
A SURVEY OF GLOBAL SYMMETRY  
BREAKING 

IN 
STRING THEORY & HOLOGRAPHY

Miguel Montero
IFT UAM-CSIC

Quantum spacetime and the Renormalization Group
Heidelberg University

April 1, 2025





Please interrupt me!!
(at any point with questions, comments, whatever!)



Asymptotic
safety



Asymptotic
safety

Loop Quantum 
Gravity



Asymptotic
safety

String
 theory

Loop Quantum 
Gravity



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity …



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity …



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity

Quantum 
Gravity

…



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity

Quantum 
Gravity

We share one goal: To find out what Quantum Gravity is
and what are its experimental (i.e. low-energy) consequences

…



Asymptotic
safety

Causal sets

String
 theory

Loop Quantum 
Gravity

Quantum 
Gravity

We share one goal: To find out what Quantum Gravity is
and what are its experimental (i.e. low-energy) consequences

MP = 1019 GeV
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One way connect the different QG approaches together,
and

to make robust connection with experiment,

or at least true in large classes of QG models. 

Universal QG 
property

Universal predictions

Non-universal 
property

QG model 2QG model 1

would be good to search for properties of QG that 
we might have reason to suspect are universal,

Experiment! Model discrimination
[Eichhorn-Hebecker-Pawloski-Walcher ’24]
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Finding these universal/discriminating properties of QG is 
what the 

Swampland 
Program

is all about.

In this talk, I will focus on one such idea that has led to 
much recent progress in String Theory recently:

Gravity forbids exact global symmetries
[Banks, Dixon ’88, Polchinski, Wheeler??…]

[Palti ’19, Van Beest-Calderon Infante -Mirfendereski-Valenzuela 
’21,Eichhorn-Pauly ’20, Basile-Platania ’21, Eichhorn-Hebecker-Pawloski-

Walcher ’24, Basile-Knorr-Platania-Schiffer ’25 ]

See Ben 
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 talk!
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Q = 0

B � L = 1
<latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit>

Q = 0

B � L = 1
<latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit>



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
<latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="ivk285LwPC0x7sad9RvqeDNWb5E=">AAACEHicbZDNTgIxFIXv+IuIim7dNBITE5DMuNGliRuXmMhPwgDplAvT0OlM2o6GTHgAH8JncKtrd8YXcOmbWJCFgGd1es9Jeu8XJIJr47pfztr6xubWdm4nv1vY2z8oHhYaOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjdTPPmAyrNY3lvxgl2IjqUfMAZNXbUK5akX/EVH4aGKhU/+hWSdMtl7J77AVWZL9NJD23LrbozkVXjzU0J5qr1it9+P2ZphNIwQbVue25iOhlVhjOBk7yfakwoG9Ehtq2VNELdyWbHTMjpIFbEhEhm77/djEZaj6PAdiJqQr2cTYf/Ze3UDK46GZdJalAyW7HZIBXExGTKhPS5QmbE2BrKFLdbEhZSRZmx5BZ+0facEPuTvGXiLRNYNY2LqudWvTsXcnAMJ3AGHlzCNdxCDerA4Ale4BXenGfn3fn4pbfmzDEewYKczx9eo5/U</latexit><latexit sha1_base64="ivk285LwPC0x7sad9RvqeDNWb5E=">AAACEHicbZDNTgIxFIXv+IuIim7dNBITE5DMuNGliRuXmMhPwgDplAvT0OlM2o6GTHgAH8JncKtrd8YXcOmbWJCFgGd1es9Jeu8XJIJr47pfztr6xubWdm4nv1vY2z8oHhYaOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjdTPPmAyrNY3lvxgl2IjqUfMAZNXbUK5akX/EVH4aGKhU/+hWSdMtl7J77AVWZL9NJD23LrbozkVXjzU0J5qr1it9+P2ZphNIwQbVue25iOhlVhjOBk7yfakwoG9Ehtq2VNELdyWbHTMjpIFbEhEhm77/djEZaj6PAdiJqQr2cTYf/Ze3UDK46GZdJalAyW7HZIBXExGTKhPS5QmbE2BrKFLdbEhZSRZmx5BZ+0facEPuTvGXiLRNYNY2LqudWvTsXcnAMJ3AGHlzCNdxCDerA4Ale4BXenGfn3fn4pbfmzDEewYKczx9eo5/U</latexit><latexit sha1_base64="1/xlmPHFLlAJPj2phZCI4niewQY=">AAACG3icbZC7TsMwGIWdcivlVmBksaiQkFqqhAXGChbGItGL1KSV4/5trDpOZDugKuoD8BA8AyvMbIiVgZE3wS0ZaMuZjv9zLPv//JgzpW37y8qtrK6tb+Q3C1vbO7t7xf2DpooSSaFBIx7Jtk8UcCagoZnm0I4lkNDn0PJH19O8dQ9SsUjc6XEMXkiGgg0YJdqMesWScCuuZMNAEymjB7eC4265DN0z1ycydUUy6YFp2VV7JrxsnMyUUKZ6r/jt9iOahCA05USpjmPH2kuJ1IxymBTcREFM6IgMoWOsICEoL50tM8Eng0hiHQCenf92UxIqNQ590wmJDtRiNh3+l3USPbj0UibiRIOgpmKyQcKxjvCUCe4zCVTzsTGESmZ+iWlAJKHakJt7RZl1AuhPCoaJs0hg2TTPq45ddW7tUu0qo5NHR+gYnSIHXaAaukF11EAUPaJn9IJerSfrzXq3Pn6rOSu7c4jmZH3+AEsUoVY=</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit><latexit sha1_base64="mEBi9015p6Yme6DeA0VyyprwDu0=">AAACG3icbZDNTgIxFIU7+If4h7p000hMTEAyY0x0SXTjEhMBE2YgnXJhGjqdSdvRkAkP4EP4DG517c64deHSN7HgLAQ8q9N7TtPez485U9q2v6zc0vLK6lp+vbCxubW9U9zda6ookRQaNOKRvPOJAs4ENDTTHO5iCST0ObT84dUkb92DVCwSt3oUgxeSgWB9Rok2o26xJNyKK9kg0ETK6MGt4LhTLkPnxPWJTF2RjLtgWnbVngovGiczJZSp3i1+u72IJiEITTlRqu3YsfZSIjWjHMYFN1EQEzokA2gbK0gIykuny4zxUT+SWAeAp+e/3ZSESo1C33RCogM1n02G/2XtRPcvvJSJONEgqKmYrJ9wrCM8YYJ7TALVfGQMoZKZX2IaEEmoNuRmXlFmnQB644Jh4swTWDTN06pjV52bs1LtMqOTRwfoEB0jB52jGrpGddRAFD2iZ/SCXq0n6816tz5+qzkru7OPZmR9/gBMVKFa</latexit>

