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

No examples! (that I know of)
Einstein
gravity

Far-reaching Swampland conjectures:

No stable nonsusy AdS [Ooguri-Vafa ’16]

Vacua morghulis [Freivogel-Kleban ’16]

If instability is universal QG property, maybe it is a good idea to 
look for a universal vacuum decay mechanism.

Bubble of Nothing 
(Not completely universal, but 
makes sense whenever we have 

internal geometry)
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Consider the metric

its an unusual Wick rotation of the 5d Schwarzschild BH.

If one changes coordinates

It looks like Rindler (i.e. Minkowski) space for r>>R.
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(times a circle)

[Witten ’81]
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t So it looks like Minkowski…

…but remember to 
cut out space at 

r=R!

r = R
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There is Nothing 
inside!

The KK circle 
shrinks to zero 
size at the bubble
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Finite probability 
of nucleation 
from Euclidean 
methods
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Vacuum seems unstable! We 
should PANIC

But wait! Fermions can 
protect us….
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well defined on the cigar….

i.e. they must be well-defined 
on the disk…

But fermions pick a - sign when 
rotated by 2π!

 
<latexit sha1_base64="tDWgNTx++2LkKgPYEPxvDObOfbA=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBwiFSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RxckISpZndmtbvjp4IrbdtfVm1tfWNzq77d2Nnd2z9oHh71VJJJhi5LRCL7PlUoeIyu5lpgP5VII1/goz+9LfXHJ5SKJ/GDnqXoRXQS84Azqk3LHaaKN0bNlt225yCrxKlICyp0R83v4ThhWYSxZoIqNXDsVHs5lZozgUVjmClMKZvSCQ4MjWmEysvnxxbkLEgk0SGSef3Xm9NIqVnkG09EdaiWtbL5nzbIdHDt5TxOM40xMxajBZkgOiHlz2TMJTItZoZQJrm5krCQSsq0SWZhizLvhDguykyc5QRWSe+i7dht5/6y1bmp0qnDCZzCOThwBR24gy64wIDDM7zAq1VYb9a79fFrrVnVzDEswPr8AQNnlMw=</latexit><latexit sha1_base64="tDWgNTx++2LkKgPYEPxvDObOfbA=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBwiFSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RxckISpZndmtbvjp4IrbdtfVm1tfWNzq77d2Nnd2z9oHh71VJJJhi5LRCL7PlUoeIyu5lpgP5VII1/goz+9LfXHJ5SKJ/GDnqXoRXQS84Azqk3LHaaKN0bNlt225yCrxKlICyp0R83v4ThhWYSxZoIqNXDsVHs5lZozgUVjmClMKZvSCQ4MjWmEysvnxxbkLEgk0SGSef3Xm9NIqVnkG09EdaiWtbL5nzbIdHDt5TxOM40xMxajBZkgOiHlz2TMJTItZoZQJrm5krCQSsq0SWZhizLvhDguykyc5QRWSe+i7dht5/6y1bmp0qnDCZzCOThwBR24gy64wIDDM7zAq1VYb9a79fFrrVnVzDEswPr8AQNnlMw=</latexit><latexit sha1_base64="tDWgNTx++2LkKgPYEPxvDObOfbA=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBwiFSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RxckISpZndmtbvjp4IrbdtfVm1tfWNzq77d2Nnd2z9oHh71VJJJhi5LRCL7PlUoeIyu5lpgP5VII1/goz+9LfXHJ5SKJ/GDnqXoRXQS84Azqk3LHaaKN0bNlt225yCrxKlICyp0R83v4ThhWYSxZoIqNXDsVHs5lZozgUVjmClMKZvSCQ4MjWmEysvnxxbkLEgk0SGSef3Xm9NIqVnkG09EdaiWtbL5nzbIdHDt5TxOM40xMxajBZkgOiHlz2TMJTItZoZQJrm5krCQSsq0SWZhizLvhDguykyc5QRWSe+i7dht5/6y1bmp0qnDCZzCOThwBR24gy64wIDDM7zAq1VYb9a79fFrrVnVzDEswPr8AQNnlMw=</latexit><latexit sha1_base64="tDWgNTx++2LkKgPYEPxvDObOfbA=">AAAB+3icbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBwiFSYkXnyzo+5fzQ3RkpsvwNtFDTIVo+hpI/4RxckISpZndmtbvjp4IrbdtfVm1tfWNzq77d2Nnd2z9oHh71VJJJhi5LRCL7PlUoeIyu5lpgP5VII1/goz+9LfXHJ5SKJ/GDnqXoRXQS84Azqk3LHaaKN0bNlt225yCrxKlICyp0R83v4ThhWYSxZoIqNXDsVHs5lZozgUVjmClMKZvSCQ4MjWmEysvnxxbkLEgk0SGSef3Xm9NIqVnkG09EdaiWtbL5nzbIdHDt5TxOM40xMxajBZkgOiHlz2TMJTItZoZQJrm5krCQSsq0SWZhizLvhDguykyc5QRWSe+i7dht5/6y1bmp0qnDCZzCOThwBR24gy64wIDDM7zAq1VYb9a79fFrrVnVzDEswPr8AQNnlMw=</latexit>



