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The Standard Model

Why are there 3 families of each SM fermion field, in the same representation of the gauge 
group, differing only by their mass?

[King ’17]

The Flavour Problem
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The Flavour Problem
Why such large hierarchy among fermion masses?

Why is flavour mixing in the quark sector small compared to the lepton sector?

[Stone ‘12]

[King ’17]
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Neutrino Masses
How are neutrino masses generated and why are they so small?

Type I Seesaw mechanism 

m⌫ = v2y⌫M
�1
N yT⌫
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L⌫ = y⌫L
†
HN +MNN

c
N + h.c.
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Include RH neutrinos which are singlets under the SM 

Large Majorana RHN masses 

[Minkowski ’77]
[Yanagida ’79]

[Gell-Mann, Ramond, Slansky ’79]
[Ramond ’98]
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SUSY FLAVOUR GUTs
❖ SUSY: gauge coupling unification, ameliorates the 

hierarchy problem.
❖ Grand Unified Theory: unifies fermions within each 

family and reproduces an universal mass matrix 
structure.

❖ Family symmetry: “Horizontal” unification of SM 
fermions.
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SUSY FLAVOUR GUTs
❖ SUSY: gauge coupling unification, ameliorates the 

hierarchy problem.
❖ Grand Unified Theory: unifies fermions within each 

family and reproduces an universal mass matrix 
structure.

❖ Family symmetry: “Horizontal” unification of SM 
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S4 ⇥ SO(10)⇥ ZR
4 ⇥ Z3

4
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Yukawa couplings

yijH i 
c
j

<latexit sha1_base64="4i48bdEY7eWPRvklqhrfghswRpM=">AAACAHicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCOqu6KbLCsYW2hgm00k77eTBzEQooW78FTcuVNz6Ge78G6dpFtp64HIP59zLzD1+wplUlvVtlJaWV1bXyuuVjc2t7R1zd+9Oxqkg1CExj0Xbx5JyFlFHMcVpOxEUhz6nLX90PfVbD1RIFke3apxQN8T9iAWMYKUlzzwYexkbTlADdRPJPJa3e+INPbNq1awcaJHYBalCgaZnfnV7MUlDGinCsZQd20qUm2GhGOF0UummkiaYjHCfdjSNcEilm+UXTNCxVnooiIWuSKFc/b2R4VDKcejryRCrgZz3puJ/XidVwYWbsShJFY3I7KEg5UjFaBoH6jFBieJjTTARTP8VkQEWmCgdWkWHYM+fvEic09plzbo5q9avijTKcAhHcAI2nEMdGtAEBwg8wjO8wpvxZLwY78bHbLRkFDv78AfG5w9P/5Zb</latexit><latexit sha1_base64="4i48bdEY7eWPRvklqhrfghswRpM=">AAACAHicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCOqu6KbLCsYW2hgm00k77eTBzEQooW78FTcuVNz6Ge78G6dpFtp64HIP59zLzD1+wplUlvVtlJaWV1bXyuuVjc2t7R1zd+9Oxqkg1CExj0Xbx5JyFlFHMcVpOxEUhz6nLX90PfVbD1RIFke3apxQN8T9iAWMYKUlzzwYexkbTlADdRPJPJa3e+INPbNq1awcaJHYBalCgaZnfnV7MUlDGinCsZQd20qUm2GhGOF0UummkiaYjHCfdjSNcEilm+UXTNCxVnooiIWuSKFc/b2R4VDKcejryRCrgZz3puJ/XidVwYWbsShJFY3I7KEg5UjFaBoH6jFBieJjTTARTP8VkQEWmCgdWkWHYM+fvEic09plzbo5q9avijTKcAhHcAI2nEMdGtAEBwg8wjO8wpvxZLwY78bHbLRkFDv78AfG5w9P/5Zb</latexit><latexit sha1_base64="4i48bdEY7eWPRvklqhrfghswRpM=">AAACAHicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCOqu6KbLCsYW2hgm00k77eTBzEQooW78FTcuVNz6Ge78G6dpFtp64HIP59zLzD1+wplUlvVtlJaWV1bXyuuVjc2t7R1zd+9Oxqkg1CExj0Xbx5JyFlFHMcVpOxEUhz6nLX90PfVbD1RIFke3apxQN8T9iAWMYKUlzzwYexkbTlADdRPJPJa3e+INPbNq1awcaJHYBalCgaZnfnV7MUlDGinCsZQd20qUm2GhGOF0UummkiaYjHCfdjSNcEilm+UXTNCxVnooiIWuSKFc/b2R4VDKcejryRCrgZz3puJ/XidVwYWbsShJFY3I7KEg5UjFaBoH6jFBieJjTTARTP8VkQEWmCgdWkWHYM+fvEic09plzbo5q9avijTKcAhHcAI2nEMdGtAEBwg8wjO8wpvxZLwY78bHbLRkFDv78AfG5w9P/5Zb</latexit>

symmetric group of permutations of 4 objects ⇠=<latexit sha1_base64="nXoPRnyoz5IZxdl/vA2t9g9RAck=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrbFansrevFYwbWFdinZNNuGZpMlyQpl6W/w4kHFq3/Im//GtN2Cij4YeLw3w8y8MOFMG8/7dFZW19Y3Ngtbxe2d3b390sHhvZapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2Or2d++4EqzaS4M5OEBjEeChYxgo2V/B6RYtgvlT230qhVL+ooJ9UlqaGK681RhhytfumjN5AkjakwhGOtuxUvMUGGlWGE02mxl2qaYDLGQ9q1VOCY6iCbHztFp1YZoEgqW8Kgufp9IsOx1pM4tJ0xNiP925uJf3nd1ET1IGMiSQ0VZLEoSjkyEs0+RwOmKDF8YgkmitlbERlhhYmx+RRtCMtP0f/Er7oN17s9Lzev8jQKcAwncAYVuIQm3EALfCDA4BGe4cURzpPz6rwtWlecfOYIfsB5/wK6ZY7W</latexit><latexit sha1_base64="nXoPRnyoz5IZxdl/vA2t9g9RAck=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrbFansrevFYwbWFdinZNNuGZpMlyQpl6W/w4kHFq3/Im//GtN2Cij4YeLw3w8y8MOFMG8/7dFZW19Y3Ngtbxe2d3b390sHhvZapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2Or2d++4EqzaS4M5OEBjEeChYxgo2V/B6RYtgvlT230qhVL+ooJ9UlqaGK681RhhytfumjN5AkjakwhGOtuxUvMUGGlWGE02mxl2qaYDLGQ9q1VOCY6iCbHztFp1YZoEgqW8Kgufp9IsOx1pM4tJ0xNiP925uJf3nd1ET1IGMiSQ0VZLEoSjkyEs0+RwOmKDF8YgkmitlbERlhhYmx+RRtCMtP0f/Er7oN17s9Lzev8jQKcAwncAYVuIQm3EALfCDA4BGe4cURzpPz6rwtWlecfOYIfsB5/wK6ZY7W</latexit><latexit sha1_base64="nXoPRnyoz5IZxdl/vA2t9g9RAck=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4WrbFansrevFYwbWFdinZNNuGZpMlyQpl6W/w4kHFq3/Im//GtN2Cij4YeLw3w8y8MOFMG8/7dFZW19Y3Ngtbxe2d3b390sHhvZapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2Or2d++4EqzaS4M5OEBjEeChYxgo2V/B6RYtgvlT230qhVL+ooJ9UlqaGK681RhhytfumjN5AkjakwhGOtuxUvMUGGlWGE02mxl2qaYDLGQ9q1VOCY6iCbHztFp1YZoEgqW8Kgufp9IsOx1pM4tJ0xNiP925uJf3nd1ET1IGMiSQ0VZLEoSjkyEs0+RwOmKDF8YgkmitlbERlhhYmx+RRtCMtP0f/Er7oN17s9Lzev8jQKcAwncAYVuIQm3EALfCDA4BGe4cURzpPz6rwtWlecfOYIfsB5/wK6ZY7W</latexit>S4 :
<latexit sha1_base64="i4rewfZHrNi+wpGcD/zzKsuBcYM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk4Mep6MVjRWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPHnWcKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8U3ut5+o0iyWD2aS0EDgoWQRI9jk0n2/cdWv1ty6OwNaJl5BalCg1a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAfZ7NYpOrHKAEWxsiUNmqm/JzIstJ6I0HYKbEZ60cvF/7xuaqKLIGMySQ2VZL4oSjkyMcofRwOmKDF8YgkmitlbERlhhYmx8VRsCN7iy8vEP6tf1t27Rq15XaRRhiM4hlPw4ByacAst8IHACJ7hFd4c4bw4787HvLXkFDOH8AfO5w/C7o2V</latexit><latexit sha1_base64="i4rewfZHrNi+wpGcD/zzKsuBcYM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk4Mep6MVjRWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPHnWcKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8U3ut5+o0iyWD2aS0EDgoWQRI9jk0n2/cdWv1ty6OwNaJl5BalCg1a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAfZ7NYpOrHKAEWxsiUNmqm/JzIstJ6I0HYKbEZ60cvF/7xuaqKLIGMySQ2VZL4oSjkyMcofRwOmKDF8YgkmitlbERlhhYmx8VRsCN7iy8vEP6tf1t27Rq15XaRRhiM4hlPw4ByacAst8IHACJ7hFd4c4bw4787HvLXkFDOH8AfO5w/C7o2V</latexit><latexit sha1_base64="i4rewfZHrNi+wpGcD/zzKsuBcYM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk4Mep6MVjRWMLbSib7aZdursJuxuhhP4FLx5UvPqLvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPHnWcKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8U3ut5+o0iyWD2aS0EDgoWQRI9jk0n2/cdWv1ty6OwNaJl5BalCg1a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAfZ7NYpOrHKAEWxsiUNmqm/JzIstJ6I0HYKbEZ60cvF/7xuaqKLIGMySQ2VZL4oSjkyMcofRwOmKDF8YgkmitlbERlhhYmx8VRsCN7iy8vEP6tf1t27Rq15XaRRhiM4hlPw4ByacAst8IHACJ7hFd4c4bw4787HvLXkFDOH8AfO5w/C7o2V</latexit>

rigid rotation group of a cube

Global symmetry at high scale
broken spontaneously by the VEV of some scalar fields, called flavons

Why so small (except 
from top quark)?

Yukawa couplings
Effective

 
h�ii
⇤ i,n

!n 
h�ji
⇤ 

c

j,m

!m

H i 
c
j
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Small Yukawas due to    
powers of ratios    h�i
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<latexit sha1_base64="s9CMk67HKcrhgbjL8jNWniRvtmc=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUKCURwceq6MadFa0ttKXcTCftkEkmzNwIofQjXAn6La7ErXs/xZ3Tx8K2Hhg4nHNfc7xYcI2O821llpZXVtey67mNza3tnfzu3qOWiaKsRqWQquGBZoJHrIYcBWvEikHoCVb3guuRX39iSnMZPWAas3YIvYj7nAIaqX5/W3Sd48tOvuCUnTHsReJOSYFMUe3kf1pdSZOQRUgFaN10nRjbA1DIqWDDXCvRLAYaQI81DY0gZLo9GJ87tI+M0rV9qcyL0B6rfzsGEGqdhp6pDAH7et4bif95zQT98/aAR3GCLKKTRX4ibJT26O92lytGUaSGAFXc3GrTPiigaBKa2TKajVIKXfIUBAxLnghAKUiHOZOVO5/MIqmdlC/Kzt1poXI1DS1LDsghKRKXnJEKuSFVUiOUBOSZvJI368V6tz6sz0lpxpr27JMZWF+/CNqehg==</latexit><latexit sha1_base64="s9CMk67HKcrhgbjL8jNWniRvtmc=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUKCURwceq6MadFa0ttKXcTCftkEkmzNwIofQjXAn6La7ErXs/xZ3Tx8K2Hhg4nHNfc7xYcI2O821llpZXVtey67mNza3tnfzu3qOWiaKsRqWQquGBZoJHrIYcBWvEikHoCVb3guuRX39iSnMZPWAas3YIvYj7nAIaqX5/W3Sd48tOvuCUnTHsReJOSYFMUe3kf1pdSZOQRUgFaN10nRjbA1DIqWDDXCvRLAYaQI81DY0gZLo9GJ87tI+M0rV9qcyL0B6rfzsGEGqdhp6pDAH7et4bif95zQT98/aAR3GCLKKTRX4ibJT26O92lytGUaSGAFXc3GrTPiigaBKa2TKajVIKXfIUBAxLnghAKUiHOZOVO5/MIqmdlC/Kzt1poXI1DS1LDsghKRKXnJEKuSFVUiOUBOSZvJI368V6tz6sz0lpxpr27JMZWF+/CNqehg==</latexit><latexit sha1_base64="s9CMk67HKcrhgbjL8jNWniRvtmc=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUKCURwceq6MadFa0ttKXcTCftkEkmzNwIofQjXAn6La7ErXs/xZ3Tx8K2Hhg4nHNfc7xYcI2O821llpZXVtey67mNza3tnfzu3qOWiaKsRqWQquGBZoJHrIYcBWvEikHoCVb3guuRX39iSnMZPWAas3YIvYj7nAIaqX5/W3Sd48tOvuCUnTHsReJOSYFMUe3kf1pdSZOQRUgFaN10nRjbA1DIqWDDXCvRLAYaQI81DY0gZLo9GJ87tI+M0rV9qcyL0B6rfzsGEGqdhp6pDAH7et4bif95zQT98/aAR3GCLKKTRX4ibJT26O92lytGUaSGAFXc3GrTPiigaBKa2TKajVIKXfIUBAxLnghAKUiHOZOVO5/MIqmdlC/Kzt1poXI1DS1LDsghKRKXnJEKuSFVUiOUBOSZvJI368V6tz6sz0lpxpr27JMZWF+/CNqehg==</latexit>

A complete family of quarks and leptons fits into a single 

It contains the righ-handed neutrino → non-zero neutrino masses

Yukawa couplings: 10⌦ 16⌦ 16
<latexit sha1_base64="ytaQUI3asbqAidLvvPpLz+fvYvc=">AAACQnicbVDLSsNAFJ3UV62vqks3g0VwISVR8bErunFZwajQlnIzndihk0yYuRFK6If4Na4E/QS/wZW4Elw4aYP4OjBwOPdx7pwgkcKg6z47panpmdm58nxlYXFpeaW6unZpVKoZ95mSSl8HYLgUMfdRoOTXieYQBZJfBYPTvH51y7URKr7AYcI7EdzEIhQM0Erd6l47AuwHYea5I9pWKCJu6Jd28K/WrdbcujsG/Uu8gtRIgWa3+t7uKZZGPEYmwZiW5ybYyUCjYJKPKu3U8ATYAG54y9IYrGEnG39uRLes0qOh0vbFSMfq94kMImOGUWA78xPN71ou/ldrpRgedTIRJynymE2MwlRSVDRPivaE5gzl0BJgWthbKeuDBoY2zx8u+W5USpqdQMOA404gB6A1DEcVm5X3O5m/xN+tH9fd8/1a46QIrUw2yCbZJh45JA1yRprEJ4zckXvySJ6cB+fFeXXeJq0lp5hZJz/gfHwCkKWxvA==</latexit><latexit sha1_base64="ytaQUI3asbqAidLvvPpLz+fvYvc=">AAACQnicbVDLSsNAFJ3UV62vqks3g0VwISVR8bErunFZwajQlnIzndihk0yYuRFK6If4Na4E/QS/wZW4Elw4aYP4OjBwOPdx7pwgkcKg6z47panpmdm58nxlYXFpeaW6unZpVKoZ95mSSl8HYLgUMfdRoOTXieYQBZJfBYPTvH51y7URKr7AYcI7EdzEIhQM0Erd6l47AuwHYea5I9pWKCJu6Jd28K/WrdbcujsG/Uu8gtRIgWa3+t7uKZZGPEYmwZiW5ybYyUCjYJKPKu3U8ATYAG54y9IYrGEnG39uRLes0qOh0vbFSMfq94kMImOGUWA78xPN71ou/ldrpRgedTIRJynymE2MwlRSVDRPivaE5gzl0BJgWthbKeuDBoY2zx8u+W5USpqdQMOA404gB6A1DEcVm5X3O5m/xN+tH9fd8/1a46QIrUw2yCbZJh45JA1yRprEJ4zckXvySJ6cB+fFeXXeJq0lp5hZJz/gfHwCkKWxvA==</latexit><latexit sha1_base64="ytaQUI3asbqAidLvvPpLz+fvYvc=">AAACQnicbVDLSsNAFJ3UV62vqks3g0VwISVR8bErunFZwajQlnIzndihk0yYuRFK6If4Na4E/QS/wZW4Elw4aYP4OjBwOPdx7pwgkcKg6z47panpmdm58nxlYXFpeaW6unZpVKoZ95mSSl8HYLgUMfdRoOTXieYQBZJfBYPTvH51y7URKr7AYcI7EdzEIhQM0Erd6l47AuwHYea5I9pWKCJu6Jd28K/WrdbcujsG/Uu8gtRIgWa3+t7uKZZGPEYmwZiW5ybYyUCjYJKPKu3U8ATYAG54y9IYrGEnG39uRLes0qOh0vbFSMfq94kMImOGUWA78xPN71ou/ldrpRgedTIRJynymE2MwlRSVDRPivaE5gzl0BJgWthbKeuDBoY2zx8u+W5USpqdQMOA404gB6A1DEcVm5X3O5m/xN+tH9fd8/1a46QIrUw2yCbZJh45JA1yRprEJ4zckXvySJ6cB+fFeXXeJq0lp5hZJz/gfHwCkKWxvA==</latexit>