Q = 0

B � L = 1
<latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit>

Q = 0

B � L = 1
<latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit><latexit sha1_base64="3xxb9mCNn0OK4HvZzqcQbQbxv7A=">AAACAXicbVC7TsNAEDyHVzCvACWNRYREQ2QjJGgiRaGhoEgk8pBsKzpf1vEpZ591d0aKrFR8Ay3UdIiWL6HkT7gEFyRhqtmdWe3uBCmjUtn2l1FaW9/Y3Cpvmzu7e/sHlcOjruSZINAhnHHRD7AERhPoKKoY9FMBOA4Y9ILx7UzvPYKQlCcPapKCH+NRQkNKsNItt123Pc9sXtzXnUGlatfsOaxV4hSkigq0BpVvb8hJFkOiCMNSuo6dKj/HQlHCYGp6mYQUkzEegatpgmOQfj4/eWqdhVxYKgJrXv/15jiWchIH2hNjFcllbdb8T3MzFd74OU3STEFCtEVrYcYsxa3Z59aQCiCKTTTBRFB9pUUiLDBROp+FLVK/E8FwaupMnOUEVkn3subYNad9VW00i3TK6ASdonPkoGvUQHeohTqIII6e0Qt6NZ6MN+Pd+Pi1loxi5hgtwPj8AXBclf8=</latexit>

They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
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They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)

Global symmetry if the charge cannot be measured like this



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 
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They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)

Global symmetry if the charge cannot be measured like this

“No GS = All exactly conserved charges couple to a gauge field”

Slogan/mantra/mnemonic:



This has real-world consequences: B-L is a global sym. in 
the SM 

[See Ray’s talk]
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This has real-world consequences: B-L is a global sym. in 
the SM 

So it is either coupled to a (yet unseen) fifth force

or

[See Ray’s talk]
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This has real-world consequences: B-L is a global sym. in 
the SM 

So it is either coupled to a (yet unseen) fifth force

or

It is not a real symmetry, it is broken
Double beta decay, proton decay 

[See Ray’s talk]
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perturbative theory of the 

QCD string)
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Nowadays  we also understand and can calculate in several non-
perturbative corners (e.g. M-theory)

Consistent, UV-finite, 
perturbative Feynman 

diagrams including gravitons

Different vibration modes 
of the string have different 

masses & spins 
= different particles

Neutrino

Graviton

UV-finite 
completion of 

General Relativity

Explicit counting of BH microstates (entropy)

S =
A
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Just like many physical systems (e.g. 
ferromagnets, water…) can have 

many different phases,

ST predicts that quantum 
gravity, too has many 

phases (vacua), collectively 
dubbed the String 

Landscape 

At low energies, most phases look like Einstein gravity + 
matter in some # of dimensions, d  11
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(No such upper bound in QFT or other QG approaches)
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<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.



At low energies, any of these phases looks like
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<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.



At low energies, any of these phases looks like
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<latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit>
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<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.

However: every time this happens, there are effects, 
either at low energies or beyond, that break the 

symmetry



At low energies, any of these phases looks like
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<latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit>

LEFT � 1

2
@µ�@

µ�
<latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit>

� ! �+ c
<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.

However: every time this happens, there are effects, 
either at low energies or beyond, that break the 

symmetry
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<latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit>



At low energies, any of these phases looks like
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<latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit>

LEFT � 1

2
@µ�@

µ�
<latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit>

� ! �+ c
<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.

However: every time this happens, there are effects, 
either at low energies or beyond, that break the 

symmetry
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<latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit>

(can compute because ST is UV-complete!)



At low energies, any of these phases looks like
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<latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit>

LEFT � 1
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<latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit>

� ! �+ c
<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.

However: every time this happens, there are effects, 
either at low energies or beyond, that break the 

symmetry
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<latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit>

(can compute because ST is UV-complete!)

After 40 years of ST, and literal millions of vacua checked, not a single 
one has emerged with a global symmetry.



At low energies, any of these phases looks like
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<latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit><latexit sha1_base64="qCTPyYtID1gFEUvqieVJLV5ALyw="></latexit>
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<latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit><latexit sha1_base64="q56F331wKfEVfYBdfcXUL6doG7U="></latexit>

� ! �+ c
<latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit><latexit sha1_base64="3u7bYttjRBmVOhaXdG4wXe/7wgU=">AAACDnicbVDLSsNAFJ3UV62vqODGzWARBKEkIuiy6MZlBfuANpTJ9KYZOsmEmYlSYv/Bb3Cra3fi1l9w6Z84qVnY1rM6955zufceP+FMacf5skpLyyura+X1ysbm1vaOvbvXUiKVFJpUcCE7PlHAWQxNzTSHTiKBRD6Htj+6zvX2PUjFRHynxwl4ERnGLGCUaNPq2we9JGQ9yYahJlKKB5zXp7RvV52aMwVeJG5BqqhAo29/9waCphHEmnKiVNd1Eu1lRGpGOUwqvVRBQuiIDKFraEwiUF42vX+CjwMhsQ4BT+u/3oxESo0j33giokM1r+XN/7RuqoNLL2NxkmqIqbEYLUg51gLnMeABk0A1HxtCqGTmSkxDIgnVJqyZLcq8E8JgUjGZuPMJLJLWWc11au7tebV+VaRTRofoCJ0gF12gOrpBDdREFD2iZ/SCXq0n6816tz5+rSWrmNlHM7A+fwAYA5yC</latexit>

where LEFT
<latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit><latexit sha1_base64="JjD26EtF86NVyKn1I4F2SnJcPGk=">AAACEHicbVC7TsNAEDzzDOFloEGisYiQqCIbIUEZgUAUFEHKS0os63zZJKecH7pbIyLLfATfQAs1HaLlDyj5E84hBUmYanZnVrs7fiy4Qtv+MhYWl5ZXVgtrxfWNza1tc2e3oaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wMteb9yAVj8IajmJwA9oPeY8zirrlmfudgOKAUZHeZl7aQXjA9Oq6lmWeWbLL9hjWPHEmpEQmqHrmd6cbsSSAEJmgSrUdO0Y3pRI5E5AVO4mCmLIh7UNb05AGoNx0/EFmHfUiaeEArHH915vSQKlR4GtPfqma1fLmf1o7wd65m/IwThBCpi1a6yXCwsjKg7C6XAJDMdKEMsn1lRYbUEkZ6rimtij9zgC6WVFn4swmME8aJ2XHLjt3p6XKxSSdAjkgh+SYOOSMVMgNqZI6YeSRPJMX8mo8GW/Gu/Hxa10wJjN7ZArG5w9nUJ3S</latexit>

can have global symmetries, e.g.

