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WARMING UP

This is a quick hike through the Swampland.
We’ll briefly explain what the Swampland is, 

then cover some recent results emphasizing 
connections to various forms of geometry.

Just as in any nature hike, we will stop to observe the scenery
and I will ask some questions that hopefully lead to 

discussion
with any Swamp rangers we might encounter along the way





Please interrupt me!!
(This is an interactive review talk!)
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This thing is just a normal QFT Lagrangian — the EFT lagrangian

Let us draw the space
of all EFT’s

(finitely many fields, but 
nonrenorm. couplings 

etc allowed)

All QFTs
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Swampland Program:  Not every QFT is a low-
energy QFT of a quantum gravity, and we can say 

nontrivial constraints that things in the landscape must 
satisfy. 

If true, it is big news!

Constraints on 
matter sector

Inflation

Hierarchy problem

But what is the evidence for any of this?

Arguments coming from black hole physics

``Empirical evidence’’ coming from string theory
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Q: Can you prove any of this?

A: Sometimes, in restricted contexts that 
don’t cover all the examples.

We don’t have a framework to prove general things in 
quantum gravity

(with  Lambda<0, we have AdS/CFT; Situation is better there)   

So we organize our knowledge in terms of conjectures
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Weak Gravity
Conjecture

Distance
Conjecture

No global 
symmetries

deSitter 
conjecture

Hierarchy 
problem

BSM proposals

Dark 
Matter

Inflation

Strong CP 
problem

Dark energy

Prove
Check

[See e.g. 2102.01111 by van 
Beest, Calderon Infante, 

Mirfendereski, Valenzuela ’21 
for the most recent review]

Apply
Propose
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A symmetry/charge is a quantity conserved by dynamical 
processes 
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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)



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
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<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>
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<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)

Global symmetry if the charge cannot be measured like this



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)

Global symmetry if the charge cannot be measured like this

Swampland



Why no global symmetries?



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = 0
<latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit>



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = 0
<latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = 0
<latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

We must have infinitely many small 
remnants with h i = 0, 1, 2, . . .1

<latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit>



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = 0
<latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

We must have infinitely many small 
remnants with h i = 0, 1, 2, . . .1

<latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit><latexit sha1_base64="eMVZA69QjkXmGyrEzUZdzUiAdA4=">AAACIXicbVBNS8NAEN34WetX1aOXxSIolJIUQS9C0YvHCrYKTSmbzaRd3Gzi7kQopb/BH+Fv8Kpnb+JNPPlP3NQc/HqnN/PeMDMvSKUw6Lpvzszs3PzCYmmpvLyyurZe2djsmCTTHNo8kYm+CpgBKRS0UaCEq1QDiwMJl8H1aa5f3oI2IlEXOEqhF7OBEpHgDG2rX9n3JVMDCdS/yVjo62lx7Na8WqPmyzBB4wsV4ahc7leqbt2dgv4lXkGqpECrX/nww4RnMSjkkhnT9dwUe2OmUXAJk7KfGUgZv2YD6FqqWAymN56+NKG7UaIpDoFO6+/eMYuNGcWB9cQMh+a3ljf/07oZRke9sVBphqC4tVgtyiTFhObJ0FBo4ChHljCuhb2S8iHTjKPN78cWY98ZQjjJM/F+J/CXdBp1z6175wfV5kmRTolskx2yRzxySJrkjLRIm3ByRx7II3ly7p1n58V5/bLOOMXMFvkB5/0Tmemi7g==</latexit>

and degenerate in mass



Why no global symmetries?

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = B0
<latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit><latexit sha1_base64="ukdV71GnwUnqh3nkBGhrC6pNeug=">AAACEnicbVDLSsNAFJ34rPUVdaebwSK4KokIuhFK3bisYB/QlDKZ3DRDJ5M4MxFKKPgRfoNbXbsTt/6AS//ESe3Ctp7Vufecy733+ClnSjvOl7W0vLK6tl7aKG9ube/s2nv7LZVkkkKTJjyRHZ8o4ExAUzPNoZNKILHPoe0Prwu9/QBSsUTc6VEKvZgMBAsZJdq0+vahx4kYcMDefUYCT06Kq3rfweW+XXGqzgR4kbhTUkFTNPr2txckNItBaMqJUl3XSXUvJ1IzymFc9jIFKaFDMoCuoYLEoHr55IcxPgkTiXUEeFL/9eYkVmoU+8YTEx2pea1o/qd1Mx1e9nIm0kyDoMZitDDjWCe4iAIHTALVfGQIoZKZKzGNiCRUm8BmtijzTgTBuMjEnU9gkbTOqq5TdW/PK7X6NJ0SOkLH6BS56ALV0A1qoCai6BE9oxf0aj1Zb9a79fFrXbKmMwdoBtbnD4VinSA=</latexit>

h i = 0
<latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit><latexit sha1_base64="s6sy4W8Ri6LOOZPNe9MmZsec2Jk=">AAACEHicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgjBG0sI5gPyIUwt5kkS/b2zt09IYT4I/wNtlrbia3/wNJ/4l5MYRJf9WbeG2bmhYng2njel5NbWl5ZXcuvFzY2t7Z33N29mo5TxbDKYhGrRggaBZdYNdwIbCQKIQoF1sPBdabXH1BpHss7M0ywFUFP8i5nYGyr7R4EAmRPIA3uU+gEalJceoVC2y16JW8Cukj8KSmSKSpt9zvoxCyNUBomQOum7yWmNQJlOBM4LgSpxgTYAHrYtFRChLo1mnwwpsfdWFHTRzqp/3pHEGk9jELricD09byWNf/TmqnpXrRGXCapQcmsxWrdVFAT0ywI2uEKmRFDS4Apbq+krA8KmLFxzWzR9p0+dsZZJv58AoukdlryvZJ/e1YsX03TyZNDckROiE/OSZnckAqpEkYeyTN5Ia/Ok/PmvDsfv9acM53ZJzNwPn8ACHGcVQ==</latexit>
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and degenerate in mass