16
<latexit sha1_base64="5M4JmTjH0KSFdJchtX9wh3kKW20=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCUR8bErunFZwdpCGsrNdNIOnWTCzI1QQj/DlaDf4krcuvNT3Dlpu7CtBwYO577OnCARXKPjfFuFldW19Y3iZmlre2d3r7x/8KhlqihrUimkagegmeAxayJHwdqJYhAFgrWC4W1ebz0xpbmMH3CUMD+CfsxDTgGN5HUiwEEQZu7FuFuuODVnAnuZuDNSITM0uuWfTk/SNGIxUgFae66ToJ+BQk4FG5c6qWYJ0CH0mWdoDBHTfjaxPLZPjNKzQ6nMi9GeqH8nMoi0HkWB6cwt6sVaLv5X81IMr/yMx0mKLKbTQ2EqbJR2/n+7xxWjKEaGAFXceLXpABRQNCnNXcl3o5RCVwMFQ4bVQAxBKRiNSyYrdzGZZdI8q13XnPvzSv1mFlqRHJFjckpccknq5I40SJNQIskzeSVv1ov1bn1Yn9PWgjWbOSRzsL5+AQqCoU0=</latexit><latexit sha1_base64="5M4JmTjH0KSFdJchtX9wh3kKW20=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCUR8bErunFZwdpCGsrNdNIOnWTCzI1QQj/DlaDf4krcuvNT3Dlpu7CtBwYO577OnCARXKPjfFuFldW19Y3iZmlre2d3r7x/8KhlqihrUimkagegmeAxayJHwdqJYhAFgrWC4W1ebz0xpbmMH3CUMD+CfsxDTgGN5HUiwEEQZu7FuFuuODVnAnuZuDNSITM0uuWfTk/SNGIxUgFae66ToJ+BQk4FG5c6qWYJ0CH0mWdoDBHTfjaxPLZPjNKzQ6nMi9GeqH8nMoi0HkWB6cwt6sVaLv5X81IMr/yMx0mKLKbTQ2EqbJR2/n+7xxWjKEaGAFXceLXpABRQNCnNXcl3o5RCVwMFQ4bVQAxBKRiNSyYrdzGZZdI8q13XnPvzSv1mFlqRHJFjckpccknq5I40SJNQIskzeSVv1ov1bn1Yn9PWgjWbOSRzsL5+AQqCoU0=</latexit><latexit sha1_base64="5M4JmTjH0KSFdJchtX9wh3kKW20=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCUR8bErunFZwdpCGsrNdNIOnWTCzI1QQj/DlaDf4krcuvNT3Dlpu7CtBwYO577OnCARXKPjfFuFldW19Y3iZmlre2d3r7x/8KhlqihrUimkagegmeAxayJHwdqJYhAFgrWC4W1ebz0xpbmMH3CUMD+CfsxDTgGN5HUiwEEQZu7FuFuuODVnAnuZuDNSITM0uuWfTk/SNGIxUgFae66ToJ+BQk4FG5c6qWYJ0CH0mWdoDBHTfjaxPLZPjNKzQ6nMi9GeqH8nMoi0HkWB6cwt6sVaLv5X81IMr/yMx0mKLKbTQ2EqbJR2/n+7xxWjKEaGAFXceLXpABRQNCnNXcl3o5RCVwMFQ4bVQAxBKRiNSyYrdzGZZdI8q13XnPvzSv1mFlqRHJFjckpccknq5I40SJNQIskzeSVv1ov1bn1Yn9PWgjWbOSRzsL5+AQqCoU0=</latexit> representation

RH Majorana Masses:

Higgs in the 10<latexit sha1_base64="wBcDkzQsoh4OxbMFP+rk2+2woOY=">AAACGHicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cVjC20pdxMJ+3QSSbM3Agh5DNcCfotrsStOz/FnZO2C9t6YOBw7uvM8WPBNTrOt7Wyura+sVnaKm/v7O7tVw4OH7VMFGUelUKqtg+aCR4xDzkK1o4Vg9AXrOWPb4t664kpzWX0gGnMeiEMIx5wCmikTjcEHPlB5jp5v1J16s4E9jJxZ6RKZmj2Kz/dgaRJyCKkArTuuE6MvQwUcipYXu4mmsVAxzBkHUMjCJnuZRPLuX1qlIEdSGVehPZE/TuRQah1Gvqms7CoF2uF+F+tk2Bw1ct4FCfIIjo9FCTCRmkX/7cHXDGKIjUEqOLGq01HoICiSWnuSrEbpRS65isYM6z5YgxKQZqXTVbuYjLLxDuvX9ed+4tq42YWWokckxNyRlxySRrkjjSJRyiR5Jm8kjfrxXq3PqzPaeuKNZs5InOwvn4BAIChRw==</latexit><latexit sha1_base64="wBcDkzQsoh4OxbMFP+rk2+2woOY=">AAACGHicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cVjC20pdxMJ+3QSSbM3Agh5DNcCfotrsStOz/FnZO2C9t6YOBw7uvM8WPBNTrOt7Wyura+sVnaKm/v7O7tVw4OH7VMFGUelUKqtg+aCR4xDzkK1o4Vg9AXrOWPb4t664kpzWX0gGnMeiEMIx5wCmikTjcEHPlB5jp5v1J16s4E9jJxZ6RKZmj2Kz/dgaRJyCKkArTuuE6MvQwUcipYXu4mmsVAxzBkHUMjCJnuZRPLuX1qlIEdSGVehPZE/TuRQah1Gvqms7CoF2uF+F+tk2Bw1ct4FCfIIjo9FCTCRmkX/7cHXDGKIjUEqOLGq01HoICiSWnuSrEbpRS65isYM6z5YgxKQZqXTVbuYjLLxDuvX9ed+4tq42YWWokckxNyRlxySRrkjjSJRyiR5Jm8kjfrxXq3PqzPaeuKNZs5InOwvn4BAIChRw==</latexit><latexit sha1_base64="wBcDkzQsoh4OxbMFP+rk2+2woOY=">AAACGHicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cVjC20pdxMJ+3QSSbM3Agh5DNcCfotrsStOz/FnZO2C9t6YOBw7uvM8WPBNTrOt7Wyura+sVnaKm/v7O7tVw4OH7VMFGUelUKqtg+aCR4xDzkK1o4Vg9AXrOWPb4t664kpzWX0gGnMeiEMIx5wCmikTjcEHPlB5jp5v1J16s4E9jJxZ6RKZmj2Kz/dgaRJyCKkArTuuE6MvQwUcipYXu4mmsVAxzBkHUMjCJnuZRPLuX1qlIEdSGVehPZE/TuRQah1Gvqms7CoF2uF+F+tk2Bw1ct4FCfIIjo9FCTCRmkX/7cHXDGKIjUEqOLGq01HoICiSWnuSrEbpRS65isYM6z5YgxKQZqXTVbuYjLLxDuvX9ed+4tq42YWWokckxNyRlxySRrkjjSJRyiR5Jm8kjfrxXq3PqzPaeuKNZs5InOwvn4BAIChRw==</latexit> representation → 1
<latexit sha1_base64="S6L+TTgQ4/s6KhSTDWk90X7d6RU=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh0NMiUVeXec1cHZmWXm3UAW/0WnoH5Lp+jasZ/SrVn1kNoDAw/P+/XME8SCG/S8bye3srq2vpHfLGxt7+zuFfcPHoxKNGV1qoTSzQAME1yyOnIUrBlrBlEgWCMY3mT1xhPThit5j6OYdSLoSx5yCmilx3YEOAjC1B93iyWv4k3gLhN/Rkpkhlq3+NPuKZpETCIVYEzL92LspKCRU8HGhXZiWAx0CH3WslRCxEwnnTgeuydW6bmh0vZJdCfq34kUImNGUWA7M4dmsZaJ/9VaCYaXnZTLOEEm6fRQmAgXlZt93+1xzSiKkSVANbdeXToADRRtSHNXst2olDDlQMOQYTkQQ9AaRuOCzcpfTGaZ1M8qVxXv7rxUvZ6FlidH5JicEp9ckCq5JTVSJ5RI8kxeyZvz4rw7H87ntDXnzGYOyRycr1+Hy6EN</latexit><latexit sha1_base64="S6L+TTgQ4/s6KhSTDWk90X7d6RU=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh0NMiUVeXec1cHZmWXm3UAW/0WnoH5Lp+jasZ/SrVn1kNoDAw/P+/XME8SCG/S8bye3srq2vpHfLGxt7+zuFfcPHoxKNGV1qoTSzQAME1yyOnIUrBlrBlEgWCMY3mT1xhPThit5j6OYdSLoSx5yCmilx3YEOAjC1B93iyWv4k3gLhN/Rkpkhlq3+NPuKZpETCIVYEzL92LspKCRU8HGhXZiWAx0CH3WslRCxEwnnTgeuydW6bmh0vZJdCfq34kUImNGUWA7M4dmsZaJ/9VaCYaXnZTLOEEm6fRQmAgXlZt93+1xzSiKkSVANbdeXToADRRtSHNXst2olDDlQMOQYTkQQ9AaRuOCzcpfTGaZ1M8qVxXv7rxUvZ6FlidH5JicEp9ckCq5JTVSJ5RI8kxeyZvz4rw7H87ntDXnzGYOyRycr1+Hy6EN</latexit><latexit sha1_base64="S6L+TTgQ4/s6KhSTDWk90X7d6RU=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh0NMiUVeXec1cHZmWXm3UAW/0WnoH5Lp+jasZ/SrVn1kNoDAw/P+/XME8SCG/S8bye3srq2vpHfLGxt7+zuFfcPHoxKNGV1qoTSzQAME1yyOnIUrBlrBlEgWCMY3mT1xhPThit5j6OYdSLoSx5yCmilx3YEOAjC1B93iyWv4k3gLhN/Rkpkhlq3+NPuKZpETCIVYEzL92LspKCRU8HGhXZiWAx0CH3WslRCxEwnnTgeuydW6bmh0vZJdCfq34kUImNGUWA7M4dmsZaJ/9VaCYaXnZTLOEEm6fRQmAgXlZt93+1xzSiKkSVANbdeXToADRRtSHNXst2olDDlQMOQYTkQQ9AaRuOCzcpfTGaZ1M8qVxXv7rxUvZ6FlidH5JicEp9ckCq5JTVSJ5RI8kxeyZvz4rw7H87ntDXnzGYOyRycr1+Hy6EN</latexit>

from the non-renormalisable operators
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<latexit sha1_base64="v0eFpNUlK2oy5SWl3guON6cjUDw="></latexit><latexit sha1_base64="v0eFpNUlK2oy5SWl3guON6cjUDw="></latexit><latexit sha1_base64="v0eFpNUlK2oy5SWl3guON6cjUDw="></latexit>

are Higgs in the H̄<latexit sha1_base64="Rx8RUIRFGI0vK6cBR3KqFFDdpkE=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3XRZwdpCW8rNdNIOmWTCzI0QQj7ClaDf4krcuvdT3Dl9LGzrgYHDOfc1x4sF1+g431ZhbX1jc6u4XdrZ3ds/KB8ePWqZKMpaVAqpOh5oJnjEWshRsE6sGISeYG0vuJv47SemNJfRA6Yx64cwirjPKaCR2j0PVNbIB+WKU3OmsFeJOycVMkdzUP7pDSVNQhYhFaB113Vi7GegkFPB8lIv0SwGGsCIdQ2NIGS6n03Pze0zowxtXyrzIrSn6t+ODEKt09AzlSHgWC97E/E/r5ugf93PeBQnyCI6W+QnwkZpT/5uD7liFEVqCFDFza02HYMCiiahhS2T2Sil0FVPQcCw6okAlII0L5ms3OVkVknronZTc+4vK/XbeWhFckJOyTlxyRWpkwZpkhahJCDP5JW8WS/Wu/Vhfc5KC9a855gswPr6BSVnn8k=</latexit><latexit sha1_base64="Rx8RUIRFGI0vK6cBR3KqFFDdpkE=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3XRZwdpCW8rNdNIOmWTCzI0QQj7ClaDf4krcuvdT3Dl9LGzrgYHDOfc1x4sF1+g431ZhbX1jc6u4XdrZ3ds/KB8ePWqZKMpaVAqpOh5oJnjEWshRsE6sGISeYG0vuJv47SemNJfRA6Yx64cwirjPKaCR2j0PVNbIB+WKU3OmsFeJOycVMkdzUP7pDSVNQhYhFaB113Vi7GegkFPB8lIv0SwGGsCIdQ2NIGS6n03Pze0zowxtXyrzIrSn6t+ODEKt09AzlSHgWC97E/E/r5ugf93PeBQnyCI6W+QnwkZpT/5uD7liFEVqCFDFza02HYMCiiahhS2T2Sil0FVPQcCw6okAlII0L5ms3OVkVknronZTc+4vK/XbeWhFckJOyTlxyRWpkwZpkhahJCDP5JW8WS/Wu/Vhfc5KC9a855gswPr6BSVnn8k=</latexit><latexit sha1_base64="Rx8RUIRFGI0vK6cBR3KqFFDdpkE=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3XRZwdpCW8rNdNIOmWTCzI0QQj7ClaDf4krcuvdT3Dl9LGzrgYHDOfc1x4sF1+g431ZhbX1jc6u4XdrZ3ds/KB8ePWqZKMpaVAqpOh5oJnjEWshRsE6sGISeYG0vuJv47SemNJfRA6Yx64cwirjPKaCR2j0PVNbIB+WKU3OmsFeJOycVMkdzUP7pDSVNQhYhFaB113Vi7GegkFPB8lIv0SwGGsCIdQ2NIGS6n03Pze0zowxtXyrzIrSn6t+ODEKt09AzlSHgWC97E/E/r5ugf93PeBQnyCI6W+QnwkZpT/5uD7liFEVqCFDFza02HYMCiiahhS2T2Sil0FVPQcCw6okAlII0L5ms3OVkVknronZTc+4vK/XbeWhFckJOyTlxyRWpkwZpkhahJCDP5JW8WS/Wu/Vhfc5KC9a855gswPr6BSVnn8k=</latexit>

16
<latexit sha1_base64="wZlY/PFS9K9dJAPEeCEn00yMVvs=">AAACJXicbVBNS8NAEN3Ur1q/qoIXL8EieCglEfHjVvTisYK1hbaUyXbTLt1kw+5EKDF/xpOgv8WTCJ78Hd7ctD3Y1oGBx5s3M4/nRYJrdJwvK7e0vLK6ll8vbGxube8Ud/cetIwVZXUqhVRNDzQTPGR15ChYM1IMAk+whje8yeaNR6Y0l+E9jiLWCaAfcp9TQEN1iwftAHDg+UlbGll2JXHP07RbLDkVZ1z2InCnoESmVesWf9o9SeOAhUgFaN1ynQg7CSjkVLC00I41i4AOoc9aBoYQMN1Jxv5T+9gwPduXynSI9pj9u5FAoPUo8Iwyc6vnZxn536wVo3/ZSXgYxchCOnnkx8JGaWdh2D2uGEUxMgCo4sarTQeggKKJbOZLdhulFLrsKRgyLHtiCErBKC2YrNz5ZBZB/bRyVXHuzkrV62loeXJIjsgJcckFqZJbUiN1QskTeSav5M16sd6tD+tzIs1Z0519MlPW9y9Dzaak</latexit><latexit sha1_base64="wZlY/PFS9K9dJAPEeCEn00yMVvs=">AAACJXicbVBNS8NAEN3Ur1q/qoIXL8EieCglEfHjVvTisYK1hbaUyXbTLt1kw+5EKDF/xpOgv8WTCJ78Hd7ctD3Y1oGBx5s3M4/nRYJrdJwvK7e0vLK6ll8vbGxube8Ud/cetIwVZXUqhVRNDzQTPGR15ChYM1IMAk+whje8yeaNR6Y0l+E9jiLWCaAfcp9TQEN1iwftAHDg+UlbGll2JXHP07RbLDkVZ1z2InCnoESmVesWf9o9SeOAhUgFaN1ynQg7CSjkVLC00I41i4AOoc9aBoYQMN1Jxv5T+9gwPduXynSI9pj9u5FAoPUo8Iwyc6vnZxn536wVo3/ZSXgYxchCOnnkx8JGaWdh2D2uGEUxMgCo4sarTQeggKKJbOZLdhulFLrsKRgyLHtiCErBKC2YrNz5ZBZB/bRyVXHuzkrV62loeXJIjsgJcckFqZJbUiN1QskTeSav5M16sd6tD+tzIs1Z0519MlPW9y9Dzaak</latexit><latexit sha1_base64="wZlY/PFS9K9dJAPEeCEn00yMVvs=">AAACJXicbVBNS8NAEN3Ur1q/qoIXL8EieCglEfHjVvTisYK1hbaUyXbTLt1kw+5EKDF/xpOgv8WTCJ78Hd7ctD3Y1oGBx5s3M4/nRYJrdJwvK7e0vLK6ll8vbGxube8Ud/cetIwVZXUqhVRNDzQTPGR15ChYM1IMAk+whje8yeaNR6Y0l+E9jiLWCaAfcp9TQEN1iwftAHDg+UlbGll2JXHP07RbLDkVZ1z2InCnoESmVesWf9o9SeOAhUgFaN1ynQg7CSjkVLC00I41i4AOoc9aBoYQMN1Jxv5T+9gwPduXynSI9pj9u5FAoPUo8Iwyc6vnZxn536wVo3/ZSXgYxchCOnnkx8JGaWdh2D2uGEUxMgCo4sarTQeggKKJbOZLdhulFLrsKRgyLHtiCErBKC2YrNz5ZBZB/bRyVXHuzkrV62loeXJIjsgJcckFqZJbUiN1QskTeSav5M16sd6tD+tzIs1Z0519MlPW9y9Dzaak</latexit> representation and break SO(10) down to SU(5)

