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Just a coincidence?

<latexit sha1_base64="dvZT+u/jV9YfccHHyphQU/dBw2o="></latexit>

⌦DM

⌦B
=

mDMYDM

mpYB
⇠ 5



Just a coincidence?

<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠

<latexit sha1_base64="dvZT+u/jV9YfccHHyphQU/dBw2o="></latexit>

⌦DM

⌦B
=

mDMYDM

mpYB
⇠ 5

Mechanism  
ADM

<latexit sha1_base64="YImO/1V4XhKHZ2hdzST0StfJHBY=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GOpHjxWsB/ShLLZTtulm03YnQgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqOTR5LGPdCZkBKRQ0UaCETqKBRaGEdji+nvntR9BGxOoeJwkEERsqMRCcoZX8h17m34BERuvTXrniVt056F/i5aRCcjR65U+/H/M0AoVcMmO6nptgkDGNgkuYlvzUQML4mA2ha6liEZggm988pSdW6dNBrG0ppHP150TGImMmUWg7I4Yjs+zNxP+8boqDqyATKkkRFF8sGqSSYkxnAdC+0MBRTixhXAt7K+UjphlHG1PJhuAtv/yXtM6q3kXVvTuv1Op5HEVyRI7JKfHIJamRW9IgTcJJQp7IC3l1UufZeXPeF60FJ585JL/gfHwDdpiRTw==</latexit>

Y�B
<latexit sha1_base64="GTNTe3CDP/4I9/3PUL7B4KPcVcQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWsB/ShLLZTtulm03Y3Qgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1KNgktsGm4EdhKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9DL/DoKQ0l92itX3Ko7B/lLvJxUIEejV/70+zFLI5SGCap113MTE2RUGc4ETkt+qjGhbEyH2LVU0gh1kM1vnpITq/TJIFa2pCFz9edERiOtJ1FoOyNqRnrZm4n/ed3UDK6CjMskNSjZYtEgFcTEZBYA6XOFzIiJJZQpbm8lbEQVZcbGVLIheMsv/yWts6p3UXXvziu16zyOIhzBMZyCB5dQg1toQBMYJPAEL/DqpM6z8+a8L1oLTj5zCL/gfHwDeaKRUQ==</latexit>

Y�D

[Kaplan, Luty, Zurek, 2009]



Just a coincidence?

<latexit sha1_base64="AJO+uYGmfD71hAL+QGBcCx0f70M=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE1GVRF27ECvYBnVIyaaYNTWaG5I5YhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40WCa7Dtb2tufmFxaTm3kl9dW9/YLGxt13UYK8pqNBShanpEM8EDVgMOgjUjxYj0BGt4g4uR37hnSvMwuINhxNqS9ALuc0rASJ1CUXZcYA+QXF6n2NVc4sSlROCbtOQcYPcQy05kUnbZHgPPEicjRZSh2il8ud2QxpIFQAXRuuXYEbQTooBTwdK8G2sWETogPdYyNCCS6XYyPibF+0bpYj9U5gWAx+rviYRIrYfSM0lJoK+nvZH4n9eKwT9rJzyIYmABnSzyY4EhxKNmcJcrRkEMDSFUcfNXTPtEEQqmv7wpwZk+eZbUj8rOSdm+PS5WzrM6cmgX7aESctApqqArVEU1RNEjekav6M16sl6sd+tjEp2zspkd9AfW5w9e8pni</latexit>

mDM ⇠ O(1)mp

<latexit sha1_base64="dvZT+u/jV9YfccHHyphQU/dBw2o="></latexit>

⌦DM

⌦B
=

mDMYDM

mpYB
⇠ 5

Mechanism  
ADM

<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠
<latexit sha1_base64="YImO/1V4XhKHZ2hdzST0StfJHBY=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GOpHjxWsB/ShLLZTtulm03YnQgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqOTR5LGPdCZkBKRQ0UaCETqKBRaGEdji+nvntR9BGxOoeJwkEERsqMRCcoZX8h17m34BERuvTXrniVt056F/i5aRCcjR65U+/H/M0AoVcMmO6nptgkDGNgkuYlvzUQML4mA2ha6liEZggm988pSdW6dNBrG0ppHP150TGImMmUWg7I4Yjs+zNxP+8boqDqyATKkkRFF8sGqSSYkxnAdC+0MBRTixhXAt7K+UjphlHG1PJhuAtv/yXtM6q3kXVvTuv1Op5HEVyRI7JKfHIJamRW9IgTcJJQp7IC3l1UufZeXPeF60FJ585JL/gfHwDdpiRTw==</latexit>

Y�B
<latexit sha1_base64="GTNTe3CDP/4I9/3PUL7B4KPcVcQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWsB/ShLLZTtulm03Y3Qgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1KNgktsGm4EdhKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9DL/DoKQ0l92itX3Ko7B/lLvJxUIEejV/70+zFLI5SGCap113MTE2RUGc4ETkt+qjGhbEyH2LVU0gh1kM1vnpITq/TJIFa2pCFz9edERiOtJ1FoOyNqRnrZm4n/ed3UDK6CjMskNSjZYtEgFcTEZBYA6XOFzIiJJZQpbm8lbEQVZcbGVLIheMsv/yWts6p3UXXvziu16zyOIhzBMZyCB5dQg1toQBMYJPAEL/DqpM6z8+a8L1oLTj5zCL/gfHwDeaKRUQ==</latexit>

Y�D

[Kaplan, Luty, Zurek, 2009]



Just a coincidence?

<latexit sha1_base64="AJO+uYGmfD71hAL+QGBcCx0f70M=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE1GVRF27ECvYBnVIyaaYNTWaG5I5YhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40WCa7Dtb2tufmFxaTm3kl9dW9/YLGxt13UYK8pqNBShanpEM8EDVgMOgjUjxYj0BGt4g4uR37hnSvMwuINhxNqS9ALuc0rASJ1CUXZcYA+QXF6n2NVc4sSlROCbtOQcYPcQy05kUnbZHgPPEicjRZSh2il8ud2QxpIFQAXRuuXYEbQTooBTwdK8G2sWETogPdYyNCCS6XYyPibF+0bpYj9U5gWAx+rviYRIrYfSM0lJoK+nvZH4n9eKwT9rJzyIYmABnSzyY4EhxKNmcJcrRkEMDSFUcfNXTPtEEQqmv7wpwZk+eZbUj8rOSdm+PS5WzrM6cmgX7aESctApqqArVEU1RNEjekav6M16sl6sd+tjEp2zspkd9AfW5w9e8pni</latexit>

mDM ⇠ O(1)mp

<latexit sha1_base64="dvZT+u/jV9YfccHHyphQU/dBw2o="></latexit>

⌦DM

⌦B
=

mDMYDM

mpYB
⇠ 5

Mechanism  
ADM

<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠
<latexit sha1_base64="YImO/1V4XhKHZ2hdzST0StfJHBY=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GOpHjxWsB/ShLLZTtulm03YnQgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqOTR5LGPdCZkBKRQ0UaCETqKBRaGEdji+nvntR9BGxOoeJwkEERsqMRCcoZX8h17m34BERuvTXrniVt056F/i5aRCcjR65U+/H/M0AoVcMmO6nptgkDGNgkuYlvzUQML4mA2ha6liEZggm988pSdW6dNBrG0ppHP150TGImMmUWg7I4Yjs+zNxP+8boqDqyATKkkRFF8sGqSSYkxnAdC+0MBRTixhXAt7K+UjphlHG1PJhuAtv/yXtM6q3kXVvTuv1Op5HEVyRI7JKfHIJamRW9IgTcJJQp7IC3l1UufZeXPeF60FJ585JL/gfHwDdpiRTw==</latexit>

Y�B
<latexit sha1_base64="GTNTe3CDP/4I9/3PUL7B4KPcVcQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWsB/ShLLZTtulm03Y3Qgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1KNgktsGm4EdhKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9DL/DoKQ0l92itX3Ko7B/lLvJxUIEejV/70+zFLI5SGCap113MTE2RUGc4ETkt+qjGhbEyH2LVU0gh1kM1vnpITq/TJIFa2pCFz9edERiOtJ1FoOyNqRnrZm4n/ed3UDK6CjMskNSjZYtEgFcTEZBYA6XOFzIiJJZQpbm8lbEQVZcbGVLIheMsv/yWts6p3UXXvziu16zyOIhzBMZyCB5dQg1toQBMYJPAEL/DqpM6z8+a8L1oLTj5zCL/gfHwDeaKRUQ==</latexit>

Y�D

[Kaplan, Luty, Zurek, 2009]

[Foot, Volkas, 2003] 
[Foot, Volkas, 2004] 
[Lonsdale, Volkas, 2014] 
[Lonsdale, 2015] 
[Lonsdale, Volkas, 2019]



Just a coincidence?

<latexit sha1_base64="AJO+uYGmfD71hAL+QGBcCx0f70M=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE1GVRF27ECvYBnVIyaaYNTWaG5I5YhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40WCa7Dtb2tufmFxaTm3kl9dW9/YLGxt13UYK8pqNBShanpEM8EDVgMOgjUjxYj0BGt4g4uR37hnSvMwuINhxNqS9ALuc0rASJ1CUXZcYA+QXF6n2NVc4sSlROCbtOQcYPcQy05kUnbZHgPPEicjRZSh2il8ud2QxpIFQAXRuuXYEbQTooBTwdK8G2sWETogPdYyNCCS6XYyPibF+0bpYj9U5gWAx+rviYRIrYfSM0lJoK+nvZH4n9eKwT9rJzyIYmABnSzyY4EhxKNmcJcrRkEMDSFUcfNXTPtEEQqmv7wpwZk+eZbUj8rOSdm+PS5WzrM6cmgX7aESctApqqArVEU1RNEjekav6M16sl6sd+tjEp2zspkd9AfW5w9e8pni</latexit>

mDM ⇠ O(1)mp

<latexit sha1_base64="dvZT+u/jV9YfccHHyphQU/dBw2o="></latexit>

⌦DM
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=

mDMYDM
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Mechanism  
ADM

<latexit sha1_base64="gtcmCltYANSbKapCp+qjLBY0FCc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+qew+XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASFVjkw=</latexit>⇠
<latexit sha1_base64="YImO/1V4XhKHZ2hdzST0StfJHBY=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GOpHjxWsB/ShLLZTtulm03YnQgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqOTR5LGPdCZkBKRQ0UaCETqKBRaGEdji+nvntR9BGxOoeJwkEERsqMRCcoZX8h17m34BERuvTXrniVt056F/i5aRCcjR65U+/H/M0AoVcMmO6nptgkDGNgkuYlvzUQML4mA2ha6liEZggm988pSdW6dNBrG0ppHP150TGImMmUWg7I4Yjs+zNxP+8boqDqyATKkkRFF8sGqSSYkxnAdC+0MBRTixhXAt7K+UjphlHG1PJhuAtv/yXtM6q3kXVvTuv1Op5HEVyRI7JKfHIJamRW9IgTcJJQp7IC3l1UufZeXPeF60FJ585JL/gfHwDdpiRTw==</latexit>

Y�B
<latexit sha1_base64="GTNTe3CDP/4I9/3PUL7B4KPcVcQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWsB/ShLLZTtulm03Y3Qgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1KNgktsGm4EdhKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9DL/DoKQ0l92itX3Ko7B/lLvJxUIEejV/70+zFLI5SGCap113MTE2RUGc4ETkt+qjGhbEyH2LVU0gh1kM1vnpITq/TJIFa2pCFz9edERiOtJ1FoOyNqRnrZm4n/ed3UDK6CjMskNSjZYtEgFcTEZBYA6XOFzIiJJZQpbm8lbEQVZcbGVLIheMsv/yWts6p3UXXvziu16zyOIhzBMZyCB5dQg1toQBMYJPAEL/DqpM6z8+a8L1oLTj5zCL/gfHwDeaKRUQ==</latexit>

Y�D

[Kaplan, Luty, Zurek, 2009]

[Foot, Volkas, 2003] 
[Foot, Volkas, 2004] 
[Lonsdale, Volkas, 2014] 
[Lonsdale, 2015] 
[Lonsdale, Volkas, 2019]

[Cohen, Phalen, Pierce, Zurek, 2010]



The idea: DarkUnification

sin2 ✓W [⇤EW] = 0.21

[= 0.231]

<latexit sha1_base64="Z+fln2HuWpwH76y6WEAJ5nWApZc="></latexit>

sin2 ✓W[⇤GUT] =
↵Y

↵2 + ↵Y
=

3
5↵1

↵2 +
3
5↵1

=
3

8

<latexit sha1_base64="lDXBsT+Zu2QIk/2z0hHhBbJ81co=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl0oQsXFZq20IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOX7KmQTT/NYqa+sbm1vV7drO7t7+gX5Y78okE4TaJOGJ6PtYUs5iagMDTvupoDjyOe3549uZ33uiQrIk7sA0pW6EhzELGcGgJE+vOw8qHGDPATqB/M7uFJ7eMJvmHMYqsUrSQCXanv7lBAnJIhoD4VjKgWWm4OZYACOcFjUnkzTFZIyHdKBojCMq3Xx+e2GcKiUwwkSoF4MxV39P5DiSchr5KhlhGMllbyb+5w0yCK/dnMVpBjQmi0Vhxg1IjFkRRsAEJcCnimAimLrVICMsMAFVV02VYC1/eZV0z5vWZdN8vGi0bso6qugYnaAzZKEr1EL3qI1sRNAEPaNX9KYV2ov2rn0sohWtnDlCf6B9/gD9GpRp</latexit>

⇤GUT
<latexit sha1_base64="WrEY0/W15hKJomBKPkULvgo408Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rIoggsXFewDmhAmk0k7dPJg5kYtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXO6d46eCK7Csb6O0tLyyulZer2xsbm3vmNXdtkoySVmLJiKRXZ8oJnjMWsBBsG4qGYl8wTr+8HLid+6ZVDyJ72CUMjci/ZiHnBLQkmdWnRsdDojnAHuE/Koz9syaVbemwIvELkgNFWh65pcTJDSLWAxUEKV6tpWCmxMJnAo2rjiZYimhQ9JnPU1jEjHl5tPTx/hQKwEOE6lfDHiq/p7ISaTUKPJ1MiIwUPPeRPzP62UQnrs5j9MMWExni8JMYEjwpAcccMkoiJEmhEqub8V0QCShoNuq6BLs+S8vkvZx3T6tW7cntcZFUUcZ7aMDdIRsdIYa6Bo1UQtR9ICe0St6M56MF+Pd+JhFS0Yxs4f+wPj8AVIdlAs=</latexit>

⇤EW

<latexit sha1_base64="pZswJ8nlFzAsXLTUs4dvZC4neNM=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSTi17HoxWNF+wFNKJvtpF262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbBR3Nza3tkt7e03dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFQxvJn7rEZTmsXzAUQJ+RPuSh5xRNJLnITxhdt8YV85PuqWyU3WmsBeJm5MyyVHvlr68XszSCCQyQbXuuE6CfkYVciZgXPRSDQllQ9qHjqGSRqD9bHrz2D42Ss8OY2VKoj1Vf09kNNJ6FAWmM6I40PPeRPzP66QYXvkZl0mKINlsUZgKG2N7EoDd4woYipEhlClubrXZgCrK0MRUNCG48y8vkuZp1b2oOndn5dp1HkeBHJIjUiEuuSQ1ckvqpEEYScgzeSVvVmq9WO/Wx6x1ycpnDsgfWJ8/XxORPg==</latexit>

SU(5)

[Georgi, Glashow, 1974]



The idea: DarkUnification

Pick subjects of 
similar nature

1 2

<latexit sha1_base64="Z+fln2HuWpwH76y6WEAJ5nWApZc="></latexit>

sin2 ✓W[⇤GUT] =
↵Y

↵2 + ↵Y
=

3
5↵1

↵2 +
3
5↵1

=
3

8

<latexit sha1_base64="lDXBsT+Zu2QIk/2z0hHhBbJ81co=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl0oQsXFZq20IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOX7KmQTT/NYqa+sbm1vV7drO7t7+gX5Y78okE4TaJOGJ6PtYUs5iagMDTvupoDjyOe3549uZ33uiQrIk7sA0pW6EhzELGcGgJE+vOw8qHGDPATqB/M7uFJ7eMJvmHMYqsUrSQCXanv7lBAnJIhoD4VjKgWWm4OZYACOcFjUnkzTFZIyHdKBojCMq3Xx+e2GcKiUwwkSoF4MxV39P5DiSchr5KhlhGMllbyb+5w0yCK/dnMVpBjQmi0Vhxg1IjFkRRsAEJcCnimAimLrVICMsMAFVV02VYC1/eZV0z5vWZdN8vGi0bso6qugYnaAzZKEr1EL3qI1sRNAEPaNX9KYV2ov2rn0sohWtnDlCf6B9/gD9GpRp</latexit>

⇤GUT
<latexit sha1_base64="WrEY0/W15hKJomBKPkULvgo408Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rIoggsXFewDmhAmk0k7dPJg5kYtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXO6d46eCK7Csb6O0tLyyulZer2xsbm3vmNXdtkoySVmLJiKRXZ8oJnjMWsBBsG4qGYl8wTr+8HLid+6ZVDyJ72CUMjci/ZiHnBLQkmdWnRsdDojnAHuE/Koz9syaVbemwIvELkgNFWh65pcTJDSLWAxUEKV6tpWCmxMJnAo2rjiZYimhQ9JnPU1jEjHl5tPTx/hQKwEOE6lfDHiq/p7ISaTUKPJ1MiIwUPPeRPzP62UQnrs5j9MMWExni8JMYEjwpAcccMkoiJEmhEqub8V0QCShoNuq6BLs+S8vkvZx3T6tW7cntcZFUUcZ7aMDdIRsdIYa6Bo1UQtR9ICe0St6M56MF+Pd+JhFS0Yxs4f+wPj8AVIdlAs=</latexit>

⇤EW

<latexit sha1_base64="pZswJ8nlFzAsXLTUs4dvZC4neNM=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSTi17HoxWNF+wFNKJvtpF262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbBR3Nza3tkt7e03dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFQxvJn7rEZTmsXzAUQJ+RPuSh5xRNJLnITxhdt8YV85PuqWyU3WmsBeJm5MyyVHvlr68XszSCCQyQbXuuE6CfkYVciZgXPRSDQllQ9qHjqGSRqD9bHrz2D42Ss8OY2VKoj1Vf09kNNJ6FAWmM6I40PPeRPzP66QYXvkZl0mKINlsUZgKG2N7EoDd4woYipEhlClubrXZgCrK0MRUNCG48y8vkuZp1b2oOndn5dp1HkeBHJIjUiEuuSQ1ckvqpEEYScgzeSVvVmq9WO/Wx6x1ycpnDsgfWJ8/XxORPg==</latexit>

SU(5)

[Georgi, Glashow, 1974]

sin2 ✓W [⇤EW] = 0.21

[= 0.231]
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<latexit sha1_base64="lDXBsT+Zu2QIk/2z0hHhBbJ81co=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl0oQsXFZq20IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOX7KmQTT/NYqa+sbm1vV7drO7t7+gX5Y78okE4TaJOGJ6PtYUs5iagMDTvupoDjyOe3549uZ33uiQrIk7sA0pW6EhzELGcGgJE+vOw8qHGDPATqB/M7uFJ7eMJvmHMYqsUrSQCXanv7lBAnJIhoD4VjKgWWm4OZYACOcFjUnkzTFZIyHdKBojCMq3Xx+e2GcKiUwwkSoF4MxV39P5DiSchr5KhlhGMllbyb+5w0yCK/dnMVpBjQmi0Vhxg1IjFkRRsAEJcCnimAimLrVICMsMAFVV02VYC1/eZV0z5vWZdN8vGi0bso6qugYnaAzZKEr1EL3qI1sRNAEPaNX9KYV2ov2rn0sohWtnDlCf6B9/gD9GpRp</latexit>

⇤GUT
<latexit sha1_base64="WrEY0/W15hKJomBKPkULvgo408Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rIoggsXFewDmhAmk0k7dPJg5kYtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXO6d46eCK7Csb6O0tLyyulZer2xsbm3vmNXdtkoySVmLJiKRXZ8oJnjMWsBBsG4qGYl8wTr+8HLid+6ZVDyJ72CUMjci/ZiHnBLQkmdWnRsdDojnAHuE/Koz9syaVbemwIvELkgNFWh65pcTJDSLWAxUEKV6tpWCmxMJnAo2rjiZYimhQ9JnPU1jEjHl5tPTx/hQKwEOE6lfDHiq/p7ISaTUKPJ1MiIwUPPeRPzP62UQnrs5j9MMWExni8JMYEjwpAcccMkoiJEmhEqub8V0QCShoNuq6BLs+S8vkvZx3T6tW7cntcZFUUcZ7aMDdIRsdIYa6Bo1UQtR9ICe0St6M56MF+Pd+JhFS0Yxs4f+wPj8AVIdlAs=</latexit>

⇤EW

<latexit sha1_base64="pZswJ8nlFzAsXLTUs4dvZC4neNM=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSTi17HoxWNF+wFNKJvtpF262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbBR3Nza3tkt7e03dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFQxvJn7rEZTmsXzAUQJ+RPuSh5xRNJLnITxhdt8YV85PuqWyU3WmsBeJm5MyyVHvlr68XszSCCQyQbXuuE6CfkYVciZgXPRSDQllQ9qHjqGSRqD9bHrz2D42Ss8OY2VKoj1Vf09kNNJ6FAWmM6I40PPeRPzP66QYXvkZl0mKINlsUZgKG2N7EoDd4woYipEhlClubrXZgCrK0MRUNCG48y8vkuZp1b2oOndn5dp1HkeBHJIjUiEuuSQ1ckvqpEEYScgzeSVvVmq9WO/Wx6x1ycpnDsgfWJ8/XxORPg==</latexit>

SU(5)

[Georgi, Glashow, 1974]

sin2 ✓W [⇤EW] = 0.21

[= 0.231]
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similar nature

1 2 3

<latexit sha1_base64="Z+fln2HuWpwH76y6WEAJ5nWApZc="></latexit>
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<latexit sha1_base64="lDXBsT+Zu2QIk/2z0hHhBbJ81co=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl0oQsXFZq20IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOX7KmQTT/NYqa+sbm1vV7drO7t7+gX5Y78okE4TaJOGJ6PtYUs5iagMDTvupoDjyOe3549uZ33uiQrIk7sA0pW6EhzELGcGgJE+vOw8qHGDPATqB/M7uFJ7eMJvmHMYqsUrSQCXanv7lBAnJIhoD4VjKgWWm4OZYACOcFjUnkzTFZIyHdKBojCMq3Xx+e2GcKiUwwkSoF4MxV39P5DiSchr5KhlhGMllbyb+5w0yCK/dnMVpBjQmi0Vhxg1IjFkRRsAEJcCnimAimLrVICMsMAFVV02VYC1/eZV0z5vWZdN8vGi0bso6qugYnaAzZKEr1EL3qI1sRNAEPaNX9KYV2ov2rn0sohWtnDlCf6B9/gD9GpRp</latexit>

⇤GUT
<latexit sha1_base64="WrEY0/W15hKJomBKPkULvgo408Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rIoggsXFewDmhAmk0k7dPJg5kYtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXO6d46eCK7Csb6O0tLyyulZer2xsbm3vmNXdtkoySVmLJiKRXZ8oJnjMWsBBsG4qGYl8wTr+8HLid+6ZVDyJ72CUMjci/ZiHnBLQkmdWnRsdDojnAHuE/Koz9syaVbemwIvELkgNFWh65pcTJDSLWAxUEKV6tpWCmxMJnAo2rjiZYimhQ9JnPU1jEjHl5tPTx/hQKwEOE6lfDHiq/p7ISaTUKPJ1MiIwUPPeRPzP62UQnrs5j9MMWExni8JMYEjwpAcccMkoiJEmhEqub8V0QCShoNuq6BLs+S8vkvZx3T6tW7cntcZFUUcZ7aMDdIRsdIYa6Bo1UQtR9ICe0St6M56MF+Pd+JhFS0Yxs4f+wPj8AVIdlAs=</latexit>

⇤EW

<latexit sha1_base64="pZswJ8nlFzAsXLTUs4dvZC4neNM=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSTi17HoxWNF+wFNKJvtpF262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbBR3Nza3tkt7e03dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFQxvJn7rEZTmsXzAUQJ+RPuSh5xRNJLnITxhdt8YV85PuqWyU3WmsBeJm5MyyVHvlr68XszSCCQyQbXuuE6CfkYVciZgXPRSDQllQ9qHjqGSRqD9bHrz2D42Ss8OY2VKoj1Vf09kNNJ6FAWmM6I40PPeRPzP66QYXvkZl0mKINlsUZgKG2N7EoDd4woYipEhlClubrXZgCrK0MRUNCG48y8vkuZp1b2oOndn5dp1HkeBHJIjUiEuuSQ1ckvqpEEYScgzeSVvVmq9WO/Wx6x1ycpnDsgfWJ8/XxORPg==</latexit>

SU(5)

[Georgi, Glashow, 1974]

sin2 ✓W [⇤EW] = 0.21

[= 0.231]



The idea: DarkUnification

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD
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8

<latexit sha1_base64="lDXBsT+Zu2QIk/2z0hHhBbJ81co=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl0oQsXFZq20IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOX7KmQTT/NYqa+sbm1vV7drO7t7+gX5Y78okE4TaJOGJ6PtYUs5iagMDTvupoDjyOe3549uZ33uiQrIk7sA0pW6EhzELGcGgJE+vOw8qHGDPATqB/M7uFJ7eMJvmHMYqsUrSQCXanv7lBAnJIhoD4VjKgWWm4OZYACOcFjUnkzTFZIyHdKBojCMq3Xx+e2GcKiUwwkSoF4MxV39P5DiSchr5KhlhGMllbyb+5w0yCK/dnMVpBjQmi0Vhxg1IjFkRRsAEJcCnimAimLrVICMsMAFVV02VYC1/eZV0z5vWZdN8vGi0bso6qugYnaAzZKEr1EL3qI1sRNAEPaNX9KYV2ov2rn0sohWtnDlCf6B9/gD9GpRp</latexit>

⇤GUT
<latexit sha1_base64="WrEY0/W15hKJomBKPkULvgo408Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rIoggsXFewDmhAmk0k7dPJg5kYtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXO6d46eCK7Csb6O0tLyyulZer2xsbm3vmNXdtkoySVmLJiKRXZ8oJnjMWsBBsG4qGYl8wTr+8HLid+6ZVDyJ72CUMjci/ZiHnBLQkmdWnRsdDojnAHuE/Koz9syaVbemwIvELkgNFWh65pcTJDSLWAxUEKV6tpWCmxMJnAo2rjiZYimhQ9JnPU1jEjHl5tPTx/hQKwEOE6lfDHiq/p7ISaTUKPJ1MiIwUPPeRPzP62UQnrs5j9MMWExni8JMYEjwpAcccMkoiJEmhEqub8V0QCShoNuq6BLs+S8vkvZx3T6tW7cntcZFUUcZ7aMDdIRsdIYa6Bo1UQtR9ICe0St6M56MF+Pd+JhFS0Yxs4f+wPj8AVIdlAs=</latexit>

⇤EW

<latexit sha1_base64="pZswJ8nlFzAsXLTUs4dvZC4neNM=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSTi17HoxWNF+wFNKJvtpF262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbBR3Nza3tkt7e03dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFQxvJn7rEZTmsXzAUQJ+RPuSh5xRNJLnITxhdt8YV85PuqWyU3WmsBeJm5MyyVHvlr68XszSCCQyQbXuuE6CfkYVciZgXPRSDQllQ9qHjqGSRqD9bHrz2D42Ss8OY2VKoj1Vf09kNNJ6FAWmM6I40PPeRPzP66QYXvkZl0mKINlsUZgKG2N7EoDd4woYipEhlClubrXZgCrK0MRUNCG48y8vkuZp1b2oOndn5dp1HkeBHJIjUiEuuSQ1ckvqpEEYScgzeSVvVmq9WO/Wx6x1ycpnDsgfWJ8/XxORPg==</latexit>

SU(5)

[Georgi, Glashow, 1974]

sin2 ✓W [⇤EW] = 0.21

[= 0.231]



The framework



Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

Gauge group:

SU(N)⌦ SU(2)L ⌦U(1)X
hAdjointi! SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X



Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

SU(N)⌦ SU(2)L ⌦U(1)X
hAdjointi! SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

N odd (Witten anomaly)

<latexit sha1_base64="6J+8muTMRr+WU/JpthrDq2glDiQ="></latexit>

L ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

NQ ⇠ (N, 2,#Q)
hAdj.i
� (1, 3, 2, 1/#,#Q)

N̄uc ⇠ (N̄ , 1,#uc)
hAdj.i
� (1, 3̄, 1,�1/#,#uc)

N̄dc ⇠ (N̄ , 1,#dc)
hAdj.i
� (1, 3̄, 1,�1/#,#dc)

Gauge group:



Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

S
U
(2)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

U(1)Y SU(2)

SU(3)

A[123]

N N

N

N

N N

XX

X

N N

N XXX

N

gravity anomaly

N odd (Witten anomaly)

<latexit sha1_base64="6J+8muTMRr+WU/JpthrDq2glDiQ="></latexit>

L ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

<latexit sha1_base64="Tdn7iKaClebH/1UDgDUosz3m17o="></latexit>

NQ ⇠ (N, 2, 1
2N )

N̄uc ⇠ (N̄ , 1,�N+1
2N )

N̄dc ⇠ (N̄ , 1, N�1
2N ) TN2�1 =

1

#
diag(1, 1, 1,�3/N, ..,�3/N)

X X X X

/ N#Q| {z }
Q

+
1

2|{z}
L

) #Q = 1/(2N)



Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

S
U
(2)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

U(1)Y SU(2)

SU(3)

A[123]

N N

N

N

N N

XX

X

N N

N XXX

N

gravity anomaly

N odd (Witten anomaly)

<latexit sha1_base64="6J+8muTMRr+WU/JpthrDq2glDiQ="></latexit>

L ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

<latexit sha1_base64="Tdn7iKaClebH/1UDgDUosz3m17o="></latexit>

NQ ⇠ (N, 2, 1
2N )

N̄uc ⇠ (N̄ , 1,�N+1
2N )

N̄dc ⇠ (N̄ , 1, N�1
2N ) TN2�1 =

1

#
diag(1, 1, 1,�3/N, ..,�3/N)

X X X X



Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

S
U
(2)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

A[13]

A[1],A[2],A[3]

SU(2)

SU(3)

U(1)Y SU(2)

SU(3)

A[123]

N N

N

N

N N

XX

X

N N

N XXX

N

gravity anomaly

N odd (Witten anomaly)

<latexit sha1_base64="6J+8muTMRr+WU/JpthrDq2glDiQ="></latexit>

L ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

<latexit sha1_base64="Tdn7iKaClebH/1UDgDUosz3m17o="></latexit>

NQ ⇠ (N, 2, 1
2N )

N̄uc ⇠ (N̄ , 1,�N+1
2N )

N̄dc ⇠ (N̄ , 1, N�1
2N ) TN2�1 =

1

#
diag(1, 1, 1,�3/N, ..,�3/N)

X X X X



N odd (Witten anomaly)

Hyper-Color

<latexit sha1_base64="OJyPQ9+1sV2/JKk0HTJlKG8k+vc=">AAACLXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rK2LlxWsA/olJJJb9vQTGZIMmIZ5ofc+CsiuKiIW3/DtB3Uth4InHvuPeTe44WcKW3bYyuzsrq2vpHdzG1t7+zu5fcP6iqIJIUaDXggmx5RwJmAmmaaQzOUQHyPQ8MbVib9xgNIxQJxr0chtH3SF6zHKNFG6uRvXA/6TMShT7Rkjwl2wwEROvDj68R1f6vyXFVJXBDdH1MnX7CL9hR4mTgpKaAU1U7+1e0GNPJBaMqJUi3HDnU7JlIzyiHJuZGCkNAh6UPLUEF8UO14em2CT4zSxb1Amic0nqp/HTHxlRr5npk0+w3UYm8i/tdrRbp31Y6ZCCMNgs4+6kUc6wBPosNdJoFqPjKEUMnMrpgOiCRUm4BzJgRn8eRlUj8rOhdF++68UCqncWTRETpGp8hBl6iEblEV1RBFT+gFjdG79Wy9WR/W52w0Y6WeQzQH6+sbfwOqvQ==</latexit>0

@

1

A

[Kang, Luty, 2008],  
[Kribs, Roy, Terning, Zurek, 2009]

<latexit sha1_base64="g7rRJuwLViBTN9TnrzuArpfjzTw="></latexit>

Nq ⇠ (N, 2, 1
2N )GN ⇠

✓
q
 

◆

<latexit sha1_base64="4Rfw1eQJaIpsGzTVXUgbmG/kwsc="></latexit>

N̄d ⇠ (N̄ , 1, N+1
2N )GN ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="hVGDqPQbUCPouPClgj/MAzv93Cw="></latexit>

N̄u ⇠ (N̄ , 1,�N+1
2N )GN ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="goiIkTGW0DYdz9YEAEdhdwriq0U="></latexit>

` ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

N ⇠ (1, 1, 0)

just SM leptons

type-I seesaw

Quarks

Quirks

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N



N odd (Witten anomaly)

Hyper-Color

<latexit sha1_base64="OJyPQ9+1sV2/JKk0HTJlKG8k+vc=">AAACLXicbVDLSgMxFM3UV62vqks3wSK4KjMi6rK2LlxWsA/olJJJb9vQTGZIMmIZ5ofc+CsiuKiIW3/DtB3Uth4InHvuPeTe44WcKW3bYyuzsrq2vpHdzG1t7+zu5fcP6iqIJIUaDXggmx5RwJmAmmaaQzOUQHyPQ8MbVib9xgNIxQJxr0chtH3SF6zHKNFG6uRvXA/6TMShT7Rkjwl2wwEROvDj68R1f6vyXFVJXBDdH1MnX7CL9hR4mTgpKaAU1U7+1e0GNPJBaMqJUi3HDnU7JlIzyiHJuZGCkNAh6UPLUEF8UO14em2CT4zSxb1Amic0nqp/HTHxlRr5npk0+w3UYm8i/tdrRbp31Y6ZCCMNgs4+6kUc6wBPosNdJoFqPjKEUMnMrpgOiCRUm4BzJgRn8eRlUj8rOhdF++68UCqncWTRETpGp8hBl6iEblEV1RBFT+gFjdG79Wy9WR/W52w0Y6WeQzQH6+sbfwOqvQ==</latexit>0

@

1

A

[Kang, Luty, 2008],  
[Kribs, Roy, Terning, Zurek, 2009]

<latexit sha1_base64="EFSnzdvoNBBLsLN+daIRLk913CU="></latexit>

LYuk � YuNqHN̄uc + YdNqH
†
N̄dc + h.c.