Their contributions to loops would ruin any EFT
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Lots of evidence:

Arguments about black hole 
decay/absence of remnants

Proof in perturbative ST

In AdS/CFT, for continuous 
global syms. equivalent to 
Noether's theorem

Recent proofs using 
entanglement entropy/islands 

in flat space
Always true in every ST 

example
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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 

But combined with supersymmetry + anomalies, it becomes 
very strong 

This conjecture, by itself, does not lead to strong IR 
constraints… since it doesn’t tell you at which energy scale is 

the symmetry broken.
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Over the past 2-3 years, several groups have used no global 
symmetries to constrain both the topology and the 

geometry of high-dimensional string theories with 16 
supercharges.  

This has gotten that we can make precise predictions 
about properties of string compactifications, that perfectly 

match string theory

STRING 
UNIVERSALITY =

STRING 
LAMPPOST 
PRINCIPLE

[Vafa, Tarazi, Kim, Shiu, MM Bedroya, Hamada, Zhang, Ling, Cvetic, Dierigl, Graña, Parra, Fraiman, 
Font… ’19,’20, 21]

Swampland task is essentially complete in 8d, 9d at level of 
massless fields.
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No global symmetries explains the observed pattern in 
the rank of supereravities with 16 supercharges             

In d=7,8,9, theories with minimal supersymmetry have just a 
gravity multiplet and a number r of vector multiplets

[Kim-Tarazi-Vafa ’19]

Triviality of cobordism global symmetries puts constraints 
on the rank [MM, Vafa ’20]

Thus realizing Coulomb branch string universality

9 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
8 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
7 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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U(1)
<latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit>



So, problem solved at a generic point in moduli space.
But, at special points you get enhanced gauge 

symmetries (e.g. 2 D7’s coinciding)

U(1)
<latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit>

SU(2)
<latexit sha1_base64="6YLkFnl/Cw+mh8wNZJsATx0Yvmk=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzHBhtwREy2JNpYYPSCBC9lb5rgNex/Z3TMhF36DrdZ2xtYfY+k/ccErFHzVm3lvMjPPTwVX2rY/rdLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mevdR5SKJ/GDnqboRXQc84Azqk3LvXfrzfNhtWY37AXIKnEKUoMC7WH1azBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7hsY0QuXli2Nn5CxIJNEhkkX925vTSKlp5BtPRHWolrV58z+tn+ngyst5nGYaY2YsRgsyQXRC5j+TEZfItJgaQpnk5krCQiop0yaZP1uUeSfE0axiMnGWE1glnWbDsRvO3UWtdV2kU4YTOIU6OHAJLbiFNrjAgMMTPMOLNbNerTfr/cdasoqZY/gD6+MbLZGURQ==</latexit><latexit sha1_base64="6YLkFnl/Cw+mh8wNZJsATx0Yvmk=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzHBhtwREy2JNpYYPSCBC9lb5rgNex/Z3TMhF36DrdZ2xtYfY+k/ccErFHzVm3lvMjPPTwVX2rY/rdLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mevdR5SKJ/GDnqboRXQc84Azqk3LvXfrzfNhtWY37AXIKnEKUoMC7WH1azBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7hsY0QuXli2Nn5CxIJNEhkkX925vTSKlp5BtPRHWolrV58z+tn+ngyst5nGYaY2YsRgsyQXRC5j+TEZfItJgaQpnk5krCQiop0yaZP1uUeSfE0axiMnGWE1glnWbDsRvO3UWtdV2kU4YTOIU6OHAJLbiFNrjAgMMTPMOLNbNerTfr/cdasoqZY/gD6+MbLZGURQ==</latexit><latexit sha1_base64="6YLkFnl/Cw+mh8wNZJsATx0Yvmk=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzHBhtwREy2JNpYYPSCBC9lb5rgNex/Z3TMhF36DrdZ2xtYfY+k/ccErFHzVm3lvMjPPTwVX2rY/rdLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mevdR5SKJ/GDnqboRXQc84Azqk3LvXfrzfNhtWY37AXIKnEKUoMC7WH1azBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7hsY0QuXli2Nn5CxIJNEhkkX925vTSKlp5BtPRHWolrV58z+tn+ngyst5nGYaY2YsRgsyQXRC5j+TEZfItJgaQpnk5krCQiop0yaZP1uUeSfE0axiMnGWE1glnWbDsRvO3UWtdV2kU4YTOIU6OHAJLbiFNrjAgMMTPMOLNbNerTfr/cdasoqZY/gD6+MbLZGURQ==</latexit><latexit sha1_base64="6YLkFnl/Cw+mh8wNZJsATx0Yvmk=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzHBhtwREy2JNpYYPSCBC9lb5rgNex/Z3TMhF36DrdZ2xtYfY+k/ccErFHzVm3lvMjPPTwVX2rY/rdLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mevdR5SKJ/GDnqboRXQc84Azqk3LvXfrzfNhtWY37AXIKnEKUoMC7WH1azBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7hsY0QuXli2Nn5CxIJNEhkkX925vTSKlp5BtPRHWolrV58z+tn+ngyst5nGYaY2YsRgsyQXRC5j+TEZfItJgaQpnk5krCQiop0yaZP1uUeSfE0axiMnGWE1glnWbDsRvO3UWtdV2kU4YTOIU6OHAJLbiFNrjAgMMTPMOLNbNerTfr/cdasoqZY/gD6+MbLZGURQ==</latexit>

