/EJ60VxaXlldy6xvXMsgEoQ6JOCBqLlYUs586iimOK2FgmLP5bTq9s/ievWGCskC/0oNQtr0cNdnHUaw0lKQ2YJzKAFCu1AAE3I6Q3EOB7APxQR5/doJ8q1M1ipYSaC/xJ6Q7MmbWQrvP81KK/PRaAck8qivCMdS1m0rVM0hFooRTkdmI5I0xKSPu7SuqY89KpvD5KoRymmljTqB0PAVStSfE0PsSTnwXN3pYdWT07VY/K9Wj1TnqDlkfhgp6pPxok7EkQpQbBFqM0GJ4gNNMBFM/xWRHhaYKG2kqU2wp0/+S5xi4bhgX1rZ8imMIw3bsAN72sdDKMMFVMABArfwAE/wbNwZj8aL8TpuTRmTmU34Fcb7NxLylXQ=</latexit><latexit sha1_base64="rwf6LAI2Bx++7wF00ya/RUd8+fM=">AAACFHicbVA9TwJBEJ3DL8SvUxMbm40EsfFyh4VamBAttMREhAQI2Vv2YMPeR3b3TMiFP2HjX7GxUGNrYee/ce+gUHCSt3nzZiaz89yIM6ls+9vILSwuLa/kVwtr6xubW+b2zr0MY0FonYQ8FE0XS8pZQOuKKU6bkaDYdzltuMOrtN54oEKyMLhTo4h2fNwPmMcIVloKzT24hgtA6BAsKEBJZyjN4QSOoZKhrF8nQ7lrFm3LzgLNE2dKijCNWtf8avdCEvs0UIRjKVuOHalOgoVihNNxoR1LGmEyxH3a0jTAPpWdJLtqjEpa6SEvFBqBQpn6eyLBvpQj39WdPlYDOVtLxf9qrVh5Z52EBVGsaEAmi7yYIxWi1CLUY4ISxUeaYCKY/isiAywwUdrIgjbBmT15ntQr1rnl3NrF6uXUjTzswwEcaR9PoQo3UIM6EHiEZ3iFN+PJeDHejY9Ja86YzuzCnzA+fwC1XZIz</latexit>

LR
q, `

P ! q0†, `0†
<latexit sha1_base64="SVQ63tYaAUUTkk1iIzY/L4yK0pk="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="jEHk9Xgerxw7ysMHAx0xMFPXThs="></latexit><latexit sha1_base64="A+TSorUs6I7XNFDpipdtWVNrtLY="></latexit>

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

2L � 2R
<latexit sha1_base64="h9u3GC6g88YGo2bfQQhGCX2JL0Q=">AAAB73icdVA9SwNBEJ3zM8avqGBjsxgEG8PtFSbpgjYWFokYE0mOc2+zlyzZ+2B3Twghv8LGQsXWv2Nn429xL1FQ0QcDj/dmmJnnJ4Irbdtv1tz8wuLScm4lv7q2vrFZ2Nq+UnEqKWvSWMSy7RPFBI9YU3MtWDuRjIS+YC1/eJr5rVsmFY+jSz1KmBuSfsQDTok20rXjnaMj5HgXXqFol2zbxhijjODysW1ItVpxcAXhzDIo1nYb7zcAUPcKr91eTNOQRZoKolQH24l2x0RqTgWb5LupYgmhQ9JnHUMjEjLljqcHT9CBUXooiKWpSKOp+n1iTEKlRqFvOkOiB+q3l4l/eZ1UBxV3zKMk1Syis0VBKpCOUfY96nHJqBYjQwiV3NyK6IBIQrXJKG9C+PoU/U+aTqlawg0TxgnMkIM92IdDwFCGGpxBHZpAIYQ7eIBHS1r31pP1PGudsz5nduAHrJcP8WWQ7A==</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="mPcpakdXW72PF4vLR+0d7726q/8=">AAAB73icdVC7SgNBFJ31GeMrKtjYDAbBxrCzhUm6EBsLi0RcE0mWZXYymwyZnV1mZoUQ8hU2Fiq2Fv6FX2Bn47c4myio6IELh3Pu5d57goQzpW37zZqbX1hcWs6t5FfX1jc2C1vblypOJaEuiXks2wFWlDNBXc00p+1EUhwFnLaC4Unmt66pVCwWF3qUUC/CfcFCRrA20pXjn8Ej6PjnfqFol2zbRgjBjKDysW1ItVpxUAWizDIo1nab7+y5/tLwC6/dXkzSiApNOFaqg+xEe2MsNSOcTvLdVNEEkyHu046hAkdUeePpwRN4YJQeDGNpSmg4Vb9PjHGk1CgKTGeE9UD99jLxL6+T6rDijZlIUk0FmS0KUw51DLPvYY9JSjQfGYKJZOZWSAZYYqJNRnkTwten8H/iOqVqCTVNGHUwQw7sgX1wCBAogxo4BQ3gAgIicAPuwL0lrVvrwXqctc5ZnzM74Aespw9A+ZKo</latexit><latexit sha1_base64="/MlCevKIhUyNRj6wpxCiMpDig+4=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgxZL0YNtb0YsHD1VcW2mXJZtm29Bkd0myQln6K7x4UPHq3/HmvzHbVlDRBwOP92aYmRckgmuD0IdTWFpeWV0rrpc2Nre2d8q7e7c6ThVlLo1FrLoB0UzwiLmGG8G6iWJEBoJ1gvF57nfumdI8jm7MJGGeJMOIh5wSY6W7mn8JT2DNv/bLFVRFCGGMYU5w/RRZ0mw2argBcW5ZVMACbb/83h/ENJUsMlQQrXsYJcbLiDKcCjYt9VPNEkLHZMh6lkZEMu1ls4On8MgqAxjGylZk4Ez9PpERqfVEBrZTEjPSv71c/MvrpSZseBmPktSwiM4XhamAJob593DAFaNGTCwhVHF7K6Qjogg1NqOSDeHrU/g/cWvVZhVfoUrrbJFGERyAQ3AMMKiDFrgAbeACCiR4AE/g2VHOo/PivM5bC85iZh/8gPP2CWSyjwc=</latexit>

dark 
matter

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

SM 0

e0,
<latexit sha1_base64="h1qvpLn/UksjYJetBlqKOXbr8yY=">AAAB6XicdVDLSgNBEOyNrxhfUY96GAyiBwk7OZjkFvTiMUHXBJIlzE5mkyGzD2ZmhbDkE7x4UPHqT/gd3rz5Kc4mCipa0FBUddPd5cWCK23bb1ZuYXFpeSW/Wlhb39jcKm7vXKsokZQ5NBKR7HhEMcFD5miuBevEkpHAE6ztjc8zv33DpOJReKUnMXMDMgy5zynRRrpkRyf9Ysku27aNMUYZwdVT25B6vVbBNYQzy6DU2H9pvQNAs1987Q0imgQs1FQQpbrYjrWbEqk5FWxa6CWKxYSOyZB1DQ1JwJSbzk6dokOjDJAfSVOhRjP1+0RKAqUmgWc6A6JH6reXiX953UT7NTflYZxoFtL5Ij8RSEco+xsNuGRUi4khhEpubkV0RCSh2qRTMCF8fYr+J06lXC/jlgnjDObIwx4cwDFgqEIDLqAJDlAYwi3cw4MlrDvr0Xqat+asz5ld+AHr+QNZXI+b</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="+/3O4UHUF43BkCYH7GmWKWpKtFM=">AAAB6XicdVDLSgMxFM3UV62vqktFgkV0ISXpwra7ohuXLTpaaIeSSdM2NJMZkoxQhi5dunGh4taf6He48xv8CTOtgooeuHA4517uvcePBNcGoTcnMze/sLiUXc6trK6tb+Q3t650GCvKXBqKUDV9opngkrmGG8GakWIk8AW79odnqX99w5Tmobw0o4h5AelL3uOUGCtdsMPjTr6AigghjDFMCS6fIEuq1UoJVyBOLYtCbXfSeL/dm9Q7+dd2N6RxwKShgmjdwigyXkKU4VSwca4daxYROiR91rJUkoBpL5meOoYHVunCXqhsSQOn6veJhARajwLfdgbEDPRvLxX/8lqx6VW8hMsoNkzS2aJeLKAJYfo37HLFqBEjSwhV3N4K6YAoQo1NJ2dD+PoU/k/cUrFaxA0bximYIQt2wD44AhiUQQ2cgzpwAQV9cAcewKMjnHvnyXmetWacz5lt8APOywc2O5EB</latexit><latexit sha1_base64="D3PNDqMdjSJXfr246N2B2XF5XTE=">AAAB6XicdVBNSwMxEM36WetX1aOXYBE9SEl6sO2t6MVjRdcW2qVk09k2NPtBkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8w8P5FCG0I+nKXlldW19cJGcXNre2e3tLd/p+NUcXB5LGPV8ZkGKSJwjTASOokCFvoS2v74Mvfb96C0iKNbM0nAC9kwEoHgzFjpBk7O+qUyqRBCKKU4J7R2TixpNOpVWsc0tyzKaIFWv/TeG8Q8DSEyXDKtu5QkxsuYMoJLmBZ7qYaE8TEbQtfSiIWgvWx26hQfW2WAg1jZigyeqd8nMhZqPQl92xkyM9K/vVz8y+umJqh7mYiS1EDE54uCVGIT4/xvPBAKuJETSxhXwt6K+Ygpxo1Np2hD+PoU/0/caqVRodek3LxYpFFAh+gInSKKaqiJrlALuYijIXpAT+jZkc6j8+K8zluXnMXMAfoB5+0TS6eNVg==</latexit>

u0

dn ⇠ 10�32 e cm dn ⇠ 3⇥ 10�27 e cm

�SM (v0) = 0
<latexit sha1_base64="g7dvSY6ZBhq4mkNN8S6bwUAJI6g=">AAAB/XicdVDLSgMxFL3js9ZXVVy5CS1iRSgztfSxEIpu3AgVrS20pWTSTBuaeZBkCmUo+Cm6caHi1v9w59+YaRVU9EDgcM653JtjB5xJZZrvxtz8wuLScmIlubq2vrGZ2tq+kX4oCK0Tn/uiaWNJOfNoXTHFaTMQFLs2pw17eBb7jREVkvnetRoHtOPivsccRrDSUje1m2xzne7hbnR1McmODg7RCTK7qYyZq5SL+UIRmTnTLFl5Kyb5UuG4gCytxMhU0+2jOwCodVNv7Z5PQpd6inAsZcsyA9WJsFCMcDpJtkNJA0yGuE9bmnrYpbITTc+foH2t9JDjC/08habq94kIu1KOXVsnXawG8rcXi395rVA55U7EvCBU1COzRU7IkfJR3AXqMUGJ4mNNMBFM34rIAAtMlG4sqUv4+in6n9TzuUrOutRlnMIMCdiDNGTBghJU4RxqUAcCEdzDIzwZt8aD8Wy8zKJzxufMDvyA8foBSf2VcQ==</latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="yZY3AEO2DFEHHxms9i/d2Cqpc3Q="></latexit><latexit sha1_base64="5r0oTUueSk5zwkMkUCEkcRYBtJ4=">AAAB/XicdVDLSgMxFM34rPVVFVdugkWsmyFTSx8LoejGjVDR2kI7DJlM2oZmHiSZQhkK/oobFypu/Q93/o2ZtoKKHggczjmXe3PciDOpEPowFhaXlldWM2vZ9Y3Nre3czu6dDGNBaJOEPBRtF0vKWUCbiilO25Gg2Hc5bbnDi9RvjaiQLAxu1Tiito/7AesxgpWWnNx+tst12sNOcnM1KYyOT+AZRE4uj8xatVwslSEyEapYRSslxUrptAQtraTIgzkaTu6964Uk9mmgCMdSdiwUKTvBQjHC6STbjSWNMBniPu1oGmCfSjuZnj+BR1rxYC8U+gUKTtXvEwn2pRz7rk76WA3kby8V//I6sepV7YQFUaxoQGaLejGHKoRpF9BjghLFx5pgIpi+FZIBFpgo3VhWl/D1U/g/aRbNmmldo3z9fN5GBhyAQ1AAFqiAOrgEDdAEBCTgATyBZ+PeeDRejNdZdMGYz+yBHzDePgE5B5Po</latexit>

Strong CP

P



Long History of LR for Strong CP

•   1978  Beg, Tsao and Mohapatra, Senjanovic

P can lead to Hermitian quark mass matrices

•   1970s and 1980s

LR models developed with standard Higgs sector �(2, 2), �(3, 1), �(1, 3)
<latexit sha1_base64="THw4x3Ix+DXGpgyfKcYTueAwcpo=">AAACFXicbZC7TgJBFIbP4g3xtmppM4GYQFzJLhRqaIhaWGIiQsISMjsMMGH2kplZE0J4ChtLX8PGQo2tiZ1v47BQKPonk/z5zjk5c34v4kwq2/4yUkvLK6tr6fXMxubW9o65u3crw1gQWichD0XTw5JyFtC6YorTZiQo9j1OG97wYlpv3FEhWRjcqFFE2z7uB6zHCFYadcxjNxqwfMkqFSzkVtwKQu4l5Qrny5ZTsBIyB45VLnTMnF20E6G/xpmbXDXrHj0CQK1jfrrdkMQ+DRThWMqWY0eqPcZCMcLpJOPGkkaYDHGftrQNsE9le5ycNUGHmnRRLxT6BQol9OfEGPtSjnxPd/pYDeRibQr/q7Vi1Tttj1kQxYoGZLaoF3OkQjTNCHWZoETxkTaYCKb/isgAC0yUTjKjQ3AWT/5r6qXiWdG51mGcw0xpOIAs5MGBE6jCFdSgDgTu4Qle4NV4MJ6NN+N91poy5jP78EvGxze5RpvG</latexit><latexit sha1_base64="XcfoER4D22M/tS0r+z0I5v7ug4w=">AAACFXicbZBNSwJBGMdn7c3sbatjl0EJlDbZ1UOFF6kOHQ3aFNxFZsdZHZx9YWY2EPFT1KGv0qVDRdegm9+mcfVQ2h8G/vye5+GZ5+/FjAppmhMts7K6tr6R3cxtbe/s7un7B/ciSjgmNo5YxFseEoTRkNiSSkZaMSco8BhpeoOrab35QLigUXgnhzFxA9QLqU8xkgp19FMn7tNixaiUDOjUnBqEzjVhEhWrhlUyUjIHllEtdfSCWTZTwWVjzU2hnndOnib1YaOjfzvdCCcBCSVmSIi2ZcbSHSEuKWZknHMSQWKEB6hH2sqGKCDCHaVnjeGxIl3oR1y9UMKU/p4YoUCIYeCpzgDJvlisTeF/tXYi/XN3RMM4kSTEs0V+wqCM4DQj2KWcYMmGyiDMqforxH3EEZYqyZwKwVo8ednYlfJF2bpVYVyCmbLgCORBEVjgDNTBDWgAG2DwCF7AG3jXnrVX7UP7nLVmtPnMIfgj7esHwSqdTA==</latexit><latexit sha1_base64="XcfoER4D22M/tS0r+z0I5v7ug4w=">AAACFXicbZBNSwJBGMdn7c3sbatjl0EJlDbZ1UOFF6kOHQ3aFNxFZsdZHZx9YWY2EPFT1KGv0qVDRdegm9+mcfVQ2h8G/vye5+GZ5+/FjAppmhMts7K6tr6R3cxtbe/s7un7B/ciSjgmNo5YxFseEoTRkNiSSkZaMSco8BhpeoOrab35QLigUXgnhzFxA9QLqU8xkgp19FMn7tNixaiUDOjUnBqEzjVhEhWrhlUyUjIHllEtdfSCWTZTwWVjzU2hnndOnib1YaOjfzvdCCcBCSVmSIi2ZcbSHSEuKWZknHMSQWKEB6hH2sqGKCDCHaVnjeGxIl3oR1y9UMKU/p4YoUCIYeCpzgDJvlisTeF/tXYi/XN3RMM4kSTEs0V+wqCM4DQj2KWcYMmGyiDMqforxH3EEZYqyZwKwVo8ednYlfJF2bpVYVyCmbLgCORBEVjgDNTBDWgAG2DwCF7AG3jXnrVX7UP7nLVmtPnMIfgj7esHwSqdTA==</latexit><latexit sha1_base64="EShPjQp09Q8qH3xMKRUgxgwdhY8=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWoglaRcq3RR14bKCsYUmlMl00g6dXJiZCCX0Kdz4Km5cqLgV3Pk2TtMstPWHgZ/vnMOZ83sxo0Ka5rdWWFldW98obpa2tnd29/T9g3sRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPHVrN55IFzQKLyTk5i4ARqG1KcYSYX6+qkTj2ilbtSrBnSaThNC55owiSoNw6oaGcmBZTSqfb1s1sxMcNlYuSmDXO2+/uUMIpwEJJSYISF6lhlLN0VcUszItOQkgsQIj9GQ9JQNUUCEm2ZnTeGJIgPoR1y9UMKM/p5IUSDEJPBUZ4DkSCzWZvC/Wi+R/rmb0jBOJAnxfJGfMCgjOMsIDignWLKJMghzqv4K8QhxhKVKsqRCsBZPXjZ2vXZRs27NcusyT6MIjsAxqAALnIEWuAFtYAMMHsEzeAVv2pP2or1rH/PWgpbPHII/0j5/AKhQmj0=</latexit>

•   1991  Barr, Chang and Senjanovic

Standard LR theory does not solve strong CP Hermitian Phases

L = qL y qR �
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•   1990  Babu and Mohapatra.   Phys. Rev D41, 1286
First LR theory to solve strong CP  
Introduced H(2,1) + H’(1,2) Higgs sector based on a softly broken Z2



Long History of LR for Strong CP

•   1978  Beg, Tsao and Mohapatra, Senjanovic

P can lead to Hermitian quark mass matrices

•   1970s and 1980s

LR models developed with standard Higgs sector �(2, 2), �(3, 1), �(1, 3)
<latexit sha1_base64="THw4x3Ix+DXGpgyfKcYTueAwcpo=">AAACFXicbZC7TgJBFIbP4g3xtmppM4GYQFzJLhRqaIhaWGIiQsISMjsMMGH2kplZE0J4ChtLX8PGQo2tiZ1v47BQKPonk/z5zjk5c34v4kwq2/4yUkvLK6tr6fXMxubW9o65u3crw1gQWichD0XTw5JyFtC6YorTZiQo9j1OG97wYlpv3FEhWRjcqFFE2z7uB6zHCFYadcxjNxqwfMkqFSzkVtwKQu4l5Qrny5ZTsBIyB45VLnTMnF20E6G/xpmbXDXrHj0CQK1jfrrdkMQ+DRThWMqWY0eqPcZCMcLpJOPGkkaYDHGftrQNsE9le5ycNUGHmnRRLxT6BQol9OfEGPtSjnxPd/pYDeRibQr/q7Vi1Tttj1kQxYoGZLaoF3OkQjTNCHWZoETxkTaYCKb/isgAC0yUTjKjQ3AWT/5r6qXiWdG51mGcw0xpOIAs5MGBE6jCFdSgDgTu4Qle4NV4MJ6NN+N91poy5jP78EvGxze5RpvG</latexit><latexit sha1_base64="XcfoER4D22M/tS0r+z0I5v7ug4w=">AAACFXicbZBNSwJBGMdn7c3sbatjl0EJlDbZ1UOFF6kOHQ3aFNxFZsdZHZx9YWY2EPFT1KGv0qVDRdegm9+mcfVQ2h8G/vye5+GZ5+/FjAppmhMts7K6tr6R3cxtbe/s7un7B/ciSjgmNo5YxFseEoTRkNiSSkZaMSco8BhpeoOrab35QLigUXgnhzFxA9QLqU8xkgp19FMn7tNixaiUDOjUnBqEzjVhEhWrhlUyUjIHllEtdfSCWTZTwWVjzU2hnndOnib1YaOjfzvdCCcBCSVmSIi2ZcbSHSEuKWZknHMSQWKEB6hH2sqGKCDCHaVnjeGxIl3oR1y9UMKU/p4YoUCIYeCpzgDJvlisTeF/tXYi/XN3RMM4kSTEs0V+wqCM4DQj2KWcYMmGyiDMqforxH3EEZYqyZwKwVo8ednYlfJF2bpVYVyCmbLgCORBEVjgDNTBDWgAG2DwCF7AG3jXnrVX7UP7nLVmtPnMIfgj7esHwSqdTA==</latexit><latexit sha1_base64="XcfoER4D22M/tS0r+z0I5v7ug4w=">AAACFXicbZBNSwJBGMdn7c3sbatjl0EJlDbZ1UOFF6kOHQ3aFNxFZsdZHZx9YWY2EPFT1KGv0qVDRdegm9+mcfVQ2h8G/vye5+GZ5+/FjAppmhMts7K6tr6R3cxtbe/s7un7B/ciSjgmNo5YxFseEoTRkNiSSkZaMSco8BhpeoOrab35QLigUXgnhzFxA9QLqU8xkgp19FMn7tNixaiUDOjUnBqEzjVhEhWrhlUyUjIHllEtdfSCWTZTwWVjzU2hnndOnib1YaOjfzvdCCcBCSVmSIi2ZcbSHSEuKWZknHMSQWKEB6hH2sqGKCDCHaVnjeGxIl3oR1y9UMKU/p4YoUCIYeCpzgDJvlisTeF/tXYi/XN3RMM4kSTEs0V+wqCM4DQj2KWcYMmGyiDMqforxH3EEZYqyZwKwVo8ednYlfJF2bpVYVyCmbLgCORBEVjgDNTBDWgAG2DwCF7AG3jXnrVX7UP7nLVmtPnMIfgj7esHwSqdTA==</latexit><latexit sha1_base64="EShPjQp09Q8qH3xMKRUgxgwdhY8=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWoglaRcq3RR14bKCsYUmlMl00g6dXJiZCCX0Kdz4Km5cqLgV3Pk2TtMstPWHgZ/vnMOZ83sxo0Ka5rdWWFldW98obpa2tnd29/T9g3sRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPHVrN55IFzQKLyTk5i4ARqG1KcYSYX6+qkTj2ilbtSrBnSaThNC55owiSoNw6oaGcmBZTSqfb1s1sxMcNlYuSmDXO2+/uUMIpwEJJSYISF6lhlLN0VcUszItOQkgsQIj9GQ9JQNUUCEm2ZnTeGJIgPoR1y9UMKM/p5IUSDEJPBUZ4DkSCzWZvC/Wi+R/rmb0jBOJAnxfJGfMCgjOMsIDignWLKJMghzqv4K8QhxhKVKsqRCsBZPXjZ2vXZRs27NcusyT6MIjsAxqAALnIEWuAFtYAMMHsEzeAVv2pP2or1rH/PWgpbPHII/0j5/AKhQmj0=</latexit>

•   1991  Barr, Chang and Senjanovic

Standard LR theory does not solve strong CP Hermitian Phases

L = qL y qR �
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For decades the axion has ruled as the best solution solution for strong CP
Parity provides a strong competitor

•   1990  Babu and Mohapatra.   Phys. Rev D41, 1286
First LR theory to solve strong CP  
Introduced H(2,1) + H’(1,2) Higgs sector based on a softly broken Z2
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v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

N
<latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit>

MN
<latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit>

L⌫
5

<latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit>

Neutrino Masses  (SM’ and LR)

•    In all such          theories           and            are gauge singlets
•    Hence, the most general seesaw leads to d=5 operators

(`H)
<latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit>

(`0H 0)
<latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit>

Z2
<latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit>

L⌫
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<latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit>

•    Mass scales:           
•    3 X 3 flavor matrices:

MM ,MD
<latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit>

⌘, ⇠
<latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit>



v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

N
<latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit>

MN
<latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit>

L⌫
5

<latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit>

Neutrino Masses  (SM’ and LR)

•    In all such          theories           and            are gauge singlets
•    Hence, the most general seesaw leads to d=5 operators

(`H)
<latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit>

(`0H 0)
<latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit>

Z2
<latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit>
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<latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit>

•    Mass scales:           
•    3 X 3 flavor matrices:

MM ,MD
<latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit>

⌘, ⇠
<latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit>

⌫H
<latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit>

⌫L
<latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit>

•    For one generation
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◆

<latexit sha1_base64="RDT+eq1Ce+eloo6M7OADF/eD5Fk="></latexit><latexit sha1_base64="RDT+eq1Ce+eloo6M7OADF/eD5Fk="></latexit><latexit sha1_base64="RDT+eq1Ce+eloo6M7OADF/eD5Fk="></latexit><latexit sha1_base64="RDT+eq1Ce+eloo6M7OADF/eD5Fk="></latexit>

giving

m⌫H
=

v02

MM
<latexit sha1_base64="m6F+sU6HMu+GgTzzhZgfwfg5Erw=">AAACBXicdVBNSwMxEM3W7/q16lEPwSJ6KkkR2x6EohcvgoLVQluXbJptQ7PZJckWyrIXL/4VLx4U8ep/8Oa/MasVVPTBwOO9GWbm+bHg2iD05hSmpmdm5+YXiotLyyur7tr6pY4SRVmTRiJSLZ9oJrhkTcONYK1YMRL6gl35w+PcvxoxpXkkL8w4Zt2Q9CUPOCXGSp67FXppRybeSQYPYSdQhKaj3etKlp56p5nnllAZIYQxhjnB1QNkSb1eq+AaxLllUQITnHnua6cX0SRk0lBBtG5jFJtuSpThVLCs2Ek0iwkdkj5rWypJyHQ3/fgigztW6cEgUrakgR/q94mUhFqPQ992hsQM9G8vF//y2okJat2UyzgxTNLPRUEioIlgHgnsccWoEWNLCFXc3grpgNgojA2uaEP4+hT+Ty4rZYzK+Hy/1DiaxDEPNsE22AMYVEEDnIAz0AQU3IA78AAenVvn3nlynj9bC85kZgP8gPPyDuFgmC4=</latexit><latexit sha1_base64="m6F+sU6HMu+GgTzzhZgfwfg5Erw=">AAACBXicdVBNSwMxEM3W7/q16lEPwSJ6KkkR2x6EohcvgoLVQluXbJptQ7PZJckWyrIXL/4VLx4U8ep/8Oa/MasVVPTBwOO9GWbm+bHg2iD05hSmpmdm5+YXiotLyyur7tr6pY4SRVmTRiJSLZ9oJrhkTcONYK1YMRL6gl35w+PcvxoxpXkkL8w4Zt2Q9CUPOCXGSp67FXppRybeSQYPYSdQhKaj3etKlp56p5nnllAZIYQxhjnB1QNkSb1eq+AaxLllUQITnHnua6cX0SRk0lBBtG5jFJtuSpThVLCs2Ek0iwkdkj5rWypJyHQ3/fgigztW6cEgUrakgR/q94mUhFqPQ992hsQM9G8vF//y2okJat2UyzgxTNLPRUEioIlgHgnsccWoEWNLCFXc3grpgNgojA2uaEP4+hT+Ty4rZYzK+Hy/1DiaxDEPNsE22AMYVEEDnIAz0AQU3IA78AAenVvn3nlynj9bC85kZgP8gPPyDuFgmC4=</latexit><latexit sha1_base64="m6F+sU6HMu+GgTzzhZgfwfg5Erw=">AAACBXicdVBNSwMxEM3W7/q16lEPwSJ6KkkR2x6EohcvgoLVQluXbJptQ7PZJckWyrIXL/4VLx4U8ep/8Oa/MasVVPTBwOO9GWbm+bHg2iD05hSmpmdm5+YXiotLyyur7tr6pY4SRVmTRiJSLZ9oJrhkTcONYK1YMRL6gl35w+PcvxoxpXkkL8w4Zt2Q9CUPOCXGSp67FXppRybeSQYPYSdQhKaj3etKlp56p5nnllAZIYQxhjnB1QNkSb1eq+AaxLllUQITnHnua6cX0SRk0lBBtG5jFJtuSpThVLCs2Ek0iwkdkj5rWypJyHQ3/fgigztW6cEgUrakgR/q94mUhFqPQ992hsQM9G8vF//y2okJat2UyzgxTNLPRUEioIlgHgnsccWoEWNLCFXc3grpgNgojA2uaEP4+hT+Ty4rZYzK+Hy/1DiaxDEPNsE22AMYVEEDnIAz0AQU3IA78AAenVvn3nlynj9bC85kZgP8gPPyDuFgmC4=</latexit><latexit sha1_base64="m6F+sU6HMu+GgTzzhZgfwfg5Erw=">AAACBXicdVBNSwMxEM3W7/q16lEPwSJ6KkkR2x6EohcvgoLVQluXbJptQ7PZJckWyrIXL/4VLx4U8ep/8Oa/MasVVPTBwOO9GWbm+bHg2iD05hSmpmdm5+YXiotLyyur7tr6pY4SRVmTRiJSLZ9oJrhkTcONYK1YMRL6gl35w+PcvxoxpXkkL8w4Zt2Q9CUPOCXGSp67FXppRybeSQYPYSdQhKaj3etKlp56p5nnllAZIYQxhjnB1QNkSb1eq+AaxLllUQITnHnua6cX0SRk0lBBtG5jFJtuSpThVLCs2Ek0iwkdkj5rWypJyHQ3/fgigztW6cEgUrakgR/q94mUhFqPQ992hsQM9G8vF//y2okJat2UyzgxTNLPRUEioIlgHgnsccWoEWNLCFXc3grpgNgojA2uaEP4+hT+Ty4rZYzK+Hy/1DiaxDEPNsE22AMYVEEDnIAz0AQU3IA78AAenVvn3nlynj9bC85kZgP8gPPyDuFgmC4=</latexit>

m⌫L =
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◆

<latexit sha1_base64="Rmf7dQg+1jvyKejFa/NbyqLOEb0="></latexit><latexit sha1_base64="Rmf7dQg+1jvyKejFa/NbyqLOEb0="></latexit><latexit sha1_base64="Rmf7dQg+1jvyKejFa/NbyqLOEb0="></latexit><latexit sha1_base64="Rmf7dQg+1jvyKejFa/NbyqLOEb0="></latexit>



v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

N
<latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit><latexit sha1_base64="BYXHHGb6EZsTqR4GyUoO69zR/R4=">AAAB53icdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTatQ6KWgD5k3ztPJeR/MzAtE/AVtWlS07S+16980Tw0q6sCFwzn3cu89fiKFNhh/OLmV1bX1jfxmYWt7Z3evuH9wq+NUMe6yWMaq41PNpYi4a4SRvJMoTkNf8rY/vsz89j1XWsTRjZkk3AvpMBKBYNRYqXXdL5ZwGWNMCEEZIdVzbEm9XquQGiKZZVGCJZr94ntvELM05JFhkmrdJTgx3pQqI5jks0Iv1TyhbEyHvGtpREOuven80Bk6scoABbGyFRk0V79PTGmo9ST0bWdIzUj/9jLxL6+bmqDmTUWUpIZHbLEoSCUyMcq+RgOhODNyYgllSthbERtRRZmx2RRsCF+fov+JWynXy6R1VmpcLNPIwxEcwykQqEIDrqAJLjDg8ABP8OzcOY/Oi/O6aM05y5lD+AHn7RNh4Yzc</latexit>

MN
<latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit><latexit sha1_base64="T/x6gvZjpig6K/25ctwPgu9gRVQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunGjVLAPaEOZTCft0JlJmJkIJfQX3LhQxK0/5M6/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wsll7nfuiVQ0Fnd6mpCAo5GgEcVI59L14KY0KFcc+7xe9fwqdGzHqbmemxOv5p/50DVKjgpYojkov/eHMU45ERozpFTPdRIdZEhqihmZlfqpIgnCEzQiPUMF4kQF2fzWGTwxyhBGsTQlNJyr3ycyxJWa8tB0cqTH6reXi395vVRH9SCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvHkIXx9Cv8nbc92Hdu99SuNi2UcRXAEjsEpcEENNMAVaIIWwGAMHsATeLa49Wi9WK+L1oK1nDkEP2C9fQKLO43o</latexit>

L⌫
5

<latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit><latexit sha1_base64="aC+kz48VWAnJCCus9LMDYwoK8YU=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVZKitt0V3bhwUcE+oDOWTJq2oZnMkGSEOvRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu99wSx4Nog9OEsLa+srq3nNvKbW9s7BXd3r6WjRFHWpJGIVCcgmgkuWdNwI1gnVoyEgWDtYHyR+e07pjSP5I2ZxMwPyVDyAafEWKnnFlKPEgGvpreeTHqn+Z5bRCWEEMYYZgRXzpAltVq1jKsQZ5ZFESzQ6LnvXj+iScikoYJo3cUoNn5KlOFUsGneSzSLCR2TIetaKknItJ/ODp/CI6v04SBStqSBM/X7REpCrSdhYDtDYkb6t5eJf3ndxAyqfsplnBgm6XzRIBHQRDBLAfa5YtSIiSWEKm5vhXREFKHGZpWF8PUp/J+0yiWMSvj6pFg/X8SRAwfgEBwDDCqgDi5BAzQBBQl4AE/g2bl3Hp0X53XeuuQsZvbBDzhvn/dWkqI=</latexit>

