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You wake up, tired. Very tired.

You were partying hard last night in the Landscapia conference 
dinner.  Too much fun, dancing, drinks.

You are in no shape to do anything.

And the prospect of a RER commute to IPhT does not make things 
more appealing, precisely. 

A grey,  gloomy, rainy morning.

First talk is a review talk, isn’t it?

Why not skip it, go straight to the research talks?
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You close your eyes again, a satisfied smile on your face.

“Yes, that’s right” you think. “I’ll rest some more, go later”

But, as you doze off,  and Morpheus is about to take you in his arms 
again…

…a question floats up to your conscious mind.

“Do we know for sure we have discovered 
all quantum gravities with 32 supercharges 

in 10 dimensions?”

The question won’t let you sleep.  If we do not know the answer to 
that, how can we be sure of anything else?
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Maybe someone knows. 

With a deep sigh, you get up and get on your way.
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Indeed,  in this talk, we will discuss this question, and many more 
similar ones, centered on the idea of 

String Universality

The idea that every consistent EFT with gravity arises as a low-
energy limit of some string theory construction

We have not realized this story completely, but 
much progress has taken place. 

We will  cover this briefly, by # of supercharges

[Adams De Wolfe Taylor  ’10]

(a.k.a. String Lamppost Principle)

In a sense, it is the “endgame” of the Swampland Program:
ST is the only game in town.
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Please interrupt me!!
(at any point with questions, comments, whatever!)
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32 supercharges

With this much SUSY, there is a single multiplet 
containing massless fields: Gravity multiplet

Low energy SUGRA fixed by 
consistency

E.g. in 10d/11d:  Usual “star”

d<10: Toroidal compactification of these
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<latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit>

[Sethi ’13, Freed-Hopkins ’19, Cecotti, Vafa ’20, Debray,Dierigl,MM, Heckman ’21]

✓

Z
F ^ F

<latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit>

✓Discr

Z
Top.

<latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit>



32 supercharges
but the spectrum of massive states is not determined!

There could be e.g. two 
different theories which are 

type IIB at low energies.

One way this happens: Discrete theta angles

⌦SUGRA
d

<latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit>

[Sethi ’13, Freed-Hopkins ’19, Cecotti, Vafa ’20, Debray,Dierigl,MM, Heckman ’21]

⌦IIB
10 = Z4

2
<latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit>

[Debray, Dierigl, MM, Heckman ’23]

✓

Z
F ^ F

<latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit>

✓Discr

Z
Top.

<latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit><latexit sha1_base64="ZACTPR1mdd7qt8l4Pd5Vm2D99z8=">AAACHnicbVC5TgMxFPSGK4RrgZLGIgJRRbsICcoIKCiDlEvKRpHXeUmseA/ZbxHRav+Aj+AbaKGmQ7RQ8ic4R0ESphrPjPXeGz+WQqPjfFu5ldW19Y38ZmFre2d3z94/qOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vBn7jQdQWkRhFUcxtAPWD0VPcIZG6tinHg4AWSf1EB4xvRWaqyyjngiRTqVqFJeyjl10Ss4EdJm4M1IkM1Q69o/XjXgSQIhcMq1brhNjO2UKBZeQFbxEQ8z4kPWhZWjIAtDtdHJPRk96kaJmLzp5/82mLNB6FPgmEzAc6EVvLP7ntRLsXbVTEcYJQshNxHi9RFKM6LgW2hUKOMqRIYwrYbakfMAU42jKm5uizTkD6GYF04m72MAyqZ+XXKfk3l8Uy9ezdvLkiByTM+KSS1Imd6RCaoSTJ/JCXsmb9Wy9Wx/W5zSas2Z/DskcrK9frP2jzQ==</latexit>



32 supercharges
but the spectrum of massive states is not determined!

There could be e.g. two 
different theories which are 

type IIB at low energies.

One way this happens: Discrete theta angles

⌦SUGRA
d

<latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit><latexit sha1_base64="SyPUPXzz8ZwbbhitO9ap9hMKmgE=">AAACCHicbZC7TsMwGIWdcivlFmBkiaiQmKoEIcFYYICNcklbqQ2R4/xprDoX2U6lKsoL8AysMLMhVt6CkTfBLRlo4UzH/zmWf39eyqiQpvmpVRYWl5ZXqqu1tfWNzS19e6ctkowTsEnCEt71sABGY7AllQy6KQcceQw63vBikndGwAVN4ns5TsGJ8CCmASVYqpGr6/3rCAbY9R/yO/vy9qxw9brZMKcy/hqrNHVUquXqX30/IVkEsSQMC9GzzFQ6OeaSEgZFrZ8JSDEZ4gH0lI1xBMLJp5sXxkGQcEOGYEzPv7s5joQYR57qRFiGYj6bDP/LepkMTp2cxmkmISaqorIgY4ZMjAkAw6cciGRjZTDhVG1pkBBzTKTCNPOKUN8JwS9qiok1T+CvaR81LLNh3RzXm+clnSraQ/voEFnoBDXRFWohGxE0Qk/oGb1oj9qr9qa9/1QrWnlnF81I+/gG0eCZmQ==</latexit>

[Sethi ’13, Freed-Hopkins ’19, Cecotti, Vafa ’20, Debray,Dierigl,MM, Heckman ’21]