<latexit sha1_base64="NEa0Zs4AXkRFvv3YegoSO0dSSqI="></latexit>

hHi! Mu

✓
1 +

h

v

◆⇥
uuc + u ⌘uc

⇤
+Md

✓
1 +

h

v

◆⇥
d dc + d ⌘dc

⇤

<latexit sha1_base64="g7rRJuwLViBTN9TnrzuArpfjzTw="></latexit>

Nq ⇠ (N, 2, 1
2N )GN ⇠

✓
q
 

◆

<latexit sha1_base64="4Rfw1eQJaIpsGzTVXUgbmG/kwsc="></latexit>

N̄d ⇠ (N̄ , 1, N+1
2N )GN ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="hVGDqPQbUCPouPClgj/MAzv93Cw="></latexit>

N̄u ⇠ (N̄ , 1,�N+1
2N )GN ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="goiIkTGW0DYdz9YEAEdhdwriq0U="></latexit>

` ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

N ⇠ (1, 1, 0)

just SM leptons

type-I seesaw

Quarks

Quirks

SU(N) ! SU(3)C ⌦ SU(N � 3)D ⌦ U(1)N

[See Suchita’s talk on Tuesday]



SU(5) Hyper-Color

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD

<latexit sha1_base64="2TlOfgR+CGyhUN9NUTE9AxMs2jg=">AAACNXicbZC7TgJBFIZn8YZ4Qy1tJhITaMguiloStbCwwOiCCUs2s8MAE2YvmTlrJBteysb3sNLCQmNsfQWHSyKCfzLJn++ckzPn9yLBFZjmq5FaWFxaXkmvZtbWNza3sts7NRXGkjKbhiKUdx5RTPCA2cBBsLtIMuJ7gtW93vmwXr9nUvEwuIV+xJo+6QS8zSkBjdzslQPsAZIbe5AvF7ADIf4FhwWXYicE7jM1hUsF92IGa2oV3LKbzZlFcyQ8b6yJyaGJqm722WmFNPZZAFQQpRqWGUEzIRI4FWyQcWLFIkJ7pMMa2gZEr2wmo6sH+ECTFm6HUr8A8IhOTyTEV6rve7rTJ9BVs7Uh/K/WiKF92kx4EMXAAjpe1I4F1uEMI8QtLhkF0deGUMn1XzHtEkko6KAzOgRr9uR5UysVreOieX2Uq5xN4kijPbSP8shCJ6iCLlEV2YiiR/SC3tGH8WS8GZ/G17g1ZUxmdtEfGd8/zquqOg==</latexit>

SU(5) ! SU(3)c ⌦ SU(2)D ⌦U(1)5



The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)XGauge group:



q ⇠
✓
u
d

◆
 ⇠

✓
 u

 d

◆

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆



Breaking pattern:

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

q ⇠
✓
u
d

◆
 ⇠

✓
 u

 d

◆

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

✓ ◆
⇠

<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†
<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



Breaking pattern:

h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

q ⇠
✓
u
d

◆
 ⇠

✓
 u

 d

◆

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†
<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



Breaking pattern:

h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

<latexit sha1_base64="Wgv9utTnDyfaQ2JxDEJpVX6G0W8="></latexit>

LY � Yu 5qH 5̄u + Yd 5qH
†5̄d + h.c.

Mass splitting

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



Breaking pattern:

h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

<latexit sha1_base64="Wgv9utTnDyfaQ2JxDEJpVX6G0W8="></latexit>

LY � Yu 5qH 5̄u + Yd 5qH
†5̄d + h.c.

<latexit sha1_base64="sQIYvM/z0Tcubafp8sygRm52vno="></latexit>

+Y⌘ 5̄u5̄d10H + Y 5q5q10
⇤
H
+ h.c.

Mass splitting

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



Breaking pattern:

h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

<latexit sha1_base64="Wgv9utTnDyfaQ2JxDEJpVX6G0W8="></latexit>

LY � Yu 5qH 5̄u + Yd 5qH
†5̄d + h.c.

<latexit sha1_base64="sQIYvM/z0Tcubafp8sygRm52vno="></latexit>

+Y⌘ 5̄u5̄d10H + Y 5q5q10
⇤
H
+ h.c.

Mass splitting

<latexit sha1_base64="7mSMfZMTp4zQeCZ6ZLBebWRvpEw=">AAACGHicbZC7TsMwFIadcivlFmBksaiQGFBJELexgqVjkegFNSFyHLc1dZzIdpCqKI/BwquwMIAQazfeBrfNUFp+ydLn/5wj+/x+zKhUlvVjFJaWV1bXiuuljc2t7R1zd68po0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX9wO663nomQNOL3ahgTN0Q9TrsUI6Utzzx98ByiEHROoOMjAS+8NKHZ7DV4yqBtebXHlGryzLJVsSaCi2DnUAa56p45coIIJyHhCjMkZce2YuWmSCiKGclKTiJJjPAA9UhHI0chkW46WSyDR9oJYDcS+nAFJ+7sRIpCKYehrztDpPpyvjY2/6t1EtW9dlPK40QRjqcPdRMGVQTHKcGACoIVG2pAWFD9V4j7SCCsdJYlHYI9v/IiNM8q9mXFujsvV2/yOIrgAByCY2CDK1AFNVAHDYDBC3gDH+DTeDXejS/je9paMPKZffBHxugXJxed+w==</latexit>

Y⌘ 5̄ui 5̄dj10
ij

H

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



Breaking pattern:

h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)X

Minimal matter content:

Gauge group:

<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

<latexit sha1_base64="Wgv9utTnDyfaQ2JxDEJpVX6G0W8="></latexit>

LY � Yu 5qH 5̄u + Yd 5qH
†5̄d + h.c.

<latexit sha1_base64="sQIYvM/z0Tcubafp8sygRm52vno="></latexit>

+Y⌘ 5̄u5̄d10H + Y 5q5q10
⇤
H
+ h.c.

<latexit sha1_base64="nhNJejkhYf+XDpl1iBnsx/L/inQ="></latexit>�
 u ⌘d

�✓ Y v10 Yu vEW

Y T
d vEW Y T

⌘ v10

◆✓
 d

⌘u

◆
+ h.c.

Mass splitting

Quirk number violation!

<latexit sha1_base64="xhMNPOaAIZMBEGtk70WzlMpS20w=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHBC2mNUY9ELx4hsUACDdkuC2zYbuvulEgafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBZco+N8W7m19Y3Nrfx2YWd3b/+geHjU0FGiKPNoJCLVCohmgkvmIUfBWrFiJAwEawaju5nfHDOleSQfcBIzPyQDyfucEjSS30H2hKk3Lbvn3Xq3WHIqzhz2KnEzUoIMtW7xq9OLaBIyiVQQrduuE6OfEoWcCjYtdBLNYkJHZMDahkoSMu2n86On9plRenY/UqYk2nP190RKQq0nYWA6Q4JDvezNxP+8doL9Gz/lMk6QSbpY1E+EjZE9S8DuccUoiokhhCpubrXpkChC0eRUMCG4yy+vksZFxb2qOPXLUvU2iyMPJ3AKZXDhGqpwDzXwgMIjPMMrvFlj68V6tz4WrTkrmzmGP7A+fwAPAJGh</latexit>

U(1)Q

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)XGauge group:

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

<latexit sha1_base64="Wgv9utTnDyfaQ2JxDEJpVX6G0W8="></latexit>

LY � Yu 5qH 5̄u + Yd 5qH
†5̄d + h.c.

<latexit sha1_base64="sQIYvM/z0Tcubafp8sygRm52vno="></latexit>

+Y⌘ 5̄u5̄d10H + Y 5q5q10
⇤
H
+ h.c.

<latexit sha1_base64="nhNJejkhYf+XDpl1iBnsx/L/inQ="></latexit>�
 u ⌘d

�✓ Y v10 Yu vEW

Y T
d vEW Y T

⌘ v10

◆✓
 d

⌘u

◆
+ h.c.

Mass splitting

EW
EW 10
10

Energy [GeV]

⇤EW hSM higgsi

⇢
⌘, Gball

⇤DarCUS h⇢0i

⇤10 h�0i

⇤D

⇤QCD

M, ⇢8

[RD, S1, �0], ⇠

0.2

2

102

107

109 VDQ, ⇢0, ⇢3, quirks

Z 0, new quarks

104

Quirk number violation!

<latexit sha1_base64="xhMNPOaAIZMBEGtk70WzlMpS20w=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHBC2mNUY9ELx4hsUACDdkuC2zYbuvulEgafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBZco+N8W7m19Y3Nrfx2YWd3b/+geHjU0FGiKPNoJCLVCohmgkvmIUfBWrFiJAwEawaju5nfHDOleSQfcBIzPyQDyfucEjSS30H2hKk3Lbvn3Xq3WHIqzhz2KnEzUoIMtW7xq9OLaBIyiVQQrduuE6OfEoWcCjYtdBLNYkJHZMDahkoSMu2n86On9plRenY/UqYk2nP190RKQq0nYWA6Q4JDvezNxP+8doL9Gz/lMk6QSbpY1E+EjZE9S8DuccUoiokhhCpubrXpkChC0eRUMCG4yy+vksZFxb2qOPXLUvU2iyMPJ3AKZXDhGqpwDzXwgMIjPMMrvFlj68V6tz4WrTkrmzmGP7A+fwAPAJGh</latexit>

U(1)Q

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



h10Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)Y

�0 ⇠ (1, 1, 0, 1)

RD ⇠ (3, 1, 1
6 , 2)S1 ⇠ (3̄, 1, 1

3 , 1)

✓ ◆

-T

✓ ◆
⇠

The simplest gauge group

<latexit sha1_base64="57SEZumgirEuXAaVrDs7GzyAZfM=">AAACInicbZDLSgMxFIYz9VbrbdSlm2AR2k2ZKV53RTcuXFR02kJbhkyatqGZC8kZsQx9Fje+ihsXiroSfBjTdkBt/SHw851zODm/FwmuwLI+jczC4tLySnY1t7a+sbllbu/UVBhLyhwailA2PKKY4AFzgINgjUgy4nuC1b3Bxbhev2NS8TC4hWHE2j7pBbzLKQGNXPOsBewekhtnVDgq4lYI3GcK/8By0b2awZraRbfhmnmrZE2E542dmjxKVXXN91YnpLHPAqCCKNW0rQjaCZHAqWCjXCtWLCJ0QHqsqW1A9Mp2MjlxhA806eBuKPULAE/o74mE+EoNfU93+gT6arY2hv/VmjF0T9sJD6IYWECni7qxwBDicV64wyWjIIbaECq5/iumfSIJBZ1qTodgz548b2rlkn1csq4P85XzNI4s2kP7qIBsdIIq6BJVkYMoekBP6AW9Go/Gs/FmfExbM0Y6s4v+yPj6BrFhoyE=</latexit>

SU(5)⌦ SU(2)L ⌦U(1)XGauge group:

<latexit sha1_base64="vojpwrHttlT3X7JbPvM85pnrYQI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoUEpGrLosurDLCvYBTQiT6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7Cyura+UdwsbW3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vXGN1O/+0CFZFF4ryYxdQI8DJnPCFZacs0qstwmtCULYAVZVYiq0Fa+wCRFWVrPTt00tQnm8DZz65lrlq2aNQNcJignZZCj5Zpf9iAiSUBDRTiWso+sWDkpFooRTrOSnUgaYzLGQ9rXNMQBlU46+yqDJ1oZQD8SukIFZ+rviRQHUk4CT3cGWI3kojcV//P6ifKvnJSFcaJoSOaL/IRDFcFpRHDABCWKTzTBRDB9KyQjrDNROsiSDgEtvrxMOmc1dFGz7s7Ljes8jiI4AsegAhC4BA3QBC3QBgQ8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4ANFWcaA==</latexit>

10H ⇠ (10, 1, 1
5 )G5 ✓ ◆

⇠
<latexit sha1_base64="D+1Hw2oivRzGP5rRsigl3k9kNpo=">AAACCnicbVDLSsNAFJ34rPUVdelmtAgVSklKfSyLLnRZwT6gCWEynbRDZ5IwMxFKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/up74nQciJI3CezWOicvRIKQBxUhpyTOPanWvDR1JOSzX6hVoV6B16qWpgxGDN5l3lnlmyapaU8BFYuekBHI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZ0EklihEdoQHqahogT6abTVzJ4opU+DCKhK1Rwqv6eSBGXcsx93cmRGsp5byL+5/USFVy6KQ3jRJEQzxYFCYMqgpNcYJ8KghUba4KwoPpWiIdIIKx0ekUdgj3/8iJp16r2edW6q5caV3kcBXAIjkEZ2OACNMAtaIIWwOARPINX8GY8GS/Gu/Exa10y8pkD8AfG5w9KFZeA</latexit>

24V ⇠ (24, 1, 0)G5

<latexit sha1_base64="w3XNSKNU01mg8p6VsjKDFS5F//c=">AAACEnicbVA9SwNBEN3zM8avqKXNYhASCOEuSrQMamGZgEmEXAx7m724ZPfu2J0Tw3G/wca/YmOhiK2Vnf/GzUehxgcDj/dmmJnnRYJrsO0va2FxaXllNbOWXd/Y3NrO7ey2dBgrypo0FKG69ohmggesCRwEu44UI9ITrO0Nz8d++44pzcPgCkYR60oyCLjPKQEj9XLFVs8Fdg/JRSO9cWWMXc0lLhyVnJILviI0cdKkmpYqxV4ub5ftCfA8cWYkj2ao93Kfbj+ksWQBUEG07jh2BN2EKOBUsDTrxppFhA7JgHUMDYhkuptMXkrxoVH62A+VqQDwRP05kRCp9Uh6plMSuNV/vbH4n9eJwT/tJjyIYmABnS7yY4EhxON8cJ8rRkGMDCFUcXMrprfEBAEmxawJwfn78jxpVcpOtWw3jvO1s1kcGbSPDlABOegE1dAlqqMmougBPaEX9Go9Ws/Wm/U+bV2wZjN76Besj2/zpJxc</latexit>

V µ
DQ ⇠ (3, 1, 1

6 , 2)
<latexit sha1_base64="6q4X4gprYoeaNHFTCn5QBh0Xfks=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4rmLbQxrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpn67SeqNIvlg8kSGgg8lCxiBBsr+bePPZH2qzW37s6AlolXkBoUaParX71BTFJBpSEca9313MQEOVaGEU4nlV6qaYLJGA9p11KJBdVBPjt2gk6sMkBRrGxJg2bq74kcC60zEdpOgc1IL3pT8T+vm5roKsiZTFJDJZkvilKOTIymn6MBU5QYnlmCiWL2VkRGWGFibD4VG4K3+PIyaZ3VvYu6e39ea1wXcZThCI7hFDy4hAbcQRN8IMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AKUvjpQ=</latexit>

Gµ

✓ ◆
<latexit sha1_base64="+rdSPYo67xrgnjJxOJPwZH/UD68=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbp0swm7G6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvyATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zRXDFssFanqBlSj4BJbhhuB3UwhTQKBnWB0N/M7T6g0T+WjGWfoJzSWPOKMGit1+iGNY1SDas2tu3OQVeIVpAYFmoPqVz9MWZ6gNExQrXuemxl/QpXhTOC00s81ZpSNaIw9SyVNUPuT+blTcmaVkESpsiUNmau/JyY00XqcBLYzoWaol72Z+J/Xy01040+4zHKDki0WRbkgJiWz30nIFTIjxpZQpri9lbAhVZQZm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMBjBM7zCm5M5L86787FoLTnFzDH8gfP5A0vgj4s=</latexit>

†

Minimal matter content:
<latexit sha1_base64="ulss6xT/S+bngYLOgHbbBI/guMQ="></latexit>

5q ⇠ (5, 2, 1
10 )G5 ⇠

✓
q
 

◆

<latexit sha1_base64="yOMFeeqFitwVWKT8VVdjvwrL6I4="></latexit>

5̄u ⇠ (5̄, 1,� 3
5 )G5 ⇠

✓
uc

⌘u

◆

<latexit sha1_base64="WbN2nB5LBFsYGucbrQ0KRrV3Bsw="></latexit>

5̄d ⇠ (5̄, 1, 2
5 )G5 ⇠

✓
dc

⌘d

◆

<latexit sha1_base64="goiIkTGW0DYdz9YEAEdhdwriq0U="></latexit>

` ⇠ (1, 2, 1
2 )

ec ⇠ (1, 1, 1)

N ⇠ (1, 1, 0)

SU(5)⌦ SU(2)L ⌦U(1)X
h24Hi! SU(2)D ⌦ SU(3)c ⌦ SU(2)L ⌦U(1)5 ⌦U(1)X

<latexit sha1_base64="scuIxezO9Wh0wm4ABTORF/8gwns=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxChVJmVNRlUUGXFewDOuOQSdM2NMkMSUYoYxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1hzKjSjvNtzc0vLC4t51byq2vrG5v21nZdRYnEpIYjFslmiBRhVJCappqRZiwJ4iEjjbB/OfIbD0QqGok7PYiJz1FX0A7FSBspsHevg6t7jyfQU5TDoltyS07p+DCwC07ZGQPOEjcjBZChGthfXjvCCSdCY4aUarlOrP0USU0xI8O8lygSI9xHXdIyVCBOlJ+O7x/CA6O0YSeSpoSGY/X3RIq4UgMemk6OdE9NeyPxP6+V6M65n1IRJ5oIPFnUSRjUERyFAdtUEqzZwBCEJTW3QtxDEmFtIsubENzpl2dJ/ajsnpad25NC5SKLIwf2wD4oAhecgQq4AVVQAxg8gmfwCt6sJ+vFerc+Jq1zVjazA/7A+vwBG/6TkQ==</latexit>

Gµ
D ⇠ (1, 1, 0, 3)



The Dark Sector
- 3 representations of SU(5) -



The Dark Sector

<latexit sha1_base64="DkyMTAHgcipLlwA5eEnH2tW3cx0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxChVKSIuqx6MVjBVsLTSib7bZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFtfWNza3idmlnd2//wD486qgokYS2ScQj2Q2wopwJ2tZMc9qNJcVhwOlDMLmZ+Q+PVCoWiXudxtQP8UiwISNYG6lvlz0yZshTLERVt+bWnFrjrG9XnLozB1olbk4qkKPVt7+8QUSSkApNOFaq5zqx9jMsNSOcTkteomiMyQSPaM9QgUOq/Gx+/BSdGmWAhpE0JTSaq78nMhwqlYaB6QyxHqtlbyb+5/USPbzyMybiRFNBFouGCUc6QrMk0IBJSjRPDcFEMnMrImMsMdEmr5IJwV1+eZV0GnX3ou7cnVea13kcRTiGE6iCC5fQhFtoQRsIpPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwBIwySfA==</latexit>

� ⇠ (1, 1, 0, 2)

<latexit sha1_base64="+d0z3pRyXlQEoMWDgm7jOWydh8U="></latexit>

5� ⇠ (5, 1, 1
10 )G5 ⇠

✓
qN
�

◆
, 5̄�

↵

Dark quark



<latexit sha1_base64="DkyMTAHgcipLlwA5eEnH2tW3cx0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxChVKSIuqx6MVjBVsLTSib7bZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFtfWNza3idmlnd2//wD486qgokYS2ScQj2Q2wopwJ2tZMc9qNJcVhwOlDMLmZ+Q+PVCoWiXudxtQP8UiwISNYG6lvlz0yZshTLERVt+bWnFrjrG9XnLozB1olbk4qkKPVt7+8QUSSkApNOFaq5zqx9jMsNSOcTkteomiMyQSPaM9QgUOq/Gx+/BSdGmWAhpE0JTSaq78nMhwqlYaB6QyxHqtlbyb+5/USPbzyMybiRFNBFouGCUc6QrMk0IBJSjRPDcFEMnMrImMsMdEmr5IJwV1+eZV0GnX3ou7cnVea13kcRTiGE6iCC5fQhFtoQRsIpPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwBIwySfA==</latexit>

� ⇠ (1, 1, 0, 2)

<latexit sha1_base64="+d0z3pRyXlQEoMWDgm7jOWydh8U="></latexit>

5� ⇠ (5, 1, 1
10 )G5 ⇠

✓
qN
�

◆
, 5̄�

<latexit sha1_base64="ty2B1mSs5lxWaMUO/a14XZIfw6w=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUkvie1l0ocsK9gGdMmTSTBuaeZBkhDLMP7jxV9y4UMStG3f+jeljodUDFw7n3Mu993ix4Eoj9GXl5uYXFpfyy4WV1bX1DXtzq6GiRFJWp5GIZMsjigkesrrmWrBWLBkJPMGa3uBq5DfvmVQ8Cu/0MGadgPRC7nNKtJFc+wAj6CgewBJGZVw+dLQvCU2PsxSjbN9NU4cSAa8z9zRz7SKqoDHgX4KnpAimqLn2p9ONaBKwUFNBlGpjFOtOSqTmVLCs4CSKxYQOSI+1DQ1JwFQnHf+UwT2jdKEfSVOhhmP150RKAqWGgWc6A6L7atYbif957UT7F52Uh3GiWUgni/xEQB3BUUCwyyWjWgwNIVRycyukfWJC0SbGggkBz778lzSOKvisgm5PitXLaRx5 sAN2QQlgcA6q4AbUQB1Q8ACewAt4tR6tZ+vNep+05qzpzDb4BevjG/9Zm8g=</latexit>

10 ⇠ (10, 1,� 3
10 )G5 ⇠

✓
Qc

N M
�MT ⌘

◆
<latexit sha1_base64="jZRG3pFg1U3ieZc42DgAWN3Qtpk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRde/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBdi43a</latexit>

⇠

Dark quark

The Dark Sector

<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

, 10
��

↵



<latexit sha1_base64="+d0z3pRyXlQEoMWDgm7jOWydh8U="></latexit>

5� ⇠ (5, 1, 1
10 )G5 ⇠

✓
qN
�

◆
, 5̄�

↵

<latexit sha1_base64="DkyMTAHgcipLlwA5eEnH2tW3cx0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxChVKSIuqx6MVjBVsLTSib7bZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFtfWNza3idmlnd2//wD486qgokYS2ScQj2Q2wopwJ2tZMc9qNJcVhwOlDMLmZ+Q+PVCoWiXudxtQP8UiwISNYG6lvlz0yZshTLERVt+bWnFrjrG9XnLozB1olbk4qkKPVt7+8QUSSkApNOFaq5zqx9jMsNSOcTkteomiMyQSPaM9QgUOq/Gx+/BSdGmWAhpE0JTSaq78nMhwqlYaB6QyxHqtlbyb+5/USPbzyMybiRFNBFouGCUc6QrMk0IBJSjRPDcFEMnMrImMsMdEmr5IJwV1+eZV0GnX3ou7cnVea13kcRTiGE6iCC5fQhFtoQRsIpPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwBIwySfA==</latexit>

� ⇠ (1, 1, 0, 2)

<latexit sha1_base64="+d0z3pRyXlQEoMWDgm7jOWydh8U="></latexit>

5� ⇠ (5, 1, 1
10 )G5 ⇠

✓
qN
�

◆
, 5̄�

↵

<latexit sha1_base64="ty2B1mSs5lxWaMUO/a14XZIfw6w=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUkvie1l0ocsK9gGdMmTSTBuaeZBkhDLMP7jxV9y4UMStG3f+jeljodUDFw7n3Mu993ix4Eoj9GXl5uYXFpfyy4WV1bX1DXtzq6GiRFJWp5GIZMsjigkesrrmWrBWLBkJPMGa3uBq5DfvmVQ8Cu/0MGadgPRC7nNKtJFc+wAj6CgewBJGZVw+dLQvCU2PsxSjbN9NU4cSAa8z9zRz7SKqoDHgX4KnpAimqLn2p9ONaBKwUFNBlGpjFOtOSqTmVLCs4CSKxYQOSI+1DQ1JwFQnHf+UwT2jdKEfSVOhhmP150RKAqWGgWc6A6L7atYbif957UT7F52Uh3GiWUgni/xEQB3BUUCwyyWjWgwNIVRycyukfWJC0SbGggkBz778lzSOKvisgm5PitXLaRx5 sAN2QQlgcA6q4AbUQB1Q8ACewAt4tR6tZ+vNep+05qzpzDb4BevjG/9Zm8g=</latexit>

10 ⇠ (10, 1,� 3
10 )G5 ⇠

✓
Qc

N M
�MT ⌘

◆��
<latexit sha1_base64="jZRG3pFg1U3ieZc42DgAWN3Qtpk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRde/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBdi43a</latexit>

⇠

Dark quark

The Dark Sector

<latexit sha1_base64="CLMPLPuk0lZU8fHoFQUTaGgNBUA="></latexit>

Yq 5
↵

�
10��10ij

H
✏↵��✏ij

10H ⇠
✓

S1 RD

�RT

D
�0

◆
ij

<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

, 10



<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

<latexit sha1_base64="4oqxTCn0hV7j+0Lu91hBBOTtX9o="></latexit>

LDS � M5 5̄�5� + Y5 5̄�24H5� +M10 10 10 + Y10 10 24H10 + Yq 5�10 10H✏5 + Yq̄ 5̄�10 10
⇤
H
✏5 + h.c.