Neutrino Masses  (SM’ and LR)

•    In all such          theories           and            are gauge singlets
•    Hence, the most general seesaw leads to d=5 operators

(`H)
<latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit><latexit sha1_base64="sN7XkbvsyIJDb/xyzLVx67NcdIo=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRS48V7Ie0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPxXea3n1BpHkcPZpKgL+kw4iFn1FjpsdJDIUj9otgvld2qOwdZJV5OypCj0S999QYxSyVGhgmqdddzE+NPqTKcCZwVe6nGhLIxHWLX0ohK1P50fvCMnFtlQMJY2YoMmau/J6ZUaj2Rge2U1Iz0speJ/3nd1IQ3/pRHSWowYotFYSqIiUn2PRlwhcyIiSWUKW5vJWxEFWXGZpSF4C2/vEpal1XPrXr3V+XabR5HAU7hDCrgwTXUoA4NaAIDCc/wCm+Ocl6cd+dj0brm5DMn8AfO5w/2ZI8w</latexit>

(`0H 0)
<latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit><latexit sha1_base64="FS5FZaqP3Vf6xwSxFZNHwWF+ImQ=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZpvZRdEfRY9NJjBfsB26Vk02wbmk2WJCuU0p/hxYMiXv013vw3Zts9aOuDgcd7M8zMCxPOtHHdb6ewsbm1vVPcLe3tHxwelY9POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5D7zu09UaSbFo5kmNIjxSLCIEWys5Nf6lPMqalYvS4Nyxa27C6B14uWkAjlag/JXfyhJGlNhCMda+56bmGCGlWGE03mpn2qaYDLBI+pbKnBMdTBbnDxHF1YZokgqW8Kghfp7YoZjradxaDtjbMZ61cvE/zw/NdFtMGMiSQ0VZLkoSjkyEmX/oyFTlBg+tQQTxeytiIyxwsTYlLIQvNWX10nnqu65de/hutK4y+MowhmcQw08uIEGNKEFbSAg4Rle4c0xzovz7nwsWwtOPnMKf+B8/gC7kI+S</latexit>

Z2
<latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit><latexit sha1_base64="McHwR/Jfh+OMpJhsxZgtxwyR08Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HNTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/FHuNlw==</latexit>
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<latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit><latexit sha1_base64="FDf2l8I7M8ew297UXCYfA9G40Rc="></latexit>

•    Mass scales:           
•    3 X 3 flavor matrices:

MM ,MD
<latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit><latexit sha1_base64="GweocrJfnwAk0xid1MRdEDmDHDs=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXUpIitt0VdeGmUME+pB2GTJppQzOZIckIZehXuHGhiFs/x51/Y6atoKIHLhzOuZd77/FjwbVB6MNZWl5ZXVvPbeQ3t7Z3dgt7+20dJYqyFo1EpLo+0UxwyVqGG8G6sWIk9AXr+OPLzO/cM6V5JG/NJGZuSIaSB5wSY6W7htc4hQ3vKu8ViqiEEMIYw4zgyjmypFarlnEV4syyKIIFml7hvT+IaBIyaaggWvcwio2bEmU4FWya7yeaxYSOyZD1LJUkZNpNZwdP4bFVBjCIlC1p4Ez9PpGSUOtJ6NvOkJiR/u1l4l9eLzFB1U25jBPDJJ0vChIBTQSz7+GAK0aNmFhCqOL2VkhHRBFqbEZZCF+fwv9Ju1zCqIRvzor1i0UcOXAIjsAJwKAC6uAaNEELUBCCB/AEnh3lPDovzuu8dclZzByAH3DePgEWgo9J</latexit>

⌘, ⇠
<latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit><latexit sha1_base64="C8FSRHfLqSarBkpqrVpdiwa2aCY=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8SEmK2PZW9OKxgv3AbinZdNqGZrNLkhVL6b/w4kERr/4bb/4bs20FFX0w8Hhvhpl5QSyFsYR8eEvLK6tr65mN7ObW9s5ubm+/YaJEc6jzSEa6FTADUiioW2EltGINLAwkNIPRZeo370AbEakbO46hE7KBEn3BmXXSrQ+WnWL/XmS7uTwpEEIopTgltHROHKlUykVaxjS1HPJogVo39+73Ip6EoCyXzJg2JbHtTJi2gkuYZv3EQMz4iA2g7ahiIZjOZHbxFB87pYf7kXalLJ6p3ycmLDRmHAauM2R2aH57qfiX105sv9yZCBUnFhSfL+onEtsIp+/jntDArRw7wrgW7lbMh0wzbl1IaQhfn+L/SaNYoKRAr8/y1YtFHBl0iI7QCaKohKroCtVQHXGk0AN6Qs+e8R69F+913rrkLWYO0A94b5+juJA9</latexit>

⌫H
<latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit><latexit sha1_base64="5YJXl35CzNnx/NUhvCS1Wd8uOmo=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4KkkR296KXnqs4LaFdinZNG1Ds9klyQql9Dd48aCIV3+QN/+N2baCij4YeLw3w8y8MJHCWIw/vLX1jc2t7dxOfndv/+CwcHTcMnGqGfdZLGPdCanhUijuW2El7ySa0yiUvB1ObjK/fc+1EbG6s9OEBxEdKTEUjFon+T2V9hv9QhGXMMaEEJQRUrnCjtRq1TKpIpJZDkVYodkvvPcGMUsjriyT1JguwYkNZlRbwSSf53up4QllEzriXUcVjbgJZotj5+jcKQM0jLUrZdFC/T4xo5Ex0yh0nRG1Y/Pby8S/vG5qh9VgJlSSWq7YctEwlcjGKPscDYTmzMqpI5Rp4W5FbEw1Zdblk3chfH2K/ietcongErm9LNavV3Hk4BTO4AIIVKAODWiCDwwEPMATPHvKe/RevNdl65q3mjmBH/DePgH1s47I</latexit>

⌫L
<latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit><latexit sha1_base64="Zq1opUuUQ9MY9+fTlcCjuLQIgCU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OLBQwXXFtqlZNO0Dc1mlyQrlNLf4MWDIl79Qd78N2bbCir6YODx3gwz88JECmMx/vByK6tr6xv5zcLW9s7uXnH/4M7EqWbcZ7GMdTukhkuhuG+FlbydaE6jUPJWOL7M/NY910bE6tZOEh5EdKjEQDBqneR3Vdq77hVLuIwxJoSgjJDqOXakXq9VSA2RzHIowRLNXvG9249ZGnFlmaTGdAhObDCl2gom+azQTQ1PKBvTIe84qmjETTCdHztDJ07po0GsXSmL5ur3iSmNjJlEoeuMqB2Z314m/uV1UjuoBVOhktRyxRaLBqlENkbZ56gvNGdWThyhTAt3K2IjqimzLp+CC+HrU/Q/uauUCS6Tm7NS42IZRx6O4BhOgUAVGnAFTfCBgYAHeIJnT3mP3ov3umjNecuZQ/gB7+0T+8OOzA==</latexit>
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splittings arise, and how ⌫ masses become decoupled from u masses. We find that precision

gauge coupling unification is possible even in the presence of the required Froggatt-Nielsen

states.

II. VANISHING HIGGS QUARTIC FROM A Z2 SYMMETRY

In this section we show that the near vanishing of the SM Higgs quartic coupling at a

high energy scale v0 can be explained by a Z2 symmetry spontaneously broken at v0.

A. Vanishing quartic coupling

We introduce a Z2 symmetry under which the Higgs field H and its partner H 0 are

exchanged. The renormalizable potential of H and H 0 is given by

V (H, H 0) = �m2(H†H + H 0†H 0) +
�

2
(H†H + H 0†H 0)2 + �0H†HH 0†H 0. (3)

We assume that the mass scale m is much larger than the electroweak scale. With m2 posi-

tive, the Z2 symmetry is spontaneously broken and H 0 acquires a large vacuum expectation

value of hH 0
i = v0, with v02 = m2/�. After integrating out H 0 at tree-level, the Low Energy

potential in the e↵ective theory for H is

VLE(H) = �0 v02 H†H � �0
✓
1 +

�0

2�

◆
(H†H)2. (4)

In order to obtain the hierarchy hHi = v ⌧ v0, it is necessary that �0
⌧ 1. After this

fine-tuning, the quartic coupling of the Higgs H, �SM, also vanishes.

The vanishing quartic can be understood by an accidental SU(4) symmetry under which

(H, H 0) is a fundamental representation. For �0 = 0, the potential in Eq. (3) is manifestly

SU(4) symmetric. After H 0 obtains a vacuum expectation value, the Standard Model Higgs

is understood as a Nambu-Goldstone boson with a vanishing potential.

Below the scale v0, quantum corrections from SM particles renormalize the quartic cou-

pling, and it becomes positive. From the perspective of running from low to high energies,

the scale at which the SM Higgs quartic coupling vanishes, µc, is to be identified with v0 as

in (1) v0
' µc. The value of µc depends on uncertainties in the top quark Yukawa coupling,

and is listed in Table I, following the calculation of Ref. [1].
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<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SU(2)R ⇥ U(1)B�L
<latexit sha1_base64="XOTXm6S8tvMIfDmM7iKTKfhc1xs=">AAACAXicdVDLSsNAFJ34rPVVdSVuBovQLgxJLH3sSt24cFEfsYU2hMl02g6dPJiZCCUUN/6KGxcqbv0Ld/6Nk7aCih64cDjnXu69x4sYFdIwPrSFxaXlldXMWnZ9Y3NrO7ezeyPCmGNi45CFvO0hQRgNiC2pZKQdcYJ8j5GWNzpN/dYt4YKGwbUcR8Tx0SCgfYqRVJKb27+yC1bRvYRdSX0ioF0wi27SOD6fuLm8odeqZatUhoZuGBXTMlNiVUonJWgqJUUezNF0c+/dXohjnwQSMyRExzQi6SSIS4oZmWS7sSARwiM0IB1FA6T2Ocn0hQk8UkoP9kOuKpBwqn6fSJAvxNj3VKeP5FD89lLxL68Ty37VSWgQxZIEeLaoHzMoQ5jmAXuUEyzZWBGEOVW3QjxEHGGpUsuqEL4+hf8T29JrunlRytcb8zQy4AAcggIwQQXUwRloAhtgcAcewBN41u61R+1Fe521LmjzmT3wA9rbJ6LBlT4=</latexit><latexit sha1_base64="XOTXm6S8tvMIfDmM7iKTKfhc1xs=">AAACAXicdVDLSsNAFJ34rPVVdSVuBovQLgxJLH3sSt24cFEfsYU2hMl02g6dPJiZCCUUN/6KGxcqbv0Ld/6Nk7aCih64cDjnXu69x4sYFdIwPrSFxaXlldXMWnZ9Y3NrO7ezeyPCmGNi45CFvO0hQRgNiC2pZKQdcYJ8j5GWNzpN/dYt4YKGwbUcR8Tx0SCgfYqRVJKb27+yC1bRvYRdSX0ioF0wi27SOD6fuLm8odeqZatUhoZuGBXTMlNiVUonJWgqJUUezNF0c+/dXohjnwQSMyRExzQi6SSIS4oZmWS7sSARwiM0IB1FA6T2Ocn0hQk8UkoP9kOuKpBwqn6fSJAvxNj3VKeP5FD89lLxL68Ty37VSWgQxZIEeLaoHzMoQ5jmAXuUEyzZWBGEOVW3QjxEHGGpUsuqEL4+hf8T29JrunlRytcb8zQy4AAcggIwQQXUwRloAhtgcAcewBN41u61R+1Fe521LmjzmT3wA9rbJ6LBlT4=</latexit><latexit sha1_base64="XOTXm6S8tvMIfDmM7iKTKfhc1xs=">AAACAXicdVDLSsNAFJ34rPVVdSVuBovQLgxJLH3sSt24cFEfsYU2hMl02g6dPJiZCCUUN/6KGxcqbv0Ld/6Nk7aCih64cDjnXu69x4sYFdIwPrSFxaXlldXMWnZ9Y3NrO7ezeyPCmGNi45CFvO0hQRgNiC2pZKQdcYJ8j5GWNzpN/dYt4YKGwbUcR8Tx0SCgfYqRVJKb27+yC1bRvYRdSX0ioF0wi27SOD6fuLm8odeqZatUhoZuGBXTMlNiVUonJWgqJUUezNF0c+/dXohjnwQSMyRExzQi6SSIS4oZmWS7sSARwiM0IB1FA6T2Ocn0hQk8UkoP9kOuKpBwqn6fSJAvxNj3VKeP5FD89lLxL68Ty37VSWgQxZIEeLaoHzMoQ5jmAXuUEyzZWBGEOVW3QjxEHGGpUsuqEL4+hf8T29JrunlRytcb8zQy4AAcggIwQQXUwRloAhtgcAcewBN41u61R+1Fe521LmjzmT3wA9rbJ6LBlT4=</latexit><latexit sha1_base64="XOTXm6S8tvMIfDmM7iKTKfhc1xs=">AAACAXicdVDLSsNAFJ34rPVVdSVuBovQLgxJLH3sSt24cFEfsYU2hMl02g6dPJiZCCUUN/6KGxcqbv0Ld/6Nk7aCih64cDjnXu69x4sYFdIwPrSFxaXlldXMWnZ9Y3NrO7ezeyPCmGNi45CFvO0hQRgNiC2pZKQdcYJ8j5GWNzpN/dYt4YKGwbUcR8Tx0SCgfYqRVJKb27+yC1bRvYRdSX0ioF0wi27SOD6fuLm8odeqZatUhoZuGBXTMlNiVUonJWgqJUUezNF0c+/dXohjnwQSMyRExzQi6SSIS4oZmWS7sSARwiM0IB1FA6T2Ocn0hQk8UkoP9kOuKpBwqn6fSJAvxNj3VKeP5FD89lLxL68Ty37VSWgQxZIEeLaoHzMoQ5jmAXuUEyzZWBGEOVW3QjxEHGGpUsuqEL4+hf8T29JrunlRytcb8zQy4AAcggIwQQXUwRloAhtgcAcewBN41u61R+1Fe521LmjzmT3wA9rbJ6LBlT4=</latexit>

SU(2)L ⇥ U(1)Y
<latexit sha1_base64="H+86v+R8XO6s7NWx0lYDAEmlfdA=">AAAB/3icdVDLSsNAFJ3UV62vqgsXbgaL0G5CEkMfu6IbFy4qGltpQ5hMp+3QyYOZiVBCN/6KGxcqbv0Nd/6Nk7aCih64cDjnXu69x48ZFdIwPrTc0vLK6lp+vbCxubW9U9zduxFRwjFxcMQi3vGRIIyGxJFUMtKJOUGBz0jbH59lfvuOcEGj8FpOYuIGaBjSAcVIKskrHlw5ZaviXcCepAER0CmbFS+9nXrFkqE36lXLrkJDN4yaaZkZsWr2iQ1NpWQogQVaXvG9149wEpBQYoaE6JpGLN0UcUkxI9NCLxEkRniMhqSraIjUNjedPTCFx0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzNGCfcoIlmyiCMKfqVohHiCMsVWYFFcLXp/B/4lh6Qzcv7VLzdJFGHhyCI1AGJqiBJjgHLeAADKbgATyBZ+1ee9RetNd5a05bzOyDH9DePgGtE5TC</latexit><latexit sha1_base64="H+86v+R8XO6s7NWx0lYDAEmlfdA=">AAAB/3icdVDLSsNAFJ3UV62vqgsXbgaL0G5CEkMfu6IbFy4qGltpQ5hMp+3QyYOZiVBCN/6KGxcqbv0Nd/6Nk7aCih64cDjnXu69x48ZFdIwPrTc0vLK6lp+vbCxubW9U9zduxFRwjFxcMQi3vGRIIyGxJFUMtKJOUGBz0jbH59lfvuOcEGj8FpOYuIGaBjSAcVIKskrHlw5ZaviXcCepAER0CmbFS+9nXrFkqE36lXLrkJDN4yaaZkZsWr2iQ1NpWQogQVaXvG9149wEpBQYoaE6JpGLN0UcUkxI9NCLxEkRniMhqSraIjUNjedPTCFx0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzNGCfcoIlmyiCMKfqVohHiCMsVWYFFcLXp/B/4lh6Qzcv7VLzdJFGHhyCI1AGJqiBJjgHLeAADKbgATyBZ+1ee9RetNd5a05bzOyDH9DePgGtE5TC</latexit><latexit sha1_base64="H+86v+R8XO6s7NWx0lYDAEmlfdA=">AAAB/3icdVDLSsNAFJ3UV62vqgsXbgaL0G5CEkMfu6IbFy4qGltpQ5hMp+3QyYOZiVBCN/6KGxcqbv0Nd/6Nk7aCih64cDjnXu69x48ZFdIwPrTc0vLK6lp+vbCxubW9U9zduxFRwjFxcMQi3vGRIIyGxJFUMtKJOUGBz0jbH59lfvuOcEGj8FpOYuIGaBjSAcVIKskrHlw5ZaviXcCepAER0CmbFS+9nXrFkqE36lXLrkJDN4yaaZkZsWr2iQ1NpWQogQVaXvG9149wEpBQYoaE6JpGLN0UcUkxI9NCLxEkRniMhqSraIjUNjedPTCFx0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzNGCfcoIlmyiCMKfqVohHiCMsVWYFFcLXp/B/4lh6Qzcv7VLzdJFGHhyCI1AGJqiBJjgHLeAADKbgATyBZ+1ee9RetNd5a05bzOyDH9DePgGtE5TC</latexit><latexit sha1_base64="H+86v+R8XO6s7NWx0lYDAEmlfdA=">AAAB/3icdVDLSsNAFJ3UV62vqgsXbgaL0G5CEkMfu6IbFy4qGltpQ5hMp+3QyYOZiVBCN/6KGxcqbv0Nd/6Nk7aCih64cDjnXu69x48ZFdIwPrTc0vLK6lp+vbCxubW9U9zduxFRwjFxcMQi3vGRIIyGxJFUMtKJOUGBz0jbH59lfvuOcEGj8FpOYuIGaBjSAcVIKskrHlw5ZaviXcCepAER0CmbFS+9nXrFkqE36lXLrkJDN4yaaZkZsWr2iQ1NpWQogQVaXvG9149wEpBQYoaE6JpGLN0UcUkxI9NCLxEkRniMhqSraIjUNjedPTCFx0rpw0HEVYUSztTvEykKhJgEvuoMkByJ314m/uV1EzmouykN40SSEM8XDRIGZQSzNGCfcoIlmyiCMKfqVohHiCMsVWYFFcLXp/B/4lh6Qzcv7VLzdJFGHhyCI1AGJqiBJjgHLeAADKbgATyBZ+1ee9RetNd5a05bzOyDH9DePgGtE5TC</latexit>

U(1)Y
<latexit sha1_base64="9vFN7OwP/sm99LiJsY1MK8ah0us=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlBWMrbSiT6aQdOpnEmYlQQn/CjQsVt36PO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FZh4OGax6AZIEkY58RRVjHQTQVAUMNIJJhe537knQtKYX6tpQvwIjTgNKUZKS12vap8OstvZoFyxzGaj5rg1aJmWVbcdOydO3T1zoa2VHBWwRHtQfu8PY5xGhCvMkJQ920qUnyGhKGZkVuqnkiQIT9CI9DTlKCLSz+b3zuCJVoYwjIUuruBc/T6RoUjKaRTozgipsfzt5eJfXi9VYcPPKE9SRTheLApTBlUM8+fhkAqCFZtqgrCg+laIx0ggrHREJR3C16fwf+I5ZtO0r9xK63yZRhEcgWNQBTaogxa4BG3gAQwYeABP4Nm4Mx6NF+N10VowljOH4AeMt0/a/I9n</latexit><latexit sha1_base64="9vFN7OwP/sm99LiJsY1MK8ah0us=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlBWMrbSiT6aQdOpnEmYlQQn/CjQsVt36PO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FZh4OGax6AZIEkY58RRVjHQTQVAUMNIJJhe537knQtKYX6tpQvwIjTgNKUZKS12vap8OstvZoFyxzGaj5rg1aJmWVbcdOydO3T1zoa2VHBWwRHtQfu8PY5xGhCvMkJQ920qUnyGhKGZkVuqnkiQIT9CI9DTlKCLSz+b3zuCJVoYwjIUuruBc/T6RoUjKaRTozgipsfzt5eJfXi9VYcPPKE9SRTheLApTBlUM8+fhkAqCFZtqgrCg+laIx0ggrHREJR3C16fwf+I5ZtO0r9xK63yZRhEcgWNQBTaogxa4BG3gAQwYeABP4Nm4Mx6NF+N10VowljOH4AeMt0/a/I9n</latexit><latexit sha1_base64="9vFN7OwP/sm99LiJsY1MK8ah0us=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlBWMrbSiT6aQdOpnEmYlQQn/CjQsVt36PO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FZh4OGax6AZIEkY58RRVjHQTQVAUMNIJJhe537knQtKYX6tpQvwIjTgNKUZKS12vap8OstvZoFyxzGaj5rg1aJmWVbcdOydO3T1zoa2VHBWwRHtQfu8PY5xGhCvMkJQ920qUnyGhKGZkVuqnkiQIT9CI9DTlKCLSz+b3zuCJVoYwjIUuruBc/T6RoUjKaRTozgipsfzt5eJfXi9VYcPPKE9SRTheLApTBlUM8+fhkAqCFZtqgrCg+laIx0ggrHREJR3C16fwf+I5ZtO0r9xK63yZRhEcgWNQBTaogxa4BG3gAQwYeABP4Nm4Mx6NF+N10VowljOH4AeMt0/a/I9n</latexit><latexit sha1_base64="9vFN7OwP/sm99LiJsY1MK8ah0us=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlBWMrbSiT6aQdOpnEmYlQQn/CjQsVt36PO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndK+8f3Mg4FZh4OGax6AZIEkY58RRVjHQTQVAUMNIJJhe537knQtKYX6tpQvwIjTgNKUZKS12vap8OstvZoFyxzGaj5rg1aJmWVbcdOydO3T1zoa2VHBWwRHtQfu8PY5xGhCvMkJQ920qUnyGhKGZkVuqnkiQIT9CI9DTlKCLSz+b3zuCJVoYwjIUuruBc/T6RoUjKaRTozgipsfzt5eJfXi9VYcPPKE9SRTheLApTBlUM8+fhkAqCFZtqgrCg+laIx0ggrHREJR3C16fwf+I5ZtO0r9xK63yZRhEcgWNQBTaogxa4BG3gAQwYeABP4Nm4Mx6NF+N10VowljOH4AeMt0/a/I9n</latexit>

U(1)EM
<latexit sha1_base64="kOI/8RAWsOqHnRAE3OCyv4gyur0=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0MeuKIIboYLRShvKZDpph04mYWYilNCvcONCxa2/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFpeWV0rrpc2Nre2d8q7ezcyTgUmHo5ZLDoBkoRRTjxFFSOdRBAUBYzcBuOz3L+9J0LSmF+rSUL8CA05DSlGSkt3XtU+7mfnl9N+uWKZzUbNcWvQMi2rbjt2Tpy6e+JCWys5KmCBdr/83hvEOI0IV5ghKbu2lSg/Q0JRzMi01EslSRAeoyHpaspRRKSfzQ6ewiOtDGAYC11cwZn6fSJDkZSTKNCdEVIj+dvLxb+8bqrChp9RnqSKcDxfFKYMqhjm38MBFQQrNtEEYUH1rRCPkEBY6YxKOoSvT+H/xHPMpmlfuZXW6SKNIjgAh6AKbFAHLXAB2sADGETgATyBZ0MYj8aL8TpvLRiLmX3wA8bbJ1hWj6o=</latexit><latexit sha1_base64="kOI/8RAWsOqHnRAE3OCyv4gyur0=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0MeuKIIboYLRShvKZDpph04mYWYilNCvcONCxa2/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFpeWV0rrpc2Nre2d8q7ezcyTgUmHo5ZLDoBkoRRTjxFFSOdRBAUBYzcBuOz3L+9J0LSmF+rSUL8CA05DSlGSkt3XtU+7mfnl9N+uWKZzUbNcWvQMi2rbjt2Tpy6e+JCWys5KmCBdr/83hvEOI0IV5ghKbu2lSg/Q0JRzMi01EslSRAeoyHpaspRRKSfzQ6ewiOtDGAYC11cwZn6fSJDkZSTKNCdEVIj+dvLxb+8bqrChp9RnqSKcDxfFKYMqhjm38MBFQQrNtEEYUH1rRCPkEBY6YxKOoSvT+H/xHPMpmlfuZXW6SKNIjgAh6AKbFAHLXAB2sADGETgATyBZ0MYj8aL8TpvLRiLmX3wA8bbJ1hWj6o=</latexit><latexit sha1_base64="kOI/8RAWsOqHnRAE3OCyv4gyur0=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0MeuKIIboYLRShvKZDpph04mYWYilNCvcONCxa2/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFpeWV0rrpc2Nre2d8q7ezcyTgUmHo5ZLDoBkoRRTjxFFSOdRBAUBYzcBuOz3L+9J0LSmF+rSUL8CA05DSlGSkt3XtU+7mfnl9N+uWKZzUbNcWvQMi2rbjt2Tpy6e+JCWys5KmCBdr/83hvEOI0IV5ghKbu2lSg/Q0JRzMi01EslSRAeoyHpaspRRKSfzQ6ewiOtDGAYC11cwZn6fSJDkZSTKNCdEVIj+dvLxb+8bqrChp9RnqSKcDxfFKYMqhjm38MBFQQrNtEEYUH1rRCPkEBY6YxKOoSvT+H/xHPMpmlfuZXW6SKNIjgAh6AKbFAHLXAB2sADGETgATyBZ0MYj8aL8TpvLRiLmX3wA8bbJ1hWj6o=</latexit><latexit sha1_base64="kOI/8RAWsOqHnRAE3OCyv4gyur0=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0MeuKIIboYLRShvKZDpph04mYWYilNCvcONCxa2/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFpeWV0rrpc2Nre2d8q7ezcyTgUmHo5ZLDoBkoRRTjxFFSOdRBAUBYzcBuOz3L+9J0LSmF+rSUL8CA05DSlGSkt3XtU+7mfnl9N+uWKZzUbNcWvQMi2rbjt2Tpy6e+JCWys5KmCBdr/83hvEOI0IV5ghKbu2lSg/Q0JRzMi01EslSRAeoyHpaspRRKSfzQ6ewiOtDGAYC11cwZn6fSJDkZSTKNCdEVIj+dvLxb+8bqrChp9RnqSKcDxfFKYMqhjm38MBFQQrNtEEYUH1rRCPkEBY6YxKOoSvT+H/xHPMpmlfuZXW6SKNIjgAh6AKbFAHLXAB2sADGETgATyBZ0MYj8aL8TpvLRiLmX3wA8bbJ1hWj6o=</latexit>

•   Two copies of 
•   Remarkably simple — no phases

SU(2)⇥ U(1) ! U(1)
<latexit sha1_base64="n4LB5k8NR9PJVTlU5BtmsQ5eHFE="></latexit><latexit sha1_base64="n4LB5k8NR9PJVTlU5BtmsQ5eHFE="></latexit><latexit sha1_base64="n4LB5k8NR9PJVTlU5BtmsQ5eHFE="></latexit><latexit sha1_base64="n4LB5k8NR9PJVTlU5BtmsQ5eHFE="></latexit>

•    P is exact
•    For                must fine tunev ⌧ v0

<latexit sha1_base64="j71NVZtcCxlo/1k2Dct5PwZjj2g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx4rGFtoQ9lsp+3SzSbubgol9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4O/UbI1Sax/LBjBMMItqXvMcZNVZqjkhbCDI67ZQrbtWdgSwTLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCJ6V2qjGhbEj72LJU0gh1kM3unZATq3RJL1a2pCEz9fdERiOtx1FoOyNqBnrRm4r/ea3U9K6CjMskNSjZfFEvFcTEZPo86XKFzIixJZQpbm8lbEAVZcZGVLIheIsvLxP/vHpd9e4vKrWbPI0iHMExnIEHl1CDO6iDDwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9V48l</latexit><latexit sha1_base64="j71NVZtcCxlo/1k2Dct5PwZjj2g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx4rGFtoQ9lsp+3SzSbubgol9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4O/UbI1Sax/LBjBMMItqXvMcZNVZqjkhbCDI67ZQrbtWdgSwTLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCJ6V2qjGhbEj72LJU0gh1kM3unZATq3RJL1a2pCEz9fdERiOtx1FoOyNqBnrRm4r/ea3U9K6CjMskNSjZfFEvFcTEZPo86XKFzIixJZQpbm8lbEAVZcZGVLIheIsvLxP/vHpd9e4vKrWbPI0iHMExnIEHl1CDO6iDDwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9V48l</latexit><latexit sha1_base64="j71NVZtcCxlo/1k2Dct5PwZjj2g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx4rGFtoQ9lsp+3SzSbubgol9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4O/UbI1Sax/LBjBMMItqXvMcZNVZqjkhbCDI67ZQrbtWdgSwTLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCJ6V2qjGhbEj72LJU0gh1kM3unZATq3RJL1a2pCEz9fdERiOtx1FoOyNqBnrRm4r/ea3U9K6CjMskNSjZfFEvFcTEZPo86XKFzIixJZQpbm8lbEAVZcZGVLIheIsvLxP/vHpd9e4vKrWbPI0iHMExnIEHl1CDO6iDDwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9V48l</latexit><latexit sha1_base64="j71NVZtcCxlo/1k2Dct5PwZjj2g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx4rGFtoQ9lsp+3SzSbubgol9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4O/UbI1Sax/LBjBMMItqXvMcZNVZqjkhbCDI67ZQrbtWdgSwTLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCJ6V2qjGhbEj72LJU0gh1kM3unZATq3RJL1a2pCEz9fdERiOtx1FoOyNqBnrRm4r/ea3U9K6CjMskNSjZfFEvFcTEZPo86XKFzIixJZQpbm8lbEAVZcZGVLIheIsvLxP/vHpd9e4vKrWbPI0iHMExnIEHl1CDO6iDDwwEPMMrvDlPzovz7nzMWwtOPnMIf+B8/gB9V48l</latexit> �0 ! 0
<latexit sha1_base64="MrCL061DvjGGOvfg6y8MNz1G4DA=">AAACAHicbVBNS8NAFNzUr1q/oh48eFksoqeSiKDHohePFWwtNKFsNpt26SYbdl+UEnrxr3jxoIhXf4Y3/42bNgdtHVgYZubx9k2QCq7Bcb6tytLyyupadb22sbm1vWPv7nW0zBRlbSqFVN2AaCZ4wtrAQbBuqhiJA8Hug9F14d8/MKW5TO5gnDI/JoOER5wSMFLfPvCECYfkBHuKD4ZAlJKP2Kn17brTcKbAi8QtSR2VaPXtLy+UNItZAlQQrXuuk4KfEwWcCjapeZlmKaEjMmA9QxMSM+3n0wMm+NgoIY6kMi8BPFV/T+Qk1nocByYZExjqea8Q//N6GUSXfs6TNAOW0NmiKBMYJC7awCFXjIIYG0Ko4uavmA6JIhRMZ0UJ7vzJi6Rz1nCdhnt7Xm9elXVU0SE6QqfIRReoiW5QC7URRRP0jF7Rm/VkvVjv1scsWrHKmX30B9bnD1jrlZQ=</latexit><latexit sha1_base64="MrCL061DvjGGOvfg6y8MNz1G4DA=">AAACAHicbVBNS8NAFNzUr1q/oh48eFksoqeSiKDHohePFWwtNKFsNpt26SYbdl+UEnrxr3jxoIhXf4Y3/42bNgdtHVgYZubx9k2QCq7Bcb6tytLyyupadb22sbm1vWPv7nW0zBRlbSqFVN2AaCZ4wtrAQbBuqhiJA8Hug9F14d8/MKW5TO5gnDI/JoOER5wSMFLfPvCECYfkBHuKD4ZAlJKP2Kn17brTcKbAi8QtSR2VaPXtLy+UNItZAlQQrXuuk4KfEwWcCjapeZlmKaEjMmA9QxMSM+3n0wMm+NgoIY6kMi8BPFV/T+Qk1nocByYZExjqea8Q//N6GUSXfs6TNAOW0NmiKBMYJC7awCFXjIIYG0Ko4uavmA6JIhRMZ0UJ7vzJi6Rz1nCdhnt7Xm9elXVU0SE6QqfIRReoiW5QC7URRRP0jF7Rm/VkvVjv1scsWrHKmX30B9bnD1jrlZQ=</latexit><latexit sha1_base64="MrCL061DvjGGOvfg6y8MNz1G4DA=">AAACAHicbVBNS8NAFNzUr1q/oh48eFksoqeSiKDHohePFWwtNKFsNpt26SYbdl+UEnrxr3jxoIhXf4Y3/42bNgdtHVgYZubx9k2QCq7Bcb6tytLyyupadb22sbm1vWPv7nW0zBRlbSqFVN2AaCZ4wtrAQbBuqhiJA8Hug9F14d8/MKW5TO5gnDI/JoOER5wSMFLfPvCECYfkBHuKD4ZAlJKP2Kn17brTcKbAi8QtSR2VaPXtLy+UNItZAlQQrXuuk4KfEwWcCjapeZlmKaEjMmA9QxMSM+3n0wMm+NgoIY6kMi8BPFV/T+Qk1nocByYZExjqea8Q//N6GUSXfs6TNAOW0NmiKBMYJC7awCFXjIIYG0Ko4uavmA6JIhRMZ0UJ7vzJi6Rz1nCdhnt7Xm9elXVU0SE6QqfIRReoiW5QC7URRRP0jF7Rm/VkvVjv1scsWrHKmX30B9bnD1jrlZQ=</latexit><latexit sha1_base64="MrCL061DvjGGOvfg6y8MNz1G4DA=">AAACAHicbVBNS8NAFNzUr1q/oh48eFksoqeSiKDHohePFWwtNKFsNpt26SYbdl+UEnrxr3jxoIhXf4Y3/42bNgdtHVgYZubx9k2QCq7Bcb6tytLyyupadb22sbm1vWPv7nW0zBRlbSqFVN2AaCZ4wtrAQbBuqhiJA8Hug9F14d8/MKW5TO5gnDI/JoOER5wSMFLfPvCECYfkBHuKD4ZAlJKP2Kn17brTcKbAi8QtSR2VaPXtLy+UNItZAlQQrXuuk4KfEwWcCjapeZlmKaEjMmA9QxMSM+3n0wMm+NgoIY6kMi8BPFV/T+Qk1nocByYZExjqea8Q//N6GUSXfs6TNAOW0NmiKBMYJC7awCFXjIIYG0Ko4uavmA6JIhRMZ0UJ7vzJi6Rz1nCdhnt7Xm9elXVU0SE6QqfIRReoiW5QC7URRRP0jF7Rm/VkvVjv1scsWrHKmX30B9bnD1jrlZQ=</latexit>



Quark and Charged Lepton Masses

•    Arise from Froggatt-Nielsen mechanism
•    eg. from leading diagrams with           couplingsO(1)

•    X between       and           
•    Highly constrained in SO(10)

v0 MG

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>
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XU
<latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit>

XD
<latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit>

XE
<latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit>

TABLE III. Possible X particles for generating Yukawa couplings in Model A.