⌦IIB
10 = Z4

2
<latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit><latexit sha1_base64="kpXgDCcon3Uqb8CSz6vHL28D3bc=">AAACH3icbVC7TsNAEDzzDOEVoKSxiBBUkY2QoEFC0JAKkMhDxI51vqyTE+eH7taIyPIn8BF8Ay3UdIiWkj/hHFKQwFSzO7Pa3fETwRVa1qcxMzs3v7BYWiovr6yurVc2NpsqTiWDBotFLNs+VSB4BA3kKKCdSKChL6Dl350XeusepOJxdIPDBNyQ9iMecEZRt7zKnnMZQp96mW3l3cxBeMCsXj/L8xMnpDjw/ew29w66h16latWsEcy/xB6TKhnjyqt8Ob2YpSFEyARVqmNbCboZlciZgLzspAoSyu5oHzqaRjQE5Wajh3JzN4iliQMwR/Vvb0ZDpYahrz3FfWpaK5r/aZ0Ug2M341GSIkRMW7QWpMLE2CxyMXtcAkMx1IQyyfWVJhtQSRnq9Ca2KP3OAHp5WWdiTyfwlzQParZVs68Pq6dn43RKZJvskH1ikyNySi7IFWkQRh7JM3khr8aT8Wa8Gx8/1hljPLNFJmB8fgMMXKNb</latexit>

[Debray, Dierigl, MM, Heckman ’23]

This can happen with any number of Q’s

✓

Z
F ^ F

<latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit><latexit sha1_base64="HAN8H4ahEJLQYoM4NXdFzd55onI=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBIVhGMA/ILmF2cpMMmX0wc1cJS77Bb7DV2k5s/QZL/8RJ3MIknurce85lzpwgkUKj43xZhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWoHTIMUETRQoIR2ooCFgYRWMLqZ6q0HUFrE0T2OE/BDNohEX3CGZtW1jzwcAjLqiQhpzXuE3gBorWuXnYozA10mbk7KJEe9a397vZinIUTIJdO64zoJ+hlTKLiESclLNSSMj9gAOoZGLATtZ7P4E3rajxU1Mehs/uvNWKj1OAyMJ2Q41IvadPmf1kmxf+VnIkpShIgbi9H6qaQY02kLtCcUcJRjQxhXwqSkfMgU42i6mntFm+8MoTcpmU7cxQaWSfO84joV9+6iXL3O2ymSY3JCzohLLkmV3JI6aRBOMvJMXsir9WS9We/Wx6+1YOU3h2QO1ucPHe2bWA==</latexit>

✓Discr

Z
Top.
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[MM, Vafa, Rocek ’22]

Swampland!

32 supercharges

“Extreme scale separation”

Right now, we do not have a way to control the massive 
spectrum rigorously and generally 

Some cases better: E.g. Distance Conjecture in AdS/CFT
[Rastelli-Perlmutter-Vafa-Valenzuela ’20, Baume-Calderon Infante ’20, ’23]

"As you send gYM->0, an infinite tower of states appear”

[See Jose’s talk]
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But when on a circle, becomes 5d maximal SUGRA.
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32 supercharges
One more mysterious corner:  The (4,0) and (3,1) 6d 

superalgebras

Not the gravity multiplet!

But when on a circle, becomes 5d maximal SUGRA.

(Landscape or Swampland?) [MM, Tartaglia, Work in progress]

[Hull ’01]

gab ! Aabcd ⇠ Rabcd
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That’s OK. It is a hard question.

Instead, for the remainder of this talk, we will focus on the 
low-energy EFT;

String universality = “All EFT’s consistent with consistency 
principles are somewhere in the string Landscape”

String universality not achieved; room from 

improvement 
String universality achieved; no room for 

EFT’s not part of String Theory  

EFT’s 
from ST

Inconsistent EFT’sInconsistent EFT’s

EFT’s 
from ST
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Which consistency principles?

Anomalies

EFT unitarity

Causality

Swampland constraints

Let us see a concrete example of this!

No global symmetries

Completeness Principle

Weak Gravity
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16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
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�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>



16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

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



16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

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

Lagrangian fully fixed by SUSY



16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

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

Lagrangian fully fixed by SUSY

10d: Green-Schwarz fixes group to

E8 ⇥ E8, SO(32), U(1)496, E8 ⇥ U(1)248
<latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit>



16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

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

Lagrangian fully fixed by SUSY

10d: Green-Schwarz fixes group to

E8 ⇥ E8, SO(32), U(1)496, E8 ⇥ U(1)248
<latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit><latexit sha1_base64="c2DtfuV+1coBYm3p6pa2MU81Ezs="></latexit>

[Adams-de Wolfe-Taylor’10]
[Shiu-Kim-Vafa ’19]



16 supercharges
Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

�
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Lagrangian fully fixed by SUSY

10d: Green-Schwarz fixes group to

E8 ⇥ E8, SO(32), U(1)496, E8 ⇥ U(1)248
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[Adams-de Wolfe-Taylor’10]

String universality achieved!

[Shiu-Kim-Vafa ’19]
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So a sugra is fully specified by the rank of the gauge group…

…and a choice of  Lie algebra (at special points in 
moduli space) 

At some points in moduli space, symmetry enhancement 
can occur. 

On a generic point in moduli space, the group is U(1)r+d

16 supercharges

There is a Narain moduli space parametrized by the scalars in 
vector and gravity multiplets
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Let us first discuss rank.

Upper bound r<26-d from Swampland [Kim Tarazi Vafa ’19]

r= 1 mod 8 in 9d, r= 2 mod 8 in 8d
[MM Vafa ’20]

r even in 7d, even & odd in 6d 

Bottom-up classification from “rank reduction map”
[Fraiman, Parra de Freitas ’21, ’22]

Some values of r are repeated (discrete theta angles)

47 components in 6 dimensions,  30 of them new!