<latexit sha1_base64="DkyMTAHgcipLlwA5eEnH2tW3cx0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxChVKSIuqx6MVjBVsLTSib7bZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFtfWNza3idmlnd2//wD486qgokYS2ScQj2Q2wopwJ2tZMc9qNJcVhwOlDMLmZ+Q+PVCoWiXudxtQP8UiwISNYG6lvlz0yZshTLERVt+bWnFrjrG9XnLozB1olbk4qkKPVt7+8QUSSkApNOFaq5zqx9jMsNSOcTkteomiMyQSPaM9QgUOq/Gx+/BSdGmWAhpE0JTSaq78nMhwqlYaB6QyxHqtlbyb+5/USPbzyMybiRFNBFouGCUc6QrMk0IBJSjRPDcFEMnMrImMsMdEmr5IJwV1+eZV0GnX3ou7cnVea13kcRTiGE6iCC5fQhFtoQRsIpPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwBIwySfA==</latexit>

� ⇠ (1, 1, 0, 2)

<latexit sha1_base64="+d0z3pRyXlQEoMWDgm7jOWydh8U="></latexit>

5� ⇠ (5, 1, 1
10 )G5 ⇠

✓
qN
�

◆
, 5̄�

↵

<latexit sha1_base64="ty2B1mSs5lxWaMUO/a14XZIfw6w=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUkvie1l0ocsK9gGdMmTSTBuaeZBkhDLMP7jxV9y4UMStG3f+jeljodUDFw7n3Mu993ix4Eoj9GXl5uYXFpfyy4WV1bX1DXtzq6GiRFJWp5GIZMsjigkesrrmWrBWLBkJPMGa3uBq5DfvmVQ8Cu/0MGadgPRC7nNKtJFc+wAj6CgewBJGZVw+dLQvCU2PsxSjbN9NU4cSAa8z9zRz7SKqoDHgX4KnpAimqLn2p9ONaBKwUFNBlGpjFOtOSqTmVLCs4CSKxYQOSI+1DQ1JwFQnHf+UwT2jdKEfSVOhhmP150RKAqWGgWc6A6L7atYbif957UT7F52Uh3GiWUgni/xEQB3BUUCwyyWjWgwNIVRycyukfWJC0SbGggkBz778lzSOKvisgm5PitXLaRx5 sAN2QQlgcA6q4AbUQB1Q8ACewAt4tR6tZ+vNep+05qzpzDb4BevjG/9Zm8g=</latexit>

10 ⇠ (10, 1,� 3
10 )G5 ⇠

✓
Qc

N M
�MT ⌘

◆��
<latexit sha1_base64="jZRG3pFg1U3ieZc42DgAWN3Qtpk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRde/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBdi43a</latexit>

⇠

Dark quark

The Dark Sector

<latexit sha1_base64="aSd2cto69kYQWukwzZDhDAIfHdQ="></latexit>

5H ⇠ (5, 1, 1
10 )G5 = (1, 1, 0, 2)| {z }

�0

� (3, 1, 1
6 , 1)| {z }

⌦

Splitting DM − new quarks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="lw9Jv+shtqSAICEB2yv8niWDT3s=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmRGfO1EX3VnBPqApQya9raFJZkgyYhn6LW78FTcuFHUl+DGmD8TXgcDhnHPJvSdKBDfW99+93NT0zOzc/EJ+cWl5ZbWwtl4zcaoZVFksYt2IqAHBFVQttwIaiQYqIwH1qHc29Os3oA2P1ZXtJ9CStKt4hzNqnRQWjvfDMiaGS0wi6HKVJZJazW8HmFxI6FJMCCbnICwNfUxAtb8CYaHol/wR8F8STEgRTVAJC6+kHbNUgrJMUGOagZ/YVka15UzAIE9SAwllPdqFpqOKSjCtbHTiAG87pY07sXZPWTxSv09kVBrTl5FLuv2uzW9vKP7nNVPbOWplXCWpBcXGH3VSgW2Mh33hNtfArOg7QpnmblfMrqmmzLpW866E4PfJf0lttxQclPzLveLJ6aSOebSJttAOCtAhOkFlVEFVxNAdekBP6Nm79x69F+9tHM15k5kN9APexyffkaPr</latexit>

5H ⇠
✓

⌦
�0

◆

<latexit sha1_base64="DkyMTAHgcipLlwA5eEnH2tW3cx0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSxChVKSIuqx6MVjBVsLTSib7bZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFtfWNza3idmlnd2//wD486qgokYS2ScQj2Q2wopwJ2tZMc9qNJcVhwOlDMLmZ+Q+PVCoWiXudxtQP8UiwISNYG6lvlz0yZshTLERVt+bWnFrjrG9XnLozB1olbk4qkKPVt7+8QUSSkApNOFaq5zqx9jMsNSOcTkteomiMyQSPaM9QgUOq/Gx+/BSdGmWAhpE0JTSaq78nMhwqlYaB6QyxHqtlbyb+5/USPbzyMybiRFNBFouGCUc6QrMk0IBJSjRPDcFEMnMrImMsMdEmr5IJwV1+eZV0GnX3ou7cnVea13kcRTiGE6iCC5fQhFtoQRsIpPAMr/BmPVkv1rv1sWgtWPlMGf7A+vwBIwySfA==</latexit>

� ⇠ (1, 1, 0, 2)

, 10



Running
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Running
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⇤EW hSM higgsi

⇢
⌘, Gball

⇤DarCUS h⇢0i

⇤10 h�0i

⇤D

⇤QCD

M, ⇢8

[RD, S1, �0], ⇠

0.2

2

102

107

109 VDQ, ⇢0, ⇢3, quirks

Z 0, new quarks

104

0.1 10 103 105 107 109

µ [GeV]

0.1

0.3

0.5

0.7

0.9

Æ
i(
µ
) §

D
=

6
§

Q
C

D

§
Q

C
D §

D
ar

C
U

S
ª

10
9

G
eV

ÆQCD(µ)

ÆD(µ)

bi =
1

3

X

R

S(R)Ti(R)
Y

j 6=i

dimj(R)↵�1
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A



Dark Spectrum

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )



Dark Spectrum

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)

[Francis, Hudspith, Lewis, Tulin, 2008]

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )



Dark Spectrum

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )

[Borrowed from talk Suchita on Tuesday]

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)



Dark Spectrum

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)

<latexit sha1_base64="J3hIplMSQZ66xBAydyOtgnaaZ8E=">AAACLHicbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUOzGZQV7gc5YMulpG5rJDElGLEMfyI2vIogLi7j1OUzbwUvrD4GP/5xDzvn9iDOlbXtkZRYWl5ZXsqu5tfWNza389k5NhbGkUKUhD2XDJwo4E1DVTHNoRBJI4HOo+/3yuF6/B6lYKG71IAIvIF3BOowSbaxWvuzKXogvsetDl4kkCoiW7GGIx/bdEXZdPEUb//AxdkG0v3uLrXzBLtoT4XlwUiigVJVW/sVthzQOQGjKiVJNx460lxCpGeUwzLmxgojQPulC06AgASgvmRw7xAfGaeNOKM0TGk/c3xMJCZQaBL7pNAv21GxtbP5Xa8a6c+ElTESxBkGnH3VijnWIx8nhNpNANR8YIFQysyumPSIJ1SbfnAnBmT15HmonReesaN+cFkpXaRxZtIf20SFy0DkqoWtUQVVE0SN6Rm9oZD1Zr9a79TFtzVjpzC76I+vzC7Tlpq0=</latexit>

⇢ =

0

@
⇢+

⇢0

⇢�

1

A .<latexit sha1_base64="44LAWM7YXcvn2srK9OmwNF25N4s=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVghAwVrAwFok+pCZUjuu0Vp2H7JuKKsrCr7AwgBArn8HG3+C2GaDlWJaOzrlX9jleLLgCy/o2CkvLK6trxfXSxubW9o65u9dUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveTPzWiEnFo/AexjFzA9IPuc8pAS11zQMH2COkI0Yhkhl29KnYD6cnXbNsVa0p8CKxc1JGOepd88vpRTQJWAhUEKU6thWDmxIJnAqWlZxEsZjQIemzjqYhCZhy02mADB9rpYf9SOobAp6qvzdSEig1Djw9GRAYqHlvIv7ndRLwr9yUh3ECLKSzh/xEYIjwpA3c41InF2NNCJVc/xXTAZGEgu6spEuw5yMvkuZZ1b6oWnfn5dp1XkcRHaIjVEE2ukQ1dIvqqIEoytAzekVvxpPxYrwbH7PRgpHv7KM/MD5/ABWqlWc=</latexit>

vector (1�)

<latexit sha1_base64="a4NDWLhMDdmHRspFo9o9SM/nhew="></latexit>

⇠

0

@
��

1p
2
(��̄+ �̄�)

�̄�̄

1

A

Dark (matter) baryon

[Francis, Hudspith, Lewis, Tulin, 2008]

�̄(      )



Dark Spectrum

<latexit sha1_base64="J3hIplMSQZ66xBAydyOtgnaaZ8E=">AAACLHicbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUOzGZQV7gc5YMulpG5rJDElGLEMfyI2vIogLi7j1OUzbwUvrD4GP/5xDzvn9iDOlbXtkZRYWl5ZXsqu5tfWNza389k5NhbGkUKUhD2XDJwo4E1DVTHNoRBJI4HOo+/3yuF6/B6lYKG71IAIvIF3BOowSbaxWvuzKXogvsetDl4kkCoiW7GGIx/bdEXZdPEUb//AxdkG0v3uLrXzBLtoT4XlwUiigVJVW/sVthzQOQGjKiVJNx460lxCpGeUwzLmxgojQPulC06AgASgvmRw7xAfGaeNOKM0TGk/c3xMJCZQaBL7pNAv21GxtbP5Xa8a6c+ElTESxBkGnH3VijnWIx8nhNpNANR8YIFQysyumPSIJ1SbfnAnBmT15HmonReesaN+cFkpXaRxZtIf20SFy0DkqoWtUQVVE0SN6Rm9oZD1Zr9a79TFtzVjpzC76I+vzC7Tlpq0=</latexit>

⇢ =

0

@
⇢+

⇢0

⇢�

1

A .

[Francis, Hudspith, Lewis, Tulin, 2008]

<latexit sha1_base64="44LAWM7YXcvn2srK9OmwNF25N4s=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVghAwVrAwFok+pCZUjuu0Vp2H7JuKKsrCr7AwgBArn8HG3+C2GaDlWJaOzrlX9jleLLgCy/o2CkvLK6trxfXSxubW9o65u9dUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveTPzWiEnFo/AexjFzA9IPuc8pAS11zQMH2COkI0Yhkhl29KnYD6cnXbNsVa0p8CKxc1JGOepd88vpRTQJWAhUEKU6thWDmxIJnAqWlZxEsZjQIemzjqYhCZhy02mADB9rpYf9SOobAp6qvzdSEig1Djw9GRAYqHlvIv7ndRLwr9yUh3ECLKSzh/xEYIjwpA3c41InF2NNCJVc/xXTAZGEgu6spEuw5yMvkuZZ1b6oWnfn5dp1XkcRHaIjVEE2ukQ1dIvqqIEoytAzekVvxpPxYrwbH7PRgpHv7KM/MD5/ABWqlWc=</latexit>

vector (1�)

<latexit sha1_base64="a4NDWLhMDdmHRspFo9o9SM/nhew="></latexit>

⇠

0

@
��

1p
2
(��̄+ �̄�)

�̄�̄

1

A

Dark (matter) baryon

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )

<latexit sha1_base64="L7PP4FbNWiPuw6DgIBcLVh9JbnE=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBDiJewGiV6EGD14TMA8IBvC7GQ2GTI7u8z0CmHZP/Hir3jxoIh4y984eRw0saChqOqmu8uLBNdg2xNrbX1jc2s7s5Pd3ds/OMwdHTd1GCvKGjQUoWp7RDPBJWsAB8HakWIk8ARreaO7qd96YkrzUD7COGLdgAwk9zklYKRerlzv3WNXMB9wAbvRkEgIg8T1FaHJbZpU09RVfDCEC3yD56qTJqW0l8vbRXsGvEqcBcmjBWq93LfbD2kcMAlUEK07jh1BNyEKOBUszbqxZhGhIzJgHUMlCZjuJrP/UnxulD72Q2VKAp6pvycSEmg9DjzTGRAY6mVvKv7ndWLwr7sJl1EMTNL5Ij8WGEI8DQv3uWIUxNgQQhU3t2I6JCYFMJFmTQjO8surpFkqOuWiXb/MV6qLODLoFJ2hAnLQFaqgB1RDDUTRM3pF7+jDerHerE/ra966Zi1mTtAfWJMfIf2icA==</latexit>

QD

✓ ◆
=

1

2

<latexit sha1_base64="L7PP4FbNWiPuw6DgIBcLVh9JbnE=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBDiJewGiV6EGD14TMA8IBvC7GQ2GTI7u8z0CmHZP/Hir3jxoIh4y984eRw0saChqOqmu8uLBNdg2xNrbX1jc2s7s5Pd3ds/OMwdHTd1GCvKGjQUoWp7RDPBJWsAB8HakWIk8ARreaO7qd96YkrzUD7COGLdgAwk9zklYKRerlzv3WNXMB9wAbvRkEgIg8T1FaHJbZpU09RVfDCEC3yD56qTJqW0l8vbRXsGvEqcBcmjBWq93LfbD2kcMAlUEK07jh1BNyEKOBUszbqxZhGhIzJgHUMlCZjuJrP/UnxulD72Q2VKAp6pvycSEmg9DjzTGRAY6mVvKv7ndWLwr7sJl1EMTNL5Ij8WGEI8DQv3uWIUxNgQQhU3t2I6JCYFMJFmTQjO8surpFkqOuWiXb/MV6qLODLoFJ2hAnLQFaqgB1RDDUTRM3pF7+jDerHerE/ra966Zi1mTtAfWJMfIf2icA==</latexit>

QD

✓ ◆
=

1

2

Dark Baryon Number U(1)D



Dark Spectrum

<latexit sha1_base64="CHYR18W1Ppkis359TBfNs7Gl32s=">AAACFnicbVDLSsNAFJ34rPVVdelmsAhuLImIuhQV6rKCrUITwmR6UwcnkzhzI5bQr3Djr7hxoYhbceffOH0sfB24cOace7lzT5RJYdB1P52JyanpmdnSXHl+YXFpubKy2jJprjk0eSpTfRkxA1IoaKJACZeZBpZEEi6i6+OBf3EL2ohUnWMvgyBhXSViwRlaKaxs10Mf4Q6LiEnZpz7c5OKW+pKprgRaD0+G5evRO6xU3Zo7BP1LvDGpkjEaYeXD76Q8T0Ahl8yYtudmGBRMo+AS+mU/N5Axfs260LZUsQRMUAzP6tNNq3RonGpbCulQ/T5RsMSYXhLZzoThlfntDcT/vHaO8UFQCJXlCIqPFsW5pJjSQUa0IzRwlD1LGNfC/pXyK6YZR5tk2Ybg/T75L2nt1Ly9mnu2Wz08GsdRIutkg2wRj+yTQ3JKGqRJOLknj+SZvDgPzpPz6ryNWiec8cwa+QHn/QvluZ6K</latexit>

Gball ⌘ hGDGDi

<latexit sha1_base64="J3hIplMSQZ66xBAydyOtgnaaZ8E=">AAACLHicbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUOzGZQV7gc5YMulpG5rJDElGLEMfyI2vIogLi7j1OUzbwUvrD4GP/5xDzvn9iDOlbXtkZRYWl5ZXsqu5tfWNza389k5NhbGkUKUhD2XDJwo4E1DVTHNoRBJI4HOo+/3yuF6/B6lYKG71IAIvIF3BOowSbaxWvuzKXogvsetDl4kkCoiW7GGIx/bdEXZdPEUb//AxdkG0v3uLrXzBLtoT4XlwUiigVJVW/sVthzQOQGjKiVJNx460lxCpGeUwzLmxgojQPulC06AgASgvmRw7xAfGaeNOKM0TGk/c3xMJCZQaBL7pNAv21GxtbP5Xa8a6c+ElTESxBkGnH3VijnWIx8nhNpNANR8YIFQysyumPSIJ1SbfnAnBmT15HmonReesaN+cFkpXaRxZtIf20SFy0DkqoWtUQVVE0SN6Rm9oZD1Zr9a79TFtzVjpzC76I+vzC7Tlpq0=</latexit>
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[Francis, Hudspith, Lewis, Tulin, 2008]

<latexit sha1_base64="44LAWM7YXcvn2srK9OmwNF25N4s=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVghAwVrAwFok+pCZUjuu0Vp2H7JuKKsrCr7AwgBArn8HG3+C2GaDlWJaOzrlX9jleLLgCy/o2CkvLK6trxfXSxubW9o65u9dUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveTPzWiEnFo/AexjFzA9IPuc8pAS11zQMH2COkI0Yhkhl29KnYD6cnXbNsVa0p8CKxc1JGOepd88vpRTQJWAhUEKU6thWDmxIJnAqWlZxEsZjQIemzjqYhCZhy02mADB9rpYf9SOobAp6qvzdSEig1Djw9GRAYqHlvIv7ndRLwr9yUh3ECLKSzh/xEYIjwpA3c41InF2NNCJVc/xXTAZGEgu6spEuw5yMvkuZZ1b6oWnfn5dp1XkcRHaIjVEE2ukQ1dIvqqIEoytAzekVvxpPxYrwbH7PRgpHv7KM/MD5/ABWqlWc=</latexit>

vector (1�)

<latexit sha1_base64="a4NDWLhMDdmHRspFo9o9SM/nhew="></latexit>

⇠
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A

Glueballs

Dark (matter) baryon

<latexit sha1_base64="Gc2C8U18twVpYouX0EC589LTHCk=">AAACFXicbVBNSwMxEM36bf2qevQSLEIFKbsi6lFU0IOggm2Fbllm07QGk90lmRXLsn/Ci3/FiwdFvAre/DemHwe1Phh4vDeTzLwwkcKg6345Y+MTk1PTM7OFufmFxaXi8krNxKlmvMpiGevrEAyXIuJVFCj5daI5qFDyenh71PPrd1wbEUdX2E14U0EnEm3BAK0UFLdUkJ0EPvJ7zEKQMs+pb4Simc9A0vO87G1S/8y+14LgOCiW3IrbBx0l3pCUyBAXQfHTb8UsVTxCJsGYhucm2MxAo2CS5wU/NTwBdgsd3rA0AsVNM+tfldMNq7RoO9a2IqR99edEBsqYrgptpwK8MX+9nvif10ixvd/MRJSkyCM2+KidSoox7UVEW0JzhrJrCTAt7K6U3YAGhjbIgg3B+3vyKKltV7zdinu5Uzo4HMYxQ9bIOikTj+yRA3JKLkiVMPJAnsgLeXUenWfnzXkftI45w5lV8gvOxzdUe55A</latexit>

mGball ⇠ O(1)⇤D

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄
<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )



Dark Spectrum

<latexit sha1_base64="Gc2C8U18twVpYouX0EC589LTHCk=">AAACFXicbVBNSwMxEM36bf2qevQSLEIFKbsi6lFU0IOggm2Fbllm07QGk90lmRXLsn/Ci3/FiwdFvAre/DemHwe1Phh4vDeTzLwwkcKg6345Y+MTk1PTM7OFufmFxaXi8krNxKlmvMpiGevrEAyXIuJVFCj5daI5qFDyenh71PPrd1wbEUdX2E14U0EnEm3BAK0UFLdUkJ0EPvJ7zEKQMs+pb4Simc9A0vO87G1S/8y+14LgOCiW3IrbBx0l3pCUyBAXQfHTb8UsVTxCJsGYhucm2MxAo2CS5wU/NTwBdgsd3rA0AsVNM+tfldMNq7RoO9a2IqR99edEBsqYrgptpwK8MX+9nvif10ixvd/MRJSkyCM2+KidSoox7UVEW0JzhrJrCTAt7K6U3YAGhjbIgg3B+3vyKKltV7zdinu5Uzo4HMYxQ9bIOikTj+yRA3JKLkiVMPJAnsgLeXUenWfnzXkftI45w5lV8gvOxzdUe55A</latexit>

mGball ⇠ O(1)⇤D

<latexit sha1_base64="CHYR18W1Ppkis359TBfNs7Gl32s=">AAACFnicbVDLSsNAFJ34rPVVdelmsAhuLImIuhQV6rKCrUITwmR6UwcnkzhzI5bQr3Djr7hxoYhbceffOH0sfB24cOace7lzT5RJYdB1P52JyanpmdnSXHl+YXFpubKy2jJprjk0eSpTfRkxA1IoaKJACZeZBpZEEi6i6+OBf3EL2ohUnWMvgyBhXSViwRlaKaxs10Mf4Q6LiEnZpz7c5OKW+pKprgRaD0+G5evRO6xU3Zo7BP1LvDGpkjEaYeXD76Q8T0Ahl8yYtudmGBRMo+AS+mU/N5Axfs260LZUsQRMUAzP6tNNq3RonGpbCulQ/T5RsMSYXhLZzoThlfntDcT/vHaO8UFQCJXlCIqPFsW5pJjSQUa0IzRwlD1LGNfC/pXyK6YZR5tk2Ybg/T75L2nt1Ly9mnu2Wz08GsdRIutkg2wRj+yTQ3JKGqRJOLknj+SZvDgPzpPz6ryNWiec8cwa+QHn/QvluZ6K</latexit>

Gball ⌘ hGDGDi

<latexit sha1_base64="J3hIplMSQZ66xBAydyOtgnaaZ8E=">AAACLHicbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUOzGZQV7gc5YMulpG5rJDElGLEMfyI2vIogLi7j1OUzbwUvrD4GP/5xDzvn9iDOlbXtkZRYWl5ZXsqu5tfWNza389k5NhbGkUKUhD2XDJwo4E1DVTHNoRBJI4HOo+/3yuF6/B6lYKG71IAIvIF3BOowSbaxWvuzKXogvsetDl4kkCoiW7GGIx/bdEXZdPEUb//AxdkG0v3uLrXzBLtoT4XlwUiigVJVW/sVthzQOQGjKiVJNx460lxCpGeUwzLmxgojQPulC06AgASgvmRw7xAfGaeNOKM0TGk/c3xMJCZQaBL7pNAv21GxtbP5Xa8a6c+ElTESxBkGnH3VijnWIx8nhNpNANR8YIFQysyumPSIJ1SbfnAnBmT15HmonReesaN+cFkpXaRxZtIf20SFy0DkqoWtUQVVE0SN6Rm9oZD1Zr9a79TFtzVjpzC76I+vzC7Tlpq0=</latexit>

⇢ =

0

@
⇢+

⇢0

⇢�

1

A .

[Francis, Hudspith, Lewis, Tulin, 2008]

<latexit sha1_base64="44LAWM7YXcvn2srK9OmwNF25N4s=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVghAwVrAwFok+pCZUjuu0Vp2H7JuKKsrCr7AwgBArn8HG3+C2GaDlWJaOzrlX9jleLLgCy/o2CkvLK6trxfXSxubW9o65u9dUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveTPzWiEnFo/AexjFzA9IPuc8pAS11zQMH2COkI0Yhkhl29KnYD6cnXbNsVa0p8CKxc1JGOepd88vpRTQJWAhUEKU6thWDmxIJnAqWlZxEsZjQIemzjqYhCZhy02mADB9rpYf9SOobAp6qvzdSEig1Djw9GRAYqHlvIv7ndRLwr9yUh3ECLKSzh/xEYIjwpA3c41InF2NNCJVc/xXTAZGEgu6spEuw5yMvkuZZ1b6oWnfn5dp1XkcRHaIjVEE2ukQ1dIvqqIEoytAzekVvxpPxYrwbH7PRgpHv7KM/MD5/ABWqlWc=</latexit>

vector (1�)

<latexit sha1_base64="SGow3BS4TrTNtLYqmYU3X3WICAM=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIB8OMiHoMevEYwSyQxNDTU5M06VnorhHDkJMXf8WLB0W8+g3e/Bs7y0ETX1HweK+K7npuLIVG2/62MguLS8sr2dXc2vrG5lZ+e6emo0RxqPJIRqrhMg1ShFBFgRIasQIWuBLqbv9q5NfvQWkRhbc4iKEdsG4ofMEZGqmT328hPGAaa0i8SHMmmRrSlqmifXd81MkX7JI9Bp0nzpQUyBSVTv6r5UU8CSBELpnWTceOsZ0yhYJLGOZaiYaY8T7rQtPQkAWg2+n4jCE9NIpH/UiZDpGO1d8bKQu0HgSumQwY9vSsNxL/85oJ+hftVIRxghDyyUN+IilGdJQJ9YQCjnJgCONKmL9S3mOKcTTJ5UwIzuzJ86R2UnLOSvbNaaF8OY0jS/bIASkSh5yTMrkmFVIlnDySZ/JK3qwn68V6tz4moxlrurNL/sD6/AHqGpgV</latexit>

pseudoscalar (0�)

<latexit sha1_base64="Bxf+ZrB/Jc7iCJnPOeIZjV0Z/oA=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZEXUlRTcuK9gLtMOQSTNtaDIZkjNCHfokblwo4tZHcefbmLaz0NYfAh//OYdz8kep4AY879tZWV1b39gsbZW3d3b3Ku7+QcuoTFPWpEoo3YmIYYInrAkcBOukmhEZCdaORrfTevuRacNV8gDjlAWSDBIec0rAWqFbkWFPDxW+xhYYkNCtejVvJrwMfgFVVKgRul+9vqKZZAlQQYzp+l4KQU40cCrYpNzLDEsJHZEB61pMiGQmyGeHT/CJdfo4Vtq+BPDM/T2RE2nMWEa2UxIYmsXa1Pyv1s0gvgpynqQZsITOF8WZwKDwNAXc55pREGMLhGpub8V0SDShYLMq2xD8xS8vQ+us5l/UvPvzav2miKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/5Hz+AOOTkpc=</latexit>

m⇢ > m⌘

<latexit sha1_base64="a4NDWLhMDdmHRspFo9o9SM/nhew="></latexit>

⇠

0

@
��

1p
2
(��̄+ �̄�)

�̄�̄

1

A

(in QCD  )  

<latexit sha1_base64="BHpFR70+pJ9Nza+1noc5qyWOffo=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD+gM5U56pw1NZsYkUyilH+DGX3HjQhG3foA7/8b0sdDWA4GTc84luSdMBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/TSaYYVlkiEtUIQaPgMVYNNwIbqUKQocB62LsZ+/U+Ks2T+N4MUgwkdGIecQbGSq1C0UcD1MeHjPepH4KiPuty6ndASmidT2425ZbcCegi8WakSGaotApffjthmcTYMAFaNz03NcEQlOFM4CjvZxpTYD3oYNPSGCTqYDhZZkSPrdKmUaLsiQ2dqL8nhiC1HsjQJiWYrp73xuJ/XjMz0VUw5HGaGYzZ9KEoE9QkdNwMbXOFzIiBJcAUt3+lrAsKmLH95W0J3vzKi6R2WvIuSu7dWbF8PasjRw7JETkhHrkkZXJLKqRKGHkkz+SVvDlPzovz7nxMo0vObOaA/IHz+QMu4Zpu</latexit>

⌘ ⌘ �̄�5�

Eta mesonGlueballs

Dark (matter) baryon

m⇢ < m⌘0

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! U(1)L ⌦U(1)R
enlarged! U(2) = U(1)A ⌦ SU(2)

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB
<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

Sp(2)

No Goldstones! (No dark pions)

One (light) flavor     + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D�̄(      )



Symmetries

Quarks

S1

�

Quirks

�0

M

RD

V µ
DQ

⇠ qN
Qc

N

U(1)B
U(1)D

U(1)Q

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

The (unwanted)   group𝒵2

Quirks V µ
DQ

RDNew quarks

⇠

Splitting DM − new quarks

Splitting quarks − quirks

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2

h�0i = v10



Cosmology



Darko-Baryo-Genesis

Asymmetry generation ingredients (Sakharov): 

�B&�D
�B&�D

Violation of   and  U(1)B U(1)D1

Wait…



Symmetries

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Splitting DM − new quarks

Splitting quarks − quirks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="lw9Jv+shtqSAICEB2yv8niWDT3s=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmRGfO1EX3VnBPqApQya9raFJZkgyYhn6LW78FTcuFHUl+DGmD8TXgcDhnHPJvSdKBDfW99+93NT0zOzc/EJ+cWl5ZbWwtl4zcaoZVFksYt2IqAHBFVQttwIaiQYqIwH1qHc29Os3oA2P1ZXtJ9CStKt4hzNqnRQWjvfDMiaGS0wi6HKVJZJazW8HmFxI6FJMCCbnICwNfUxAtb8CYaHol/wR8F8STEgRTVAJC6+kHbNUgrJMUGOagZ/YVka15UzAIE9SAwllPdqFpqOKSjCtbHTiAG87pY07sXZPWTxSv09kVBrTl5FLuv2uzW9vKP7nNVPbOWplXCWpBcXGH3VSgW2Mh33hNtfArOg7QpnmblfMrqmmzLpW866E4PfJf0lttxQclPzLveLJ6aSOebSJttAOCtAhOkFlVEFVxNAdekBP6Nm79x69F+9tHM15k5kN9APexyffkaPr</latexit>

5H ⇠
✓

⌦
�0

◆

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2



Symmetries

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Splitting DM − new quarks

Splitting quarks − quirks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="8Q/LchUP7YqJU0ZHKWToK2/tTnU=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMiKgXIUQPHhMwC2SGoadTkzTpWejuEcIQvPgrXjwo4tWv8Obf2FkOmvig4PFeFVX1/IQzqSzr28gtLa+sruXXCxubW9s75u5eU8apoNCgMY9F2ycSOIugoZji0E4EkNDn0PIHN2O/9QBCsji6V8ME3JD0IhYwSpSWPPMgcyjhuD7yqiXnFrginnWCr/Gp7ZlFq2xNgBeJPSNFNEPNM7+cbkzTECJFOZGyY1uJcjMiFKMcRgUnlZAQOiA96GgakRCkm01eGOFjrXRxEAtdkcIT9fdERkIph6GvO0Oi+nLeG4v/eZ1UBVduxqIkVRDR6aIg5VjFeJwH7jIBVPGhJoQKpm/FtE8EoUqnVtAh2PMvL5LmWdm+KFv182KlOosjjw7RESohG12iCrpDNdRAFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEK/5VB</latexit>

QB(�0) = �1
<latexit sha1_base64="RvpXt8WLr/LL2VdM2TLmM0FO5xg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF9akiLoRinbhsgX7gCaEyXTSDp1MwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q79TsPREga8Xs1jokbogGnAcVIackzi6mDEYPNiVcvO3XCFPKsE3gNT+2zqmeWrIo1A1wmdkZKIEPDM7+cfoSTkHCFGZKyZ1uxclMkFMWMTApOIkmM8AgNSE9TjkIi3XT2xAQea6UPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+5/USFVy5KeVxogjH80VBwqCK4DQR2KeCYMXGmiAsqL4V4iESCCudW0GHYC++vEza1Yp9UbGa56XaTRZHHhTBESgDG1yCGrgDDdACGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gD68pW4</latexit>

QD(�0) = �1/2
<latexit sha1_base64="K5fZR56SgDbe9pugVXcLyf1DZWg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNqFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uB67LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqdKmEKedb98e0RvIS2ZxatsjUBnCd2RoogQ80zv5xuhJOQcIUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR1OOQiLddPLCCB5qpQuDSOjiCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVXLgp5XGiCMfTRUHCoIrgOA/YpYJgxYaaICyovhXiPhIIK51aQYdgz748T5onZfusbNVPi5WrLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5U6lPg=</latexit>