S4 ⇥ SO(10)⇥ ZR
4 ⇥ Z3

4
<latexit sha1_base64="XgtEnTK+rJDGvfCw9POlXUUI7F0="></latexit><latexit sha1_base64="XgtEnTK+rJDGvfCw9POlXUUI7F0="></latexit><latexit sha1_base64="XgtEnTK+rJDGvfCw9POlXUUI7F0="></latexit>
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The model

: break SU(5) into the SM and introduce Clebsh-Gordan coefficients to distinguish ❖ a5⇥H45
<latexit sha1_base64="dHOogCifWX1v4e0ZfMnxg+pIwXw=">AAACHnicbVBNS0JBFJ1nX2YfWi3bDEnQQuQZSrWT2rg06KWgIveNow7Oe/OYuS+Qh7+kVVC/pVW0rZ/SrvFjkdqBgcM59865HD+SwqDrfjupjc2t7Z30bmZv/+Awmzs6fjQq1ox7TEmlmz4YLkXIPRQoeTPSHAJf8oY/upv6jSeujVDhA44j3glgEIq+YIBW6uayFdpGEXBDa92kXJl0c3m36M5A10lpQfJkgXo399PuKRYHPEQmwZhWyY2wk4BGwSSfZNqx4RGwEQx4y9IQbFYnmR0+oedW6dG+0vaFSGfq340EAmPGgW8nA8ChWfWm4n9eK8b+dScRYRQjD9k8qB9LiopOW6A9oTlDObYEmBb2VsqGoIGh7WopZfo3KiVNwdcw4ljw5Qi0hvEkY7sqrTazTrzL4k3RvS/nq7eL0tLklJyRC1IiV6RKaqROPMJITJ7JK3lzXpx358P5nI+mnMXOCVmC8/ULfmOidA==</latexit><latexit sha1_base64="dHOogCifWX1v4e0ZfMnxg+pIwXw=">AAACHnicbVBNS0JBFJ1nX2YfWi3bDEnQQuQZSrWT2rg06KWgIveNow7Oe/OYuS+Qh7+kVVC/pVW0rZ/SrvFjkdqBgcM59865HD+SwqDrfjupjc2t7Z30bmZv/+Awmzs6fjQq1ox7TEmlmz4YLkXIPRQoeTPSHAJf8oY/upv6jSeujVDhA44j3glgEIq+YIBW6uayFdpGEXBDa92kXJl0c3m36M5A10lpQfJkgXo399PuKRYHPEQmwZhWyY2wk4BGwSSfZNqx4RGwEQx4y9IQbFYnmR0+oedW6dG+0vaFSGfq340EAmPGgW8nA8ChWfWm4n9eK8b+dScRYRQjD9k8qB9LiopOW6A9oTlDObYEmBb2VsqGoIGh7WopZfo3KiVNwdcw4ljw5Qi0hvEkY7sqrTazTrzL4k3RvS/nq7eL0tLklJyRC1IiV6RKaqROPMJITJ7JK3lzXpx358P5nI+mnMXOCVmC8/ULfmOidA==</latexit><latexit sha1_base64="dHOogCifWX1v4e0ZfMnxg+pIwXw=">AAACHnicbVBNS0JBFJ1nX2YfWi3bDEnQQuQZSrWT2rg06KWgIveNow7Oe/OYuS+Qh7+kVVC/pVW0rZ/SrvFjkdqBgcM59865HD+SwqDrfjupjc2t7Z30bmZv/+Awmzs6fjQq1ox7TEmlmz4YLkXIPRQoeTPSHAJf8oY/upv6jSeujVDhA44j3glgEIq+YIBW6uayFdpGEXBDa92kXJl0c3m36M5A10lpQfJkgXo399PuKRYHPEQmwZhWyY2wk4BGwSSfZNqx4RGwEQx4y9IQbFYnmR0+oedW6dG+0vaFSGfq340EAmPGgW8nA8ChWfWm4n9eK8b+dScRYRQjD9k8qB9LiopOW6A9oTlDObYEmBb2VsqGoIGh7WopZfo3KiVNwdcw4ljw5Qi0hvEkY7sqrTazTrzL4k3RvS/nq7eL0tLklJyRC1IiV6RKaqROPMJITJ7JK3lzXpx358P5nI+mnMXOCVmC8/ULfmOidA==</latexit>

 between Yukawa couplings.
❖ Messenger superfileds : renormalizable masses.
❖ Alignment superfields Xi, Zi

<latexit sha1_base64="NetFm0tsvqhtdq33rJZgJj/GDAo=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4KGUqgrorunFZwdrBtpQ7adqGZpIhuSMMpT/hStBvcSVuXfsp7kwfC9t6IHA4575ywlgKi77/7WVWVtfWN7Kbua3tnd29/P7Bg9WJYbzGtNQmCMFyKRSvoUDJg9hwiELJ6+HgZuzXn7ixQqt7TGPeiqCnRFcwQCcFQVsU6WNbtPMFv+RPQJdJeUYKZIZqO//T7GiWRFwhk2Bto+zH2BqCQcEkH+WaieUxsAH0eMNRBRG3reHk3hE9cUqHdrVxTyGdqH87hhBZm0ahq4wA+3bRG4v/eY0Eu5etoVBxglyx6aJuIilqOv487QjDGcrUEWBGuFsp64MBhi6iuS3j2ai1tMXQwIBjMZQDMAbSUc5lVV5MZpnUzkpXJf/uvFC5noWWJUfkmJySMrkgFXJLqqRGGJHkmbySN+/Fe/c+vM9pacab9RySOXhfv9uYn5A=</latexit><latexit sha1_base64="NetFm0tsvqhtdq33rJZgJj/GDAo=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4KGUqgrorunFZwdrBtpQ7adqGZpIhuSMMpT/hStBvcSVuXfsp7kwfC9t6IHA4575ywlgKi77/7WVWVtfWN7Kbua3tnd29/P7Bg9WJYbzGtNQmCMFyKRSvoUDJg9hwiELJ6+HgZuzXn7ixQqt7TGPeiqCnRFcwQCcFQVsU6WNbtPMFv+RPQJdJeUYKZIZqO//T7GiWRFwhk2Bto+zH2BqCQcEkH+WaieUxsAH0eMNRBRG3reHk3hE9cUqHdrVxTyGdqH87hhBZm0ahq4wA+3bRG4v/eY0Eu5etoVBxglyx6aJuIilqOv487QjDGcrUEWBGuFsp64MBhi6iuS3j2ai1tMXQwIBjMZQDMAbSUc5lVV5MZpnUzkpXJf/uvFC5noWWJUfkmJySMrkgFXJLqqRGGJHkmbySN+/Fe/c+vM9pacab9RySOXhfv9uYn5A=</latexit><latexit sha1_base64="NetFm0tsvqhtdq33rJZgJj/GDAo=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4KGUqgrorunFZwdrBtpQ7adqGZpIhuSMMpT/hStBvcSVuXfsp7kwfC9t6IHA4575ywlgKi77/7WVWVtfWN7Kbua3tnd29/P7Bg9WJYbzGtNQmCMFyKRSvoUDJg9hwiELJ6+HgZuzXn7ixQqt7TGPeiqCnRFcwQCcFQVsU6WNbtPMFv+RPQJdJeUYKZIZqO//T7GiWRFwhk2Bto+zH2BqCQcEkH+WaieUxsAH0eMNRBRG3reHk3hE9cUqHdrVxTyGdqH87hhBZm0ahq4wA+3bRG4v/eY0Eu5etoVBxglyx6aJuIilqOv487QjDGcrUEWBGuFsp64MBhi6iuS3j2ai1tMXQwIBjMZQDMAbSUc5lVV5MZpnUzkpXJf/uvFC5noWWJUfkmJySMrkgFXJLqqRGGJHkmbySN+/Fe/c+vM9pacab9RySOXhfv9uYn5A=</latexit>

: driving fields that coupled to the flavons give rise to the
CSD2 flavon alignment.

Additional fields:

�
<latexit sha1_base64="5TMEftip7utq8oUHtPsM58Yg1oA=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaQiWHcFNy4rGFtoQ7mZTpohk0yYuRFC6C+4EvRbXIlbv8BPcWfSZmFbDwwczrmvOW4suEbL+jbW1jc2t7YrO9Xdvf2Dw9rR8aOWiaLMplJI1XdBM8EjZiNHwfqxYhC6gvXc4Lbwe09MaS6jB0xj5oQwibjHKWAhDanPR7W61bRmMFdJqyR1UqI7qv0Mx5ImIYuQCtB60LJidDJQyKlg0+ow0SwGGsCEDXIaQci0k81unZrnuTI2PanyF6E5U/92ZBBqnYZuXhkC+nrZK8T/vEGCXtvJeBQnyCI6X+QlwkRpFh83x1wxiiLNCVDF81tN6oMCink8C1uK2Sil0A1XQcCw4YoAlIJ0Ws2zai0ns0rsy+ZN07q/qnfaZWgVckrOyAVpkWvSIXekS2xCiU+eySt5M16Md+PD+JyXrhllzwlZgPH1C5bwnmA=</latexit><latexit sha1_base64="5TMEftip7utq8oUHtPsM58Yg1oA=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaQiWHcFNy4rGFtoQ7mZTpohk0yYuRFC6C+4EvRbXIlbv8BPcWfSZmFbDwwczrmvOW4suEbL+jbW1jc2t7YrO9Xdvf2Dw9rR8aOWiaLMplJI1XdBM8EjZiNHwfqxYhC6gvXc4Lbwe09MaS6jB0xj5oQwibjHKWAhDanPR7W61bRmMFdJqyR1UqI7qv0Mx5ImIYuQCtB60LJidDJQyKlg0+ow0SwGGsCEDXIaQci0k81unZrnuTI2PanyF6E5U/92ZBBqnYZuXhkC+nrZK8T/vEGCXtvJeBQnyCI6X+QlwkRpFh83x1wxiiLNCVDF81tN6oMCink8C1uK2Sil0A1XQcCw4YoAlIJ0Ws2zai0ns0rsy+ZN07q/qnfaZWgVckrOyAVpkWvSIXekS2xCiU+eySt5M16Md+PD+JyXrhllzwlZgPH1C5bwnmA=</latexit><latexit sha1_base64="5TMEftip7utq8oUHtPsM58Yg1oA=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaQiWHcFNy4rGFtoQ7mZTpohk0yYuRFC6C+4EvRbXIlbv8BPcWfSZmFbDwwczrmvOW4suEbL+jbW1jc2t7YrO9Xdvf2Dw9rR8aOWiaLMplJI1XdBM8EjZiNHwfqxYhC6gvXc4Lbwe09MaS6jB0xj5oQwibjHKWAhDanPR7W61bRmMFdJqyR1UqI7qv0Mx5ImIYuQCtB60LJidDJQyKlg0+ow0SwGGsCEDXIaQci0k81unZrnuTI2PanyF6E5U/92ZBBqnYZuXhkC+nrZK8T/vEGCXtvJeBQnyCI6X+QlwkRpFh83x1wxiiLNCVDF81tN6oMCink8C1uK2Sil0A1XQcCw4YoAlIJ0Ws2zai0ns0rsy+ZN07q/qnfaZWgVckrOyAVpkWvSIXekS2xCiU+eySt5M16Md+PD+JyXrhllzwlZgPH1C5bwnmA=</latexit>
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The superpotential
Renormalisable at the GUT scale:

W
GUT
Y =

X

a=1,2,3

 �a�̄a + (HW
45 +H

Z
45)�a�̄a + �a�aH

u
10

+
X

b=2,3

�b�
d
b(H

X
45 +H

Y
45) + �

d
b�

d
bH

d
10 + �1�2H

d
10

<latexit sha1_base64="qiSG6LDH+cTg31L5U89KlF+fpPc="></latexit><latexit sha1_base64="qiSG6LDH+cTg31L5U89KlF+fpPc="></latexit><latexit sha1_base64="qiSG6LDH+cTg31L5U89KlF+fpPc="></latexit>

W
Planck
Y = �a�a

H16H16

MP
+

(  )30 �3H
d
10

MP
<latexit sha1_base64="hFt0M8gY7rjGKMd/PeQaL5o+Sto="></latexit><latexit sha1_base64="hFt0M8gY7rjGKMd/PeQaL5o+Sto="></latexit><latexit sha1_base64="hFt0M8gY7rjGKMd/PeQaL5o+Sto="></latexit>

Planck-suppressed terms allowed by the symmetries: 
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Diagrams

⟨H8;
45 ⟩ ⟨H8;

45
⟩

Hu
10φ1 φ1

ψ ψχ̄1 χ1 χ1 χ̄1

⟨H8;
45 ⟩ ⟨H8;

45 ⟩

Hu
10φ2 φ2

ψ ψχ̄2 χ2 χ2 χ̄2

⟨H8;
45 ⟩ ⟨H8;

45 ⟩

Hu
10φ3 φ3

ψ ψχ̄3 χ3 χ3 χ̄3

⟨H8;
45 ⟩ ⟨H8;

45
⟩

H16φ� φ�

ψ ψχ̄a χa χa χ̄a

H16

MP

� ���

⟨H8;
45 ⟩ ⟨H8;

45
⟩

H16φ� φ�

ψ ψχ̄a χa χa χ̄a

H16

MP

� � � �

⟨H8;
45 ⟩ ⟨H8;

45
⟩

H16φ� φ�

ψ ψχ̄a χa χa χ̄a

H16

MP

� � � �

⟨H8;
45 ⟩ ⟨H8;

45 ⟩

Hd
10φ1 φ2

ψ ψχ̄1 χ1 χ2 χ̄2

⟨HX,Y
45 ⟩ ⟨HX,Y

45 ⟩

Hd
10φ2 φ2

ψ ψχ̄2 χ′
2 χ′

2 χ̄2

⟨HX,Y
45 ⟩ ⟨HX,Y

45 ⟩

Hd
10φ3 φ3

ψ ψχ̄3 χ′
3 χ′

3 χ̄3

❖ Up-type quarks and Dirac neutrino Yukawa

❖ Down-type quarks and charged leptons

❖ Right-handed neutrinos
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Vacuum alignment
The flavon superpotential fixes the symmetry breaking flavon VEVs

W� ⇠ X30(�S,U )
2 +X2(�T )

2 +X1(�t)
2 + X̃1�T�t +X10�T�3 + X̃2�t�3

+ Z30(�S,U�T + ⇠�2) + Z̃30⇠

✓
�2�3

MP
� �1

◆

<latexit sha1_base64="ux6PQyqtkcGni4N8ZGeoUtNoSyY="></latexit><latexit sha1_base64="ux6PQyqtkcGni4N8ZGeoUtNoSyY="></latexit><latexit sha1_base64="ux6PQyqtkcGni4N8ZGeoUtNoSyY="></latexit>

Supersymmetric F-terms equations lead to flavons alignment:

h�1i = v1

0

@
1
0
2

1

A , h�2i = v2

0

@
0
1
�1

1

A , h�3i = v3

0

@
0
1
0

1

A

<latexit sha1_base64="p6mFP3rUwhPLcq8K8hSpXrw5RVY="></latexit><latexit sha1_base64="p6mFP3rUwhPLcq8K8hSpXrw5RVY="></latexit><latexit sha1_base64="p6mFP3rUwhPLcq8K8hSpXrw5RVY="></latexit>

‘CSD2 vacuum alignment’