SU(3)c SU(2)L SU(2)R U(1) SU(4) SO(10) coupling

up 3 1 1 2/3 15 45 X̄qH†
+ Xq0H

0†

3 2 2 �1/3 6/10 45,54,210/210 X̄qH
0†

+ Xq0H†

down 3 1 1 �1/3 6/10 10,126/120 X̄qH + Xq0H 0

3 2 2 2/3 15 120,126 X̄qH 0
+ Xq0H

electron 1 1 1 �1 10 120 X̄`H + X`0H 0

1 2 2 0 1/15 10,120/120,126 X`H 0
+ X`0H

neutrino 1 1 1 0 1/15 1,54,210/45,210 X(`H†
+ `0H 0†

)

1 2 2 �1 10 210 X̄`H 0†
+ X`0H†

1 3 1 0 1 45 X`H†

1 1 3 0 1 45 X`0H 0†

the dimension-5 operator in Eq. (7) with

ỹf
Mf

= xf

1

MXf

x0
f

or equivalently yf = xf

v0

MXf

x0
f
. (9)

The e↵ect of Z2 on these couplings will be discussed later in this section.

The following dimension-5 operators give masses to both left and right-handed neutrinos,

L
⌫ =

1

M

⇣
(`ỹ`)H†2 + (`0ỹ`0)H

0†2
⌘
+

1

M⌫

(`ỹ⌫`
0)H†H

0† + h.c. (10)

For M ⌧ M⌫ |ỹ/ỹ⌫ |(v0/v) the left-handed neutrinos obtain Majorana masses, while for M �

M⌫ |ỹ/ỹ⌫ |(v0/v) they obtain Dirac masses with the right-handed neutrinos in `0.

B. SU(3)c ⇥ SU(2)L ⇥ SU(2)
0
⇥ U(1)

With just (q, q0, `, `0), Models B, C and D contain gauge anomalies. In Models C and

D, q0 and `0 do not have the right charges to be identified with SM SU(2)L-singlet quarks

or leptons, and there are no Yukawa-like interactions for electrically-charged fermions at

any dimension. For these theories, the minimal additions for anomaly freedom are SU(2)L-

singlet fermions of the SM, ū, d̄ and ē, and their Z2 partners ū0, d̄0 and ē0 with gauge charges

10
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An Estimation of   ̄✓

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>
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<latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit>
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Fig. 15.1. Historical development of the neutron EDM experimental limit along with
expectations from various theoretical models. The points marked with * are the antic-
ipated limits from experiments presently under development or proposed, and will be
discussed in this review.

renormalizable and therefore theoretically acceptable. This theory has had
its most spectacular success in applications to measurements at the so-called
Z-pole in e+e° collisions where the following successes, among many, have
been achieved: Proof of three families of neutrinos; indirect measurement
of the top quark mass; upper and lower limits on the mass of the Higgs
boson.

Despite the successes of the Standard Model, in the context of the CP
violation in the Higgs field, it is di±cult to reconcile the large CP violation
observed in K0 decay with the small values of the neutron and electron
EDMs. Furthermore, the Standard Model does not provide a mechanism
with su±cient rate to generate the universe baryon asymmetry. Briefly, the
problem can be outlined and a naive estimate of the neutron EDM can be
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Is there a value of v’ that gives 
precision gauge coupling unification?

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

MG
<latexit sha1_base64="5p1eWxseB9oMQhi9PQzpf5Y8Uic=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KLnQjVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOGkrqOiBC4dz7uXee4KEM6UR+rCWlldW19YLG8XNre2d3dLefkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfgi99v3VCoWizs9Sagf4aFgISNYG+n2un/ZL5WRfVaruF4FIhuhquM6OXGr3qkHHaPkKIMFGv3Se28QkzSiQhOOleo6KNF+hqVmhNNpsZcqmmAyxkPaNVTgiCo/m506hcdGGcAwlqaEhjP1+0SGI6UmUWA6I6xH6reXi3953VSHNT9jIkk1FWS+KEw51DHM/4YDJinRfGIIJpKZWyEZYYmJNukUTQhfn8L/Scu1HWQ7N165fr6IowAOwRE4AQ6ogjq4Ag3QBAQMwQN4As8Wtx6tF+t13rpkLWYOwA9Yb59LlY3N</latexit><latexit sha1_base64="5p1eWxseB9oMQhi9PQzpf5Y8Uic=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KLnQjVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOGkrqOiBC4dz7uXee4KEM6UR+rCWlldW19YLG8XNre2d3dLefkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfgi99v3VCoWizs9Sagf4aFgISNYG+n2un/ZL5WRfVaruF4FIhuhquM6OXGr3qkHHaPkKIMFGv3Se28QkzSiQhOOleo6KNF+hqVmhNNpsZcqmmAyxkPaNVTgiCo/m506hcdGGcAwlqaEhjP1+0SGI6UmUWA6I6xH6reXi3953VSHNT9jIkk1FWS+KEw51DHM/4YDJinRfGIIJpKZWyEZYYmJNukUTQhfn8L/Scu1HWQ7N165fr6IowAOwRE4AQ6ogjq4Ag3QBAQMwQN4As8Wtx6tF+t13rpkLWYOwA9Yb59LlY3N</latexit><latexit sha1_base64="5p1eWxseB9oMQhi9PQzpf5Y8Uic=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KLnQjVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOGkrqOiBC4dz7uXee4KEM6UR+rCWlldW19YLG8XNre2d3dLefkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfgi99v3VCoWizs9Sagf4aFgISNYG+n2un/ZL5WRfVaruF4FIhuhquM6OXGr3qkHHaPkKIMFGv3Se28QkzSiQhOOleo6KNF+hqVmhNNpsZcqmmAyxkPaNVTgiCo/m506hcdGGcAwlqaEhjP1+0SGI6UmUWA6I6xH6reXi3953VSHNT9jIkk1FWS+KEw51DHM/4YDJinRfGIIJpKZWyEZYYmJNukUTQhfn8L/Scu1HWQ7N165fr6IowAOwRE4AQ6ogjq4Ag3QBAQMwQN4As8Wtx6tF+t13rpkLWYOwA9Yb59LlY3N</latexit><latexit sha1_base64="5p1eWxseB9oMQhi9PQzpf5Y8Uic=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KLnQjVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOGkrqOiBC4dz7uXee4KEM6UR+rCWlldW19YLG8XNre2d3dLefkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfgi99v3VCoWizs9Sagf4aFgISNYG+n2un/ZL5WRfVaruF4FIhuhquM6OXGr3qkHHaPkKIMFGv3Se28QkzSiQhOOleo6KNF+hqVmhNNpsZcqmmAyxkPaNVTgiCo/m506hcdGGcAwlqaEhjP1+0SGI6UmUWA6I6xH6reXi3953VSHNT9jIkk1FWS+KEw51DHM/4YDJinRfGIIJpKZWyEZYYmJNukUTQhfn8L/Scu1HWQ7N165fr6IowAOwRE4AQ6ogjq4Ag3QBAQMwQN4As8Wtx6tF+t13rpkLWYOwA9Yb59LlY3N</latexit>

3-2-1

3� 2L � 2R � 1B�L
<latexit sha1_base64="x5sHo6BZZ2LGE+iYhaZyZ7BpesE=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AR3LQkVWy7K3Xjoosq9gFtGTJp2oZmHiQZoYxd+CtuXCji1t9w59+YaSuo6IFcDufcy705bii40gh9WKml5ZXVtfR6ZmNza3vH3t1rqiCSlDVoIALZdoligvusobkWrB1KRjxXsJY7vkj81i2Tigf+jZ6ErOeRoc8HnBJtJMc+OM3BglODSb02FTtxNVebOnYW5RFCGGOYEFw8R4aUy6UCLkGcWAZZsEDdsd+7/YBGHvM1FUSpDkah7sVEak4Fm2a6kWIhoWMyZB1DfeIx1Ytn90/hsVH6cBBI83wNZ+r3iZh4Sk0813R6RI/Uby8R//I6kR6UejH3w0gzn84XDSIBdQCTMGCfS0a1mBhCqOTmVkhHRBKqTWQZE8LXT+H/pFnIY5THV2fZSnURRxocgiNwAjAoggq4BHXQABTcgQfwBJ6te+vRerFe560pazGzD37AevsEUduTGg==</latexit><latexit sha1_base64="x5sHo6BZZ2LGE+iYhaZyZ7BpesE=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AR3LQkVWy7K3Xjoosq9gFtGTJp2oZmHiQZoYxd+CtuXCji1t9w59+YaSuo6IFcDufcy705bii40gh9WKml5ZXVtfR6ZmNza3vH3t1rqiCSlDVoIALZdoligvusobkWrB1KRjxXsJY7vkj81i2Tigf+jZ6ErOeRoc8HnBJtJMc+OM3BglODSb02FTtxNVebOnYW5RFCGGOYEFw8R4aUy6UCLkGcWAZZsEDdsd+7/YBGHvM1FUSpDkah7sVEak4Fm2a6kWIhoWMyZB1DfeIx1Ytn90/hsVH6cBBI83wNZ+r3iZh4Sk0813R6RI/Uby8R//I6kR6UejH3w0gzn84XDSIBdQCTMGCfS0a1mBhCqOTmVkhHRBKqTWQZE8LXT+H/pFnIY5THV2fZSnURRxocgiNwAjAoggq4BHXQABTcgQfwBJ6te+vRerFe560pazGzD37AevsEUduTGg==</latexit><latexit sha1_base64="x5sHo6BZZ2LGE+iYhaZyZ7BpesE=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AR3LQkVWy7K3Xjoosq9gFtGTJp2oZmHiQZoYxd+CtuXCji1t9w59+YaSuo6IFcDufcy705bii40gh9WKml5ZXVtfR6ZmNza3vH3t1rqiCSlDVoIALZdoligvusobkWrB1KRjxXsJY7vkj81i2Tigf+jZ6ErOeRoc8HnBJtJMc+OM3BglODSb02FTtxNVebOnYW5RFCGGOYEFw8R4aUy6UCLkGcWAZZsEDdsd+7/YBGHvM1FUSpDkah7sVEak4Fm2a6kWIhoWMyZB1DfeIx1Ytn90/hsVH6cBBI83wNZ+r3iZh4Sk0813R6RI/Uby8R//I6kR6UejH3w0gzn84XDSIBdQCTMGCfS0a1mBhCqOTmVkhHRBKqTWQZE8LXT+H/pFnIY5THV2fZSnURRxocgiNwAjAoggq4BHXQABTcgQfwBJ6te+vRerFe560pazGzD37AevsEUduTGg==</latexit><latexit sha1_base64="x5sHo6BZZ2LGE+iYhaZyZ7BpesE=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AR3LQkVWy7K3Xjoosq9gFtGTJp2oZmHiQZoYxd+CtuXCji1t9w59+YaSuo6IFcDufcy705bii40gh9WKml5ZXVtfR6ZmNza3vH3t1rqiCSlDVoIALZdoligvusobkWrB1KRjxXsJY7vkj81i2Tigf+jZ6ErOeRoc8HnBJtJMc+OM3BglODSb02FTtxNVebOnYW5RFCGGOYEFw8R4aUy6UCLkGcWAZZsEDdsd+7/YBGHvM1FUSpDkah7sVEak4Fm2a6kWIhoWMyZB1DfeIx1Ytn90/hsVH6cBBI83wNZ+r3iZh4Sk0813R6RI/Uby8R//I6kR6UejH3w0gzn84XDSIBdQCTMGCfS0a1mBhCqOTmVkhHRBKqTWQZE8LXT+H/pFnIY5THV2fZSnURRxocgiNwAjAoggq4BHXQABTcgQfwBJ6te+vRerFe560pazGzD37AevsEUduTGg==</latexit>



Gauge Coupling Unification: 3� 2L � 2R � 1B�L
<latexit sha1_base64="3sDYeS+V2qHx+Y5YM5Rm300gfEM=">AAAB/XicbVC7TgJBFL2LL8TXqrGyGSUmNJBdLNSOYGNBgcYVEthsZocBJsw+MjNrQjYk/oqNhRpbW7/Bzg+xd3gUCp7k3pycc2/mzvFjzqSyrC8js7S8srqWXc9tbG5t75i7e3cySgShDol4JJo+lpSzkDqKKU6bsaA48Dlt+IPLsd+4p0KyKLxVw5i6Ae6FrMsIVlryzIPTYtmroSIqeze6215aLdZGnpm3StYEaJHYM5KvHBW+PwCg7pmf7U5EkoCGinAsZcu2YuWmWChGOB3l2omkMSYD3KMtTUMcUOmmk/NH6EQrHdSNhK5QoYn6eyPFgZTDwNeTAVZ9Oe+Nxf+8VqK6527KwjhRNCTTh7oJRypC4yxQhwlKFB9qgolg+lZE+lhgonRiOR2CPf/lReKUSxcl+1qHUYUpsnAIx1AAG86gAldQBwcIpPAIz/BiPBhPxqvxNh3NGLOdffgD4/0HGICUyA==</latexit><latexit sha1_base64="6DxwXwVPAMRQouDiePVIU1cDnqk=">AAAB/XicbVC7TsMwFHXKq5RXADGxGCqkMrRKygBsVVkYOhREaKU2ihzXaa06TmQ7SFVUiT/gG1gYALGy8wlsfAg77mOAliPdq6Nz7pWvjx8zKpVlfRmZhcWl5ZXsam5tfWNzy9zeuZVRIjBxcMQi0fSRJIxy4iiqGGnGgqDQZ6Th9y9GfuOOCEkjfqMGMXFD1OU0oBgpLXnm3kmx7NVgEZa9a91tL60Wa0PPzFslaww4T+wpyVcOCt8fD+3jumd+tjsRTkLCFWZIypZtxcpNkVAUMzLMtRNJYoT7qEtamnIUEumm4/OH8EgrHRhEQhdXcKz+3khRKOUg9PVkiFRPznoj8T+vlajgzE0pjxNFOJ48FCQMqgiOsoAdKghWbKAJwoLqWyHuIYGw0onldAj27JfniVMunZfsKx1GFUyQBfvgEBSADU5BBVyCOnAABil4BM/gxbg3noxX420ymjGmO7vgD4z3H4tHld4=</latexit><latexit sha1_base64="6DxwXwVPAMRQouDiePVIU1cDnqk=">AAAB/XicbVC7TsMwFHXKq5RXADGxGCqkMrRKygBsVVkYOhREaKU2ihzXaa06TmQ7SFVUiT/gG1gYALGy8wlsfAg77mOAliPdq6Nz7pWvjx8zKpVlfRmZhcWl5ZXsam5tfWNzy9zeuZVRIjBxcMQi0fSRJIxy4iiqGGnGgqDQZ6Th9y9GfuOOCEkjfqMGMXFD1OU0oBgpLXnm3kmx7NVgEZa9a91tL60Wa0PPzFslaww4T+wpyVcOCt8fD+3jumd+tjsRTkLCFWZIypZtxcpNkVAUMzLMtRNJYoT7qEtamnIUEumm4/OH8EgrHRhEQhdXcKz+3khRKOUg9PVkiFRPznoj8T+vlajgzE0pjxNFOJ48FCQMqgiOsoAdKghWbKAJwoLqWyHuIYGw0onldAj27JfniVMunZfsKx1GFUyQBfvgEBSADU5BBVyCOnAABil4BM/gxbg3noxX420ymjGmO7vgD4z3H4tHld4=</latexit><latexit sha1_base64="V+aHfLNI3d5ANGsXf/8n5pSnNdQ=">AAAB/XicbVDLSsNAFL2pr1pfUXHlZrAIblqSulB3pW5cdFHF2EIbwmQ6aYdOHsxMhBIK/oobFypu/Q93/o3TNgttPXAvh3PuZe4cP+FMKsv6Ngorq2vrG8XN0tb2zu6euX/wIONUEOqQmMei42NJOYuoo5jitJMIikOf07Y/up767UcqJIujezVOqBviQcQCRrDSkmcenVdqXhNVUM270932skalOfHMslW1ZkDLxM5JGXK0PPOr149JGtJIEY6l7NpWotwMC8UIp5NSL5U0wWSEB7SraYRDKt1sdv4EnWqlj4JY6IoUmqm/NzIcSjkOfT0ZYjWUi95U/M/rpiq4dDMWJamiEZk/FKQcqRhNs0B9JihRfKwJJoLpWxEZYoGJ0omVdAj24peXiVOrXlXtW6tcb+RpFOEYTuAMbLiAOtxACxwgkMEzvMKb8WS8GO/Gx3y0YOQ7h/AHxucPFJmSig==</latexit>
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✓
8⇡2

g2i (µ)

◆
= bi

<latexit sha1_base64="h3ozbU/KqGyRrZoB1X+v0ocfnpA="></latexit><latexit sha1_base64="h3ozbU/KqGyRrZoB1X+v0ocfnpA="></latexit><latexit sha1_base64="h3ozbU/KqGyRrZoB1X+v0ocfnpA="></latexit><latexit sha1_base64="h3ozbU/KqGyRrZoB1X+v0ocfnpA="></latexit>

v0 ⇠ 1010GeV
<latexit sha1_base64="jeEoOqr8BpwZxsqSBnAS5pxgRLo=">AAACAnicdVDLSgMxFM34rPU16k43wSK6Kpla+tgVXeiygn1Ap5ZMmrahycyQZIplKLjxV9y4UHHrV7jzb8y0FVT0wIXDOfdy7z1eyJnSCH1YC4tLyyurqbX0+sbm1ra9s1tXQSQJrZGAB7LpYUU582lNM81pM5QUC4/Thjc8T/zGiErFAv9aj0PaFrjvsx4jWBupY++PjqGrmIAOuokdNIGu8ILb+ILWJx07g7LlUiGXL0CURajo5JyE5Ir50zx0jJIgA+aodux3txuQSFBfE46Vajko1O0YS80Ip5O0GykaYjLEfdoy1MeCqnY8/WECj4zShb1AmvI1nKrfJ2IslBoLz3QKrAfqt5eIf3mtSPdK7Zj5YaSpT2aLehGHOoBJILDLJCWajw3BRDJzKyQDLDHRJra0CeHrU/g/qeWy5axzlc9UzuZppMABOAQnwAFFUAGXoApqgIA78ACewLN1bz1aL9brrHXBms/sgR+w3j4BvrGWiw==</latexit><latexit sha1_base64="jeEoOqr8BpwZxsqSBnAS5pxgRLo=">AAACAnicdVDLSgMxFM34rPU16k43wSK6Kpla+tgVXeiygn1Ap5ZMmrahycyQZIplKLjxV9y4UHHrV7jzb8y0FVT0wIXDOfdy7z1eyJnSCH1YC4tLyyurqbX0+sbm1ra9s1tXQSQJrZGAB7LpYUU582lNM81pM5QUC4/Thjc8T/zGiErFAv9aj0PaFrjvsx4jWBupY++PjqGrmIAOuokdNIGu8ILb+ILWJx07g7LlUiGXL0CURajo5JyE5Ir50zx0jJIgA+aodux3txuQSFBfE46Vajko1O0YS80Ip5O0GykaYjLEfdoy1MeCqnY8/WECj4zShb1AmvI1nKrfJ2IslBoLz3QKrAfqt5eIf3mtSPdK7Zj5YaSpT2aLehGHOoBJILDLJCWajw3BRDJzKyQDLDHRJra0CeHrU/g/qeWy5axzlc9UzuZppMABOAQnwAFFUAGXoApqgIA78ACewLN1bz1aL9brrHXBms/sgR+w3j4BvrGWiw==</latexit><latexit sha1_base64="jeEoOqr8BpwZxsqSBnAS5pxgRLo=">AAACAnicdVDLSgMxFM34rPU16k43wSK6Kpla+tgVXeiygn1Ap5ZMmrahycyQZIplKLjxV9y4UHHrV7jzb8y0FVT0wIXDOfdy7z1eyJnSCH1YC4tLyyurqbX0+sbm1ra9s1tXQSQJrZGAB7LpYUU582lNM81pM5QUC4/Thjc8T/zGiErFAv9aj0PaFrjvsx4jWBupY++PjqGrmIAOuokdNIGu8ILb+ILWJx07g7LlUiGXL0CURajo5JyE5Ir50zx0jJIgA+aodux3txuQSFBfE46Vajko1O0YS80Ip5O0GykaYjLEfdoy1MeCqnY8/WECj4zShb1AmvI1nKrfJ2IslBoLz3QKrAfqt5eIf3mtSPdK7Zj5YaSpT2aLehGHOoBJILDLJCWajw3BRDJzKyQDLDHRJra0CeHrU/g/qeWy5axzlc9UzuZppMABOAQnwAFFUAGXoApqgIA78ACewLN1bz1aL9brrHXBms/sgR+w3j4BvrGWiw==</latexit><latexit sha1_base64="jeEoOqr8BpwZxsqSBnAS5pxgRLo=">AAACAnicdVDLSgMxFM34rPU16k43wSK6Kpla+tgVXeiygn1Ap5ZMmrahycyQZIplKLjxV9y4UHHrV7jzb8y0FVT0wIXDOfdy7z1eyJnSCH1YC4tLyyurqbX0+sbm1ra9s1tXQSQJrZGAB7LpYUU582lNM81pM5QUC4/Thjc8T/zGiErFAv9aj0PaFrjvsx4jWBupY++PjqGrmIAOuokdNIGu8ILb+ILWJx07g7LlUiGXL0CURajo5JyE5Ir50zx0jJIgA+aodux3txuQSFBfE46Vajko1O0YS80Ip5O0GykaYjLEfdoy1MeCqnY8/WECj4zShb1AmvI1nKrfJ2IslBoLz3QKrAfqt5eIf3mtSPdK7Zj5YaSpT2aLehGHOoBJILDLJCWajw3BRDJzKyQDLDHRJra0CeHrU/g/qeWy5axzlc9UzuZppMABOAQnwAFFUAGXoApqgIA78ACewLN1bz1aL9brrHXBms/sgR+w3j4BvrGWiw==</latexit>

solves unification problems of Standard Model
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8⇡2

g2i (µ)
<latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit>

µ

GeV
<latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit>
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U(1)B�L
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•    Assume X fill out complete unified multiplets, 
small enough to preserve perturbative couplings

•   No threshold corrections



Gauge Coupling Unification: Threshold Corrections
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The SU(2)R coupling is the same as the SU(2)L coupling.

Above the scale v0, SU(3)c ⇥ SU(2)L ⇥ SU(2)R ⇥ U(1)B�L couplings evolve towards the

unification scale MG,
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where �bi denotes the contribution from heavy X states. We assume that the X states form

nearly degenerate SO(10) multiplets, so that �bi do not a↵ect relative running of the gauge

couplings. If there are many large X multiplets that are light, the unified gauge coupling

grows so that unified threshold corrections and two loop running e↵ects are expected to give

contributions to �(MG), defined below in (29), in excess of 10. However, with X in 10 and

45 dimensional representations this is easy to avoid by taking

Y

a

✓
M10a

MG

◆1/8 Y

b

✓
M45b

MG

◆
> 10�23

✓
1016 GeV

MG

◆21/16

, (28)

where generation indices a, b run over multiplets Xa lighter than MG.

To quantify the quality of the unification, we define
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In Fig. 1, the solid curve shows the value of �min as a function of the scale v0. The shaded

band shows the scale at which the quartic coupling of the SM Higgs vanishes for the top mass

of 173.1 ± 0.6 GeV, with the vertical dashed line showing the central value. Interestingly,

around this central value precise gauge coupling unification is achieved. Note however that

the heavy states from each SO(10) multiplet (e.g. the gauge bosons, the SO(10) symmetry

breaking field, and XX̄) are not expected to be degenerate and will typically have mass

ratios of O(1). This is expected to generate a threshold correction to � of ⇠ 10. Similar
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Gauge Coupling Unification: Threshold Corrections

contributions may arise from 2-loop running. Thus the remarkable agreement between gauge

coupling unification and the observed value of the Higgs boson mass, allows for v0 anywhere

in the range of (109 � 3 ⇥ 1012) GeV at the 2� level. A more precise determination results

if the uncertainties on the top quark mass are reduced.

Fig. 2 shows contours of �(MG) in the (v0, MG) plane, and the constraint on MG from

the proton decay [37]. The parameter point which minimizes � has a large MG, and thus

cannot be probed by near future searches for nucleon decay. However, the above mentioned

threshold corrections to � of ⇠ 10 implies that there is an interesting region of parameter

space with lower MG that will be probed by near future searches.
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B. SU(4) ⇥ SU(2)L ⇥ SU(2)R

The gauge couplings evolve from IR to UV as follows. Between the electroweak scale and

the scale v0, SU(3)c ⇥ SU(2)L ⇥ U(1)Y couplings (g3, g2, g1) evolve as in the SM, Eq. (25).

At the scale v0, U(1)Y and SU(3)c are embedded into SU(4) ⇥ SU(2)R, with the relation
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The SU(2)R coupling is the same as the SU(2)L coupling.
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of 173.1 ± 0.6 GeV, with the vertical dashed line showing the central value. Interestingly,

around this central value precise gauge coupling unification is achieved. Note however that

the heavy states from each SO(10) multiplet (e.g. the gauge bosons, the SO(10) symmetry

breaking field, and XX̄) are not expected to be degenerate and will typically have mass

ratios of O(1). This is expected to generate a threshold correction to � of ⇠ 10. Similar
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The SU(4) ⇥ SU(2)L ⇥ SU(2)R gauge couplings meet at a scale near 4 ⇥ 1015 GeV.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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contributions may arise from 2-loop running. Thus the remarkable agreement between gauge

coupling unification and the observed value of the Higgs boson mass, allows for v0 anywhere

in the range of (109 � 3 ⇥ 1012) GeV at the 2� level. A more precise determination results

if the uncertainties on the top quark mass are reduced.

Fig. 2 shows contours of �(MG) in the (v0, MG) plane, and the constraint on MG from

the proton decay [37]. The parameter point which minimizes � has a large MG, and thus

cannot be probed by near future searches for nucleon decay. However, the above mentioned

threshold corrections to � of ⇠ 10 implies that there is an interesting region of parameter

space with lower MG that will be probed by near future searches.
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the scale v0, SU(3)c ⇥ SU(2)L ⇥ U(1)Y couplings (g3, g2, g1) evolve as in the SM, Eq. (25).
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where �bi denotes the contribution from heavy X states. We assume that the X states form

nearly degenerate SO(10) multiplets, so that �bi do not a↵ect relative running of the gauge

couplings. If there are many large X multiplets that are light, the unified gauge coupling

grows so that unified threshold corrections and two loop running e↵ects are expected to give
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In Fig. 1, the solid curve shows the value of �min as a function of the scale v0. The shaded

band shows the scale at which the quartic coupling of the SM Higgs vanishes for the top mass

of 173.1 ± 0.6 GeV, with the vertical dashed line showing the central value. Interestingly,

around this central value precise gauge coupling unification is achieved. Note however that

the heavy states from each SO(10) multiplet (e.g. the gauge bosons, the SO(10) symmetry

breaking field, and XX̄) are not expected to be degenerate and will typically have mass

ratios of O(1). This is expected to generate a threshold correction to � of ⇠ 10. Similar
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The vertical band shows the prediction for v0 from the vanishing Higgs quartic coupling.
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The SU(4) ⇥ SU(2)L ⇥ SU(2)R gauge couplings meet at a scale near 4 ⇥ 1015 GeV.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the

unification scale MG, where we define
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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A remarkable correlation between 

Proton decay
•  Non-susy problem solved 
•  Discovery possible

contributions may arise from 2-loop running. Thus the remarkable agreement between gauge

coupling unification and the observed value of the Higgs boson mass, allows for v0 anywhere

in the range of (109 � 3 ⇥ 1012) GeV at the 2� level. A more precise determination results

if the uncertainties on the top quark mass are reduced.

Fig. 2 shows contours of �(MG) in the (v0, MG) plane, and the constraint on MG from

the proton decay [37]. The parameter point which minimizes � has a large MG, and thus

cannot be probed by near future searches for nucleon decay. However, the above mentioned

threshold corrections to � of ⇠ 10 implies that there is an interesting region of parameter

space with lower MG that will be probed by near future searches.
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B. SU(4) ⇥ SU(2)L ⇥ SU(2)R

The gauge couplings evolve from IR to UV as follows. Between the electroweak scale and

the scale v0, SU(3)c ⇥ SU(2)L ⇥ U(1)Y couplings (g3, g2, g1) evolve as in the SM, Eq. (25).

At the scale v0, U(1)Y and SU(3)c are embedded into SU(4) ⇥ SU(2)R, with the relation

between gauge couplings given by
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The SU(2)R coupling is the same as the SU(2)L coupling.
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where �bi denotes the contribution from heavy X states. We assume that the X states form

nearly degenerate SO(10) multiplets, so that �bi do not a↵ect relative running of the gauge

couplings. If there are many large X multiplets that are light, the unified gauge coupling

grows so that unified threshold corrections and two loop running e↵ects are expected to give

contributions to �(MG), defined below in (29), in excess of 10. However, with X in 10 and
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In Fig. 1, the solid curve shows the value of �min as a function of the scale v0. The shaded

band shows the scale at which the quartic coupling of the SM Higgs vanishes for the top mass

of 173.1 ± 0.6 GeV, with the vertical dashed line showing the central value. Interestingly,

around this central value precise gauge coupling unification is achieved. Note however that

the heavy states from each SO(10) multiplet (e.g. the gauge bosons, the SO(10) symmetry

breaking field, and XX̄) are not expected to be degenerate and will typically have mass

ratios of O(1). This is expected to generate a threshold correction to � of ⇠ 10. Similar
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where �bi denotes the contribution from heavy X states. We assume that the X states form

nearly degenerate SO(10) multiplets, so that �bi do not a↵ect relative running of the gauge
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ḡ(µ)2
⌘
8⇡2

3

✓
1

g2
B�L(µ)

+
1

g2
2(µ)

+
1

g2
3(µ)

◆
,

�2(µ) =
1

3

X

i

✓
8⇡2
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In Fig. 1, the solid curve shows the value of �min as a function of the scale v0. The shaded

band shows the scale at which the quartic coupling of the SM Higgs vanishes for the top mass

of 173.1 ± 0.6 GeV, with the vertical dashed line showing the central value. Interestingly,

around this central value precise gauge coupling unification is achieved. Note however that

the heavy states from each SO(10) multiplet (e.g. the gauge bosons, the SO(10) symmetry

breaking field, and XX̄) are not expected to be degenerate and will typically have mass

ratios of O(1). This is expected to generate a threshold correction to � of ⇠ 10. Similar
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Embedding in SO(10)

Key point: SO(10)⇥ CP � CLR ⇥ CP ! PLRA. Matter unification

The embedding of q, `, H and their parity partners into SO(10) multiplets is shown

in Table VI. We also show the embedding into the SU(4) ⇥ SU(2)L ⇥ SU(2)R subgroup.