We don’t know whether they have a stringy embedding
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9

8

7

6

5

4

Rank

What about 4d N=4 pure sugra?

Explicit string construction exists
In the Swampland
Unknown

Unknown, but in FPdF list

Dimension

Some numbers repeated due to 
discrete theta angles

[MM, Parra de Freitas ’22]
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What about non-abelian groups?

Brane Probes classify 9d, 8d (partial results 7d)
[Hamada, Vafa ’21, Bedroya-MM-Hamada-Vafa ’21]

Constraints in global form of gauge group 

[Cvetic-Dierigl-Ling-Zhang ’20, Montero-Vafa ’20, Fraiman-Parra de Freitas ’22]

Scattered results, no systematics in d<7

Fraiman-Parra approach: systematic classification of 
frozen singularities and how to glue them

[Font-Fraiman-Graña-Nuñez-Parra de Freitas ’20, ’21]
Independent string calculation: 
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What is a “frozen" singularity?

M-theory perspective:  Orbifold singu with discrete flux.
[Tachikawa ’15]

R4/Z2
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|G4|2 = Potential for blow-up mode

<latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit>



What is a “frozen" singularity?

M-theory perspective:  Orbifold singu with discrete flux.
[Tachikawa ’15]

Blow-up
R4/Z2

<latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit>

Eguchi-Hanson

Z

S3/Z2

C3 6= 0
<latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit>

Z

S3/Z2

C3 =

Z

Eguchi-Hanson

G4 6= 0
<latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit>

Z
|G4|2 = Potential for blow-up mode

<latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit>

Masse
d up!



What is a “frozen" singularity?

M-theory perspective:  Orbifold singu with discrete flux.
[Tachikawa ’15]

Blow-up
R4/Z2

<latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit>

Eguchi-Hanson

Z

S3/Z2

C3 6= 0
<latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit>

Z

S3/Z2

C3 =

Z

Eguchi-Hanson

G4 6= 0
<latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit>

Z
|G4|2 = Potential for blow-up mode

<latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit>

So e.g. M theory on frozen K3 = M theory on K3 with 
frozen singus

Masse
d up!



What is a “frozen" singularity?

M-theory perspective:  Orbifold singu with discrete flux.
[Tachikawa ’15]

Blow-up
R4/Z2

<latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit><latexit sha1_base64="M+jbMb/iKbMqxDYiPJiLTyKIryM=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbCjSFBG0FAGRB4iMdb5so5POT90d0aKLIuP4BtooaZDtHwBJX/CORiJJEw1uzOr3R03ZlRI0/zUFhaXlldWS2vl9Y3NrW19Z7ctooQTaJGIRbzrYgGMhtCSVDLoxhxw4DLouKOLXO/cAxc0Cm/kOAY7wMOQepRgqVqOvt8PsPRdN73O7uonv8Vt5tQcvWJWzQmMeWIVpIIKNB39qz+ISBJAKAnDQvQsM5Z2irmkhEFW7icCYkxGeAg9RUMcgLDTyQuZceRF3JA+GJP6rzfFgRDjwFWe/Doxq+XN/7ReIr0zO6VhnEgIibIozUuYISMjT8IYUA5EsrEimHCqrjSIjzkmUuU1tUWod3wYZGWViTWbwDxp16qWWbWu6pXGeZFOCR2gQ3SMLHSKGugSNVELEfSAntAzetEetVftTXv/sS5oxcwemoL28Q0gVZ2V</latexit>

Eguchi-Hanson

Z

S3/Z2

C3 6= 0
<latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit><latexit sha1_base64="DMNCNyHUPUHSA9ZkcgLlGGrNQLI=">AAACGXicbVA9TwJBEN3zE/ELtbRZJSZWeAcmWhJpLDHKR+TwsrcMsGFv79zdMyGXq/0R/gZbre2MrZWl/8QFKQR81Zt5bzIzz484U9q2v6yFxaXlldXMWnZ9Y3NrO7ezW1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+oDLSGw8gFQvFjR5G0A5IT7Auo0Sblpc7cJnQXnJ9VzpxA6L7vp/cpl4xxRWv5Aq4x7aXy9sFeww8T5wJyaMJql7u2+2ENA5AaMqJUi3HjnQ7IVIzyiHNurGCiNAB6UHLUEECUO1k/EqKj7qhxLoPeFz/9SYkUGoY+MYzOlTNaqPmf1or1t3zdsJEFGsQ1FiM1o051iEeJYI7TALVfGgIoZKZKzHtE0moNrlNbVHmnT500qzJxJlNYJ7UiwXHLjhXp/nyxSSdDNpHh+gYOegMldElqqIaougRPaMX9Go9WW/Wu/Xxa12wJjN7aArW5w/05aAG</latexit>

Z

S3/Z2

C3 =

Z

Eguchi-Hanson

G4 6= 0
<latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit><latexit sha1_base64="mLONCPKxgz/7Q27TGbvKApB8nts="></latexit>

Z
|G4|2 = Potential for blow-up mode

<latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit><latexit sha1_base64="9QCy6Z7kzg0GCUFOs231T61QHjE="></latexit>