VEVs are driven to scales with the hierarchy: v1 ⌧ v2 ⌧ v3
<latexit sha1_base64="ZRFosAS5IbK8csqu/fFKsFuLGu0=">AAACJnicbVBNSwJBGJ61L7Uvq0OHLkMSdBDZtaC6SV06GmQKKsu746iDszvLzLuCiL+mU1C/pVNEt/5Gt3Z1D6k9MMzD87wfM48XSmHQtr+szNr6xuZWNpff3tnd2y8cHD4ZFWnG60xJpZseGC5FwOsoUPJmqDn4nuQNb3iX+I0R10ao4BHHIe/40A9ETzDAWHILx7mR69C2lHTkVtL7gubzbqFol+0Z6CpxUlIkKWpu4afdVSzyeYBMgjEtxw6xMwGNgkk+zbcjw0NgQ+jzVkwD8LnpTGYfmNKzWOnSntLxCZDO1L8dE/CNGfteXOkDDsyyl4j/ea0Ie9ediQjCCHnA5ot6kaSoaJIG7QrNGcpxTIBpEb+VsgFoYBhntrAlmY1KSVPyNAw5ljw5BK1hPE2ycpaTWSX1SvmmbD9cFqu3aWhZckJOyTlxyBWpkntSI3XCyJQ8k1fyZr1Y79aH9TkvzVhpzxFZgPX9C+OOpAM=</latexit><latexit sha1_base64="ZRFosAS5IbK8csqu/fFKsFuLGu0=">AAACJnicbVBNSwJBGJ61L7Uvq0OHLkMSdBDZtaC6SV06GmQKKsu746iDszvLzLuCiL+mU1C/pVNEt/5Gt3Z1D6k9MMzD87wfM48XSmHQtr+szNr6xuZWNpff3tnd2y8cHD4ZFWnG60xJpZseGC5FwOsoUPJmqDn4nuQNb3iX+I0R10ao4BHHIe/40A9ETzDAWHILx7mR69C2lHTkVtL7gubzbqFol+0Z6CpxUlIkKWpu4afdVSzyeYBMgjEtxw6xMwGNgkk+zbcjw0NgQ+jzVkwD8LnpTGYfmNKzWOnSntLxCZDO1L8dE/CNGfteXOkDDsyyl4j/ea0Ie9ediQjCCHnA5ot6kaSoaJIG7QrNGcpxTIBpEb+VsgFoYBhntrAlmY1KSVPyNAw5ljw5BK1hPE2ycpaTWSX1SvmmbD9cFqu3aWhZckJOyTlxyBWpkntSI3XCyJQ8k1fyZr1Y79aH9TkvzVhpzxFZgPX9C+OOpAM=</latexit><latexit sha1_base64="ZRFosAS5IbK8csqu/fFKsFuLGu0=">AAACJnicbVBNSwJBGJ61L7Uvq0OHLkMSdBDZtaC6SV06GmQKKsu746iDszvLzLuCiL+mU1C/pVNEt/5Gt3Z1D6k9MMzD87wfM48XSmHQtr+szNr6xuZWNpff3tnd2y8cHD4ZFWnG60xJpZseGC5FwOsoUPJmqDn4nuQNb3iX+I0R10ao4BHHIe/40A9ETzDAWHILx7mR69C2lHTkVtL7gubzbqFol+0Z6CpxUlIkKWpu4afdVSzyeYBMgjEtxw6xMwGNgkk+zbcjw0NgQ+jzVkwD8LnpTGYfmNKzWOnSntLxCZDO1L8dE/CNGfteXOkDDsyyl4j/ea0Ie9ediQjCCHnA5ot6kaSoaJIG7QrNGcpxTIBpEb+VsgFoYBhntrAlmY1KSVPyNAw5ljw5BK1hPE2ycpaTWSX1SvmmbD9cFqu3aWhZckJOyTlxyBWpkntSI3XCyJQ8k1fyZr1Y79aH9TkvzVhpzxFZgPX9C+OOpAM=</latexit>

CP spontaneously broken by the complex VEVs of the flavons. 

see also: [Antusch, King, Luhn, Spinrath ’11]
[Antusch, King, Spinrath ’13]

[Antusch, Hohl, Khosa, Music ‘18]

v3 ' MGUT , v2 ' 0.1MGUT , v1 ' 0.001MGUT
<latexit sha1_base64="ztuwayb2gTL1zbNK0ZYzOP3neWo="></latexit><latexit sha1_base64="ztuwayb2gTL1zbNK0ZYzOP3neWo="></latexit><latexit sha1_base64="ztuwayb2gTL1zbNK0ZYzOP3neWo="></latexit>
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Yukawa matrices
Up-type quarks and neutrinos couple to one Higgs Hu

10
<latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit><latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit><latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit>

with an universal structure:

, leading to Yukawa

matrices Yij ⇠ h�iih�jiT
<latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit><latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit><latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit>

Y u,⌫ = yu,⌫1 ei⌘

0

@
1 2 0
2 4 0
0 0 0

1

A +yu,⌫2

0

@
0 0 0
0 1 1
0 1 1

1

A+ yu,⌫3 ei⌘
0

0

@
0 0 0
0 0 0
0 0 1

1

A

<latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit><latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit><latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit>
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Yukawa matrices
Up-type quarks and neutrinos couple to one Higgs Hu

10
<latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit><latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit><latexit sha1_base64="6Xiamk4AQQHm/9c9RdUgDY3zlVw=">AAACF3icbVBNSwJBGJ61L7Mvq2OXJQk6iOxGUN2kLh4NMiU1eXec1WFnZ5aZdwNZ/BedgvotnaJrx35Kt3bVQ2oPDDw8z/s1jxcJbtBxvq3cyura+kZ+s7C1vbO7V9w/uDcq1pQ1qBJKtzwwTHDJGshRsFakGYSeYE0vuMn85hPThit5h6OIdUMYSO5zCphKD7Ve4jrjx7hQ6BVLTsWZwF4m7oyUyAz1XvGn01c0DplEKsCYtutE2E1AI6eCjQud2LAIaAAD1k6phJCZbjK5eGyfpErf9pVOn0R7ov7tSCA0ZhR6aWUIODSLXib+57Vj9C+7CZdRjEzS6SI/FjYqO/u+3eeaURSjlADVPL3VpkPQQDENaW5LNhuVEqbsaQgYlj0RgNYwGmdZuYvJLJPGWeWq4tyel6rXs9Dy5Igck1PikgtSJTVSJw1CiSTP5JW8WS/Wu/VhfU5Lc9as55DMwfr6BcAWn/0=</latexit>

with an universal structure:

, leading to Yukawa

matrices Yij ⇠ h�iih�jiT
<latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit><latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit><latexit sha1_base64="UfiJSxToxPLp4BaKHz1dqFkorDE="></latexit>

Y u,⌫ = yu,⌫1 ei⌘

0

@
1 2 0
2 4 0
0 0 0

1

A +yu,⌫2

0

@
0 0 0
0 1 1
0 1 1

1

A+ yu,⌫3 ei⌘
0

0

@
0 0 0
0 0 0
0 0 1

1

A

<latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit><latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit><latexit sha1_base64="Bf0EYtzdVA6sGvhGHdMlExU4EH4="></latexit>

❖ Each matrix is rank 1

❖ Natural understanding of the hierarchical Yukawa couplings:

yu,⌫1 ' v21/M
2
GUT ' 10�6 yu,⌫2 ' v22/M

2
GUT ' 10�2 yu,⌫3 ' v23/M

2
GUT ' 1

<latexit sha1_base64="xryBrVQ5QcjpmKY70G6+0jqNVCA="></latexit><latexit sha1_base64="xryBrVQ5QcjpmKY70G6+0jqNVCA="></latexit><latexit sha1_base64="xryBrVQ5QcjpmKY70G6+0jqNVCA="></latexit>

❖ RH neutrino parameters are also estimated

MR
1 ' 107GeV MR

2 ' 1011GeV MR
3 ' 1013GeV

<latexit sha1_base64="iJlOy1HHkxCC6Uuc7yIjC33M90E="></latexit><latexit sha1_base64="iJlOy1HHkxCC6Uuc7yIjC33M90E="></latexit><latexit sha1_base64="iJlOy1HHkxCC6Uuc7yIjC33M90E="></latexit>
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Yukawa matrices
Down-type quarks and charged leptons couple to a second HiggsHd

10
<latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit><latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit><latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit>

 with a new mixed term involving Y12 ⇠ h�1ih�2iT
<latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit><latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit><latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit>

Y d,e = yd,e12 ei
⌘
2

0

@
0 1 1
1 4 2
1 2 0

1

A +yd,e2

0

@
0 0 0
0 1 1
0 1 1

1

A+ yd,e3 ei⌘
0

0

@
0 0 0
0 0 0
0 0 1

1

A+ yP ei�

0

@
0 0 1
0 2 0
1 0 0

1

A

<latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit><latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit><latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit>
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Yukawa matrices
 with a new mixed term involving Y12 ⇠ h�1ih�2iT

<latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit><latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit><latexit sha1_base64="KYYy9nhs6FsvUiJ5cB750PCN6OA="></latexit>

❖ This new term enforces a texture zero in the (1,1) element, giving the GST 
relation for the Cabbibo angle, i.e. 

❖ It also leads to a milder hierarchy in the down and charged lepton sectors.

#q
12 ⇡

p
yd/ys

<latexit sha1_base64="iNCLp0uQyrpQ5I7dJ1zgP3xUoUk="></latexit><latexit sha1_base64="iNCLp0uQyrpQ5I7dJ1zgP3xUoUk="></latexit><latexit sha1_base64="iNCLp0uQyrpQ5I7dJ1zgP3xUoUk="></latexit>

yd,e12 ' cos�
v1v2
M2

GUT

' 10�5 yd,e2 ' cos�
v22

M2
GUT

' 10�2 yd,e3 ' cos�
v23

M2
GUT

' 1
<latexit sha1_base64="QhktSRZCHLN/6nTKfs5aZLLX0MI="></latexit><latexit sha1_base64="QhktSRZCHLN/6nTKfs5aZLLX0MI="></latexit><latexit sha1_base64="QhktSRZCHLN/6nTKfs5aZLLX0MI="></latexit>

Y d,e = yd,e12 ei
⌘
2

0

@
0 1 1
1 4 2
1 2 0

1

A +yd,e2

0

@
0 0 0
0 1 1
0 1 1

1

A+ yd,e3 ei⌘
0

0

@
0 0 0
0 0 0
0 0 1

1

A+ yP ei�

0

@
0 0 1
0 2 0
1 0 0

1

A

<latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit><latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit><latexit sha1_base64="C7ZflQFkRcaf3aLLGTtjQy6hA8g="></latexit>
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Down-type quarks and charged leptons couple to a second HiggsHd
10

<latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit><latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit><latexit sha1_base64="15h08CopapEP825AGpiQPKZ1kek=">AAACFXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuimy4rWFtoY7mZTtqhk0yYuRFKyE+4EvRbXIlb136KO6dtFrb1wMDhnPua48eCa3Scb2tldW19Y7OwVdze2d3bLx0cPmiZKMqaVAqp2j5oJnjEmshRsHasGIS+YC1/dDvxW09MaS6jexzHzAthEPGAU0AjteuP/V7qOlmvVHaqzhT2MnFzUiY5Gr3ST7cvaRKyCKkArTuuE6OXgkJOBcuK3USzGOgIBqxjaAQh0146vTezT43StwOpzIvQnqp/O1IItR6HvqkMAYd60ZuI/3mdBIMrL+VRnCCL6GxRkAgbpT35vN3nilEUY0OAKm5utekQFFA0Ec1tmcxGKYWu+ApGDCu+GIFSMM6KJit3MZll0jyvXledu4ty7SYPrUCOyQk5Iy65JDVSJw3SJJQI8kxeyZv1Yr1bH9bnrHTFynuOyBysr18y/J/E</latexit>



Seesaw Mechanism
The light neutrino Majorana mass matrix, after seesaw, will also have the CSD2 structure

where the parametersµi
<latexit sha1_base64="W+tgzqcrS1X5PwlJnDXELLNqXWQ=">AAACEnicbVDLSgMxFM34rPVVdelmsAguSpkRQd0V3bis4NhCO5Q7adqGJpMhuSMMpd/gStBvcSVu/QE/xZ1pOwvbeiBwOOe+cqJEcIOe9+2srK6tb2wWtorbO7t7+6WDw0ejUk1ZQJVQuhmBYYLHLECOgjUTzUBGgjWi4e3EbzwxbbiKHzBLWCihH/Mep4BWCtoy7fBOqexVvSncZeLnpExy1Duln3ZX0VSyGKkAY1q+l2A4Ao2cCjYutlPDEqBD6LOWpTFIZsLR9Nixe2qVrttT2r4Y3an6t2ME0phMRrZSAg7MojcR//NaKfauwhGPkxRZTGeLeqlwUbmTn7tdrhlFkVkCVHN7q0sHoIGizWduy2Q2KiVMJdIwZFiJxBC0hmxctFn5i8ksk+C8el317i/KtZs8tAI5JifkjPjkktTIHamTgFDCyTN5JW/Oi/PufDifs9IVJ+85InNwvn4BhSue6g==</latexit><latexit sha1_base64="W+tgzqcrS1X5PwlJnDXELLNqXWQ=">AAACEnicbVDLSgMxFM34rPVVdelmsAguSpkRQd0V3bis4NhCO5Q7adqGJpMhuSMMpd/gStBvcSVu/QE/xZ1pOwvbeiBwOOe+cqJEcIOe9+2srK6tb2wWtorbO7t7+6WDw0ejUk1ZQJVQuhmBYYLHLECOgjUTzUBGgjWi4e3EbzwxbbiKHzBLWCihH/Mep4BWCtoy7fBOqexVvSncZeLnpExy1Duln3ZX0VSyGKkAY1q+l2A4Ao2cCjYutlPDEqBD6LOWpTFIZsLR9Nixe2qVrttT2r4Y3an6t2ME0phMRrZSAg7MojcR//NaKfauwhGPkxRZTGeLeqlwUbmTn7tdrhlFkVkCVHN7q0sHoIGizWduy2Q2KiVMJdIwZFiJxBC0hmxctFn5i8ksk+C8el317i/KtZs8tAI5JifkjPjkktTIHamTgFDCyTN5JW/Oi/PufDifs9IVJ+85InNwvn4BhSue6g==</latexit><latexit sha1_base64="W+tgzqcrS1X5PwlJnDXELLNqXWQ=">AAACEnicbVDLSgMxFM34rPVVdelmsAguSpkRQd0V3bis4NhCO5Q7adqGJpMhuSMMpd/gStBvcSVu/QE/xZ1pOwvbeiBwOOe+cqJEcIOe9+2srK6tb2wWtorbO7t7+6WDw0ejUk1ZQJVQuhmBYYLHLECOgjUTzUBGgjWi4e3EbzwxbbiKHzBLWCihH/Mep4BWCtoy7fBOqexVvSncZeLnpExy1Duln3ZX0VSyGKkAY1q+l2A4Ao2cCjYutlPDEqBD6LOWpTFIZsLR9Nixe2qVrttT2r4Y3an6t2ME0phMRrZSAg7MojcR//NaKfauwhGPkxRZTGeLeqlwUbmTn7tdrhlFkVkCVHN7q0sHoIGizWduy2Q2KiVMJdIwZFiJxBC0hmxctFn5i8ksk+C8el317i/KtZs8tAI5JifkjPjkktTIHamTgFDCyTN5JW/Oi/PufDifs9IVJ+85InNwvn4BhSue6g==</latexit>

are given by

µi = v2u
(y⌫i )

2

MR
i

<latexit sha1_base64="fGCh5C3xytAbXhsbLnoDjdHbZPE="></latexit><latexit sha1_base64="fGCh5C3xytAbXhsbLnoDjdHbZPE="></latexit><latexit sha1_base64="fGCh5C3xytAbXhsbLnoDjdHbZPE="></latexit>

Flavons yield to normal hierarchy.

m⌫ = µ⌫
1e

i⌘

0

@
1 2 0
2 4 0
0 0 0

1

A+ µ⌫
2

0

@
0 0 0
0 1 1
0 1 1

1

A+ µ⌫
3e

i⌘0

0

@
0 0 0
0 0 0
0 0 1

1

A

<latexit sha1_base64="jscCFP9mf6OAq7HTlRhjkr+xmfg="></latexit><latexit sha1_base64="jscCFP9mf6OAq7HTlRhjkr+xmfg="></latexit><latexit sha1_base64="jscCFP9mf6OAq7HTlRhjkr+xmfg="></latexit>
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Numerical Fit
�2

<latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit><latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit><latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit> test function to find the best fit 

�2 =
X

n

✓
Pn(x)� P obs

n

�n

◆2

<latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit><latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit><latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit>

19 observables given by {✓qij , �
q, yu,c,t, yd,s,b, ✓

`
ij , �

l, ye,µ,⌧ ,�m2
ij}

<latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit><latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit><latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit>

❖ After seesaw, 15 effective parameters x = {yui , ydi , yei , yP , µi, ⌘
0, �}

<latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit><latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit><latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit>
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Numerical Fit
�2

<latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit><latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit><latexit sha1_base64="rR3nlMu3s/IV94RUGrTLA5bSToE=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3bisYB/QxnIznbZjJ5kwcyOE0H9wJei3uBK3foCf4s5Jm4VtPTBwOOe+5nih4Bod59vKrayurW/kNwtb2zu7e8X9g6aWkaKsQaWQqu2BZoIHrIEcBWuHioHvCdbyxjep33piSnMZ3GMcMteHYcAHnAIaqdmlI/5w1iuWnIozhb1MqhkpkQz1XvGn25c08lmAVIDWnaoTopuAQk4FmxS6kWYh0DEMWcfQAHym3WR67cQ+MUrfHkhlXoD2VP3bkYCvdex7ptIHHOlFLxX/8zoRDi7dhAdhhCygs0WDSNgo7fTrdp8rRlHEhgBV3Nxq0xEooGgCmtuSzkYphS57CsYMy54Yg1IQTwomq+piMsukcVa5qjh356XadRZanhyRY3JKquSC1MgtqZMGoeSRPJNX8ma9WO/Wh/U5K81ZWc8hmYP19QvXQZ8O</latexit> test function to find the best fit 