However: every time this happens, there are effects, 
either at low energies or beyond, that break the 

symmetry
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<latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit><latexit sha1_base64="AGygm9c1UISlEuWXF12vokBOT84=">AAACFnicbZA7T8MwFIWd8irlFWBEQhEVUhmoEoQEYwULC1IR9CE1aeS4N41V5yHbQaqibPwIfgMrzGyIlZWRf4JbMtDCmY7vOZZ9Py9hVEjT/NRKC4tLyyvl1cra+sbmlr690xZxygm0SMxi3vWwAEYjaEkqGXQTDjj0GHS80eUk79wDFzSO7uQ4ASfEw4j6lGCpRq6+b/sckwz62fFtnmfXbrM/yG0Si5qdBPTI1atm3ZzK+GuswlRRoaarf9mDmKQhRJIwLETPMhPpZJhLShjkFTsVkGAywkPoKRvhEISTTffIjUM/5oYMwJief3czHAoxDj3VCbEMxHw2Gf6X9VLpnzsZjZJUQkRURWV+ygwZGxMcxoByIJKNlcGEU/VLgwRYIZEK2swrQq0TwCCvKCbWPIG/pn1St8y6dXNabVwUdMpoDx2gGrLQGWqgK9RELUTQA3pCz+hFe9RetTft/ada0oo7u2hG2sc3G1SftQ==</latexit>

(can compute because ST is UV-complete!)

No GS in the ST Landscape

After 40 years of ST, and literal millions of vacua checked, not a single 
one has emerged with a global symmetry.



If this sounds a bit “botanical”, its because it is. 
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If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=

AdS/CFT  + Noether's theorem 
= No Global symmetries



If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=Exact 
charge Q

AdS/CFT  + Noether's theorem 
= No Global symmetries



If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=Exact 
charge Q

Exact 
charge Q

AdS/CFT  + Noether's theorem 
= No Global symmetries



If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=Exact 
charge Q

Exact 
charge Q
Q $ Jµ

<latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit>

(Noether)

AdS/CFT  + Noether's theorem 
= No Global symmetries



If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=Exact 
charge Q

Exact 
charge Q
Q $ Jµ

<latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit>

(Noether)
Aµ

<latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit>

(Gauge field)

AdS/CFT  + Noether's theorem 
= No Global symmetries

Holographic dictionary



If this sounds a bit “botanical”, its because it is. 

A setup where we can give a general proof: holography
[Ooguri-Harlow ’18, …]

Simplifying a bit,  

Sketch of proof: 

AdSd
<latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit><latexit sha1_base64="NB2jiSqbvQLAt4niChjL4qIe1QU=">AAACAnicbVC7TsNAEDzzDOEVoKSxiJCoIhshQRmgoQyCPKTYis7ndXzK+aG7NSKy3PENtFDTIVp+hJI/4RJckISpZndmtbvjpYIrtKwvY2l5ZXVtvbJR3dza3tmt7e13VJJJBm2WiET2PKpA8BjayFFAL5VAI09A1xtdT/TuA0jFk/gexym4ER3GPOCMom45DsIj5pf+XTHwB7W61bCmMBeJXZI6KdEa1L4dP2FZBDEyQZXq21aKbk4lciagqDqZgpSyER1CX9OYRqDcfHpzYR4HiTQxBHNa//XmNFJqHHnaE1EM1bw2af6n9TMMLtycx2mGEDNt0VqQCRMTc/K66XMJDMVYE8ok11eaLKSSMtQBzWxR+p0Q/KKqM7HnE1gkndOGbTXs27N686pMp0IOyRE5ITY5J01yQ1qkTRhJyTN5Ia/Gk/FmvBsfv9Ylo5w5IDMwPn8ADD2YNA==</latexit>

CFTd�1
<latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit><latexit sha1_base64="WGe1DbfPYfDEBJHqd7t2qI491qM=">AAACCHicbZDLSsNAFIYn9VbrLerSTbAIbiyJCLosFsRlhd6gDWEyPW2HTi7MnBRLyAv4DG517U7c+hYufROnNQvb+q/+Of8/zJnPjwVXaNtfRmFtfWNzq7hd2tnd2z8wD49aKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y9rs7w9Aal4FDZwGoMb0GHIB5xR1CPPNHsIj5jW7hqZl/YvnMwzy3bFnstaNU5uyiRX3TO/e/2IJQGEyARVquvYMboplciZgKzUSxTElI3pELrahjQA5abzzTPrbBBJC0dgzc9/uykNlJoGvu4EFEdqOZsN/8u6CQ5u3JSHcYIQMl3R2SARFkbWDIDV5xIYiqk2lEmut7TYiErKUGNaeEXp74ygn5U0E2eZwKppXVYcu+I8XJWrtzmdIjkhp+ScOOSaVMk9qZMmYWRCnskLeTWejDfj3fj4rRaM/M4xWZDx+QMerJnI</latexit>

=Exact 
charge Q

Exact 
charge Q
Q $ Jµ

<latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit><latexit sha1_base64="qNOfOGU+z3yxZBs7E8eW57vjDGU=">AAACDnicbZC7TsMwFIYdrqXcCkgsLBYVElOVICQYK1gQUyvRi9RUkeOeNFadi+wTUFX6DjwDK8xsiJVXYORNcEsG2vJPv8//Wz7+/FQKjbb9ZS0tr6yurRc2iptb2zu7pb39pk4yxaHBE5mots80SBFDAwVKaKcKWORLaPmD60neugelRRLf4TCFbsT6sQgEZ2hGXumw7koIUIl+iEyp5IHeem6UeaWyXbGnoovGyU2Z5Kp5pW+3l/Asghi5ZFp3HDvF7ogpFFzCuOhmGlLGB6wPHWNjFoHujqb7j+lJkCiKIdDp+W93xCKth5FvOhHDUM9nk+F/WSfD4LI7EnGaIcTcVEwWZJJiQicYaE8o4CiHxjCuhNmS8pApxtHAmnlFm++E0BsXDRNnnsCiaZ5VHLvi1M/L1aucToEckWNyShxyQarkhtRIg3DySJ7JC3m1nqw36936+K0uWfmdAzIj6/MHQTucnQ==</latexit>

(Noether)
Aµ

<latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit><latexit sha1_base64="rMZxCe1VBHEZSvqzWwORluc3SBU=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQBGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1abl3gwHUTasN+ymPQdZJU5JGlCiPax/D0YJyyKMNRNUqb5jp9rLqdScCSxqg0xhStmEjrFvaEwjVF4+P7YgZ0EiiQ6RzOu/3pxGSk0j33giqkO1rM2a/2n9TAfXXs7jNNMYM2MxWpAJohMy+5mMuESmxdQQyiQ3VxIWUkmZNsksbFHmnRBHRc1k4iwnsEo6F03HbjoPl43WbZlOFU7gFM7BgStowT20wQUGHJ7hBV6twnqz3q2PX2vFKmeOYQHW5w9H4pT4</latexit>

(Gauge field)

One caveat: Noether's theorem is not a theorem in QFT

AdS/CFT  + Noether's theorem 
= No Global symmetries

Holographic dictionary



To sum up, there’s good reason to believe that there are no global 
symmetries in String Theory and holography. 