Quarks and leptons are unified into the 16 of SO(10); the U(1) gauge symmetry is nothing

but B � L. The Higgs doublets H and H 0 are also unified into a 16 or 144; they cannot

live in a 10, since this contains a (1, 2, 2). The embedding of the heavy states XX̄ is shown

in Table III. Introduction of XX̄ with a large representation leads to a large gauge coupling

at the unification. Thus we focus on the cases where XX̄ are 10, 45 or 54.

TABLE VI. SO(10) embedding of quarks, leptons and Higgses.

(q, `) (q̄0, ¯̀0) H H 0

SU(4) ⇥ SU(2)L ⇥ SU(2)R (4,2,1) (4̄,1,2) (4,2,1) (4̄,1,2)

SO(10) 16 ⌘  16 16,144 ⌘ �H

B. SO(10) symmetry breaking and Z2 symmetry

In the previous section we consider two types of Z2 symmetries. One is the simple

exchange of fields, (`, q) ! (¯̀0, q̄0). We call this Z2 transformation CLR, as it involves charge

conjugation and the exchange of SU(2)L with SU(2)R. The other Z2 involves space-time

parity, with (t, x) ! (t, �x) and (`, q) ! i�2 (¯̀0, q̄0)⇤, which we call PLR.

CLR is present in all SO(10) theories, as it is a subgroup of the SO(10) gauge group, and

is called D parity in the literature [38, 39]. On the other hand, as in the SM, space-time

parity is not a symmetry of SO(10) theories because the fermions are chiral. Nevertheless,

if the SO(10) theory is CP invariant it is also PLR invariant, because

PLR = CP ⇤ CLR. (34)

For some patterns of the SO(10) symmetry breaking, CLR(PLR) remains unbroken; the

vanishing Higgs quartic coupling is then explained by SO(10) gauge symmetry (and CP ).

Fig. 4 shows the required symmetry breaking pattern. A scalar 54 (⌘ �54) and 210 (⌘ �210)
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FIG. 4. The symmetry breaking of SO(10) ⇥ CP to the SM gauge group that solves the strong

CP problem and explains the vanishing quartic coupling (top). The symmetry breaking of SO(10)

to the SM gauge group can also explain the vanishing quartic coupling (bottom).

give the symmetry breaking patterns

SO(10)
�54
�! SU(4) ⇥ SU(2)L ⇥ SU(2)R ⇥ CLR, (35)
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FIG. 4. The symmetry breaking of SO(10) ⇥ CP to the SM gauge group that solves the strong

CP problem and explains the vanishing quartic coupling (top). The symmetry breaking of SO(10)

to the SM gauge group can also explain the vanishing quartic coupling (bottom).

give the symmetry breaking patterns

SO(10)
�54
�! SU(4) ⇥ SU(2)L ⇥ SU(2)R ⇥ CLR, (35)
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<latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit>

XD
<latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit>

XE
<latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit>

SO(10)⇥ CP
<latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit>

⌃�
45

<latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit>



Flavor in SO(10)

X X̄⇥ (q0, `0)16
<latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit>

(q, `)16
<latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit>

H16
<latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit>

H16
<latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit>

x(⌃)
<latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit>

x(⌃)
<latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit>

MX(⌃)
<latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit>

TABLE III. Possible X particles for generating Yukawa couplings in Model A.

SU(3)c SU(2)L SU(2)R U(1) SU(4) SO(10) coupling

up 3 1 1 2/3 15 45 X̄qH†
+ Xq0H

0†

3 2 2 �1/3 6/10 45,54,210/210 X̄qH
0†

+ Xq0H†

down 3 1 1 �1/3 6/10 10,126/120 X̄qH + Xq0H 0

3 2 2 2/3 15 120,126 X̄qH 0
+ Xq0H

electron 1 1 1 �1 10 120 X̄`H + X`0H 0

1 2 2 0 1/15 10,120/120,126 X`H 0
+ X`0H

neutrino 1 1 1 0 1/15 1,54,210/45,210 X(`H†
+ `0H 0†

)

1 2 2 �1 10 210 X̄`H 0†
+ X`0H†

1 3 1 0 1 45 X`H†

1 1 3 0 1 45 X`0H 0†

the dimension-5 operator in Eq. (7) with

ỹf
Mf

= xf

1

MXf

x0
f

or equivalently yf = xf

v0

MXf

x0
f
. (9)

The e↵ect of Z2 on these couplings will be discussed later in this section.

The following dimension-5 operators give masses to both left and right-handed neutrinos,

L
⌫ =

1

M

⇣
(`ỹ`)H†2 + (`0ỹ`0)H

0†2
⌘
+

1

M⌫

(`ỹ⌫`
0)H†H

0† + h.c. (10)

For M ⌧ M⌫ |ỹ/ỹ⌫ |(v0/v) the left-handed neutrinos obtain Majorana masses, while for M �

M⌫ |ỹ/ỹ⌫ |(v0/v) they obtain Dirac masses with the right-handed neutrinos in `0.

B. SU(3)c ⇥ SU(2)L ⇥ SU(2)
0
⇥ U(1)

With just (q, q0, `, `0), Models B, C and D contain gauge anomalies. In Models C and

D, q0 and `0 do not have the right charges to be identified with SM SU(2)L-singlet quarks

or leptons, and there are no Yukawa-like interactions for electrically-charged fermions at

any dimension. For these theories, the minimal additions for anomaly freedom are SU(2)L-

singlet fermions of the SM, ū, d̄ and ē, and their Z2 partners ū0, d̄0 and ē0 with gauge charges

10

f = U,D,E, ⌫
<latexit sha1_base64="uB3RWs4AVTHGD3Zk+pNzYo5vl4c=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBQymJCOpBKH6AxwrGFtpQNttNu3SzibubQgn9HV48qHj1z3jz37htc9DWBwOP92aYmRcknCntON9WYWl5ZXWtuF7a2Nza3rF39x5VnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIPrid8YUqlYLB70KKF+hHuChYxgbSQ/RJfIq9xUbittkXbsslN1pkCLxM1JGXLUO/ZXuxuTNKJCE46VarlOov0MS80Ip+NSO1U0wWSAe7RlqMARVX42PXqMjozSRWEsTQmNpurviQxHSo2iwHRGWPfVvDcR//NaqQ7P/YyJJNVUkNmiMOVIx2iSAOoySYnmI0MwkczcikgfS0y0yalkQnDnX14k3kn1ouren5ZrV3kaRTiAQzgGF86gBndQBw8IPMEzvMKbNbRerHfrY9ZasPKZffgD6/MHvf2QVA==</latexit><latexit sha1_base64="uB3RWs4AVTHGD3Zk+pNzYo5vl4c=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBQymJCOpBKH6AxwrGFtpQNttNu3SzibubQgn9HV48qHj1z3jz37htc9DWBwOP92aYmRcknCntON9WYWl5ZXWtuF7a2Nza3rF39x5VnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIPrid8YUqlYLB70KKF+hHuChYxgbSQ/RJfIq9xUbittkXbsslN1pkCLxM1JGXLUO/ZXuxuTNKJCE46VarlOov0MS80Ip+NSO1U0wWSAe7RlqMARVX42PXqMjozSRWEsTQmNpurviQxHSo2iwHRGWPfVvDcR//NaqQ7P/YyJJNVUkNmiMOVIx2iSAOoySYnmI0MwkczcikgfS0y0yalkQnDnX14k3kn1ouren5ZrV3kaRTiAQzgGF86gBndQBw8IPMEzvMKbNbRerHfrY9ZasPKZffgD6/MHvf2QVA==</latexit><latexit sha1_base64="uB3RWs4AVTHGD3Zk+pNzYo5vl4c=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBQymJCOpBKH6AxwrGFtpQNttNu3SzibubQgn9HV48qHj1z3jz37htc9DWBwOP92aYmRcknCntON9WYWl5ZXWtuF7a2Nza3rF39x5VnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIPrid8YUqlYLB70KKF+hHuChYxgbSQ/RJfIq9xUbittkXbsslN1pkCLxM1JGXLUO/ZXuxuTNKJCE46VarlOov0MS80Ip+NSO1U0wWSAe7RlqMARVX42PXqMjozSRWEsTQmNpurviQxHSo2iwHRGWPfVvDcR//NaqQ7P/YyJJNVUkNmiMOVIx2iSAOoySYnmI0MwkczcikgfS0y0yalkQnDnX14k3kn1ouren5ZrV3kaRTiAQzgGF86gBndQBw8IPMEzvMKbNbRerHfrY9ZasPKZffgD6/MHvf2QVA==</latexit><latexit sha1_base64="uB3RWs4AVTHGD3Zk+pNzYo5vl4c=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBQymJCOpBKH6AxwrGFtpQNttNu3SzibubQgn9HV48qHj1z3jz37htc9DWBwOP92aYmRcknCntON9WYWl5ZXWtuF7a2Nza3rF39x5VnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIPrid8YUqlYLB70KKF+hHuChYxgbSQ/RJfIq9xUbittkXbsslN1pkCLxM1JGXLUO/ZXuxuTNKJCE46VarlOov0MS80Ip+NSO1U0wWSAe7RlqMARVX42PXqMjozSRWEsTQmNpurviQxHSo2iwHRGWPfVvDcR//NaqQ7P/YyJJNVUkNmiMOVIx2iSAOoySYnmI0MwkczcikgfS0y0yalkQnDnX14k3kn1ouren5ZrV3kaRTiAQzgGF86gBndQBw8IPMEzvMKbNbRerHfrY9ZasPKZffgD6/MHvf2QVA==</latexit>

Froggatt-Nielsen  
for U,D E

unified with

Seesaw
for neutrinos v0

<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>
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<latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit>

XD
<latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit>

XE
<latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit>

SO(10)⇥ CP
<latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit>

⌃�
45

<latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit>



Flavor in SO(10)

X X̄⇥ (q0, `0)16
<latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit><latexit sha1_base64="DPjwlmjO4c/vCGX+X2nt1YGvVnk=">AAACBnicdZDLSgMxFIbP1Futl1ZdiZtgERSkTIr0siu6cVnBsUJbSibNtKGZi0lGKEN3bnwVNy5U3PoM7nwbM20FFT0Q+Pj/czg5vxsJrrRtf1iZhcWl5ZXsam5tfWMzX9javlJhLClzaChCee0SxQQPmKO5Fuw6koz4rmAtd3SW+q1bJhUPg0s9jljXJ4OAe5wSbaSwkIdDuEG7cAwdYCBAGD6CHiSAoQKTXqFol2zbxhijFHC1Yhuo12tlXEM4tUwVYV7NXuG90w9p7LNAU0GUamM70t2ESM2pYJNcJ1YsInREBqxtMCA+U91kescEHRilj7xQmhdoNFW/TyTEV2rsu6bTJ3qofnup+JfXjrVX6yY8iGLNAjpb5MUC6RCloaA+l4xqMTZAqOTmr4gOiSRUm+hyJoSvS9H/4JRL9RK+OCk2TudpZGEP9k2+GKrQgHNoggMU7uABnuDZurcerRfrddaaseYzO/CjrLdP+MiSmQ==</latexit>

(q, `)16
<latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit><latexit sha1_base64="PaEWmnnye0MyfRa/j7tD6Stpdgc=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUkJIU6WNXdOOygmML7VAyadqGZjLTJFMoQ7/DjQsVt/6MO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP8odH9zqMFWUuDUWo2j7RTHDJXMONYO1IMRL4grX88XXqt6ZMaR7KOzOLmBeQoeQDTomxklecXHSZEOe9BFfmvXwBlRBCGGOYElytIEvq9VoZ1yBOLYsCWKHZy793+yGNAyYNFUTrDkaR8RKiDKeCzXPdWLOI0DEZso6lkgRMe8ni6Dk8s0ofDkJlSxq4UL9PJCTQehb4tjMgZqR/e6n4l9eJzaDmJVxGsWGSLhcNYgFNCNMEYJ8rRo2YWUKo4vZWSEdEEWpsTjkbwten8H/ilkv1Er69LDSuVmlkwQk4BUWAQRU0wA1oAhdQMAEP4Ak8O1Pn0XlxXpetGWc1cwx+wHn7BDSLkUs=</latexit>

H16
<latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit>

H16
<latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit><latexit sha1_base64="503tqerBdn6yz2cA+9EBzXLo+/Q=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQlJDH7uimy4rmLbQhjKZTtqxk5kwMxFK6D+4caHi1g9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHSVSiYmPBROyFyJFGOXE11Qz0kskQXHISDecXud+955IRQW/1bOEBDEacxpRjLSROq1h5lbnw1LZsRv1asWrQsd2nJpbcXNSqXmXHnSNkqMMVmgPS++DkcBpTLjGDCnVd51EBxmSmmJG5sVBqkiC8BSNSd9QjmKigmxx7RyeG2UEIyFNcQ0X6veJDMVKzeLQdMZIT9RvLxf/8vqpjupBRnmSasLxclGUMqgFzF+HIyoJ1mxmCMKSmlshniCJsDYBFU0IX5/C/4lfsRu2e+OVm1erNArgFJyBC+CCGmiCFmgDH2BwBx7AE3i2hPVovVivy9Y1azVzAn7AevsEy7OO0g==</latexit>
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<latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit>
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<latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit><latexit sha1_base64="C41cSVRsorHD6yqlUQZJGODCkcI=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE0Meu6MZlRWOVNpTJdNIOnUnCzEQsoV/hxoWKW3/HnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf3rmWcCkw8HLNY3ARIEkYj4imqGLlJBEE8YKQTjM9yv3NHhKRxdKUmCfE5GkY0pBgpLd3eV3uXdMjRcb9cscxmo+a4NWiZllW3HTsnTt09caGtlRwVsEC7X37vDWKcchIpzJCUXdtKlJ8hoShmZFrqpZIkCI/RkHQ1jRAn0s9mB0/hkVYGMIyFrkjBmfp9IkNcygkPdCdHaiR/e7n4l9dNVdjwMxolqSIRni8KUwZVDPPv4YAKghWbaIKwoPpWiEdIIKx0RiUdwten8H/iOWbTtC/cSut0kUYRHIBDUAU2qIMWOAdt4AEMOHgAT+DZEMaj8WK8zlsLxmJmH/yA8fYJ3ZSQAA==</latexit>

MX(⌃)
<latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit><latexit sha1_base64="TOn7Q4+rbn1WJenwf7zCXF7IvTs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DU0Meu6MaNUNHYQhrKZDpph04mYWYilNDPcONCxa1/486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7B3cyTgUmLo5ZLHoBkoRRTlxFFSO9RBAUBYx0g8lF7nfviZA05rdqmhA/QiNOQ4qR0pJ3NehV+zd0FKHTQblima1mvebUoWVaVsOu2TmpNZwzB9payVEBS3QG5ff+MMZpRLjCDEnp2Vai/AwJRTEjs1I/lSRBeIJGxNOUo4hIP5ufPIMnWhnCMBa6uIJz9ftEhiIpp1GgOyOkxvK3l4t/eV6qwqafUZ6kinC8WBSmDKoY5v/DIRUEKzbVBGFB9a0Qj5FAWOmUSjqEr0/h/8StmS3TvnYq7fNlGkVwBI5BFdigAdrgEnSACzCIwQN4As+GMh6NF+N10VowljOH4AeMt08Al5Cg</latexit>

TABLE III. Possible X particles for generating Yukawa couplings in Model A.

SU(3)c SU(2)L SU(2)R U(1) SU(4) SO(10) coupling

up 3 1 1 2/3 15 45 X̄qH†
+ Xq0H

0†

3 2 2 �1/3 6/10 45,54,210/210 X̄qH
0†

+ Xq0H†

down 3 1 1 �1/3 6/10 10,126/120 X̄qH + Xq0H 0

3 2 2 2/3 15 120,126 X̄qH 0
+ Xq0H

electron 1 1 1 �1 10 120 X̄`H + X`0H 0

1 2 2 0 1/15 10,120/120,126 X`H 0
+ X`0H

neutrino 1 1 1 0 1/15 1,54,210/45,210 X(`H†
+ `0H 0†

)

1 2 2 �1 10 210 X̄`H 0†
+ X`0H†

1 3 1 0 1 45 X`H†

1 1 3 0 1 45 X`0H 0†

the dimension-5 operator in Eq. (7) with

ỹf
Mf

= xf

1

MXf

x0
f

or equivalently yf = xf

v0

MXf

x0
f
. (9)

The e↵ect of Z2 on these couplings will be discussed later in this section.

The following dimension-5 operators give masses to both left and right-handed neutrinos,

L
⌫ =

1

M

⇣
(`ỹ`)H†2 + (`0ỹ`0)H

0†2
⌘
+

1

M⌫

(`ỹ⌫`
0)H†H

0† + h.c. (10)

For M ⌧ M⌫ |ỹ/ỹ⌫ |(v0/v) the left-handed neutrinos obtain Majorana masses, while for M �

M⌫ |ỹ/ỹ⌫ |(v0/v) they obtain Dirac masses with the right-handed neutrinos in `0.

B. SU(3)c ⇥ SU(2)L ⇥ SU(2)
0
⇥ U(1)

With just (q, q0, `, `0), Models B, C and D contain gauge anomalies. In Models C and

D, q0 and `0 do not have the right charges to be identified with SM SU(2)L-singlet quarks

or leptons, and there are no Yukawa-like interactions for electrically-charged fermions at

any dimension. For these theories, the minimal additions for anomaly freedom are SU(2)L-

singlet fermions of the SM, ū, d̄ and ē, and their Z2 partners ū0, d̄0 and ē0 with gauge charges
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f = U,D,E, ⌫
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Froggatt-Nielsen  
for U,D E

unified with

Seesaw
for neutrinos v0

<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>
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<latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit><latexit sha1_base64="ZXX/MSMA1GzUpJLp9rDTBWk7g8c=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxomsL7VKyabYNzX6QZIWy9Cd48aDi1X/kzX9jtq2gog8GHu/NMDPPT6TQBuMPp7Cyura+UdwsbW3v7O6V9w/udJwqxl0Wy1h1faq5FBF3jTCSdxPFaehL3vEnl7nfuedKizi6NdOEeyEdRSIQjBor3XQH7qBcwVWMMSEE5YTUz7ElzWajRhqI5JZFBZZoD8rv/WHM0pBHhkmqdY/gxHgZVUYwyWelfqp5QtmEjnjP0oiGXHvZ/NQZOrHKEAWxshUZNFe/T2Q01Hoa+rYzpGasf3u5+JfXS03Q8DIRJanhEVssClKJTIzyv9FQKM6MnFpCmRL2VsTGVFFmbDolG8LXp+h/4taqzSq5Pqu0LpZpFOEIjuEUCNShBVfQBhcYjOABnuDZkc6j8+K8LloLznLmEH7AefsEzAGNrg==</latexit>

XD
<latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit><latexit sha1_base64="Tsn/+2kSaqhZ1Ckv1IOH6NpicxY=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0V9eCxomsL7VKyabYNzWaXJCuUpT/BiwcVr/4jb/4bs20FFX0w8Hhvhpl5QSK4Nq774Swtr6yurRc2iptb2zu7pb39Ox2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+CL32/dMaR7LWzNJmB+RoeQhp8RY6abTv+yXym7FdV2MMcoJrp25ljQa9SquI5xbFmVYoNUvvfcGMU0jJg0VROsudhPjZ0QZTgWbFnupZgmhYzJkXUsliZj2s9mpU3RslQEKY2VLGjRTv09kJNJ6EgW2MyJmpH97ufiX101NWPczLpPUMEnni8JUIBOj/G804IpRIyaWEKq4vRXREVGEGptO0Ybw9Sn6n3jVSqOCr0/LzfNFGgU4hCM4AQw1aMIVtMADCkN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9ArJOjZ0=</latexit>

XE
<latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit><latexit sha1_base64="/NWKb21imrYUW2d8rplEzhOUmj0=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Kpsitr0VRfBY0bWFdinZNNuGZrNLkhXK0p/gxYOKV/+RN/+N2baCij4YeLw3w8y8IBFcG9f9cJaWV1bX1gsbxc2t7Z3d0t7+nY5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJH77XumNI/lrZkkzI/IUPKQU2KsdNPpX/ZLZbfiui7GGOUE185cSxqNehXXEc4tizIs0OqX3nuDmKYRk4YKonUXu4nxM6IMp4JNi71Us4TQMRmyrqWSREz72ezUKTq2ygCFsbIlDZqp3ycyEmk9iQLbGREz0r+9XPzL66YmrPsZl0lqmKTzRWEqkIlR/jcacMWoERNLCFXc3oroiChCjU2naEP4+hT9T7xqpVHB16fl5vkijQIcwhGcAIYaNOEKWuABhSE8wBM8O8J5dF6c13nrkrOYOYAfcN4+AbPRjZ4=</latexit>

SO(10)⇥ CP
<latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit><latexit sha1_base64="NQsu4wpwU2YrNsHH/UFwRpHf/PY=">AAAB+HicdVDLSsNAFJ3UV62vqEs3g0Wom5DE0Meu2I07KxpbaEOZTCft0MmDmUmhhP6JGxcqbv0Ud/6Nk7aCih4YOJxzLvfO8RNGhTTND62wtr6xuVXcLu3s7u0f6IdH9yJOOSYujlnMuz4ShNGIuJJKRroJJyj0Gen4k1bud6aECxpHd3KWEC9Eo4gGFCOppIGu315XLPMc9iUNiYCt9kAvm0ajXrWdKjQN06xZtpUTu+ZcONBSSo4yWEHl3/vDGKchiSRmSIieZSbSyxCXFDMyL/VTQRKEJ2hEeopGSO3xssXlc3imlCEMYq5eJOFC/T6RoVCIWeirZIjkWPz2cvEvr5fKoO5lNEpSSSK8XBSkDMoY5jXAIeUESzZTBGFO1a0QjxFHWKqySqqEr5/C/4lrGw3DunHKzctVG0VwAk5BBVigBprgCrSBCzCYggfwBJ61THvUXrTXZbSgrWaOwQ9ob5/HLpIG</latexit>

⌃�
45

<latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit><latexit sha1_base64="94g1ixS1OF8hIcUyn6Jfe3ZGlos=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hq7GNXdOOyorGFNi2T6aQdOpmEmYlSQv/DjQsVt36MO//GSVtBRQ9cOJxzL/fe48eMSmVZH0ZuaXlldS2/XtjY3NreKe7u3cooEZi4OGKRaPtIEkY5cRVVjLRjQVDoM9LyxxeZ37ojQtKI36hJTLwQDTkNKEZKS73uNR2GqJ86Z9PeSaFfLFlmvVYpOxVomZZVtct2RspV59SBtlYylMACzX7xvTuIcBISrjBDUnZsK1ZeioSimJFpoZtIEiM8RkPS0ZSjkEgvnV09hUdaGcAgErq4gjP1+0SKQiknoa87Q6RG8reXiX95nUQFNS+lPE4U4Xi+KEgYVBHMIoADKghWbKIJwoLqWyEeIYGw0kFlIXx9Cv8nbtmsm/aVU2qcL9LIgwNwCI6BDaqgAS5BE7gAAwEewBN4Nu6NR+PFeJ235ozFzD74AePtEwI9kb4=</latexit>

Example

•   
•    
•

yU 6= 0
<latexit sha1_base64="1gEd1ss17BD+1+UwTaKrsx4razY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7c3Qgh9Gd48aDi1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/woGWqCPWJ5FJ1Q6wpZ4L6hhlOu4miOA457YSTm8LvPFGlmRT3JktoEOORYBEj2Fiplw181Bf0Ebm1Qb3hNt0Z0DLxStKAEu1B/as/lCSNqTCEY617npuYIMfKMMLptNZPNU0wmeAR7VkqcEx1kM9OnqITqwxRJJUtYdBM/T2R41jrLA5tZ4zNWC96hfif10tNdBnkTCSpoYLMF0UpR0ai4n80ZIoSwzNLMFHM3orIGCtMjE2pCMFbfHmZ+GfNq6Z3d95oXZdpVOEIjuEUPLiAFtxCG3wgIOEZXuHNMc6L8+58zFsrTjlzCH/gfP4AGFyQAw==</latexit><latexit sha1_base64="1gEd1ss17BD+1+UwTaKrsx4razY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7c3Qgh9Gd48aDi1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/woGWqCPWJ5FJ1Q6wpZ4L6hhlOu4miOA457YSTm8LvPFGlmRT3JktoEOORYBEj2Fiplw181Bf0Ebm1Qb3hNt0Z0DLxStKAEu1B/as/lCSNqTCEY617npuYIMfKMMLptNZPNU0wmeAR7VkqcEx1kM9OnqITqwxRJJUtYdBM/T2R41jrLA5tZ4zNWC96hfif10tNdBnkTCSpoYLMF0UpR0ai4n80ZIoSwzNLMFHM3orIGCtMjE2pCMFbfHmZ+GfNq6Z3d95oXZdpVOEIjuEUPLiAFtxCG3wgIOEZXuHNMc6L8+58zFsrTjlzCH/gfP4AGFyQAw==</latexit><latexit sha1_base64="1gEd1ss17BD+1+UwTaKrsx4razY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7c3Qgh9Gd48aDi1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/woGWqCPWJ5FJ1Q6wpZ4L6hhlOu4miOA457YSTm8LvPFGlmRT3JktoEOORYBEj2Fiplw181Bf0Ebm1Qb3hNt0Z0DLxStKAEu1B/as/lCSNqTCEY617npuYIMfKMMLptNZPNU0wmeAR7VkqcEx1kM9OnqITqwxRJJUtYdBM/T2R41jrLA5tZ4zNWC96hfif10tNdBnkTCSpoYLMF0UpR0ai4n80ZIoSwzNLMFHM3orIGCtMjE2pCMFbfHmZ+GfNq6Z3d95oXZdpVOEIjuEUPLiAFtxCG3wgIOEZXuHNMc6L8+58zFsrTjlzCH/gfP4AGFyQAw==</latexit><latexit sha1_base64="1gEd1ss17BD+1+UwTaKrsx4razY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7c3Qgh9Gd48aDi1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/woGWqCPWJ5FJ1Q6wpZ4L6hhlOu4miOA457YSTm8LvPFGlmRT3JktoEOORYBEj2Fiplw181Bf0Ebm1Qb3hNt0Z0DLxStKAEu1B/as/lCSNqTCEY617npuYIMfKMMLptNZPNU0wmeAR7VkqcEx1kM9OnqITqwxRJJUtYdBM/T2R41jrLA5tZ4zNWC96hfif10tNdBnkTCSpoYLMF0UpR0ai4n80ZIoSwzNLMFHM3orIGCtMjE2pCMFbfHmZ+GfNq6Z3d95oXZdpVOEIjuEUPLiAFtxCG3wgIOEZXuHNMc6L8+58zFsrTjlzCH/gfP4AGFyQAw==</latexit>

X10 for D,E
<latexit sha1_base64="HEWR9Bb+c2MgcAGlWjBXPuCfDGo=">AAACBXicdVDLSgMxFM34rPU16lKEYBFcSEmK2BY3xQe4rODYQluGTJppQzMPkoxYhq7c+CtuXKi49R/c+Tdm2goqeiBwcs693HuPFwuuNEIf1szs3PzCYm4pv7yyurZub2xeqyiRlDk0EpFsekQxwUPmaK4Fa8aSkcATrOENTjO/ccOk4lF4pYcx6wSkF3KfU6KN5No7TTfFaATbx7AdeNFt6kdy/INnB/DctQuoiBDCGMOM4PIRMqRarZRwBeLMMiiAKequ/d7uRjQJWKipIEq1MIp1JyVScyrYKN9OFIsJHZAeaxkakoCpTjo+YwT3jNKFZgHzQg3H6veOlARKDQPPVAZE99VvLxP/8lqJ9iudlIdxollIJ4P8REAdwSwT2OWSUS2GhhAqudkV0j6RhGqTXN6E8HUp/J84pWK1iC8PC7WTaRo5sA12wT7AoAxq4ALUgQMouAMP4Ak8W/fWo/VivU5KZ6xpzxb4AevtE5nllts=</latexit><latexit sha1_base64="HEWR9Bb+c2MgcAGlWjBXPuCfDGo=">AAACBXicdVDLSgMxFM34rPU16lKEYBFcSEmK2BY3xQe4rODYQluGTJppQzMPkoxYhq7c+CtuXKi49R/c+Tdm2goqeiBwcs693HuPFwuuNEIf1szs3PzCYm4pv7yyurZub2xeqyiRlDk0EpFsekQxwUPmaK4Fa8aSkcATrOENTjO/ccOk4lF4pYcx6wSkF3KfU6KN5No7TTfFaATbx7AdeNFt6kdy/INnB/DctQuoiBDCGMOM4PIRMqRarZRwBeLMMiiAKequ/d7uRjQJWKipIEq1MIp1JyVScyrYKN9OFIsJHZAeaxkakoCpTjo+YwT3jNKFZgHzQg3H6veOlARKDQPPVAZE99VvLxP/8lqJ9iudlIdxollIJ4P8REAdwSwT2OWSUS2GhhAqudkV0j6RhGqTXN6E8HUp/J84pWK1iC8PC7WTaRo5sA12wT7AoAxq4ALUgQMouAMP4Ak8W/fWo/VivU5KZ6xpzxb4AevtE5nllts=</latexit><latexit sha1_base64="HEWR9Bb+c2MgcAGlWjBXPuCfDGo=">AAACBXicdVDLSgMxFM34rPU16lKEYBFcSEmK2BY3xQe4rODYQluGTJppQzMPkoxYhq7c+CtuXKi49R/c+Tdm2goqeiBwcs693HuPFwuuNEIf1szs3PzCYm4pv7yyurZub2xeqyiRlDk0EpFsekQxwUPmaK4Fa8aSkcATrOENTjO/ccOk4lF4pYcx6wSkF3KfU6KN5No7TTfFaATbx7AdeNFt6kdy/INnB/DctQuoiBDCGMOM4PIRMqRarZRwBeLMMiiAKequ/d7uRjQJWKipIEq1MIp1JyVScyrYKN9OFIsJHZAeaxkakoCpTjo+YwT3jNKFZgHzQg3H6veOlARKDQPPVAZE99VvLxP/8lqJ9iudlIdxollIJ4P8REAdwSwT2OWSUS2GhhAqudkV0j6RhGqTXN6E8HUp/J84pWK1iC8PC7WTaRo5sA12wT7AoAxq4ALUgQMouAMP4Ak8W/fWo/VivU5KZ6xpzxb4AevtE5nllts=</latexit><latexit sha1_base64="HEWR9Bb+c2MgcAGlWjBXPuCfDGo=">AAACBXicdVDLSgMxFM34rPU16lKEYBFcSEmK2BY3xQe4rODYQluGTJppQzMPkoxYhq7c+CtuXKi49R/c+Tdm2goqeiBwcs693HuPFwuuNEIf1szs3PzCYm4pv7yyurZub2xeqyiRlDk0EpFsekQxwUPmaK4Fa8aSkcATrOENTjO/ccOk4lF4pYcx6wSkF3KfU6KN5No7TTfFaATbx7AdeNFt6kdy/INnB/DctQuoiBDCGMOM4PIRMqRarZRwBeLMMiiAKequ/d7uRjQJWKipIEq1MIp1JyVScyrYKN9OFIsJHZAeaxkakoCpTjo+YwT3jNKFZgHzQg3H6veOlARKDQPPVAZE99VvLxP/8lqJ9iudlIdxollIJ4P8REAdwSwT2OWSUS2GhhAqudkV0j6RhGqTXN6E8HUp/J84pWK1iC8PC7WTaRo5sA12wT7AoAxq4ALUgQMouAMP4Ak8W/fWo/VivU5KZ6xpzxb4AevtE5nllts=</latexit>