So e.g. M theory on frozen K3 = M theory on K3 with 
frozen singus

More to explore? 
Z

S7/�
C7

<latexit sha1_base64="JQp7gmag51g1WyXaDNLi3MTBbEQ=">AAACDHicbZC7TsMwGIWdcivlVi4bS0SFxFQShFTGig4wFkEvUhsix/3TWLWTyHaQSpRX4BlYYWZDrLwDI2+CWzLQljMd/+dY/v15MaNSWdaXUVhaXlldK66XNja3tnfKu3ttGSWCQItELBJdD0tgNISWoopBNxaAuceg440ak7zzAELSKLxT4xgcjoch9SnBSo/c8kGfhspNb+9rp/0rzDnOGm7NLVesqjWVuWjs3FRQrqZb/u4PIpJwCBVhWMqebcXKSbFQlDDISv1EQozJCA+hp22IOUgnnW6fmcd+JEwVgDk9/+2mmEs55p7ucKwCOZ9Nhv9lvUT5F05KwzhREBJd0ZmfMFNF5gSCOaACiGJjbTARVG9pkgALTJRGNfOK1N8JYJCVNBN7nsCiaZ9Vbatq35xX6pc5nSI6REfoBNmohuroGjVRCxH0iJ7RC3o1now34934+K0WjPzOPpqR8fkDjNGbDg==</latexit><latexit sha1_base64="JQp7gmag51g1WyXaDNLi3MTBbEQ=">AAACDHicbZC7TsMwGIWdcivlVi4bS0SFxFQShFTGig4wFkEvUhsix/3TWLWTyHaQSpRX4BlYYWZDrLwDI2+CWzLQljMd/+dY/v15MaNSWdaXUVhaXlldK66XNja3tnfKu3ttGSWCQItELBJdD0tgNISWoopBNxaAuceg440ak7zzAELSKLxT4xgcjoch9SnBSo/c8kGfhspNb+9rp/0rzDnOGm7NLVesqjWVuWjs3FRQrqZb/u4PIpJwCBVhWMqebcXKSbFQlDDISv1EQozJCA+hp22IOUgnnW6fmcd+JEwVgDk9/+2mmEs55p7ucKwCOZ9Nhv9lvUT5F05KwzhREBJd0ZmfMFNF5gSCOaACiGJjbTARVG9pkgALTJRGNfOK1N8JYJCVNBN7nsCiaZ9Vbatq35xX6pc5nSI6REfoBNmohuroGjVRCxH0iJ7RC3o1now34934+K0WjPzOPpqR8fkDjNGbDg==</latexit><latexit sha1_base64="JQp7gmag51g1WyXaDNLi3MTBbEQ=">AAACDHicbZC7TsMwGIWdcivlVi4bS0SFxFQShFTGig4wFkEvUhsix/3TWLWTyHaQSpRX4BlYYWZDrLwDI2+CWzLQljMd/+dY/v15MaNSWdaXUVhaXlldK66XNja3tnfKu3ttGSWCQItELBJdD0tgNISWoopBNxaAuceg440ak7zzAELSKLxT4xgcjoch9SnBSo/c8kGfhspNb+9rp/0rzDnOGm7NLVesqjWVuWjs3FRQrqZb/u4PIpJwCBVhWMqebcXKSbFQlDDISv1EQozJCA+hp22IOUgnnW6fmcd+JEwVgDk9/+2mmEs55p7ucKwCOZ9Nhv9lvUT5F05KwzhREBJd0ZmfMFNF5gSCOaACiGJjbTARVG9pkgALTJRGNfOK1N8JYJCVNBN7nsCiaZ9Vbatq35xX6pc5nSI6REfoBNmohuroGjVRCxH0iJ7RC3o1now34934+K0WjPzOPpqR8fkDjNGbDg==</latexit><latexit sha1_base64="JQp7gmag51g1WyXaDNLi3MTBbEQ=">AAACDHicbZC7TsMwGIWdcivlVi4bS0SFxFQShFTGig4wFkEvUhsix/3TWLWTyHaQSpRX4BlYYWZDrLwDI2+CWzLQljMd/+dY/v15MaNSWdaXUVhaXlldK66XNja3tnfKu3ttGSWCQItELBJdD0tgNISWoopBNxaAuceg440ak7zzAELSKLxT4xgcjoch9SnBSo/c8kGfhspNb+9rp/0rzDnOGm7NLVesqjWVuWjs3FRQrqZb/u4PIpJwCBVhWMqebcXKSbFQlDDISv1EQozJCA+hp22IOUgnnW6fmcd+JEwVgDk9/+2mmEs55p7ucKwCOZ9Nhv9lvUT5F05KwzhREBJd0ZmfMFNF5gSCOaACiGJjbTARVG9pkgALTJRGNfOK1N8JYJCVNBN7nsCiaZ9Vbatq35xX6pc5nSI6REfoBNmohuroGjVRCxH0iJ7RC3o1now34934+K0WjPzOPpqR8fkDjNGbDg==</latexit>

Masse
d up!
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R4
<latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit>



Another promising idea: 

Cobordism Conjecture
[McNamara-Vafa ’19]