If we have fermions, they must be 
well defined on the cigar….

i.e. they must be well-defined 
on the disk…

But fermions pick a - sign when 
rotated by 2π!
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Bubble does 
not exist for 

periodic (SUSY) 
fermions
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They won’t arise for SUSY theories because as we have seen the 
b.c’s for the fermions lead to a topological protection.



TWO WRONG LESSONS

Only constructed bubble for a circle — few other examples. 
Seems nongeneric

They won’t arise for SUSY theories because as we have seen the 
b.c’s for the fermions lead to a topological protection.

Both statements are good for nothing 
(they are just wrong)
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Suppose we want to construct a bubble for some d-dimensional 
manifold Cd.

Intuitively, Cd must “shrink to a point”

The circle is the 
boundary of the disk



Suppose we want to construct a bubble for some d-dimensional 
manifold Cd.

Intuitively, Cd must “shrink to a point”

Cd
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The circle is the 
boundary of the disk



Suppose we want to construct a bubble for some d-dimensional 
manifold Cd.

Intuitively, Cd must “shrink to a point”

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

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

The circle is the 
boundary of the disk

Cd = @Bd+1
<latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit>



Suppose we want to construct a bubble for some d-dimensional 
manifold Cd.

Intuitively, Cd must “shrink to a point”

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

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

The circle is the 
boundary of the disk

Cd = @Bd+1
<latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit>

Cd  must be a boundary; which manifolds are boundaries has been 
studied by mathematicians

Bordism groups



Two manifolds C, D are in the same bordism class if their 
union is a boundary



Two manifolds C, D are in the same bordism class if their 
union is a boundary

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

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>



Two manifolds C, D are in the same bordism class if their 
union is a boundary

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

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

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

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>



Two manifolds C, D are in the same bordism class if their 
union is a boundary

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

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

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

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

The set of equivalence classes has an abelian group structure



Two manifolds C, D are in the same bordism class if their 
union is a boundary

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

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

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

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

The set of equivalence classes has an abelian group structure

Can be decorated with e.g. a 
spin structure



Two manifolds C, D are in the same bordism class if their 
union is a boundary

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

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

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

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

The set of equivalence classes has an abelian group structure

Can be decorated with e.g. a 
spin structure ⌦Spin

d
<latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit>



[Bais, Gomez, Rubakov ’87]
[Mazur ’87]

A manifold can only admit a bubble of nothing if 
it belongs to the

trivial class

⌦Spin
d

<latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit><latexit sha1_base64="7NMQwImY9JrZUxVVrWfcLnbBIRM=">AAACDnicbZC7TsMwFIadcivlFkBiYYmokJiqBCHBWMHCRhH0IjWhctyT1qpzkX2CqELegWdghZkNsfIKjLwJbulAW/7p9/l/y8efnwiu0La/jMLC4tLySnG1tLa+sbllbu80VJxKBnUWi1i2fKpA8AjqyFFAK5FAQ19A0x9cjPLmPUjF4+gWhwl4Ie1FPOCMoh51zD33KoQe7XTvMhfhAbObhEd53jHLdsUey5o3zsSUyUS1jvntdmOWhhAhE1SptmMn6GVUImcC8pKbKkgoG9AetLWNaAjKy8b759ZhEEsL+2CNz3+7GQ2VGoa+7oQU+2o2Gw3/y9opBmdexqMkRYiYrugsSIWFsTXCYHW5BIZiqA1lkustLdankjLUsKZeUfo7fejmJc3EmSUwbxrHFceuONcn5er5hE6R7JMDckQcckqq5JLUSJ0w8kieyQt5NZ6MN+Pd+PitFozJnV0yJePzB+X+nQY=</latexit>

in

(so that it can "shrink to a point”)