LD,E = ( 16 x10 X10)H16 +X10(M + i�⌃�
45)X10

<latexit sha1_base64="q92oJNSdRyWydmwz3m2ECzq50sE="></latexit><latexit sha1_base64="q92oJNSdRyWydmwz3m2ECzq50sE="></latexit><latexit sha1_base64="q92oJNSdRyWydmwz3m2ECzq50sE="></latexit><latexit sha1_base64="q92oJNSdRyWydmwz3m2ECzq50sE="></latexit>

•   
•    

CP : Mij ,�ij real
<latexit sha1_base64="nD8T7D+6iqZk8HIcdJQcfS5KRoo=">AAACE3icbVDLSsNAFJ34rPUVdelmsAiCUhIRfG2K3bgRKhhbaEKYTCbt2MmDmYlYQj7Cjb/ixoWKWzfu/BsnbRbaemHgzDn33Jl7vIRRIQ3jW5uZnZtfWKwsVZdXVtfW9Y3NWxGnHBMLxyzmHQ8JwmhELEklI52EExR6jLS9QbPQ2/eECxpHN3KYECdEvYgGFCOpKFffb7bOoH0O4ZWb0bv8ANpMmX00uinBDr34IVMTWV519ZpRN0YFp4FZghooq+XqX7Yf4zQkkcQMCdE1jUQ6GeKSYkbyqp0KkiA8QD3SVTBCIRFONloqh7uK8WEQc3UiCUfsb0eGQiGGoac6QyT7YlIryP+0biqDEyejUZJKEuHxQ0HKoIxhkRD0KSdYsqECCHOq/gpxH3GEpcqxCMGcXHkaWIf107p5fVRrXJRpVMA22AF7wATHoAEuQQtYAINH8AxewZv2pL1o79rHuHVGKz1b4E9pnz/Kb50K</latexit><latexit sha1_base64="nD8T7D+6iqZk8HIcdJQcfS5KRoo=">AAACE3icbVDLSsNAFJ34rPUVdelmsAiCUhIRfG2K3bgRKhhbaEKYTCbt2MmDmYlYQj7Cjb/ixoWKWzfu/BsnbRbaemHgzDn33Jl7vIRRIQ3jW5uZnZtfWKwsVZdXVtfW9Y3NWxGnHBMLxyzmHQ8JwmhELEklI52EExR6jLS9QbPQ2/eECxpHN3KYECdEvYgGFCOpKFffb7bOoH0O4ZWb0bv8ANpMmX00uinBDr34IVMTWV519ZpRN0YFp4FZghooq+XqX7Yf4zQkkcQMCdE1jUQ6GeKSYkbyqp0KkiA8QD3SVTBCIRFONloqh7uK8WEQc3UiCUfsb0eGQiGGoac6QyT7YlIryP+0biqDEyejUZJKEuHxQ0HKoIxhkRD0KSdYsqECCHOq/gpxH3GEpcqxCMGcXHkaWIf107p5fVRrXJRpVMA22AF7wATHoAEuQQtYAINH8AxewZv2pL1o79rHuHVGKz1b4E9pnz/Kb50K</latexit><latexit sha1_base64="nD8T7D+6iqZk8HIcdJQcfS5KRoo=">AAACE3icbVDLSsNAFJ34rPUVdelmsAiCUhIRfG2K3bgRKhhbaEKYTCbt2MmDmYlYQj7Cjb/ixoWKWzfu/BsnbRbaemHgzDn33Jl7vIRRIQ3jW5uZnZtfWKwsVZdXVtfW9Y3NWxGnHBMLxyzmHQ8JwmhELEklI52EExR6jLS9QbPQ2/eECxpHN3KYECdEvYgGFCOpKFffb7bOoH0O4ZWb0bv8ANpMmX00uinBDr34IVMTWV519ZpRN0YFp4FZghooq+XqX7Yf4zQkkcQMCdE1jUQ6GeKSYkbyqp0KkiA8QD3SVTBCIRFONloqh7uK8WEQc3UiCUfsb0eGQiGGoac6QyT7YlIryP+0biqDEyejUZJKEuHxQ0HKoIxhkRD0KSdYsqECCHOq/gpxH3GEpcqxCMGcXHkaWIf107p5fVRrXJRpVMA22AF7wATHoAEuQQtYAINH8AxewZv2pL1o79rHuHVGKz1b4E9pnz/Kb50K</latexit><latexit sha1_base64="nD8T7D+6iqZk8HIcdJQcfS5KRoo=">AAACE3icbVDLSsNAFJ34rPUVdelmsAiCUhIRfG2K3bgRKhhbaEKYTCbt2MmDmYlYQj7Cjb/ixoWKWzfu/BsnbRbaemHgzDn33Jl7vIRRIQ3jW5uZnZtfWKwsVZdXVtfW9Y3NWxGnHBMLxyzmHQ8JwmhELEklI52EExR6jLS9QbPQ2/eECxpHN3KYECdEvYgGFCOpKFffb7bOoH0O4ZWb0bv8ANpMmX00uinBDr34IVMTWV519ZpRN0YFp4FZghooq+XqX7Yf4zQkkcQMCdE1jUQ6GeKSYkbyqp0KkiA8QD3SVTBCIRFONloqh7uK8WEQc3UiCUfsb0eGQiGGoac6QyT7YlIryP+0biqDEyejUZJKEuHxQ0HKoIxhkRD0KSdYsqECCHOq/gpxH3GEpcqxCMGcXHkaWIf107p5fVRrXJRpVMA22AF7wATHoAEuQQtYAINH8AxewZv2pL1o79rHuHVGKz1b4E9pnz/Kb50K</latexit>

⌃45 : yD 6= yE , �CKM 6= 0
<latexit sha1_base64="XlTl+UpYZ2kqoU9VyCbri5eG+KQ=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUmZE0dpNsQqCCBWtFjplyKS3NTSTGZOMUIb5Fjf+ihsXKt2JP2P6WKj1QOBwzrnc3ONHnClt25/W1PTM7Nx8ZiG7uLS8sppbW79VYSwp1GjIQ1n3iQLOBNQ00xzqkQQS+Bzu/G5l4N89glQsFDe6F0EzIB3B2owSbSQvV3SvWScgXrJ/kB5jt+SWcM87xa6AB0POdkeS2wKuTahycZmOPDvr5fJ2wR4CTxJnTPJojKqX67utkMYBCE05Uarh2JFuJkRqRjmkWTdWEBHaJR1oGCpIAKqZDE9M8bZRWrgdSvOExkP150RCAqV6gW+SAdH36q83EP/zGrFuHzUTJqJYg6CjRe2YYx3iQV+4xSRQzXuGECqZ+Sum90QSqk2rgxKcvydPktpeoVhwrvbz5ZNxGxm0ibbQDnLQISqjc1RFNUTRE3pBb+jderZerQ+rP4pOWeOZDfQL1tc3ntCg0w==</latexit><latexit sha1_base64="XlTl+UpYZ2kqoU9VyCbri5eG+KQ=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUmZE0dpNsQqCCBWtFjplyKS3NTSTGZOMUIb5Fjf+ihsXKt2JP2P6WKj1QOBwzrnc3ONHnClt25/W1PTM7Nx8ZiG7uLS8sppbW79VYSwp1GjIQ1n3iQLOBNQ00xzqkQQS+Bzu/G5l4N89glQsFDe6F0EzIB3B2owSbSQvV3SvWScgXrJ/kB5jt+SWcM87xa6AB0POdkeS2wKuTahycZmOPDvr5fJ2wR4CTxJnTPJojKqX67utkMYBCE05Uarh2JFuJkRqRjmkWTdWEBHaJR1oGCpIAKqZDE9M8bZRWrgdSvOExkP150RCAqV6gW+SAdH36q83EP/zGrFuHzUTJqJYg6CjRe2YYx3iQV+4xSRQzXuGECqZ+Sum90QSqk2rgxKcvydPktpeoVhwrvbz5ZNxGxm0ibbQDnLQISqjc1RFNUTRE3pBb+jderZerQ+rP4pOWeOZDfQL1tc3ntCg0w==</latexit><latexit sha1_base64="XlTl+UpYZ2kqoU9VyCbri5eG+KQ=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUmZE0dpNsQqCCBWtFjplyKS3NTSTGZOMUIb5Fjf+ihsXKt2JP2P6WKj1QOBwzrnc3ONHnClt25/W1PTM7Nx8ZiG7uLS8sppbW79VYSwp1GjIQ1n3iQLOBNQ00xzqkQQS+Bzu/G5l4N89glQsFDe6F0EzIB3B2owSbSQvV3SvWScgXrJ/kB5jt+SWcM87xa6AB0POdkeS2wKuTahycZmOPDvr5fJ2wR4CTxJnTPJojKqX67utkMYBCE05Uarh2JFuJkRqRjmkWTdWEBHaJR1oGCpIAKqZDE9M8bZRWrgdSvOExkP150RCAqV6gW+SAdH36q83EP/zGrFuHzUTJqJYg6CjRe2YYx3iQV+4xSRQzXuGECqZ+Sum90QSqk2rgxKcvydPktpeoVhwrvbz5ZNxGxm0ibbQDnLQISqjc1RFNUTRE3pBb+jderZerQ+rP4pOWeOZDfQL1tc3ntCg0w==</latexit><latexit sha1_base64="XlTl+UpYZ2kqoU9VyCbri5eG+KQ=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUmZE0dpNsQqCCBWtFjplyKS3NTSTGZOMUIb5Fjf+ihsXKt2JP2P6WKj1QOBwzrnc3ONHnClt25/W1PTM7Nx8ZiG7uLS8sppbW79VYSwp1GjIQ1n3iQLOBNQ00xzqkQQS+Bzu/G5l4N89glQsFDe6F0EzIB3B2owSbSQvV3SvWScgXrJ/kB5jt+SWcM87xa6AB0POdkeS2wKuTahycZmOPDvr5fJ2wR4CTxJnTPJojKqX67utkMYBCE05Uarh2JFuJkRqRjmkWTdWEBHaJR1oGCpIAKqZDE9M8bZRWrgdSvOExkP150RCAqV6gW+SAdH36q83EP/zGrFuHzUTJqJYg6CjRe2YYx3iQV+4xSRQzXuGECqZ+Sum90QSqk2rgxKcvydPktpeoVhwrvbz5ZNxGxm0ibbQDnLQISqjc1RFNUTRE3pBb+jderZerQ+rP4pOWeOZDfQL1tc3ntCg0w==</latexit>

X45/54 for U, ⌫
<latexit sha1_base64="+GXV4cMLDAO6HMp2RzvjQ4iAjrw="></latexit><latexit sha1_base64="+GXV4cMLDAO6HMp2RzvjQ4iAjrw="></latexit><latexit sha1_base64="+GXV4cMLDAO6HMp2RzvjQ4iAjrw="></latexit><latexit sha1_base64="+GXV4cMLDAO6HMp2RzvjQ4iAjrw="></latexit>

LU,⌫ = ( 16 xX)H16 O10 + (XMX)O10
<latexit sha1_base64="qKQo8D5SxFhEwPADMOos8TsAnbQ="></latexit><latexit sha1_base64="qKQo8D5SxFhEwPADMOos8TsAnbQ="></latexit><latexit sha1_base64="qKQo8D5SxFhEwPADMOos8TsAnbQ="></latexit><latexit sha1_base64="qKQo8D5SxFhEwPADMOos8TsAnbQ="></latexit>

Avoid hierarchical neutrinos via O10
<latexit sha1_base64="Vq9dKZOZOYg8UOjUMQ92+i7PB6k=">AAACGnicbVDLSsNAFJ3UV42vqEs3g6XgQmpSKrosunGhWME+oKlhMp22Q2cmYWZSKCHf4cZfceNCEXfixr8xabvQ1gOXezjnXmbu8UNGlbbtbyO3tLyyupZfNzc2t7Z3rN29hgoiiUkdByyQLR8pwqggdU01I61QEsR9Rpr+8DLzmyMiFQ3EvR6HpMNRX9AexUinkmc5Re7Froi86wS6x9BVlGd99FA+ufHi00pixi5GDN4mXuzYiWmanlWwS/YEcJE4M1IAM9Q869PtBjjiRGjMkFJtxw51J0ZSU8xIYrqRIiHCQ9Qn7ZQKxInqxJPTElhMlS7sBTItoeFE/b0RI67UmPvpJEd6oOa9TPzPa0e6d96JqQgjTQSePtSLGNQBzHKCXSoJ1mycEoQlTf8K8QBJhHWaZhaCM3/yImmUS45dcu4qherFLI48OACH4Ag44AxUwRWogTrA4BE8g1fwZjwZL8a78TEdzRmznX3wB8bXDwjsnbI=</latexit><latexit sha1_base64="Vq9dKZOZOYg8UOjUMQ92+i7PB6k=">AAACGnicbVDLSsNAFJ3UV42vqEs3g6XgQmpSKrosunGhWME+oKlhMp22Q2cmYWZSKCHf4cZfceNCEXfixr8xabvQ1gOXezjnXmbu8UNGlbbtbyO3tLyyupZfNzc2t7Z3rN29hgoiiUkdByyQLR8pwqggdU01I61QEsR9Rpr+8DLzmyMiFQ3EvR6HpMNRX9AexUinkmc5Re7Froi86wS6x9BVlGd99FA+ufHi00pixi5GDN4mXuzYiWmanlWwS/YEcJE4M1IAM9Q869PtBjjiRGjMkFJtxw51J0ZSU8xIYrqRIiHCQ9Qn7ZQKxInqxJPTElhMlS7sBTItoeFE/b0RI67UmPvpJEd6oOa9TPzPa0e6d96JqQgjTQSePtSLGNQBzHKCXSoJ1mycEoQlTf8K8QBJhHWaZhaCM3/yImmUS45dcu4qherFLI48OACH4Ag44AxUwRWogTrA4BE8g1fwZjwZL8a78TEdzRmznX3wB8bXDwjsnbI=</latexit><latexit sha1_base64="Vq9dKZOZOYg8UOjUMQ92+i7PB6k=">AAACGnicbVDLSsNAFJ3UV42vqEs3g6XgQmpSKrosunGhWME+oKlhMp22Q2cmYWZSKCHf4cZfceNCEXfixr8xabvQ1gOXezjnXmbu8UNGlbbtbyO3tLyyupZfNzc2t7Z3rN29hgoiiUkdByyQLR8pwqggdU01I61QEsR9Rpr+8DLzmyMiFQ3EvR6HpMNRX9AexUinkmc5Re7Froi86wS6x9BVlGd99FA+ufHi00pixi5GDN4mXuzYiWmanlWwS/YEcJE4M1IAM9Q869PtBjjiRGjMkFJtxw51J0ZSU8xIYrqRIiHCQ9Qn7ZQKxInqxJPTElhMlS7sBTItoeFE/b0RI67UmPvpJEd6oOa9TPzPa0e6d96JqQgjTQSePtSLGNQBzHKCXSoJ1mycEoQlTf8K8QBJhHWaZhaCM3/yImmUS45dcu4qherFLI48OACH4Ag44AxUwRWogTrA4BE8g1fwZjwZL8a78TEdzRmznX3wB8bXDwjsnbI=</latexit><latexit sha1_base64="Vq9dKZOZOYg8UOjUMQ92+i7PB6k=">AAACGnicbVDLSsNAFJ3UV42vqEs3g6XgQmpSKrosunGhWME+oKlhMp22Q2cmYWZSKCHf4cZfceNCEXfixr8xabvQ1gOXezjnXmbu8UNGlbbtbyO3tLyyupZfNzc2t7Z3rN29hgoiiUkdByyQLR8pwqggdU01I61QEsR9Rpr+8DLzmyMiFQ3EvR6HpMNRX9AexUinkmc5Re7Froi86wS6x9BVlGd99FA+ufHi00pixi5GDN4mXuzYiWmanlWwS/YEcJE4M1IAM9Q869PtBjjiRGjMkFJtxw51J0ZSU8xIYrqRIiHCQ9Qn7ZQKxInqxJPTElhMlS7sBTItoeFE/b0RI67UmPvpJEd6oOa9TPzPa0e6d96JqQgjTQSePtSLGNQBzHKCXSoJ1mycEoQlTf8K8QBJhHWaZhaCM3/yImmUS45dcu4qherFLI48OACH4Ag44AxUwRWogTrA4BE8g1fwZjwZL8a78TEdzRmznX3wB8bXDwjsnbI=</latexit>

m⌫L ⇠ v2/M
<latexit sha1_base64="XjwOwF/1y4ckoeTZxxtPz8LGCqU=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQupMEXRZdONCoYJ9QGccMmnahiaZIckUytCdG3/FjQtF3PoL7vwbM+0stHrgcg/n3EtyTxgzqrTjfFmFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDi8zvzUiUtFI3OlxTHyO+oL2KEbaSIG9z4PUE0lwPYHeMfQU5Vkf3VdPbkoGgV12Ks4U8C9xc1IGOeqB/el1I5xwIjRmSKmO68TaT5HUFDMyKXmJIjHCQ9QnHUMF4kT56fSOCTw0Shf2ImlKaDhVf26kiCs15qGZ5EgP1LyXif95nUT3zv2UijjRRODZQ72EQR3BLBTYpZJgzcaGICyp+SvEAyQR1ia6LAR3/uS/pFmtuE7FvT0t1y7yOIpgDxyAI+CCM1ADV6AOGgCDB/AEXsCr9Wg9W2/W+2y0YOU7u+AXrI9vZhyWZA==</latexit><latexit sha1_base64="XjwOwF/1y4ckoeTZxxtPz8LGCqU=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQupMEXRZdONCoYJ9QGccMmnahiaZIckUytCdG3/FjQtF3PoL7vwbM+0stHrgcg/n3EtyTxgzqrTjfFmFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDi8zvzUiUtFI3OlxTHyO+oL2KEbaSIG9z4PUE0lwPYHeMfQU5Vkf3VdPbkoGgV12Ks4U8C9xc1IGOeqB/el1I5xwIjRmSKmO68TaT5HUFDMyKXmJIjHCQ9QnHUMF4kT56fSOCTw0Shf2ImlKaDhVf26kiCs15qGZ5EgP1LyXif95nUT3zv2UijjRRODZQ72EQR3BLBTYpZJgzcaGICyp+SvEAyQR1ia6LAR3/uS/pFmtuE7FvT0t1y7yOIpgDxyAI+CCM1ADV6AOGgCDB/AEXsCr9Wg9W2/W+2y0YOU7u+AXrI9vZhyWZA==</latexit><latexit sha1_base64="XjwOwF/1y4ckoeTZxxtPz8LGCqU=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQupMEXRZdONCoYJ9QGccMmnahiaZIckUytCdG3/FjQtF3PoL7vwbM+0stHrgcg/n3EtyTxgzqrTjfFmFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDi8zvzUiUtFI3OlxTHyO+oL2KEbaSIG9z4PUE0lwPYHeMfQU5Vkf3VdPbkoGgV12Ks4U8C9xc1IGOeqB/el1I5xwIjRmSKmO68TaT5HUFDMyKXmJIjHCQ9QnHUMF4kT56fSOCTw0Shf2ImlKaDhVf26kiCs15qGZ5EgP1LyXif95nUT3zv2UijjRRODZQ72EQR3BLBTYpZJgzcaGICyp+SvEAyQR1ia6LAR3/uS/pFmtuE7FvT0t1y7yOIpgDxyAI+CCM1ADV6AOGgCDB/AEXsCr9Wg9W2/W+2y0YOU7u+AXrI9vZhyWZA==</latexit><latexit sha1_base64="XjwOwF/1y4ckoeTZxxtPz8LGCqU=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQupMEXRZdONCoYJ9QGccMmnahiaZIckUytCdG3/FjQtF3PoL7vwbM+0stHrgcg/n3EtyTxgzqrTjfFmFhcWl5ZXiamltfWNzy97eaaookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDi8zvzUiUtFI3OlxTHyO+oL2KEbaSIG9z4PUE0lwPYHeMfQU5Vkf3VdPbkoGgV12Ks4U8C9xc1IGOeqB/el1I5xwIjRmSKmO68TaT5HUFDMyKXmJIjHCQ9QnHUMF4kT56fSOCTw0Shf2ImlKaDhVf26kiCs15qGZ5EgP1LyXif95nUT3zv2UijjRRODZQ72EQR3BLBTYpZJgzcaGICyp+SvEAyQR1ia6LAR3/uS/pFmtuE7FvT0t1y7yOIpgDxyAI+CCM1ADV6AOGgCDB/AEXsCr9Wg9W2/W+2y0YOU7u+AXrI9vZhyWZA==</latexit>
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Figure 2: Upper: RG evolution of � (left) and of �� (right) varying Mt, ↵3(MZ), Mh by
±3�. Lower: Same as above, with more “physical” normalisations. The Higgs quartic coupling
is compared with the top Yukawa and weak gauge coupling through the ratios sign(�)

p
4|�|/yt

and sign(�)
p

8|�|/g2, which correspond to the ratios of running masses mh/mt and mh/mW ,
respectively (left). The Higgs quartic �-function is shown in units of its top contribution, ��(top
contribution) = �3y4

t
/8⇡2 (right). The grey shadings cover values of the RG scale above the

Planck mass MPl ⇡ 1.2⇥ 1019 GeV, and above the reduced Planck mass M̄Pl = MPl/
p
8⇡.
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at 2�
<latexit sha1_base64="dZ9ZkFtRxqMiSwmohRDd/RjWA8o=">AAAB/XicbVBNS8NAEJ34WeNXVDx5WSyCp5L0oiJi0YvHCsYWmlA22227dDcJuxuxhEL/ihcPKl79Cd69+W/cfhy09cHA470ZZuZFKWdKu+63tbC4tLyyWliz1zc2t7adnd17lWSSUJ8kPJH1CCvKWUx9zTSn9VRSLCJOa1HveuTXHqhULInvdD+locCdmLUZwdpITWc/EFHymGM9QME5KqNAsY7ATafoltwx0DzxpqR4+WlfDAGg2nS+glZCMkFjTThWquG5qQ5zLDUjnA7sIFM0xaSHO7RhaIwFVWE+Pn+AjozSQu1Emoo1Gqu/J3IslOqLyHQKrLtq1huJ/3mNTLdPw5zFaaZpTCaL2hlHOkGjLFCLSUo07xuCiWTmVkS6WGKiTWK2CcGbfXme+OXSWcm79YqVK5igAAdwCMfgwQlU4Aaq4AOBHJ7gBV6tofVsvVnvk9YFazqzB39gffwA+2+WkA==</latexit><latexit sha1_base64="zrH3VhJXOKmU3Q1eq2Hupti41Vo=">AAAB/XicbVDLSsNAFJ3UV42vqLhyM1gEVyXpRkXEohuXFYwtNKFMppN26MwkzEzEEgr+igguVNz6Ce7diH/j9LHQ1gMXDufcy733RCmjSrvut1WYm19YXCou2yura+sbzubWjUoyiYmPE5bIRoQUYVQQX1PNSCOVBPGIkXrUuxj69VsiFU3Ete6nJOSoI2hMMdJGajk7AY+SuxzpAQxOYAUGinY4ajklt+yOAGeJNyGlsw/7NH38smst5zNoJzjjRGjMkFJNz011mCOpKWZkYAeZIinCPdQhTUMF4kSF+ej8Adw3ShvGiTQlNBypvydyxJXq88h0cqS7atobiv95zUzHR2FORZppIvB4UZwxqBM4zAK2qSRYs74hCEtqboW4iyTC2iRmmxC86ZdniV8pH5e9K69UPQdjFMEu2AMHwAOHoAouQQ34AIMcPIBn8GLdW0/Wq/U2bi1Yk5lt8AfW+w/ripgE</latexit><latexit sha1_base64="zrH3VhJXOKmU3Q1eq2Hupti41Vo=">AAAB/XicbVDLSsNAFJ3UV42vqLhyM1gEVyXpRkXEohuXFYwtNKFMppN26MwkzEzEEgr+igguVNz6Ce7diH/j9LHQ1gMXDufcy733RCmjSrvut1WYm19YXCou2yura+sbzubWjUoyiYmPE5bIRoQUYVQQX1PNSCOVBPGIkXrUuxj69VsiFU3Ete6nJOSoI2hMMdJGajk7AY+SuxzpAQxOYAUGinY4ajklt+yOAGeJNyGlsw/7NH38smst5zNoJzjjRGjMkFJNz011mCOpKWZkYAeZIinCPdQhTUMF4kSF+ej8Adw3ShvGiTQlNBypvydyxJXq88h0cqS7atobiv95zUzHR2FORZppIvB4UZwxqBM4zAK2qSRYs74hCEtqboW4iyTC2iRmmxC86ZdniV8pH5e9K69UPQdjFMEu2AMHwAOHoAouQQ34AIMcPIBn8GLdW0/Wq/U2bi1Yk5lt8AfW+w/ripgE</latexit><latexit sha1_base64="ARD4CWX33R4QzRZic/B/enMAgZA=">AAAB/XicbVBNS8NAEN34WetXVTx5WSyCp5L0ouKl6MVjBWMLTSiT7aZdursJuxuxhIJ/xYsHFa/+D2/+G7dtDtr6YODx3gwz86KUM21c99tZWl5ZXVsvbZQ3t7Z3dit7+/c6yRShPkl4otoRaMqZpL5hhtN2qiiIiNNWNLye+K0HqjRL5J0ZpTQU0JcsZgSMlbqVw0BEyWMOZoyDS1zHgWZ9Ad1K1a25U+BF4hWkigo0u5WvoJeQTFBpCAetO56bmjAHZRjhdFwOMk1TIEPo046lEgTVYT49f4xPrNLDcaJsSYOn6u+JHITWIxHZTgFmoOe9ifif18lMfB7mTKaZoZLMFsUZxybBkyxwjylKDB9ZAkQxeysmA1BAjE2sbEPw5l9eJH69dlHzbr1q46pIo4SO0DE6RR46Qw10g5rIRwTl6Bm9ojfnyXlx3p2PWeuSU8wcoD9wPn8AjgSUww==</latexit>

Perhaps the key discovery of LHC

µc ⇠ (3⇥ 108 � 3⇥ 1012)GeV
<latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit>

�SM (µc) = 0
<latexit sha1_base64="S46XJ89RU98a8lYsSOJb7soTh38=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIdTNkxqGtC6Hoxo1Q0T6gLUMmk7ahmQdJRihDN/6KGxeKuPUz3Pk3ZtoKKnogcDjnXG7u8WLOpELow1hYXFpeWc2t5dc3Nre2Czu7TRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryRheZ37qjQrIovFXjmPYCPAhZnxGstOQW9rtch33spjdXk1I3SFxyDM8gcgtFZJ5Wy7ZThshEqGLZVkbsinPiQEsrGYpgjrpbeO/6EUkCGirCsZQdC8Wql2KhGOF0ku8mksaYjPCAdjQNcUBlL50eMIFHWvFhPxL6hQpO1e8TKQ6kHAeeTgZYDeVvLxP/8jqJ6ld7KQvjRNGQzBb1Ew5VBLM2oM8EJYqPNcFEMP1XSIZYYKJ0Z3ldwtel8H/StE0Lmda1U6ydz+vIgQNwCErAAhVQA5egDhqAgAl4AE/g2bg3Ho0X43UWXTDmM3vgB4y3Tz/llYU=</latexit><latexit sha1_base64="S46XJ89RU98a8lYsSOJb7soTh38=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIdTNkxqGtC6Hoxo1Q0T6gLUMmk7ahmQdJRihDN/6KGxeKuPUz3Pk3ZtoKKnogcDjnXG7u8WLOpELow1hYXFpeWc2t5dc3Nre2Czu7TRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryRheZ37qjQrIovFXjmPYCPAhZnxGstOQW9rtch33spjdXk1I3SFxyDM8gcgtFZJ5Wy7ZThshEqGLZVkbsinPiQEsrGYpgjrpbeO/6EUkCGirCsZQdC8Wql2KhGOF0ku8mksaYjPCAdjQNcUBlL50eMIFHWvFhPxL6hQpO1e8TKQ6kHAeeTgZYDeVvLxP/8jqJ6ld7KQvjRNGQzBb1Ew5VBLM2oM8EJYqPNcFEMP1XSIZYYKJ0Z3ldwtel8H/StE0Lmda1U6ydz+vIgQNwCErAAhVQA5egDhqAgAl4AE/g2bg3Ho0X43UWXTDmM3vgB4y3Tz/llYU=</latexit><latexit sha1_base64="S46XJ89RU98a8lYsSOJb7soTh38=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIdTNkxqGtC6Hoxo1Q0T6gLUMmk7ahmQdJRihDN/6KGxeKuPUz3Pk3ZtoKKnogcDjnXG7u8WLOpELow1hYXFpeWc2t5dc3Nre2Czu7TRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryRheZ37qjQrIovFXjmPYCPAhZnxGstOQW9rtch33spjdXk1I3SFxyDM8gcgtFZJ5Wy7ZThshEqGLZVkbsinPiQEsrGYpgjrpbeO/6EUkCGirCsZQdC8Wql2KhGOF0ku8mksaYjPCAdjQNcUBlL50eMIFHWvFhPxL6hQpO1e8TKQ6kHAeeTgZYDeVvLxP/8jqJ6ld7KQvjRNGQzBb1Ew5VBLM2oM8EJYqPNcFEMP1XSIZYYKJ0Z3ldwtel8H/StE0Lmda1U6ydz+vIgQNwCErAAhVQA5egDhqAgAl4AE/g2bg3Ho0X43UWXTDmM3vgB4y3Tz/llYU=</latexit><latexit sha1_base64="S46XJ89RU98a8lYsSOJb7soTh38=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIdTNkxqGtC6Hoxo1Q0T6gLUMmk7ahmQdJRihDN/6KGxeKuPUz3Pk3ZtoKKnogcDjnXG7u8WLOpELow1hYXFpeWc2t5dc3Nre2Czu7TRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryRheZ37qjQrIovFXjmPYCPAhZnxGstOQW9rtch33spjdXk1I3SFxyDM8gcgtFZJ5Wy7ZThshEqGLZVkbsinPiQEsrGYpgjrpbeO/6EUkCGirCsZQdC8Wql2KhGOF0ku8mksaYjPCAdjQNcUBlL50eMIFHWvFhPxL6hQpO1e8TKQ6kHAeeTgZYDeVvLxP/8jqJ6ld7KQvjRNGQzBb1Ew5VBLM2oM8EJYqPNcFEMP1XSIZYYKJ0Z3ldwtel8H/StE0Lmda1U6ydz+vIgQNwCErAAhVQA5egDhqAgAl4AE/g2bg3Ho0X43UWXTDmM3vgB4y3Tz/llYU=</latexit>

Why is 
high-scale quartic 

O(10�2)
<latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit>
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Figure 2: Upper: RG evolution of � (left) and of �� (right) varying Mt, ↵3(MZ), Mh by
±3�. Lower: Same as above, with more “physical” normalisations. The Higgs quartic coupling
is compared with the top Yukawa and weak gauge coupling through the ratios sign(�)

p
4|�|/yt

and sign(�)
p

8|�|/g2, which correspond to the ratios of running masses mh/mt and mh/mW ,
respectively (left). The Higgs quartic �-function is shown in units of its top contribution, ��(top
contribution) = �3y4

t
/8⇡2 (right). The grey shadings cover values of the RG scale above the

Planck mass MPl ⇡ 1.2⇥ 1019 GeV, and above the reduced Planck mass M̄Pl = MPl/
p
8⇡.
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at 2�
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Perhaps the key discovery of LHC

µc ⇠ (3⇥ 108 � 3⇥ 1012)GeV
<latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit><latexit sha1_base64="MYnRxPbHmJg+8YVCT82bttzIZRw=">AAACJnicbVDLSgNBEJyNrxhfUY9eGoMQD4bdKJiLEPSgxwjmAdkYZieTZMjM7jIzK4Zlv8aLv+LFQ0TEm5/i5HEwiQUNRVU33V1eyJnStv1tpVZW19Y30puZre2d3b3s/kFNBZEktEoCHsiGhxXlzKdVzTSnjVBSLDxO697gZuzXn6hULPAf9DCkLYF7PusygrWR2tkrV0RtAq5iAiB/Dq5mgipw7Me4lMAZwJzkFJNTcIUXPMe3tJZk2tmcXbAngGXizEgOzVBpZ0duJyCRoL4mHCvVdOxQt2IsNSOcJhk3UjTEZIB7tGmoj83mVjx5M4ETo3SgG0hTvoaJ+ncixkKpofBMp8C6rxa9sfif14x0t9SKmR9GmvpkuqgbcdABjDODDpOUaD40BBPJzK1A+lhiok2y4xCcxZeXSa1YcOyCc3+RK1/P4kijI3SM8shBl6iM7lAFVRFBL+gNjdCH9Wq9W5/W17Q1Zc1mDtEcrJ9fbPKiEQ==</latexit>

�SM (µc) = 0
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Why is 
high-scale quartic 

O(10�2)
<latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit><latexit sha1_base64="mC4tJRl2O8TfykWOiQQgSdU9GGg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqwpIUse2u6MadFewD2rFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vvcSPBlUbow1paXlldW89t5De3tnd27b1CW4WxpKxFQxHKrksUEzxgLc21YN1IMuK7gnXcyUXmd+6YVDwMbvQ0Yo5PRgH3OCXaSAO7kPQpEfAqhSWMbpOTSno8sIuojBDCGMOM4OoZMqRer1VwDeLMMiiCBZoD+70/DGnss0BTQZTqYRRpJyFScypYmu/HikWETsiI9QwNiM+Uk8xuT+GRUYbQC6WpQMOZ+n0iIb5SU981nT7RY/Xby8S/vF6svZqT8CCKNQvofJEXC6hDmAUBh1wyqsXUEEIlN7dCOiaSUG3iypsQvj6F/5N2pYxRGV+fFhvnizhy4AAcghLAoAoa4BI0QQtQcA8ewBN4tlLr0XqxXuetS9ZiZh/8gPX2Celskw8=</latexit>

?