QD(��⇤
0N) = 1

<latexit sha1_base64="6ud/z4zNNYMNCmvPpX+0i0zoc3k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNWFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uBq7LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqda8IU8qz749sjeAltzyxaZWsCOE/sjBRBhppnfjndCCch4QozJGXHtmLlpkgoihkZFZxEkhjhAeqRjqYchUS66eSFETzUShcGkdDFFZyovydSFEo5DH3dGSLVl7PeWPzP6yQquHBTyuNEEY6ni4KEQRXBcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njRPyvZZ2aqfFivVLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5IGlPY=</latexit>

QB(��
⇤
0N) = 1

<latexit sha1_base64="lw9Jv+shtqSAICEB2yv8niWDT3s=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmRGfO1EX3VnBPqApQya9raFJZkgyYhn6LW78FTcuFHUl+DGmD8TXgcDhnHPJvSdKBDfW99+93NT0zOzc/EJ+cWl5ZbWwtl4zcaoZVFksYt2IqAHBFVQttwIaiQYqIwH1qHc29Os3oA2P1ZXtJ9CStKt4hzNqnRQWjvfDMiaGS0wi6HKVJZJazW8HmFxI6FJMCCbnICwNfUxAtb8CYaHol/wR8F8STEgRTVAJC6+kHbNUgrJMUGOagZ/YVka15UzAIE9SAwllPdqFpqOKSjCtbHTiAG87pY07sXZPWTxSv09kVBrTl5FLuv2uzW9vKP7nNVPbOWplXCWpBcXGH3VSgW2Mh33hNtfArOg7QpnmblfMrqmmzLpW866E4PfJf0lttxQclPzLveLJ6aSOebSJttAOCtAhOkFlVEFVxNAdekBP6Nm79x69F+9tHM15k5kN9APexyffkaPr</latexit>

5H ⇠
✓

⌦
�0

◆

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2



Symmetries

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Splitting DM − new quarks

Splitting quarks − quirks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="8Q/LchUP7YqJU0ZHKWToK2/tTnU=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMiKgXIUQPHhMwC2SGoadTkzTpWejuEcIQvPgrXjwo4tWv8Obf2FkOmvig4PFeFVX1/IQzqSzr28gtLa+sruXXCxubW9s75u5eU8apoNCgMY9F2ycSOIugoZji0E4EkNDn0PIHN2O/9QBCsji6V8ME3JD0IhYwSpSWPPMgcyjhuD7yqiXnFrginnWCr/Gp7ZlFq2xNgBeJPSNFNEPNM7+cbkzTECJFOZGyY1uJcjMiFKMcRgUnlZAQOiA96GgakRCkm01eGOFjrXRxEAtdkcIT9fdERkIph6GvO0Oi+nLeG4v/eZ1UBVduxqIkVRDR6aIg5VjFeJwH7jIBVPGhJoQKpm/FtE8EoUqnVtAh2PMvL5LmWdm+KFv182KlOosjjw7RESohG12iCrpDNdRAFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEK/5VB</latexit>

QB(�0) = �1
<latexit sha1_base64="RvpXt8WLr/LL2VdM2TLmM0FO5xg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF9akiLoRinbhsgX7gCaEyXTSDp1MwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q79TsPREga8Xs1jokbogGnAcVIackzi6mDEYPNiVcvO3XCFPKsE3gNT+2zqmeWrIo1A1wmdkZKIEPDM7+cfoSTkHCFGZKyZ1uxclMkFMWMTApOIkmM8AgNSE9TjkIi3XT2xAQea6UPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+5/USFVy5KeVxogjH80VBwqCK4DQR2KeCYMXGmiAsqL4V4iESCCudW0GHYC++vEza1Yp9UbGa56XaTRZHHhTBESgDG1yCGrgDDdACGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gD68pW4</latexit>

QD(�0) = �1/2
<latexit sha1_base64="K5fZR56SgDbe9pugVXcLyf1DZWg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNqFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uB67LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqdKmEKedb98e0RvIS2ZxatsjUBnCd2RoogQ80zv5xuhJOQcIUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR1OOQiLddPLCCB5qpQuDSOjiCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVXLgp5XGiCMfTRUHCoIrgOA/YpYJgxYaaICyovhXiPhIIK51aQYdgz748T5onZfusbNVPi5WrLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5U6lPg=</latexit>

QD(��⇤
0N) = 1

<latexit sha1_base64="6ud/z4zNNYMNCmvPpX+0i0zoc3k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNWFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uBq7LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqda8IU8qz749sjeAltzyxaZWsCOE/sjBRBhppnfjndCCch4QozJGXHtmLlpkgoihkZFZxEkhjhAeqRjqYchUS66eSFETzUShcGkdDFFZyovydSFEo5DH3dGSLVl7PeWPzP6yQquHBTyuNEEY6ni4KEQRXBcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njRPyvZZ2aqfFivVLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5IGlPY=</latexit>

QB(��
⇤
0N) = 1 <latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D

<latexit sha1_base64="lw9Jv+shtqSAICEB2yv8niWDT3s=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmRGfO1EX3VnBPqApQya9raFJZkgyYhn6LW78FTcuFHUl+DGmD8TXgcDhnHPJvSdKBDfW99+93NT0zOzc/EJ+cWl5ZbWwtl4zcaoZVFksYt2IqAHBFVQttwIaiQYqIwH1qHc29Os3oA2P1ZXtJ9CStKt4hzNqnRQWjvfDMiaGS0wi6HKVJZJazW8HmFxI6FJMCCbnICwNfUxAtb8CYaHol/wR8F8STEgRTVAJC6+kHbNUgrJMUGOagZ/YVka15UzAIE9SAwllPdqFpqOKSjCtbHTiAG87pY07sXZPWTxSv09kVBrTl5FLuv2uzW9vKP7nNVPbOWplXCWpBcXGH3VSgW2Mh33hNtfArOg7QpnmblfMrqmmzLpW866E4PfJf0lttxQclPzLveLJ6aSOebSJttAOCtAhOkFlVEFVxNAdekBP6Nm79x69F+9tHM15k5kN9APexyffkaPr</latexit>

5H ⇠
✓

⌦
�0

◆

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2



Symmetries

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.

<latexit sha1_base64="8Q/LchUP7YqJU0ZHKWToK2/tTnU=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMiKgXIUQPHhMwC2SGoadTkzTpWejuEcIQvPgrXjwo4tWv8Obf2FkOmvig4PFeFVX1/IQzqSzr28gtLa+sruXXCxubW9s75u5eU8apoNCgMY9F2ycSOIugoZji0E4EkNDn0PIHN2O/9QBCsji6V8ME3JD0IhYwSpSWPPMgcyjhuD7yqiXnFrginnWCr/Gp7ZlFq2xNgBeJPSNFNEPNM7+cbkzTECJFOZGyY1uJcjMiFKMcRgUnlZAQOiA96GgakRCkm01eGOFjrXRxEAtdkcIT9fdERkIph6GvO0Oi+nLeG4v/eZ1UBVduxqIkVRDR6aIg5VjFeJwH7jIBVPGhJoQKpm/FtE8EoUqnVtAh2PMvL5LmWdm+KFv182KlOosjjw7RESohG12iCrpDNdRAFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEK/5VB</latexit>

QB(�0) = �1
<latexit sha1_base64="RvpXt8WLr/LL2VdM2TLmM0FO5xg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF9akiLoRinbhsgX7gCaEyXTSDp1MwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q79TsPREga8Xs1jokbogGnAcVIackzi6mDEYPNiVcvO3XCFPKsE3gNT+2zqmeWrIo1A1wmdkZKIEPDM7+cfoSTkHCFGZKyZ1uxclMkFMWMTApOIkmM8AgNSE9TjkIi3XT2xAQea6UPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+5/USFVy5KeVxogjH80VBwqCK4DQR2KeCYMXGmiAsqL4V4iESCCudW0GHYC++vEza1Yp9UbGa56XaTRZHHhTBESgDG1yCGrgDDdACGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gD68pW4</latexit>

QD(�0) = �1/2
<latexit sha1_base64="K5fZR56SgDbe9pugVXcLyf1DZWg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNqFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uB67LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqdKmEKedb98e0RvIS2ZxatsjUBnCd2RoogQ80zv5xuhJOQcIUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR1OOQiLddPLCCB5qpQuDSOjiCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVXLgp5XGiCMfTRUHCoIrgOA/YpYJgxYaaICyovhXiPhIIK51aQYdgz748T5onZfusbNVPi5WrLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5U6lPg=</latexit>

QD(��⇤
0N) = 1

<latexit sha1_base64="6ud/z4zNNYMNCmvPpX+0i0zoc3k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNWFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uBq7LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqda8IU8qz749sjeAltzyxaZWsCOE/sjBRBhppnfjndCCch4QozJGXHtmLlpkgoihkZFZxEkhjhAeqRjqYchUS66eSFETzUShcGkdDFFZyovydSFEo5DH3dGSLVl7PeWPzP6yQquHBTyuNEEY6ni4KEQRXBcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njRPyvZZ2aqfFivVLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5IGlPY=</latexit>

QB(��
⇤
0N) = 1 <latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Splitting DM − new quarks

Splitting quarks − quirks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+



5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2

Symmetries

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.

<latexit sha1_base64="8Q/LchUP7YqJU0ZHKWToK2/tTnU=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMiKgXIUQPHhMwC2SGoadTkzTpWejuEcIQvPgrXjwo4tWv8Obf2FkOmvig4PFeFVX1/IQzqSzr28gtLa+sruXXCxubW9s75u5eU8apoNCgMY9F2ycSOIugoZji0E4EkNDn0PIHN2O/9QBCsji6V8ME3JD0IhYwSpSWPPMgcyjhuD7yqiXnFrginnWCr/Gp7ZlFq2xNgBeJPSNFNEPNM7+cbkzTECJFOZGyY1uJcjMiFKMcRgUnlZAQOiA96GgakRCkm01eGOFjrXRxEAtdkcIT9fdERkIph6GvO0Oi+nLeG4v/eZ1UBVduxqIkVRDR6aIg5VjFeJwH7jIBVPGhJoQKpm/FtE8EoUqnVtAh2PMvL5LmWdm+KFv182KlOosjjw7RESohG12iCrpDNdRAFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEK/5VB</latexit>

QB(�0) = �1
<latexit sha1_base64="RvpXt8WLr/LL2VdM2TLmM0FO5xg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF9akiLoRinbhsgX7gCaEyXTSDp1MwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q79TsPREga8Xs1jokbogGnAcVIackzi6mDEYPNiVcvO3XCFPKsE3gNT+2zqmeWrIo1A1wmdkZKIEPDM7+cfoSTkHCFGZKyZ1uxclMkFMWMTApOIkmM8AgNSE9TjkIi3XT2xAQea6UPg0jo4grO1N8TKQqlHIe+7gyRGspFbyr+5/USFVy5KeVxogjH80VBwqCK4DQR2KeCYMXGmiAsqL4V4iESCCudW0GHYC++vEza1Yp9UbGa56XaTRZHHhTBESgDG1yCGrgDDdACGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gD68pW4</latexit>

QD(�0) = �1/2
<latexit sha1_base64="K5fZR56SgDbe9pugVXcLyf1DZWg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNqFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uB67LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqdKmEKedb98e0RvIS2ZxatsjUBnCd2RoogQ80zv5xuhJOQcIUZkrJjW7FyUyQUxYyMCk4iSYzwAPVIR1OOQiLddPLCCB5qpQuDSOjiCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVXLgp5XGiCMfTRUHCoIrgOA/YpYJgxYaaICyovhXiPhIIK51aQYdgz748T5onZfusbNVPi5WrLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5U6lPg=</latexit>

QD(��⇤
0N) = 1

<latexit sha1_base64="6ud/z4zNNYMNCmvPpX+0i0zoc3k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkIupGKNWFK2nBPqCJYTKdtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee/yYUaks69vILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uBq7LceiJA04ndqGBM3RD1OA4qR0pJn7tW9asnBfQqda8IU8qz749sjeAltzyxaZWsCOE/sjBRBhppnfjndCCch4QozJGXHtmLlpkgoihkZFZxEkhjhAeqRjqYchUS66eSFETzUShcGkdDFFZyovydSFEo5DH3dGSLVl7PeWPzP6yQquHBTyuNEEY6ni4KEQRXBcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njRPyvZZ2aqfFivVLI482AcHoARscA4q4AbUQANg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5A5IGlPY=</latexit>

QB(��
⇤
0N) = 1

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Splitting DM − new quarks

Splitting quarks − quirks

�L � Y�0 5̄d 10 5
⇤
H
+ Y�̄ 5̄� 5HN + Y� 5� 5⇤

H
N + h.c.,

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
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0

d
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dc

u
M S1

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D

<latexit sha1_base64="TMRytQsYaSeaDb6r7iRVjn8umX4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ic0IWy2m3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAqu0XG+rdLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVDYlmgkvWQo6CdVPFSBwK1glHN1O/88SU5ol8wHHK/JgMJI84JWgk7zHIvVsmkATOJKjWnLozg71M3ILUoEAzqH55/YRmMZNIBdG65zop+jlRyKlgk4qXaZYSOiID1jNUkphpP5/dPLFPjNK3o0SZkmjP1N8TOYm1Hseh6YwJDvWiNxX/83oZRld+zmWaIZN0vijKhI2JPQ3A7nPFKIqxIYQqbm616ZAoQtHEVDEhuIsvL5P2Wd29qDv357XGdRFHGY7gGE7BhUtowB00oQUUUniGV3izMuvFerc+5q0lq5g5hD+wPn8AuziRfA==</latexit>

Y�0

<latexit sha1_base64="tf7JRevvJzwska4zNYeJvC/IdOk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHrwIFeyHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C0vLK6lpxvbSxubW9U97daxqVasoaVAml2yExTHDJGsBBsHaiGYlDwVrh8Gritx6ZNlzJexglLIhJX/KIUwJW8h+6HWBPkF3fjrvlilt1p8CLxMtJBeWod8tfnZ6iacwkUEGM8T03gSAjGjgVbFzqpIYlhA5Jn/mWShIzE2TTk8f4yCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+5/kpRBdBxmWSApN0tihKBQaFJ//jHteMghhZQqjm9lZMB0QTCjalkg3Bm395kTRPqt5Z1b07rdQu8ziK6AAdomPkoXNUQzeojhqIIoWe0St6c8B5cd6dj1lrwcln9tEfOJ8/XeqRTw==</latexit>

YDM

<latexit sha1_base64="346GxnI/nc8e0UtaPrmiTK9uE0A="></latexit>

(Y�B =)Y�D ' Br(N ! �⇤
0
�) ✏N

CP

TN
RH

MN

�B&�D
�B&�D

1 Violation of   and  U(1)B U(1)D

Asymmetry generation ingredients: [Sakharov, 1967]
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d
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dc

u
M S1

2 Out-of-equilibrium �N [T = MN ] < 3H[T = MN ]

Violation of   and  U(1)B U(1)D

<latexit sha1_base64="346GxnI/nc8e0UtaPrmiTK9uE0A="></latexit>

(Y�B =)Y�D ' Br(N ! �⇤
0
�) ✏N

CP

TN
RH

MN

N lifetime (i.e. reheat temperature)
<latexit sha1_base64="5R84TI2TJLkkw9xzSR86eQ5npSk="></latexit>

TN
RH

⇠
✓

45

16⇡3g⇤

◆1/4 p
�NMPl

<latexit sha1_base64="ebprzP+3AZE43izttSHaO3fFzJM="></latexit>

�N ' |YDN|2

8⇡
MN ' 6⇥ 107 s�1

✓
|YDN|
10�9

◆2 ✓ MN

1 TeV

◆
<latexit sha1_base64="ebprzP+3AZE43izttSHaO3fFzJM="></latexit>

�N ' |YDN|2

8⇡
MN ' 6⇥ 107 s�1

✓
|YDN|
10�9

◆2 ✓ MN

1 TeV

◆

N mass

Asymmetry generation ingredients: 
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3 Violation of C and CP (à la usual leptogenesis)

2 Out-of-equilibrium �N [T = MN ] < 3H[T = MN ]

<latexit sha1_base64="346GxnI/nc8e0UtaPrmiTK9uE0A="></latexit>

(Y�B =)Y�D ' Br(N ! �⇤
0
�) ✏N

CP

TN
RH

MN

N

�0

�

+ N

�0

�

`,�

H,�0

Nj 6=1

+ N

�

�0

Nj 6=1

�0

�

[Falkowski, Ruderman, Volansky, 2011]CP asymmetry

N lifetime (i.e. reheat temperature)
<latexit sha1_base64="5R84TI2TJLkkw9xzSR86eQ5npSk="></latexit>

TN
RH

⇠
✓

45

16⇡3g⇤

◆1/4 p
�NMPl

<latexit sha1_base64="ebprzP+3AZE43izttSHaO3fFzJM="></latexit>

�N ' |YDN|2

8⇡
MN ' 6⇥ 107 s�1

✓
|YDN|
10�9

◆2 ✓ MN

1 TeV

◆
<latexit sha1_base64="ebprzP+3AZE43izttSHaO3fFzJM="></latexit>

�N ' |YDN|2

8⇡
MN ' 6⇥ 107 s�1

✓
|YDN|
10�9

◆2 ✓ MN

1 TeV

◆

N mass

1 Violation of   and  U(1)B U(1)D

Asymmetry generation ingredients: 
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<latexit sha1_base64="x200KNhK7nT/lEAeLIRDzsM5nmM=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAUVJxWusgIGBoUj0ITVR5DhOa9VOIttBqqIuLPwKCwMIsfIPbPwNbpsBWo5k6eice3R9T5AyKpVtfxulhcWl5ZXyamVtfWNzy9zeackkE5g0ccIS0QmQJIzGpKmoYqSTCoJ4wEg7GFyN/fYDEZIm8b0apsTjqBfTiGKktOSb+9x3RT+BrqQc1qxT6B5D91bnQ+Rf+2bVtuwJ4DxxClIFBRq++eWGCc44iRVmSMquY6fKy5FQFDMyqriZJCnCA9QjXU1jxIn08skVI3iolRBGidAvVnCi/k7kiEs55IGe5Ej15aw3Fv/zupmKLrycxmmmSIyni6KMQZXAcSUwpIJgxYaaICyo/ivEfSQQVrq4ii7BmT15nrRqlnNm2Xcn1fplUUcZ7IEDcAQccA7q4AY0QBNg8AiewSt4M56MF+Pd+JiOlowiswv+wPj8AZ+1lrs=</latexit>

m⇢ ⇠ 2.5⇤D

<latexit sha1_base64="Ttx00LvpuAX2+Ilgb/hvtwMJ2TM=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnZV1DIYCwuLBMwDsssyO5kkQ2Z2l5m7YljS2vgrNhaK2PoHdv6Nk0ehiQcGDufcw517wkRwDY7zbS0sLi2vrObW8usbm1vb9s5uXcepoqxGYxGrZkg0EzxiNeAgWDNRjMhQsEbYL4/8xj1TmsfRHQwS5kvSjXiHUwJGCmwsgwR7mkt8ir1j7N2aaJsEHrAHyKrl62FgF5yiMwaeJ+6UFNAUlcD+8toxTSWLgAqidct1EvAzooBTwYZ5L9UsIbRPuqxlaEQk0342vmSID43Sxp1YmRcBHqu/ExmRWg9kaCYlgZ6e9Ubif14rhc6ln/EoSYFFdLKokwoMMR7VgttcMQpiYAihipu/YtojilAw5eVNCe7syfOkflJ0z4tO9axQuprWkUP76AAdIRddoBK6QRVUQxQ9omf0it6sJ+vFerc+JqML1jSzh/7A+vwBhU2Y+Q==</latexit>

mp ⇠ 3⇤QCD

[Francis, Hudspith, Lewis, Tulin, 2008]

Relevant parameters: 

Cosmology tells us: 
<latexit sha1_base64="9qq41eHYzTag7qhgroJSL+knQ0Q="></latexit>

⌦D

⌦B
=

Y�Dm⇢

Y�Bmp
⇠ 5

<latexit sha1_base64="346GxnI/nc8e0UtaPrmiTK9uE0A="></latexit>

(Y�B =)Y�D ' Br(N ! �⇤
0
�) ✏N

CP

TN
RH

MN

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D
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Darko-Baryo-Genesis

<latexit sha1_base64="n95rRZMu+bJOfd3rjW9KnbawFeM=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G0kLArEi2DSWFhkYB5QHZZZieTZMjsg5m7YljyCTb+io2FIraWdv6NkweiiQcGDuecy517/FhwBZb1ZWSWlldW17LruY3Nre0dc3evoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/KI/95h2TikfhLQxj5gakF/IupwS05JnH2LnR6Q7xKthRPMBF7Jz+aA6we0hr5crIM/NWwZoALxJ7RvJohqpnfjqdiCYBC4EKolTbtmJwUyKBU8FGOSdRLCZ0QHqsrWlIAqbcdHLQCB9ppYO7kdQvBDxRf0+kJFBqGPg6GRDoq3lvLP7ntRPoXropD+MEWEini7qJwBDhcTu4wyWjIIaaECq5/iumfSIJBd1hTpdgz5+8SBpnBbtYsGrn+dLVrI4sOkCH6ATZ6AKV0DWqojqi6AE9oRf0ajwaz8ab8T6NZozZzD76A+PjGxkSm2Y=</latexit>

⇤D ⇠ 6⇤QCD

<latexit sha1_base64="x200KNhK7nT/lEAeLIRDzsM5nmM=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAUVJxWusgIGBoUj0ITVR5DhOa9VOIttBqqIuLPwKCwMIsfIPbPwNbpsBWo5k6eice3R9T5AyKpVtfxulhcWl5ZXyamVtfWNzy9zeackkE5g0ccIS0QmQJIzGpKmoYqSTCoJ4wEg7GFyN/fYDEZIm8b0apsTjqBfTiGKktOSb+9x3RT+BrqQc1qxT6B5D91bnQ+Rf+2bVtuwJ4DxxClIFBRq++eWGCc44iRVmSMquY6fKy5FQFDMyqriZJCnCA9QjXU1jxIn08skVI3iolRBGidAvVnCi/k7kiEs55IGe5Ej15aw3Fv/zupmKLrycxmmmSIyni6KMQZXAcSUwpIJgxYaaICyo/ivEfSQQVrq4ii7BmT15nrRqlnNm2Xcn1fplUUcZ7IEDcAQccA7q4AY0QBNg8AiewSt4M56MF+Pd+JiOlowiswv+wPj8AZ+1lrs=</latexit>

m⇢ ⇠ 2.5⇤D

<latexit sha1_base64="Ttx00LvpuAX2+Ilgb/hvtwMJ2TM=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnZV1DIYCwuLBMwDsssyO5kkQ2Z2l5m7YljS2vgrNhaK2PoHdv6Nk0ehiQcGDufcw517wkRwDY7zbS0sLi2vrObW8usbm1vb9s5uXcepoqxGYxGrZkg0EzxiNeAgWDNRjMhQsEbYL4/8xj1TmsfRHQwS5kvSjXiHUwJGCmwsgwR7mkt8ir1j7N2aaJsEHrAHyKrl62FgF5yiMwaeJ+6UFNAUlcD+8toxTSWLgAqidct1EvAzooBTwYZ5L9UsIbRPuqxlaEQk0342vmSID43Sxp1YmRcBHqu/ExmRWg9kaCYlgZ6e9Ubif14rhc6ln/EoSYFFdLKokwoMMR7VgttcMQpiYAihipu/YtojilAw5eVNCe7syfOkflJ0z4tO9axQuprWkUP76AAdIRddoBK6QRVUQxQ9omf0it6sJ+vFerc+JqML1jSzh/7A+vwBhU2Y+Q==</latexit>

mp ⇠ 3⇤QCD

[Francis, Hudspith, Lewis, Tulin, 2008]

Relevant parameters 

Cosmology tells us: 
<latexit sha1_base64="9qq41eHYzTag7qhgroJSL+knQ0Q="></latexit>

⌦D

⌦B
=

Y�Dm⇢

Y�Bmp
⇠ 5

<latexit sha1_base64="346GxnI/nc8e0UtaPrmiTK9uE0A="></latexit>

(Y�B =)Y�D ' Br(N ! �⇤
0
�) ✏N

CP
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RH

MN

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D



Annihilation symmetric abundance

[Francis, Hudspith, Lewis, Tulin, 2008]

⇢+

⇢�

⌘

⌘

<latexit sha1_base64="O0AVA4qMl2ivmyxwR2tQDdBjwmo=">AAACInicbVDJSgNBEO1xN25Rj14ag6CXMCPiAh5EPXjwoGBUyIShpqdimvQsdteIYci3ePFXvHhQ1JPgx9iJObg9aHi8V1Vd9cJMSUOu++4MDY+Mjo1PTJampmdm58rzC+cmzbXAmkhVqi9DMKhkgjWSpPAy0whxqPAibB/0/Isb1EamyRl1MmzEcJXIphRAVgrKO3HgIwHf5ZboVsr96xwivuo3Uw1K9VTRktb2j+3QCAKf8JaKw+5aUK64VbcP/pd4A1JhA5wE5Vc/SkUeY0JCgTF1z82oUYAmKRR2S35uMAPRhiusW5pAjKZR9E/s8hWrRNwuZV9CvK9+7yggNqYTh7YyBmqZ315P/M+r59TcbhQyyXLCRHx91MwVp5T38uKR1ChIdSwBoaXdlYsWaBBkUy3ZELzfJ/8l5+tVb7Pqnm5U9vYHcUywJbbMVpnHttgeO2InrMYEu2MP7Ik9O/fOo/PivH2VDjmDnkX2A87HJ2e0ov4=</latexit>

m⌘ < m⇢ (8m� < ⇤D)

[Case “6” in Dan’s talk on Tuesday]



Annihilation symmetric abundance

[Francis, Hudspith, Lewis, Tulin, 2008]

⇢+

⇢�

⌘

⌘

<latexit sha1_base64="O0AVA4qMl2ivmyxwR2tQDdBjwmo=">AAACInicbVDJSgNBEO1xN25Rj14ag6CXMCPiAh5EPXjwoGBUyIShpqdimvQsdteIYci3ePFXvHhQ1JPgx9iJObg9aHi8V1Vd9cJMSUOu++4MDY+Mjo1PTJampmdm58rzC+cmzbXAmkhVqi9DMKhkgjWSpPAy0whxqPAibB/0/Isb1EamyRl1MmzEcJXIphRAVgrKO3HgIwHf5ZboVsr96xwivuo3Uw1K9VTRktb2j+3QCAKf8JaKw+5aUK64VbcP/pd4A1JhA5wE5Vc/SkUeY0JCgTF1z82oUYAmKRR2S35uMAPRhiusW5pAjKZR9E/s8hWrRNwuZV9CvK9+7yggNqYTh7YyBmqZ315P/M+r59TcbhQyyXLCRHx91MwVp5T38uKR1ChIdSwBoaXdlYsWaBBkUy3ZELzfJ/8l5+tVb7Pqnm5U9vYHcUywJbbMVpnHttgeO2InrMYEu2MP7Ik9O/fOo/PivH2VDjmDnkX2A87HJ2e0ov4=</latexit>

m⌘ < m⇢ (8m� < ⇤D)

<latexit sha1_base64="CBeiDF7gi8QoVkxbZ24adGpsvw4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqMuiLly4qGAf0IQwmUzaoTOTMDMRSogbf8WNC0Xc+hfu/BunbRbaemDgcM493LknTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltqySTmLRwwhLZDZEijArS0lQz0k0lQTxkpBMOr8Z+54FIRRNxr0cp8TnqCxpTjLSRAnvfU5RDL5YI526Re7cmGqHgugjsmlN3JoDzxC1JDZRoBvaXFyU440RozJBSPddJtZ8jqSlmpKh6mSIpwkPUJz1DBeJE+fnkggIeGSWCcSLNExpO1N+JHHGlRjw0kxzpgZr1xuJ/Xi/T8YWfU5Fmmgg8XRRnDOoEjuuAEZUEazYyBGFJzV8hHiDThjalVU0J7uzJ86R9UnfP6s7daa1xWdZRAQfgEBwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gA4DZa+</latexit>

⇠ 1

⇤D



Annihilation symmetric abundance

h�annvi ⇠
✓

4⇡

⇤2
D

◆✓
3

2

⇤D

m⇢

◆1/2

⇠ 4⇥ 10�17cm3 s�1

✓
2 GeV

⇤D

◆2

[Francis, Hudspith, Lewis, Tulin, 2008]

⇢+

⇢�

⌘

⌘

<latexit sha1_base64="O0AVA4qMl2ivmyxwR2tQDdBjwmo=">AAACInicbVDJSgNBEO1xN25Rj14ag6CXMCPiAh5EPXjwoGBUyIShpqdimvQsdteIYci3ePFXvHhQ1JPgx9iJObg9aHi8V1Vd9cJMSUOu++4MDY+Mjo1PTJampmdm58rzC+cmzbXAmkhVqi9DMKhkgjWSpPAy0whxqPAibB/0/Isb1EamyRl1MmzEcJXIphRAVgrKO3HgIwHf5ZboVsr96xwivuo3Uw1K9VTRktb2j+3QCAKf8JaKw+5aUK64VbcP/pd4A1JhA5wE5Vc/SkUeY0JCgTF1z82oUYAmKRR2S35uMAPRhiusW5pAjKZR9E/s8hWrRNwuZV9CvK9+7yggNqYTh7YyBmqZ315P/M+r59TcbhQyyXLCRHx91MwVp5T38uKR1ChIdSwBoaXdlYsWaBBkUy3ZELzfJ/8l5+tVb7Pqnm5U9vYHcUywJbbMVpnHttgeO2InrMYEu2MP7Ik9O/fOo/PivH2VDjmDnkX2A87HJ2e0ov4=</latexit>

m⌘ < m⇢ (8m� < ⇤D)

<latexit sha1_base64="CBeiDF7gi8QoVkxbZ24adGpsvw4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqMuiLly4qGAf0IQwmUzaoTOTMDMRSogbf8WNC0Xc+hfu/BunbRbaemDgcM493LknTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltqySTmLRwwhLZDZEijArS0lQz0k0lQTxkpBMOr8Z+54FIRRNxr0cp8TnqCxpTjLSRAnvfU5RDL5YI526Re7cmGqHgugjsmlN3JoDzxC1JDZRoBvaXFyU440RozJBSPddJtZ8jqSlmpKh6mSIpwkPUJz1DBeJE+fnkggIeGSWCcSLNExpO1N+JHHGlRjw0kxzpgZr1xuJ/Xi/T8YWfU5Fmmgg8XRRnDOoEjuuAEZUEazYyBGFJzV8hHiDThjalVU0J7uzJ86R9UnfP6s7daa1xWdZRAQfgEBwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gA4DZa+</latexit>