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

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

i.e. if it is a boundaryCd = @Bd+1
<latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit><latexit sha1_base64="f6vkSpasejEp/HATS8AbYKOwK/g=">AAACH3icbVDLSsNAFJ34rPUVdekmWERBKIkIuhFKu3FZwT6gCWEyuWmHTh7MTIQS8gl+hN/gVtfuxG2X/omTGsS2ntWZc87M3Hu8hFEhTXOqrayurW9sVraq2zu7e/v6wWFXxCkn0CExi3nfwwIYjaAjqWTQTzjg0GPQ88atwu89Ahc0jh7kJAEnxMOIBpRgqSRXP7NDLEcEs6yVu/6tnWAuKWa/ajN3M//Cyl29ZtbNGYxlYpWkhkq0Xf3L9mOShhBJwrAQA8tMpJMVzxMGedVOBSSYjPEQBopGOAThZLOFcuM0iLkhR2DMzn+zGQ6FmISeyhQjikWvEP/zBqkMbpyMRkkqISIqorwgZYaMjaIXw6cciGQTRTDhVE1pkBHmmEjV3twvQq0zAj+vqk6sxQaWSfeybpl16/6q1miW7VTQMTpB58hC16iB7lAbdRBBT+gFvaI37Vl71z60z5/oilbeOUJz0Kbf6QKj4A==</latexit>



The bordism classification matches nicely with Witten’s BoN!



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!

⌦Spin
2 = Z2

<latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit>



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!

⌦Spin
2 = Z2

<latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit>

Nontrivial class:  Torus with periodic b.c

Nontrivial class:  Torus with antiperiodic b.c.



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!

⌦Spin
2 = Z2

<latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit>

Nontrivial class:  Torus with periodic b.c

Nontrivial class:  Torus with antiperiodic b.c.

We could apply “physicist’s induction”



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!

⌦Spin
2 = Z2

<latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit>

Nontrivial class:  Torus with periodic b.c

Nontrivial class:  Torus with antiperiodic b.c.

We could apply “physicist’s induction” ⌦Spin
d � Z2

<latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit>



The bordism classification matches nicely with Witten’s BoN!

⌦Spin
1 = Z2

<latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit><latexit sha1_base64="N6X56zzDAhju2V+rDysNBct5ybE=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CeeQgiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4nunNe5CKh8ENjiLo+HQQ8D5nFHWrWyw5lz4MaNe+SxyEB0yuIx6k6anjU/RcN7lNuxXtssrWGOY8sSekRCaodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLxM6l50A+liR6Y4/qvN6G+UiPf1Z7sOjWrZc3/tHaM/ZNOwoMoRgiYtmitHwsTQzPLxOxxCQzFSBPKJNdXmsyjkjLUyU1tUfodD3ppQWdizyYwTxqVsm2V7aujUvVskk6e7JF9ckhsckyq5ILUSJ0w8kieyQt5NZ6MN+Pd+Pi15ozJzC6ZgvH5A8VJoj8=</latexit>

Nontrivial class:  Circle with periodic b.c.

Trivial class:  Circle with antiperiodic b.c.

No bubble

Bubble

We can now study BoN’s in higher dimensions!

⌦Spin
2 = Z2

<latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit><latexit sha1_base64="/rXx3iSQOFcnFVMBc2jhhrvQ9O4=">AAACG3icbVC7TsNAEDyHVwivACWNRYREFdkREjRIETR0BEEeIg7R+bKJTzk/dLdGRJY/gI/gG2ihpkO0FJT8CZfggiRMNbszq90dNxJcoWV9GbmFxaXllfxqYW19Y3OruL3TUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd4Ptab9yAVD4MbHEXQ8ekg4H3OKOpWt1hyLn0Y0G7lLnEQHjC5jniQpqeOT9Fz3eQ27Va0yypbE5jzxM5IiWSodYvfTi9ksQ8BMkGVattWhJ2ESuRMQFpwYgURZUM6gLamAfVBdZLJM6l50A+liR6Yk/qvN6G+UiPf1Z7xdWpWGzf/09ox9k86CQ+iGCFg2qK1fixMDM1xJmaPS2AoRppQJrm+0mQelZShTm5qi9LveNBLCzoTezaBedKolG2rbF8dlapnWTp5skf2ySGxyTGpkgtSI3XCyCN5Ji/k1Xgy3ox34+PXmjOymV0yBePzB8b3okA=</latexit>