�2 =
X

n

✓
Pn(x)� P obs

n

�n

◆2

<latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit><latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit><latexit sha1_base64="eZG6jbWVKJEMPmjMxBM/qAMJwB8="></latexit>

19 observables given by {✓qij , �
q, yu,c,t, yd,s,b, ✓

`
ij , �

l, ye,µ,⌧ ,�m2
ij}

<latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit><latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit><latexit sha1_base64="dg3ELGgEkW2xRHSzwzObtngH3pk="></latexit>

❖ After seesaw, 15 effective parameters x = {yui , ydi , yei , yP , µi, ⌘
0, �}

<latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit><latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit><latexit sha1_base64="Sg/lA0RxpUVMBlibH94Z4ouhhF8="></latexit>

❖ Run up to the GUT scale:

• Match the SM to the MSSM
• At the GUT scale, the values depend only in two extra parameters 

!
<latexit sha1_base64="YWz6RJKRDDPsPe1LV+BZkv0/AW8=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3bisYGyhDeVmOm2HTDJh5kYppZ/hStBvcSVu3fkp7py0WdjWAwOHc+5rTpAIrtFxvq3Cyura+kZxs7S1vbO7V94/eNAyVZR5VAqpWgFoJnjMPOQoWCtRDKJAsGYQ3mR+85EpzWV8j6OE+REMYt7nFNBI7Y7igyGCUvKpW644NWcKe5m4OamQHI1u+afTkzSNWIxUgNZt10nQH4NCTgWblDqpZgnQEAasbWgMEdP+eHryxD4xSs/uS2VejPZU/dsxhkjrURSYyghwqBe9TPzPa6fYv/THPE5SZDGdLeqnwkZpZ/+3e1wximJkCFDFza02HYICiialuS3ZbJRS6GqgIGRYDURokoLRpGSycheTWSbeWe2q5tydV+rXeWhFckSOySlxyQWpk1vSIB6hRJJn8krerBfr3fqwPmelBSvvOSRzsL5+AdMqocU=</latexit><latexit sha1_base64="YWz6RJKRDDPsPe1LV+BZkv0/AW8=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3bisYGyhDeVmOm2HTDJh5kYppZ/hStBvcSVu3fkp7py0WdjWAwOHc+5rTpAIrtFxvq3Cyura+kZxs7S1vbO7V94/eNAyVZR5VAqpWgFoJnjMPOQoWCtRDKJAsGYQ3mR+85EpzWV8j6OE+REMYt7nFNBI7Y7igyGCUvKpW644NWcKe5m4OamQHI1u+afTkzSNWIxUgNZt10nQH4NCTgWblDqpZgnQEAasbWgMEdP+eHryxD4xSs/uS2VejPZU/dsxhkjrURSYyghwqBe9TPzPa6fYv/THPE5SZDGdLeqnwkZpZ/+3e1wximJkCFDFza02HYICiialuS3ZbJRS6GqgIGRYDURokoLRpGSycheTWSbeWe2q5tydV+rXeWhFckSOySlxyQWpk1vSIB6hRJJn8krerBfr3fqwPmelBSvvOSRzsL5+AdMqocU=</latexit><latexit sha1_base64="YWz6RJKRDDPsPe1LV+BZkv0/AW8=">AAACGHicbVDLSsNAFJ3UV62vqks3wSK4KCURQd0V3bisYGyhDeVmOm2HTDJh5kYppZ/hStBvcSVu3fkp7py0WdjWAwOHc+5rTpAIrtFxvq3Cyura+kZxs7S1vbO7V94/eNAyVZR5VAqpWgFoJnjMPOQoWCtRDKJAsGYQ3mR+85EpzWV8j6OE+REMYt7nFNBI7Y7igyGCUvKpW644NWcKe5m4OamQHI1u+afTkzSNWIxUgNZt10nQH4NCTgWblDqpZgnQEAasbWgMEdP+eHryxD4xSs/uS2VejPZU/dsxhkjrURSYyghwqBe9TPzPa6fYv/THPE5SZDGdLeqnwkZpZ/+3e1wximJkCFDFza02HYICiialuS3ZbJRS6GqgIGRYDURokoLRpGSycheTWSbeWe2q5tydV+rXeWhFckSOySlxyQWpk1vSIB6hRJJn8krerBfr3fqwPmelBSvvOSRzsL5+AdMqocU=</latexit> supersymmetric radiative threshold corrections

[Antusch, Maurer ’13]

⌘b and tan�
<latexit sha1_base64="/D803a4LeNbMjUPCAMQ44CupYcc="></latexit><latexit sha1_base64="/D803a4LeNbMjUPCAMQ44CupYcc="></latexit><latexit sha1_base64="/D803a4LeNbMjUPCAMQ44CupYcc="></latexit>

❖ Best fit found with a (tan� = 20,MSUSY = 1 TeV ⌘̄b = �0.9)
<latexit sha1_base64="uFLeoekVKZ0JsWr5D5uYTvGfHuA="></latexit><latexit sha1_base64="uFLeoekVKZ0JsWr5D5uYTvGfHuA="></latexit><latexit sha1_base64="uFLeoekVKZ0JsWr5D5uYTvGfHuA="></latexit>

• Reduced �2
⌫ = �2/⌫ ' 3

<latexit sha1_base64="M9G4txHKepbacEOjoOUkIW25uq0=">AAACLXicbZDLSkMxEIZzvFtvVZeCBIvgQuqpCupCENy4VLAq9NQyJ53a0JzkmMwRSunOp3El6LMIgrj1GdyZXhbeBgIf/z+TSf44VdJRGL4GI6Nj4xOTU9O5mdm5+YX84tKFM5kVWBZGGXsVg0MlNZZJksKr1CIkscLLuHXc8y/v0Dpp9Dm1U6wmcKNlQwogL9Xyq5FoyuvtWqSzwwFueeSRkwne8p1avhAWw37xv1AaQoEN67SW/4zqRmQJahIKnKuUwpSqHbAkhcJuLsocpiBacIMVjxoSdNVO/x9dvu6VOm8Y648m3le/T3Qgca6dxL4zAWq6315P/M+rZNTYr3akTjNCLQaLGpniZHgvFF6XFgWptgcQVvq3ctEEC4J8dD+29O4mY5TbjC20kDZj1QJrod3N+axKv5P5C+Xt4kExPNstHO0PQ5tiK2yNbbAS22NH7ISdsjIT7J49sCf2HDwGL8Fb8D5oHQmGM8vsRwUfX0aFqHw=</latexit><latexit sha1_base64="M9G4txHKepbacEOjoOUkIW25uq0=">AAACLXicbZDLSkMxEIZzvFtvVZeCBIvgQuqpCupCENy4VLAq9NQyJ53a0JzkmMwRSunOp3El6LMIgrj1GdyZXhbeBgIf/z+TSf44VdJRGL4GI6Nj4xOTU9O5mdm5+YX84tKFM5kVWBZGGXsVg0MlNZZJksKr1CIkscLLuHXc8y/v0Dpp9Dm1U6wmcKNlQwogL9Xyq5FoyuvtWqSzwwFueeSRkwne8p1avhAWw37xv1AaQoEN67SW/4zqRmQJahIKnKuUwpSqHbAkhcJuLsocpiBacIMVjxoSdNVO/x9dvu6VOm8Y648m3le/T3Qgca6dxL4zAWq6315P/M+rZNTYr3akTjNCLQaLGpniZHgvFF6XFgWptgcQVvq3ctEEC4J8dD+29O4mY5TbjC20kDZj1QJrod3N+axKv5P5C+Xt4kExPNstHO0PQ5tiK2yNbbAS22NH7ISdsjIT7J49sCf2HDwGL8Fb8D5oHQmGM8vsRwUfX0aFqHw=</latexit><latexit sha1_base64="M9G4txHKepbacEOjoOUkIW25uq0=">AAACLXicbZDLSkMxEIZzvFtvVZeCBIvgQuqpCupCENy4VLAq9NQyJ53a0JzkmMwRSunOp3El6LMIgrj1GdyZXhbeBgIf/z+TSf44VdJRGL4GI6Nj4xOTU9O5mdm5+YX84tKFM5kVWBZGGXsVg0MlNZZJksKr1CIkscLLuHXc8y/v0Dpp9Dm1U6wmcKNlQwogL9Xyq5FoyuvtWqSzwwFueeSRkwne8p1avhAWw37xv1AaQoEN67SW/4zqRmQJahIKnKuUwpSqHbAkhcJuLsocpiBacIMVjxoSdNVO/x9dvu6VOm8Y648m3le/T3Qgca6dxL4zAWq6315P/M+rZNTYr3akTjNCLQaLGpniZHgvFF6XFgWptgcQVvq3ctEEC4J8dD+29O4mY5TbjC20kDZj1QJrod3N+axKv5P5C+Xt4kExPNstHO0PQ5tiK2yNbbAS22NH7ISdsjIT7J49sCf2HDwGL8Fb8D5oHQmGM8vsRwUfX0aFqHw=</latexit>

, where ⌫ = n� ni = 4 d.o.f
<latexit sha1_base64="4mj38BfsWC0qGKRWpzUTXndYeqk=">AAACKHicbVBNSwMxEM36bf2qehIvwSJ40GUrBfUgCF48KlgV2lJm01kNzSZLMiuWpfhrPAn6WzyJV/+FN9Pag18PBh7vzWQyL86UdBRFb8HY+MTk1PTMbGlufmFxqby8cuFMbgXWhVHGXsXgUEmNdZKk8CqzCGms8DLuHg/8y1u0Thp9Tr0MWylca5lIAeSldnmtqfNDvaPb8rDGm4R3VPBOaMKk3y5XojAagv8l1RGpsBFO2+WPZseIPEVNQoFzjWqUUasAS1Io7JeaucMMRBeuseGphhRdqxie0OebXunwxFhfmvhQ/T5RQOpcL419Zwp04357A/E/r5FTst8qpM5yQi2+FiW54mT4IA/ekRYFqZ4nIKz0f+XiBiwI8qn92DJ4m4xRbju20EXajlUXrIVev+Szqv5O5i+p74YHYXRWqxztj0KbYetsg22xKttjR+yEnbI6E+yePbAn9hw8Bi/Ba/D21ToWjGZW2Q8E759bw6Z/</latexit><latexit sha1_base64="4mj38BfsWC0qGKRWpzUTXndYeqk=">AAACKHicbVBNSwMxEM36bf2qehIvwSJ40GUrBfUgCF48KlgV2lJm01kNzSZLMiuWpfhrPAn6WzyJV/+FN9Pag18PBh7vzWQyL86UdBRFb8HY+MTk1PTMbGlufmFxqby8cuFMbgXWhVHGXsXgUEmNdZKk8CqzCGms8DLuHg/8y1u0Thp9Tr0MWylca5lIAeSldnmtqfNDvaPb8rDGm4R3VPBOaMKk3y5XojAagv8l1RGpsBFO2+WPZseIPEVNQoFzjWqUUasAS1Io7JeaucMMRBeuseGphhRdqxie0OebXunwxFhfmvhQ/T5RQOpcL419Zwp04357A/E/r5FTst8qpM5yQi2+FiW54mT4IA/ekRYFqZ4nIKz0f+XiBiwI8qn92DJ4m4xRbju20EXajlUXrIVev+Szqv5O5i+p74YHYXRWqxztj0KbYetsg22xKttjR+yEnbI6E+yePbAn9hw8Bi/Ba/D21ToWjGZW2Q8E759bw6Z/</latexit><latexit sha1_base64="4mj38BfsWC0qGKRWpzUTXndYeqk=">AAACKHicbVBNSwMxEM36bf2qehIvwSJ40GUrBfUgCF48KlgV2lJm01kNzSZLMiuWpfhrPAn6WzyJV/+FN9Pag18PBh7vzWQyL86UdBRFb8HY+MTk1PTMbGlufmFxqby8cuFMbgXWhVHGXsXgUEmNdZKk8CqzCGms8DLuHg/8y1u0Thp9Tr0MWylca5lIAeSldnmtqfNDvaPb8rDGm4R3VPBOaMKk3y5XojAagv8l1RGpsBFO2+WPZseIPEVNQoFzjWqUUasAS1Io7JeaucMMRBeuseGphhRdqxie0OebXunwxFhfmvhQ/T5RQOpcL419Zwp04357A/E/r5FTst8qpM5yQi2+FiW54mT4IA/ekRYFqZ4nIKz0f+XiBiwI8qn92DJ4m4xRbju20EXajlUXrIVev+Szqv5O5i+p74YHYXRWqxztj0KbYetsg22xKttjR+yEnbI6E+yePbAn9hw8Bi/Ba/D21ToWjGZW2Q8E759bw6Z/</latexit>

�2 ' 12
<latexit sha1_base64="7tGJ3k51NI076f/EQY55s22eH6k=">AAACJnicbVDLSsNAFJ34rPVVdeHCTbAILqQkRVB3ghuXFawKTS030xs7dJKJMzdCCfkaV4J+iysRd/6GOye1C18HBg7n3NecMJXCkOe9OVPTM7Nz85WF6uLS8spqbW39wqhMc2xzJZW+CsGgFAm2SZDEq1QjxKHEy3B4UvqXd6iNUMk5jVLsxnCTiEhwICv1aptBDDQIozzgA3HdDIyI8dZvFr1a3Wt4Y7h/iT8hdTZBq1f7CPqKZzEmxCUY0/G9lLo5aBJcYlENMoMp8CHcYMfSBGI03Xz8gcLdsUrfjZS2LyF3rH7vyCE2ZhSHtrI81/z2SvE/r5NRdNjNRZJmhAn/WhRl0iXllmm4faGRkxxZAlwLe6vLB6CBk83sx5ZyNiklzV6oYYi0F8ohaA2jomqz8n8n85e0m42jhne2Xz8+nIRWYVtsm+0ynx2wY3bKWqzNOCvYPXtkT86D8+y8OK9fpVPOpGeD/YDz/gk0WqaD</latexit><latexit sha1_base64="7tGJ3k51NI076f/EQY55s22eH6k=">AAACJnicbVDLSsNAFJ34rPVVdeHCTbAILqQkRVB3ghuXFawKTS030xs7dJKJMzdCCfkaV4J+iysRd/6GOye1C18HBg7n3NecMJXCkOe9OVPTM7Nz85WF6uLS8spqbW39wqhMc2xzJZW+CsGgFAm2SZDEq1QjxKHEy3B4UvqXd6iNUMk5jVLsxnCTiEhwICv1aptBDDQIozzgA3HdDIyI8dZvFr1a3Wt4Y7h/iT8hdTZBq1f7CPqKZzEmxCUY0/G9lLo5aBJcYlENMoMp8CHcYMfSBGI03Xz8gcLdsUrfjZS2LyF3rH7vyCE2ZhSHtrI81/z2SvE/r5NRdNjNRZJmhAn/WhRl0iXllmm4faGRkxxZAlwLe6vLB6CBk83sx5ZyNiklzV6oYYi0F8ohaA2jomqz8n8n85e0m42jhne2Xz8+nIRWYVtsm+0ynx2wY3bKWqzNOCvYPXtkT86D8+y8OK9fpVPOpGeD/YDz/gk0WqaD</latexit><latexit sha1_base64="7tGJ3k51NI076f/EQY55s22eH6k=">AAACJnicbVDLSsNAFJ34rPVVdeHCTbAILqQkRVB3ghuXFawKTS030xs7dJKJMzdCCfkaV4J+iysRd/6GOye1C18HBg7n3NecMJXCkOe9OVPTM7Nz85WF6uLS8spqbW39wqhMc2xzJZW+CsGgFAm2SZDEq1QjxKHEy3B4UvqXd6iNUMk5jVLsxnCTiEhwICv1aptBDDQIozzgA3HdDIyI8dZvFr1a3Wt4Y7h/iT8hdTZBq1f7CPqKZzEmxCUY0/G9lLo5aBJcYlENMoMp8CHcYMfSBGI03Xz8gcLdsUrfjZS2LyF3rH7vyCE2ZhSHtrI81/z2SvE/r5NRdNjNRZJmhAn/WhRl0iXllmm4faGRkxxZAlwLe6vLB6CBk83sx5ZyNiklzV6oYYi0F8ohaA2jomqz8n8n85e0m42jhne2Xz8+nIRWYVtsm+0ynx2wY3bKWqzNOCvYPXtkT86D8+y8OK9fpVPOpGeD/YDz/gk0WqaD</latexit>
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Results
Leptons