⇠ 1

⇤D



Dark hadrons

Dark Uni!cation

<latexit sha1_base64="yvHYAlwnLN9h6FIaRvkiqRG6BVo=">AAAB83icbVBNS8NAEJ34WetX1aOXYBHqpSTiR48FLx4rmrbQhLLZbtulm03YnYgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSK4Rsf5tlZW19Y3Ngtbxe2d3b390sFhU8eposyjsYhVOySaCS6ZhxwFayeKkSgUrBWObqZ+65EpzWP5gOOEBREZSN7nlKCRfB/ZE2b33qRyedYtlZ2qM4O9TNyclCFHo1v68nsxTSMmkQqidcd1EgwyopBTwSZFP9UsIXREBqxjqCQR00E2u3linxqlZ/djZUqiPVN/T2Qk0nochaYzIjjUi95U/M/rpNivBRmXSYpM0vmifipsjO1pAHaPK0ZRjA0hVHFzq02HRBGKJqaiCcFdfHmZNM+r7lXVubso12t5HAU4hhOogAvXUIdbaIAHFBJ4hld4s1LrxXq3PuatK1Y+cwR/YH3+AFwRkTQ=</latexit>

SU(5)

<latexit sha1_base64="pprahRiPbZeHdqhG7nblSEHiC3w=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9KqUY4kXDxitEAClWyXLWzYbpvdqUoa/ocXDxrj1f/izX/jAj0o+JJJXt6bycw8PxZcg21/W7mV1bX1jfxmYWt7Z3evuH/Q1FGiKHNpJCLV9olmgkvmAgfB2rFiJPQFa/mj+tRvPTCleSTvYBwzLyQDyQNOCRjpvgvsCdJbd1I+P+3Ve8WSXbFnwMvEyUgJZWj0il/dfkSTkEmggmjdcewYvJQo4FSwSaGbaBYTOiID1jFUkpBpL51dPcEnRunjIFKmJOCZ+nsiJaHW49A3nSGBoV70puJ/XieBoOqlXMYJMEnni4JEYIjwNALc54pREGNDCFXc3IrpkChCwQRVMCE4iy8vk+ZZxbms2DcXpVo1iyOPjtAxKiMHXaEaukYN5CKKFHpGr+jNerRerHfrY96as7KZQ/QH1ucPoX2R6A==</latexit>

SU(3)C

SM
baryons & mesons

<latexit sha1_base64="lYJZgAzguVHqyCBEKktLN0TeyY4=">AAACDXicbZA9SwNBEIb34nf8OrW0WYyCVbgT0ZSChZYRTBRyIcxtJmbJ3oe7c2I48gds/Cs2ForY2tv5b9zEK/x6YeHhnRlm5w1TJQ153odTmpqemZ2bXygvLi2vrLpr602TZFpgQyQq0ZchGFQyxgZJUniZaoQoVHgRDo7H9Ysb1EYm8TkNU2xHcBXLnhRA1uq424HuJzy4zqDLAyQo8KQTEN5SHoJSZtRxK17Vm4j/Bb+ACitU77jvQTcRWYQxCQXGtHwvpXYOmqRQOCoHmcEUxACusGUxhghNO59cM+I71unyXqLti4lP3O8TOUTGDKPQdkZAffO7Njb/q7Uy6tXauYzTjDAWX4t6meKU8HE0vCs1ClJDCyC0tH/log8aBNkAyzYE//fJf6G5V/UPqt7ZfuWoVsQxzzbZFttlPjtkR+yU1VmDCXbHHtgTe3bunUfnxXn9ai05xcwG+yHn7RM2+puk</latexit>

⇢ ⌘ Gballs
<latexit sha1_base64="0afHnJHK5DVlkuX/tOIEjJIk7VI=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISoxxJ9OARowUSqGS7bGHDdtvsTlXS8D+8eNAYr/4Xb/4bF+hBwZdM8vLeTGbm+bHgGmz728qtrK6tb+Q3C1vbO7t7xf2Dpo4SRZlLIxGptk80E1wyFzgI1o4VI6EvWMsfXU791gNTmkfyDsYx80IykDzglICR7rvAniC9dSfl6mnvqlcs2RV7BrxMnIyUUIZGr/jV7Uc0CZkEKojWHceOwUuJAk4FmxS6iWYxoSMyYB1DJQmZ9tLZ1RN8YpQ+DiJlSgKeqb8nUhJqPQ590xkSGOpFbyr+53USCGpeymWcAJN0vihIBIYITyPAfa4YBTE2hFDFza2YDokiFExQBROCs/jyMmlWK855xb45K9VrWRx5dISOURk56ALV0TVqIBdRpNAzekVv1qP1Yr1bH/PWnJXNHKI/sD5/AKF6keg=</latexit>

SU(2)D

connectors

source
(N)

108�109 GeV

(�0, S1,M)
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⌘7

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

⌧�1
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|YNewQ|4

M6
S1/M

m7
⌘ = 8 s�1

⇣↵QCD
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✓
|YNewQ|

1
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4 GeV

⌘7

Dark hadrons



�

�

g

g

⌘ M

S1

+

�

�

g

g

⌘ M S1 +

�

�

g

g

⌘ MS1 , (1)

�

�

g

g

⌘ M

S1

+

�

�

g

g

⌘ M S1 +

�

�

g

g

⌘ MS1 , (1)

�

�

g

g

⌘ M

S1

+

�

�

g

g

⌘ M S1 +

�

�

g

g

⌘ MS1 , (1)

⌧�1
⌘ ⇠ 1

4⇡

↵2
QCD

(4⇡)2
|YNewQ|4

M6
S1/M

m7
⌘ = 8 s�1

⇣↵QCD

0.8

⌘2
✓
|YNewQ|

1

◆4 ✓10 TeV

MS1/M

◆6 ⇣ m⌘

4 GeV

⌘7

Early Matter Domination!

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
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M6
S1/M

m7
⌘ = 8 s�1

⇣↵QCD

0.8

⌘2
✓
|YNewQ|

1

◆4 ✓10 TeV

MS1/M

◆6 ⇣ m⌘

4 GeV

⌘7

Light connectors
<latexit sha1_base64="Q3kqIObm2n7p6Jw3Sn854BNYpT4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9CRfsBTSibzaZdutmku5tCCf0dXjwo4tUf481/47bNQVsfDDzem2Fmnp9wprRtf1uFtfWNza3idmlnd2//oHx41FJxKgltkpjHsuNjRTkTtKmZ5rSTSIojn9O2P7yd+e0xlYrF4klPEupFuC9YyAjWRvLukTtKcYBc9NhzeuWKXbXnQKvEyUkFcjR65S83iEkaUaEJx0p1HTvRXoalZoTTaclNFU0wGeI+7RoqcESVl82PnqIzowQojKUpodFc/T2R4UipSeSbzgjrgVr2ZuJ/XjfV4bWXMZGkmgqyWBSmHOkYzRJAAZOUaD4xBBPJzK2IDLDERJucSiYEZ/nlVdK6qDq1qv1wWanf5HEU4QRO4RwcuII63EEDmkBgBM/wCm/W2Hqx3q2PRWvBymeO4Q+szx8CoJD0</latexit>

M S1or

Dark hadrons



Charged Relics

The (unwanted)   group𝒵2

Quirks V µ
DQ

RDNew quarks

⇠
<latexit sha1_base64="CxJEZonzwBWgC7jCneKE1rK7thU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQoZSkSnVZ1IXLKvYBTSiT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57vIhRqSzr28gtLa+sruXXCxubW9s75u5eS4axwKSJQxaKjockYTQgTUUVI51IEMQ9Rtre6Gritx+IkDQM7tU4Ii5Hg4D6FCOlpZ55eNe7ho6kHJZOy3bZUb5AOLHTpJaWqyc9s2hVrCngIrEzUgQZGj3zy+mHOOYkUJghKbu2FSk3QUJRzEhacGJJIoRHaEC6mgaIE+km0zdSeKyVPvRDoStQcKr+nkgQl3LMPd3JkRrKeW8i/ud1Y+VfuAkNoliRAM8W+TGDKoSTTGCfCoIVG2uCsKD6VoiHSAehdHIFHYI9//IiaVUrdq1i3Z4V65dZHHlwAI5ACdjgHNTBDWiAJsDgETyDV/BmPBkvxrvxMWvNGdnMPvgD4/MH5UOW2g==</latexit>

RD ⇠ (3, 1, 1
6 , 2)



Charged Relics

<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

Annihilation
<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

[Perl, Lee, Loomba, 2019]

<latexit sha1_base64="Ui6E7OlXfoAIa4H5dhoXxUQaeWw=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhVdiVoBYWQS3sjGJiIJdldnKSDJm9MHNWDEtewcZXsbFQxNbOzrdxNkmh0R8GPv5zDmfO70VSaLTtL2tufmFxaTmzkl1dW9/YzG1t13QYKw5VHspQ1T2mQYoAqihQQj1SwHxPwq03OEvrt3egtAiDGxxG0PJZLxBdwRkay80Vmpc+9JibXLvno3YT4R6T/tBToqNHtN8+oCfULtp2qeTm8imkon/BmUKeTFVxc5/NTshjHwLkkmndcOwIWwlTKLiEUbYZa4gYH7AeNAwGzAfdSsYXjei+cTq0GyrzAqRj9+dEwnyth75nOn2GfT1bS83/ao0Yu8etRARRjBDwyaJuLCmGNI2HdoQCjnJogHElzF8p7zPFOJoQsyYEZ/bkv1A7KDqHRfuqlC+fTuPIkF2yRwrEIUekTC5IhVQJJw/kibyQV+vRerberPdJ65w1ndkhv2R9fANGFZv3</latexit>

⌦hybrids
RD

h2 < 0.0044CMB: 

The (unwanted)   group𝒵2

Quirks V µ
DQ

RDNew quarks

⇠
<latexit sha1_base64="CxJEZonzwBWgC7jCneKE1rK7thU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQoZSkSnVZ1IXLKvYBTSiT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57vIhRqSzr28gtLa+sruXXCxubW9s75u5eS4axwKSJQxaKjockYTQgTUUVI51IEMQ9Rtre6Gritx+IkDQM7tU4Ii5Hg4D6FCOlpZ55eNe7ho6kHJZOy3bZUb5AOLHTpJaWqyc9s2hVrCngIrEzUgQZGj3zy+mHOOYkUJghKbu2FSk3QUJRzEhacGJJIoRHaEC6mgaIE+km0zdSeKyVPvRDoStQcKr+nkgQl3LMPd3JkRrKeW8i/ud1Y+VfuAkNoliRAM8W+TGDKoSTTGCfCoIVG2uCsKD6VoiHSAehdHIFHYI9//IiaVUrdq1i3Z4V65dZHHlwAI5ACdjgHNTBDWiAJsDgETyDV/BmPBkvxrvxMWvNGdnMPvgD4/MH5UOW2g==</latexit>

RD ⇠ (3, 1, 1
6 , 2)

[De Luca, Mitridate, Redi, Smirnov, Strumia, 2018]



Charged Relics

Inflation

<latexit sha1_base64="7zOwaJKy3yNEbW3Fmqb3lgB94ic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiyK4LEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHmpOMzg==</latexit>

E

<latexit sha1_base64="HnRcrYALmggNAySdk1yAQWmiZ5A=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/aBtKJPtpl262YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1grGdzO/9cSU5rF8NJOE+REOJQ85RWOlTtajKEhn2q/2S2W34s5BVomXkzLkqPdLX71BTNOISUMFat313MT4GSrDqWDTYi/VLEE6xiHrWioxYtrP5hdPyblVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU1442dcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDaloQ/CWX14lzWrFu6q4D5fl2m0eRwFO4QwuwINrqME91KEBFCQ8wyu8Odp5cd6dj0XrmpPPnMAfOJ8/9JKQcg==</latexit>Z2

<latexit sha1_base64="6QUoSDzcDaQndIQDAjFxFa2zvCQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YImlM120y7dbMLuRCylf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63U1hb39jcKm6Xdnb39g/Kh0ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hobua3H7k2IlENHKc8iOlAiUgwilbyGz0f+RNOhIqmvXLFrbpzkFXi5aQCOeq98pffT1gWc4VMUmO6nptiMKEaBZN8WvIzw1PKRnTAu5YqGnMTTOY3T8mZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5thdBPYh9IMuWKLRVEmCSZkFgDpC80ZyrEllGlhbyVsSDVlaGMq2RC85ZdXSeui6l1V3YfLSu02j6MIJ3AK5+DBNdTgHurQBAYpPMMrvDmZ8+K8Ox+L1oKTzxzDHzifP4TSkgA=</latexit>

Tinf

Lightest field

<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

Annihilation
<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

[Perl, Lee, Loomba, 2019]

<latexit sha1_base64="Ui6E7OlXfoAIa4H5dhoXxUQaeWw=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhVdiVoBYWQS3sjGJiIJdldnKSDJm9MHNWDEtewcZXsbFQxNbOzrdxNkmh0R8GPv5zDmfO70VSaLTtL2tufmFxaTmzkl1dW9/YzG1t13QYKw5VHspQ1T2mQYoAqihQQj1SwHxPwq03OEvrt3egtAiDGxxG0PJZLxBdwRkay80Vmpc+9JibXLvno3YT4R6T/tBToqNHtN8+oCfULtp2qeTm8imkon/BmUKeTFVxc5/NTshjHwLkkmndcOwIWwlTKLiEUbYZa4gYH7AeNAwGzAfdSsYXjei+cTq0GyrzAqRj9+dEwnyth75nOn2GfT1bS83/ao0Yu8etRARRjBDwyaJuLCmGNI2HdoQCjnJogHElzF8p7zPFOJoQsyYEZ/bkv1A7KDqHRfuqlC+fTuPIkF2yRwrEIUekTC5IhVQJJw/kibyQV+vRerberPdJ65w1ndkhv2R9fANGFZv3</latexit>

⌦hybrids
RD

h2 < 0.0044CMB: 

The (unwanted)   group𝒵2

Quirks V µ
DQ

RDNew quarks

⇠
<latexit sha1_base64="CxJEZonzwBWgC7jCneKE1rK7thU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQoZSkSnVZ1IXLKvYBTSiT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57vIhRqSzr28gtLa+sruXXCxubW9s75u5eS4axwKSJQxaKjockYTQgTUUVI51IEMQ9Rtre6Gritx+IkDQM7tU4Ii5Hg4D6FCOlpZ55eNe7ho6kHJZOy3bZUb5AOLHTpJaWqyc9s2hVrCngIrEzUgQZGj3zy+mHOOYkUJghKbu2FSk3QUJRzEhacGJJIoRHaEC6mgaIE+km0zdSeKyVPvRDoStQcKr+nkgQl3LMPd3JkRrKeW8i/ud1Y+VfuAkNoliRAM8W+TGDKoSTTGCfCoIVG2uCsKD6VoiHSAehdHIFHYI9//IiaVUrdq1i3Z4V65dZHHlwAI5ACdjgHNTBDWiAJsDgETyDV/BmPBkvxrvxMWvNGdnMPvgD4/MH5UOW2g==</latexit>

RD ⇠ (3, 1, 1
6 , 2)

[De Luca, Mitridate, Redi, Smirnov, Strumia, 2018]



Charged Relics

Inflation

<latexit sha1_base64="7zOwaJKy3yNEbW3Fmqb3lgB94ic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiyK4LEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHmpOMzg==</latexit>

E

<latexit sha1_base64="HnRcrYALmggNAySdk1yAQWmiZ5A=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/aBtKJPtpl262YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1grGdzO/9cSU5rF8NJOE+REOJQ85RWOlTtajKEhn2q/2S2W34s5BVomXkzLkqPdLX71BTNOISUMFat313MT4GSrDqWDTYi/VLEE6xiHrWioxYtrP5hdPyblVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU1442dcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDaloQ/CWX14lzWrFu6q4D5fl2m0eRwFO4QwuwINrqME91KEBFCQ8wyu8Odp5cd6dj0XrmpPPnMAfOJ8/9JKQcg==</latexit>Z2

<latexit sha1_base64="6QUoSDzcDaQndIQDAjFxFa2zvCQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YImlM120y7dbMLuRCylf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63U1hb39jcKm6Xdnb39g/Kh0ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hobua3H7k2IlENHKc8iOlAiUgwilbyGz0f+RNOhIqmvXLFrbpzkFXi5aQCOeq98pffT1gWc4VMUmO6nptiMKEaBZN8WvIzw1PKRnTAu5YqGnMTTOY3T8mZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5thdBPYh9IMuWKLRVEmCSZkFgDpC80ZyrEllGlhbyVsSDVlaGMq2RC85ZdXSeui6l1V3YfLSu02j6MIJ3AK5+DBNdTgHurQBAYpPMMrvDmZ8+K8Ox+L1oKTzxzDHzifP4TSkgA=</latexit>

Tinf

Lightest field

<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

Annihilation
<latexit sha1_base64="X42IETxxa8NIhcOKDx7GAYqmTVo="></latexit>

⌦hybrid
RD

h2 ⇠ 2⇥ 10�11 MRD

p
g⇤

⇤QCD

✓
GeV�2

h�vi

◆
' 3⇥ 10�7

✓
MRD

3 TeV

◆3/2 ⇣ g⇤
10

⌘1/2

[Perl, Lee, Loomba, 2019]

<latexit sha1_base64="Ui6E7OlXfoAIa4H5dhoXxUQaeWw=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhVdiVoBYWQS3sjGJiIJdldnKSDJm9MHNWDEtewcZXsbFQxNbOzrdxNkmh0R8GPv5zDmfO70VSaLTtL2tufmFxaTmzkl1dW9/YzG1t13QYKw5VHspQ1T2mQYoAqihQQj1SwHxPwq03OEvrt3egtAiDGxxG0PJZLxBdwRkay80Vmpc+9JibXLvno3YT4R6T/tBToqNHtN8+oCfULtp2qeTm8imkon/BmUKeTFVxc5/NTshjHwLkkmndcOwIWwlTKLiEUbYZa4gYH7AeNAwGzAfdSsYXjei+cTq0GyrzAqRj9+dEwnyth75nOn2GfT1bS83/ao0Yu8etRARRjBDwyaJuLCmGNI2HdoQCjnJogHElzF8p7zPFOJoQsyYEZ/bkv1A7KDqHRfuqlC+fTuPIkF2yRwrEIUekTC5IhVQJJw/kibyQV+vRerberPdJ65w1ndkhv2R9fANGFZv3</latexit>

⌦hybrids
RD

h2 < 0.0044CMB: 

The (unwanted)   group𝒵2

Quirks V µ
DQ

RDNew quarks

⇠
<latexit sha1_base64="CxJEZonzwBWgC7jCneKE1rK7thU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQoZSkSnVZ1IXLKvYBTSiT6aQdOpOEmYlQQlZu/BU3LhRx6ze482+ctllo64ELh3Pu5d57vIhRqSzr28gtLa+sruXXCxubW9s75u5eS4axwKSJQxaKjockYTQgTUUVI51IEMQ9Rtre6Gritx+IkDQM7tU4Ii5Hg4D6FCOlpZ55eNe7ho6kHJZOy3bZUb5AOLHTpJaWqyc9s2hVrCngIrEzUgQZGj3zy+mHOOYkUJghKbu2FSk3QUJRzEhacGJJIoRHaEC6mgaIE+km0zdSeKyVPvRDoStQcKr+nkgQl3LMPd3JkRrKeW8i/ud1Y+VfuAkNoliRAM8W+TGDKoSTTGCfCoIVG2uCsKD6VoiHSAehdHIFHYI9//IiaVUrdq1i3Z4V65dZHHlwAI5ACdjgHNTBDWiAJsDgETyDV/BmPBkvxrvxMWvNGdnMPvgD4/MH5UOW2g==</latexit>

RD ⇠ (3, 1, 1
6 , 2)

[De Luca, Mitridate, Redi, Smirnov, Strumia, 2018]



Signatures



Potential light fields 

Phenomenological signatures

@ colliders

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�

<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8 < 10 TeV

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p
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<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�

Phenomenological signatures

At colliders
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8 < 10 TeV(   )



Potential light fields 

<latexit sha1_base64="fW3JaNGWrZDv8Lq8cPqN3XdiL+4="></latexit>
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<latexit sha1_base64="fW3JaNGWrZDv8Lq8cPqN3XdiL+4="></latexit>
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<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�

M

�c
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u
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Phenomenological signatures

At colliders

<latexit sha1_base64="KfbQDg9IxtIOJwpxOkDiP/sIQzk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBEMpMEXVZlIIIhQp9QTuUTJq2oZkHyR2xDLN046+4caGIWz/BnX9j2s5CWy8knJxzLzfnuKHgCizr28gsLa+srmXXcxubW9s75u5eQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13dD3Rm/dMKh74NRiHzPHIwOd9TgloqmseVnAHAlzUN3uAGN+Wayo5nT0q5VrSNfNWwZoWXgR2CvIorWrX/Or0Ahp5zAcqiFJt2wrBiYkETgVLcp1IsZDQERmwtoY+8Zhy4qmRBB9rpof7gdTHBzxlf0/ExFNq7Lm60yMwVPPahPxPa0fQv3Ri7ocRMJ/OFvUjgbX1SSq4xyWjIMYaECq5/iumQyIJBZ1dTodgz1teBI1iwT4vWHdn+dJVGkcWHaAjdIJsdIFK6AZVUR1R9Iie0St6M56MF+Pd+Ji1Zox0Zh/9KePzBwmQmL0=</latexit>

M ! 2 JETs +MET

<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8 < 10 TeV(   )



Potential light fields 

<latexit sha1_base64="fW3JaNGWrZDv8Lq8cPqN3XdiL+4="></latexit>
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<latexit sha1_base64="fW3JaNGWrZDv8Lq8cPqN3XdiL+4="></latexit>
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<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
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Phenomenological signatures

At colliders

<latexit sha1_base64="gZ05P43KK3QDDRdR6J3yoAY2AOs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPs0GPNg==</latexit>'

<latexit sha1_base64="KfbQDg9IxtIOJwpxOkDiP/sIQzk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBEMpMEXVZlIIIhQp9QTuUTJq2oZkHyR2xDLN046+4caGIWz/BnX9j2s5CWy8knJxzLzfnuKHgCizr28gsLa+srmXXcxubW9s75u5eQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13dD3Rm/dMKh74NRiHzPHIwOd9TgloqmseVnAHAlzUN3uAGN+Wayo5nT0q5VrSNfNWwZoWXgR2CvIorWrX/Or0Ahp5zAcqiFJt2wrBiYkETgVLcp1IsZDQERmwtoY+8Zhy4qmRBB9rpof7gdTHBzxlf0/ExFNq7Lm60yMwVPPahPxPa0fQv3Ri7ocRMJ/OFvUjgbX1SSq4xyWjIMYaECq5/iumQyIJBZ1dTodgz1teBI1iwT4vWHdn+dJVGkcWHaAjdIJsdIFK6AZVUR1R9Iie0St6M56MF+Pd+Ji1Zox0Zh/9KePzBwmQmL0=</latexit>

M ! 2 JETs +MET mgluino > 2� 2.4 TeV

[ATLAS, CMS]

<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8 < 10 TeV(   )
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@ colliders

Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8 < 10 TeV

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="2DF4n6gYd+GGsXlL/MlTttLi6Hw=">AAAB+3icbVDLSsNAFJ3UV62vWpdugkVwVRIRdVl040aoYB/QhjKZ3LRDJw9mbqQl5FfcuFDErT/izr9xmmahrQcuHM65d+7c48aCK7Ssb6O0tr6xuVXeruzs7u0fVA9rHRUlkkGbRSKSPZcqEDyENnIU0Isl0MAV0HUnt3O/+wRS8Sh8xFkMTkBHIfc5o6ilYbU2QJhi/k4qwcvS+2xYrVsNK4e5SuyC1EmB1rD6NfAilgQQIhNUqb5txeikVCJnArLKIFEQUzahI+hrGtIAlJPmOzPzVCue6UdSV4hmrv6eSGmg1CxwdWdAcayWvbn4n9dP0L92Uh7GCULIFov8RJgYmfMgTI9LYChmmlAmuf6rycZUUoY6rooOwV4+eZV0zhv2ZcN6uKg3b4o4yuSYnJAzYpMr0iR3pEXahJEpeSav5M3IjBfj3fhYtJaMYuaI/IHx+QMTJZUc</latexit>

M

<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�
<latexit sha1_base64="bXrcxcXYu2W83MfoiK8c2+l8ZQw=">AAAB/nicbVBNS8NAEN3Ur1q/quLJS7AInkoioh6LXjxWsLXQhLLZTNqlmw92J2IJAf+KFw+KePV3ePPfuE1z0NYHA4/3ZnZ2npcIrtCyvo3K0vLK6lp1vbaxubW9U9/d66o4lQw6LBax7HlUgeARdJCjgF4igYaegHtvfD317x9AKh5HdzhJwA3pMOIBZxS1NKgfOAiPWLyTSfDzzGEjng/qDatpFTAXiV2SBinRHtS/HD9maQgRMkGV6ttWgm5GJXImIK85qYKEsjEdQl/TiIag3KxYm5vHWvHNIJa6IjQL9fdERkOlJqGnO0OKIzXvTcX/vH6KwaWb8ShJESI2WxSkwsTYnGZh+lwCQzHRhDLJ9V9NNqKSMtSJ1XQI9vzJi6R72rTPm9btWaN1VcZRJYfkiJwQm1yQFrkhbdIhjGTkmbySN+PJeDHejY9Za8UoZ/bJHxifP4STln0=</latexit>�

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p
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Astrophysical signatures

<latexit sha1_base64="yiIEqBPv6UBbeuqHm3G572ZonKo="></latexit>

�/m⇢ ⇠ 16⇡/m3
⇢ . 1 cm2/g

DMSI

<latexit sha1_base64="WKkpCdfHxX6lyLDNNvvS4QhKLTA=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXbFVxm0sREimAdkQ5id3CRDZnaXmbtiWNLZ+Cs2ForY+gt2/o2TR6GJBwYO55zLnXuCWAqDrvvtZBYWl5ZXsqu5tfWNza389k7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q5NfuQRsRhXc4iKGpWDcUHcEZWqmV31ctX/ci6nfRhhQ9dV3qIzxgSm+gOmzlC27RHYPOE29KCmSKciv/5bcjnigIkUtmTMNzY2ymTKPgEoY5PzEQM95nXWhYGjIFppmO7xjSQ6u0aSfS9oVIx+rviZQpYwYqsEnFsGdmvZH4n9dIsHPRTEUYJwghnyzqJJJiREel0LbQwFEOLGFcC/tXyntMM462upwtwZs9eZ5Uj4veWdG9PSmULqd1ZMkeOSBHxCPnpESuSZlUCCeP5Jm8kjfnyXlx3p2PSTTjTGd2yR84nz+JcZh1</latexit>

m⇢ & 500 MeV



Astrophysical signatures

<latexit sha1_base64="yiIEqBPv6UBbeuqHm3G572ZonKo="></latexit>

�/m⇢ ⇠ 16⇡/m3
⇢ . 1 cm2/g

DMSI

<latexit sha1_base64="WKkpCdfHxX6lyLDNNvvS4QhKLTA=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXbFVxm0sREimAdkQ5id3CRDZnaXmbtiWNLZ+Cs2ForY+gt2/o2TR6GJBwYO55zLnXuCWAqDrvvtZBYWl5ZXsqu5tfWNza389k7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q5NfuQRsRhXc4iKGpWDcUHcEZWqmV31ctX/ci6nfRhhQ9dV3qIzxgSm+gOmzlC27RHYPOE29KCmSKciv/5bcjnigIkUtmTMNzY2ymTKPgEoY5PzEQM95nXWhYGjIFppmO7xjSQ6u0aSfS9oVIx+rviZQpYwYqsEnFsGdmvZH4n9dIsHPRTEUYJwghnyzqJJJiREel0LbQwFEOLGFcC/tXyntMM462upwtwZs9eZ5Uj4veWdG9PSmULqd1ZMkeOSBHxCPnpESuSZlUCCeP5Jm8kjfnyXlx3p2PSTTjTGd2yR84nz+JcZh1</latexit>

m⇢ & 500 MeV

Nuggets



Astrophysical signatures

<latexit sha1_base64="yiIEqBPv6UBbeuqHm3G572ZonKo="></latexit>

�/m⇢ ⇠ 16⇡/m3
⇢ . 1 cm2/g

DMSI

<latexit sha1_base64="WKkpCdfHxX6lyLDNNvvS4QhKLTA=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXbFVxm0sREimAdkQ5id3CRDZnaXmbtiWNLZ+Cs2ForY+gt2/o2TR6GJBwYO55zLnXuCWAqDrvvtZBYWl5ZXsqu5tfWNza389k7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q5NfuQRsRhXc4iKGpWDcUHcEZWqmV31ctX/ci6nfRhhQ9dV3qIzxgSm+gOmzlC27RHYPOE29KCmSKciv/5bcjnigIkUtmTMNzY2ymTKPgEoY5PzEQM95nXWhYGjIFppmO7xjSQ6u0aSfS9oVIx+rviZQpYwYqsEnFsGdmvZH4n9dIsHPRTEUYJwghnyzqJJJiREel0LbQwFEOLGFcC/tXyntMM462upwtwZs9eZ5Uj4veWdG9PSmULqd1ZMkeOSBHxCPnpESuSZlUCCeP5Jm8kjfnyXlx3p2PSTTjTGd2yR84nz+JcZh1</latexit>

m⇢ & 500 MeV

Nuggets[Wise, Zhang, 2014] 
[Gresham, Lou, Zurek, 2018]



Astrophysical signatures

<latexit sha1_base64="yiIEqBPv6UBbeuqHm3G572ZonKo="></latexit>

�/m⇢ ⇠ 16⇡/m3
⇢ . 1 cm2/g

DMSI

<latexit sha1_base64="WKkpCdfHxX6lyLDNNvvS4QhKLTA=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXbFVxm0sREimAdkQ5id3CRDZnaXmbtiWNLZ+Cs2ForY+gt2/o2TR6GJBwYO55zLnXuCWAqDrvvtZBYWl5ZXsqu5tfWNza389k7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q5NfuQRsRhXc4iKGpWDcUHcEZWqmV31ctX/ci6nfRhhQ9dV3qIzxgSm+gOmzlC27RHYPOE29KCmSKciv/5bcjnigIkUtmTMNzY2ymTKPgEoY5PzEQM95nXWhYGjIFppmO7xjSQ6u0aSfS9oVIx+rviZQpYwYqsEnFsGdmvZH4n9dIsHPRTEUYJwghnyzqJJJiREel0LbQwFEOLGFcC/tXyntMM462upwtwZs9eZ5Uj4veWdG9PSmULqd1ZMkeOSBHxCPnpESuSZlUCCeP5Jm8kjfnyXlx3p2PSTTjTGd2yR84nz+JcZh1</latexit>

m⇢ & 500 MeV

Nuggets

GW

Cosmic strings

<latexit sha1_base64="duLyWCrsryqYGXTVHR/kx4Jm8KA=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITvJCWGPVI1INHjBZIoGm2yxY2bD+yOzViwy/x4kFjvPpTvPlvXKAHBV8yyct7M5mZ5yeCK7Csb6Owsrq2vlHcLG1t7+yWzb39lopTSZlDYxHLjk8UEzxiDnAQrJNIRkJfsLY/upr67QcmFY+jexgnzA3JIOIBpwS05JnlHrBHyO6cSbV+4l1jz6xYNWsGvEzsnFRQjqZnfvX6MU1DFgEVRKmubSXgZkQCp4JNSr1UsYTQERmwrqYRCZlys9nhE3yslT4OYqkrAjxTf09kJFRqHPq6MyQwVIveVPzP66YQXLgZj5IUWETni4JUYIjxNAXc55JREGNNCJVc34rpkEhCQWdV0iHYiy8vk1a9Zp/VrNvTSuMyj6OIDtERqiIbnaMGukFN5CCKUvSMXtGb8WS8GO/Gx7y1YOQzB+gPjM8fdqWSTQ==</latexit>

SU(2)D
+ 1 light flavor

<latexit sha1_base64="sLhcmRXjbKbElkW/N9bOsn90L64="></latexit>

U(1)Q ! Z2

U(1)5 ⌦U(1)X ! U(1)Y

FOPT??