U(1)
<latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit>

There are also nontrivial 
predictions for the patters of 
symmetry enhancement at 

special points in moduli space



So, problem solved at a generic point in moduli space.
But, at special points you get enhanced gauge 

symmetries (e.g. 2 D7’s coinciding)

U(1)
<latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit><latexit sha1_base64="BOm4ADE2eQwtnUtEH/PZdv0+zLQ=">AAAB+nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwZEy2JNpaYeEACF7K3DNyGvY/s7pmQk79gq7WdsfXPWPpP3MMrBHzVm3lvMjPPTwRX2ra/rNLa+sbmVnm7srO7t39QPTxqqziVDF0Wi1h2fapQ8AhdzbXAbiKRhr7Ajj+5zfXOI0rF4+hBTxP0QjqO+IgzqvOWW3fOB9Wa3bDnIKvEKUgNCrQG1e/+MGZpiJFmgirVc+xEexmVmjOBs0o/VZhQNqFj7Bka0RCVl81vnZGzUSyJDpDM67/ejIZKTUPfeEKqA7Ws5c3/tF6qR9dexqMk1RgxYzHaKBVExyR/mQy5RKbF1BDKJDdXEhZQSZk2wSxsUeadAIezisnEWU5glbQvGo7dcO4va82bIp0ynMAp1MGBK2jCHbTABQYBPMMLvFpP1pv1bn38WktWMXMMC7A+fwCDAJPn</latexit>
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There are also nontrivial 
predictions for the patters of 
symmetry enhancement at 

special points in moduli space

For e.g. rank 9 in 9d, this was a 
Swampland prediction 

which was later verified by ST 
calculations [Fraiman, Font, Graña, Parra 

’21]
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Recently, we have also uncovered connections between 
Swampland and  geometry in these higher-dim. setups.

[Hamada-Vafa ’21, Bedroya-Hamada-Montero-Vafa ’21]

Idea: Use moduli space of supersymmetric probe branes 
(small instantons)

Geometry constrained due to SUSY & CFT

+
compactness of probe brane moduli space (follows from Bekenstein 

bound)
=

Exact reconstruction of bulk moduli space 

(e.g. only compact, hyperkahler manifolds are T4 and K3)
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In d=8,9 we can essentially get everything from a few 
principles….

everything involving massless fields

Next step: Swampland of massive states!

Analysis of towers of states using geometry [Lee-lerche-Weigand ’21]

Can we have more than one string theory with 
the exact same massless sugra?

(e.g. discrete theta angles in 11d M theory [Freed-Hopkins ’19])



Massive states can be attacked via the cobordism 
conjecture

[McNamara, Vafa ’19]



Massive states can be attacked via the cobordism 
conjecture

[McNamara, Vafa ’19]

⌦QG = 0
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<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1

EFTdomain
wall

end-of-the-
world brane

All quantum gravities admit a 
boundary condition



Massive states can be attacked via the cobordism 
conjecture

[McNamara, Vafa ’19]

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1

EFTdomain
wall

end-of-the-
world brane

All quantum gravities admit a 
boundary condition

Fun connections with anomalies & algebraic topology, K-
theory… [Blumenhagen-Cribiori ’21]

State-of-of-the art calculations in algebraic 
topology



The Weak Gravity Conjecture

There has to be a particle whose electric charge 
is bigger than its mass in Planck units: 

m  gMP
<latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit>

Gravity is the weakest force

[Arkani-Hamed, Motl, Nicolis, Vafa ’06]



The Weak Gravity Conjecture

There has to be a particle whose electric charge 
is bigger than its mass in Planck units: 

m  gMP
<latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit><latexit sha1_base64="MiY0vkotJyzMlseao6fzVW7x9+s=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqJqUoQEowVLCxIRaIfUhpVjntprNpxsB2kKurEb2CFmQ2x8ksY+Se4JQNtedO7e+90dy9MOdPGdb+c0srq2vpGebOytb2zu1fdP2hrmSkKLSq5VN2QaOAsgZZhhkM3VUBEyKETjq6neucRlGYyuTfjFAJBhgmLGCXGtnzR4/CAh/i23+xXa27dnQEvE68gNVTA+r97A0kzAYmhnGjte25qgpwowyiHSaWXaUgJHZEh+JYmRIAO8tnJE3wSSYVNDHhW//XmRGg9FqH1CGJivahNm/9pfmaiyyBnSZoZSKi1WC3KODYSTz/HA6aAGj62hFDF7JWYxkQRamw+c1u0fSeGwaRiM/EWE1gm7bO659a9u/Na46pIp4yO0DE6RR66QA10g5qohSiS6Bm9oFfnyXlz3p2PX2vJKWYO0Ryczx8RJJcE</latexit>