Basic idea: Nontrivial topology can lead to global charges 

K3
<latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit>

The K3 “particle”
is invariant under 

deformations

R4
<latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit><latexit sha1_base64="WUMxUXEYJ2/qnKBA/19rXIRMveI=">AAACAnicbVC7TsNAEFyHVwivACWNRYREFdkoEpQRNJQBkQQpNtH5so5POT90d0aKLHd8Ay3UdIiWH6HkTzgHFyRhqrmdOe3seAlnUlnWl1FZWV1b36hu1ra2d3b36vsHPRmngmKXxjwW9x6RyFmEXcUUx/tEIAk9jn1vclXo/UcUksXRnZom6IZkHDGfUaL0yHFCogLPy27zh9aw3rCa1gzmMrFL0oASnWH92xnFNA0xUpQTKQe2lSg3I0IxyjGvOanEhNAJGeNA04iEKN1sljk3T/xYmCpAc/b+681IKOU09LSnSCcXtWL4nzZIlX/hZixKUoUR1Rat+Sk3VWwWp5sjJpAqPtWEUMF0SpMGRBCqdEFzW6Q+J8BRXtOd2IsNLJPeWdO2mvZNq9G+LNupwhEcwynYcA5tuIYOdIFCAs/wAq/Gk/FmvBsfv9aKUf45hDkYnz/DTZgG</latexit>



But in QG, topology is dynamical… One kind of global charge is  
preserved under smooth topology fluctuations: the cobordism 

class

tE
<latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit>

M1
<latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit>

M2
<latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit>

C
<latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit>



But in QG, topology is dynamical… One kind of global charge is  
preserved under smooth topology fluctuations: the cobordism 

class

tE
<latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit><latexit sha1_base64="hZXP0FWugNU58Zl2V69TM/BgnBg=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9BgUwWNE84BkCbOT3uyQ2QczvUJY8gle9exNvPo1Hv0TJ3EPJrFO1V3VdHf5qRSaHOfLWlldW9/YLG2Vt3d29/YrB4ctnWSKY5MnMlEdn2mUIsYmCZLYSRWyyJfY9kc3U739hEqLJH6kcYpexIaxCARnZFoP1L/tV6pOzZnBXiZuQapQoNGvfPcGCc8ijIlLpnXXdVLycqZIcImTci/TmDI+YkPsGhqzCLWXz06d2KdBomwK0Z7Vf705i7QeR77xRIxCvahNm/9p3YyCKy8XcZoRxtxYjBZk0qbEnn5sD4RCTnJsCONKmCttHjLFOJlc5rZo806Ig0nZZOIuJrBMWuc116m59xfV+nWRTgmO4QTOwIVLqMMdNKAJHIbwDC/wauXWm/VuffxaV6xi5gjmYH3+AMQjlB4=</latexit>

M1
<latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit><latexit sha1_base64="7JbUJMk+hfNSWST1bUtVu+TeLTE=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswq0IWgZtbISI5gOSI+xt5nJL9j7Y3RPCkZ9gq7Wd2PprLP0nbuIVJvFVb+a9YWaen0qhjet+OSura+sbm6Wt8vbO7t5+5eCwpZNMcWzyRCaq4zONUsTYNMJI7KQKWeRLbPujm6nefkKlRRI/mnGKXsSGsQgEZ8a2Hu76tF+pujV3BrJMaEGqUKDRr3z3BgnPIowNl0zrLnVT4+VMGcElTsq9TGPK+IgNsWtpzCLUXj47dUJOg0QREyKZ1X+9OYu0Hke+9UTMhHpRmzb/07qZCa68XMRpZjDm1mK1IJPEJGT6MRkIhdzIsSWMK2GvJDxkinFjc5nbou07IQ4mZZsJXUxgmbTOa9St0fuLav26SKcEx3ACZ0DhEupwCw1oAochPMMLvDq58+a8Ox+/1hWnmDmCOTifP2b0k+M=</latexit>

M2
<latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit><latexit sha1_base64="rJ3ammCjF8MNqIUr+fpjLvU7l54=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIjJCgjaGiQgiAPKbGi82Udn3J+6O6MFFn5BFqo6RAtX0PJn3AxLkjCVLM7s9rd8RLBlbbtL6u0tr6xuVXeruzs7u0fVA+POipOJcM2i0Usex5VKHiEbc21wF4ikYaewK43uZnr3SeUisfRo54m6IZ0HHGfM6pN6+Fu2BhWa3bdzkFWiVOQGhRoDavfg1HM0hAjzQRVqu/YiXYzKjVnAmeVQaowoWxCx9g3NKIhKjfLT52RMz+WRAdI8vqvN6OhUtPQM56Q6kAta/Pmf1o/1f6Vm/EoSTVGzFiM5qeC6JjMPyYjLpFpMTWEMsnNlYQFVFKmTS4LW5R5J8DRrGIycZYTWCWdRt2x6879Ra15XaRThhM4hXNw4BKacAstaAODMTzDC7xamfVmvVsfv9aSVcwcwwKszx9oh5Pk</latexit>

C
<latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit><latexit sha1_base64="6OHZ5mjPMlXhoJ3t2Fo6jq9CMNA=">AAACAXicbVA9T8MwFHwpX6V8FRhZIiokpipBSDBWdGEsEm2R2qhy3JfGqhNHtoNURZn4DawwsyFWfgkj/wSnZKAtN53fnfXunZ9wprTjfFmVtfWNza3qdm1nd2//oH541FMilRS7VHAhH3yikLMYu5ppjg+JRBL5HPv+tF3o/UeUion4Xs8S9CIyiVnAKNFmNBhGRIeU8Kydj+oNp+nMYa8StyQNKNEZ1b+HY0HTCGNNOVFq4DqJ9jIiNaMc89owVZgQOiUTHBgakwiVl80j5/ZZIKStQ7Tn77/ejERKzSLfeIpwalkrhv9pg1QH117G4iTVGFNjMVqQclsLu7jcHjOJVPOZIYRKZlLaNCSSUG36WdiizDkhjvOa6cRdbmCV9C6artN07y4brZuynSqcwCmcgwtX0IJb6EAXKAh4hhd4tZ6sN+vd+vi1VqzyzzEswPr8AUZRl8c=</latexit>

C is a cobordism between M1 and M2

The set of cobordism classes forms a group, the cobordism 
group

e.g. ⌦Spin
4 = Z

<latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit>
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The cobordism groups capture (generalized) topological global 
symmetries that cannot be killed via smooth topological transitions 

(the transitions you can describe with the low-energy EFT)

But there are no global symmetries in QG… 

…so it must be possible to kill these global charges 
somehow!