[Schwaler, 2015]

[Wise, Zhang, 2014] 
[Gresham, Lou, Zurek, 2018]



Astrophysical signatures

<latexit sha1_base64="yiIEqBPv6UBbeuqHm3G572ZonKo="></latexit>

�/m⇢ ⇠ 16⇡/m3
⇢ . 1 cm2/g

DMSI

<latexit sha1_base64="WKkpCdfHxX6lyLDNNvvS4QhKLTA=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoNgFXbFVxm0sREimAdkQ5id3CRDZnaXmbtiWNLZ+Cs2ForY+gt2/o2TR6GJBwYO55zLnXuCWAqDrvvtZBYWl5ZXsqu5tfWNza389k7VRInmUOGRjHQ9YAakCKGCAiXUYw1MBRJqQf9q5NfuQRsRhXc4iKGpWDcUHcEZWqmV31ctX/ci6nfRhhQ9dV3qIzxgSm+gOmzlC27RHYPOE29KCmSKciv/5bcjnigIkUtmTMNzY2ymTKPgEoY5PzEQM95nXWhYGjIFppmO7xjSQ6u0aSfS9oVIx+rviZQpYwYqsEnFsGdmvZH4n9dIsHPRTEUYJwghnyzqJJJiREel0LbQwFEOLGFcC/tXyntMM462upwtwZs9eZ5Uj4veWdG9PSmULqd1ZMkeOSBHxCPnpESuSZlUCCeP5Jm8kjfnyXlx3p2PSTTjTGd2yR84nz+JcZh1</latexit>

m⇢ & 500 MeV

Nuggets

EMD

[Wise, Zhang, 2014] 
[Gresham, Lou, Zurek, 2018]

GW

Cosmic strings

<latexit sha1_base64="duLyWCrsryqYGXTVHR/kx4Jm8KA=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITvJCWGPVI1INHjBZIoGm2yxY2bD+yOzViwy/x4kFjvPpTvPlvXKAHBV8yyct7M5mZ5yeCK7Csb6Owsrq2vlHcLG1t7+yWzb39lopTSZlDYxHLjk8UEzxiDnAQrJNIRkJfsLY/upr67QcmFY+jexgnzA3JIOIBpwS05JnlHrBHyO6cSbV+4l1jz6xYNWsGvEzsnFRQjqZnfvX6MU1DFgEVRKmubSXgZkQCp4JNSr1UsYTQERmwrqYRCZlys9nhE3yslT4OYqkrAjxTf09kJFRqHPq6MyQwVIveVPzP66YQXLgZj5IUWETni4JUYIjxNAXc55JREGNNCJVc34rpkEhCQWdV0iHYiy8vk1a9Zp/VrNvTSuMyj6OIDtERqiIbnaMGukFN5CCKUvSMXtGb8WS8GO/Gx7y1YOQzB+gPjM8fdqWSTQ==</latexit>

SU(2)D
+ 1 light flavor

<latexit sha1_base64="sLhcmRXjbKbElkW/N9bOsn90L64="></latexit>

U(1)Q ! Z2

U(1)5 ⌦U(1)X ! U(1)Y

FOPT?? The lightest dark hadron 
<latexit sha1_base64="hyarWnxhfoHSWcOvnaaYetT22rw=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQIkjYFVGPQQ96jGAekA1hdtJJhsw+mOkVwxLwV7x4UMSr3+HNv3GS7EGjBQ1FVTfdXX4shUbH+bJyC4tLyyv51cLa+sbmlr29U9dRojjUeCQj1fSZBilCqKFACc1YAQt8CQ1/eDXxG/egtIjCOxzF0A5YPxQ9wRkaqWPvlTxAdkyvOx7CA6Y+k3J81LGLTtmZgv4lbkaKJEO1Y3963YgnAYTIJdO65ToxtlOmUHAJ44KXaIgZH7I+tAwNWQC6nU7PH9NDo3RpL1KmQqRT9edEygKtR4FvOgOGAz3vTcT/vFaCvYt2KsI4QQj5bFEvkRQjOsmCdoUCjnJkCONKmFspHzDFOJrECiYEd/7lv6R+UnbPys7tabFymcWRJ/vkgJSIS85JhdyQKqkRTlLyRF7Iq/VoPVtv1vusNWdlM7vkF6yPb0dilQ8=</latexit>

(⌘, Gball)

[Lee, Mitridate, Trickle, Zurek, 2019]

[Schwaler, 2015]



Cast of Characters



Main Characters

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�



Main Characters

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�
<latexit sha1_base64="0jJHvWiyLRYxhRv5Hd99rByHlQM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1gOOE+xEdKBEKRtFK7e4tl0h7bq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+Jxo+k</latexit>

�0

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

S1
<latexit sha1_base64="kS0Hptw8/kTb2VI7yp53tzXELkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKazjNY=</latexit>

M

<latexit sha1_base64="zRC70pPimSkX3nTZIRgTiyBN/wg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SQt2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/qDeM1w==</latexit>

N



Supporting Cast

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�
<latexit sha1_base64="0jJHvWiyLRYxhRv5Hd99rByHlQM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1gOOE+xEdKBEKRtFK7e4tl0h7bq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+Jxo+k</latexit>

�0

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

S1
<latexit sha1_base64="kS0Hptw8/kTb2VI7yp53tzXELkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKazjNY=</latexit>

M

<latexit sha1_base64="zRC70pPimSkX3nTZIRgTiyBN/wg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SQt2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/qDeM1w==</latexit>

N <latexit sha1_base64="b2j3m28Ap4rfBouPFmGjH9xag1g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnR0QPV9bulsl/xZyDLJMhJGXLUuqWvTk+xLEFpmaDGtAM/teGYasuZwEmxkxlMKRvSPrYdlTRBE45n107IqVN6JFbalbRkpv6eGNPEmFESuc6E2oFZ9Kbif147s/F1OOYyzSxKNl8UZ4JYRaavkx7XyKwYOUKZ5u5WwgZUU2ZdQEUXQrD48jJpnFeCy4p/f1Gu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fR5yO7w==</latexit>⇢0 <latexit sha1_base64="En7I53vcDWxSiLYfVs2ZdEqM9tg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnV7IJdK+26/W3Lo7A1kmXkFqUKDZr371woRlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQHvGupojE3fj67d0JOrBKSKNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD6MrPhUoz5IrNF0WZJJiQ6fMkFJozlGNLKNPC3krYkGrK0EZUsSF4iy8vk/ZZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwkPMMrvDmPzovz7nzMW0tOMXMIf+B8/gC7Bo/E</latexit>

�0
<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8



Chorus

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�
<latexit sha1_base64="0jJHvWiyLRYxhRv5Hd99rByHlQM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1gOOE+xEdKBEKRtFK7e4tl0h7bq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+Jxo+k</latexit>

�0

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

S1
<latexit sha1_base64="kS0Hptw8/kTb2VI7yp53tzXELkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKazjNY=</latexit>

M

<latexit sha1_base64="zRC70pPimSkX3nTZIRgTiyBN/wg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SQt2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/qDeM1w==</latexit>

N <latexit sha1_base64="b2j3m28Ap4rfBouPFmGjH9xag1g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnR0QPV9bulsl/xZyDLJMhJGXLUuqWvTk+xLEFpmaDGtAM/teGYasuZwEmxkxlMKRvSPrYdlTRBE45n107IqVN6JFbalbRkpv6eGNPEmFESuc6E2oFZ9Kbif147s/F1OOYyzSxKNl8UZ4JYRaavkx7XyKwYOUKZ5u5WwgZUU2ZdQEUXQrD48jJpnFeCy4p/f1Gu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fR5yO7w==</latexit>⇢0 <latexit sha1_base64="En7I53vcDWxSiLYfVs2ZdEqM9tg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnV7IJdK+26/W3Lo7A1kmXkFqUKDZr371woRlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQHvGupojE3fj67d0JOrBKSKNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD6MrPhUoz5IrNF0WZJJiQ6fMkFJozlGNLKNPC3krYkGrK0EZUsSF4iy8vk/ZZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwkPMMrvDmPzovz7nzMW0tOMXMIf+B8/gC7Bo/E</latexit>

�0
<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="99/5gs1gBrWeRxWMBVqGxSGgzGk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOlOhA3lTNKWZZbTTqIpFhGnD9H4JvcfHqk2TMl7O0loKPBQspgRbHOp98RQv1rz6/4MaJkEBalBgWa/+tUbKJIKKi3h2Jhu4Cc2zLC2jHA6rfRSQxNMxnhIu45KLKgJs9mtU3TilAGKlXYlLZqpvycyLIyZiMh1CmxHZtHLxf+8bmrjqzBjMkktlWS+KE45sgrlj6MB05RYPnEEE83crYiMsMbEungqLoRg8eVl0j6rBxd1/+681rgu4ijDERzDKQRwCQ24hSa0gMAInuEV3jzhvXjv3se8teQVM4fwB97nD7QwjgQ=</latexit>

⇠ <latexit sha1_base64="kbRqNvrcA1p2R92ut1cUyLA20So=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGDXjwA=</latexit>

⌦
<latexit sha1_base64="OSvsCI2pwiKvMMIB+8o8mVSTsgY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegHjzGRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/V3vuleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD8C+Nkg==</latexit>

RD

<latexit sha1_base64="2IkEylXZzU2piDnAzlbibZ6oCfI=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCGzI7NDBhdnaZ6SWSDd/hxYPGePVjvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHhUN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8m/mNMWgjIvWIkxj8kPWV6AnO0Ep+G+EJ01Ei9NBMO8WSW3bnoKvEy0iJZKh2il/tbsSTEBRyyYxpeW6Mfso0Ci5hWmgnBmLGh6wPLUsVC8H46fzoKT2zSpf2Im1LIZ2rvydSFhozCQPbGTIcmGVvJv7ntRLs3fipUHGCoPhiUS+RFCM6S4B2hQaOcmIJ41rYWykfMM042pwKNgRv+eVVUr8oe1dl9+GyVLnN4siTE3JKzolHrkmF3JMqqRFORuSZvJI3Z+y8OO/Ox6I152Qzx+QPnM8fuk6SuQ==</latexit>

quirks

<latexit sha1_base64="6i/fB/69eEbDqq0RRoQBbywZzOM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURUY9FPXhswX5AG8Nmu2mX7iZhd1asob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1POFLjut1VYWV1b3yhulra2d3bL9t5+SyVaEtokCU9kJ8SKchbTJjDgtJNKikXIaTscXU/99gOViiXxHYxT6gs8iFnECAYjBXa5FfSAPkJ205jc94QO7IpbdWdwlomXkwrKUQ/sr14/IVrQGAjHSnU9NwU/wxIY4XRS6mlFU0xGeEC7hsZYUOVns8MnzrFR+k6USFMxODP190SGhVJjEZpOgWGoFr2p+J/X1RBd+hmLUw00JvNFkeYOJM40BafPJCXAx4ZgIpm51SFDLDEBk1XJhOAtvrxMWqdV77zqNs4qtas8jiI6REfoBHnoAtXQLaqjJiJIo2f0it6sJ+vFerc+5q0FK585QH9gff4A712TRQ==</latexit>

V µ
DQ

<latexit sha1_base64="GtjsVatF1MBnMS79vnQuGzN1nj4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqqMeiF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2dVD1TvvlSte1ZsBLxM/JxXIUe+Vv7p9RdOYSUsFMabje4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezaCT5xSh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo5ELwF19eJs2zqn9Z9e4vKrWbPI4iHMExnIIPV1CDO6hDAyg8wjO8whtS6AW9o495awHlM4fwB+jzB0wojvI=</latexit>⇢3 <latexit sha1_base64="Xw61sslU8nVXWkQV2b9v4Cdr/hU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Aroh6DXjxGMA9IQpiddJIhs7PrTK8xrPkULx4U8eqXePNvnDwOmljQUFR1090VxFIY9LxvJ7Oyura+kd3MbW3v7O65+f2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgsH1xK89gDYiUnc4iqEVsp4SXcEZWqnt5psIj5gqGNL7hOmBGbfdglf0pqDLxJ+TApmj3Ha/mp2IJyEo5JIZ0/C9GFsp0yi4hHGumRiIGR+wHjQsVSwE00qnp4/psVU6tBtpWwrpVP09kbLQmFEY2M6QYd8sehPxP6+RYPeylQoVJwiKzxZ1E0kxopMcaEdo4ChHljCuhb2V8j7TjKNNK2dD8BdfXibV06J/XvRuzwqlq3kcWXJIjsgJ8ckFKZEbUiYVwsmQPJNX8uY8OS/Ou/Mxa80485kD8gfO5w/1s5R0</latexit>

new quarks



Towards Grand Unification
<latexit sha1_base64="0vcU7tL64Z6n5H67m6cGTcgrfYc="></latexit>

SU(7) � SU(5)⌦ SU(2)L ⌦U(1)7 � GSM ⌦ SU(2)D



Towards Grand Unification
<latexit sha1_base64="0vcU7tL64Z6n5H67m6cGTcgrfYc="></latexit>
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Towards Grand Unification
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Minimal matter content (Embedding of the SM):
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Simplest Yukawa interaction: Darko-Baryo-Genesis

Expand
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Simplest Yukawa interaction: Darko-Baryo-Genesis
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<latexit sha1_base64="3GqSnUwaAdd/hpeCDAzLJWGLsdY=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJhITT2SXEOVI9MIREwET2GxmZ2dhwuzDeZgg4Uu8eNAYr36KN//GAfagYCWdVKq6090VZJxJ5TjfVmFjc2t7p7hb2ts/OCzbR8ddmWpBaIekPBX3AZaUs4R2FFOc3meC4jjgtBeMb+Z+75EKydLkTk0y6sV4mLCIEayM5NvlesNvocGDxiGquX7LtytO1VkArRM3JxXI0fbtr0GYEh3TRBGOpey7Tqa8KRaKEU5npYGWNMNkjIe0b2iCYyq96eLwGTo3SoiiVJhKFFqovyemOJZyEgemM8ZqJFe9ufif19cqanhTlmRa0YQsF0WaI5WieQooZIISxSeGYCKYuRWRERaYKJNVyYTgrr68Trq1qntZdW7rleZ1HkcRTuEMLsCFK2hCC9rQAQIanuEV3qwn68V6tz6WrQUrnzmBP7A+fwB1fZGq</latexit>

48H 21H

<latexit sha1_base64="qtBRwxtLueYLThJLTnHFLVpNeLw=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEhiMhohziPQy87TnAvstaSZukWlqYlSYVRdvPiV/HiQRGvfgVvfhvTrQfdfCDhx///PCTP348Zlcqyvo3C0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj64zv/NAhKQRv1XjmLghGnAaUIyUljzzEN55BDpnEDo+ErCWYdXO7prXuD/1zLJVsaYFF8HOoQzyanrml9OPcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeQoJNJNp3tM4LFW+jCIhD5cwan6eyJFoZTj0NedIVJDOe9l4n9eL1HBpZtSHieKcDx7KEgYVBHMQoF9KghWbKwBYUH1XyEeIoGw0tGVdAj2/MqL0K5W7IuKdXNerl/lcRTBATgCJ8AGNVAHDdAELYDBI3gGr+DNeDJejHfjY9ZaMPKZffCnjM8fgnOVQg==</latexit>
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Simplest Yukawa interaction: Darko-Baryo-Genesis

Expand

<latexit sha1_base64="dZ9HDvxC3URQmVJs9OLloEeAZZE=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOepMhs7PDTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vr7C2vrG5Vdwu7ezu7R+UD4+aNs0MhwZPZWraEbMghYIGCpTQ1gZYEkloRaO7md96AmNFqh5xrCFM2ECJWHCGTmp1baYtYK9c8av+HHSVBDmpkBz1Xvmr2095loBCLpm1ncDXGE6YQcElTEvdzIJmfMQG0HFUsQRsOJmfO6VnTunTODWuFNK5+ntiwhJrx0nkOhOGQ7vszcT/vE6G8U04EUpnCIovFsWZpJjS2e+0LwxwlGNHGDfC3Ur5kBnG0SVUciEEyy+vkuZFNbiq+g+XldptHkeRnJBTck4Cck1q5J7USYNwMiLP5JW8edp78d69j0VrwctnjskfeJ8/pJaPxQ==</latexit>�
<latexit sha1_base64="/FbPDYBlO7+moPmLZhNYr4+HlGc="></latexit>
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†�<latexit sha1_base64="/A9Yc6giuOi7IqP6UOJQUe7MrrI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSLopSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxW3flmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPcCOMsg==</latexit>

)



N

�

�0

Towards Grand Unification
<latexit sha1_base64="0vcU7tL64Z6n5H67m6cGTcgrfYc="></latexit>

SU(7) � SU(5)⌦ SU(2)L ⌦U(1)7 � GSM ⌦ SU(2)D

Minimal matter content (Embedding of the SM):
<latexit sha1_base64="KnrL0pXmVlWAcbkY87Dt8V4ETlM="></latexit>

7̄ =

0

BB@

dc

�
��
`

1

CCA and 21 =

0

BB@

uc M | q
�MT N |  2

��� ��� | ��
�qT � T

2 | ec

1

CCA

<latexit sha1_base64="o1tc9n8VzxXewtHxVO6j6boy7/I="></latexit>
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<latexit sha1_base64="KnrL0pXmVlWAcbkY87Dt8V4ETlM="></latexit>
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<latexit sha1_base64="3GqSnUwaAdd/hpeCDAzLJWGLsdY=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJhITT2SXEOVI9MIREwET2GxmZ2dhwuzDeZgg4Uu8eNAYr36KN//GAfagYCWdVKq6090VZJxJ5TjfVmFjc2t7p7hb2ts/OCzbR8ddmWpBaIekPBX3AZaUs4R2FFOc3meC4jjgtBeMb+Z+75EKydLkTk0y6sV4mLCIEayM5NvlesNvocGDxiGquX7LtytO1VkArRM3JxXI0fbtr0GYEh3TRBGOpey7Tqa8KRaKEU5npYGWNMNkjIe0b2iCYyq96eLwGTo3SoiiVJhKFFqovyemOJZyEgemM8ZqJFe9ufif19cqanhTlmRa0YQsF0WaI5WieQooZIISxSeGYCKYuRWRERaYKJNVyYTgrr68Trq1qntZdW7rleZ1HkcRTuEMLsCFK2hCC9rQAQIanuEV3qwn68V6tz6WrQUrnzmBP7A+fwB1fZGq</latexit>

48H 21H

<latexit sha1_base64="qtBRwxtLueYLThJLTnHFLVpNeLw=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEhiMhohziPQy87TnAvstaSZukWlqYlSYVRdvPiV/HiQRGvfgVvfhvTrQfdfCDhx///PCTP348Zlcqyvo3C0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj64zv/NAhKQRv1XjmLghGnAaUIyUljzzEN55BDpnEDo+ErCWYdXO7prXuD/1zLJVsaYFF8HOoQzyanrml9OPcBISrjBDUvZsK1ZuioSimJFJyUkkiREeoQHpaeQoJNJNp3tM4LFW+jCIhD5cwan6eyJFoZTj0NedIVJDOe9l4n9eL1HBpZtSHieKcDx7KEgYVBHMQoF9KghWbKwBYUH1XyEeIoGw0tGVdAj2/MqL0K5W7IuKdXNerl/lcRTBATgCJ8AGNVAHDdAELYDBI3gGr+DNeDJejHfjY9ZaMPKZffCnjM8fgnOVQg==</latexit>

Ye 7̄ 21 7
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Simplest Yukawa interaction: Darko-Baryo-Genesis

Expand

<latexit sha1_base64="dZ9HDvxC3URQmVJs9OLloEeAZZE=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOepMhs7PDTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vr7C2vrG5Vdwu7ezu7R+UD4+aNs0MhwZPZWraEbMghYIGCpTQ1gZYEkloRaO7md96AmNFqh5xrCFM2ECJWHCGTmp1baYtYK9c8av+HHSVBDmpkBz1Xvmr2095loBCLpm1ncDXGE6YQcElTEvdzIJmfMQG0HFUsQRsOJmfO6VnTunTODWuFNK5+ntiwhJrx0nkOhOGQ7vszcT/vE6G8U04EUpnCIovFsWZpJjS2e+0LwxwlGNHGDfC3Ur5kBnG0SVUciEEyy+vkuZFNbiq+g+XldptHkeRnJBTck4Cck1q5J7USYNwMiLP5JW8edp78d69j0VrwctnjskfeJ8/pJaPxQ==</latexit>�
<latexit sha1_base64="/FbPDYBlO7+moPmLZhNYr4+HlGc="></latexit>

Ye
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†�<latexit sha1_base64="/A9Yc6giuOi7IqP6UOJQUe7MrrI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSLopSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxW3flmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPcCOMsg==</latexit>

)



Dark Unification in SU(7)

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�
<latexit sha1_base64="0jJHvWiyLRYxhRv5Hd99rByHlQM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1gOOE+xEdKBEKRtFK7e4tl0h7bq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZvRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIM6NICBhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+Jxo+k</latexit>

�0

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

S1

<latexit sha1_base64="kS0Hptw8/kTb2VI7yp53tzXELkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKazjNY=</latexit>

M
<latexit sha1_base64="zRC70pPimSkX3nTZIRgTiyBN/wg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SQt2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/qDeM1w==</latexit>

N

<latexit sha1_base64="b2j3m28Ap4rfBouPFmGjH9xag1g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnR0QPV9bulsl/xZyDLJMhJGXLUuqWvTk+xLEFpmaDGtAM/teGYasuZwEmxkxlMKRvSPrYdlTRBE45n107IqVN6JFbalbRkpv6eGNPEmFESuc6E2oFZ9Kbif147s/F1OOYyzSxKNl8UZ4JYRaavkx7XyKwYOUKZ5u5WwgZUU2ZdQEUXQrD48jJpnFeCy4p/f1Gu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fR5yO7w==</latexit>⇢0 <latexit sha1_base64="En7I53vcDWxSiLYfVs2ZdEqM9tg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnV7IJdK+26/W3Lo7A1kmXkFqUKDZr371woRlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQHvGupojE3fj67d0JOrBKSKNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD6MrPhUoz5IrNF0WZJJiQ6fMkFJozlGNLKNPC3krYkGrK0EZUsSF4iy8vk/ZZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwkPMMrvDmPzovz7nzMW0tOMXMIf+B8/gC7Bo/E</latexit>

�0
<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="99/5gs1gBrWeRxWMBVqGxSGgzGk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOlOhA3lTNKWZZbTTqIpFhGnD9H4JvcfHqk2TMl7O0loKPBQspgRbHOp98RQv1rz6/4MaJkEBalBgWa/+tUbKJIKKi3h2Jhu4Cc2zLC2jHA6rfRSQxNMxnhIu45KLKgJs9mtU3TilAGKlXYlLZqpvycyLIyZiMh1CmxHZtHLxf+8bmrjqzBjMkktlWS+KE45sgrlj6MB05RYPnEEE83crYiMsMbEungqLoRg8eVl0j6rBxd1/+681rgu4ijDERzDKQRwCQ24hSa0gMAInuEV3jzhvXjv3se8teQVM4fwB97nD7QwjgQ=</latexit>

⇠ <latexit sha1_base64="kbRqNvrcA1p2R92ut1cUyLA20So=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBR9e/PK7XrPI4iOkLH6BQF6BLV0C2qowai6BE9o1f05invxXv3PuatBS+fOUR/4H3+AGDXjwA=</latexit>

⌦
<latexit sha1_base64="OSvsCI2pwiKvMMIB+8o8mVSTsgY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegHjzGRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/V3vuleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD8C+Nkg==</latexit>

RD

<latexit sha1_base64="2IkEylXZzU2piDnAzlbibZ6oCfI=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCGzI7NDBhdnaZ6SWSDd/hxYPGePVjvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHhUN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8m/mNMWgjIvWIkxj8kPWV6AnO0Ep+G+EJ01Ei9NBMO8WSW3bnoKvEy0iJZKh2il/tbsSTEBRyyYxpeW6Mfso0Ci5hWmgnBmLGh6wPLUsVC8H46fzoKT2zSpf2Im1LIZ2rvydSFhozCQPbGTIcmGVvJv7ntRLs3fipUHGCoPhiUS+RFCM6S4B2hQaOcmIJ41rYWykfMM042pwKNgRv+eVVUr8oe1dl9+GyVLnN4siTE3JKzolHrkmF3JMqqRFORuSZvJI3Z+y8OO/Ox6I152Qzx+QPnM8fuk6SuQ==</latexit>

quirks

<latexit sha1_base64="6i/fB/69eEbDqq0RRoQBbywZzOM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURUY9FPXhswX5AG8Nmu2mX7iZhd1asob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1POFLjut1VYWV1b3yhulra2d3bL9t5+SyVaEtokCU9kJ8SKchbTJjDgtJNKikXIaTscXU/99gOViiXxHYxT6gs8iFnECAYjBXa5FfSAPkJ205jc94QO7IpbdWdwlomXkwrKUQ/sr14/IVrQGAjHSnU9NwU/wxIY4XRS6mlFU0xGeEC7hsZYUOVns8MnzrFR+k6USFMxODP190SGhVJjEZpOgWGoFr2p+J/X1RBd+hmLUw00JvNFkeYOJM40BafPJCXAx4ZgIpm51SFDLDEBk1XJhOAtvrxMWqdV77zqNs4qtas8jiI6REfoBHnoAtXQLaqjJiJIo2f0it6sJ+vFerc+5q0FK585QH9gff4A712TRQ==</latexit>

V µ
DQ

<latexit sha1_base64="GtjsVatF1MBnMS79vnQuGzN1nj4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqqMeiF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2dVD1TvvlSte1ZsBLxM/JxXIUe+Vv7p9RdOYSUsFMabje4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezaCT5xSh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo5ELwF19eJs2zqn9Z9e4vKrWbPI4iHMExnIIPV1CDO6hDAyg8wjO8whtS6AW9o495awHlM4fwB+jzB0wojvI=</latexit>⇢3 <latexit sha1_base64="Xw61sslU8nVXWkQV2b9v4Cdr/hU=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Aroh6DXjxGMA9IQpiddJIhs7PrTK8xrPkULx4U8eqXePNvnDwOmljQUFR1090VxFIY9LxvJ7Oyura+kd3MbW3v7O65+f2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgsH1xK89gDYiUnc4iqEVsp4SXcEZWqnt5psIj5gqGNL7hOmBGbfdglf0pqDLxJ+TApmj3Ha/mp2IJyEo5JIZ0/C9GFsp0yi4hHGumRiIGR+wHjQsVSwE00qnp4/psVU6tBtpWwrpVP09kbLQmFEY2M6QYd8sehPxP6+RYPeylQoVJwiKzxZ1E0kxopMcaEdo4ChHljCuhb2V8j7TjKNNK2dD8BdfXibV06J/XvRuzwqlq3kcWXJIjsgJ8ckFKZEbUiYVwsmQPJNX8uY8OS/Ou/Mxa80485kD8gfO5w/1s5R0</latexit>

new quarks



Conclusions

Idea of Dark-Color Unification. 

Simplest gauge group to achieve it: SU(5) hypercolor

Anomaly-free within SM representations

Naturally provides a mechanism for splitting quarks & quirks

Can host an hadronic DM candidate (spin 1 baryon) and Darko-Baryo-genesis.

An (equal) asymmetry in the baryon and dark baryon sector ( )  
+ nearby confinement scales ( ) justify same order relic densities ( ).

U(1)B−D ⇒ YΔB = YΔD

ΛD ∼ 6ΛQCD ΩD ∼ 5ΩB

Colored fermions and scalars are predicted to be at the TeV scale.

The main drivers for darko-baryo-genesis and its required interactions appear (unavoidably) 
with the SM fields when unifying the strong and electroweak sectors in SU(7).

DM self-interactions, Early Matter Domination, GW (amongst others) are expected.