But this statement, by itself, seems a bit toothless

To sum up, there’s good reason to believe that there are no global 
symmetries in String Theory and holography. 



But this statement, by itself, seems a bit toothless

e.g.  take again the example of (B-L)

To sum up, there’s good reason to believe that there are no global 
symmetries in String Theory and holography. 



But this statement, by itself, seems a bit toothless

e.g.  take again the example of (B-L)

If is broken by operators suppressed by e.g

10�10000
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e.g.  take again the example of (B-L)

If is broken by operators suppressed by e.g
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then, for all intends and purposes, B-L is a global symmetry.

To sum up, there’s good reason to believe that there are no global 
symmetries in String Theory and holography. 

So how small can the breaking be? 

We can answer quantitatively! in ST e�S
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This is the entropy of the smallest BH that makes sense in ST
(smaller BH’s immediately decay to a cloud of strings)

and they all found that symmetries can be broken by 
exponentially small effects, suppressed as (in 4d) 

[Daus-Hebecker-Lenohardt-March Russell ’20, Ohmori-Cordova-Rudelius ’21, 
Chen-Lin ’20, Hsin-Iliesiu-Yang ’21, Bah-Chen-Maldacena ’22,]

There have been a few studies in this question,
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This is the entropy of the smallest BH that makes sense in ST
(smaller BH’s immediately decay to a cloud of strings)

and this allows us to connect to the heuristic arguments and 
recent calculations in Euclidean QG, 

which do not assume String Theory.

and they all found that symmetries can be broken by 
exponentially small effects, suppressed as (in 4d) 

[Daus-Hebecker-Lenohardt-March Russell ’20, Ohmori-Cordova-Rudelius ’21, 
Chen-Lin ’20, Hsin-Iliesiu-Yang ’21, Bah-Chen-Maldacena ’22,]

There have been a few studies in this question,



The no GS conjecture was originally based on a heuristic BH 
argument that had nothing to do with ST.  The story goes,
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2. Throw it into a black hole



The no GS conjecture was originally based on a heuristic BH 
argument that had nothing to do with ST.  The story goes,

1. Get a global charge

Q
<latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit>

Q
<latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit>

2. Throw it into a black hole

3. Let BH fully evaporate



The no GS conjecture was originally based on a heuristic BH 
argument that had nothing to do with ST.  The story goes,

1. Get a global charge

Q
<latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit>

Q
<latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit><latexit sha1_base64="KQmRvR95FgHJCbnRBm52QPNDF6E=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJSxRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4IrbdtfVmVjc2t7p7pb29s/ODyqH590VZJJhh2WiET2fapQ8Bg7mmuB/VQijXyBPX96P9d7TygVT+JHnafoRXQS84Azqk3LdUf1ht20FyDrxClJA0q0R/Xv4ThhWYSxZoIqNXDsVHsFlZozgbPaMFOYUjalExwYGtMIlVcsDp2RiyCRRIdIFvVfb0EjpfLIN56I6lCtavPmf9og08GtV/A4zTTGzFiMFmSC6ITM/yVjLpFpkRtCmeTmSsJCKinTJpWlLcq8E+J4VjOZOKsJrJPuVdOxm4573WjdlelU4QzO4RIcuIEWPEAbOsAA4Rle4NXKrTfr3fr4tVascuYUlmB9/gA/oJND</latexit>

2. Throw it into a black hole

3. Let BH fully evaporate 4. Global charge is gone

Q = 0
<latexit sha1_base64="nqWaZGOw5jexmDU4dm0QNi3OPUM=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIREjRIETSUiSAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AOLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43ucv17hNKxePoUU8TdEM6jrjPGdWm9dC6sYfVml235yCrxClIDQo0h9XvwShmaYiRZoIq1XfsRLsZlZozgbPKIFWYUDahY+wbGtEQlZvNT52RMz+WRAdI5vVfb0ZDpaahZzwh1YFa1vLmf1o/1f61m/EoSTVGzFiM5qeC6JjkH5MRl8i0mBpCmeTmSsICKinTJpeFLcq8E+BoVjGZOMsJrJLORd2x607rsta4LdIpwwmcwjk4cAUNuIcmtIHBGJ7hBV6tzHqz3q2PX2vJKmaOYQHW5w82DZPE</latexit><latexit sha1_base64="nqWaZGOw5jexmDU4dm0QNi3OPUM=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIREjRIETSUiSAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AOLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43ucv17hNKxePoUU8TdEM6jrjPGdWm9dC6sYfVml235yCrxClIDQo0h9XvwShmaYiRZoIq1XfsRLsZlZozgbPKIFWYUDahY+wbGtEQlZvNT52RMz+WRAdI5vVfb0ZDpaahZzwh1YFa1vLmf1o/1f61m/EoSTVGzFiM5qeC6JjkH5MRl8i0mBpCmeTmSsICKinTJpeFLcq8E+BoVjGZOMsJrJLORd2x607rsta4LdIpwwmcwjk4cAUNuIcmtIHBGJ7hBV6tzHqz3q2PX2vJKmaOYQHW5w82DZPE</latexit><latexit sha1_base64="nqWaZGOw5jexmDU4dm0QNi3OPUM=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIREjRIETSUiSAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AOLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43ucv17hNKxePoUU8TdEM6jrjPGdWm9dC6sYfVml235yCrxClIDQo0h9XvwShmaYiRZoIq1XfsRLsZlZozgbPKIFWYUDahY+wbGtEQlZvNT52RMz+WRAdI5vVfb0ZDpaahZzwh1YFa1vLmf1o/1f61m/EoSTVGzFiM5qeC6JjkH5MRl8i0mBpCmeTmSsICKinTJpeFLcq8E+BoVjGZOMsJrJLORd2x607rsta4LdIpwwmcwjk4cAUNuIcmtIHBGJ7hBV6tzHqz3q2PX2vJKmaOYQHW5w82DZPE</latexit><latexit sha1_base64="nqWaZGOw5jexmDU4dm0QNi3OPUM=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIREjRIETSUiSAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AOLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43ucv17hNKxePoUU8TdEM6jrjPGdWm9dC6sYfVml235yCrxClIDQo0h9XvwShmaYiRZoIq1XfsRLsZlZozgbPKIFWYUDahY+wbGtEQlZvNT52RMz+WRAdI5vVfb0ZDpaahZzwh1YFa1vLmf1o/1f61m/EoSTVGzFiM5qeC6JjkH5MRl8i0mBpCmeTmSsICKinTJpeFLcq8E+BoVjGZOMsJrJLORd2x607rsta4LdIpwwmcwjk4cAUNuIcmtIHBGJ7hBV6tzHqz3q2PX2vJKmaOYQHW5w82DZPE</latexit>



The no GS conjecture was originally based on a heuristic BH 
argument that had nothing to do with ST.  The story goes,