Gravity is the weakest force

Satisfied in real world by electrons, and related to kinematics of 
black hole evaporation
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WGC does not constrain the SM very much…

…but puts constraints on models of milli-charged dark 
matter

and models of natural inflation

V (�) ⇠ e�
MP
f cos(�/f)

<latexit sha1_base64="4j+U4/X70gkBfVI8E2ofXH7MLM0="></latexit><latexit sha1_base64="4j+U4/X70gkBfVI8E2ofXH7MLM0="></latexit><latexit sha1_base64="4j+U4/X70gkBfVI8E2ofXH7MLM0="></latexit><latexit sha1_base64="4j+U4/X70gkBfVI8E2ofXH7MLM0="></latexit>

puts upper bound on 
cosmological observables
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� ! 1

...

m ⇠ m0 exp(�↵�) ! 0

In string theory,  we often have massles/light scalar fields, 
called moduli. 

They control the 
couplings of the theory.

Empirical ST 
observation:  As a 

scalar gets a very large vev, 
many states become light 

with respect to Planck 
mass and EFT breaks 

down
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Distance Conjecture: These towers of states are always 
there at infinite distance limits
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there at infinite distance limits

[Ooguri, Vafa ’05]

Connection to no global symmetries and WGC: 

In every infinite distance limit, some gauge coupling goes to 
zero. [Gendler, Valenzuela ’20]

In 4d, intriguing connection to codimension-2 axion strings in 
moduli space

[Lanza-Marchesano-Martuci-Valenzuela ’20, ’21]
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The periods 
have universal forms around 

infinite distance limits

Around each infinite distance limit, there is an infinite order 
monodromy, ensuring infinite tower of states.

What is the underlying geometric structure of QG 
moduli spaces? 

Domestic geometry? [Cecotti ’20]
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Interesting connection to geometry “a la Seiberg-Witten”

For limits in complex structure moduli space,  the towers are 
controlled by the theory of asymptotic Mixed Hodge Structures

[Grimm-Palti-Valenzuela ’18]
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The periods 
have universal forms around 

infinite distance limits

Around each infinite distance limit, there is an infinite order 
monodromy, ensuring infinite tower of states.

What is the underlying geometric structure of QG 
moduli spaces? 

Domestic geometry?
Tame geometry?

[Cecotti ’20]
[Grimm ’21]

Moduli space holography? [ Grimm ’21]
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[Scalisi Valenzuela ’19]

So we want to find out what’s the smallest possible value of 
alpha

[Grimm, Palti, IV’18][Gendler,IV’20]↵ � 1p
6
for CY3

(fixed by discrete 
monodromy symmetries) [Bastian et al’20]

(using Mixed Hodge Structures)

Is it really so bad to have a light tower of states 
during inflation?

(SDC does not say anything about nature of coupling)
(topological gravity? [Obied, Agrawal, Gukov, Vafa ’19,’20]
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extremality bound 
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There is even a black hole argument supporting it for limits 
where a gauge coupling vanishes

[Hamada-MM-Vafa-Valenzuela ’21]

Can we make a more general argument? 
(Finiteness of QG amplitudes?)
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The SDC also leads to predictions about black hole 
extremality bound 

[Heidenreich-Reece-Rudelius ’18, Gendler-Valenzuela ’19]

There is even a black hole argument supporting it for limits 
where a gauge coupling vanishes

[Hamada-MM-Vafa-Valenzuela ’21]

Can we make a more general argument? 
(Finiteness of QG amplitudes?)

[Hamada-MM-Vafa-Valenzuela ’21]

Emergence Proposal [Harlow-Heidenreich-Reece-Rudelius-Grimm-Palti-Valenzuela ’15,’18]

Infinite distance arises due loops of the tower of states!
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These points are generically desert-type scenarios



Whenever there is a nonvanishing scalar potential, asymptotically it 
goes like

V / m�
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Whenever there is a nonvanishing scalar potential, asymptotically it 
goes like

For instance, beta=4 for Casimir energies in 4d, beta=2 for fluxes
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Whenever there is a nonvanishing scalar potential, asymptotically it 
goes like

Combined with the distance conjecture, we obtain

V ⇠ e�c�
<latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit>

V / m�
<latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit>

For instance, beta=4 for Casimir energies in 4d, beta=2 for fluxes



Whenever there is a nonvanishing scalar potential, asymptotically it 
goes like

Combined with the distance conjecture, we obtain

V ⇠ e�c�
<latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit><latexit sha1_base64="SXefIgdsc2t5MfEPsNYIkcu9XpA=">AAACCHicbZC7TsMwGIUdrqXcAowsFhUSC1WCkGCsYGEsEr1ITagc909j1U4i26lURXkBnoEVZjbEylsw8ia4JQNtOdPxf47l31+Qcqa043xZK6tr6xubla3q9s7u3r59cNhWSSYptGjCE9kNiALOYmhppjl0UwlEBBw6weh2mnfGIBVL4gc9ScEXZBizkFGizahv221PMYHhMT+nXhqxom/XnLozE142bmlqqFSzb397g4RmAmJNOVGq5zqp9nMiNaMciqqXKUgJHZEh9IyNiQDl57PNC3waJhLrCPDs/LebE6HURASmI4iO1GI2Hf6X9TIdXvs5i9NMQ0xNxWRhxrFO8BQAHjAJVPOJMYRKZrbENCKSUG0wzb2izHciGBRVw8RdJLBs2hd116m795e1xk1Jp4KO0Qk6Qy66Qg10h5qohSgao2f0gl6tJ+vNerc+fqsrVnnnCM3J+vwBB9KZvA==</latexit>