Quarks

Most contribution to the total      comes from the quark sector�2
<latexit sha1_base64="Cb8zzt0GK4AH7je9DftlWrVKRlA=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCURwboruHFZwbSFtpab6aQdM8mEmRuhhP6DK0G/xZW49QP8FHdOHwvbemDgcM59zfETwTU6zreVW1vf2NzKbxd2dvf2D4qHRw0tU0WZR6WQquWDZoLHzEOOgrUSxSDyBWv64c3Ebz4xpbmM73GUsG4Eg5gHnAIaqdGhQ/5w0SuWnIozhb1K3DkpkTnqveJPpy9pGrEYqQCt266TYDcDhZwKNi50Us0SoCEMWNvQGCKmu9n02rF9ZpS+HUhlXoz2VP3bkUGk9SjyTWUEONTL3kT8z2unGFS7GY+TFFlMZ4uCVNgo7cnX7T5XjKIYGQJUcXOrTYeggKIJaGHLZDZKKXTZVxAyLPsiBKVgNC6YrNzlZFaJd1G5rjh3l6VadR5anpyQU3JOXHJFauSW1IlHKHkkz+SVvFkv1rv1YX3OSnPWvOeYLMD6+gXUP58E</latexit><latexit sha1_base64="Cb8zzt0GK4AH7je9DftlWrVKRlA=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCURwboruHFZwbSFtpab6aQdM8mEmRuhhP6DK0G/xZW49QP8FHdOHwvbemDgcM59zfETwTU6zreVW1vf2NzKbxd2dvf2D4qHRw0tU0WZR6WQquWDZoLHzEOOgrUSxSDyBWv64c3Ebz4xpbmM73GUsG4Eg5gHnAIaqdGhQ/5w0SuWnIozhb1K3DkpkTnqveJPpy9pGrEYqQCt266TYDcDhZwKNi50Us0SoCEMWNvQGCKmu9n02rF9ZpS+HUhlXoz2VP3bkUGk9SjyTWUEONTL3kT8z2unGFS7GY+TFFlMZ4uCVNgo7cnX7T5XjKIYGQJUcXOrTYeggKIJaGHLZDZKKXTZVxAyLPsiBKVgNC6YrNzlZFaJd1G5rjh3l6VadR5anpyQU3JOXHJFauSW1IlHKHkkz+SVvFkv1rv1YX3OSnPWvOeYLMD6+gXUP58E</latexit><latexit sha1_base64="Cb8zzt0GK4AH7je9DftlWrVKRlA=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4KCURwboruHFZwbSFtpab6aQdM8mEmRuhhP6DK0G/xZW49QP8FHdOHwvbemDgcM59zfETwTU6zreVW1vf2NzKbxd2dvf2D4qHRw0tU0WZR6WQquWDZoLHzEOOgrUSxSDyBWv64c3Ebz4xpbmM73GUsG4Eg5gHnAIaqdGhQ/5w0SuWnIozhb1K3DkpkTnqveJPpy9pGrEYqQCt266TYDcDhZwKNi50Us0SoCEMWNvQGCKmu9n02rF9ZpS+HUhlXoz2VP3bkUGk9SjyTWUEONTL3kT8z2unGFS7GY+TFFlMZ4uCVNgo7cnX7T5XjKIYGQJUcXOrTYeggKIJaGHLZDZKKXTZVxAyLPsiBKVgNC6YrNzlZFaJd1G5rjh3l6VadR5anpyQU3JOXHJFauSW1IlHKHkkz+SVvFkv1rv1YX3OSnPWvOeYLMD6+gXUP58E</latexit>

Fitted within 1�
<latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit><latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit><latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit>

Fitted within 2 �
<latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit><latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit><latexit sha1_base64="/XtcMB8zsTMUF6Xnyd3MrP4BZ2I=">AAACE3icbVBNSwJBGJ61L7Mvq2OXIQk6iKwRZDehS0eDVgMVeXccddrZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8/ixFAZd99vJra1vbG7ltws7u3v7B8XDo6ZRiWbcY0oq/eCD4VJE3EOBkj/EmkPoS97yg5vUbz1xbYSK7nEc824Iw0gMBAO0UrNjxDCEXrHkVtwZ6CqpZqREMjR6xZ9OX7Ek5BEyCca0q26M3QloFEzyaaGTGB4DC2DI25ZGEHLTncyundIzq/TpQGn7IqQz9W/HBEJjxqFvK0PAkVn2UvE/r53goNadiChOkEdsvmiQSIqKpl+nfaE5Qzm2BJgW9lbKRqCBoQ1oYUs6G5WSpuxrCDiWfRmA1jCeFmxW1eVkVol3UbmuuHeXpXotCy1PTsgpOSdVckXq5JY0iEcYeSTP5JW8OS/Ou/PhfM5Lc07Wc0wW4Hz9AlS+n1E=</latexit>

[Updated compared to the published version, to use nu-fit v4]
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Results
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<latexit sha1_base64="AHrE7WjxQrzwSLM40P6n95TV8dE="></latexit><latexit sha1_base64="AHrE7WjxQrzwSLM40P6n95TV8dE="></latexit><latexit sha1_base64="AHrE7WjxQrzwSLM40P6n95TV8dE="></latexit>
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Leptogenesis
❖ Baryon Asymmetry of the Universe (BAU)

⌘B ⌘ nB � nB̄

n�
= (6.1± 0.1)⇥ 10�10

<latexit sha1_base64="rTriAJCrzSE55ebEjY2l+fLOPT0="></latexit><latexit sha1_base64="rTriAJCrzSE55ebEjY2l+fLOPT0="></latexit><latexit sha1_base64="rTriAJCrzSE55ebEjY2l+fLOPT0="></latexit>

can be generated through CP breaking decays of heavy RHNs into leptons, then 
converted into baryons through sphalerons [Fukugita, Yanagida ’86]

❖ The RHN mass has to be of order 1010 GeV
<latexit sha1_base64="Dcg1ONt2p85leplyhd0hyi7q4es=">AAACInicbVC7SgNBFJ2N7/iKWtoMBsFCwq4Ixi5goaWCUSGJ4e7kxgyZ3Vlm7orLst9iJei3WImV4I/YOYkpfB24cDjnvjhhoqQl33/zSlPTM7Nz8wvlxaXlldXK2vqF1akR2BRaaXMVgkUlY2ySJIVXiUGIQoWX4fBo5F/eorFSx+eUJdiJ4CaWfSmAnNStbAT+dR74BW8T3lHOj/Gi6Faqfs0fg/8lwYRU2QSn3cpHu6dFGmFMQoG1rcBPqJODISkUFuV2ajEBMYQbbDkaQ4S2k4+fL/i2U3q8r42rmPhY/T6RQ2RtFoWuMwIa2N/eSPzPa6XUr3dyGScpYSy+DvVTxUnzURK8Jw0KUpkjIIx0v3IxAAOCXF4/rox2k9bK7oYGhki7oRqCMZAVZZdV8DuZv6S5Vzus+Wf71UZ9Eto822RbbIcF7IA12Ak7ZU0mWMbu2SN78h68Z+/Fe/1qLXmTmQ32A977J5ZfpAo=</latexit><latexit sha1_base64="Dcg1ONt2p85leplyhd0hyi7q4es=">AAACInicbVC7SgNBFJ2N7/iKWtoMBsFCwq4Ixi5goaWCUSGJ4e7kxgyZ3Vlm7orLst9iJei3WImV4I/YOYkpfB24cDjnvjhhoqQl33/zSlPTM7Nz8wvlxaXlldXK2vqF1akR2BRaaXMVgkUlY2ySJIVXiUGIQoWX4fBo5F/eorFSx+eUJdiJ4CaWfSmAnNStbAT+dR74BW8T3lHOj/Gi6Faqfs0fg/8lwYRU2QSn3cpHu6dFGmFMQoG1rcBPqJODISkUFuV2ajEBMYQbbDkaQ4S2k4+fL/i2U3q8r42rmPhY/T6RQ2RtFoWuMwIa2N/eSPzPa6XUr3dyGScpYSy+DvVTxUnzURK8Jw0KUpkjIIx0v3IxAAOCXF4/rox2k9bK7oYGhki7oRqCMZAVZZdV8DuZv6S5Vzus+Wf71UZ9Eto822RbbIcF7IA12Ak7ZU0mWMbu2SN78h68Z+/Fe/1qLXmTmQ32A977J5ZfpAo=</latexit><latexit sha1_base64="Dcg1ONt2p85leplyhd0hyi7q4es=">AAACInicbVC7SgNBFJ2N7/iKWtoMBsFCwq4Ixi5goaWCUSGJ4e7kxgyZ3Vlm7orLst9iJei3WImV4I/YOYkpfB24cDjnvjhhoqQl33/zSlPTM7Nz8wvlxaXlldXK2vqF1akR2BRaaXMVgkUlY2ySJIVXiUGIQoWX4fBo5F/eorFSx+eUJdiJ4CaWfSmAnNStbAT+dR74BW8T3lHOj/Gi6Faqfs0fg/8lwYRU2QSn3cpHu6dFGmFMQoG1rcBPqJODISkUFuV2ajEBMYQbbDkaQ4S2k4+fL/i2U3q8r42rmPhY/T6RQ2RtFoWuMwIa2N/eSPzPa6XUr3dyGScpYSy+DvVTxUnzURK8Jw0KUpkjIIx0v3IxAAOCXF4/rox2k9bK7oYGhki7oRqCMZAVZZdV8DuZv6S5Vzus+Wf71UZ9Eto822RbbIcF7IA12Ak7ZU0mWMbu2SN78h68Z+/Fe/1qLXmTmQ32A977J5ZfpAo=</latexit>

❖ In our model, the expected natural value  MR
2 ⇠ 1011 GeV !

<latexit sha1_base64="lKAGigdoDGlTzuJlC7eQ2SijcGc="></latexit><latexit sha1_base64="lKAGigdoDGlTzuJlC7eQ2SijcGc="></latexit><latexit sha1_base64="lKAGigdoDGlTzuJlC7eQ2SijcGc="></latexit>

“N2 leptogenesis”
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Leptogenesis
❖ Solving the Boltzmann equation, the final B-L asymmetry is 
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<latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit>

[Di Bari, Re Fiorentin ’15]

" ! CP asymmetries (K2↵) ! wash-out Ki↵ / seesaw parameters
<latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit>
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Leptogenesis
❖ Solving the Boltzmann equation, the final B-L asymmetry is 
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<latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit>

[Di Bari, Re Fiorentin ’15]

" ! CP asymmetries (K2↵) ! wash-out Ki↵ / seesaw parameters
<latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit>

❖ Finally, the baryon asymmetry is 

⌘B ' sin ⌘0
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<latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit><latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit><latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit>
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Leptogenesis
❖ Solving the Boltzmann equation, the final B-L asymmetry is 
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<latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit><latexit sha1_base64="hLu2rMTpvrpFSsysK0/dxxIgMfs="></latexit>

[Di Bari, Re Fiorentin ’15]

" ! CP asymmetries (K2↵) ! wash-out Ki↵ / seesaw parameters
<latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit><latexit sha1_base64="4O9OU+6YNz/vLMo8oRO/a1sLmLw="></latexit>

❖ Finally, the baryon asymmetry is 

⌘B ' sin ⌘0
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?
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v2
<latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit><latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit><latexit sha1_base64="SLMQXGUXzJVQ8//7PZ+HzeI+V2s="></latexit>

αsph = 8/23 : fraction B-L asymmetry converted
into baryon asymmetry 

Nrec
γ ≃ 78: photon asymmetry at recombination

mMSSM
? ' 0.78⇥ 10�3eV sin2 �

<latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cdk1H+yy8Z4k+jSuxCanc13D1Q4=">AAAB/3icbVDLSsNAFJ34rLFqXbsJFsFFKYkbdSe4cVnB2EIbys1k0g6ZZMLMjRBCf8CNC7/Flfghfoo7J20XtvXAwOGc+5oT5oJrdN1va2t7Z3dvv3FgHzbto+OTVvNZy0JR5lMppBqEoJngGfORo2CDXDFIQ8H6YXJf+/0XpjSX2ROWOQtSmGQ85hTQSL1xq+123TmcTeItSZssMW79jCJJi5RlSAVoPfTcHIMKFHIq2MweFZrlQBOYsKGhGaRMB9X8zJlzYZTIiaUyL0Nnrv7tqCDVukxDU5kCTvW6V4v/ecMC45ug4lleIMvoYlFcCAelU//ZibhiFEVpCFDFza0OnYICiiaZlS31bJRS6E6oIGHYCUUCSkE5s01U3nowm8S/6t523UeXNMgZOSeXxCPX5I48kB7xCSUReSXv1pv1YX0uEt2yltGekhVYX7+6QZpK</latexit><latexit sha1_base64="cX415ap86lMrDmxHl4wY/lbXZJA="></latexit><latexit sha1_base64="cX415ap86lMrDmxHl4wY/lbXZJA="></latexit><latexit sha1_base64="k8QSAb3zaXsQpoDXQ9+fVcDMv+0="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit><latexit sha1_base64="cpIJATBsWQuGvRDl8pq79Eirq8A="></latexit>

: equilibrium 
neutrino mass
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Leptogenesis
❖ Solving the Boltzmann equation, the final B-L asymmetry is 
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❖ Finally, the baryon asymmetry is 
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from the fit!
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Leptogenesis
❖ Solving the Boltzmann equation, the final B-L asymmetry is 
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❖ Finally, the baryon asymmetry is 
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only free parameter

Correct BAU when M2 ' 1.9⇥ 1011 GeV
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natural value for the second RHN mass: 
the model naturally explains the origin 
of the BAU through N2 leptogenesis 
without any need of tunning!
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Conclusions
Matter fields unified into a single representation (30, 16) of S4 ⇥ SO(10)
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❖ Minimal field content and low-dimensional representations 
❖ Matter hierarchies explained by the flavon VEVs when setting all the GUT scale 

parameters to be
❖ Predictions: neutrino mass masses, normal neutrino mass ordering, CP 

oscillation phase  
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Conclusions
Matter fields unified into a single representation (30, 16) of S4 ⇥ SO(10)
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Not shown here but:

❖ Splits Higgs doublets and triplets via Dimopoulos-Wilczek mechanism.
❖ Generates a     term of 
❖ Proton decay satisfies experimental constraints.
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❖ Minimal field content and low-dimensional representations 
❖ Matter hierarchies explained by the flavon VEVs when setting all the GUT scale 

parameters to be
❖ Predictions: neutrino mass masses, normal neutrino mass ordering, CP 

oscillation phase  
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Conclusions
Matter fields unified into a single representation (30, 16) of S4 ⇥ SO(10)

<latexit sha1_base64="Dq3G6oYoMuqT8VLNwrPTKmCGfVY="></latexit><latexit sha1_base64="Dq3G6oYoMuqT8VLNwrPTKmCGfVY="></latexit><latexit sha1_base64="Dq3G6oYoMuqT8VLNwrPTKmCGfVY="></latexit>

Future work:

❖ Model with extra dimensions: vacuum alignments from boundary conditions?
❖ Flavour symmetry as modular symmetry?

Thank you!