K3
<latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit><latexit sha1_base64="vCjfzfXg+89faE/yVgDsRdhAsG4=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIhEpQRNEg0AZGHlFjR+bKOTzk/dHdGClb+gBZqOkTL31DyJ1yCC5Iw1ezOrHZ3vERwpW37yyqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLjkcVCh5hU3MtsJNIpKEnsO2Nrqd6+xGl4nH0oMcJuiEdRtznjGrTur8975crdtWegSwTJycVyNHol797g5ilIUaaCapU17ET7WZUas4ETkq9VGFC2YgOsWtoRENUbja7dEJO/FgSHSCZ1X+9GQ2VGoee8YRUB2pRmzb/07qp9i/djEdJqjFixmI0PxVEx2T6MBlwiUyLsSGUSW6uJCygkjJtYpnbosw7AQ4mJZOJs5jAMmmdVR276tzVKvWrPJ0iHMExnIIDF1CHG2hAExj48Awv8Go9WW/Wu/Xxay1Y+cwhzMH6/AGrtZN6</latexit>

⌦QG = 0
<latexit sha1_base64="hQtl8ENU3dfsf4ctgzmimSoJ3xU=">AAACDHicbZC7TsMwFIYdrqXcymVjiaiQmKoEIcGCVMEAG61EL1IbRY570lh1LrJPECXKK/AMrDCzIVbegZE3wS0daMs//T7/b/n48xLBFVrWl7GwuLS8slpYK65vbG5tl3Z2mypOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNrkZ56x6k4nF0h8MEnJD2I+5zRlGP3NJ+9zaEPnWzLsIDZvXrPL+w3FLZqlhjmfPGnpgymajmlr67vZilIUTIBFWqY1sJOhmVyJmAvNhNFSSUDWgfOtpGNATlZOPtc/PIj6WJAZjj899uRkOlhqGnOyHFQM1mo+F/WSdF/9zJeJSkCBHTFZ35qTAxNkcQzB6XwFAMtaFMcr2lyQIqKUONauoVpb8TQC8vaib2LIF50zyp2FbFrp+Wq5cTOgVyQA7JMbHJGamSG1IjDcLII3kmL+TVeDLejHfj47e6YEzu7JEpGZ8/b1+bmw==</latexit><latexit sha1_base64="hQtl8ENU3dfsf4ctgzmimSoJ3xU=">AAACDHicbZC7TsMwFIYdrqXcymVjiaiQmKoEIcGCVMEAG61EL1IbRY570lh1LrJPECXKK/AMrDCzIVbegZE3wS0daMs//T7/b/n48xLBFVrWl7GwuLS8slpYK65vbG5tl3Z2mypOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNrkZ56x6k4nF0h8MEnJD2I+5zRlGP3NJ+9zaEPnWzLsIDZvXrPL+w3FLZqlhjmfPGnpgymajmlr67vZilIUTIBFWqY1sJOhmVyJmAvNhNFSSUDWgfOtpGNATlZOPtc/PIj6WJAZjj899uRkOlhqGnOyHFQM1mo+F/WSdF/9zJeJSkCBHTFZ35qTAxNkcQzB6XwFAMtaFMcr2lyQIqKUONauoVpb8TQC8vaib2LIF50zyp2FbFrp+Wq5cTOgVyQA7JMbHJGamSG1IjDcLII3kmL+TVeDLejHfj47e6YEzu7JEpGZ8/b1+bmw==</latexit><latexit sha1_base64="hQtl8ENU3dfsf4ctgzmimSoJ3xU=">AAACDHicbZC7TsMwFIYdrqXcymVjiaiQmKoEIcGCVMEAG61EL1IbRY570lh1LrJPECXKK/AMrDCzIVbegZE3wS0daMs//T7/b/n48xLBFVrWl7GwuLS8slpYK65vbG5tl3Z2mypOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNrkZ56x6k4nF0h8MEnJD2I+5zRlGP3NJ+9zaEPnWzLsIDZvXrPL+w3FLZqlhjmfPGnpgymajmlr67vZilIUTIBFWqY1sJOhmVyJmAvNhNFSSUDWgfOtpGNATlZOPtc/PIj6WJAZjj899uRkOlhqGnOyHFQM1mo+F/WSdF/9zJeJSkCBHTFZ35qTAxNkcQzB6XwFAMtaFMcr2lyQIqKUONauoVpb8TQC8vaib2LIF50zyp2FbFrp+Wq5cTOgVyQA7JMbHJGamSG1IjDcLII3kmL+TVeDLejHfj47e6YEzu7JEpGZ8/b1+bmw==</latexit><latexit sha1_base64="hQtl8ENU3dfsf4ctgzmimSoJ3xU=">AAACDHicbZC7TsMwFIYdrqXcymVjiaiQmKoEIcGCVMEAG61EL1IbRY570lh1LrJPECXKK/AMrDCzIVbegZE3wS0daMs//T7/b/n48xLBFVrWl7GwuLS8slpYK65vbG5tl3Z2mypOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNrkZ56x6k4nF0h8MEnJD2I+5zRlGP3NJ+9zaEPnWzLsIDZvXrPL+w3FLZqlhjmfPGnpgymajmlr67vZilIUTIBFWqY1sJOhmVyJmAvNhNFSSUDWgfOtpGNATlZOPtc/PIj6WJAZjj899uRkOlhqGnOyHFQM1mo+F/WSdF/9zJeJSkCBHTFZ35qTAxNkcQzB6XwFAMtaFMcr2lyQIqKUONauoVpb8TQC8vaib2LIF50zyp2FbFrp+Wq5cTOgVyQA7JMbHJGamSG1IjDcLII3kmL+TVeDLejHfj47e6YEzu7JEpGZ8/b1+bmw==</latexit>