SU(2)
Z2 ! SU(2)0

<latexit sha1_base64="GQWEt6Hd3KW9rxGkCO1kGjRWgBA="></latexit><latexit sha1_base64="GQWEt6Hd3KW9rxGkCO1kGjRWgBA="></latexit><latexit sha1_base64="GQWEt6Hd3KW9rxGkCO1kGjRWgBA="></latexit><latexit sha1_base64="GQWEt6Hd3KW9rxGkCO1kGjRWgBA="></latexit>

H(2, 1)
Z2 ! H

0(1, 2)
<latexit sha1_base64="TADVXeB6G6S7t4vasWMDtCVlKrM="></latexit><latexit sha1_base64="TADVXeB6G6S7t4vasWMDtCVlKrM="></latexit><latexit sha1_base64="TADVXeB6G6S7t4vasWMDtCVlKrM="></latexit><latexit sha1_base64="TADVXeB6G6S7t4vasWMDtCVlKrM="></latexit>

Higgs sector has  

spontaneously broken at 

hH 0i = µc
<latexit sha1_base64="y8+YbyA2gjj8cJ7YLnld1Li/zOY="></latexit><latexit sha1_base64="y8+YbyA2gjj8cJ7YLnld1Li/zOY="></latexit><latexit sha1_base64="y8+YbyA2gjj8cJ7YLnld1Li/zOY="></latexit><latexit sha1_base64="y8+YbyA2gjj8cJ7YLnld1Li/zOY="></latexit>



Strong CP problem 
solved via 

key ingredients 

Z2 ! P

SU(3)
P ! SU(3)

2.       Suggests a Particular Solution to Strong CPZ2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>



Strong CP problem 
solved via 

key ingredients 

Z2 ! P

SU(3)
P ! SU(3)

2.       Suggests a Particular Solution to Strong CPZ2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>

  SM’

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

v0
<latexit sha1_base64="Ogu6MHp2qDIPJ2MLPwqmf+Hhj4I=">AAAB6XicdZDLSgMxFIbP1Fsdb1WXboJFdFVmxtLLQiy6cVnRsYW2lEyaaUMzF5JMoZSCL+DGhYpbH8a9O9/GTKugoj8Efr7/HHLO8WLOpLKsdyOzsLi0vJJdNdfWNza3cts7NzJKBKEuiXgkmh6WlLOQuoopTpuxoDjwOG14w/M0b4yokCwKr9U4pp0A90PmM4KVRlfm6LCby1uFaqXkFEvIKlhW2Xbs1Djl4nER2Zqkyp++mie3AFDv5t7avYgkAQ0V4VjKlm3FqjPBQjHC6dRsJ5LGmAxxn7a0DXFAZWcyG3WKDjTpIT8S+oUKzej3jgkOpBwHnq4MsBrI31kK/8paifIrnQkL40TRkMw/8hOOVITSvVGPCUoUH2uDiWB6VkQGWGCi9HVMfYSvTdH/xnUK1YJ9aeVrZzBXFvZgH47AhjLU4ALq4AKBPtzBAzwa3Lg3nozneWnG+OzZhR8yXj4AsgWPHg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="+hfK+lH0ZySZJZwcX5UJxgVCadg=">AAAB6XicdZDLSgMxFIYz9VbHW9Wlm2ARXQ2ZWnpZiEU3Lis6WmiHkkkzbWjmQpIplKGP4MaFits+jHs34tuYaRVU9IfAz/efQ845XsyZVAi9G7mFxaXllfyquba+sblV2N65kVEiCHVIxCPR8rCknIXUUUxx2ooFxYHH6a03PM/y2xEVkkXhtRrH1A1wP2Q+I1hpdGWODruFIrLqtUqpXIHIQqhql+zMlKrl4zK0NclUPH0xT+Lpm9nsFl47vYgkAQ0V4VjKto1i5aZYKEY4nZidRNIYkyHu07a2IQ6odNPZqBN4oEkP+pHQL1RwRr93pDiQchx4ujLAaiB/Zxn8K2snyq+5KQvjRNGQzD/yEw5VBLO9YY8JShQfa4OJYHpWSAZYYKL0dUx9hK9N4f/GKVl1y75ExcYZmCsP9sA+OAI2qIIGuABN4AAC+uAOPIBHgxv3xpPxPC/NGZ89u+CHjOkHoiCQkg==</latexit><latexit sha1_base64="9EDQC5+iWuxh1Of1Pg1bmcZ4J1U=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0V0FSa19LErunFZ0WihDWUynbRDJ5MwMymU0E9w40LFrX/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRVWVtfWN4qb9tb2zu5eaf/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA0/tgfJn79xMqFYvFrZ4m1I/wULCQEayNdGNPTvulMnKajVqlWoPIQajuVtycVOrV8yp0jZKjDJZo90vvvUFM0ogKTThWquuiRPsZlpoRTmd2L1U0wWSMh7RrqMARVX42P3UGT4wygGEsTQkN5+r3iQxHSk2jwHRGWI/Uby8X//K6qQ4bfsZEkmoqyGJRmHKoY5j/DQdMUqL51BBMJDO3QjLCEhNt0rFNCF+fwv+JV3GajnuNyq2LZRpFcASOwRlwQR20wBVoAw8QMAQP4Ak8W9x6tF6s10VrwVrOHIIfsN4+AUSajVE=</latexit>

v
<latexit sha1_base64="WgBmukMVLE7nfByH+RQrpENkfVw=">AAAB6HicdZDLSsNAFIZPvNZ4q7p0M1gEVyGppZeFWHTjsoqxhTaUyXTSDp1cmJkUSin4AG5cqLj1Zdy7822ctAoq+sPAz/efw5xz/IQzqWz73VhYXFpeWc2tmesbm1vb+Z3dGxmnglCXxDwWLR9LyllEXcUUp61EUBz6nDb94XmWN0dUSBZH12qcUC/E/YgFjGCl0ZU56uYLtlWrloulMrIt2644RSczxUrpuIQcTTIVTl/Nk1sAaHTzb51eTNKQRopwLGXbsRPlTbBQjHA6NTuppAkmQ9ynbW0jHFLpTWaTTtGhJj0UxEK/SKEZ/d4xwaGU49DXlSFWA/k7y+BfWTtVQdWbsChJFY3I/KMg5UjFKFsb9ZigRPGxNpgIpmdFZIAFJkofx9RH+NoU/W/colWznEu7UD+DuXKwDwdwBA5UoA4X0AAXCARwBw/waAyNe+PJeJ6XLhifPXvwQ8bLB1Grju0=</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="K8l7FvgEf75vUr+Rz0KVePzIbyM=">AAAB3XicbZDNSgMxFIXv1L86Vq1u3QSL4KrMuFF3ghuXVRwttEPJpJk2NMkMyZ1CGfoGblyo+FrufBvTn4W2Hgh8nJOQe0+SS2ExCL69ysbm1vZOddffq+0fHNaPak82KwzjEctkZtoJtVwKzSMUKHk7N5yqRPLnZHQ7y5/H3FiR6Uec5DxWdKBFKhhFZz344169ETSDucg6hEtowFKtXv2r289YobhGJqm1nTDIMS6pQcEkn/rdwvKcshEd8I5DTRW3cTmfdErOnNMnaWbc0Ujm7u8XJVXWTlTibiqKQ7uazcz/sk6B6VVcCp0XyDVbfJQWkmBGZmuTvjCcoZw4oMwINythQ2ooQ1eO70oIV1deh+iied0M7wOowgmcwjmEcAk3cActiIBBCi/wBu/eyHv1PhZtVbxlbcfwR97nD3JSi48=</latexit><latexit sha1_base64="ykpsAdJvvqmFDGHWhkgqxHIDjHs=">AAAB3XicdZBPS8MwGMbf+nfOqdOrl+AQPJW2jv25CV48TrFusJWRZukWlqYlSQej7Bt48aDi1/LmtzHdJqjoA4GH35OQ933ClDOlHefD2tjc2t7ZLe2V9ysHh0fV48qDSjJJqE8SnsheiBXlTFBfM81pL5UUxyGn3XB6XeTdGZWKJeJez1MaxHgsWMQI1gbdlWfDas2x262GV28gx3acpuu5hfGa9cs6cg0pVIO1OsPq+2CUkCymQhOOleq7TqqDHEvNCKeL8iBTNMVkise0b6zAMVVBvpx0gc4NGaEokeYIjZb0+4scx0rN49DcjLGeqN9ZAf/K+pmOWkHORJppKsjqoyjjSCeoWBuNmKRE87kxmEhmZkVkgiUm2pRTNiV8bYr+N75nt2331oESnMIZXIALTbiCG+iADwQieIRneLGm1pP1umprw1rXdgI/ZL19As9Ji9E=</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="xFmBWNn6HAdY4TWbIKt0G6kxPvU=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIWkll4WYtGNyyrGFtpQJtNJO3QyCTOTQgl9AzcuVNzqw7h3I76Nk1ZBRX8Y+Pn+c5hzjh8zKpVtvxu5hcWl5ZX8qrm2vrG5VdjeuZZRIjBxccQi0faRJIxy4iqqGGnHgqDQZ6Tlj86yvDUmQtKIX6lJTLwQDTgNKEZKo0tz3CsUbateq5TKFWhbtl11Sk5mStXyURk6mmQqnryYx/Hzm9nsFV67/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI62HIVEeuls0ik80KQPg0joxxWc0e8dKQqlnIS+rgyRGsrfWQb/yjqJCmpeSnmcKMLx/KMgYVBFMFsb9qkgWLGJNggLqmeFeIgEwkofx9RH+NoU/m/cklW3nAu72DgFc+XBHtgHh8ABVdAA56AJXIBBAG7AHbg3Rsat8WA8zktzxmfPLvgh4+kDQcaQYQ==</latexit><latexit sha1_base64="hYS1DbvMZhe2iQpiJt1UVRd924M=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFSax9LErunFZxdpCG8pkOmmHTiZhZlIooX/gxoWKWz/JnX/jpK2gogcuHM65l3vvCRLOlEbowyqsrW9sbhW37Z3dvf2D0uHRvYpTSWibxDyW3QArypmgbc00p91EUhwFnHaCyVXud6ZUKhaLOz1LqB/hkWAhI1gb6daeDkpl5DTqVa9ShchBqOZ6bk68WuWiAl2j5CiDFVqD0nt/GJM0okITjpXquSjRfoalZoTTud1PFU0wmeAR7RkqcESVny0uncMzowxhGEtTQsOF+n0iw5FSsygwnRHWY/Xby8W/vF6qw7qfMZGkmgqyXBSmHOoY5m/DIZOUaD4zBBPJzK2QjLHERJtwbBPC16fwf9L2nIbj3qBy83KVRhGcgFNwDlxQA01wDVqgDQgIwQN4As/WxHq0XqzXZWvBWs0cgx+w3j4B5DGNIA==</latexit>

SM

SM 0

dn ⇠ 10�32 e cm dn ⇠ 3⇥ 10�27 e cm

LR

✓
y⇤v0 0
0 yv

◆

<latexit sha1_base64="Evgbutvi2N87NewkcI8m8JJkE5I=">AAACHXicbVDLSgMxFM34rONr1KWbYPGBizIjBV0W3bisYB/QqSWT3rahmcyQZIrD0B9x46+4caGICzfi35g+EG09EDiccy659wQxZ0q77pe1sLi0vLKaW7PXNza3tp2d3aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FAL+lcjvzYAqVgkbnUaQzMkXcE6jBJtpJZT9APoMpHFIdGS3Q+xnd6d4sExPsIu9n3bNSQd2D6I9k/Gbjl5t+COgeeJNyV5NEW55Xz47YgmIQhNOVGq4bmxbmZEakY5DG0/URAT2iddaBgqSAiqmY2vG+JDo7RxJ5LmCY3H6u+JjIRKpWFgkmbBnpr1RuJ/XiPRnYtmxkScaBB08lEn4VhHeFQVbjMJVPPUEEIlM7ti2iOSUG0KHZXgzZ48T6pnBc8teDfFfOlyWkcO7aMDdII8dI5K6BqVUQVR9ICe0At6tR6tZ+vNep9EF6zpzB76A+vzG2c5n5o=</latexit><latexit sha1_base64="Evgbutvi2N87NewkcI8m8JJkE5I=">AAACHXicbVDLSgMxFM34rONr1KWbYPGBizIjBV0W3bisYB/QqSWT3rahmcyQZIrD0B9x46+4caGICzfi35g+EG09EDiccy659wQxZ0q77pe1sLi0vLKaW7PXNza3tp2d3aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FAL+lcjvzYAqVgkbnUaQzMkXcE6jBJtpJZT9APoMpHFIdGS3Q+xnd6d4sExPsIu9n3bNSQd2D6I9k/Gbjl5t+COgeeJNyV5NEW55Xz47YgmIQhNOVGq4bmxbmZEakY5DG0/URAT2iddaBgqSAiqmY2vG+JDo7RxJ5LmCY3H6u+JjIRKpWFgkmbBnpr1RuJ/XiPRnYtmxkScaBB08lEn4VhHeFQVbjMJVPPUEEIlM7ti2iOSUG0KHZXgzZ48T6pnBc8teDfFfOlyWkcO7aMDdII8dI5K6BqVUQVR9ICe0At6tR6tZ+vNep9EF6zpzB76A+vzG2c5n5o=</latexit><latexit sha1_base64="Evgbutvi2N87NewkcI8m8JJkE5I=">AAACHXicbVDLSgMxFM34rONr1KWbYPGBizIjBV0W3bisYB/QqSWT3rahmcyQZIrD0B9x46+4caGICzfi35g+EG09EDiccy659wQxZ0q77pe1sLi0vLKaW7PXNza3tp2d3aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FAL+lcjvzYAqVgkbnUaQzMkXcE6jBJtpJZT9APoMpHFIdGS3Q+xnd6d4sExPsIu9n3bNSQd2D6I9k/Gbjl5t+COgeeJNyV5NEW55Xz47YgmIQhNOVGq4bmxbmZEakY5DG0/URAT2iddaBgqSAiqmY2vG+JDo7RxJ5LmCY3H6u+JjIRKpWFgkmbBnpr1RuJ/XiPRnYtmxkScaBB08lEn4VhHeFQVbjMJVPPUEEIlM7ti2iOSUG0KHZXgzZ48T6pnBc8teDfFfOlyWkcO7aMDdII8dI5K6BqVUQVR9ICe0At6tR6tZ+vNep9EF6zpzB76A+vzG2c5n5o=</latexit><latexit sha1_base64="Evgbutvi2N87NewkcI8m8JJkE5I=">AAACHXicbVDLSgMxFM34rONr1KWbYPGBizIjBV0W3bisYB/QqSWT3rahmcyQZIrD0B9x46+4caGICzfi35g+EG09EDiccy659wQxZ0q77pe1sLi0vLKaW7PXNza3tp2d3aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FAL+lcjvzYAqVgkbnUaQzMkXcE6jBJtpJZT9APoMpHFIdGS3Q+xnd6d4sExPsIu9n3bNSQd2D6I9k/Gbjl5t+COgeeJNyV5NEW55Xz47YgmIQhNOVGq4bmxbmZEakY5DG0/URAT2iddaBgqSAiqmY2vG+JDo7RxJ5LmCY3H6u+JjIRKpWFgkmbBnpr1RuJ/XiPRnYtmxkScaBB08lEn4VhHeFQVbjMJVPPUEEIlM7ti2iOSUG0KHZXgzZ48T6pnBc8teDfFfOlyWkcO7aMDdII8dI5K6BqVUQVR9ICe0At6tR6tZ+vNep9EF6zpzB76A+vzG2c5n5o=</latexit>

y† = y
<latexit sha1_base64="OnIHSeMypLSKupOaRqipG+ougEI=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIehGKXjxWsB/QpmWzmaRLN5uwu1FC6P/w4kERr/4Xb/4bN20O2vpg4PHeDDPzvIQzpW3721pZXVvf2KxsVbd3dvf2aweHHRWnkkKbxjyWPY8o4ExAWzPNoZdIIJHHoetNbgu/+whSsVg86CwBNyKhYAGjRBtpmA0HPglDkPgaZ9VRrW437BnwMnFKUkclWqPa18CPaRqB0JQTpfqOnWg3J1IzymFaHaQKEkInJIS+oYJEoNx8dvUUnxrFx0EsTQmNZ+rviZxESmWRZzojosdq0SvE/7x+qoMrN2ciSTUIOl8UpBzrGBcRYJ9JoJpnhhAqmbkV0zGRhGoTVBGCs/jyMumcNxy74dxf1Js3ZRwVdIxO0Bly0CVqojvUQm1EkUTP6BW9WU/Wi/VufcxbV6xy5gj9gfX5AzFnkaM=</latexit><latexit sha1_base64="OnIHSeMypLSKupOaRqipG+ougEI=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIehGKXjxWsB/QpmWzmaRLN5uwu1FC6P/w4kERr/4Xb/4bN20O2vpg4PHeDDPzvIQzpW3721pZXVvf2KxsVbd3dvf2aweHHRWnkkKbxjyWPY8o4ExAWzPNoZdIIJHHoetNbgu/+whSsVg86CwBNyKhYAGjRBtpmA0HPglDkPgaZ9VRrW437BnwMnFKUkclWqPa18CPaRqB0JQTpfqOnWg3J1IzymFaHaQKEkInJIS+oYJEoNx8dvUUnxrFx0EsTQmNZ+rviZxESmWRZzojosdq0SvE/7x+qoMrN2ciSTUIOl8UpBzrGBcRYJ9JoJpnhhAqmbkV0zGRhGoTVBGCs/jyMumcNxy74dxf1Js3ZRwVdIxO0Bly0CVqojvUQm1EkUTP6BW9WU/Wi/VufcxbV6xy5gj9gfX5AzFnkaM=</latexit><latexit sha1_base64="OnIHSeMypLSKupOaRqipG+ougEI=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIehGKXjxWsB/QpmWzmaRLN5uwu1FC6P/w4kERr/4Xb/4bN20O2vpg4PHeDDPzvIQzpW3721pZXVvf2KxsVbd3dvf2aweHHRWnkkKbxjyWPY8o4ExAWzPNoZdIIJHHoetNbgu/+whSsVg86CwBNyKhYAGjRBtpmA0HPglDkPgaZ9VRrW437BnwMnFKUkclWqPa18CPaRqB0JQTpfqOnWg3J1IzymFaHaQKEkInJIS+oYJEoNx8dvUUnxrFx0EsTQmNZ+rviZxESmWRZzojosdq0SvE/7x+qoMrN2ciSTUIOl8UpBzrGBcRYJ9JoJpnhhAqmbkV0zGRhGoTVBGCs/jyMumcNxy74dxf1Js3ZRwVdIxO0Bly0CVqojvUQm1EkUTP6BW9WU/Wi/VufcxbV6xy5gj9gfX5AzFnkaM=</latexit><latexit sha1_base64="OnIHSeMypLSKupOaRqipG+ougEI=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIehGKXjxWsB/QpmWzmaRLN5uwu1FC6P/w4kERr/4Xb/4bN20O2vpg4PHeDDPzvIQzpW3721pZXVvf2KxsVbd3dvf2aweHHRWnkkKbxjyWPY8o4ExAWzPNoZdIIJHHoetNbgu/+whSsVg86CwBNyKhYAGjRBtpmA0HPglDkPgaZ9VRrW437BnwMnFKUkclWqPa18CPaRqB0JQTpfqOnWg3J1IzymFaHaQKEkInJIS+oYJEoNx8dvUUnxrFx0EsTQmNZ+rviZxESmWRZzojosdq0SvE/7x+qoMrN2ciSTUIOl8UpBzrGBcRYJ9JoJpnhhAqmbkV0zGRhGoTVBGCs/jyMumcNxy74dxf1Js3ZRwVdIxO0Bly0CVqojvUQm1EkUTP6BW9WU/Wi/VufcxbV6xy5gj9gfX5AzFnkaM=</latexit>



3.  A New Scheme for Coupling Unification
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<latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit>

For any fixed v’
 

imposes a correlation between
mh,↵3,mt

<latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit>

�SM (v0) = 0
<latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit>
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<latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit>

For any fixed v’
 

imposes a correlation between
mh,↵3,mt

<latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit>

For v’ free, no prediction

�SM (v0) = 0
<latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit>
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<latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit>

For any fixed v’
 

imposes a correlation between
mh,↵3,mt

<latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit><latexit sha1_base64="8TEV69gkfMVHVzX7TbdUBXVQEvI=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCh1KSKra9Fb14rGBtoV2WbJq2ocnukmSFstS/4sWDIl79Id78N2bbCir6YODx3gwz84JYcG0Q+nByK6tr6xv5zcLW9s7unrt/cKujRFHWppGIVDcgmgkesrbhRrBurBiRgWCdYHKZ+Z07pjSPwhszjZknySjkQ06JsZLvFqU/LsM+EfGY+KdlKH1T8N0SqiCEMMYwI7h2jixpNOpVXIc4syxKYImW7773BxFNJAsNFUTrHkax8VKiDKeCzQr9RLOY0AkZsZ6lIZFMe+n8+Bk8tsoADiNlKzRwrn6fSInUeioD2ymJGevfXib+5fUSM6x7KQ/jxLCQLhYNEwFNBLMk4IArRo2YWkKo4vZWSMdEEWpsXlkIX5/C/8lttYJRBV+flZoXyzjy4BAcgROAQQ00wRVogTagYAoewBN4du6dR+fFeV205pzlTBH8gPP2Ce/vk6k=</latexit>

For v’ free, no prediction

�SM (v0) = 0
<latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit><latexit sha1_base64="cKm3QLSJlOsZ/VUasYUGv5gNyMI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRaxbkpSxLYLoejGjVDRPqAtQyaTtqGZB0mmUIfir7hxoYhb/8Odf2OmraCiBwKHc87l3hwnFFxphD6s1MLi0vJKejWztr6xuZXd3mmoIJKU1WkgAtlyiGKC+6yuuRasFUpGPEewpjO8SPzmiEnFA/9Wj0PW9Ujf5z1OiTaSnd3rCBN2iR3fXE3yo6NjeAaRnc2hAkIIYwwTgkunyJBKpVzEZYgTyyAH5qjZ2feOG9DIY76mgijVxijU3ZhIzalgk0wnUiwkdEj6rG2oTzymuvH0+gk8NIoLe4E0z9dwqn6fiImn1NhzTNIjeqB+e4n4l9eOdK/cjbkfRpr5dLaoFwmoA5hUAV0uGdVibAihkptbIR0QSag2hWVMCV8/hf+TRrGAUQFfn+Sq5/M60mAfHIA8wKAEquAS1EAdUHAHHsATeLburUfrxXqdRVPWfGYX/ID19gmKBZP4</latexit>

Fixed 
yt(v

0)
<latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit><latexit sha1_base64="XxBhxOILCl1oVh4LvVFEjPkghmE=">AAAB73icdVDLSgMxFM34rPVVdekmWMS6KUkR2+6KblxWsA9oh5JJM21oJjMmmcIw9CfcuFDErb/jzr8x01ZQ0QMXDufcy733eJHg2iD04aysrq1vbOa28ts7u3v7hYPDtg5jRVmLhiJUXY9oJrhkLcONYN1IMRJ4gnW8yXXmd6ZMaR7KO5NEzA3ISHKfU2Ks1E0GpjQ9O88PCkVURghhjGFGcPUSWVKv1yq4BnFmWRTBEs1B4b0/DGkcMGmoIFr3MIqMmxJlOBVslu/HmkWETsiI9SyVJGDaTef3zuCpVYbQD5UtaeBc/T6RkkDrJPBsZ0DMWP/2MvEvrxcbv+amXEaxYZIuFvmxgCaE2fNwyBWjRiSWEKq4vRXSMVGEGhtRFsLXp/B/0q6UMSrj24ti42oZRw4cgxNQAhhUQQPcgCZoAQoEeABP4Nm5dx6dF+d10briLGeOwA84b5/5R49E</latexit>

� = ±5
<latexit sha1_base64="u6RH32be92Acqm0VsUZLfwZv1UY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY27oQirpwWcE+oAllMp20QyeTMDMRaumXuHGhiFs/xZ1/46StoKIHLhzOuZd77wlTRqWy7Q9jaXlldW29sFHc3NreKZm7ey2ZZAKTJk5YIjohkoRRTpqKKkY6qSAoDhlph6PL3G/fESFpwm/VOCVBjAacRhQjpaWeWfKvCFMInkM/jeFpsWeWbeusVnG9CrQt2646rpMTt+qdeNDRSo4yWKDRM9/9foKzmHCFGZKy69ipCiZIKIoZmRb9TJIU4REakK6mHMVEBpPZ4VN4pJU+jBKhiys4U79PTFAs5TgOdWeM1FD+9nLxL6+bqagWTChPM0U4ni+KMgZVAvMUYJ8KghUba4KwoPpWiIdIIKx0VnkIX5/C/0nLtRzbcm68cv1iEUcBHIBDcAwcUAV1cA0aoAkwyMADeALPxr3xaLwYr/PWJWMxsw9+wHj7BMo+kd4=</latexit><latexit sha1_base64="u6RH32be92Acqm0VsUZLfwZv1UY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY27oQirpwWcE+oAllMp20QyeTMDMRaumXuHGhiFs/xZ1/46StoKIHLhzOuZd77wlTRqWy7Q9jaXlldW29sFHc3NreKZm7ey2ZZAKTJk5YIjohkoRRTpqKKkY6qSAoDhlph6PL3G/fESFpwm/VOCVBjAacRhQjpaWeWfKvCFMInkM/jeFpsWeWbeusVnG9CrQt2646rpMTt+qdeNDRSo4yWKDRM9/9foKzmHCFGZKy69ipCiZIKIoZmRb9TJIU4REakK6mHMVEBpPZ4VN4pJU+jBKhiys4U79PTFAs5TgOdWeM1FD+9nLxL6+bqagWTChPM0U4ni+KMgZVAvMUYJ8KghUba4KwoPpWiIdIIKx0VnkIX5/C/0nLtRzbcm68cv1iEUcBHIBDcAwcUAV1cA0aoAkwyMADeALPxr3xaLwYr/PWJWMxsw9+wHj7BMo+kd4=</latexit><latexit sha1_base64="u6RH32be92Acqm0VsUZLfwZv1UY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY27oQirpwWcE+oAllMp20QyeTMDMRaumXuHGhiFs/xZ1/46StoKIHLhzOuZd77wlTRqWy7Q9jaXlldW29sFHc3NreKZm7ey2ZZAKTJk5YIjohkoRRTpqKKkY6qSAoDhlph6PL3G/fESFpwm/VOCVBjAacRhQjpaWeWfKvCFMInkM/jeFpsWeWbeusVnG9CrQt2646rpMTt+qdeNDRSo4yWKDRM9/9foKzmHCFGZKy69ipCiZIKIoZmRb9TJIU4REakK6mHMVEBpPZ4VN4pJU+jBKhiys4U79PTFAs5TgOdWeM1FD+9nLxL6+bqagWTChPM0U4ni+KMgZVAvMUYJ8KghUba4KwoPpWiIdIIKx0VnkIX5/C/0nLtRzbcm68cv1iEUcBHIBDcAwcUAV1cA0aoAkwyMADeALPxr3xaLwYr/PWJWMxsw9+wHj7BMo+kd4=</latexit><latexit sha1_base64="u6RH32be92Acqm0VsUZLfwZv1UY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZIY27oQirpwWcE+oAllMp20QyeTMDMRaumXuHGhiFs/xZ1/46StoKIHLhzOuZd77wlTRqWy7Q9jaXlldW29sFHc3NreKZm7ey2ZZAKTJk5YIjohkoRRTpqKKkY6qSAoDhlph6PL3G/fESFpwm/VOCVBjAacRhQjpaWeWfKvCFMInkM/jeFpsWeWbeusVnG9CrQt2646rpMTt+qdeNDRSo4yWKDRM9/9foKzmHCFGZKy69ipCiZIKIoZmRb9TJIU4REakK6mHMVEBpPZ4VN4pJU+jBKhiys4U79PTFAs5TgOdWeM1FD+9nLxL6+bqagWTChPM0U4ni+KMgZVAvMUYJ8KghUba4KwoPpWiIdIIKx0VnkIX5/C/0nLtRzbcm68cv1iEUcBHIBDcAwcUAV1cA0aoAkwyMADeALPxr3xaLwYr/PWJWMxsw9+wHj7BMo+kd4=</latexit>

Higgs Partner GUTs
4 parameters:
5 observables:

↵G, ytG,MG, v
0

<latexit sha1_base64="FhfA7nDtdfzEW563RSdBJAs17AU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBovoopREBHVXdFE3QgVjC20Ik+mkHTqZhJlJIYTixl9x40LFrX/hzr9x0mahrQcunDnnXube48eMSmVZ38bC4tLyympprby+sbm1be7sPsgoEZg4OGKRaPtIEkY5cRRVjLRjQVDoM9Lyh9e53xoRIWnE71UaEzdEfU4DipHSkmfudxGLB8hrVGHqZaoxrsLb/DE69syKVbMmgPPELkgFFGh65le3F+EkJFxhhqTs2Fas3AwJRTEj43I3kSRGeIj6pKMpRyGRbjY5YQyPtNKDQSR0cQUn6u+JDIVSpqGvO0OkBnLWy8X/vE6iggs3ozxOFOF4+lGQMKgimOcBe1QQrFiqCcKC6l0hHiCBsNKplXUI9uzJ88Q5rV3W7LuzSv2qSKMEDsAhOAE2OAd1cAOawAEYPIJn8ArejCfjxXg3PqatC0Yxswf+wPj8ARu6lYA=</latexit><latexit sha1_base64="FhfA7nDtdfzEW563RSdBJAs17AU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBovoopREBHVXdFE3QgVjC20Ik+mkHTqZhJlJIYTixl9x40LFrX/hzr9x0mahrQcunDnnXube48eMSmVZ38bC4tLyympprby+sbm1be7sPsgoEZg4OGKRaPtIEkY5cRRVjLRjQVDoM9Lyh9e53xoRIWnE71UaEzdEfU4DipHSkmfudxGLB8hrVGHqZaoxrsLb/DE69syKVbMmgPPELkgFFGh65le3F+EkJFxhhqTs2Fas3AwJRTEj43I3kSRGeIj6pKMpRyGRbjY5YQyPtNKDQSR0cQUn6u+JDIVSpqGvO0OkBnLWy8X/vE6iggs3ozxOFOF4+lGQMKgimOcBe1QQrFiqCcKC6l0hHiCBsNKplXUI9uzJ88Q5rV3W7LuzSv2qSKMEDsAhOAE2OAd1cAOawAEYPIJn8ArejCfjxXg3PqatC0Yxswf+wPj8ARu6lYA=</latexit><latexit sha1_base64="FhfA7nDtdfzEW563RSdBJAs17AU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBovoopREBHVXdFE3QgVjC20Ik+mkHTqZhJlJIYTixl9x40LFrX/hzr9x0mahrQcunDnnXube48eMSmVZ38bC4tLyympprby+sbm1be7sPsgoEZg4OGKRaPtIEkY5cRRVjLRjQVDoM9Lyh9e53xoRIWnE71UaEzdEfU4DipHSkmfudxGLB8hrVGHqZaoxrsLb/DE69syKVbMmgPPELkgFFGh65le3F+EkJFxhhqTs2Fas3AwJRTEj43I3kSRGeIj6pKMpRyGRbjY5YQyPtNKDQSR0cQUn6u+JDIVSpqGvO0OkBnLWy8X/vE6iggs3ozxOFOF4+lGQMKgimOcBe1QQrFiqCcKC6l0hHiCBsNKplXUI9uzJ88Q5rV3W7LuzSv2qSKMEDsAhOAE2OAd1cAOawAEYPIJn8ArejCfjxXg3PqatC0Yxswf+wPj8ARu6lYA=</latexit><latexit sha1_base64="FhfA7nDtdfzEW563RSdBJAs17AU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBovoopREBHVXdFE3QgVjC20Ik+mkHTqZhJlJIYTixl9x40LFrX/hzr9x0mahrQcunDnnXube48eMSmVZ38bC4tLyympprby+sbm1be7sPsgoEZg4OGKRaPtIEkY5cRRVjLRjQVDoM9Lyh9e53xoRIWnE71UaEzdEfU4DipHSkmfudxGLB8hrVGHqZaoxrsLb/DE69syKVbMmgPPELkgFFGh65le3F+EkJFxhhqTs2Fas3AwJRTEj43I3kSRGeIj6pKMpRyGRbjY5YQyPtNKDQSR0cQUn6u+JDIVSpqGvO0OkBnLWy8X/vE6iggs3ozxOFOF4+lGQMKgimOcBe1QQrFiqCcKC6l0hHiCBsNKplXUI9uzJ88Q5rV3W7LuzSv2qSKMEDsAhOAE2OAd1cAOawAEYPIJn8ArejCfjxXg3PqatC0Yxswf+wPj8ARu6lYA=</latexit>