V / m�
<latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit><latexit sha1_base64="2iCY5oupSax7dwASkxWhveOHU04=">AAACCHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREpQRNJRBIg8pMdH5so5POftOd+dIkZUf4BtooaZDtPwFJX/CJbggCVPN7sxqdyeUnGnjeV9OaW19Y3OrvF3Z2d3bP3APj1paZIpCkwouVCckGjhLoWmY4dCRCkgScmiHo9uZ3h6D0kykD2YiIUjIMGURo8TYVt91Wz2phDQCJ4+9EAzpu1Wv5s2BV4lfkCoq0Oi7372BoFkCqaGcaN31PWmCnCjDKIdppZdpkISOyBC6lqYkAR3k88un+CwSCpsY8Lz+681JovUkCa0nISbWy9qs+Z/WzUx0HeQslZmBlFqL1aKMY/viLAA8YAqo4RNLCFXMXolpTBShxsa0sEXbd2IYTCs2E385gVXSuqj5Xs2/v6zWb4p0yugEnaJz5KMrVEd3qIGaiKIxekYv6NV5ct6cd+fj11pyipljtADn8wdgI5ny</latexit>

or equivalently, the no dS conjecture
V 0

V
& c

<latexit sha1_base64="E3I/0TPr+UtLk1lGNeHVu4QA7x4=">AAACDXicbZC7TsMwGIWdcivlFkBMLBYVgqlKEBKMFSyMRaIXqYkqx/3TWLWTyHaQqijPwDOwwsyGWHkGRt4Et2SgLWc6/s+x/PsLUs6Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSSQpsmPJG9gCjgLIa2ZppDL5VARMChG4xvp3n3EaRiSfygJyn4goxiFjJKtBkN7CMvlITmnbMi7xTeSJumwHRg152GMxNeNm5p6qhUa2B/e8OEZgJiTTlRqu86qfZzIjWjHIqalylICR2TEfSNjYkA5eez9Qt8GiYS6wjw7Py3mxOh1EQEpiOIjtRiNh3+l/UzHV77OYvTTENMTcVkYcaxTvCUAh4yCVTziTGESma2xDQihoQ2rOZeUeY7EQyLmmHiLhJYNp2Lhus03PvLevOmpFNFx+gEnSMXXaEmukMt1EYU5egZvaBX68l6s96tj99qxSrvHKI5WZ8/ViqcGw==</latexit><latexit sha1_base64="E3I/0TPr+UtLk1lGNeHVu4QA7x4=">AAACDXicbZC7TsMwGIWdcivlFkBMLBYVgqlKEBKMFSyMRaIXqYkqx/3TWLWTyHaQqijPwDOwwsyGWHkGRt4Et2SgLWc6/s+x/PsLUs6Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSSQpsmPJG9gCjgLIa2ZppDL5VARMChG4xvp3n3EaRiSfygJyn4goxiFjJKtBkN7CMvlITmnbMi7xTeSJumwHRg152GMxNeNm5p6qhUa2B/e8OEZgJiTTlRqu86qfZzIjWjHIqalylICR2TEfSNjYkA5eez9Qt8GiYS6wjw7Py3mxOh1EQEpiOIjtRiNh3+l/UzHV77OYvTTENMTcVkYcaxTvCUAh4yCVTziTGESma2xDQihoQ2rOZeUeY7EQyLmmHiLhJYNp2Lhus03PvLevOmpFNFx+gEnSMXXaEmukMt1EYU5egZvaBX68l6s96tj99qxSrvHKI5WZ8/ViqcGw==</latexit><latexit sha1_base64="E3I/0TPr+UtLk1lGNeHVu4QA7x4=">AAACDXicbZC7TsMwGIWdcivlFkBMLBYVgqlKEBKMFSyMRaIXqYkqx/3TWLWTyHaQqijPwDOwwsyGWHkGRt4Et2SgLWc6/s+x/PsLUs6Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSSQpsmPJG9gCjgLIa2ZppDL5VARMChG4xvp3n3EaRiSfygJyn4goxiFjJKtBkN7CMvlITmnbMi7xTeSJumwHRg152GMxNeNm5p6qhUa2B/e8OEZgJiTTlRqu86qfZzIjWjHIqalylICR2TEfSNjYkA5eez9Qt8GiYS6wjw7Py3mxOh1EQEpiOIjtRiNh3+l/UzHV77OYvTTENMTcVkYcaxTvCUAh4yCVTziTGESma2xDQihoQ2rOZeUeY7EQyLmmHiLhJYNp2Lhus03PvLevOmpFNFx+gEnSMXXaEmukMt1EYU5egZvaBX68l6s96tj99qxSrvHKI5WZ8/ViqcGw==</latexit><latexit sha1_base64="E3I/0TPr+UtLk1lGNeHVu4QA7x4=">AAACDXicbZC7TsMwGIWdcivlFkBMLBYVgqlKEBKMFSyMRaIXqYkqx/3TWLWTyHaQqijPwDOwwsyGWHkGRt4Et2SgLWc6/s+x/PsLUs6Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSSQpsmPJG9gCjgLIa2ZppDL5VARMChG4xvp3n3EaRiSfygJyn4goxiFjJKtBkN7CMvlITmnbMi7xTeSJumwHRg152GMxNeNm5p6qhUa2B/e8OEZgJiTTlRqu86qfZzIjWjHIqalylICR2TEfSNjYkA5eez9Qt8GiYS6wjw7Py3mxOh1EQEpiOIjtRiNh3+l/UzHV77OYvTTENMTcVkYcaxTvCUAh4yCVTziTGESma2xDQihoQ2rOZeUeY7EQyLmmHiLhJYNp2Lhus03PvLevOmpFNFx+gEnSMXXaEmukMt1EYU5egZvaBX68l6s96tj99qxSrvHKI5WZ8/ViqcGw==</latexit>