Killing the global symmetry forces the introduction of defects
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Great deal of recent work on cobordism conjecture

Gives restrictions on the rank of theories, establishing rank 
universality in 8d and 9d

Can be used to predict new branes = new compactifications!

Can be used to produce similar constraints in 6d

[MM-Vafa’20]

[MM, unpublished]

[Debray, Dierigl, Heckman, MM, Torres, Tachikawa, Kaidi, Ohmori '22, ’23]

[Angius, Basile, Bedroya, Berglund, Blumenhagen, Buratti, Calderón Infante, Cribiori, Cvetič, De Biasio, Debray, Delgado, 
Dierigl, Gonzalo, Hamada, Hebecker, Heckman, Herráez, Hertog, Huertas, Hübner, Hübsch, Ibanez, Kaidi, Karch, Kneissl, 

Lanza, Lin, Lüst, Makridou, Marchesano, Martucci, McNamara, Milutin Minic, Montella, Montero, Mourad, Ohmori, Parra De 
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There has been a recent surge of work on theories with 16 Q’s, not 
directly related to the question of universality.

Systematic study of their infinite distance limits & check of 
emergent string conjecture
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Many constraints from anomalies & brane probes… 
[Kim-Shiu-Vafa ’19, Lee-Weigand ’19, Martucci Risso Weigand ’22, Dierigl-Oehlmann-Schimannek ’22]

… but many infinite families remain (thank you, Greg & Yuta)
[Raghuram Taylor ’18, Li-Taylor ’22,Hamada-Loges '23]

Seems unlikely to fully classify without new ideas
…like [Dierigl-Oehlmann-Schimannek ’22, Basile, Leone ’23]? 
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8 supercharges
With so many possibilities,  it makes sense to switch gears and ask 

about constructive methods

How do we get 6d (1,0) vacua?

F-theory on CY3 Heterotic on K3

Asymmetric 
orbifolds

Example violating 
Kodaira condition

How to orbifold away from the worldsheet?
[Baykara-Hamada-Tarazi-Vafa  ’23]

See Houri's talk

[Giaccari Volpato ’22]
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One way: Constructions of Riemann-Flat manifolds 

(see also Peng Cheng's talk)
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Torus

Isometry group of torus

Allowed Gamma's classified up to dim. 5.  Some give you SUSY!



8 supercharges
One way: Constructions of Riemann-Flat manifolds 

(see also Peng Cheng's talk)
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Torus

Isometry group of torus

Allowed Gamma's classified up to dim. 5.  Some give you SUSY!
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[Braun-Cvetic-Donagi-Poretschkin ’17]Calabi-Yau



8 supercharges
One way: Constructions of Riemann-Flat manifolds 

(see also Peng Cheng's talk)
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Torus

Isometry group of torus

Allowed Gamma's classified up to dim. 5.  Some give you SUSY!
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Useful for lower SUSY, too, in a controlled way!

[Braun-Cvetic-Donagi-Poretschkin ’17]Calabi-Yau

[Gkountoumis, Hull, Stemerdink, Vandoren ’22]Can include duality twists



8 supercharges
One way: Constructions of Riemann-Flat manifolds 

(see also Peng Cheng's talk)
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Torus

Isometry group of torus

Allowed Gamma's classified up to dim. 5.  Some give you SUSY!
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Useful for lower SUSY, too, in a controlled way!

[Braun-Cvetic-Donagi-Poretschkin ’17]Calabi-Yau

[Gkountoumis, Hull, Stemerdink, Vandoren ’22]Can include duality twists

More generally: T-folds, double field theor/gen. geometry, 
nilmanifolds… [e.g. Andriot-Tsimpis ’18]
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General relationship of UV cutoff (species scale) and towers of 
states

[Van de Heisteeg-Vafa-Wiesner ’22,’23, + Wu '23, Cribiori-Lust-Montella ’23, Castellano-Ruiz-
Valenzuela ’23]
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5d N=1 and 4d N=2 (pretty similar)

General relationship of UV cutoff (species scale) and towers of 
states

Construction of numerical metrics (see Jim's talk)

Even the basic Q: is # of CY3's finite? is not answered

Is 5d N=1 pure sugra (only gravity multiplet) in the Swampland?