↵1,↵2,↵3,mt,mh
<latexit sha1_base64="3Nqv46J1QIxN06dwnUJ+8vlktOA=">AAACEHicbZBPS8MwGMbT+W/Of1WPXoJD9DBGOwU9Dr14nODmYCslzdI1LElLkgqj7CN48at48aCIV4/e/DamWxHdfCHhx/O8L8n7BAmjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jopTiUkbxyyW3QApwqggbU01I91EEsQDRu6C0VXu390TqWgsbvU4IR5HQ0FDipE2km8f9xFLIuS7NVhQ44dOa5D7Or+iim9XnbozLbgIbgFVUFTLtz/7gxinnAiNGVKq5zqJ9jIkNcWMTCr9VJEE4REakp5BgThRXjZdaAKPjDKAYSzNERpO1d8TGeJKjXlgOjnSkZr3cvE/r5fq8MLLqEhSTQSePRSmDOoY5unAAZUEazY2gLCk5q8QR0girE2GeQju/MqL0GnUXafu3pxVm5dFHGVwAA7BCXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfdZasoqZffCnrI9vIRaauA==</latexit><latexit sha1_base64="3Nqv46J1QIxN06dwnUJ+8vlktOA=">AAACEHicbZBPS8MwGMbT+W/Of1WPXoJD9DBGOwU9Dr14nODmYCslzdI1LElLkgqj7CN48at48aCIV4/e/DamWxHdfCHhx/O8L8n7BAmjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jopTiUkbxyyW3QApwqggbU01I91EEsQDRu6C0VXu390TqWgsbvU4IR5HQ0FDipE2km8f9xFLIuS7NVhQ44dOa5D7Or+iim9XnbozLbgIbgFVUFTLtz/7gxinnAiNGVKq5zqJ9jIkNcWMTCr9VJEE4REakp5BgThRXjZdaAKPjDKAYSzNERpO1d8TGeJKjXlgOjnSkZr3cvE/r5fq8MLLqEhSTQSePRSmDOoY5unAAZUEazY2gLCk5q8QR0girE2GeQju/MqL0GnUXafu3pxVm5dFHGVwAA7BCXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfdZasoqZffCnrI9vIRaauA==</latexit><latexit sha1_base64="3Nqv46J1QIxN06dwnUJ+8vlktOA=">AAACEHicbZBPS8MwGMbT+W/Of1WPXoJD9DBGOwU9Dr14nODmYCslzdI1LElLkgqj7CN48at48aCIV4/e/DamWxHdfCHhx/O8L8n7BAmjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jopTiUkbxyyW3QApwqggbU01I91EEsQDRu6C0VXu390TqWgsbvU4IR5HQ0FDipE2km8f9xFLIuS7NVhQ44dOa5D7Or+iim9XnbozLbgIbgFVUFTLtz/7gxinnAiNGVKq5zqJ9jIkNcWMTCr9VJEE4REakp5BgThRXjZdaAKPjDKAYSzNERpO1d8TGeJKjXlgOjnSkZr3cvE/r5fq8MLLqEhSTQSePRSmDOoY5unAAZUEazY2gLCk5q8QR0girE2GeQju/MqL0GnUXafu3pxVm5dFHGVwAA7BCXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfdZasoqZffCnrI9vIRaauA==</latexit><latexit sha1_base64="3Nqv46J1QIxN06dwnUJ+8vlktOA=">AAACEHicbZBPS8MwGMbT+W/Of1WPXoJD9DBGOwU9Dr14nODmYCslzdI1LElLkgqj7CN48at48aCIV4/e/DamWxHdfCHhx/O8L8n7BAmjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jopTiUkbxyyW3QApwqggbU01I91EEsQDRu6C0VXu390TqWgsbvU4IR5HQ0FDipE2km8f9xFLIuS7NVhQ44dOa5D7Or+iim9XnbozLbgIbgFVUFTLtz/7gxinnAiNGVKq5zqJ9jIkNcWMTCr9VJEE4REakp5BgThRXjZdaAKPjDKAYSzNERpO1d8TGeJKjXlgOjnSkZr3cvE/r5fq8MLLqEhSTQSePRSmDOoY5unAAZUEazY2gLCk5q8QR0girE2GeQju/MqL0GnUXafu3pxVm5dFHGVwAA7BCXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfdZasoqZffCnrI9vIRaauA==</latexit>

1 prediction

Input ↵1,↵2,mt
<latexit sha1_base64="dYPDklwW9yvChvZHZ6OTTMfLi/g=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwUUpSRF0WXTjsoK9QBvCZDpph85MwsxEKKFufBU3LhRx61u4821M2iy09YeBj/+cw5nzBzFn2jjOt7Wyura+sVnaKm/v7O7t2weHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaC8U1e7zxQpVkk780kpp7AQ8lCRrDJLN8+7mMej7DvVlFB9SoSvin7dsWpOTOhZXALqEChpm9/9QcRSQSVhnCsdc91YuOlWBlGOJ2W+4mmMSZjPKS9DCUWVHvp7IIpOsucAQojlT1p0Mz9PZFiofVEBFmnwGakF2u5+V+tl5jwykuZjBNDJZkvChOOTITyONCAKUoMn2SAiWLZXxEZYYWJyULLQ3AXT16Gdr3mOjX37qLSuC7iKMEJnMI5uHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbV6xi5gj+yPr8ASUglWI=</latexit><latexit sha1_base64="dYPDklwW9yvChvZHZ6OTTMfLi/g=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwUUpSRF0WXTjsoK9QBvCZDpph85MwsxEKKFufBU3LhRx61u4821M2iy09YeBj/+cw5nzBzFn2jjOt7Wyura+sVnaKm/v7O7t2weHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaC8U1e7zxQpVkk780kpp7AQ8lCRrDJLN8+7mMej7DvVlFB9SoSvin7dsWpOTOhZXALqEChpm9/9QcRSQSVhnCsdc91YuOlWBlGOJ2W+4mmMSZjPKS9DCUWVHvp7IIpOsucAQojlT1p0Mz9PZFiofVEBFmnwGakF2u5+V+tl5jwykuZjBNDJZkvChOOTITyONCAKUoMn2SAiWLZXxEZYYWJyULLQ3AXT16Gdr3mOjX37qLSuC7iKMEJnMI5uHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbV6xi5gj+yPr8ASUglWI=</latexit><latexit sha1_base64="dYPDklwW9yvChvZHZ6OTTMfLi/g=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwUUpSRF0WXTjsoK9QBvCZDpph85MwsxEKKFufBU3LhRx61u4821M2iy09YeBj/+cw5nzBzFn2jjOt7Wyura+sVnaKm/v7O7t2weHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaC8U1e7zxQpVkk780kpp7AQ8lCRrDJLN8+7mMej7DvVlFB9SoSvin7dsWpOTOhZXALqEChpm9/9QcRSQSVhnCsdc91YuOlWBlGOJ2W+4mmMSZjPKS9DCUWVHvp7IIpOsucAQojlT1p0Mz9PZFiofVEBFmnwGakF2u5+V+tl5jwykuZjBNDJZkvChOOTITyONCAKUoMn2SAiWLZXxEZYYWJyULLQ3AXT16Gdr3mOjX37qLSuC7iKMEJnMI5uHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbV6xi5gj+yPr8ASUglWI=</latexit><latexit sha1_base64="dYPDklwW9yvChvZHZ6OTTMfLi/g=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwUUpSRF0WXTjsoK9QBvCZDpph85MwsxEKKFufBU3LhRx61u4821M2iy09YeBj/+cw5nzBzFn2jjOt7Wyura+sVnaKm/v7O7t2weHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaC8U1e7zxQpVkk780kpp7AQ8lCRrDJLN8+7mMej7DvVlFB9SoSvin7dsWpOTOhZXALqEChpm9/9QcRSQSVhnCsdc91YuOlWBlGOJ2W+4mmMSZjPKS9DCUWVHvp7IIpOsucAQojlT1p0Mz9PZFiofVEBFmnwGakF2u5+V+tl5jwykuZjBNDJZkvChOOTITyONCAKUoMn2SAiWLZXxEZYYWJyULLQ3AXT16Gdr3mOjX37qLSuC7iKMEJnMI5uHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbV6xi5gj+yPr8ASUglWI=</latexit>
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Extra



Gauge Coupling Unification: 4� 2L � 2R
<latexit sha1_base64="/7fUDTMT/k3BIR/snOy9sl8SmDE=">AAAB8XicbVA9SwNBEJ2LXzF+RQUbm8Ug2CTcBUHtgjYWFol4JnA5zr3NJlmyt3fs7gnhyM+wsVCx9d/Y2fhb3HwUmvhg4PHeDDPzwoQzpW37y8otLa+sruXXCxubW9s7xd29exWnklCXxDyWrRArypmgrmaa01YiKY5CTpvh4GrsNx+pVCwWd3qYUD/CPcG6jGBtJO+0XA1uUBlVg9ugWLIr9gRokTgzUqodNL4fAKAeFD/bnZikERWacKyU59iJ9jMsNSOcjgrtVNEEkwHuUc9QgSOq/Gxy8ggdG6WDurE0JTSaqL8nMhwpNYxC0xlh3Vfz3lj8z/NS3T33MyaSVFNBpou6KUc6RuP/UYdJSjQfGoKJZOZWRPpYYqJNSgUTgjP/8iJxq5WLitMwYVzCFHk4hCM4AQfOoAbXUAcXCMTwBC/wamnr2Xqz3qetOWs2sw9/YH38AITckSs=</latexit><latexit sha1_base64="rIuymMk4ZV+2PlTUoGmy33TkOQU=">AAAB8XicbVC7SgNBFJ2NrxhfUcHGZjAINgm7QVC7EBsLi0RcE9gsy+xkNhkyO7PMzAphyWfYWKjYin/hF9jZ+C1OHoUmHrhwOOde7r0nTBhV2ra/rNzS8srqWn69sLG5tb1T3N27UyKVmLhYMCHbIVKEUU5cTTUj7UQSFIeMtMLB5dhv3ROpqOC3epgQP0Y9TiOKkTaSd1quBtewDKvBTVAs2RV7ArhInBkp1Q6a3/S9/tEIip+drsBpTLjGDCnlOXai/QxJTTEjo0InVSRBeIB6xDOUo5goP5ucPILHRunCSEhTXMOJ+nsiQ7FSwzg0nTHSfTXvjcX/PC/V0bmfUZ6kmnA8XRSlDGoBx//DLpUEazY0BGFJza0Q95FEWJuUCiYEZ/7lReJWKxcVp2nCqIMp8uAQHIET4IAzUANXoAFcgIEAD+AJPFvaerRerNdpa86azeyDP7DefgDUYZLn</latexit><latexit sha1_base64="rIuymMk4ZV+2PlTUoGmy33TkOQU=">AAAB8XicbVC7SgNBFJ2NrxhfUcHGZjAINgm7QVC7EBsLi0RcE9gsy+xkNhkyO7PMzAphyWfYWKjYin/hF9jZ+C1OHoUmHrhwOOde7r0nTBhV2ra/rNzS8srqWn69sLG5tb1T3N27UyKVmLhYMCHbIVKEUU5cTTUj7UQSFIeMtMLB5dhv3ROpqOC3epgQP0Y9TiOKkTaSd1quBtewDKvBTVAs2RV7ArhInBkp1Q6a3/S9/tEIip+drsBpTLjGDCnlOXai/QxJTTEjo0InVSRBeIB6xDOUo5goP5ucPILHRunCSEhTXMOJ+nsiQ7FSwzg0nTHSfTXvjcX/PC/V0bmfUZ6kmnA8XRSlDGoBx//DLpUEazY0BGFJza0Q95FEWJuUCiYEZ/7lReJWKxcVp2nCqIMp8uAQHIET4IAzUANXoAFcgIEAD+AJPFvaerRerNdpa86azeyDP7DefgDUYZLn</latexit><latexit sha1_base64="IHcmwsdJGU2omHbcTEa8JhNkVQw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBS0tSBPVW9OLBQxVjC2kIm+2mXbrZhN2JUEJ/hhcPKl79N978N27bHLT1wcDjvRlm5oWp4Bps+9sqrayurW+UNytb2zu7e9X9g0edZIoylyYiUd2QaCa4ZC5wEKybKkbiULBOOLqe+p0npjRP5AOMU+bHZCB5xCkBI3ln9WZwi+u4GdwH1ZrdsGfAy8QpSA0VaAfVr14/oVnMJFBBtPYcOwU/Jwo4FWxS6WWapYSOyIB5hkoSM+3ns5Mn+MQofRwlypQEPFN/T+Qk1noch6YzJjDUi95U/M/zMogu/JzLNAMm6XxRlAkMCZ7+j/tcMQpibAihiptbMR0SRSiYlComBGfx5WXiNhuXDefOrrWuijTK6Agdo1PkoHPUQjeojVxEUYKe0St6s8B6sd6tj3lrySpmDtEfWJ8/+BqPRg==</latexit>
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L = R
<latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit>

µ

GeV
<latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit>

8⇡2

g2i (µ)
<latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit>

v0 = 6⇥ 1013GeV

Predict low top mass

Assume zero threshold corrections



Gauge Coupling Unification: 4� 2L � 2R
<latexit sha1_base64="/7fUDTMT/k3BIR/snOy9sl8SmDE=">AAAB8XicbVA9SwNBEJ2LXzF+RQUbm8Ug2CTcBUHtgjYWFol4JnA5zr3NJlmyt3fs7gnhyM+wsVCx9d/Y2fhb3HwUmvhg4PHeDDPzwoQzpW37y8otLa+sruXXCxubW9s7xd29exWnklCXxDyWrRArypmgrmaa01YiKY5CTpvh4GrsNx+pVCwWd3qYUD/CPcG6jGBtJO+0XA1uUBlVg9ugWLIr9gRokTgzUqodNL4fAKAeFD/bnZikERWacKyU59iJ9jMsNSOcjgrtVNEEkwHuUc9QgSOq/Gxy8ggdG6WDurE0JTSaqL8nMhwpNYxC0xlh3Vfz3lj8z/NS3T33MyaSVFNBpou6KUc6RuP/UYdJSjQfGoKJZOZWRPpYYqJNSgUTgjP/8iJxq5WLitMwYVzCFHk4hCM4AQfOoAbXUAcXCMTwBC/wamnr2Xqz3qetOWs2sw9/YH38AITckSs=</latexit><latexit sha1_base64="rIuymMk4ZV+2PlTUoGmy33TkOQU=">AAAB8XicbVC7SgNBFJ2NrxhfUcHGZjAINgm7QVC7EBsLi0RcE9gsy+xkNhkyO7PMzAphyWfYWKjYin/hF9jZ+C1OHoUmHrhwOOde7r0nTBhV2ra/rNzS8srqWn69sLG5tb1T3N27UyKVmLhYMCHbIVKEUU5cTTUj7UQSFIeMtMLB5dhv3ROpqOC3epgQP0Y9TiOKkTaSd1quBtewDKvBTVAs2RV7ArhInBkp1Q6a3/S9/tEIip+drsBpTLjGDCnlOXai/QxJTTEjo0InVSRBeIB6xDOUo5goP5ucPILHRunCSEhTXMOJ+nsiQ7FSwzg0nTHSfTXvjcX/PC/V0bmfUZ6kmnA8XRSlDGoBx//DLpUEazY0BGFJza0Q95FEWJuUCiYEZ/7lReJWKxcVp2nCqIMp8uAQHIET4IAzUANXoAFcgIEAD+AJPFvaerRerNdpa86azeyDP7DefgDUYZLn</latexit><latexit sha1_base64="rIuymMk4ZV+2PlTUoGmy33TkOQU=">AAAB8XicbVC7SgNBFJ2NrxhfUcHGZjAINgm7QVC7EBsLi0RcE9gsy+xkNhkyO7PMzAphyWfYWKjYin/hF9jZ+C1OHoUmHrhwOOde7r0nTBhV2ra/rNzS8srqWn69sLG5tb1T3N27UyKVmLhYMCHbIVKEUU5cTTUj7UQSFIeMtMLB5dhv3ROpqOC3epgQP0Y9TiOKkTaSd1quBtewDKvBTVAs2RV7ArhInBkp1Q6a3/S9/tEIip+drsBpTLjGDCnlOXai/QxJTTEjo0InVSRBeIB6xDOUo5goP5ucPILHRunCSEhTXMOJ+nsiQ7FSwzg0nTHSfTXvjcX/PC/V0bmfUZ6kmnA8XRSlDGoBx//DLpUEazY0BGFJza0Q95FEWJuUCiYEZ/7lReJWKxcVp2nCqIMp8uAQHIET4IAzUANXoAFcgIEAD+AJPFvaerRerNdpa86azeyDP7DefgDUYZLn</latexit><latexit sha1_base64="IHcmwsdJGU2omHbcTEa8JhNkVQw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBS0tSBPVW9OLBQxVjC2kIm+2mXbrZhN2JUEJ/hhcPKl79N978N27bHLT1wcDjvRlm5oWp4Bps+9sqrayurW+UNytb2zu7e9X9g0edZIoylyYiUd2QaCa4ZC5wEKybKkbiULBOOLqe+p0npjRP5AOMU+bHZCB5xCkBI3ln9WZwi+u4GdwH1ZrdsGfAy8QpSA0VaAfVr14/oVnMJFBBtPYcOwU/Jwo4FWxS6WWapYSOyIB5hkoSM+3ns5Mn+MQofRwlypQEPFN/T+Qk1noch6YzJjDUi95U/M/zMogu/JzLNAMm6XxRlAkMCZ7+j/tcMQpibAihiptbMR0SRSiYlComBGfx5WXiNhuXDefOrrWuijTK6Agdo1PkoHPUQjeojVxEUYKe0St6s8B6sd6tj3lrySpmDtEfWJ8/+BqPRg==</latexit>

H(4, 2, 1) +H
0(4̄, 1, 2)
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U(1) v'=6×1013GeV

L = R
<latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit>

µ

GeV
<latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit><latexit sha1_base64="IO/8jY1yIlV1/DdvfsDSGVr0+ac=">AAAB/nicbVDLSgMxFM34rPU1KrhxEyyCqzIjgrorutBlBactdErJpJk2NI8hyYhlnIW/4saFilu/w51/Y9rOQlsP3MvhnHvJzYkSRrXxvG9nYXFpeWW1tFZe39jc2nZ3dhtapgqTAEsmVStCmjAqSGCoYaSVKIJ4xEgzGl6N/eY9UZpKcWdGCelw1Bc0phgZK3Xd/TBWCGchT3PbIvmQXZNGnnfdilf1JoDzxC9IBRSod92vsCdxyokwmCGt276XmE6GlKGYkbwcppokCA9Rn7QtFYgT3ckm9+fwyCo9GEtlSxg4UX9vZIhrPeKRneTIDPSsNxb/89qpic87GRVJaojA04filEEj4TgM2KOKYMNGliCsqL0V4gGygRgbWdmG4M9+eZ4EJ9WLqn97WqldFmmUwAE4BMfAB2egBm5AHQQAg0fwDF7Bm/PkvDjvzsd0dMEpdvbAHzifP2culo0=</latexit>

8⇡2

g2i (µ)
<latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit><latexit sha1_base64="QcluiRPCSloZvK2nzmz4maY+zw4=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkpgnVXdOOygmMLnXHIpJk2NMkMSUYoQ8GNv+LGhYpbv8Kdf2PazkJbD1zu4Zx7Se6JUkaVdpxva2l5ZXVtvbRR3tza3tm19/bvVJJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh1cRvPxCpaCJu9SglAUd9QWOKkTZSaB/6sUQ4b0A/pff1cd4PTav6PDsdh3bFqTlTwEXiFqQCCrRC+8vvJTjjRGjMkFJd10l1kCOpKWZkXPYzRVKEh6hPuoYKxIkK8ukNY3hilB6ME2lKaDhVf2/kiCs14pGZ5EgP1Lw3Ef/zupmOG0FORZppIvDsoThjUCdwEgjsUUmwZiNDEJbU/BXiATKhaBNb2YTgzp+8SLx67aLm3pxVmpdFGiVwBI5BFbjgHDTBNWgBD2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MHRHqW1g==</latexit>

v0 = 6⇥ 1013GeV

Predict low top mass
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<latexit sha1_base64="9wA74FPL90GI1x3infgOR9owc3c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FD3oRKhpbaEPZbKft0s0m7G6EEvoTvHhQ8eo/8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C0vLK6lpxvbSxubW9U97de9Rxqhj6LBaxaoZUo+ASfcONwGaikEahwEY4vJr4jSdUmsfywYwSDCLal7zHGTVWur/tXHfKFbfqTkEWiZeTCuSod8pf7W7M0gilYYJq3fLcxAQZVYYzgeNSO9WYUDakfWxZKmmEOsimp47JkVW6pBcrW9KQqfp7IqOR1qMotJ0RNQM9703E/7xWanrnQcZlkhqUbLaolwpiYjL5m3S5QmbEyBLKFLe3EjagijJj0ynZELz5lxeJf1K9qHp3p5XaZZ5GEQ7gEI7BgzOowQ3UwQcGfXiGV3hzhPPivDsfs9aCk8/swx84nz9ZYI1f</latexit><latexit sha1_base64="9wA74FPL90GI1x3infgOR9owc3c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FD3oRKhpbaEPZbKft0s0m7G6EEvoTvHhQ8eo/8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C0vLK6lpxvbSxubW9U97de9Rxqhj6LBaxaoZUo+ASfcONwGaikEahwEY4vJr4jSdUmsfywYwSDCLal7zHGTVWur/tXHfKFbfqTkEWiZeTCuSod8pf7W7M0gilYYJq3fLcxAQZVYYzgeNSO9WYUDakfWxZKmmEOsimp47JkVW6pBcrW9KQqfp7IqOR1qMotJ0RNQM9703E/7xWanrnQcZlkhqUbLaolwpiYjL5m3S5QmbEyBLKFLe3EjagijJj0ynZELz5lxeJf1K9qHp3p5XaZZ5GEQ7gEI7BgzOowQ3UwQcGfXiGV3hzhPPivDsfs9aCk8/swx84nz9ZYI1f</latexit><latexit sha1_base64="9wA74FPL90GI1x3infgOR9owc3c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FD3oRKhpbaEPZbKft0s0m7G6EEvoTvHhQ8eo/8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C0vLK6lpxvbSxubW9U97de9Rxqhj6LBaxaoZUo+ASfcONwGaikEahwEY4vJr4jSdUmsfywYwSDCLal7zHGTVWur/tXHfKFbfqTkEWiZeTCuSod8pf7W7M0gilYYJq3fLcxAQZVYYzgeNSO9WYUDakfWxZKmmEOsimp47JkVW6pBcrW9KQqfp7IqOR1qMotJ0RNQM9703E/7xWanrnQcZlkhqUbLaolwpiYjL5m3S5QmbEyBLKFLe3EjagijJj0ynZELz5lxeJf1K9qHp3p5XaZZ5GEQ7gEI7BgzOowQ3UwQcGfXiGV3hzhPPivDsfs9aCk8/swx84nz9ZYI1f</latexit><latexit sha1_base64="9wA74FPL90GI1x3infgOR9owc3c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FD3oRKhpbaEPZbKft0s0m7G6EEvoTvHhQ8eo/8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C0vLK6lpxvbSxubW9U97de9Rxqhj6LBaxaoZUo+ASfcONwGaikEahwEY4vJr4jSdUmsfywYwSDCLal7zHGTVWur/tXHfKFbfqTkEWiZeTCuSod8pf7W7M0gilYYJq3fLcxAQZVYYzgeNSO9WYUDakfWxZKmmEOsimp47JkVW6pBcrW9KQqfp7IqOR1qMotJ0RNQM9703E/7xWanrnQcZlkhqUbLaolwpiYjL5m3S5QmbEyBLKFLe3EjagijJj0ynZELz5lxeJf1K9qHp3p5XaZZ5GEQ7gEI7BgzOowQ3UwQcGfXiGV3hzhPPivDsfs9aCk8/swx84nz9ZYI1f</latexit>

L = R
<latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit><latexit sha1_base64="m37XNzgS9gUkNBxwRZDLN+n+X4s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovgKiSl+FgIRTcuXNRHbKENZTKdtEMnkzAzEUroJ7hxoeLWP3Ln3zjpA1T0wDCHc+7l3nuChDOlHefTKiwsLi2vFFdLa+sbm1vl7Z17FaeSUI/EPJatACvKmaCeZprTViIpjgJOm8HwIvebD1QqFos7PUqoH+G+YCEjWBvp9urspluuOPaRkwM5dm1OqlPi2pPfqcAMjW75o9OLSRpRoQnHSrVdJ9F+hqVmhNNxqZMqmmAyxH3aNlTgiCo/m6w6RgdG6aEwluYJjSbq944MR0qNosBURlgP1G8vF//y2qkOT/yMiSTVVJDpoDDlSMcovxv1mKRE85EhmEhmdkVkgCUm2qRTMiHML0X/E69qn9ruda1SP5+lUYQ92IdDcOEY6nAJDfCAQB8e4RleLG49Wa/W27S0YM16duEHrPcvRoiNUw==</latexit>

SU(4)
<latexit sha1_base64="oqgVMX45NOfV1jXZWvv5foT6qC4=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJSQz9uRS8eKxottKFsttt26WYTdjdCKf0NXjyoePUPefPfuGkrqOiDgcd7M8zMCxPOlHacDyu3srq2vpHfLGxt7+zuFfcPblWcSkJ9EvNYtkOsKGeC+pppTtuJpDgKOb0LxxeZf3dPpWKxuNGThAYRHgo2YARrI/nXftk77RVLjt2oVyteFTm249TcipuRSs0785BrlAwlWKLVK753+zFJIyo04VipjuskOphiqRnhdFbopoommIzxkHYMFTiiKpjOj52hE6P00SCWpoRGc/X7xBRHSk2i0HRGWI/Uby8T//I6qR7UgykTSaqpIItFg5QjHaPsc9RnkhLNJ4ZgIpm5FZERlphok0/BhPD1Kfqf+BW7YbtXXql5vkwjD0dwDGVwoQZNuIQW+ECAwQM8wbMlrEfrxXpdtOas5cwh/ID19glckI3v</latexit><latexit sha1_base64="oqgVMX45NOfV1jXZWvv5foT6qC4=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJSQz9uRS8eKxottKFsttt26WYTdjdCKf0NXjyoePUPefPfuGkrqOiDgcd7M8zMCxPOlHacDyu3srq2vpHfLGxt7+zuFfcPblWcSkJ9EvNYtkOsKGeC+pppTtuJpDgKOb0LxxeZf3dPpWKxuNGThAYRHgo2YARrI/nXftk77RVLjt2oVyteFTm249TcipuRSs0785BrlAwlWKLVK753+zFJIyo04VipjuskOphiqRnhdFbopoommIzxkHYMFTiiKpjOj52hE6P00SCWpoRGc/X7xBRHSk2i0HRGWI/Uby8T//I6qR7UgykTSaqpIItFg5QjHaPsc9RnkhLNJ4ZgIpm5FZERlphok0/BhPD1Kfqf+BW7YbtXXql5vkwjD0dwDGVwoQZNuIQW+ECAwQM8wbMlrEfrxXpdtOas5cwh/ID19glckI3v</latexit><latexit sha1_base64="oqgVMX45NOfV1jXZWvv5foT6qC4=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJSQz9uRS8eKxottKFsttt26WYTdjdCKf0NXjyoePUPefPfuGkrqOiDgcd7M8zMCxPOlHacDyu3srq2vpHfLGxt7+zuFfcPblWcSkJ9EvNYtkOsKGeC+pppTtuJpDgKOb0LxxeZf3dPpWKxuNGThAYRHgo2YARrI/nXftk77RVLjt2oVyteFTm249TcipuRSs0785BrlAwlWKLVK753+zFJIyo04VipjuskOphiqRnhdFbopoommIzxkHYMFTiiKpjOj52hE6P00SCWpoRGc/X7xBRHSk2i0HRGWI/Uby8T//I6qR7UgykTSaqpIItFg5QjHaPsc9RnkhLNJ4ZgIpm5FZERlphok0/BhPD1Kfqf+BW7YbtXXql5vkwjD0dwDGVwoQZNuIQW+ECAwQM8wbMlrEfrxXpdtOas5cwh/ID19glckI3v</latexit><latexit sha1_base64="oqgVMX45NOfV1jXZWvv5foT6qC4=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJSQz9uRS8eKxottKFsttt26WYTdjdCKf0NXjyoePUPefPfuGkrqOiDgcd7M8zMCxPOlHacDyu3srq2vpHfLGxt7+zuFfcPblWcSkJ9EvNYtkOsKGeC+pppTtuJpDgKOb0LxxeZf3dPpWKxuNGThAYRHgo2YARrI/nXftk77RVLjt2oVyteFTm249TcipuRSs0785BrlAwlWKLVK753+zFJIyo04VipjuskOphiqRnhdFbopoommIzxkHYMFTiiKpjOj52hE6P00SCWpoRGc/X7xBRHSk2i0HRGWI/Uby8T//I6qR7UgykTSaqpIItFg5QjHaPsc9RnkhLNJ4ZgIpm5FZERlphok0/BhPD1Kfqf+BW7YbtXXql5vkwjD0dwDGVwoQZNuIQW+ECAwQM8wbMlrEfrxXpdtOas5cwh/ID19glckI3v</latexit>