⌦Spin
3 = 0

<latexit sha1_base64="VxFIqGECQYFnWqjL0DN+4t80ZKA=">AAACEHicbZC7TsMwFIadcivlFmBBYomokJiqBJBgQapgYaMIepGaUDnuaWvVucg+QVRReAiegRVmNsTKGzDyJrilA235p9/n/y37fH4suELb/jJyc/MLi0v55cLK6tr6hrm5VVNRIhlUWSQi2fCpAsFDqCJHAY1YAg18AXW/fzHM6/cgFY/CWxzE4AW0G/IOZxT1qGXuuFcBdGnr6C51ER4wvYl5mGVndsss2iV7JGvWOGNTJGNVWua3245YEkCITFClmo4do5dSiZwJyApuoiCmrE+70NQ2pAEoLx1tkFn7nUha2ANrdP7bTWmg1CDwdSeg2FPT2XD4X9ZMsHPqpTyME4SQ6YrOOomwMLKGIKw2l8BQDLShTHL9S4v1qKQMNa6JV5RepwftrKCZONMEZk3tsOTYJef6uFg+H9PJk12yRw6IQ05ImVySCqkSRh7JM3khr8aT8Wa8Gx+/1ZwxvrNNJmR8/gCeSp1W</latexit><latexit sha1_base64="VxFIqGECQYFnWqjL0DN+4t80ZKA=">AAACEHicbZC7TsMwFIadcivlFmBBYomokJiqBJBgQapgYaMIepGaUDnuaWvVucg+QVRReAiegRVmNsTKGzDyJrilA235p9/n/y37fH4suELb/jJyc/MLi0v55cLK6tr6hrm5VVNRIhlUWSQi2fCpAsFDqCJHAY1YAg18AXW/fzHM6/cgFY/CWxzE4AW0G/IOZxT1qGXuuFcBdGnr6C51ER4wvYl5mGVndsss2iV7JGvWOGNTJGNVWua3245YEkCITFClmo4do5dSiZwJyApuoiCmrE+70NQ2pAEoLx1tkFn7nUha2ANrdP7bTWmg1CDwdSeg2FPT2XD4X9ZMsHPqpTyME4SQ6YrOOomwMLKGIKw2l8BQDLShTHL9S4v1qKQMNa6JV5RepwftrKCZONMEZk3tsOTYJef6uFg+H9PJk12yRw6IQ05ImVySCqkSRh7JM3khr8aT8Wa8Gx+/1ZwxvrNNJmR8/gCeSp1W</latexit><latexit sha1_base64="VxFIqGECQYFnWqjL0DN+4t80ZKA=">AAACEHicbZC7TsMwFIadcivlFmBBYomokJiqBJBgQapgYaMIepGaUDnuaWvVucg+QVRReAiegRVmNsTKGzDyJrilA235p9/n/y37fH4suELb/jJyc/MLi0v55cLK6tr6hrm5VVNRIhlUWSQi2fCpAsFDqCJHAY1YAg18AXW/fzHM6/cgFY/CWxzE4AW0G/IOZxT1qGXuuFcBdGnr6C51ER4wvYl5mGVndsss2iV7JGvWOGNTJGNVWua3245YEkCITFClmo4do5dSiZwJyApuoiCmrE+70NQ2pAEoLx1tkFn7nUha2ANrdP7bTWmg1CDwdSeg2FPT2XD4X9ZMsHPqpTyME4SQ6YrOOomwMLKGIKw2l8BQDLShTHL9S4v1qKQMNa6JV5RepwftrKCZONMEZk3tsOTYJef6uFg+H9PJk12yRw6IQ05ImVySCqkSRh7JM3khr8aT8Wa8Gx+/1ZwxvrNNJmR8/gCeSp1W</latexit><latexit sha1_base64="VxFIqGECQYFnWqjL0DN+4t80ZKA=">AAACEHicbZC7TsMwFIadcivlFmBBYomokJiqBJBgQapgYaMIepGaUDnuaWvVucg+QVRReAiegRVmNsTKGzDyJrilA235p9/n/y37fH4suELb/jJyc/MLi0v55cLK6tr6hrm5VVNRIhlUWSQi2fCpAsFDqCJHAY1YAg18AXW/fzHM6/cgFY/CWxzE4AW0G/IOZxT1qGXuuFcBdGnr6C51ER4wvYl5mGVndsss2iV7JGvWOGNTJGNVWua3245YEkCITFClmo4do5dSiZwJyApuoiCmrE+70NQ2pAEoLx1tkFn7nUha2ANrdP7bTWmg1CDwdSeg2FPT2XD4X9ZMsHPqpTyME4SQ6YrOOomwMLKGIKw2l8BQDLShTHL9S4v1qKQMNa6JV5RepwftrKCZONMEZk3tsOTYJef6uFg+H9PJk12yRw6IQ05ImVySCqkSRh7JM3khr8aT8Wa8Gx+/1ZwxvrNNJmR8/gCeSp1W</latexit>