<latexit sha1_base64="fXOyaueVJ1FjNlWbSRPIDfrdJOk=">AAACC3icbVDLSsNAFJ34rPUVdekmtAiuSiKiLot14bIF+4A2lMn0th06eTBzI5aQvRt/xY0LRdz6A+78G6dpFtp64MLhnHtn7j1eJLhC2/42VlbX1jc2C1vF7Z3dvX3z4LClwlgyaLJQhLLjUQWCB9BEjgI6kQTqewLa3qQ289v3IBUPgzucRuD6dBTwIWcUtdQ3Sz2EB8zeSSQM0qRHRTSm/UxOGrWbNO2bZbtiZ7CWiZOTMslR75tfvUHIYh8CZIIq1XXsCN2ESuRMQFrsxQoiyiZ0BF1NA+qDcpNsh9Q60crAGoZSV4BWpv6eSKiv1NT3dKdPcawWvZn4n9eNcXjlJjyIYoSAzT8axsLC0JoFYw24BIZiqgllkutdLTamkjLU8RV1CM7iycukdVZxLip247xcvc7jKJBjUiKnxCGXpEpuSZ00CSOP5Jm8kjfjyXgx3o2PeeuKkc8ckT8wPn8Aw5acIQ==</latexit>↵QCD

<latexit sha1_base64="ObOqHmYf7NllOnXvLFA+pAct+94=">AAACCnicbVBNS8NAEN34WetX1aOXaBE8lUREPRb14LGC/YCmlMl22y7dbMLuRAwhZy/+FS8eFPHqL/Dmv3Gb9qCtDwYe783szjw/Elyj43xbC4tLyyurhbXi+sbm1nZpZ7ehw1hRVqehCFXLB80El6yOHAVrRYpB4AvW9EdXY795z5TmobzDJGKdAAaS9zkFNFK3dOAhe8D8nZQmILPUAxENoZvr6XWWdUtlp+LksOeJOyVlMkWtW/ryeiGNAyaRCtC67ToRdlJQyKlgWdGLNYuAjmDA2oZKCJjupPkKmX1klJ7dD5UpiXau/p5IIdA6CXzTGQAO9aw3Fv/z2jH2Lzopl1GMTNLJR/1Y2Bja41zsHleMokgMAaq42dWmQ1BA0aRXNCG4syfPk8ZJxT2rOLen5erlNI4C2SeH5Ji45JxUyQ2pkTqh5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH1rum/M=</latexit>↵D

<latexit sha1_base64="UjbDWu90WpvTpTpA4P7OnMYeRM4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbhwUcE+pB1KJpNpQ5PMkGSEMvQr3LhQxK2f486/MW1noa0HAodzziX3niDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfAmnImadMww2knURSLgNN2MLqe+u0nqjSL5YMZJ9QXeCBZxAg2Vnrs3dloiPs3/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YLT9CJVUIUxco+adBM/T2RYaH1WAQ2KbAZ6kVvKv7ndVMTXfoZk0lqqCTzj6KUIxOj6fUoZIoSw8eWYKKY3RWRIVaYGNtRyZbgLZ68TFpnVa9Wde/PK/WrvI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/zaMHJZw7hD5zPH1PhkBk=</latexit>

⇤D
<latexit sha1_base64="Ixe6dRCW0stKObxY8xkpXRwlpYg=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVmsCxcuWrAPaEKYTCbt0MkkzNxIS+ivuHGhiFt/xJ1/47TNQqsHBg7nnMu9c4KUMwW2/WWU1tY3NrfK25Wd3b39A/Ow2lVJJgntkIQnsh9gRTkTtAMMOO2nkuI44LQXjJtzv/dIpWKJeIBpSr0YDwWLGMGgJd+suvc6HGLfBTqBvN28nflmza7bC1h/iVOQGirQ8s1PN0xIFlMBhGOlBo6dgpdjCYxwOqu4maIpJmM8pANNBY6p8vLF7TPrVCuhFSVSPwHWQv05keNYqWkc6GSMYaRWvbn4nzfIILr2cibSDKggy0VRxi1IrHkRVsgkJcCnmmAimb7VIiMsMQFdV0WX4Kx++S/pntedy7rdvqg1boo6yugYnaAz5KAr1EB3qIU6iKAJekIv6NWYGc/Gm/G+jJaMYuYI/YLx8Q3YpJRR</latexit>

⇤QCD



Thank you!
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<latexit sha1_base64="L5D/ktEDa7ZtYTHS07bkjOaEJcc=">AAACDnicbVA9SwNBEN3zM8avqKXNYhBsDHcimjKghWUUkwhJCHt7E7O4t3vszonhyC+w8a/YWChia23nv3HzUWjig4G3782wMy9MpLDo+9/e3PzC4tJybiW/ura+sVnY2q5bnRoONa6lNjchsyCFghoKlHCTGGBxKKER3p0N/cY9GCu0usZ+Au2Y3SrRFZyhkzqF/avOeQvhAbPDgVayT8cP2mOR0crSCDjrDzqFol/yR6CzJJiQIpmg2il8tSLN0xgUcsmsbQZ+gu2MGRRcwiDfSi0kjN+xW2g6qlgMtp2NzhnQfadEtKuNK4V0pP6eyFhsbT8OXWfMsGenvaH4n9dMsVtuZ0IlKYLi44+6qaSo6TAbGgkDHF0IkWDcCLcr5T1mGEeXYN6FEEyfPEvqR6XgpORfHhcr5UkcObJL9sgBCcgpqZALUiU1wskjeSav5M178l68d+9j3DrnTWZ2yB94nz+7FZyD</latexit>

RD-only hadrons decay

<latexit sha1_base64="7hTtuj/Yp80LgIElXQdeZaw+1Qk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKIaJcFXbisYh/QhjCZTNqhkwczN2II9VfcuFDErR/izr9x2mahrQcuHM65l3vv8RLBFVjWt1FaWV1b3yhvVra2d3b3zP2DjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Grqdx+YVDyO7iFLmBOSYcQDTgloyTWrd+41HgB7hPx0Mso8yX3lmjWrbs2Al4ldkBoq0HLNr4Ef0zRkEVBBlOrbVgJOTiRwKtikMkgVSwgdkyHraxqRkCknnx0/wcda8XEQS10R4Jn6eyInoVJZ6OnOkMBILXpT8T+vn0LQcHIeJSmwiM4XBanAEONpEtjnklEQmSaESq5vxXREJKGg86roEOzFl5dJ56xuX9St2/Nas1HEUUaH6AidIBtdoia6QS3URhRl6Bm9ojfjyXgx3o2PeWvJKGaq6A+Mzx+UDJS0</latexit>
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<latexit sha1_base64="qwdlWACyalu08CIbRYJPNMhs9vM="></latexit>

⌧�1
S1

' MS1

4⇡
|Yquirks|2 ' 1.2⇥ 1027 s�1

✓
MS1

10 TeV

◆✓
|Yquirks|

1

◆2

Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>
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Phenomenological signatures

At colliders

Scalar diquark constraints 

<latexit sha1_base64="VuAdr7rKk6LPtb+ldWZhuau+KqE=">AAACAnicbVDJSgNBEO2JW4xb1JN4aQyCpzAjajxJ0IsXIWI2SMLQ06kkTXoWumvEMAQv/ooXD4p49Su8+Td2loMmPih4vFdFVT0vkkKjbX9bqYXFpeWV9GpmbX1jcyu7vVPVYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3818mv3oLQIgzIOImj5rBuIjuAMjeRm927c5M51hvSCFvKntInwgAktQ3XoZnN23h6DzhNnSnJkipKb/Wq2Qx77ECCXTOuGY0fYSphCwSUMM81YQ8R4n3WhYWjAfNCtZPzCkB4apU07oTIVIB2rvycS5ms98D3T6TPs6VlvJP7nNWLsnLcSEUQxQsAnizqxpBjSUR60LRRwlANDGFfC3Ep5jynG0aSWMSE4sy/Pk+px3jnL27cnueLlNI402ScH5Ig4pECK5JqUSIVw8kieySt5s56sF+vd+pi0pqzpzC75A+vzB6nklbE=</latexit>

MS1 > 7.5 TeV
<latexit sha1_base64="INeoqWHD2IU3hV0GaU+K2q3g3QM=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq6IWoo2NkJEE4VsWGYnN8ngzOwyc1cMy36Djb9iY6GIrZWdf+MkpvB1YOBwzrncuSdOpbDo+x/exOTU9Mxsaa48v7C4tFxZWW3aJDMcGjyRibmKmQUpNDRQoISr1ABTsYTL+Pp46F/egLEi0Rc4SKGtWE+LruAMnRRVtrfCtM80Jio/jfLzKCho2EOXV3Sfhgi3mNMLaBbFdlSp+jV/BPqXBGNSJWPUo8p72El4pkAjl8zaVuCn2M6ZQcElFOUws5Ayfs160HJUMwW2nY9OKuimUzq0mxj3NNKR+n0iZ8ragYpdUjHs29/eUPzPa2XYPWjnQqcZguZfi7qZpJjQYT+0IwxwlANHGDfC/ZXyPjOMo2ux7EoIfp/8lzR3asFezT/brR4ejesokXWyQbZIQPbJITkhddIgnNyRB/JEnr1779F78V6/ohPeeGaN/ID39glRJZ0+</latexit>

( )

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

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

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1
<latexit sha1_base64="f+/V1InQXBuaEb/XTB2FJm7OR54=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8dK7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDU6Y2A</latexit>

S1

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

S1

[CMS, 2019]

S1

dc

u

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="l9IyLBh+tWCf5LVMyC/dvw2FaW4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZIuqyKIK4qtiH0A5DJs20oZnMkNwRy9iFv+LGhSJu/Q13/o3pY6GtBxIO59zLvfcEieAaHOfbyi0sLi2v5FcLa+sbm1v29k5Dx6mirE5jEau7gGgmuGR14CDYXaIYiQLBmkH/YuQ375nSPJY1GCTMi0hX8pBTAkby7b1b38VtiHHZ/OwBMnx9WdND3y46JWcMPE/cKSmiKaq+/dXuxDSNmAQqiNYt10nAy4gCTgUbFtqpZgmhfdJlLUMliZj2svH+Q3xolA4OY2WeBDxWf3dkJNJ6EAWmMiLQ07PeSPzPa6UQnnkZl0kKTNLJoDAV2Nw7CgN3uGIUxMAQQhU3u2LaI4pQMJEVTAju7MnzpFEuuScl5+a4WDmfxpFH++gAHSEXnaIKukJVVEcUPaJn9IrerCfrxXq3PialOWvas4v+wPr8AfyRlM8=</latexit>

S1 ! 2 JETs

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1



<latexit sha1_base64="qwdlWACyalu08CIbRYJPNMhs9vM="></latexit>
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Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8

0

BBBB@

g

g

M

M

+

g

g

M

M

1

CCCCA

d

d

M

M

�0

q

q

M

M

(0)

d

d

�0

�0

M

0

BBBB@

d

g

�0

M

M +

d

g

�0

M
d

1

CCCCA

q

q

RD

RD

0

BBBB@

g

g

RD

RD

+

g

g

RD

RD

+

g

g

RD

RD

1

CCCCA

uc

d

RD

RD

quirks

Phenomenological signatures

At colliders

Scalar diquark constraints 

<latexit sha1_base64="VuAdr7rKk6LPtb+ldWZhuau+KqE=">AAACAnicbVDJSgNBEO2JW4xb1JN4aQyCpzAjajxJ0IsXIWI2SMLQ06kkTXoWumvEMAQv/ooXD4p49Su8+Td2loMmPih4vFdFVT0vkkKjbX9bqYXFpeWV9GpmbX1jcyu7vVPVYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3818mv3oLQIgzIOImj5rBuIjuAMjeRm927c5M51hvSCFvKntInwgAktQ3XoZnN23h6DzhNnSnJkipKb/Wq2Qx77ECCXTOuGY0fYSphCwSUMM81YQ8R4n3WhYWjAfNCtZPzCkB4apU07oTIVIB2rvycS5ms98D3T6TPs6VlvJP7nNWLsnLcSEUQxQsAnizqxpBjSUR60LRRwlANDGFfC3Ep5jynG0aSWMSE4sy/Pk+px3jnL27cnueLlNI402ScH5Ig4pECK5JqUSIVw8kieySt5s56sF+vd+pi0pqzpzC75A+vzB6nklbE=</latexit>

MS1 > 7.5 TeV
<latexit sha1_base64="SgLRDqgSCiod+pAAoURjQb/aQFY=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswq6IWgZtbISIeUF2WWYnN8mQ2Qczd8WwpLLxV2wsFLH1G+z8GyePQhMPDBzOOZc79wSJFBpt+9taWFxaXlnNreXXNza3tgs7u3Udp4pDjccyVs2AaZAighoKlNBMFLAwkNAI+lcjv3EPSos4quIgAS9k3Uh0BGdoJL9wcONnd74zpG4XTSqkDnURHjCjVagP/ULRLtlj0HniTEmRTFHxC19uO+ZpCBFyybRuOXaCXsYUCi5hmHdTDQnjfdaFlqERC0F72fiMIT0ySpt2YmVehHSs/p7IWKj1IAxMMmTY07PeSPzPa6XYufAyESUpQsQnizqppBjTUSe0LRRwlANDGFfC/JXyHlOMo2kub0pwZk+eJ/WTknNWsm9Pi+XLaR05sk8OyTFxyDkpk2tSITXCySN5Jq/kzXqyXqx362MSXbCmM3vkD6zPH+t0mCQ=</latexit>

MS1 & 1 TeV
<latexit sha1_base64="INeoqWHD2IU3hV0GaU+K2q3g3QM=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq6IWoo2NkJEE4VsWGYnN8ngzOwyc1cMy36Djb9iY6GIrZWdf+MkpvB1YOBwzrncuSdOpbDo+x/exOTU9Mxsaa48v7C4tFxZWW3aJDMcGjyRibmKmQUpNDRQoISr1ABTsYTL+Pp46F/egLEi0Rc4SKGtWE+LruAMnRRVtrfCtM80Jio/jfLzKCho2EOXV3Sfhgi3mNMLaBbFdlSp+jV/BPqXBGNSJWPUo8p72El4pkAjl8zaVuCn2M6ZQcElFOUws5Ayfs160HJUMwW2nY9OKuimUzq0mxj3NNKR+n0iZ8ragYpdUjHs29/eUPzPa2XYPWjnQqcZguZfi7qZpJjQYT+0IwxwlANHGDfC/ZXyPjOMo2ux7EoIfp/8lzR3asFezT/brR4ejesokXWyQbZIQPbJITkhddIgnNyRB/JEnr1779F78V6/ohPeeGaN/ID39glRJZ0+</latexit>

( )

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

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

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1

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

S1
<latexit sha1_base64="f+/V1InQXBuaEb/XTB2FJm7OR54=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8dK7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDU6Y2A</latexit>

S1

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

S1

[CMS, 2019]

S1

dc

u

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="l9IyLBh+tWCf5LVMyC/dvw2FaW4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZIuqyKIK4qtiH0A5DJs20oZnMkNwRy9iFv+LGhSJu/Q13/o3pY6GtBxIO59zLvfcEieAaHOfbyi0sLi2v5FcLa+sbm1v29k5Dx6mirE5jEau7gGgmuGR14CDYXaIYiQLBmkH/YuQ375nSPJY1GCTMi0hX8pBTAkby7b1b38VtiHHZ/OwBMnx9WdND3y46JWcMPE/cKSmiKaq+/dXuxDSNmAQqiNYt10nAy4gCTgUbFtqpZgmhfdJlLUMliZj2svH+Q3xolA4OY2WeBDxWf3dkJNJ6EAWmMiLQ07PeSPzPa6UQnnkZl0kKTNLJoDAV2Nw7CgN3uGIUxMAQQhU3u2LaI4pQMJEVTAju7MnzpFEuuScl5+a4WDmfxpFH++gAHSEXnaIKukJVVEcUPaJn9IrerCfrxXq3PialOWvas4v+wPr8AfyRlM8=</latexit>

S1 ! 2 JETs

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1

<latexit sha1_base64="YJmeH3/iz/9dqnwJyV3k7KU6rxs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KomIuiy6cVnRPqANYTK5bYdOJmHmRqyh+CtuXCji1v9w5984fSy09cCFwzn3zp17wlRwja77bS0sLi2vrBbWiusbm1vb9s5uXSeZYlBjiUhUM6QaBJdQQ44CmqkCGocCGmH/auQ37kFpnsg7HKTgx7QreYczikYK7P02wgOO38kVRMP8NvCGgV1yy+4YzjzxpqREpqgG9lc7SlgWg0QmqNYtz03Rz6lCzgQMi+1MQ0pZn3ahZaikMWg/H28dOkdGiZxOokxJdMbq74mcxloP4tB0xhR7etYbif95rQw7F37OZZohSDZZ1MmEg4kzisKJuAKGYmAIZYqbvzqsRxVlaAIrmhC82ZPnSf2k7J2V3ZvTUuVyGkeBHJBDckw8ck4q5JpUSY0w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD1BPlcY=</latexit>

S1



Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>
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Phenomenological signatures

At colliders

<latexit sha1_base64="sI73ZL9EtefP9D7/xqSvq9X8uyY=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYxklL0hCmJ3cJENmdpeZu2JYUtj4KzYWitj6EXb+jZNHoYkHBg7nnMude4JYCoOe9+1kVlbX1jeym7mt7Z3dPXf/oGaiRHOo8khGuhEwA1KEUEWBEhqxBqYCCfVgeD3x6/egjYjCCo5iaCvWD0VPcIZW6rh51UnvxrTVR5tR1KcthAdMaQVq445b8IreFHSZ+HNSIHOUO+5XqxvxREGIXDJjmr4XYztlGgWXMM61EgMx40PWh6alIVNg2un0iDE9tkqX9iJtX4h0qv6eSJkyZqQCm1QMB2bRm4j/ec0Ee5ftVIRxghDy2aJeIilGdNII7QoNHOXIEsa1sH+lfMA042h7y9kS/MWTl0nttOifF73bs0Lpal5HluTJETkhPrkgJXJDyqRKOHkkz+SVvDlPzovz7nzMohlnPnNI/sD5/AHol5ef</latexit>

mR & 1 TeV [CMS, 2016]

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="EDj7Yn5zDW3gbR/ATPAtezyISJQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GVRFy6r2Ae0IUymt+3QyYOZG7GG4K+4caGIW//DnX/jNO1CWw9cOJxz79y5x48FV2jb30ZhYXFpeaW4Wlpb39jcMrd3GipKJIM6i0QkWz5VIHgIdeQooBVLoIEvoOkPL8d+8x6k4lF4h6MY3ID2Q97jjKKWPHOvg/CA+TuphG6W3npXmWeW7Yqdw5onzpSUyRQ1z/zqdCOWBBAiE1SptmPH6KZUImcCslInURBTNqR9aGsa0gCUm+ZbM+tQK12rF0ldIVq5+nsipYFSo8DXnQHFgZr1xuJ/XjvB3rmb8jBOEEI2WdRLhIWRNY7C6nIJDMVIE8ok13+12IBKylAHVtIhOLMnz5PGccU5rdg3J+XqxTSOItknB+SIOOSMVMk1qZE6YeSRPJNX8mY8GS/Gu/ExaS0Y05ld8gfG5w9rp5XY</latexit>

RD

<latexit sha1_base64="EDj7Yn5zDW3gbR/ATPAtezyISJQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GVRFy6r2Ae0IUymt+3QyYOZG7GG4K+4caGIW//DnX/jNO1CWw9cOJxz79y5x48FV2jb30ZhYXFpeaW4Wlpb39jcMrd3GipKJIM6i0QkWz5VIHgIdeQooBVLoIEvoOkPL8d+8x6k4lF4h6MY3ID2Q97jjKKWPHOvg/CA+TuphG6W3npXmWeW7Yqdw5onzpSUyRQ1z/zqdCOWBBAiE1SptmPH6KZUImcCslInURBTNqR9aGsa0gCUm+ZbM+tQK12rF0ldIVq5+nsipYFSo8DXnQHFgZr1xuJ/XjvB3rmb8jBOEEI2WdRLhIWRNY7C6nIJDMVIE8ok13+12IBKylAHVtIhOLMnz5PGccU5rdg3J+XqxTSOItknB+SIOOSMVMk1qZE6YeSRPJNX8mY8GS/Gu/ExaS0Y05ld8gfG5w9rp5XY</latexit>

RD



Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8

Phenomenological signatures

At colliders

<latexit sha1_base64="1qFbF9eYeNjZ3CFYcC+VMRpWgRg="></latexit>
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✓
|Yquirks|

1
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✓
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◆4 ✓10 TeV

MS1

◆8 ✓ M⇢8

1 TeV

◆9

<latexit sha1_base64="+JLPqIKOjGq6dHhiz9BuREEe8tU=">AAACAnicbVBLSwMxGMz6rPW16km8BIvgqexK0R6LIoinCn1Bd1myabYNzSZLkhXLUrz4V7x4UMSrv8Kb/8a03YO2DiQMM99HMhMmjCrtON/W0vLK6tp6YaO4ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w+HVxG/fE6mo4A09Sogfoz6nEcVIGymwDz05EEEVelrAirnJg87g7XVDjQO75JSdKeAicXNSAjnqgf3l9QROY8I1Zkiprusk2s+Q1BQzMi56qSIJwkPUJ11DOYqJ8rNphDE8MUoPRkKawzWcqr83MhQrNYpDMxkjPVDz3kT8z+umOqr6GeVJqgnHs4eilEGTd9IH7FFJsGYjQxCW1PwV4gGSCGvTWtGU4M5HXiSts7J7XnbuKqXaZV5HARyBY3AKXHABauAG1EETYPAInsEreLOerBfr3fqYjS5Z+c4B+APr8weY8JZI</latexit>

⇢8 ! 4 JETs

⇢8

dc

u
dc

u

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="1qFbF9eYeNjZ3CFYcC+VMRpWgRg="></latexit>
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<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

<latexit sha1_base64="E4xbd6XblNqN9lE0q7GW0WYSZrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI5BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+rV+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1rYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFX9+8tK/SaPowgncArnEMA11OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AFO8jvc=</latexit>⇢8

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

S1

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

S1



Potential light fields 
<latexit sha1_base64="Xq90k3oLqZd5aU0CDrsXjfvWEEU=">AAACC3icbZC7TsMwFIadcivlFmBksVohMVUJQtCxAgYWpHLpRWqiyHGc1qpjB9tBqqruLLwKCwMIsfICbLwNbpsBCkey/On/z5F9/jBlVGnH+bIKC4tLyyvF1dLa+sbmlr2901Iik5g0sWBCdkKkCKOcNDXVjHRSSVASMtIOB2cTv31PpKKC3+phSvwE9TiNKUbaSIFdvglc6N1lKIKX+X0dnOfkyb4IaoFdcarOtOBfcHOogLwagf3pRQJnCeEaM6RU13VS7Y+Q1BQzMi55mSIpwgPUI12DHCVE+aPpLmO4b5QIxkKawzWcqj8nRihRapiEpjNBuq/mvYn4n9fNdFzzR5SnmSYczx6KMwa1gJNgYEQlwZoNDSAsqfkrxH0kEdYmvpIJwZ1f+S+0DqvucdW5OqrUT/M4imAPlMEBcMEJqIML0ABNgMEDeAIv4NV6tJ6tN+t91lqw8pld8Kusj28k4Zk6</latexit>

S1 M RD ⇢8

Phenomenological signatures

At colliders

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p
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Potential displaced vertices of 4 jets

<latexit sha1_base64="1qFbF9eYeNjZ3CFYcC+VMRpWgRg="></latexit>
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✓
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<latexit sha1_base64="+JLPqIKOjGq6dHhiz9BuREEe8tU=">AAACAnicbVBLSwMxGMz6rPW16km8BIvgqexK0R6LIoinCn1Bd1myabYNzSZLkhXLUrz4V7x4UMSrv8Kb/8a03YO2DiQMM99HMhMmjCrtON/W0vLK6tp6YaO4ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w+HVxG/fE6mo4A09Sogfoz6nEcVIGymwDz05EEEVelrAirnJg87g7XVDjQO75JSdKeAicXNSAjnqgf3l9QROY8I1Zkiprusk2s+Q1BQzMi56qSIJwkPUJ11DOYqJ8rNphDE8MUoPRkKawzWcqr83MhQrNYpDMxkjPVDz3kT8z+umOqr6GeVJqgnHs4eilEGTd9IH7FFJsGYjQxCW1PwV4gGSCGvTWtGU4M5HXiSts7J7XnbuKqXaZV5HARyBY3AKXHABauAG1EETYPAInsEreLOerBfr3fqYjS5Z+c4B+APr8weY8JZI</latexit>

⇢8 ! 4 JETs
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u
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u

<latexit sha1_base64="1qFbF9eYeNjZ3CFYcC+VMRpWgRg="></latexit>
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<latexit sha1_base64="YZf3CtQbfwWhKQtLVHAkUsdgEs0=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJRLTHohePFewHtCVsNtN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/P8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHpxoEl9BEjgI6sQIa+gLa/vhm6rcfQGkeyXucxNAP6VDyAWcUjeSVj3oIjzh7J1UQZGlPjSKvlnnlilN1ZrCXiZuTCsnR8MpfvSBiSQgSmaBad10nxn5KFXImICv1Eg0xZWM6hK6hkoag++lscWafGiWwB5EyJdGeqb8nUhpqPQl90xlSHOlFbyr+53UTHNT6KZdxgiDZfNEgETZG9jQNO+AKGIqJIZQpbv5qsxFVlKHJrGRCcBdPXiat86p7WXXuLir16zyOIjkmJ+SMuOSK1MktaZAmYSQjz+SVvFlP1ov1bn3MWwtWPnNI/sD6/AHl+Zc9</latexit>⇢8
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Potential light fields 
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Phenomenological signatures
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Meson mixing [Pich, Mandal, 2019]
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Is the DM stable enough?
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Is the DM stable enough?
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Is the DM stable enough?
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<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.



Is the DM stable enough?

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>

U(1)B�D

<latexit sha1_base64="tTYSEh889bbW6DsDa/rE4SaWFnU=">AAACL3icbVDLSgMxFM3UV62vUZdugkVwIWVGRLssCuLCRQX7gE4tmTTThmaSMckIZZg/cuOvdCOiiFv/wkxbwbaeRe7h3Hu4ucePGFXacd6s3NLyyupafr2wsbm1vWPv7tWViCUmNSyYkE0fKcIoJzVNNSPNSBIU+ow0/MFV1m88Eamo4Pd6GJF2iHqcBhQjbaSOfe0FEuHETRPv1ri66CEpp6mH+xR6J/C3Ps4+Ho/HxUcSBhkLOnbRKTljwEXiTkkRTFHt2COvK3AcEq4xQ0q1XCfS7QRJTTEjacGLFYkQHqAeaRnKUUhUOxnfm8Ijo3RhIMx2wTUcq38dCQqVGoa+mQyR7qv5Xib+12vFOii3E8qjWBOOJ4uCmEEtYBYe7FJJsGZDQxCW1PwV4j4yAWoTccGE4M6fvEjqpyX3vOTcnRUrl9M48uAAHIJj4IILUAE3oApqAINnMALv4MN6sV6tT+trMpqzpp59MAPr+wckGaVX</latexit>

1

⇤8
�� q q q ⌫ f̄ f
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,

(1)

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

h

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.



Is the DM stable enough?

<latexit sha1_base64="JaE3pfcIaIHDxIdGdTmn3O/wgDs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUgyURUY+levBYwbSFNpTNdtMu3WzC7kQtMT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POFNj2t7G0vLK6tl7YKG5ube/smqW9pooSSahLIh7Jto8V5UxQFxhw2o4lxaHPacsfXU381j2VikXiDsYx9UI8ECxgBIOWemapC/QRUjerOMe9tH5ynfXMsl21p7AWiZOTMsrR6Jlf3X5EkpAKIBwr1XHsGLwUS2CE06zYTRSNMRnhAe1oKnBIlZdOT8+sI630rSCSugRYU/X3RIpDpcahrztDDEM1703E/7xOAsGllzIRJ0AFmS0KEm5BZE1ysPpMUgJ8rAkmkulbLTLEEhPQaRV1CM78y4ukeVp1zqv27Vm5Vs/jKKADdIgqyEEXqIZuUAO5iKAH9Ixe0ZvxZLwY78bHrHXJyGf20R8Ynz88EJNU</latexit>
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<latexit sha1_base64="cU1QIVWO9tuD/bjtfuvWeAY3mNU="></latexit>

OB�D ⇠
YfYquirksY⌫Y�0YDNYNewQ

m2
H
MMM2

S1
MNM2

�0

(d̄c�)(⌫̄ �)(d̄cu)(f̄f)

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

h

<latexit sha1_base64="LkZ3w57DPLchBI1wNkvqFZ+AyFU="></latexit>

L � Y�0 (d
c Qc

N ⌦⇤ + ⌘d M ⌦⇤ + dc M �⇤
0 + ⌘d ⇠�

⇤
0)

+ Y� (��⇤
0 + qN ⌦⇤)N + Y�̄ (qcN ⌦+ �c �0)N + h.c.



Dark Spectrum

!

<latexit sha1_base64="E9KGhPCKK197JaUXTmXz/QYEye8="></latexit>

⇢0µ = X̄�µ⌧
3X = �D �µ�D,

p
2⇢+µ = X̄�µ(⌧

1 � i⌧2)X = �c
D �µ i�2 �D,

p
2⇢�µ = X̄�µ(⌧

1 + i⌧2)X = �D �µ i�
T
2 �c

D.

<latexit sha1_base64="lsmgterym0jQNRDsN6sql57H4Zc=">AAACFXicbVA9SwNBEN2LXzF+nVraLAbBIoQ7EbURgjaWEcwH5GKY22ySJbt7x+6eEEL+hI1/xcZCEVvBzn/jXnKFJj4YeLw3w8y8MOZMG8/7dnJLyyura/n1wsbm1vaOu7tX11GiCK2RiEeqGYKmnElaM8xw2owVBRFy2giH16nfeKBKs0jemVFM2wL6kvUYAWOljlsK1CDqBCK5B3yJgxAUbuKghIM+CAGpgQMDqdss4Y5b9MreFHiR+BkpogzVjvsVdCOSCCoN4aB1y/di0x6DMoxwOikEiaYxkCH0actSCYLq9nj61QQfWaWLe5GyJQ2eqr8nxiC0HonQdgowAz3vpeJ/XisxvYv2mMk4MVSS2aJewrGJcBoR7jJFieEjS4AoZm/FZAAKiLFBFmwI/vzLi6R+UvbPyt7tabFylcWRRwfoEB0jH52jCrpBVVRDBD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gBEAJz8</latexit>

⇢aµ = X̄ �µ⌧
aX,

<latexit sha1_base64="Km2sh05qSNO56t8gg6M6jT9WzLk="></latexit>

X =

✓
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�i�2C�̄T
R

◆

<latexit sha1_base64="zpgD8sUiCRncPSuxXQHFoGP47iw="></latexit>
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Symmetries

<latexit sha1_base64="qKmuOTaHYsSbm21y17asnjYFZNs="></latexit>

�L � Y (  �⇤0 +QQS⇤
1 +  QR⇤

D) + Y⌘ (⌘u ⌘d �0 + ucdcS1 + ⌘u d
cRD + ⌘d u

cRD)

+ Yq (qN Qc
N �0 + qN M RD + qN ⇠ S1 + �Qc

N RD + �M S1)

+ Yq̄ (q
c
N QN �⇤0 + qcN M c R⇤

D + qcN ⇠c S⇤
1 + �c QN R⇤

D + �c M c S⇤
1 ) + h.c.

5q 5̄u 5̄d 5� 10 10H 24µ

Sym  q uc ⌘u dc ⌘d � qN Qc

N
M ⇠ S1 RD �0 V µ

DQ

U(1)B - 1/3 �1/3 - �1/3 - - 1/3 �1/3 �2/3 �1 2/3 1/3 - 1/3
U(1)D - - - - - - 1/2 1/2 �1/2 �1/2 �1/2 - - - -
U(1)Q 1/2 - - �1/2 - �1/2 - �1/2 �1/2 - 1/2 - 1/2 1 �1/2

L �Y 5 5 10
⇤
H
+ Y⌘ 5̄d5̄u10H

+ Yq5� 10 10H ✏5 + Yq̄ 5̄� 10 10 ✏5 + h.c.