[Halverson-Ruehle '23 + many others]

[Van de Heisteeg-Vafa-Wiesner ’22,’23, + Wu '23, Cribiori-Lust-Montella ’23, Castellano-Ruiz-
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4 supercharges

4d and below Generically spontaneously broken

Work on structure of flux potential

Numerical flux vacua

Tadpole conjecture

Tameness

Interior of moduli space

Scale separation

[Grimm-Li-Valenzuela ’19, Calderon Infante-Ruiz-Valenzuela ’22]  

[Grimm, Lanza, Douglas, Schlechter, Monee, van Vliet, ’21, '22, ’23]

[Krippendorf-Schachner ’23]  

[See Iosif ’s talk]

[See Max’s talk]

[Wednesday discussion]

(A lot of discussion on Wednesday & Thursday, so I will be brief)



4 supercharges
Progress on KKLT construction [See Jakob’s talk]

Some issues (e.g. small gsM), no obvious roadblock

How does antibrane affect F-term stabilization?

How to e.g. add SM?

dS no go theorems (generalizing Maldacena-Nuñez)

[Grimm-Li-Valenzuela ’19]For isntance, the ones in

What about LVS?

[Andriot, Horer, Marconnet '22]

[Andriot ’18]
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Most interesting case.  Most natural place to find dS
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…and all sorts of weird stuff!

For instance, scale separation

(although no hologr. dual)
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[De Luca-De Ponti-Mondino-Tomassiello ’23]
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[De Luca-De Ponti-Mondino-Tomassiello ’23]

And remarkably simple dS constructions
[De Luca-Torroba-Silverstein ’21]
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Curvature

Flux
Casimir

We need explicit example (with numbers)

But shows the power of just “leaving CY”

[See Bruno’s talk]



0 supercharges
Most interesting case.  Most natural place to find dS

…and all sorts of weird stuff!

For instance, scale separation

(although no hologr. dual)

AdS4 ⇥ T 7
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[De Luca-De Ponti-Mondino-Tomassiello ’23]

And remarkably simple dS constructions
[De Luca-Torroba-Silverstein ’21]

AdS4 ⇥H7
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Curvature

Flux
Casimir

We need explicit example (with numbers)

But shows the power of just “leaving CY”

Doesn’t have to be hyperbolic!

[See Bruno’s talk]
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0 supercharges
Also arena for non-susy strings

(Check out Youngst@rs workshop “Strings breaking SUSY” just last week!)

Progress in closed-string tachyon condensation a la Hellerman

Recent classification of non-susy heterotic strings
[Philip Boyle Smith, Ying-Hsuan Lin, Yuji Tachikawa, Yunqin Zheng ’23]

[Kaidi ’20, Kaidi-Ohmori-Tachikawa ’23]

10d nonsusy tachyon-free = anomaly free

[Basile, Mourad Sagnotti ’20, Baykara-Robbins-Sethi ’22,  Fraiman, Graña, Parra de Freitas, Sethi ’23]

Constructions of AdS3 + higher-dim AdS vacua Stability?

Open string models: New stuff yet to be found

Systematic exploration of moduli space of SO(16)^2
[Fraiman-Graña-Parra de Freitas-Sethi ’23]

[Courdachet, Dudas, Partouche ’21]



0 supercharges

Very interestingly, nonsusy, tachyon-free strings have a positive 
potential  

V > 0
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[See Severin’s talk 

for the SAME 

SLIDE]
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<latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit>

which violates assumptions of Maldacena-Nuñez no go theorem 
for dS

[Maldacena-Nuñez ’01]

[See Severin’s talk 

for the SAME 

SLIDE]



0 supercharges

Very interestingly, nonsusy, tachyon-free strings have a positive 
potential  

V > 0
<latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit><latexit sha1_base64="ju/xDTwRJ376wb7PCxk6FACHkGo=">AAAB+XicbVA9SwNBEJ3zM8avqKXNYhCswp4IWknQxjKi+YDkCHubudySvQ9294Rw5CfYam0ntv4aS/+Jm3iFSXzVm3lvmJnnp1JoQ+mXs7K6tr6xWdoqb+/s7u1XDg5bOskUxyZPZKI6PtMoRYxNI4zETqqQRb7Etj+6nertJ1RaJPGjGafoRWwYi0BwZmzroXVN+5UqrdEZyDJxC1KFAo1+5bs3SHgWYWy4ZFp3XZoaL2fKCC5xUu5lGlPGR2yIXUtjFqH28tmpE3IaJIqYEMms/uvNWaT1OPKtJ2Im1IvatPmf1s1McOXlIk4zgzG3FqsFmSQmIdOPyUAo5EaOLWFcCXsl4SFTjBuby9wWbd8JcTAp20zcxQSWSeu85tKae39Rrd8U6ZTgGE7gDFy4hDrcQQOawGEIz/ACr07uvDnvzsevdcUpZo5gDs7nDz+Kk8o=</latexit>

which violates assumptions of Maldacena-Nuñez no go theorem 
for dS

[Maldacena-Nuñez ’01]

However, there are extensions of this theorem applying to non-
susy strings

[Basile-Lanza ’20, Bernardo-Brahma-Faruk ’22,Leedom-Righi-Westphal ’22, Hebecker-Schreyer-Venken ’23]

[See Severin’s talk 

for the SAME 

SLIDE]
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To sum up:

“But hasn't string theory been 
proven wrong already?” 

“You guys have been at it for over 
40 years! When will you give up 

and acknowledge defeat?” 



To sum up:

“But hasn't string theory been 
proven wrong already?” 

“You guys have been at it for over 
40 years! When will you give up 

and acknowledge defeat?” 

You now know what to say:

The string Landscape is vast. 

40 years is enough only to scratch the surface. 
We need more people — not less! to help us explore it.

Come on and join us!



Merci beaucoup!
(Hope taking the early RER today was worth it!)