Nontrivial class:  Torus with periodic b.c

Nontrivial class:  Torus with antiperiodic b.c.

We could apply “physicist’s induction” ⌦Spin
d � Z2

<latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit><latexit sha1_base64="1aceOAnJBLV1SPm/xLmoBbl6vRA=">AAACInicbVC7TsNAEDzzJrwMlDQnIiREEdkICUoEDR1BkIeIg3W+bJJTzg/drRGR5X/gI/gGWqjpEBUSDX/CJaQgCVPN7sxqdydIpNDoOJ/WzOzc/MLi0nJhZXVtfcPe3KrqOFUcKjyWsaoHTIMUEVRQoIR6ooCFgYRa0Dsf6LV7UFrE0Q32E2iGrBOJtuAMTcu3D7zLEDrMb91lHsIDZteJiPLc02miAakXMuwGQXab+4e+XXRKzhB0mrgjUiQjlH3722vFPA0hQi6Z1g3XSbCZMYWCS8gLXqohYbzHOtAwNGIh6GY2/Cmne+1YUewCHdZ/vRkLte6HgfEMrtOT2qD5n9ZIsX3SzESUpAgRNxajtVNJMaaDaGhLKOAo+4YwroS5kvIuU4yjCXBsizbvdKGVF0wm7mQC06R6WHKdknt1VDw9G6WzRHbILtknLjkmp+SClEmFcPJInskLebWerDfr3fr4tc5Yo5ltMgbr6wcaKqWb</latexit>

But in 
fact…



The fact that                  has profound implications for our 
understanding of BoN’s. 
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It means that T3 with SUSY boundary conditions admits a 
bubble.



The fact that                  has profound implications for our 
understanding of BoN’s. 
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It means that T3 with SUSY boundary conditions admits a 
bubble.

But SUSY vacua are exactly stable, so what prevents the 
decay?
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understanding of BoN’s. 
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It means that T3 with SUSY boundary conditions admits a 
bubble.

But SUSY vacua are exactly stable, so what prevents the 
decay?

To construct a bubble, a manifold is not enough, we need a 
metric.



The fact that                  has profound implications for our 
understanding of BoN’s. 
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It means that T3 with SUSY boundary conditions admits a 
bubble.

But SUSY vacua are exactly stable, so what prevents the 
decay?

To construct a bubble, a manifold is not enough, we need a 
metric.

Not possible for SUSY theories



The fact that                  has profound implications for our 
understanding of BoN’s. 

⌦Spin
3 = 0
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It means that T3 with SUSY boundary conditions admits a 
bubble.

But SUSY vacua are exactly stable, so what prevents the 
decay?

To construct a bubble, a manifold is not enough, we need a 
metric.

Not possible for SUSY theories

More generally, there is a dynamical obstruction coming 
from the Positive Energy Theorem 

[Schoen & Yau '78, Witten ’82]
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We have asymptotically covariantly constant spinors

We satisfy the Dominant Energy Condition

�TM
NkN is causal and future-pointing
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PET: As long as 

all nontrivial solutions of Einsteins eqs. have positive mass. 