❖ Minimal field content and low-dimensional representations 
❖ Matter hierarchies explained by the flavon VEVs when setting all the GUT scale 

parameters to be
❖ Predictions: neutrino mass masses, normal neutrino mass ordering, CP 

oscillation phase  

⇠ O(1)
<latexit sha1_base64="kaMMWHoA55g4x8P8GyJfCvguIBE=">AAACInicbVBNS8NAFNz4WetXtEcvi0VQKCURwXorePFmBauFppSX7bYu3WTD7osQQn+LJ0F/iyfxJPhHvLmpPah1YGGYeW/fMGEihUHPe3cWFpeWV1ZLa+X1jc2tbXdn98aoVDPeZkoq3QnBcCli3kaBkncSzSEKJb8Nx+eFf3vPtREqvsYs4b0IRrEYCgZopb5bCYyIaBAB3jGQ+eXk0D/qu1Wv7k1B54k/I1UyQ6vvfgYDxdKIx8gkGNP1vQR7OWgUTPJJOUgNT4CNYcS7lsYQcdPLp+En9MAqAzpU2r4Y6VT9uZFDZEwWhXaySGn+eoX4n9dNcdjo5SJOUuQx+z40TCVFRYsm6EBozlBmlgDTwmal7A40MLR9/bpS/I1KSVMLNYw51kI5Bq0hm5RtV/7fZuZJ+7h+VveuTqrNxqy0Etkj++SQ+OSUNMkFaZE2YSQjD+SJPDuPzovz6rx9jy44s50K+QXn4wsoSqRb</latexit><latexit sha1_base64="kaMMWHoA55g4x8P8GyJfCvguIBE=">AAACInicbVBNS8NAFNz4WetXtEcvi0VQKCURwXorePFmBauFppSX7bYu3WTD7osQQn+LJ0F/iyfxJPhHvLmpPah1YGGYeW/fMGEihUHPe3cWFpeWV1ZLa+X1jc2tbXdn98aoVDPeZkoq3QnBcCli3kaBkncSzSEKJb8Nx+eFf3vPtREqvsYs4b0IRrEYCgZopb5bCYyIaBAB3jGQ+eXk0D/qu1Wv7k1B54k/I1UyQ6vvfgYDxdKIx8gkGNP1vQR7OWgUTPJJOUgNT4CNYcS7lsYQcdPLp+En9MAqAzpU2r4Y6VT9uZFDZEwWhXaySGn+eoX4n9dNcdjo5SJOUuQx+z40TCVFRYsm6EBozlBmlgDTwmal7A40MLR9/bpS/I1KSVMLNYw51kI5Bq0hm5RtV/7fZuZJ+7h+VveuTqrNxqy0Etkj++SQ+OSUNMkFaZE2YSQjD+SJPDuPzovz6rx9jy44s50K+QXn4wsoSqRb</latexit><latexit sha1_base64="kaMMWHoA55g4x8P8GyJfCvguIBE=">AAACInicbVBNS8NAFNz4WetXtEcvi0VQKCURwXorePFmBauFppSX7bYu3WTD7osQQn+LJ0F/iyfxJPhHvLmpPah1YGGYeW/fMGEihUHPe3cWFpeWV1ZLa+X1jc2tbXdn98aoVDPeZkoq3QnBcCli3kaBkncSzSEKJb8Nx+eFf3vPtREqvsYs4b0IRrEYCgZopb5bCYyIaBAB3jGQ+eXk0D/qu1Wv7k1B54k/I1UyQ6vvfgYDxdKIx8gkGNP1vQR7OWgUTPJJOUgNT4CNYcS7lsYQcdPLp+En9MAqAzpU2r4Y6VT9uZFDZEwWhXaySGn+eoX4n9dNcdjo5SJOUuQx+z40TCVFRYsm6EBozlBmlgDTwmal7A40MLR9/bpS/I1KSVMLNYw51kI5Bq0hm5RtV/7fZuZJ+7h+VveuTqrNxqy0Etkj++SQ+OSUNMkFaZE2YSQjD+SJPDuPzovz6rx9jy44s50K+QXn4wsoSqRb</latexit>

�l ⇠ 200�
<latexit sha1_base64="Vw9pphcC/22wKzhstQEpjGxzo+A=">AAACJnicbVA9SwNBEN3zM8avUwsLm8UgWEi4BEHtBBvLCMYEcjHMbSa6ZO/22J0TQsivsRL0t1iJ2Pk37NwkV6jxwcDjvZmdnRelSloKgg9vbn5hcWm5sFJcXVvf2PS3tm+szozAutBKm2YEFpVMsE6SFDZTgxBHChtR/2LsNx7QWKmTaxqk2I7hLpE9KYCc1PF3wy4qglvFQytjXg2C21BIIzp+KSgHE/BZUslJieWodfyvsKtFFmNCQoG1rUqQUnsIhqRQOCqGmcUURB/usOVoAjHa9nBywIgfOKXLe9q4SohP1J8TQ4itHcSR64yB7u1fbyz+57Uy6p22hzJJM8JETBf1MsVJ83EavCsNClIDR0AY6f7KxT0YEOQy+7Vl/DZprexRZKCPdBSpPhgDg1HRZVX5m8wsqVfLZ+Xg6rh0fpqHVmB7bJ8dsgo7YefsktVYnQk2Yo/smb14T96r9+a9T1vnvHxmh/2C9/kN6DqlwQ==</latexit><latexit sha1_base64="Vw9pphcC/22wKzhstQEpjGxzo+A=">AAACJnicbVA9SwNBEN3zM8avUwsLm8UgWEi4BEHtBBvLCMYEcjHMbSa6ZO/22J0TQsivsRL0t1iJ2Pk37NwkV6jxwcDjvZmdnRelSloKgg9vbn5hcWm5sFJcXVvf2PS3tm+szozAutBKm2YEFpVMsE6SFDZTgxBHChtR/2LsNx7QWKmTaxqk2I7hLpE9KYCc1PF3wy4qglvFQytjXg2C21BIIzp+KSgHE/BZUslJieWodfyvsKtFFmNCQoG1rUqQUnsIhqRQOCqGmcUURB/usOVoAjHa9nBywIgfOKXLe9q4SohP1J8TQ4itHcSR64yB7u1fbyz+57Uy6p22hzJJM8JETBf1MsVJ83EavCsNClIDR0AY6f7KxT0YEOQy+7Vl/DZprexRZKCPdBSpPhgDg1HRZVX5m8wsqVfLZ+Xg6rh0fpqHVmB7bJ8dsgo7YefsktVYnQk2Yo/smb14T96r9+a9T1vnvHxmh/2C9/kN6DqlwQ==</latexit><latexit sha1_base64="Vw9pphcC/22wKzhstQEpjGxzo+A=">AAACJnicbVA9SwNBEN3zM8avUwsLm8UgWEi4BEHtBBvLCMYEcjHMbSa6ZO/22J0TQsivsRL0t1iJ2Pk37NwkV6jxwcDjvZmdnRelSloKgg9vbn5hcWm5sFJcXVvf2PS3tm+szozAutBKm2YEFpVMsE6SFDZTgxBHChtR/2LsNx7QWKmTaxqk2I7hLpE9KYCc1PF3wy4qglvFQytjXg2C21BIIzp+KSgHE/BZUslJieWodfyvsKtFFmNCQoG1rUqQUnsIhqRQOCqGmcUURB/usOVoAjHa9nBywIgfOKXLe9q4SohP1J8TQ4itHcSR64yB7u1fbyz+57Uy6p22hzJJM8JETBf1MsVJ83EavCsNClIDR0AY6f7KxT0YEOQy+7Vl/DZprexRZKCPdBSpPhgDg1HRZVX5m8wsqVfLZ+Xg6rh0fpqHVmB7bJ8dsgo7YefsktVYnQk2Yo/smb14T96r9+a9T1vnvHxmh/2C9/kN6DqlwQ==</latexit>
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Back up slides
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GUT problems?

❖ GUT symmetry breaking: gives rise to hierarchical VEVs 

❖ Flavour symmetry breaking: gives rise to CSD2 vacuum alignment

❖ Har to obtain the correct masses: fit!

❖ Doublet-triplet splitting 

❖    problem

❖ Proton decay

❖ SUSY breaking: not discussed 

µ
<latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit><latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit><latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit>

O(TeV),W 2 µhuhd
<latexit sha1_base64="uahND3Iv9qSOoS+J6TRbZkMV//M="></latexit><latexit sha1_base64="uahND3Iv9qSOoS+J6TRbZkMV//M="></latexit><latexit sha1_base64="uahND3Iv9qSOoS+J6TRbZkMV//M="></latexit>
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Doublet-triplet splitting
H

u,d
10 , H16,16 : 10 ! 2+ 2+ 3+ 3̄

<latexit sha1_base64="QnsNqCECAu9867dGBk9w80LRyQg="></latexit><latexit sha1_base64="QnsNqCECAu9867dGBk9w80LRyQg="></latexit><latexit sha1_base64="QnsNqCECAu9867dGBk9w80LRyQg="></latexit>

❖ Two of the doublets remain light: MSSM Higgs doublets.
❖ Extra pairs of heavy doublets: preserve gauge coupling unification.
❖ Heavy colour triplets: mediate proton decay.
❖                          GeV: to ensure Higgs VEV of order 174 GeVµ ⇠ 102 � 103

<latexit sha1_base64="+vkLTgv3X8eC7qOKyMagYesBXo4=">AAACIHicbVBLS0JBGJ3b0+yltWwzJEGLknstyHZCm5YGmYKafHccdXDmzmXmu4WIP6VVUL+lVbSsf9Ku8bEo7cAMh3O+FyeMpbDo+5/e0vLK6tp6aiO9ubW9s5vJ7t1ZnRjGK0xLbWohWC5FxCsoUPJabDioUPJq2L8a+9UHbqzQ0S0OYt5U0I1ERzBAJ7Uy2YZKGlYoGvj3hVP3nbUyOT/vT0AXSTAjOTJDuZX5brQ1SxSPkEmwth74MTaHYFAwyUfpRmJ5DKwPXV53NALFbXM4OX1Ej5zSph1t3IuQTtTfHUNQ1g5U6CoVYM/Oe2PxP6+eYKfYHIooTpBHbLqok0iKmo5zoG1hOEM5cASYEe5WynpggKFL68+W8WzUWtqT0ECf40ko+2AMDEZpl1Uwn8wiqRTyl3n/5jxXKs5CS5EDckiOSUAuSIlckzKpEEYeyRN5Ia/es/fmvXsf09Ilb9azT/7A+/oB+qailg==</latexit><latexit sha1_base64="+vkLTgv3X8eC7qOKyMagYesBXo4=">AAACIHicbVBLS0JBGJ3b0+yltWwzJEGLknstyHZCm5YGmYKafHccdXDmzmXmu4WIP6VVUL+lVbSsf9Ku8bEo7cAMh3O+FyeMpbDo+5/e0vLK6tp6aiO9ubW9s5vJ7t1ZnRjGK0xLbWohWC5FxCsoUPJabDioUPJq2L8a+9UHbqzQ0S0OYt5U0I1ERzBAJ7Uy2YZKGlYoGvj3hVP3nbUyOT/vT0AXSTAjOTJDuZX5brQ1SxSPkEmwth74MTaHYFAwyUfpRmJ5DKwPXV53NALFbXM4OX1Ej5zSph1t3IuQTtTfHUNQ1g5U6CoVYM/Oe2PxP6+eYKfYHIooTpBHbLqok0iKmo5zoG1hOEM5cASYEe5WynpggKFL68+W8WzUWtqT0ECf40ko+2AMDEZpl1Uwn8wiqRTyl3n/5jxXKs5CS5EDckiOSUAuSIlckzKpEEYeyRN5Ia/es/fmvXsf09Ilb9azT/7A+/oB+qailg==</latexit><latexit sha1_base64="+vkLTgv3X8eC7qOKyMagYesBXo4=">AAACIHicbVBLS0JBGJ3b0+yltWwzJEGLknstyHZCm5YGmYKafHccdXDmzmXmu4WIP6VVUL+lVbSsf9Ku8bEo7cAMh3O+FyeMpbDo+5/e0vLK6tp6aiO9ubW9s5vJ7t1ZnRjGK0xLbWohWC5FxCsoUPJabDioUPJq2L8a+9UHbqzQ0S0OYt5U0I1ERzBAJ7Uy2YZKGlYoGvj3hVP3nbUyOT/vT0AXSTAjOTJDuZX5brQ1SxSPkEmwth74MTaHYFAwyUfpRmJ5DKwPXV53NALFbXM4OX1Ej5zSph1t3IuQTtTfHUNQ1g5U6CoVYM/Oe2PxP6+eYKfYHIooTpBHbLqok0iKmo5zoG1hOEM5cASYEe5WynpggKFL68+W8WzUWtqT0ECf40ko+2AMDEZpl1Uwn8wiqRTyl3n/5jxXKs5CS5EDckiOSUAuSIlckzKpEEYeyRN5Ia/es/fmvXsf09Ilb9azT/7A+/oB+qailg==</latexit>

Dimopoulos-Wilczek(DW) mechanism

WH = H
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<latexit sha1_base64="ArKhaPyxLOwOC0AoDt+83OXrFxI="></latexit><latexit sha1_base64="ArKhaPyxLOwOC0AoDt+83OXrFxI="></latexit><latexit sha1_base64="ArKhaPyxLOwOC0AoDt+83OXrFxI="></latexit>
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After the fields get the VEVs, the mass matrices and eigenvalues are

Doublet-triplet splitting

MT ⇠

3u(Hu
10) 3u(Hd

10) 3u(H16)
0
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A
3d(Hd

10) 1 0 4y

3d(Hu
10) 0 �1 3z

3d(H16) 5y 6z 2z
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MGUT , mT ⇠

0

@
1

1

2z
2
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AMGUT

<latexit sha1_base64="0ILV/80/mLoCysMWQFAv3LyvGP4="></latexit><latexit sha1_base64="0ILV/80/mLoCysMWQFAv3LyvGP4="></latexit><latexit sha1_base64="0ILV/80/mLoCysMWQFAv3LyvGP4="></latexit>

it requires 1 ⇠ 2z
2 ⇠ 1

<latexit sha1_base64="RsLM9nGmxIGojEezVNSsGDuBcrs=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KGWmCNZdwY3LCtYW2lrupGkbJjMZkjtCLd36Na4E/RbdiFs/wZ3pQ7CtBwIn59xHcvxYCoOu++6kVlbX1jfSm5mt7Z3dvez+wa1RiWa8ypRUuu6D4VJEvIoCJa/HmkPoS17zg8uxX7vn2ggV3eAg5q0QepHoCgZopXaWNgOIY2h7TSPC30uRPtwV6UTx2tmcW3AnoMvEm5EcmaHSzn43O4olIY+QSTCm4bkxtoagUTDJR5lmYngMLIAeb1gaQchNazj5yYieWKVDu0rbEyGdqH87hhAaMwh9WxkC9s2iNxb/8xoJdkutoYjiBHnEpou6iaSo6DgW2hGaM5QDS4BpYd9KWR80MLThzW0Zz0alpMn7GgKOeV8GoDUMRhmblbeYzDKpFgsXBff6LFcuzUJLkyNyTE6JR85JmVyRCqkSRh7JE3khr86z8+Z8OJ/T0pQz6zkkc3C+fgCAZakR</latexit><latexit sha1_base64="RsLM9nGmxIGojEezVNSsGDuBcrs=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KGWmCNZdwY3LCtYW2lrupGkbJjMZkjtCLd36Na4E/RbdiFs/wZ3pQ7CtBwIn59xHcvxYCoOu++6kVlbX1jfSm5mt7Z3dvez+wa1RiWa8ypRUuu6D4VJEvIoCJa/HmkPoS17zg8uxX7vn2ggV3eAg5q0QepHoCgZopXaWNgOIY2h7TSPC30uRPtwV6UTx2tmcW3AnoMvEm5EcmaHSzn43O4olIY+QSTCm4bkxtoagUTDJR5lmYngMLIAeb1gaQchNazj5yYieWKVDu0rbEyGdqH87hhAaMwh9WxkC9s2iNxb/8xoJdkutoYjiBHnEpou6iaSo6DgW2hGaM5QDS4BpYd9KWR80MLThzW0Zz0alpMn7GgKOeV8GoDUMRhmblbeYzDKpFgsXBff6LFcuzUJLkyNyTE6JR85JmVyRCqkSRh7JE3khr86z8+Z8OJ/T0pQz6zkkc3C+fgCAZakR</latexit><latexit sha1_base64="RsLM9nGmxIGojEezVNSsGDuBcrs=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KGWmCNZdwY3LCtYW2lrupGkbJjMZkjtCLd36Na4E/RbdiFs/wZ3pQ7CtBwIn59xHcvxYCoOu++6kVlbX1jfSm5mt7Z3dvez+wa1RiWa8ypRUuu6D4VJEvIoCJa/HmkPoS17zg8uxX7vn2ggV3eAg5q0QepHoCgZopXaWNgOIY2h7TSPC30uRPtwV6UTx2tmcW3AnoMvEm5EcmaHSzn43O4olIY+QSTCm4bkxtoagUTDJR5lmYngMLIAeb1gaQchNazj5yYieWKVDu0rbEyGdqH87hhAaMwh9WxkC9s2iNxb/8xoJdkutoYjiBHnEpou6iaSo6DgW2hGaM5QDS4BpYd9KWR80MLThzW0Zz0alpMn7GgKOeV8GoDUMRhmblbeYzDKpFgsXBff6LFcuzUJLkyNyTE6JR85JmVyRCqkSRh7JE3khr86z8+Z8OJ/T0pQz6zkkc3C+fgCAZakR</latexit>

to get the triplets at the GUT scale and
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2

MGUT , mD ⇠
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63z
2

2z
2

1

AMGUT

<latexit sha1_base64="xkmXfCD+vHmEKRWidkjNiwlIbT0="></latexit><latexit sha1_base64="xkmXfCD+vHmEKRWidkjNiwlIbT0="></latexit><latexit sha1_base64="xkmXfCD+vHmEKRWidkjNiwlIbT0="></latexit>

63z
2 ⇠ 2z

2 ⇠ 1
<latexit sha1_base64="L/7GX9xJxYfDSLcs5Be4sknXp2A="></latexit><latexit sha1_base64="L/7GX9xJxYfDSLcs5Be4sknXp2A="></latexit><latexit sha1_base64="L/7GX9xJxYfDSLcs5Be4sknXp2A="></latexit>

to get two doublet pairs at the GUT scale. 