1. Get a global charge

Q
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2. Throw it into a black hole

3. Let BH fully evaporate 4. Global charge is gone

Q = 0
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Many caveats, but since a few years back, we have a more solid 
version of this, based on Gravitational Path Integral techniques.
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Gravitational Path Integral = Euclidean semiclassical 
gravity 

Idea:  QG observables can be computed by fixing asymptotics in 
analytic continuation to Euclidean signature, and summing over 

saddles

E.g. BH free energy/entropy  = Action of Euclidean BH saddle 

(many precision tests e.g. 
counting of AdS BH's, etc)

ZCFT =
X

AdS saddles

e�SBulk action
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+derivation of Unruh/Hawking effect,  Wald entropy formula…

Also, has led to a precise formula to compute 
entanglement entropies in CFT via AdS/CFT (Ryu-

Takayanagi), which passed many checks
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complicated topology restores 

unitarity to low-energy GPI 
calculations

For instance, including wormholes produces a unitary Page 
curve for black holes (expected from unitary BH evaporation)

Wormholes also 
solve the bag of 

gold problem
SQFT-inside �

A
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And give non-degenerate EFT for extremal BH’s

[Pennington ’19,  Alhmeri-Engelhart-Marolf-Maxfield ’19]

[Valasubram
anian-

Magan-
Sasieta ’22, 

…]

[Turiaci ’23]
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|fi
<latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit>

Consider 
evolution to

A = |hf |ii|2
<latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit>

Wanna compute



These Euclidean wormholes also lead to violation of global 
symmetries behind BH horizons.

[Bah-Chen-Maldacena ’22]

Setting: scattering of spherical shells (in AdS, but just a regulator) 

Gravitational
collapse

Compact object
(black hole, or whatever)

|ii
<latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit>

|fi
<latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit>

AEFT = |hf |ii|2 = 0
<latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit>

due to global symmetry

Consider 
evolution to

A = |hf |ii|2
<latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit>

Wanna compute



These Euclidean wormholes also lead to violation of global 
symmetries behind BH horizons.

[Bah-Chen-Maldacena ’22]

Setting: scattering of spherical shells (in AdS, but just a regulator) 

Gravitational
collapse

Compact object
(black hole, or whatever)

|ii
<latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit>

|fi
<latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit>

AEFT = |hf |ii|2 = 0
<latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit>

due to global symmetry

Consider 
evolution to

A = |hf |ii|2
<latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit>

Wanna compute

AWormhole = |hf |ii|2 ⇠ e�SBH(E)
<latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit>

E= Shell energy



These Euclidean wormholes also lead to violation of global 
symmetries behind BH horizons.

[Bah-Chen-Maldacena ’22]

Setting: scattering of spherical shells (in AdS, but just a regulator) 

Gravitational
collapse

Compact object
(black hole, or whatever)

|ii
<latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit><latexit sha1_base64="Gv/J/qH6RBBgQItUzQkbC7ye6x8=">AAACB3icbVC7TsNAEFyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7s5IkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIBFfacb6sytr6xuZWdbu2s7u3X7cPDrsqzSXDDktFKh8CqlDwBDuaa4EPmUQaBwJ7wfhmpvceUSqeJvd6kqEf01HCQ86oNq2BXfeMqgknnqTJSODAbjhNZw6yStySNKBEe2B/e8OU5TEmmgmqVN91Mu0XVGrOBE5rXq4wo2xMR9g3NKExKr+YHz4lp2EqiY6QzOu/3oLGSk3iwHhiqiO1rM2a/2n9XIdXfsGTLNeYMGMxWpgLolMy+58MuUSmxcQQyiQ3VxIWUUmZNiktbFHmnQiH05rJxF1OYJV0z5uu03TvLhqt6zKdKhzDCZyBC5fQgltoQwcY5PAML/BqPVlv1rv18WutWOXMESzA+vwBOiuZSg==</latexit>

|fi
<latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit><latexit sha1_base64="IKgVdpjYSwQuBxKegvWxaYxRcEc=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkKCMoKEMEkmQYis6X9bxKeeH7tZIkZUP4BtooaZDtHwGJX/CJbggCVPN7sxqdyfIpNDoOF9WZW19Y3Orul3b2d3br9sHh12d5opDh6cyVQ8B0yBFAh0UKOEhU8DiQEIvGN/M9N4jKC3S5B4nGfgxGyUiFJyhaQ3sumdUpCH1FEtGEgZ2w2k6c9BV4pakQUq0B/a3N0x5HkOCXDKt+66ToV8whYJLmNa8XEPG+JiNoG9owmLQfjE/fEpPw1RRjIDO67/egsVaT+LAeGKGkV7WZs3/tH6O4ZVfiCTLERJuLEYLc0kxpbP/6VAo4CgnhjCuhLmS8ogpxtGktLBFm3ciGE5rJhN3OYFV0j1vuk7TvbtotK7LdKrkmJyQM+KSS9Iit6RNOoSTnDyTF/JqPVlv1rv18WutWOXMEVmA9fkDNVqZRw==</latexit>

AEFT = |hf |ii|2 = 0
<latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit><latexit sha1_base64="ePrMglB2M0r4YWkN5bvMhdlcYqE="></latexit>

due to global symmetry

Consider 
evolution to

A = |hf |ii|2
<latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit><latexit sha1_base64="P3ElF4DxQLvdzeIlHCvAbAKTboc=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiKkmFBAtSgYWxSPQhNaVy3JvWquNEtoNURf0MPoJvYIWZDcHYP8EJHWjLnc6551jX5/gxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR7eZ3noCqVgkHvQ4hm5IBoIFjBJtVj37zAuJHlLC0+vJlWec2uNEDDjgIGeYeTLnOXus9uyyU3HywcvAnYEymk29Z0+9fkSTEISmnCjVcZ1Yd1MiNaMcJiUvURATOiID6BgoSAiqm+bBJvgkiCTWQ8A5/+tNSajUOPSNJwugFrVs+Z/WSXRw2U2ZiBMNghqL0YKEYx3hrB/cZxKo5mMDCJXM/BLTIZGEatPi3BVl4gyhPymZTtzFBpZBs1pxnYp7f16u3czaKaIjdIxOkYsuUA3doTpqIIqe0St6Q+/Wi/VhfVpfv9aCNXtziObGmv4AV2inNQ==</latexit>

Wanna compute

AWormhole = |hf |ii|2 ⇠ e�SBH(E)
<latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit><latexit sha1_base64="zqho6wynHn/Z6EiHnxmxEduMVmc="></latexit>

E= Shell energy

Thus, no GS comes from trustworthy Euclidean gravity rules



Can make similar arguments in flat space: 

b
<latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit>

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>



Can make similar arguments in flat space: 

b
<latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit>

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH



Can make similar arguments in flat space: 