(A bubble has zero mass, so it can't exist if PET holds)

We have asymptotically covariantly constant spinors

We satisfy the Dominant Energy Condition

�TM
NkN is causal and future-pointing
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Generically no when SUSY is broken!
Casimir energies/quantum effects, higher 

derivative terms…
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Topology (find a manifold B4 such that ∂B4= T3)

Dynamics (find a suitable metric on B4)

For concreteness, we construct a bubble for T3 x R4 
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Problem statement: Find a solution of Einstein’s eqs
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on 

with boundary conditions 

S3 ⇥ B4
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� ! �0, ds2 ! dr2 + ds2T 3 + r2d⌦2
3

<latexit sha1_base64="POZLDJwD6qRES3sgH0R+QK0OWew="></latexit><latexit sha1_base64="POZLDJwD6qRES3sgH0R+QK0OWew="></latexit><latexit sha1_base64="POZLDJwD6qRES3sgH0R+QK0OWew="></latexit><latexit sha1_base64="POZLDJwD6qRES3sgH0R+QK0OWew="></latexit>



Semi-flat reg. (II.a) Hyperkahler reg. (II.b) KK monopole reg. (II.c)Outer-bubble regime (I.) 

D

T2

2

T2

3

S1 KKM
Deg.

S1

We solve eoms independently in each layer



Semi-flat reg. (II.a) Hyperkahler reg. (II.b) KK monopole reg. (II.c)Outer-bubble regime (I.) 

D

T2

2

T2

3

S1 KKM
Deg.

S1

We solve eoms independently in each layer

then glue the different layers using junction conditions.

(to any given order in a consistent perturbative expansion)



Long story short … 
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Both radius and action blow up as ⍺→0

O(1) prefactor to be determined numerically,  case-by-case

Can be embedded e.g. in type I on T3, heterotic…
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Flux introduces additional complications.



In order to kill this charge, we need to be able to “shrink K3 to 
a point” in the full theory:

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>



In order to kill this charge, we need to be able to “shrink K3 to 
a point” in the full theory:

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>



In order to kill this charge, we need to be able to “shrink K3 to 
a point” in the full theory:

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>

Cobordism conjecture [Mcnamara-Vafa ’19]: Can always 
do this

⌦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>

Geometrical version of ``no global symmetries’’
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In order to kill this charge, we need to be able to “shrink K3 to 
a point” in the full theory:

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



In order to kill this charge, we need to be able to “shrink K3 to 
a point” in the full theory:

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

These defects can be potentially anomalous





If cobordisms predict an 

anomalous object

in some low-energy EFT,  and the anomaly
cannot be cancelled somehow

then the theory is in the Swamp

We will use this to get new constraints on theories with 16 
supercharges, in 9,8,7d.



Flash review: SUGRA w. 16 supercharges 



Minimal SUSY in d>6.
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Minimal SUSY in d>6.

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>

�
<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>
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Minimal SUSY in d>6.

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>

Flash review: SUGRA w. 16 supercharges 



Minimal SUSY in d>6.

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:  

Low-energy interactions are completely fixed by susy.

�
<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>

Flash review: SUGRA w. 16 supercharges 



Minimal SUSY in d>6.

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:  

Low-energy interactions are completely fixed by susy.

There is a Narain moduli space parametrized by the scalars

�
<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>

SO(10� d, r)

O(�)“⇥”SO(10� d)⇥ SO(r)
<latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="dSpTrql0oEhVvQmVjVVuwXevjr4="></latexit><latexit sha1_base64="dSpTrql0oEhVvQmVjVVuwXevjr4="></latexit><latexit sha1_base64="db0XEGxqC5Bo4rDBhAyYGG98GMg="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit><latexit sha1_base64="vatVn+YKv2SHuvbWxRooMgTUJMc="></latexit>

Flash review: SUGRA w. 16 supercharges 
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On a generic point in moduli space, the group is U(1)r+d



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. 

The Swampland is just figuring out which combinations have a 
consistent UV embedding!

In 10d, only 4 possibilities:

E8 ⇥ E8, Spin(32)/Z2, E8 ⇥ U(1)248, U(1)496
<latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit>
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consistent UV embedding!

In 10d, only 4 possibilities:
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<latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit><latexit sha1_base64="ewdMofsaPHJ+pWjSgr+qMdcySZA="></latexit>