For instance, beta=4 for Casimir energies in 4d, beta=2 for fluxes



Whenever there is a nonvanishing scalar potential, asymptotically it 
goes like

Combined with the distance conjecture, we obtain
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or equivalently, the no dS conjecture
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This is true in every example we know of, but only 
asymptotically

(maybe there is dS far away from asymptotic limits)

For instance, beta=4 for Casimir energies in 4d, beta=2 for fluxes
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The “no dS” conjecture is not very rigorous.  It is only 
supported by arguments that work in parametric regimes.

But it has triggered a lot of progress since it has forced 
people to look more rigorously at the pre-existing 

constructions, which were often accepted unassumingly.

As an example of this, I will describe ongoing work on 
what is called the tadpole conjecture

[Bena-Blaback-Graña-Lust ’20, Plaushkiin, Grimm, van de Heisteeg, Bastian, Basile ’21…]

To do this, I will first describe the existing constructions of 
dS for string theory.

[Except for TCC bound, Bedroya-Vafa ’19,  Andriot, Wrase,Cribiori, Erkinger, Rudelius…]

[Grimm, Li,Valenzuela ‘19, Andriot ’19-’21, Junghans, Shiu, Hebecker ’19-21…]
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dS in three steps

1) Take a Calabi-Yau compactification (N=2, Minowski)

3) Find a small effect (antibrane for KKLT, or higher-
derivative corrections for LVS), that will contribute a 
small positive vacuum energy, obtaining dS without 

destroying the solution. 

4) The CC can be made very small because there is a large 
landscape of solutions to point 2). Often quoted number is 

10^500. 

Fun observation:  #2 is way subtler that one might have 
thought, taking into account #4!

2)Orientifold it, include fluxes (N=1 or 0, AdS) and other 
effects, to find a four-dimensional AdS vacuum.



Tadpole Conjecture: In ST with a large number of 
complex structure moduli, not all of them can be stabilized 

with fluxes [Bena-Blaback-Graña-Lust ’20]

(...except perhaps at special points with enhanced gauge symmetries)
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Tadpole Conjecture: In ST with a large number of 
complex structure moduli, not all of them can be stabilized 

with fluxes [Bena-Blaback-Graña-Lust ’20]

(...except perhaps at special points with enhanced gauge symmetries)

[Marchesano-Prieto-Wiesner ’21, Plauschinn ’21] 

Tadpole bound: 1/4 of number of moduli

Charge induced to stabilize all moduli: > 1/4 of number of moduli

Originally stated for F-theory on K3xK3
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Tadpole Conjecture: In ST with a large number of 
complex structure moduli, not all of them can be stabilized 

with fluxes [Bena-Blaback-Graña-Lust ’20]

(...except perhaps at special points with enhanced gauge symmetries)

[Marchesano-Prieto-Wiesner ’21, Plauschinn ’21] 

Tadpole bound: 1/4 of number of moduli

Charge induced to stabilize all moduli: > 1/4 of number of moduli

Originally stated for F-theory on K3xK3

Is it true in general? Just violated at special points? 
Implications for dS?
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Shown not to be true in many Einstein manifolds by Collins-
Jafferis-Vafa-Xu-Yau ‘22
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4d EFT description, but no fully backreacted 10d 
geometry 

Check out the discussion tomorrow!

Shown not to be true in many Einstein manifolds by Collins-
Jafferis-Vafa-Xu-Yau ‘22