Interactions at the   level SU(5) ⊗ SU(2)L ⊗ U(1)X

Interactions at the SM  level ⊗ SU(2)D



Other sources of B violation

!

<latexit sha1_base64="YImO/1V4XhKHZ2hdzST0StfJHBY=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GOpHjxWsB/ShLLZTtulm03YnQgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqOTR5LGPdCZkBKRQ0UaCETqKBRaGEdji+nvntR9BGxOoeJwkEERsqMRCcoZX8h17m34BERuvTXrniVt056F/i5aRCcjR65U+/H/M0AoVcMmO6nptgkDGNgkuYlvzUQML4mA2ha6liEZggm988pSdW6dNBrG0ppHP150TGImMmUWg7I4Yjs+zNxP+8boqDqyATKkkRFF8sGqSSYkxnAdC+0MBRTixhXAt7K+UjphlHG1PJhuAtv/yXtM6q3kXVvTuv1Op5HEVyRI7JKfHIJamRW9IgTcJJQp7IC3l1UufZeXPeF60FJ585JL/gfHwDdpiRTw==</latexit>

Y�B

<latexit sha1_base64="GTNTe3CDP/4I9/3PUL7B4KPcVcQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWsB/ShLLZTtulm03Y3Qgl9G948aCIV/+MN/+N2zYHrT4YeLw3w8y8MBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1KNgktsGm4EdhKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9DL/DoKQ0l92itX3Ko7B/lLvJxUIEejV/70+zFLI5SGCap113MTE2RUGc4ETkt+qjGhbEyH2LVU0gh1kM1vnpITq/TJIFa2pCFz9edERiOtJ1FoOyNqRnrZm4n/ed3UDK6CjMskNSjZYtEgFcTEZBYA6XOFzIiJJZQpbm8lbEQVZcbGVLIheMsv/yWts6p3UXXvziu16zyOIhzBMZyCB5dQg1toQBMYJPAEL/DqpM6z8+a8L1oLTj5zCL/gfHwDeaKRUQ==</latexit>

Y�D

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="an+C1ZKTJ3s6T8hqQYoq6ytzbx8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISFRqS5LdeGygn1IG8JketMOnTyYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj/hTCrb/jYWFpeWV1YLa8X1jc2tbXNntyHjVFCo05jHouUTCZxFUFdMcWglAkjoc2j6g6ux33wAIVkc3alhAm5IehELGCVKS565b1tnZdw5wfde1rkGrgiujjyzZFv2BHieODkpoRw1z/zqdGOahhApyomUbcdOlJsRoRjlMCp2UgkJoQPSg7amEQlButnk+hE+0koXB7HQFSk8UX9PZCSUchj6ujMkqi9nvbH4n9dOVXDpZixKUgURnS4KUo5VjMdR4C4TQBUfakKoYPpWTPtEEKp0YEUdgjP78jxpnFpO2bJvz0uVah5HAR2gQ3SMHHSBKugG1VAdUfSIntErejOejBfj3fiYti4Y+cwe+gPj8weMG5Nf</latexit>

0.36Y�B

<latexit sha1_base64="93pinoOTm0uqQJHfxjklqjeEcu4=">AAACIHicbVDLSgMxFM34rPVVdekmWARRGWZKtS6LbrpUsFXo1CGT3trQzIPkjliGfoobf8WNC0V0p19jpnbh60DC4Zx7SO4JEik0Os67NTU9Mzs3X1goLi4tr6yW1tZbOk4VhyaPZawuA6ZBigiaKFDCZaKAhYGEi2BwkvsXN6C0iKNzHCbQCdl1JHqCMzSSX6q1qKfTRANS6kmT6zLq7VPX8RtXu/TAb9BK1Vw52aMewi1mfZvbI79UdmxnDPqXuBNSJhOc+qU3rxvzNIQIuWRat10nwU7GFAouYVT0Ug0J4wN2DW1DIxaC7mTjBUd02yhd2ouVORHSsfo9kbFQ62EYmMmQYV//9nLxP6+dYu+ok4koSREi/vVQL5UUY5q3RbtCAUc5NIRxJcxfKe8zxTiaToumBPf3yn9Jq2K7h7ZzVi3Xjyd1FMgm2SI7xCU1UicNckqahJM78kCeyLN1bz1aL9br1+iUNclskB+wPj4BdSufcQ==</latexit>

V � � 10⇤
H
5H24H5H + h.c.

Sphalerons 

<latexit sha1_base64="BIfUHlVU7c1a6PJgRvc3Ixz3fq4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5LBkXI=</latexit>

)

<latexit sha1_base64="f597soPdbPusE5TzpTRU5EYJJto=">AAACH3icbVDJSgNBFOyJW4xb1KOXxiB4CjMiicdgBD14iGgWyMTQ03lJmvQsdL8Rw5A/8eKvePGgiHjL39hZDhotaCiq6vH6lRdJodG2x1ZqaXlldS29ntnY3Nreye7u1XQYKw5VHspQNTymQYoAqihQQiNSwHxPQt0blCd+/QGUFmFwh8MIWj7rBaIrOEMjtbMF99qEO6ztIjxicsFUuXo7oq4WPi1QF4UPmjr2fVI04jRCL6E2amdzdt6egv4lzpzkyByVdvbL7YQ89iFALpnWTceOsJUwhYJLGGXcWEPE+ID1oGlowMzeVjK9b0SPjNKh3VCZFyCdqj8nEuZrPfQ9k/QZ9vWiNxH/85oxds9aiQiiGCHgs0XdWFIM6aQs2hEKOMqhIYwrYf5KeZ8pxtFUmjElOIsn/yW1k7xTyNs3p7nS+byONDkgh+SYOKRISuSKVEiVcPJEXsgbebeerVfrw/qcRVPWfGaf/II1/gaG1qIF</latexit>

⇤DarCUS ⇠ 6⇥ 107 GeV

<latexit sha1_base64="pfZYfBq6maojmQcXUXI6Lvv7X1Y=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVnxNuyVBfurGAv0BmGTJppQ5PMkGSEMhTc+CpuXCji1pdw59uYtrPQ1h8CH/85h5PzhwmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7RApwqggDU01I+1EEsRDRlrh4Gpcbz0QqWgs7vUwIT5HPUEjipE2VmDvebec9FBwDY9hjjXoKcrhWWCXnYozEZwHN4cyyFUP7C+vG+OUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgUiBPlZ5MbRvDQOF0YxdI8oeHE/T2RIa7UkIemkyPdV7O1sflfrZPq6NLPqEhSTQSeLopSBnUMx4HALpUEazY0gLCk5q8Q95FEWJvYSiYEd/bkeWieVNzzinN3Wq7W8jiKYB8cgCPgggtQBTegDhoAg0fwDF7Bm/VkvVjv1se0tWDlM7vgj6zPH1dplgs=</latexit>

⌦D/⌦B ⇠ 5

leptons 

Sph.

DB-genesis



Annihilation symmetric abundance
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Early Matter Domination!

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
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M , RDGball

Light connectors or
<latexit sha1_base64="TVpY89vMQQDoQe3XvlFpX34mP2Q=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRD16EKvYDmlA2m027dLNJdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD/hTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKniVBLaIDGPZdvHinImaEMzzWk7kRRHPqctf3Az9VsjKhWLxZMeJ9SLcE+wkBGsjeTdI3eY4gC56LF72y1X7Ko9A1omTk4qkKPeLX+5QUzSiApNOFaq49iJ9jIsNSOcTkpuqmiCyQD3aMdQgSOqvGx29ASdGCVAYSxNCY1m6u+JDEdKjSPfdEZY99WiNxX/8zqpDq+8jIkk1VSQ+aIw5UjHaJoACpikRPOxIZhIZm5FpI8lJtrkVDIhOIsvL5PmWdW5qNoP55XadR5HEY7gGE7BgUuowR3UoQEEhvAMr/BmjawX6936mLcWrHzmEP7A+vwBHeaRBg==</latexit>

M RD

Light connectors
<latexit sha1_base64="Q3kqIObm2n7p6Jw3Sn854BNYpT4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9CRfsBTSibzaZdutmku5tCCf0dXjwo4tUf481/47bNQVsfDDzem2Fmnp9wprRtf1uFtfWNza3idmlnd2//oHx41FJxKgltkpjHsuNjRTkTtKmZ5rSTSIojn9O2P7yd+e0xlYrF4klPEupFuC9YyAjWRvLukTtKcYBc9NhzeuWKXbXnQKvEyUkFcjR65S83iEkaUaEJx0p1HTvRXoalZoTTaclNFU0wGeI+7RoqcESVl82PnqIzowQojKUpodFc/T2R4UipSeSbzgjrgVr2ZuJ/XjfV4bWXMZGkmgqyWBSmHOkYzRJAAZOUaD4xBBPJzK2IDLDERJucSiYEZ/nlVdK6qDq1qv1wWanf5HEU4QRO4RwcuII63EEDmkBgBM/wCm/W2Hqx3q2PRWvBymeO4Q+szx8CoJD0</latexit>

M S1or

<latexit sha1_base64="RfmGtF7O1Vn6G1WolyKcTLCj454=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHuS11ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuqu79eaV2k8dRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx/KYY15</latexit>

n = 1
<latexit sha1_base64="ZLW7ug2M8KM1l47U7g+egAGEFbk="></latexit>

⌧Gball ' 0.5 s

✓
0.8

↵QCD

◆2 ✓ 0.8

↵D

◆2 ✓ MM

1 TeV

◆8 ✓2 GeV

⇤D

◆9
<latexit sha1_base64="8lwMOSHq+h1R29Vn0wcCt2pZxKc=">AAACEHicbVBNSwMxEM36bf2qevQSLKIHKbsi6lFU0IOHClYL3WXJpmkNTbJLMiuWZX+CF/+KFw+KePXozX9j2u5BWx8MPN6bSWZelAhuwHW/nYnJqemZ2bn50sLi0vJKeXXtxsSppqxOYxHrRkQME1yxOnAQrJFoRmQk2G3UPe37t/dMGx6ra+glLJCko3ibUwJWCsvbMszOQx/YA2QRESLPsW+4xAr7u9i/tA+1SJid5WG54lbdAfA48QpSQQVqYfnLb8U0lUwBFcSYpucmEGREA6eC5SU/NSwhtEs6rGmpIpKZIBsclOMtq7RwO9a2FOCB+nsiI9KYnoxspyRwZ0a9vvif10yhfRRkXCUpMEWHH7VTgSHG/XRwi2tGQfQsIVRzuyumd0QTCjbDkg3BGz15nNzsVb2Dqnu1Xzk+KeKYQxtoE+0gDx2iY3SBaqiOKHpEz+gVvTlPzovz7nwMWyecYmYd/YHz+QMsLZyn</latexit>

mGball ⇠ n⇤D



Dark Spectrum

<latexit sha1_base64="9O4hN8kzmDH94bivNfin0S9/ZDU=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcwEUY9BLx4jmAWSIfR0apImPUt6CYQhNy/+ihcPinj1F7z5N3aSQTTxQcHr96roqucnnEnlOF9WbmV1bX0jv1nY2t7Z3bP3D+oy1oJCjcY8Fk2fSOAsgppiikMzEUBCn0PDH9xM/cYIhGRxdK/GCXgh6UUsYJQoI3Xs4zJuw1CzEW7LoSYCfp4+EbjcsYtOyZkBLxM3I0WUodqxP9vdmOoQIkU5kbLlOonyUiIUoxwmhbaWkBA6ID1oGRqREKSXzu6Y4FOjdHEQC1ORwjP190RKQinHoW86Q6L6ctGbiv95La2CKy9lUaIVRHT+UaA5VjGehoK7TABVfGwIoYKZXTHtE0GoMtEVTAju4snLpF4uuRcl5+68WLnO4sijI3SCzpCLLlEF3aIqqiGKHtATekGv1qP1bL1Z7/PWnJXNHKI/sD6+AXeLmGo=</latexit>

2 ⌘ ⇤ ⌘ 2̄ enlarged symmetry! 

<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D

<latexit sha1_base64="DZk1tlbV4E5T0QKdShF6wv9tCbY="></latexit>

U(Nf )L ⌦U(Nf )R
enlarged! U(2Nf ) = U(1)A ⌦ SU(2Nf )

<latexit sha1_base64="USYYJfZLDT882ikowzIIlHA+Tz0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RjixWNE84DsGmYnvcmQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6ni0OCxjFXbZxqkiKCBAiW0EwUs9CW0/OHVxG89gNIiju5wlIAXsn4kAsEZGune5QNBXYQnzG5r426pbFfsKegicXJSJjnq3dKX24t5GkKEXDKtO46doJcxhYJLGBfdVEPC+JD1oWNoxELQXja9ekyPjdKjQaxMRUin6u+JjIVaj0LfdIYMB3rem4j/eZ0Ug0svE1GSIkR8tihIJcWYTiKgPaGAoxwZwrgS5lbKB0wxjiaoognBmX95kTRPK855xb45K1dreRwFckiOyAlxyAWpkmtSJw3CiSLP5JW8WY/Wi/Vufcxal6x85oD8gfX5A1cqkmk=</latexit>

�SB

<latexit sha1_base64="uoiiyqGHAuyI9Nu4KlxJEV1EdXs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSIuqx6MWTVLQf0Iay2W7apZtN2J2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byR1dTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7hPQunpSrN73gpGeXnIozA14mbkZKKEO9Z391+xFNQiaBCqJ1x3Vi8FKigFPBJoVuollM6IgMWMdQSUKmvXR2+AQfG6WPg0iZkoBn6u+JlIRaj0PfdIYEhnrRm4r/eZ0Eggsv5TJOgEk6XxQkAkOEpyngPleMghgbQqji5lZMh0QRCiarggnBXXx5mTSrFfes4tyelmqXWRx5dIiOUBm56BzV0DWqowaiKEHP6BW9WU/Wi/Vufcxbc1Y2c4D+wPr8ARoukrg=</latexit>

Sp(2Nf )

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!

<latexit sha1_base64="rlzUIGjfW+aBXdQyHCODMJHs4Ho=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkb/fYnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9HwZuo3n7ixQqsHHKU8TGhfiVgwik6676Dulit+1Z+BLJMgJxXIUe+Wvzo9zbKEK2SSWtsO/BTDMTUomOSTUiezPKVsSPu87aiiCbfheHbqhJw4pUdibVwpJDP198SYJtaOksh1JhQHdtGbiv957Qzjq3AsVJohV2y+KM4kQU2mf5OeMJyhHDlCmRHuVsIG1FCGLp2SCyFYfHmZPJ5Vg4uqf3deqV3ncRThCI7hFAK4hBrcQh0awKAPz/AKb570Xrx372PeWvDymUP4A+/zB2CPjdw=</latexit>

!
<latexit sha1_base64="qpLbR2Qd5YJmE8ayxI61he6RBbQ=">AAACD3icbVA9SwNBEN2LXzF+RS1tFoMSEcNdELURgjZWomCMkIRjbzMXl+ztHbtzYjjyD2z8KzYWitja2vlv3MQUfj0Y5vHeDLvzgkQKg6774eQmJqemZ/Kzhbn5hcWl4vLKpYlTzaHOYxnrq4AZkEJBHQVKuEo0sCiQ0Ah6x0O/cQPaiFhdYD+BdsS6SoSCM7SSX9xslfwWwi1mgY57oGgX1IAe0nL11A+3va2ybTvell8suRV3BPqXeGNSImOc+cX3VifmaQQKuWTGND03wXbGNAouYVBopQYSxnusC01LFYvAtLPRPQO6YZUODWNtSyEdqd83MhYZ048COxkxvDa/vaH4n9dMMTxoZ0IlKYLiXw+FqaQY02E4tCM0cJR9SxjXwv6V8mumGUcbYcGG4P0++S+5rFa8vYp7vluqHY3jyJM1sk7KxCP7pEZOyBmpE07uyAN5Is/OvfPovDivX6M5Z7yzSn7AefsEM7CaLw==</latexit>

#broken gen = (2Nf + 1)(Nf � 1)

Meson Baryons

<latexit sha1_base64="L7PP4FbNWiPuw6DgIBcLVh9JbnE=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBDiJewGiV6EGD14TMA8IBvC7GQ2GTI7u8z0CmHZP/Hir3jxoIh4y984eRw0saChqOqmu8uLBNdg2xNrbX1jc2s7s5Pd3ds/OMwdHTd1GCvKGjQUoWp7RDPBJWsAB8HakWIk8ARreaO7qd96YkrzUD7COGLdgAwk9zklYKRerlzv3WNXMB9wAbvRkEgIg8T1FaHJbZpU09RVfDCEC3yD56qTJqW0l8vbRXsGvEqcBcmjBWq93LfbD2kcMAlUEK07jh1BNyEKOBUszbqxZhGhIzJgHUMlCZjuJrP/UnxulD72Q2VKAp6pvycSEmg9DjzTGRAY6mVvKv7ndWLwr7sJl1EMTNL5Ij8WGEI8DQv3uWIUxNgQQhU3t2I6JCYFMJFmTQjO8surpFkqOuWiXb/MV6qLODLoFJ2hAnLQFaqgB1RDDUTRM3pF7+jDerHerE/ra966Zi1mTtAfWJMfIf2icA==</latexit>

QD

✓ ◆
=

1

2

<latexit sha1_base64="L7PP4FbNWiPuw6DgIBcLVh9JbnE=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBDiJewGiV6EGD14TMA8IBvC7GQ2GTI7u8z0CmHZP/Hir3jxoIh4y984eRw0saChqOqmu8uLBNdg2xNrbX1jc2s7s5Pd3ds/OMwdHTd1GCvKGjQUoWp7RDPBJWsAB8HakWIk8ARreaO7qd96YkrzUD7COGLdgAwk9zklYKRerlzv3WNXMB9wAbvRkEgIg8T1FaHJbZpU09RVfDCEC3yD56qTJqW0l8vbRXsGvEqcBcmjBWq93LfbD2kcMAlUEK07jh1BNyEKOBUszbqxZhGhIzJgHUMlCZjuJrP/UnxulD72Q2VKAp6pvycSEmg9DjzTGRAY6mVvKv7ndWLwr7sJl1EMTNL5Ij8WGEI8DQv3uWIUxNgQQhU3t2I6JCYFMJFmTQjO8surpFkqOuWiXb/MV6qLODLoFJ2hAnLQFaqgB1RDDUTRM3pF7+jDerHerE/ra966Zi1mTtAfWJMfIf2icA==</latexit>

QD

✓ ◆
=

1

2

Dark Baryon Number (D)

<latexit sha1_base64="D2QNXklwpFdu9qjFmuBz2yj5V8U=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTUcugjWUEEwO5I8xtJsmSvb1jd08IRzob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFieDauO63U1haXlldK66XNja3tnfKu3tNHaeKYYPFIlatEDQKLrFhuBHYShRCFAq8D4fXE//+AZXmsbwzowSDCPqS9zgDY6VO+dAXIPsCqR+Coj4b8LypqdwpV9yqOwVdJF5OKiRHvVP+8rsxSyOUhgnQuu25iQkyUIYzgeOSn2pMgA2hj21LJUSog2x6x5geW6VLe7GyJQ2dqr83Moi0HkWhnYzADPS8NxH/89qp6V0GGZdJalCy2UO9VFAT00kotMsVMiNGlgBT3P6VsgEoYMZGV7IhePMnL5LmadU7r7q3Z5XaVR5HkRyQI3JCPHJBauSG1EmDMPJInskreXOenBfn3fmYjRacfGef/IHz+QPk4pix</latexit>

h�̄�i

  (light) flavors + Nf

No Goldstones! (No dark pions)
<latexit sha1_base64="qIYwCUEONRbJ2rGVlbMe2dRuajc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OJJKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Ubz2h0jyWj2acoB/RgeQhZ9RYqXXfC8k18Xrlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezcyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtPfSZ8rZEaMLaFMcXsrYUOqKDM2oZINwVt8eZk0z6reRdV9OK/UbvI4inAEx3AKHlxCDe6gDg1gMIJneIU3J3FenHfnY95acPKZQ/gD5/MHvmeOhg==</latexit>

Nf = 1



Dark Spectrum
<latexit sha1_base64="s/lBoFRJRkJhpZny2KWA6BNDBzU=">AAACGXicbZDLSsNAFIYnXmu9RV26GSxCRSiJiLoRirpw0UUVe4E2DZPptB06mYSZiVBCX8ONr+LGhSIudeXbOEmzqK0/DHz85xzOnN8LGZXKsn6MhcWl5ZXV3Fp+fWNza9vc2a3LIBKY1HDAAtH0kCSMclJTVDHSDAVBvsdIwxteJ/XGIxGSBvxBjULi+KjPaY9ipLTlmlYbD6h7Ay9hChV4DIsJdbBbOergaT+Fe9csWCUrFZwHO4MCyFR1za92N8CRT7jCDEnZsq1QOTESimJGxvl2JEmI8BD1SUsjRz6RTpxeNoaH2unCXiD04wqm7vREjHwpR76nO32kBnK2lpj/1VqR6l04MeVhpAjHk0W9iEEVwCQm2KWCYMVGGhAWVP8V4gESCCsdZl6HYM+ePA/1k5J9VrLuTgvlqyyOHNgHB6AIbHAOyuAWVEENYPAEXsAbeDeejVfjw/ictC4Y2cwe+CPj+xdAVZ1Y</latexit>

�D = �L + (�c
L)

c = �L + �R

<latexit sha1_base64="oAoIJy4xVzihMnb1ROBt7UcKbvg="></latexit>

Le↵
SU(2)D

= X̄iDµ�
µX � m�

2

�
XT i�2CEX + X̄i�2CEX̄T

�
+ · · · ,

<latexit sha1_base64="oFnHkubF2QKFMppSvyJvInSagD4="></latexit>

X =

✓
�L

�i�2C�̄T
R

◆

<latexit sha1_base64="yTYPWuJ/PF8rY5WJFdJKvNM+RhU="></latexit>

Le↵
SU(2)D

= �1

2
Tr{GDµ⌫G

µ⌫
D }+ �D(iDµ�

µ �m�)�D + · · · .

<latexit sha1_base64="J3hIplMSQZ66xBAydyOtgnaaZ8E=">AAACLHicbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUOzGZQV7gc5YMulpG5rJDElGLEMfyI2vIogLi7j1OUzbwUvrD4GP/5xDzvn9iDOlbXtkZRYWl5ZXsqu5tfWNza389k5NhbGkUKUhD2XDJwo4E1DVTHNoRBJI4HOo+/3yuF6/B6lYKG71IAIvIF3BOowSbaxWvuzKXogvsetDl4kkCoiW7GGIx/bdEXZdPEUb//AxdkG0v3uLrXzBLtoT4XlwUiigVJVW/sVthzQOQGjKiVJNx460lxCpGeUwzLmxgojQPulC06AgASgvmRw7xAfGaeNOKM0TGk/c3xMJCZQaBL7pNAv21GxtbP5Xa8a6c+ElTESxBkGnH3VijnWIx8nhNpNANR8YIFQysyumPSIJ1SbfnAnBmT15HmonReesaN+cFkpXaRxZtIf20SFy0DkqoWtUQVVE0SN6Rm9oZD1Zr9a79TFtzVjpzC76I+vzC7Tlpq0=</latexit>

⇢ =

0

@
⇢+

⇢0

⇢�

1

A .

[Francis, Hudspith, Lewis, Tulin, 2008]

One (light) flavor + 
<latexit sha1_base64="JsU83xXTLnVl2jUp+BTNS2wlQl4=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9ISox6JevCI0QIJVLJdtrBhu212pypp+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beWWlldW1/LrhY3Nre2d4u5eQ0eJosylkYhUyyeaCS6ZCxwEa8WKkdAXrOkPLyd+84EpzSN5B6OYeSHpSx5wSsBI9x1gT5DeuuNy9bh71S2W7Io9BV4kTkZKKEO9W/zq9CKahEwCFUTrtmPH4KVEAaeCjQudRLOY0CHps7ahkoRMe+n06jE+MkoPB5EyJQFP1d8TKQm1HoW+6QwJDPS8NxH/89oJBOdeymWcAJN0tihIBIYITyLAPa4YBTEyhFDFza2YDogiFExQBROCM//yImlUK85pxb45KdUusjjy6AAdojJy0BmqoWtURy6iSKFn9IrerEfrxXq3PmatOSub2Ud/YH3+AKR8kfI=</latexit>

SU(2)D

<latexit sha1_base64="44LAWM7YXcvn2srK9OmwNF25N4s=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKgNVghAwVrAwFok+pCZUjuu0Vp2H7JuKKsrCr7AwgBArn8HG3+C2GaDlWJaOzrlX9jleLLgCy/o2CkvLK6trxfXSxubW9o65u9dUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveTPzWiEnFo/AexjFzA9IPuc8pAS11zQMH2COkI0Yhkhl29KnYD6cnXbNsVa0p8CKxc1JGOepd88vpRTQJWAhUEKU6thWDmxIJnAqWlZxEsZjQIemzjqYhCZhy02mADB9rpYf9SOobAp6qvzdSEig1Djw9GRAYqHlvIv7ndRLwr9yUh3ECLKSzh/xEYIjwpA3c41InF2NNCJVc/xXTAZGEgu6spEuw5yMvkuZZ1b6oWnfn5dp1XkcRHaIjVEE2ukQ1dIvqqIEoytAzekVvxpPxYrwbH7PRgpHv7KM/MD5/ABWqlWc=</latexit>

vector (1�)

<latexit sha1_base64="a4NDWLhMDdmHRspFo9o9SM/nhew="></latexit>

⇠
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Dark (matter) baryon



Towards Grand Unification
<latexit sha1_base64="0vcU7tL64Z6n5H67m6cGTcgrfYc="></latexit>

SU(7) � SU(5)⌦ SU(2)L ⌦U(1)7 � GSM ⌦ SU(2)D

Minimal matter content (Embedding of the SM):

<latexit sha1_base64="o1tc9n8VzxXewtHxVO6j6boy7/I="></latexit>

7H ⇠

0

BB@
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⇤
1
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1

CCA

<latexit sha1_base64="0xvBgvmDn1ZEFTMSCoJ5LYCqOuA="></latexit>

SU(7)
h48Hi! SU(5)⌦ SU(2)L ⌦U(1)7

<latexit sha1_base64="dJ2qfV/tCs+fKs7hxzsgzM5eJks="></latexit>

SU(5)⌦ SU(2)L ⌦U(1)7
h24Hi! SU(3)C ⌦ SU(2)L ⌦U(1)7 ⌦U(1)5 ⌦ SU(2)D

<latexit sha1_base64="9RZEAnqzUBGxD0DCYRa4VeJeVb8="></latexit>

U(1)7 ⌦U(1)5
h21Hi! U(1)Y

Breaking patterns:

1

2

3

4
<latexit sha1_base64="OsmPFdcWMesnOji71WZH+zb8/Jg=">AAACJ3icbZA7SwNBEMf34ivGV9TSZjEI2oQ7EbWSoI2FRUTzkCQce5tJXLL3YHdODEe+jY1fxUZQES39Jm5yKUziwMJ/fzPDzPy9SAqNtv1tZebmFxaXssu5ldW19Y385lZVh7HiUOGhDFXdYxqkCKCCAiXUIwXM9yTUvN7FMF97AKVFGNxiP4KWz7qB6AjO0CA3f9ZEeMTkpjLYPzxwr2gzROGDpik21Dlw78wvnCCpBn/g5gt20R4FnRXOWBTIOMpu/q3ZDnnsQ4BcMq0bjh1hK2EKBZcwyDVjDRHjPdaFhpEBM8u0ktGdA7pnSJt2QmVegHRE/3YkzNe673um0md4r6dzQ/hfrhFj57SViCCKEQKeDurEkpqzh6bRtlDAUfaNYFwJsyvl90wxjsbanDHBmT55VlQPi85x0b4+KpTOx3ZkyQ7ZJfvEISekRC5JmVQIJ0/khbyTD+vZerU+ra+0NGONe7bJRFg/v0OupZk=</latexit>

SU(2)L ⌦U(1)Y ! U(1)em
<latexit sha1_base64="BIfUHlVU7c1a6PJgRvc3Ixz3fq4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5LBkXI=</latexit>)

<latexit sha1_base64="KnrL0pXmVlWAcbkY87Dt8V4ETlM="></latexit>
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Towards an anomaly-free SU(7)

! Anomay-free theory 

7̄ + 21 + 35

5 × 7̄ + 21 + 352

1

<latexit sha1_base64="CDU7B3so/r97bFNkiUB+eqEkjq4="></latexit>

35 = (10, 1,�6)� (10, 2, 1)� (5̄, 1, 8)

<latexit sha1_base64="h9byT6l0xPRLLLe3yfjVtmw++eI="></latexit>

(3̄, 1, 1
3 , 1)

(3, 1,� 2
3 , 2)

(1, 1, 1, 1)

<latexit sha1_base64="ea4vFGpvnZYrE8Hj2IyBIhUGtAU="></latexit>

(3̄, 2, 1
6 , 1)

(3̄, 2, 1
6 , 2)

(1, 2,� 1
2 , 1)

<latexit sha1_base64="6clB7jy937+vOoa8HoR325IDxfo=">AAACE3icbVC7TgJBFJ3FF+ILtbSZSCRgVrIDRi2JNpaYyCNhN2R2mIUJs4/MzJqQDf9g46/YWGiMrY2df+MAWyh4kpucnHNv7r3HjTiTyrK+jczK6tr6RnYzt7W9s7uX3z9oyTAWhDZJyEPRcbGknAW0qZjitBMJin2X07Y7upn67QcqJAuDezWOqOPjQcA8RrDSUi9/WizZLhawZkJkQlt5ApOkOklqExOVbTtXLCETmWfIrJZ7+YJVsWaAywSlpABSNHr5L7sfktingSIcS9lFVqScBAvFCKeTnB1LGmEywgPa1TTAPpVOMvtpAk+00odeKHQFCs7U3xMJ9qUc+67u9LEaykVvKv7ndWPlXTkJC6JY0YDMF3kxhyqE04BgnwlKFB9rgolg+lZIhljHonSMOR0CWnx5mbSqFXRRse7OC/XrNI4sOALHoAQQuAR1cAsaoAkIeATP4BW8GU/Gi/FufMxbM0Y6cwj+wPj8ASMCmUU=</latexit>

(3̄, 1, 2
3 , 1)

(1, 1,�1, 2)