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

b
<latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit>



Can make similar arguments in flat space: 

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

b
<latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit> rS<latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit>



Can make similar arguments in flat space: 

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

b
<latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit><latexit sha1_base64="B7iUzI1Lf/ou/AaEtnhUT28fvgM=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abV9kd23Wk4C5B14pakDiVaI/t7OE5YFmGsmaBKDVwn1V5BpeZM4Kw2zBSmlE3pBAeGxjRC5RWLQ2fkIkgk0SGSRf3XW9BIqTzyjSeiOlSr2rz5nzbIdHDrFTxOM40xMxajBZkgOiHzf8mYS2Ra5IZQJrm5krCQSsq0SWVpizLvhDie1Uwm7moC66R71XCdhtu+rjfvynSqcAbncAku3EATHqAFHWCA8Awv8Grl1pv1bn38WitWOXMKS7A+fwBaY5NU</latexit> rS<latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit><latexit sha1_base64="3495gEH3f49Iamh6D5hQdH9NSwQ=">AAAB+XicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGREuijSUGQRK4kL1ljtuwd3vZ3TMhF36CrdZ2xtZfY+k/ccErBHzVm3lvMjMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVTdgGoUPMG24UZgN1VI40DgYzC+nemPT6g0l8mDmaTox3SU8JAzamyrpQatQbXm1t05yCrxClKDAs1B9bs/lCyLMTFMUK17npsaP6fKcCZwWulnGlPKxnSEPUsTGqP28/mpU3IWSkVMhGRe//XmNNZ6EgfWE1MT6WVt1vxP62UmvPZznqSZwYRZi9XCTBAjyexjMuQKmRETSyhT3F5JWEQVZcbmsrBF23ciHE4rNhNvOYFV0rmoe27du7+sNW6KdMpwAqdwDh5cQQPuoAltYDCCZ3iBVyd33px35+PXWnKKmWNYgPP5A9cDlCo=</latexit>



Can make similar arguments in flat space: 

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

that then decays in a charge-violating way

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>



Can make similar arguments in flat space: 

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

that then decays in a charge-violating way

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

e�SBH(ECM)
<latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit>

with an amplitude going like



Can make similar arguments in flat space: 

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

that then decays in a charge-violating way

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

SBH(ECM) ! SBH

✓
1

⇤

◆
=

M2

P

⇤2
<latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit>

e�SBH(ECM)
<latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit>

with an amplitude going like

If we push this to the limits of EFT, to the cutoff,



Can make similar arguments in flat space: 

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

that then decays in a charge-violating way

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

SBH(ECM) ! SBH

✓
1

⇤

◆
=

M2

P

⇤2
<latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit>

e�SBH(ECM)
<latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit><latexit sha1_base64="ULSDZ24T0HXAJxcEt3QlT/iKyjU=">AAACGXicbVA9TwJBEN3DL8Qv1NLmlJhgIbkzJloSiAmNCUb5SADJ3jLAhr2P7M4ZyeVqf4S/wVZrO2NrZek/cUFMBHzVm3lvMjPPCQRXaFmfRmJhcWl5JbmaWlvf2NxKb+9UlR9KBhXmC1/WHapAcA8qyFFAPZBAXUdAzRkUR3rtDqTivneDwwBaLu15vMsZRd1qp/fhNjq+bkdNhHuMCqU4zl78VsXLOD6K2+mMlbPGMOeJPSEZMkG5nf5qdnwWuuAhE1Sphm0F2IqoRM4ExKlmqCCgbEB70NDUoy6oVjR+JTYPu740sQ/muP7rjair1NB1tMel2Fez2qj5n9YIsXveirgXhAge0xatdUNhom+OEjE7XAJDMdSEMsn1lSbrU0kZ6tymtij9Th86cUpnYs8mME+qJznbytlXp5l8YZJOkuyRA5IlNjkjeVIiZVIhjDyQJ/JMXoxH49V4M95/rAljMrNLpmB8fAPOUKEu</latexit>

ABreaking ⇠ e�
M2

P
⇤2

<latexit sha1_base64="zuGU1drpEB6hRXr8oaVPF792KHU="></latexit><latexit sha1_base64="zuGU1drpEB6hRXr8oaVPF792KHU="></latexit><latexit sha1_base64="zuGU1drpEB6hRXr8oaVPF792KHU="></latexit><latexit sha1_base64="zuGU1drpEB6hRXr8oaVPF792KHU="></latexit>

with an amplitude going like

If we push this to the limits of EFT, to the cutoff,



Can make similar arguments in flat space: 

b . 2GECM
<latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit><latexit sha1_base64="CzQvhuR2/f6jb2fGDBizLyAwDbM=">AAACDXicbZDLSgMxGIUzXmu9jYorN8EiuJAyUwRdFovoRqhgL9AZhkz6TxuauZBkhDLMM/gMbnXtTtz6DC59E9M6C9t6Vif/OSF/Pj/hTCrL+jKWlldW19ZLG+XNre2dXXNvvy3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4o8Yk7zyCkCyOHtQ4ATckg4gFjBKlR5556DscpJQsxLUb5wxfe1njLvfMilW1psKLxi5MBRVqeua3049pGkKkKCdS9mwrUW5GhGKUQ152UgkJoSMygJ62EQlButl0/RyfBLHAagh4ev7bzUgo5Tj0dSckaijns8nwv6yXquDSzViUpAoiqis6C1KOVYwnFHCfCaCKj7UhVDC9JaZDIghVmtXMK1J/Zwj9vKyZ2PMEFk27VrWtqn1/XqlfFXRK6Agdo1NkowtUR7eoiVqIogw9oxf0ajwZb8a78fFbXTKKOwdoRsbnD7OJmxY=</latexit>

If semiclassically you form a BH

that then decays in a charge-violating way

ECM =
p
s

<latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit><latexit sha1_base64="gbRg3vhxrpT+vMYcsaJcp9u334U=">AAACB3icbVDLSsNAFJ3UV62PRl26GSyCq5KIoBuhWAQ3QgX7gDaEyfSmGTp5ODMRSsgH+A1ude1O3PoZLv0TpzUL23pW595zLvfe4yWcSWVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmngkKbxjwWPY9I4CyCtmKKQy8RQEKPQ9cbN6d69xGEZHF0ryYJOCEZRcxnlCjdcs3qtZs1b/PLgXwQKpO5a9asujUDXiZ2QWqoQMs1vwfDmKYhRIpyImXfthLlZEQoRjnklUEqISF0TEbQ1zQiIUgnmx2e42M/FlgFgGf1X29GQiknoac9IVGBXNSmzf+0fqr8CydjUZIqiKi2aM1POVYxnv6Ph0wAVXyiCaGC6SsxDYggVOmU5rZI/U4Aw7yiM7EXE1gmndO6bdXtu7Na46pIp4wO0RE6QTY6Rw10g1qojShK0TN6Qa/Gk/FmvBsfv9aSUcwcoDkYnz/PW5mp</latexit>

SBH(ECM) ! SBH

✓
1
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◆
=

M2

P

⇤2
<latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit><latexit sha1_base64="V5S2BooWx/Kk4tz0Muoo1tI/FMY="></latexit>

e�SBH(ECM)
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with an amplitude going like

If we push this to the limits of EFT, to the cutoff,

Exactly what 
we got from 

String Theory!
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Ok, fine. So there are pretty general arguments to expect no GS 
in QG… right?