Even if we forget about dS construction and just ask for 
scale-separated vacua, there is an ongoing debate  

about whether such vacua can be found in string theory! 
Focused on the most concrete, 

controlled proposal: DGKT
AdS4 ⇥ CY3

<latexit sha1_base64="DObpNT+FId7k+AfaaQiMAJh0nJs=">AAACCHicbVC7TsNAEDzzDOFloKQ5ESFRRTZEgjKQhjII8kCJZZ3P6/iU80N350iRlR/gG2ihpkO0/AUlf8IluCAJU83uzGp3x0s5k8qyvoyV1bX1jc3SVnl7Z3dv3zw4bMskExRaNOGJ6HpEAmcxtBRTHLqpABJ5HDresDHVOyMQkiXxgxqn4ERkELOAUaJ0yzXNa//erfUVi0DixqN74ZoVq2rNgJeJXZAKKtB0ze++n9AsglhRTqTs2VaqnJwIxSiHSbmfSUgJHZIB9DSNid7k5LPLJ/g0SARWIeBZ/debk0jKceRpT0RUKBe1afM/rZep4MrJWZxmCmKqLVoLMo5VgqcBYJ8JoIqPNSFUMH0lpiERhCod09wWqd8JwZ+UdSb2YgLLpH1eta2qfVer1G+KdEroGJ2gM2SjS1RHt6iJWoiiEXpGL+jVeDLejHfj49e6YhQzR2gOxucP9nCZEA==</latexit><latexit sha1_base64="DObpNT+FId7k+AfaaQiMAJh0nJs=">AAACCHicbVC7TsNAEDzzDOFloKQ5ESFRRTZEgjKQhjII8kCJZZ3P6/iU80N350iRlR/gG2ihpkO0/AUlf8IluCAJU83uzGp3x0s5k8qyvoyV1bX1jc3SVnl7Z3dv3zw4bMskExRaNOGJ6HpEAmcxtBRTHLqpABJ5HDresDHVOyMQkiXxgxqn4ERkELOAUaJ0yzXNa//erfUVi0DixqN74ZoVq2rNgJeJXZAKKtB0ze++n9AsglhRTqTs2VaqnJwIxSiHSbmfSUgJHZIB9DSNid7k5LPLJ/g0SARWIeBZ/debk0jKceRpT0RUKBe1afM/rZep4MrJWZxmCmKqLVoLMo5VgqcBYJ8JoIqPNSFUMH0lpiERhCod09wWqd8JwZ+UdSb2YgLLpH1eta2qfVer1G+KdEroGJ2gM2SjS1RHt6iJWoiiEXpGL+jVeDLejHfj49e6YhQzR2gOxucP9nCZEA==</latexit><latexit sha1_base64="DObpNT+FId7k+AfaaQiMAJh0nJs=">AAACCHicbVC7TsNAEDzzDOFloKQ5ESFRRTZEgjKQhjII8kCJZZ3P6/iU80N350iRlR/gG2ihpkO0/AUlf8IluCAJU83uzGp3x0s5k8qyvoyV1bX1jc3SVnl7Z3dv3zw4bMskExRaNOGJ6HpEAmcxtBRTHLqpABJ5HDresDHVOyMQkiXxgxqn4ERkELOAUaJ0yzXNa//erfUVi0DixqN74ZoVq2rNgJeJXZAKKtB0ze++n9AsglhRTqTs2VaqnJwIxSiHSbmfSUgJHZIB9DSNid7k5LPLJ/g0SARWIeBZ/debk0jKceRpT0RUKBe1afM/rZep4MrJWZxmCmKqLVoLMo5VgqcBYJ8JoIqPNSFUMH0lpiERhCod09wWqd8JwZ+UdSb2YgLLpH1eta2qfVer1G+KdEroGJ2gM2SjS1RHt6iJWoiiEXpGL+jVeDLejHfj49e6YhQzR2gOxucP9nCZEA==</latexit><latexit sha1_base64="DObpNT+FId7k+AfaaQiMAJh0nJs=">AAACCHicbVC7TsNAEDzzDOFloKQ5ESFRRTZEgjKQhjII8kCJZZ3P6/iU80N350iRlR/gG2ihpkO0/AUlf8IluCAJU83uzGp3x0s5k8qyvoyV1bX1jc3SVnl7Z3dv3zw4bMskExRaNOGJ6HpEAmcxtBRTHLqpABJ5HDresDHVOyMQkiXxgxqn4ERkELOAUaJ0yzXNa//erfUVi0DixqN74ZoVq2rNgJeJXZAKKtB0ze++n9AsglhRTqTs2VaqnJwIxSiHSbmfSUgJHZIB9DSNid7k5LPLJ/g0SARWIeBZ/debk0jKceRpT0RUKBe1afM/rZep4MrJWZxmCmKqLVoLMo5VgqcBYJ8JoIqPNSFUMH0lpiERhCod09wWqd8JwZ+UdSb2YgLLpH1eta2qfVer1G+KdEroGJ2gM2SjS1RHt6iJWoiiEXpGL+jVeDLejHfj49e6YhQzR2gOxucP9nCZEA==</latexit>

4d EFT description, but no fully backreacted 10d 
geometry 

Check out the discussion tomorrow!

Intriguing observation [Conlon-Ning-Revello ’21]

Dual CFT operators to moduli have integer 
dimensions m2`2 = �(�� 3)