3
<latexit sha1_base64="9YSE+mfmK8ZZ0VpcWz44LCa9UMw=">AAAB53icdVDLSsNAFJ3UV62vqks3g0VwFZIa+tgV3bhswdhCG8pketOOnTyYmQgl9AvcuFBx6y+582+ctBVU9MCFwzn3cu89fsKZVJb1YRTW1jc2t4rbpZ3dvf2D8uHRrYxTQcGlMY9FzycSOIvAVUxx6CUCSOhz6PrTq9zv3oOQLI5u1CwBLyTjiAWMEqWlzsWwXLHMZqNWdWrYMi2rblftnFTrzoWDba3kqKAV2sPy+2AU0zSESFFOpOzbVqK8jAjFKId5aZBKSAidkjH0NY1ICNLLFofO8ZlWRjiIha5I4YX6fSIjoZSz0NedIVET+dvLxb+8fqqChpexKEkVRHS5KEg5VjHOv8YjJoAqPtOEUMH0rZhOiCBU6WxKOoSvT/H/xK2aTdPuOJXW5SqNIjpBp+gc2aiOWugatZGLKAL0gJ7Qs3FnPBovxuuytWCsZo7RDxhvn0wdjM0=</latexit><latexit sha1_base64="9YSE+mfmK8ZZ0VpcWz44LCa9UMw=">AAAB53icdVDLSsNAFJ3UV62vqks3g0VwFZIa+tgV3bhswdhCG8pketOOnTyYmQgl9AvcuFBx6y+582+ctBVU9MCFwzn3cu89fsKZVJb1YRTW1jc2t4rbpZ3dvf2D8uHRrYxTQcGlMY9FzycSOIvAVUxx6CUCSOhz6PrTq9zv3oOQLI5u1CwBLyTjiAWMEqWlzsWwXLHMZqNWdWrYMi2rblftnFTrzoWDba3kqKAV2sPy+2AU0zSESFFOpOzbVqK8jAjFKId5aZBKSAidkjH0NY1ICNLLFofO8ZlWRjiIha5I4YX6fSIjoZSz0NedIVET+dvLxb+8fqqChpexKEkVRHS5KEg5VjHOv8YjJoAqPtOEUMH0rZhOiCBU6WxKOoSvT/H/xK2aTdPuOJXW5SqNIjpBp+gc2aiOWugatZGLKAL0gJ7Qs3FnPBovxuuytWCsZo7RDxhvn0wdjM0=</latexit><latexit sha1_base64="9YSE+mfmK8ZZ0VpcWz44LCa9UMw=">AAAB53icdVDLSsNAFJ3UV62vqks3g0VwFZIa+tgV3bhswdhCG8pketOOnTyYmQgl9AvcuFBx6y+582+ctBVU9MCFwzn3cu89fsKZVJb1YRTW1jc2t4rbpZ3dvf2D8uHRrYxTQcGlMY9FzycSOIvAVUxx6CUCSOhz6PrTq9zv3oOQLI5u1CwBLyTjiAWMEqWlzsWwXLHMZqNWdWrYMi2rblftnFTrzoWDba3kqKAV2sPy+2AU0zSESFFOpOzbVqK8jAjFKId5aZBKSAidkjH0NY1ICNLLFofO8ZlWRjiIha5I4YX6fSIjoZSz0NedIVET+dvLxb+8fqqChpexKEkVRHS5KEg5VjHOv8YjJoAqPtOEUMH0rZhOiCBU6WxKOoSvT/H/xK2aTdPuOJXW5SqNIjpBp+gc2aiOWugatZGLKAL0gJ7Qs3FnPBovxuuytWCsZo7RDxhvn0wdjM0=</latexit><latexit sha1_base64="9YSE+mfmK8ZZ0VpcWz44LCa9UMw=">AAAB53icdVDLSsNAFJ3UV62vqks3g0VwFZIa+tgV3bhswdhCG8pketOOnTyYmQgl9AvcuFBx6y+582+ctBVU9MCFwzn3cu89fsKZVJb1YRTW1jc2t4rbpZ3dvf2D8uHRrYxTQcGlMY9FzycSOIvAVUxx6CUCSOhz6PrTq9zv3oOQLI5u1CwBLyTjiAWMEqWlzsWwXLHMZqNWdWrYMi2rblftnFTrzoWDba3kqKAV2sPy+2AU0zSESFFOpOzbVqK8jAjFKId5aZBKSAidkjH0NY1ICNLLFofO8ZlWRjiIha5I4YX6fSIjoZSz0NedIVET+dvLxb+8fqqChpexKEkVRHS5KEg5VjHOv8YjJoAqPtOEUMH0rZhOiCBU6WxKOoSvT/H/xK2aTdPuOJXW5SqNIjpBp+gc2aiOWugatZGLKAL0gJ7Qs3FnPBovxuuytWCsZo7RDxhvn0wdjM0=</latexit>

2
<latexit sha1_base64="EzuPpvsrS16ZvAWrxKJmy1z+8Kk=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GiYhuNyCXjwm4JhAMoSeTk3Spmehu0cIQ77AiwcVr/6SN//Gniygog+afrxXRVU9PxFcacf5tAorq2vrG8XN0tb2zu5eef/gTsWpZOiyWMSy41OFgkfoaq4FdhKJNPQFtv3xde63H1AqHke3epKgF9JhxAPOqDZSq9YvVxz7zMlBHLu+JLU5qdqz36nAAs1++aM3iFkaYqSZoEp1q06ivYxKzZnAaamXKkwoG9Mhdg2NaIjKy2aLTsmJUQYkiKV5kSYz9XtHRkOlJqFvKkOqR+q3l4t/ed1UBxdexqMk1Rix+aAgFUTHJL+aDLhEpsXEEMokN7sSNqKSMm2yKZkQlpeS/4lbsy/taqteaVwt0ijCERzDKVThHBpwA01wgQHCIzzDi3VvPVmv1tu8tGAteg7hB6z3L/xSjJY=</latexit><latexit sha1_base64="EzuPpvsrS16ZvAWrxKJmy1z+8Kk=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GiYhuNyCXjwm4JhAMoSeTk3Spmehu0cIQ77AiwcVr/6SN//Gniygog+afrxXRVU9PxFcacf5tAorq2vrG8XN0tb2zu5eef/gTsWpZOiyWMSy41OFgkfoaq4FdhKJNPQFtv3xde63H1AqHke3epKgF9JhxAPOqDZSq9YvVxz7zMlBHLu+JLU5qdqz36nAAs1++aM3iFkaYqSZoEp1q06ivYxKzZnAaamXKkwoG9Mhdg2NaIjKy2aLTsmJUQYkiKV5kSYz9XtHRkOlJqFvKkOqR+q3l4t/ed1UBxdexqMk1Rix+aAgFUTHJL+aDLhEpsXEEMokN7sSNqKSMm2yKZkQlpeS/4lbsy/taqteaVwt0ijCERzDKVThHBpwA01wgQHCIzzDi3VvPVmv1tu8tGAteg7hB6z3L/xSjJY=</latexit><latexit sha1_base64="EzuPpvsrS16ZvAWrxKJmy1z+8Kk=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GiYhuNyCXjwm4JhAMoSeTk3Spmehu0cIQ77AiwcVr/6SN//Gniygog+afrxXRVU9PxFcacf5tAorq2vrG8XN0tb2zu5eef/gTsWpZOiyWMSy41OFgkfoaq4FdhKJNPQFtv3xde63H1AqHke3epKgF9JhxAPOqDZSq9YvVxz7zMlBHLu+JLU5qdqz36nAAs1++aM3iFkaYqSZoEp1q06ivYxKzZnAaamXKkwoG9Mhdg2NaIjKy2aLTsmJUQYkiKV5kSYz9XtHRkOlJqFvKkOqR+q3l4t/ed1UBxdexqMk1Rix+aAgFUTHJL+aDLhEpsXEEMokN7sSNqKSMm2yKZkQlpeS/4lbsy/taqteaVwt0ijCERzDKVThHBpwA01wgQHCIzzDi3VvPVmv1tu8tGAteg7hB6z3L/xSjJY=</latexit><latexit sha1_base64="EzuPpvsrS16ZvAWrxKJmy1z+8Kk=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GiYhuNyCXjwm4JhAMoSeTk3Spmehu0cIQ77AiwcVr/6SN//Gniygog+afrxXRVU9PxFcacf5tAorq2vrG8XN0tb2zu5eef/gTsWpZOiyWMSy41OFgkfoaq4FdhKJNPQFtv3xde63H1AqHke3epKgF9JhxAPOqDZSq9YvVxz7zMlBHLu+JLU5qdqz36nAAs1++aM3iFkaYqSZoEp1q06ivYxKzZnAaamXKkwoG9Mhdg2NaIjKy2aLTsmJUQYkiKV5kSYz9XtHRkOlJqFvKkOqR+q3l4t/ed1UBxdexqMk1Rix+aAgFUTHJL+aDLhEpsXEEMokN7sSNqKSMm2yKZkQlpeS/4lbsy/taqteaVwt0ijCERzDKVThHBpwA01wgQHCIzzDi3VvPVmv1tu8tGAteg7hB6z3L/xSjJY=</latexit>

1
<latexit sha1_base64="woDejyenopqIyc7U1lPFAg3GcN8=">AAAB53icdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx5bcG2hXUo2nW1jsx8kWaEs/QVePKh49S9589+YbSuo6IOBx3szzMzzEym0IeTDWVldW9/YLGwVt3d29/ZLB4e3Ok4VB5fHMlZdn2mQIgLXCCOhmyhgoS+h40+ucr9zD0qLOLox0wS8kI0iEQjOjJXadFAqkwohhFKKc0JrF8SSRqNepXVMc8uijJZoDUrv/WHM0xAiwyXTukdJYryMKSO4hFmxn2pIGJ+wEfQsjVgI2svmh87wqVWGOIiVrcjgufp9ImOh1tPQt50hM2P928vFv7xeaoK6l4koSQ1EfLEoSCU2Mc6/xkOhgBs5tYRxJeytmI+ZYtzYbIo2hK9P8f/ErVYaFdo+Lzcvl2kU0DE6QWeIohpqomvUQi7iCNADekLPzp3z6Lw4r4vWFWc5c4R+wHn7BDYKjL8=</latexit><latexit sha1_base64="woDejyenopqIyc7U1lPFAg3GcN8=">AAAB53icdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx5bcG2hXUo2nW1jsx8kWaEs/QVePKh49S9589+YbSuo6IOBx3szzMzzEym0IeTDWVldW9/YLGwVt3d29/ZLB4e3Ok4VB5fHMlZdn2mQIgLXCCOhmyhgoS+h40+ucr9zD0qLOLox0wS8kI0iEQjOjJXadFAqkwohhFKKc0JrF8SSRqNepXVMc8uijJZoDUrv/WHM0xAiwyXTukdJYryMKSO4hFmxn2pIGJ+wEfQsjVgI2svmh87wqVWGOIiVrcjgufp9ImOh1tPQt50hM2P928vFv7xeaoK6l4koSQ1EfLEoSCU2Mc6/xkOhgBs5tYRxJeytmI+ZYtzYbIo2hK9P8f/ErVYaFdo+Lzcvl2kU0DE6QWeIohpqomvUQi7iCNADekLPzp3z6Lw4r4vWFWc5c4R+wHn7BDYKjL8=</latexit><latexit sha1_base64="woDejyenopqIyc7U1lPFAg3GcN8=">AAAB53icdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx5bcG2hXUo2nW1jsx8kWaEs/QVePKh49S9589+YbSuo6IOBx3szzMzzEym0IeTDWVldW9/YLGwVt3d29/ZLB4e3Ok4VB5fHMlZdn2mQIgLXCCOhmyhgoS+h40+ucr9zD0qLOLox0wS8kI0iEQjOjJXadFAqkwohhFKKc0JrF8SSRqNepXVMc8uijJZoDUrv/WHM0xAiwyXTukdJYryMKSO4hFmxn2pIGJ+wEfQsjVgI2svmh87wqVWGOIiVrcjgufp9ImOh1tPQt50hM2P928vFv7xeaoK6l4koSQ1EfLEoSCU2Mc6/xkOhgBs5tYRxJeytmI+ZYtzYbIo2hK9P8f/ErVYaFdo+Lzcvl2kU0DE6QWeIohpqomvUQi7iCNADekLPzp3z6Lw4r4vWFWc5c4R+wHn7BDYKjL8=</latexit><latexit sha1_base64="woDejyenopqIyc7U1lPFAg3GcN8=">AAAB53icdVBNSwMxEM36WetX1aOXYBE8laSIbW9FLx5bcG2hXUo2nW1jsx8kWaEs/QVePKh49S9589+YbSuo6IOBx3szzMzzEym0IeTDWVldW9/YLGwVt3d29/ZLB4e3Ok4VB5fHMlZdn2mQIgLXCCOhmyhgoS+h40+ucr9zD0qLOLox0wS8kI0iEQjOjJXadFAqkwohhFKKc0JrF8SSRqNepXVMc8uijJZoDUrv/WHM0xAiwyXTukdJYryMKSO4hFmxn2pIGJ+wEfQsjVgI2svmh87wqVWGOIiVrcjgufp9ImOh1tPQt50hM2P928vFv7xeaoK6l4koSQ1EfLEoSCU2Mc6/xkOhgBs5tYRxJeytmI+ZYtzYbIo2hK9P8f/ErVYaFdo+Lzcvl2kU0DE6QWeIohpqomvUQi7iCNADekLPzp3z6Lw4r4vWFWc5c4R+wHn7BDYKjL8=</latexit>
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Gauge Coupling Unification: Threshold Corrections

The embedding of SU(3)c ⇥ U(1)Y into SU(4) ⇥ SU(2)R requires that the scale v0 is

around 6 ⇥ 1013 GeV. If �SM(v0) = 0, this requires a top quark mass below the observed

central value. However, quantum corrections from the colored Higgses give �SM(v0) < 0 (see

Appendix B). While the size of these corrections are typically of order O(10�3), there are

parameter regions with �SM(v0) ⇠ �10�2, allowing top quark masses close to the observed

central value.
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VI. SO(10) UNIFICATION

In this section we embed Model A into SO(10) grand unified theories. In Model A, q0

and `0 have the opposite SU(3)c ⇥ U(1) charges to q and `. Thus in this section we denote

them as q̄0 and ¯̀0.
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The vertical band shows the prediction for v0 from the vanishing Higgs quartic coupling.

This fixes v0 to be around 6 ⇥ 1013 GeV. Above the scale v0, SU(4) ⇥ SU(2)L ⇥ SU(2)R

couplings evolve toward the unification scale as
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The SU(4) ⇥ SU(2)L ⇥ SU(2)R gauge couplings meet at a scale near 4 ⇥ 1015 GeV.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the

unification scale MG, where we define
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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Gauge Coupling Unification: Threshold Corrections

The embedding of SU(3)c ⇥ U(1)Y into SU(4) ⇥ SU(2)R requires that the scale v0 is

around 6 ⇥ 1013 GeV. If �SM(v0) = 0, this requires a top quark mass below the observed

central value. However, quantum corrections from the colored Higgses give �SM(v0) < 0 (see

Appendix B). While the size of these corrections are typically of order O(10�3), there are

parameter regions with �SM(v0) ⇠ �10�2, allowing top quark masses close to the observed

central value.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the
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⇠ 10, proton decay may be observed in near future experiments.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the

unification scale MG, where we define
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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Gauge Coupling Unification: Threshold Corrections

The embedding of SU(3)c ⇥ U(1)Y into SU(4) ⇥ SU(2)R requires that the scale v0 is

around 6 ⇥ 1013 GeV. If �SM(v0) = 0, this requires a top quark mass below the observed

central value. However, quantum corrections from the colored Higgses give �SM(v0) < 0 (see

Appendix B). While the size of these corrections are typically of order O(10�3), there are

parameter regions with �SM(v0) ⇠ �10�2, allowing top quark masses close to the observed

central value.
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FIG. 3. The quality of gauge coupling unification as a function of v0 and the unification scale MG.

VI. SO(10) UNIFICATION

In this section we embed Model A into SO(10) grand unified theories. In Model A, q0

and `0 have the opposite SU(3)c ⇥ U(1) charges to q and `. Thus in this section we denote

them as q̄0 and ¯̀0.
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FIG. 2. The quality of gauge coupling unification as a function of v0 and the unification scale MG.

The vertical band shows the prediction for v0 from the vanishing Higgs quartic coupling.

This fixes v0 to be around 6 ⇥ 1013 GeV. Above the scale v0, SU(4) ⇥ SU(2)L ⇥ SU(2)R

couplings evolve toward the unification scale as
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3
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The SU(4) ⇥ SU(2)L ⇥ SU(2)R gauge couplings meet at a scale near 4 ⇥ 1015 GeV.

We quantify the quality of the unification in the following way. For a given v0, we define
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the

unification scale MG, where we define

�10(MG) ⌘
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���� . (33)

In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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We then match the gauge couplings at v0, g4(v0) = g3(v0), and evolve them towards the

unification scale MG, where we define
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In Fig. 3, we show contours of �422 and �10 in the (v0, MG) plane. In the parameter region

with �422,�10
<
⇠ 10, proton decay may be observed in near future experiments.
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Embedding in SO(10)

Key point: SO(10)⇥ CP � CLR ⇥ CP ! PLRA. Matter unification

The embedding of q, `, H and their parity partners into SO(10) multiplets is shown

in Table VI. We also show the embedding into the SU(4) ⇥ SU(2)L ⇥ SU(2)R subgroup.

Quarks and leptons are unified into the 16 of SO(10); the U(1) gauge symmetry is nothing

but B � L. The Higgs doublets H and H 0 are also unified into a 16 or 144; they cannot

live in a 10, since this contains a (1, 2, 2). The embedding of the heavy states XX̄ is shown

in Table III. Introduction of XX̄ with a large representation leads to a large gauge coupling

at the unification. Thus we focus on the cases where XX̄ are 10, 45 or 54.

TABLE VI. SO(10) embedding of quarks, leptons and Higgses.

(q, `) (q̄0, ¯̀0) H H 0

SU(4) ⇥ SU(2)L ⇥ SU(2)R (4,2,1) (4̄,1,2) (4,2,1) (4̄,1,2)

SO(10) 16 ⌘  16 16,144 ⌘ �H

B. SO(10) symmetry breaking and Z2 symmetry

In the previous section we consider two types of Z2 symmetries. One is the simple

exchange of fields, (`, q) ! (¯̀0, q̄0). We call this Z2 transformation CLR, as it involves charge

conjugation and the exchange of SU(2)L with SU(2)R. The other Z2 involves space-time

parity, with (t, x) ! (t, �x) and (`, q) ! i�2 (¯̀0, q̄0)⇤, which we call PLR.

CLR is present in all SO(10) theories, as it is a subgroup of the SO(10) gauge group, and

is called D parity in the literature [38, 39]. On the other hand, as in the SM, space-time

parity is not a symmetry of SO(10) theories because the fermions are chiral. Nevertheless,

if the SO(10) theory is CP invariant it is also PLR invariant, because

PLR = CP ⇤ CLR. (34)

For some patterns of the SO(10) symmetry breaking, CLR(PLR) remains unbroken; the

vanishing Higgs quartic coupling is then explained by SO(10) gauge symmetry (and CP ).

Fig. 4 shows the required symmetry breaking pattern. A scalar 54 (⌘ �54) and 210 (⌘ �210)
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16H
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FIG. 4. The symmetry breaking of SO(10) ⇥ CP to the SM gauge group that solves the strong

CP problem and explains the vanishing quartic coupling (top). The symmetry breaking of SO(10)

to the SM gauge group can also explain the vanishing quartic coupling (bottom).

give the symmetry breaking patterns

SO(10)
�54
�! SU(4) ⇥ SU(2)L ⇥ SU(2)R ⇥ CLR, (35)
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FIG. 4. The symmetry breaking of SO(10) ⇥ CP to the SM gauge group that solves the strong

CP problem and explains the vanishing quartic coupling (top). The symmetry breaking of SO(10)

to the SM gauge group can also explain the vanishing quartic coupling (bottom).
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Standard Axion Dark Matter

8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9± 1.8)× 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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axion-electron coupling corresponding to sin2 β = 1/2.
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Figure 1: The axion potential with minima at θ̄ = 2πn,(n= integer).
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Figure 2: The resonant detection idea of the QCD axion. The E-field follows the axion vacuum oscillation.

The modern theory of strong interaction QCD is the SU(3) gauge theory with the light quark
masses as inputs at the QCD scale around 1GeV,

Lmass =−muūRuL−mdd̄RdL−mss̄RsL+h.c.. (2.9)

Since the lightest quark u has nonzero mass near 2.5MeV, there is no quark with mass zero [19].
This means that the global symmetry U(1)PQ is explicitly broken by Lmass of (2.9). In this case,
the solution of the strong CP problem is based on the axion potential,

Vaxion ≃ f 2π0m
2
π0

Z
(1+Z)2

(

1− cos
a
fa

)

, (2.10)

where Z =mu/md . The potential is shown in Fig. 1. It gives the axion mass

ma =

√
Z

1+Z
f 2π0m

2
π0

f 2a
≃ 0.61 [eV]×

107 GeV
fa

. (2.11)

The on-going and future axion detection experiments [20] use cavities in which photons converted
from vacuum axions through the Primakoff process are collected in high quality cavity detectors
[21]. In the cavity, the collective motion of axions in the potential triggers E ·B oscillating. With
the constant B field in the experimental set up, E field oscillates, which is schematically shown in
Fig. 2. The detection rate has been accurately calculated recently [22].

3. Discrete symmetry: mother of all global symmetries

For pseudo-Goldstone bosons like axion, we introduce global symmetries. But global sym-
metries are known to be broken by the quantum gravity effects, especially via the Planck scale
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8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9± 1.8)× 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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Figure 1: The axion potential with minima at θ̄ = 2πn,(n= integer).
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Figure 2: The resonant detection idea of the QCD axion. The E-field follows the axion vacuum oscillation.

The modern theory of strong interaction QCD is the SU(3) gauge theory with the light quark
masses as inputs at the QCD scale around 1GeV,

Lmass =−muūRuL−mdd̄RdL−mss̄RsL+h.c.. (2.9)

Since the lightest quark u has nonzero mass near 2.5MeV, there is no quark with mass zero [19].
This means that the global symmetry U(1)PQ is explicitly broken by Lmass of (2.9). In this case,
the solution of the strong CP problem is based on the axion potential,

Vaxion ≃ f 2π0m
2
π0

Z
(1+Z)2

(

1− cos
a
fa

)

, (2.10)

where Z =mu/md . The potential is shown in Fig. 1. It gives the axion mass

ma =

√
Z

1+Z
f 2π0m

2
π0

f 2a
≃ 0.61 [eV]×

107 GeV
fa

. (2.11)

The on-going and future axion detection experiments [20] use cavities in which photons converted
from vacuum axions through the Primakoff process are collected in high quality cavity detectors
[21]. In the cavity, the collective motion of axions in the potential triggers E ·B oscillating. With
the constant B field in the experimental set up, E field oscillates, which is schematically shown in
Fig. 2. The detection rate has been accurately calculated recently [22].

3. Discrete symmetry: mother of all global symmetries

For pseudo-Goldstone bosons like axion, we introduce global symmetries. But global sym-
metries are known to be broken by the quantum gravity effects, especially via the Planck scale
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8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9± 1.8)× 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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The PQ Condensate!

8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9± 1.8)× 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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8 61. Axions and other similar particles

Number counts of HB stars in a large sample of 39 Galactic GCs compared with the
number of red giants (that are not much affected by Primakoff losses) give a weak
indication of non-standard losses which may be accounted by Primakoff-like axion
emission, if the photon coupling is in the range |GAγγ | = (2.9± 1.8)× 10−11 GeV−1 [53].
Still, the upper bound found in this analysis,

|GAγγ | < 6.6 × 10−11 GeV−1 (95% CL), (61.13)

represents the strongest limit on GAγγ for a wide mass range, see Figure 61.1.
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Figure 61.2: Exclusion ranges as described in the text. The intervals in the
bottom row are the approximate ADMX and CAST search ranges. Limits on
coupling strengths are translated into limits on mA and fA using the KSVZ values
for the coupling strengths, if not indicated otherwise. The “Beam Dump” bar is
a rough representation of the exclusion range for standard or variant axions. The
limits for the axion-electron coupling are determined for the DFSZ model with an
axion-electron coupling corresponding to sin2 β = 1/2.
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Astro
limits

Radial direction : S, saxion

Si � fa

Flat PQ potential

Axion DM
from 

Dilution

✓mis ⇠ 1
<latexit sha1_base64="unsTK4nI4M6UzKl8+ZNpliqvCn4=">AAAB+3icdVBNS8NAEN3Ur1q/qj16WSyCp5LU0I9b0YvHCsYWmlI22227dDcJuxOhhPpXvHhQ8eof8ea/cdNWUNEHA4/3ZpiZF8SCa7DtDyu3tr6xuZXfLuzs7u0fFA+PbnWUKMo8GolIdQOimeAh84CDYN1YMSIDwTrB9DLzO3dMaR6FNzCLWV+ScchHnBIw0qBY8mHCgAxSyfUc+5pL7AyKZbvSbNSqbg3bFduuO1UnI9W6e+5ixygZymiF9qD47g8jmkgWAhVE655jx9BPiQJOBZsX/ESzmNApGbOeoSGRTPfTxfFzfGqUIR5FylQIeKF+n0iJ1HomA9MpCUz0by8T//J6CYwa/ZSHcQIspMtFo0RgiHCWBB5yxSiImSGEKm5uxXRCFKFg8iqYEL4+xf8Tr1ppVpxrt9y6WKWRR8foBJ0hB9VRC12hNvIQRTP0gJ7Qs3VvPVov1uuyNWetZkroB6y3TyeklKc=</latexit><latexit sha1_base64="unsTK4nI4M6UzKl8+ZNpliqvCn4=">AAAB+3icdVBNS8NAEN3Ur1q/qj16WSyCp5LU0I9b0YvHCsYWmlI22227dDcJuxOhhPpXvHhQ8eof8ea/cdNWUNEHA4/3ZpiZF8SCa7DtDyu3tr6xuZXfLuzs7u0fFA+PbnWUKMo8GolIdQOimeAh84CDYN1YMSIDwTrB9DLzO3dMaR6FNzCLWV+ScchHnBIw0qBY8mHCgAxSyfUc+5pL7AyKZbvSbNSqbg3bFduuO1UnI9W6e+5ixygZymiF9qD47g8jmkgWAhVE655jx9BPiQJOBZsX/ESzmNApGbOeoSGRTPfTxfFzfGqUIR5FylQIeKF+n0iJ1HomA9MpCUz0by8T//J6CYwa/ZSHcQIspMtFo0RgiHCWBB5yxSiImSGEKm5uxXRCFKFg8iqYEL4+xf8Tr1ppVpxrt9y6WKWRR8foBJ0hB9VRC12hNvIQRTP0gJ7Qs3VvPVov1uuyNWetZkroB6y3TyeklKc=</latexit><latexit sha1_base64="unsTK4nI4M6UzKl8+ZNpliqvCn4=">AAAB+3icdVBNS8NAEN3Ur1q/qj16WSyCp5LU0I9b0YvHCsYWmlI22227dDcJuxOhhPpXvHhQ8eof8ea/cdNWUNEHA4/3ZpiZF8SCa7DtDyu3tr6xuZXfLuzs7u0fFA+PbnWUKMo8GolIdQOimeAh84CDYN1YMSIDwTrB9DLzO3dMaR6FNzCLWV+ScchHnBIw0qBY8mHCgAxSyfUc+5pL7AyKZbvSbNSqbg3bFduuO1UnI9W6e+5ixygZymiF9qD47g8jmkgWAhVE655jx9BPiQJOBZsX/ESzmNApGbOeoSGRTPfTxfFzfGqUIR5FylQIeKF+n0iJ1HomA9MpCUz0by8T//J6CYwa/ZSHcQIspMtFo0RgiHCWBB5yxSiImSGEKm5uxXRCFKFg8iqYEL4+xf8Tr1ppVpxrt9y6WKWRR8foBJ0hB9VRC12hNvIQRTP0gJ7Qs3VvPVov1uuyNWetZkroB6y3TyeklKc=</latexit><latexit sha1_base64="unsTK4nI4M6UzKl8+ZNpliqvCn4=">AAAB+3icdVBNS8NAEN3Ur1q/qj16WSyCp5LU0I9b0YvHCsYWmlI22227dDcJuxOhhPpXvHhQ8eof8ea/cdNWUNEHA4/3ZpiZF8SCa7DtDyu3tr6xuZXfLuzs7u0fFA+PbnWUKMo8GolIdQOimeAh84CDYN1YMSIDwTrB9DLzO3dMaR6FNzCLWV+ScchHnBIw0qBY8mHCgAxSyfUc+5pL7AyKZbvSbNSqbg3bFduuO1UnI9W6e+5ixygZymiF9qD47g8jmkgWAhVE655jx9BPiQJOBZsX/ESzmNApGbOeoSGRTPfTxfFzfGqUIR5FylQIeKF+n0iJ1HomA9MpCUz0by8T//J6CYwa/ZSHcQIspMtFo0RgiHCWBB5yxSiImSGEKm5uxXRCFKFg8iqYEL4+xf8Tr1ppVpxrt9y6WKWRR8foBJ0hB9VRC12hNvIQRTP0gJ7Qs3VvPVov1uuyNWetZkroB6y3TyeklKc=</latexit>

SaxiGUTs
VPQ ⇠ 1016 GeV

<latexit sha1_base64="2Pp6cftW+HIN5auiMgjgkrOqh5s=">AAACCXicbVC7TsMwFHV4lvIKMLIYKiQGVCUI8dgqGGBsJdJWakLkuE5r1U4i20FUUWYWfoWFARArf8DG3+C2GaDlSFc6Pude+d4TJIxKZVnfxtz8wuLScmmlvLq2vrFpbm03ZZwKTBwcs1i0AyQJoxFxFFWMtBNBEA8YaQWDq5HfuidC0ji6VcOEeBz1IhpSjJSWfHOv6Wf1Rg5dSTm0rbvMPtWPI+jyIH7Irkkz982KVbXGgLPELkgFFKj75pfbjXHKSaQwQ1J2bCtRXoaEopiRvOymkiQID1CPdDSNECfSy8an5PBAK10YxkJXpOBY/T2RIS7lkAe6kyPVl9PeSPzP66QqPPcyGiWpIhGefBSmDKoYjnKBXSoIVmyoCcKC6l0h7iOBsNLplXUI9vTJs8Q5rl5U7cZJpXZZpFECu2AfHAIbnIEauAF14AAMHsEzeAVvxpPxYrwbH5PWOaOY2QF/YHz+AEIfmO4=</latexit><latexit sha1_base64="2Pp6cftW+HIN5auiMgjgkrOqh5s=">AAACCXicbVC7TsMwFHV4lvIKMLIYKiQGVCUI8dgqGGBsJdJWakLkuE5r1U4i20FUUWYWfoWFARArf8DG3+C2GaDlSFc6Pude+d4TJIxKZVnfxtz8wuLScmmlvLq2vrFpbm03ZZwKTBwcs1i0AyQJoxFxFFWMtBNBEA8YaQWDq5HfuidC0ji6VcOEeBz1IhpSjJSWfHOv6Wf1Rg5dSTm0rbvMPtWPI+jyIH7Irkkz982KVbXGgLPELkgFFKj75pfbjXHKSaQwQ1J2bCtRXoaEopiRvOymkiQID1CPdDSNECfSy8an5PBAK10YxkJXpOBY/T2RIS7lkAe6kyPVl9PeSPzP66QqPPcyGiWpIhGefBSmDKoYjnKBXSoIVmyoCcKC6l0h7iOBsNLplXUI9vTJs8Q5rl5U7cZJpXZZpFECu2AfHAIbnIEauAF14AAMHsEzeAVvxpPxYrwbH5PWOaOY2QF/YHz+AEIfmO4=</latexit><latexit sha1_base64="2Pp6cftW+HIN5auiMgjgkrOqh5s=">AAACCXicbVC7TsMwFHV4lvIKMLIYKiQGVCUI8dgqGGBsJdJWakLkuE5r1U4i20FUUWYWfoWFARArf8DG3+C2GaDlSFc6Pude+d4TJIxKZVnfxtz8wuLScmmlvLq2vrFpbm03ZZwKTBwcs1i0AyQJoxFxFFWMtBNBEA8YaQWDq5HfuidC0ji6VcOEeBz1IhpSjJSWfHOv6Wf1Rg5dSTm0rbvMPtWPI+jyIH7Irkkz982KVbXGgLPELkgFFKj75pfbjXHKSaQwQ1J2bCtRXoaEopiRvOymkiQID1CPdDSNECfSy8an5PBAK10YxkJXpOBY/T2RIS7lkAe6kyPVl9PeSPzP66QqPPcyGiWpIhGefBSmDKoYjnKBXSoIVmyoCcKC6l0h7iOBsNLplXUI9vTJs8Q5rl5U7cZJpXZZpFECu2AfHAIbnIEauAF14AAMHsEzeAVvxpPxYrwbH5PWOaOY2QF/YHz+AEIfmO4=</latexit><latexit sha1_base64="2Pp6cftW+HIN5auiMgjgkrOqh5s=">AAACCXicbVC7TsMwFHV4lvIKMLIYKiQGVCUI8dgqGGBsJdJWakLkuE5r1U4i20FUUWYWfoWFARArf8DG3+C2GaDlSFc6Pude+d4TJIxKZVnfxtz8wuLScmmlvLq2vrFpbm03ZZwKTBwcs1i0AyQJoxFxFFWMtBNBEA8YaQWDq5HfuidC0ji6VcOEeBz1IhpSjJSWfHOv6Wf1Rg5dSTm0rbvMPtWPI+jyIH7Irkkz982KVbXGgLPELkgFFKj75pfbjXHKSaQwQ1J2bCtRXoaEopiRvOymkiQID1CPdDSNECfSy8an5PBAK10YxkJXpOBY/T2RIS7lkAe6kyPVl9PeSPzP66QqPPcyGiWpIhGefBSmDKoYjnKBXSoIVmyoCcKC6l0h7iOBsNLplXUI9vTJs8Q5rl5U7cZJpXZZpFECu2AfHAIbnIEauAF14AAMHsEzeAVvxpPxYrwbH5PWOaOY2QF/YHz+AEIfmO4=</latexit>

Raymond Co, Francesco D’Eramo, LH  1603.04439

Axion DM
from 

Parametric 
Resonance

Susy not required

Raymond Co, LH, Keisuke Harigaya 1711.10486

Gravitino/Axino DM
from dilution

1611.05028, 1703.09796