Well, yes, but they have assumptions. 

There are some technical ones (GPI, wormholes), but these 
hinge on two physical assumptions:

Your QG theory contains black holes,
(i.e.  long-lived very massive objects with a large degeneracy of 

states, accurately counted by the BH entropy formula)

and ordinary states can collapse and form black holes. 

String theory vacua in d>3 have these two 
properties.

(So no wonder that we found no global symmetries!)

[Borissova-Eichhorn-Ray ’24, Basile-Knorr-Platania-Schiffer '25]
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More generally, I’d expect any QG model with BH’s that 
can be formed via collapse has no exact global 

symmetries.

LQG gets BH entropy, so I’d expect no GS there, but not 
developed enough to tell?

Asymptotic Safety: Can attack questions of EFT+gravity
but recent papers saw no evidence of GS violation 

So the question becomes: In which models is 
this not true?
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by conformal RG fixed-pt, with entropy density growing 
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Can I form these via e.g. low impact parameter, high center-
of-mass energy scattering?
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<latexit sha1_base64="1MHrbwo6Q+IrlPVr1iaQ4/i4ecs=">AAACBHicbVC7TsNAEDyHVwivACXNiQiJhshGSNARgZAogyAPKXGi83mdnHJnW3dnpMhyyzfQQk2HaPkPSv6ES3BBEqaa3ZnV7o4Xc6a0bX9ZhaXlldW14nppY3Nre6e8u9dUUSIpNGjEI9n2iALOQmhopjm0YwlEeBxa3uh6orceQSoWhQ96HIMryCBkAaNEm1bvvquYwDe91D9xsst+uWJX7SnwInFyUkE56v3yd9ePaCIg1JQTpTqOHWs3JVIzyiErdRMFMaEjMoCOoSERoNx0enWGj4JIYj0EPK3/elMilBoLz3gE0UM1r02a/2mdRAcXbsrCONEQUmMxWpBwrCM8eR77TALVfGwIoZKZKzEdEkmoNhHNbFHmnSH4Wclk4swnsEiap1XHrjp3Z5XaVZ5OER2gQ3SMHHSOaugW1VEDUSTRM3pBr9aT9Wa9Wx+/1oKVz+yjGVifPyjOmCg=</latexit><latexit sha1_base64="1MHrbwo6Q+IrlPVr1iaQ4/i4ecs=">AAACBHicbVC7TsNAEDyHVwivACXNiQiJhshGSNARgZAogyAPKXGi83mdnHJnW3dnpMhyyzfQQk2HaPkPSv6ES3BBEqaa3ZnV7o4Xc6a0bX9ZhaXlldW14nppY3Nre6e8u9dUUSIpNGjEI9n2iALOQmhopjm0YwlEeBxa3uh6orceQSoWhQ96HIMryCBkAaNEm1bvvquYwDe91D9xsst+uWJX7SnwInFyUkE56v3yd9ePaCIg1JQTpTqOHWs3JVIzyiErdRMFMaEjMoCOoSERoNx0enWGj4JIYj0EPK3/elMilBoLz3gE0UM1r02a/2mdRAcXbsrCONEQUmMxWpBwrCM8eR77TALVfGwIoZKZKzEdEkmoNhHNbFHmnSH4Wclk4swnsEiap1XHrjp3Z5XaVZ5OER2gQ3SMHHSOaugW1VEDUSTRM3pBr9aT9Wa9Wx+/1oKVz+yjGVifPyjOmCg=</latexit><latexit sha1_base64="1MHrbwo6Q+IrlPVr1iaQ4/i4ecs=">AAACBHicbVC7TsNAEDyHVwivACXNiQiJhshGSNARgZAogyAPKXGi83mdnHJnW3dnpMhyyzfQQk2HaPkPSv6ES3BBEqaa3ZnV7o4Xc6a0bX9ZhaXlldW14nppY3Nre6e8u9dUUSIpNGjEI9n2iALOQmhopjm0YwlEeBxa3uh6orceQSoWhQ96HIMryCBkAaNEm1bvvquYwDe91D9xsst+uWJX7SnwInFyUkE56v3yd9ePaCIg1JQTpTqOHWs3JVIzyiErdRMFMaEjMoCOoSERoNx0enWGj4JIYj0EPK3/elMilBoLz3gE0UM1r02a/2mdRAcXbsrCONEQUmMxWpBwrCM8eR77TALVfGwIoZKZKzEdEkmoNhHNbFHmnSH4Wclk4swnsEiap1XHrjp3Z5XaVZ5OER2gQ3SMHHSOaugW1VEDUSTRM3pBr9aT9Wa9Wx+/1oKVz+yjGVifPyjOmCg=</latexit><latexit sha1_base64="1MHrbwo6Q+IrlPVr1iaQ4/i4ecs=">AAACBHicbVC7TsNAEDyHVwivACXNiQiJhshGSNARgZAogyAPKXGi83mdnHJnW3dnpMhyyzfQQk2HaPkPSv6ES3BBEqaa3ZnV7o4Xc6a0bX9ZhaXlldW14nppY3Nre6e8u9dUUSIpNGjEI9n2iALOQmhopjm0YwlEeBxa3uh6orceQSoWhQ96HIMryCBkAaNEm1bvvquYwDe91D9xsst+uWJX7SnwInFyUkE56v3yd9ePaCIg1JQTpTqOHWs3JVIzyiErdRMFMaEjMoCOoSERoNx0enWGj4JIYj0EPK3/elMilBoLz3gE0UM1r02a/2mdRAcXbsrCONEQUmMxWpBwrCM8eR77TALVfGwIoZKZKzEdEkmoNhHNbFHmnSH4Wclk4swnsEiap1XHrjp3Z5XaVZ5OER2gQ3SMHHSOaugW1VEDUSTRM3pBr9aT9Wa9Wx+/1oKVz+yjGVifPyjOmCg=</latexit>

Can I form these via e.g. low impact parameter, high center-
of-mass energy scattering?

If not: Is this a breaking of GR at low energies? (since horizon 
curvature remains small) Can it be used to make predictions?