<latexit sha1_base64="NPccaut7MVx0eUVR38SXZ6GvVUM=">AAACEnicbVDLSsNAFJ3UV62vqDvdBItQF5akCroRirpwWcE+oEnLZHrTDJ08mJkIJRT8CL/Bra7diVt/wKV/4rTNwraezT1zz7nMvceNGRXSNL+13NLyyupafr2wsbm1vaPv7jVElHACdRKxiLdcLIDREOqSSgatmAMOXAZNd3Az1puPwAWNwgc5jMEJcD+kHiVYqlZXPwg6FRsY61Su7FtgEpem5fTspKsXzbI5gbFIrIwUUYZaV/+xexFJAgglYViItmXG0kkxl5QwGBXsRECMyQD3oa1oiAMQTjq5YWQcexE3pA/G5P3Xm+JAiGHgKk+ApS/mtXHzP62dSO/SSWkYJxJCoixK8xJmyMgYR2H0KAci2VARTDhVWxrExxwTqQKb+UWoc3zojQoqE2s+gUXSqJQts2zdnxer11k6eXSIjlAJWegCVdEdqqE6IugJvaBX9KY9a+/ah/Y5tea0bGYfzUD7+gXecZy9</latexit><latexit sha1_base64="NPccaut7MVx0eUVR38SXZ6GvVUM=">AAACEnicbVDLSsNAFJ3UV62vqDvdBItQF5akCroRirpwWcE+oEnLZHrTDJ08mJkIJRT8CL/Bra7diVt/wKV/4rTNwraezT1zz7nMvceNGRXSNL+13NLyyupafr2wsbm1vaPv7jVElHACdRKxiLdcLIDREOqSSgatmAMOXAZNd3Az1puPwAWNwgc5jMEJcD+kHiVYqlZXPwg6FRsY61Su7FtgEpem5fTspKsXzbI5gbFIrIwUUYZaV/+xexFJAgglYViItmXG0kkxl5QwGBXsRECMyQD3oa1oiAMQTjq5YWQcexE3pA/G5P3Xm+JAiGHgKk+ApS/mtXHzP62dSO/SSWkYJxJCoixK8xJmyMgYR2H0KAci2VARTDhVWxrExxwTqQKb+UWoc3zojQoqE2s+gUXSqJQts2zdnxer11k6eXSIjlAJWegCVdEdqqE6IugJvaBX9KY9a+/ah/Y5tea0bGYfzUD7+gXecZy9</latexit><latexit sha1_base64="NPccaut7MVx0eUVR38SXZ6GvVUM=">AAACEnicbVDLSsNAFJ3UV62vqDvdBItQF5akCroRirpwWcE+oEnLZHrTDJ08mJkIJRT8CL/Bra7diVt/wKV/4rTNwraezT1zz7nMvceNGRXSNL+13NLyyupafr2wsbm1vaPv7jVElHACdRKxiLdcLIDREOqSSgatmAMOXAZNd3Az1puPwAWNwgc5jMEJcD+kHiVYqlZXPwg6FRsY61Su7FtgEpem5fTspKsXzbI5gbFIrIwUUYZaV/+xexFJAgglYViItmXG0kkxl5QwGBXsRECMyQD3oa1oiAMQTjq5YWQcexE3pA/G5P3Xm+JAiGHgKk+ApS/mtXHzP62dSO/SSWkYJxJCoixK8xJmyMgYR2H0KAci2VARTDhVWxrExxwTqQKb+UWoc3zojQoqE2s+gUXSqJQts2zdnxer11k6eXSIjlAJWegCVdEdqqE6IugJvaBX9KY9a+/ah/Y5tea0bGYfzUD7+gXecZy9</latexit><latexit sha1_base64="NPccaut7MVx0eUVR38SXZ6GvVUM=">AAACEnicbVDLSsNAFJ3UV62vqDvdBItQF5akCroRirpwWcE+oEnLZHrTDJ08mJkIJRT8CL/Bra7diVt/wKV/4rTNwraezT1zz7nMvceNGRXSNL+13NLyyupafr2wsbm1vaPv7jVElHACdRKxiLdcLIDREOqSSgatmAMOXAZNd3Az1puPwAWNwgc5jMEJcD+kHiVYqlZXPwg6FRsY61Su7FtgEpem5fTspKsXzbI5gbFIrIwUUYZaV/+xexFJAgglYViItmXG0kkxl5QwGBXsRECMyQD3oa1oiAMQTjq5YWQcexE3pA/G5P3Xm+JAiGHgKk+ApS/mtXHzP62dSO/SSWkYJxJCoixK8xJmyMgYR2H0KAci2VARTDhVWxrExxwTqQKb+UWoc3zojQoqE2s+gUXSqJQts2zdnxer11k6eXSIjlAJWegCVdEdqqE6IugJvaBX9KY9a+/ah/Y5tea0bGYfzUD7+gXecZy9</latexit>

Shown not to be true in many Einstein manifolds by Collins-
Jafferis-Vafa-Xu-Yau ‘22



Our hike focused on the more geometric side of the 
Swampland program.
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There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit> Dynamical cobordism



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture
Dynamical cobordism



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture
Dynamical cobordism

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

Euclidean wormholes and WGC

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

Euclidean wormholes and WGC

Species bound

Neutrino masses



There is much more to the Swampland 
than the ideas sketched here. 
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There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.
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There is much more to the Swampland 
than the ideas sketched here. 

Our hike focused on the more geometric side of the 
Swampland program.

Please, just ask during the Gather Town or any other time!
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The take home message is that quantum gravity imposes 
nontrivial constraints at low energies that we are just 

beginning to uncover

Research in Swampland is very interdisciplinary

Hardcore String Theory, Holography, Quantum information, 
algebraic geometry, algebraic topology, particle 

phenomenology…

…this is why programs like this one are awesome…

and also why I am very excited to find out what we will 
discover together this week!



HOPE  YOU ENJOYED THE HIKE!

Geometry

Quantum 
gravity