Furthermore, there is a     term generated byµ
<latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit><latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit><latexit sha1_base64="I4ygEwXij/8dT7euFHOqtaBKIyc=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwUcpUBOuu4MZlRWsL7VDupJk2TDIZkjtCGfoJrgT9Flfi1j/wU9yZPha29UDgcM595QSJ4AY979vJra1vbG7ltws7u3v7B8XDo0ejUk1ZkyqhdDsAwwSPWRM5CtZONAMZCNYKopuJ33pi2nAVP+AoYb6EQcxDTgGtdN+Vaa9Y8ireFO4qqc5JiczR6BV/un1FU8lipAKM6VS9BP0MNHIq2LjQTQ1LgEYwYB1LY5DM+Nn01LF7ZpW+GyptX4zuVP3bkYE0ZiQDWykBh2bZm4j/eZ0Uw5qf8ThJkcV0tihMhYvKnfzb7XPNKIqRJUA1t7e6dAgaKNp0FrZMZqNSwpQDDRHDciAi0BpG44LNqrqczCppXlSuK97dZalem4eWJyfklJyTKrkidXJLGqRJKBmQZ/JK3pwX5935cD5npTln3nNMFuB8/QLoQp4E</latexit>

µ ⇠ y4MGUT ⇠ 1 TeV
<latexit sha1_base64="rCoAc7ixxvQ/IzKQf4SLCu8wUFk="></latexit><latexit sha1_base64="rCoAc7ixxvQ/IzKQf4SLCu8wUFk="></latexit><latexit sha1_base64="rCoAc7ixxvQ/IzKQf4SLCu8wUFk="></latexit>

which happens at the correct order.
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Proton decay
❖ The proton lifetime is constrained to be
❖ Proton decay mediated by extra gauge bosons of the GUT and by triplets 

accompanying the Higgs doublets.
❖ Constraints barely met when the triplets have a GUT scale mass.
❖ Additional fields may allow proton decay from effective terms

⌧p > 1034 years.
<latexit sha1_base64="AKAKRm0LlcpQiuyxGht83ZYQ8ho="></latexit><latexit sha1_base64="AKAKRm0LlcpQiuyxGht83ZYQ8ho="></latexit><latexit sha1_base64="AKAKRm0LlcpQiuyxGht83ZYQ8ho="></latexit>

gQQQL
hXi
M2

P
<latexit sha1_base64="OYz6vzrz2C/tPofAQXXYphcNP24="></latexit><latexit sha1_base64="OYz6vzrz2C/tPofAQXXYphcNP24="></latexit><latexit sha1_base64="OYz6vzrz2C/tPofAQXXYphcNP24="></latexit>

 Such terms must obey the constraint g hXi < 3⇥ 109 GeV.
<latexit sha1_base64="V3HtEMZsCpkJIiZN3bfZhsGT1TM="></latexit><latexit sha1_base64="V3HtEMZsCpkJIiZN3bfZhsGT1TM="></latexit><latexit sha1_base64="V3HtEMZsCpkJIiZN3bfZhsGT1TM="></latexit>

❖ In our model, the largest contribution of this type comes from the term

    

D
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B�L
45 (HX,Y

45 )2
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) hXi = (MGUT)3

M
2
P

⇠ 1010 GeV.

<latexit sha1_base64="SkYv95N4+YOnBk+N4ZeELXLm11E="></latexit><latexit sha1_base64="SkYv95N4+YOnBk+N4ZeELXLm11E="></latexit><latexit sha1_base64="SkYv95N4+YOnBk+N4ZeELXLm11E="></latexit>

Constraints met when g < 0.3
<latexit sha1_base64="vc+cpPNGZ34/pB7odAk8eWi9GJ0=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXpaQqWMFFwY3LCsYW2lBuppN26CQTZm6EEvoNrgT9Flfi1h/wU9w5abOwrQcGDufc1xw/Flyj43xbK6tr6xubha3i9s7u3n7p4PBRy0RR5lIppGr7oJngEXORo2DtWDEIfcFa/ug281tPTGkuowccx8wLYRDxgFNAI7mDG6d60SuVnaozhb1MajkpkxzNXumn25c0CVmEVIDWnZoTo5eCQk4FmxS7iWYx0BEMWMfQCEKmvXR67MQ+NUrfDqQyL0J7qv7tSCHUehz6pjIEHOpFLxP/8zoJBnUv5VGcIIvobFGQCBulnf3c7nPFKIqxIUAVN7fadAgKKJp85rZks1FKoSu+ghHDii9GoBSMJ0WTVW0xmWXinlevq879ZblRz0MrkGNyQs5IjVyRBrkjTeISSjh5Jq/kzXqx3q0P63NWumLlPUdkDtbXLyOEng4=</latexit><latexit sha1_base64="vc+cpPNGZ34/pB7odAk8eWi9GJ0=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXpaQqWMFFwY3LCsYW2lBuppN26CQTZm6EEvoNrgT9Flfi1h/wU9w5abOwrQcGDufc1xw/Flyj43xbK6tr6xubha3i9s7u3n7p4PBRy0RR5lIppGr7oJngEXORo2DtWDEIfcFa/ug281tPTGkuowccx8wLYRDxgFNAI7mDG6d60SuVnaozhb1MajkpkxzNXumn25c0CVmEVIDWnZoTo5eCQk4FmxS7iWYx0BEMWMfQCEKmvXR67MQ+NUrfDqQyL0J7qv7tSCHUehz6pjIEHOpFLxP/8zoJBnUv5VGcIIvobFGQCBulnf3c7nPFKIqxIUAVN7fadAgKKJp85rZks1FKoSu+ghHDii9GoBSMJ0WTVW0xmWXinlevq879ZblRz0MrkGNyQs5IjVyRBrkjTeISSjh5Jq/kzXqx3q0P63NWumLlPUdkDtbXLyOEng4=</latexit><latexit sha1_base64="vc+cpPNGZ34/pB7odAk8eWi9GJ0=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXpaQqWMFFwY3LCsYW2lBuppN26CQTZm6EEvoNrgT9Flfi1h/wU9w5abOwrQcGDufc1xw/Flyj43xbK6tr6xubha3i9s7u3n7p4PBRy0RR5lIppGr7oJngEXORo2DtWDEIfcFa/ug281tPTGkuowccx8wLYRDxgFNAI7mDG6d60SuVnaozhb1MajkpkxzNXumn25c0CVmEVIDWnZoTo5eCQk4FmxS7iWYx0BEMWMfQCEKmvXR67MQ+NUrfDqQyL0J7qv7tSCHUehz6pjIEHOpFLxP/8zoJBnUv5VGcIIvobFGQCBulnf3c7nPFKIqxIUAVN7fadAgKKJp85rZks1FKoSu+ghHDii9GoBSMJ0WTVW0xmWXinlevq879ZblRz0MrkGNyQs5IjVyRBrkjTeISSjh5Jq/kzXqx3q0P63NWumLlPUdkDtbXLyOEng4=</latexit>

Proton decay complies with experimental 
constraints but lies fairly close to detection!
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Difference between Yukawa couplings
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<latexit sha1_base64="Cg4BIvwS+Ks1ryVrOwD8kSVYGMQ="></latexit><latexit sha1_base64="Cg4BIvwS+Ks1ryVrOwD8kSVYGMQ="></latexit><latexit sha1_base64="Cg4BIvwS+Ks1ryVrOwD8kSVYGMQ="></latexit>

❖ The                 obtain a VEV in an arbitrary SO(10) breaking direction. They need to be 
different from one another. 

❖ Let us assume that                 is aligned in the                direction respectively with an MGUT 
magnitude. In this case the effective Yukawa couplings would be

hHX,Y
45 i

<latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit><latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit><latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit>

hHX,Y
45 i

<latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit><latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit><latexit sha1_base64="NgoLbMutXP5z33C5RPWc3OziJ38=">AAACJHicbZC7SgNBFIZnvcZ4i4qVzWIQLELYSLx1AZuUEYyJJDGcncwmw87uLDNnhbDsw1gJ+ixWYmHje9g5uRQm8YeBn/+cM+fwuZHgGh3ny1paXlldW89sZDe3tnd2c3v791rGirI6lUKqpguaCR6yOnIUrBkpBoErWMP1b0b1xhNTmsvwDocR6wTQD7nHKaCJurnDtqvAZ5hUu0n5PH1MmoWHNO3m8k7RGcteNKWpyZOpat3cT7snaRywEKkArVslJ8JOAgo5FSzNtmPNIqA+9FnL2BACpjvJ+PzUPjFJz/akMi9Ee5z+nUgg0HoYuKYzABzo+doo/K/WitG76iQ8jGJkIZ0s8mJho7RHLOweV4yiGBoDVHFzq00HoICiITazZfQ3Sil0YYKr4AoflIJhmjWsSvNkFk39rHhddG7L+crFFFqGHJFjckpK5JJUSJXUSJ1QkpBn8krerBfr3fqwPietS9Z05oDMyPr+BZ20pbE=</latexit>

U(1)X,Y
<latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit><latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit><latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit>
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<latexit sha1_base64="2T/YFtFnPg3hV2jVRCtROAUTXHQ="></latexit><latexit sha1_base64="2T/YFtFnPg3hV2jVRCtROAUTXHQ="></latexit><latexit sha1_base64="2T/YFtFnPg3hV2jVRCtROAUTXHQ="></latexit>

where the coefficients multiplying each         are the               charges of the 
corresponding SM field.

U(1)X,Y
<latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit><latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit><latexit sha1_base64="cDwQDRArXcYBZa1gz3go2CYEMQo=">AAACF3icbVDLSgMxFM34rPVVdelmsAgVSpkR8bEruHFZwbHVtpQ7adqGZpIhuSOUoX/hStBvcSVuXfop7kwfC9t6IHA4575ywlhwg5737Swtr6yurWc2sptb2zu7ub39e6MSTVlAlVC6FoJhgksWIEfBarFmEIWCVcP+9civPjFtuJJ3OIhZM4Ku5B1OAa30GBT8k1ZaKz4MW7m8V/LGcBeJPyV5MkWllftptBVNIiaRCjCm7nsxNlPQyKlgw2wjMSwG2ocuq1sqIWKmmY4vHrrHVmm7HaXtk+iO1b8dKUTGDKLQVkaAPTPvjcT/vHqCnctmymWcIJN0sqiTCBeVO/q+2+aaURQDS4Bqbm91aQ80ULQhzWwZzUalhCmGGvoMi6Hog9YwGGZtVv58MoskOC1dlbzbs3z5fBpahhySI1IgPrkgZXJDKiQglEjyTF7Jm/PivDsfzuekdMmZ9hyQGThfv/V3oBU=</latexit>
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<latexit sha1_base64="v2NwGIlbmKxDlKhnyC+QF3uPxoM=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bEruHFZwdhKG8vNZNoOnWTizI1QQr/DlaDf4krcuvFT3Dlts7CtBwYO55w793L8WHCNjvNt5ZaWV1bX8uuFjc2t7Z3i7t6dlomizKVSSNX0QTPBI+YiR8GasWIQ+oI1/MHV2G88MaW5jG5xGDMvhF7Eu5wCGslrCxMN4CFtlu9HnWLJqTgT2IukmpESyVDvFH/agaRJyCKkArRuVZ0YvRQUcirYqNBONIuBDqDHWoZGEDLtpZOjR/aRUQK7K5V5EdoT9e9ECqHWw9A3yRCwr+e9sfif10qwe+GlPIoTZBGdLuomwkZpjxuwA64YRTE0BKji5lab9kEBRdPTzJbx3yil0GVfwYBh2RcDUAqGo4LpqjrfzCJxTyqXFefmtFQ7y0rLkwNySI5JlZyTGrkmdeISSh7JM3klb9aL9W59WJ/TaM7KZvbJDKyvX541ohg=</latexit><latexit sha1_base64="v2NwGIlbmKxDlKhnyC+QF3uPxoM=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bEruHFZwdhKG8vNZNoOnWTizI1QQr/DlaDf4krcuvFT3Dlts7CtBwYO55w793L8WHCNjvNt5ZaWV1bX8uuFjc2t7Z3i7t6dlomizKVSSNX0QTPBI+YiR8GasWIQ+oI1/MHV2G88MaW5jG5xGDMvhF7Eu5wCGslrCxMN4CFtlu9HnWLJqTgT2IukmpESyVDvFH/agaRJyCKkArRuVZ0YvRQUcirYqNBONIuBDqDHWoZGEDLtpZOjR/aRUQK7K5V5EdoT9e9ECqHWw9A3yRCwr+e9sfif10qwe+GlPIoTZBGdLuomwkZpjxuwA64YRTE0BKji5lab9kEBRdPTzJbx3yil0GVfwYBh2RcDUAqGo4LpqjrfzCJxTyqXFefmtFQ7y0rLkwNySI5JlZyTGrkmdeISSh7JM3klb9aL9W59WJ/TaM7KZvbJDKyvX541ohg=</latexit><latexit sha1_base64="v2NwGIlbmKxDlKhnyC+QF3uPxoM=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bEruHFZwdhKG8vNZNoOnWTizI1QQr/DlaDf4krcuvFT3Dlts7CtBwYO55w793L8WHCNjvNt5ZaWV1bX8uuFjc2t7Z3i7t6dlomizKVSSNX0QTPBI+YiR8GasWIQ+oI1/MHV2G88MaW5jG5xGDMvhF7Eu5wCGslrCxMN4CFtlu9HnWLJqTgT2IukmpESyVDvFH/agaRJyCKkArRuVZ0YvRQUcirYqNBONIuBDqDHWoZGEDLtpZOjR/aRUQK7K5V5EdoT9e9ECqHWw9A3yRCwr+e9sfif10qwe+GlPIoTZBGdLuomwkZpjxuwA64YRTE0BKji5lab9kEBRdPTzJbx3yil0GVfwYBh2RcDUAqGo4LpqjrfzCJxTyqXFefmtFQ7y0rLkwNySI5JlZyTGrkmdeISSh7JM3klb9aL9W59WJ/TaM7KZvbJDKyvX541ohg=</latexit>
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Gauge coupling unification in the MSSM

Two-loop renormalization group evolution of the inverse gauge couplings          
in the SM (dashed lines) and the MSSM (solid lines). 

↵�1
a (Q)

<latexit sha1_base64="C85Oh5dF8kArzwWRwQWtEQ6hoOo=">AAACH3icbVBLSwJRGL3T0+w11bLNkAQGJjMRPXZCm5YKmYKafHO96sU7c4d7vxFk8J+0Cuq3tIq2/pR23VEXqR344HDO9+L4keAaXXdira1vbG5tZ3ayu3v7B4f20fGzlrGirEqlkKrug2aCh6yKHAWrR4pB4AtW8wcPqV8bMqW5DJ9wFLFWAL2QdzkFNFLbtpsgoj604SW59Mb5ykXbzrlFdwpnlXhzkiNzlNv2T7MjaRywEKkArRueG2ErAYWcCjbONmPNIqAD6LGGoSEETLeS6edj59woHacrlakQnan6dyKBQOtR4JvOALCvl71U/M9rxNi9ayU8jGJkIZ0d6sbCQemkMTgdrhhFMTIEqOLmV4f2QQFFE9bClXQ3Sil0wVcwYFjwxQCUgtE4a7LylpNZJdWr4n3RrVznSjfz0DLklJyRPPHILSmRR1ImVULJkLySd/JhvVmf1pf1PWtds+YzJ2QB1uQXe52i7w==</latexit><latexit sha1_base64="C85Oh5dF8kArzwWRwQWtEQ6hoOo=">AAACH3icbVBLSwJRGL3T0+w11bLNkAQGJjMRPXZCm5YKmYKafHO96sU7c4d7vxFk8J+0Cuq3tIq2/pR23VEXqR344HDO9+L4keAaXXdira1vbG5tZ3ayu3v7B4f20fGzlrGirEqlkKrug2aCh6yKHAWrR4pB4AtW8wcPqV8bMqW5DJ9wFLFWAL2QdzkFNFLbtpsgoj604SW59Mb5ykXbzrlFdwpnlXhzkiNzlNv2T7MjaRywEKkArRueG2ErAYWcCjbONmPNIqAD6LGGoSEETLeS6edj59woHacrlakQnan6dyKBQOtR4JvOALCvl71U/M9rxNi9ayU8jGJkIZ0d6sbCQemkMTgdrhhFMTIEqOLmV4f2QQFFE9bClXQ3Sil0wVcwYFjwxQCUgtE4a7LylpNZJdWr4n3RrVznSjfz0DLklJyRPPHILSmRR1ImVULJkLySd/JhvVmf1pf1PWtds+YzJ2QB1uQXe52i7w==</latexit><latexit sha1_base64="C85Oh5dF8kArzwWRwQWtEQ6hoOo=">AAACH3icbVBLSwJRGL3T0+w11bLNkAQGJjMRPXZCm5YKmYKafHO96sU7c4d7vxFk8J+0Cuq3tIq2/pR23VEXqR344HDO9+L4keAaXXdira1vbG5tZ3ayu3v7B4f20fGzlrGirEqlkKrug2aCh6yKHAWrR4pB4AtW8wcPqV8bMqW5DJ9wFLFWAL2QdzkFNFLbtpsgoj604SW59Mb5ykXbzrlFdwpnlXhzkiNzlNv2T7MjaRywEKkArRueG2ErAYWcCjbONmPNIqAD6LGGoSEETLeS6edj59woHacrlakQnan6dyKBQOtR4JvOALCvl71U/M9rxNi9ayU8jGJkIZ0d6sbCQemkMTgdrhhFMTIEqOLmV4f2QQFFE9bClXQ3Sil0wVcwYFjwxQCUgtE4a7LylpNZJdWr4n3RrVznSjfz0DLklJyRPPHILSmRR1ImVULJkLySd/JhvVmf1pf1PWtds+YzJ2QB1uQXe52i7w==</latexit>

[A supersymmetry Primer, Martin]
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