(different from S =

✓
E

`Planck

◆d�2

<latexit sha1_base64="9zZNu4TnSlqXY0LtMc8rUGGcQGM="></latexit><latexit sha1_base64="9zZNu4TnSlqXY0LtMc8rUGGcQGM="></latexit><latexit sha1_base64="9zZNu4TnSlqXY0LtMc8rUGGcQGM="></latexit><latexit sha1_base64="9zZNu4TnSlqXY0LtMc8rUGGcQGM="></latexit>

that one gets from GR)

[Borissova-Eichhorn-Ray ’24, Basile-Knorr-Platania-Schiffer '25]



WOULD LOVE TO CHAT MORE!

General heuristics supported by 
 GPI calculations

Key assumptions: There are BH and we can 
form them dynamically Are these true in other QG approaches, like GS? 

Breaking seems controlled by 
entropy of smallest BH in the 
theory

Strong evidence for no exact 
global symmetries in String 
Theory and holography

Are we missing some other important aspect of the problem?



Dankeschön!



Approach #1: Put a lower bound on symmetry-violating 
amplitudes 

[Bah-Chen-Maldacena ’22]

2-to-2 amplitude

E � MP
<latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit>
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<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>



Approach #1: Put a lower bound on symmetry-violating 
amplitudes 

[Bah-Chen-Maldacena ’22]

2-to-2 amplitude

E � MP
<latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

A ⇠ e�SBH(E)
<latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit>



Approach #1: Put a lower bound on symmetry-violating 
amplitudes 

[Bah-Chen-Maldacena ’22]

2-to-2 amplitude

E � MP
<latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

A ⇠ e�SBH(E)
<latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit>

so extrapolating

Amin ⇠ e�SBH(⇤�1) ⇠ exp

✓
�M2

P

⇤2

◆

<latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit>

r ⇠ ⇤�1
<latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit>



Approach #1: Put a lower bound on symmetry-violating 
amplitudes 

[Bah-Chen-Maldacena ’22]

2-to-2 amplitude

E � MP
<latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit><latexit sha1_base64="xECKMV5LhI/pRrlLGm2nUre7c+k=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegCF6ECOYByRJmJ727Q2YfzMwKYQn4DV717E28+ise/RMncQ8msU7VXdV0d3mp4Erb9pdVWlldW98ob1a2tnd296r7B22VZJJhiyUikV2PKhQ8xpbmWmA3lUgjT2DHG11P9c4jSsWT+EGPU3QjGsTc54xq0+re9IOA3A2ag2rNrtszkGXiFKQGBYz/uz9MWBZhrJmgSvUcO9VuTqXmTOCk0s8UppSNaIA9Q2MaoXLz2b0TcuInkugQyaz+681ppNQ48ownojpUi9q0+Z/Wy7R/6eY8TjONMTMWo/mZIDoh07fJkEtkWowNoUxycyVhIZWUaRPO3BZl3glxOKmYTJzFBJZJ+6zu2HXn/rzWuCrSKcMRHMMpOHABDbiFJrSAgYBneIFX68l6s96tj19rySpmDmEO1ucPzPyVww==</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

�0
<latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit><latexit sha1_base64="3KqSGkuZQlMrRVwnMFIXgcGHdpo=">AAAB+3icbVC7TsNAEFyHVwivACXNiQhBFdkICcoIGsog4SRSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RJckISpZndmtbvjp4IrbdtfVmVtfWNzq7pd29nd2z+oHx51VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czfTuE0rFk/hRT1P0IjqOecAZ1ablDtKQnw/rDbtpz0FWiVOSBpRoD+vfg1HCsghjzQRVqu/YqfZyKjVnAovaIFOYUjahY+wbGtMIlZfPjy3IWZBIokMk8/qvN6eRUtPIN56I6lAta7Pmf1o/08GNl/M4zTTGzFiMFmSC6ITMfiYjLpFpMTWEMsnNlYSFVFKmTTILW5R5J8RRUTOZOMsJrJLOZdOxm87DVaN1W6ZThRM4hQtw4BpacA9tcIEBh2d4gVersN6sd+vj11qxypljWID1+QMfp5Te</latexit>

A ⇠ e�SBH(E)
<latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit><latexit sha1_base64="WlEOTgCW6+zPQxd3nxxvb4QwLJA=">AAACFnicbVC7SgNBFJ2Nrxhfq5aCDAYhFoZdEbSMESFlRPOAJIbZyd3skNkHM7NCWLbzI/wGW63txNbW0j9xNqYw0VOde8+53HuPE3EmlWV9GrmFxaXllfxqYW19Y3PL3N5pyjAWFBo05KFoO0QCZwE0FFMc2pEA4jscWs7oMtNb9yAkC4NbNY6g55NhwFxGidKtvrnf9YnyKOHJRdqVzMdwlxzf9JNqLS1dHaV9s2iVrQnwX2JPSRFNUe+bX91BSGMfAkU5kbJjW5HqJUQoRjmkhW4sISJ0RIbQ0TQgPsheMvkjxYduKLDyAE/q396E+FKOfUd7snvlvJY1/9M6sXLPewkLolhBQLVFa27MsQpxFgceMAFU8bEmhAqmr8TUI4JQpUOb2SL1Ox4M0oLOxJ5P4C9pnpRtq2xfnxYr1Wk6ebSHDlAJ2egMVVAN1VEDUfSAntAzejEejVfjzXj/seaM6cwumoHx8Q0+dJ8r</latexit>

so extrapolating

Amin ⇠ e�SBH(⇤�1) ⇠ exp

✓
�M2

P

⇤2

◆

<latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit><latexit sha1_base64="nDSAI5Kpql9kWF8VFtEokxtgqP0="></latexit>

r ⇠ ⇤�1
<latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit><latexit sha1_base64="pK8MDwFSkvy2LJxNoSUt0WomLyE=">AAACCXicbVC7TsNAEDzzDOHlQElzIkKiIbIREpQRNBQUQSIPKTbR+byOTzk/dHcGRZa/gG+ghZoO0fIVlPwJl+CCJEw1uzOr3R0v5Uwqy/oylpZXVtfWKxvVza3tnV2ztteRSSYotGnCE9HziATOYmgrpjj0UgEk8jh0vdHVRO8+gJAsie/UOAU3IsOYBYwSpVsDsyYcySLnRk/45D4/sYuBWbca1hR4kdglqaMSrYH57fgJzSKIFeVEyr5tpcrNiVCMciiqTiYhJXREhtDXNCYRSDefnl7goyARWIWAp/Vfb04iKceRpz0RUaGc1ybN/7R+poILN2dxmimIqbZoLcg4VgmeJIB9JoAqPtaEUMH0lZiGRBCqdE4zW6R+JwS/qOpM7PkEFknntGFbDfv2rN68LNOpoAN0iI6Rjc5RE12jFmojih7RM3pBr8aT8Wa8Gx+/1iWjnNlHMzA+fwDVyJor</latexit>

Matches what we find “experimentally” in string theory 
examples!



Approach #2:  Apply to generalized symmetries!

These are symmetries under which the charged objects are not 
particles, but strings, membranes…



Thank you!