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

We get string lamppost principle/string universality

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



Let us look at a generic point in the Coulomb branch. Only 
data is the rank



Let us look at a generic point in the Coulomb branch. Only 
data is the rank

rank  26� d
<latexit sha1_base64="7Mo3F1cxW04DOwAw5iC/XcSMeSo=">AAACDXicbZC7TgJBFIZn8YZ4WzVWNhOJiY1klxi1JNpYYiKXBDZkdjjAhNmLM2eNZLPP4DPYam1nbH0GS9/EASkE/Kt/zv9P5sznx1JodJwvK7e0vLK6ll8vbGxube/Yu3t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8IfX47zxAEqLKLzDUQxewPqh6AnO0Iw69kEb4RFTxcJh1pZwT8vnp13asYtOyZmILhp3aopkqmrH/m53I54EECKXTOuW68TopUyh4BKyQjvREDM+ZH1oGRuyALSXTtbP6HEvUhQHQCfnv92UBVqPAt90AoYDPZ+Nh/9lrQR7l14qwjhBCLmpmKyXSIoRHVOgXaGAoxwZw7gSZkvKB0wxjobVzCvafGcA3axgmLjzBBZNvVxynZJ7e1asXE3p5MkhOSInxCUXpEJuSJXUCCcpeSYv5NV6st6sd+vjt5qzpnf2yYyszx9wNpuH</latexit><latexit sha1_base64="7Mo3F1cxW04DOwAw5iC/XcSMeSo=">AAACDXicbZC7TgJBFIZn8YZ4WzVWNhOJiY1klxi1JNpYYiKXBDZkdjjAhNmLM2eNZLPP4DPYam1nbH0GS9/EASkE/Kt/zv9P5sznx1JodJwvK7e0vLK6ll8vbGxube/Yu3t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8IfX47zxAEqLKLzDUQxewPqh6AnO0Iw69kEb4RFTxcJh1pZwT8vnp13asYtOyZmILhp3aopkqmrH/m53I54EECKXTOuW68TopUyh4BKyQjvREDM+ZH1oGRuyALSXTtbP6HEvUhQHQCfnv92UBVqPAt90AoYDPZ+Nh/9lrQR7l14qwjhBCLmpmKyXSIoRHVOgXaGAoxwZw7gSZkvKB0wxjobVzCvafGcA3axgmLjzBBZNvVxynZJ7e1asXE3p5MkhOSInxCUXpEJuSJXUCCcpeSYv5NV6st6sd+vjt5qzpnf2yYyszx9wNpuH</latexit><latexit sha1_base64="7Mo3F1cxW04DOwAw5iC/XcSMeSo=">AAACDXicbZC7TgJBFIZn8YZ4WzVWNhOJiY1klxi1JNpYYiKXBDZkdjjAhNmLM2eNZLPP4DPYam1nbH0GS9/EASkE/Kt/zv9P5sznx1JodJwvK7e0vLK6ll8vbGxube/Yu3t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8IfX47zxAEqLKLzDUQxewPqh6AnO0Iw69kEb4RFTxcJh1pZwT8vnp13asYtOyZmILhp3aopkqmrH/m53I54EECKXTOuW68TopUyh4BKyQjvREDM+ZH1oGRuyALSXTtbP6HEvUhQHQCfnv92UBVqPAt90AoYDPZ+Nh/9lrQR7l14qwjhBCLmpmKyXSIoRHVOgXaGAoxwZw7gSZkvKB0wxjobVzCvafGcA3axgmLjzBBZNvVxynZJ7e1asXE3p5MkhOSInxCUXpEJuSJXUCCcpeSYv5NV6st6sd+vjt5qzpnf2yYyszx9wNpuH</latexit><latexit sha1_base64="7Mo3F1cxW04DOwAw5iC/XcSMeSo=">AAACDXicbZC7TgJBFIZn8YZ4WzVWNhOJiY1klxi1JNpYYiKXBDZkdjjAhNmLM2eNZLPP4DPYam1nbH0GS9/EASkE/Kt/zv9P5sznx1JodJwvK7e0vLK6ll8vbGxube/Yu3t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8IfX47zxAEqLKLzDUQxewPqh6AnO0Iw69kEb4RFTxcJh1pZwT8vnp13asYtOyZmILhp3aopkqmrH/m53I54EECKXTOuW68TopUyh4BKyQjvREDM+ZH1oGRuyALSXTtbP6HEvUhQHQCfnv92UBVqPAt90AoYDPZ+Nh/9lrQR7l14qwjhBCLmpmKyXSIoRHVOgXaGAoxwZw7gSZkvKB0wxjobVzCvafGcA3axgmLjzBBZNvVxynZJ7e1asXE3p5MkhOSInxCUXpEJuSJXUCCcpeSYv5NV6st6sd+vjt5qzpnf2yYyszx9wNpuH</latexit>

[Kim-Tarazi-Vafa ’19]

(from a strong version of SDC)



Let us look at a generic point in the Coulomb branch. Only 
data is the rank

rank  26� d
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Red: Theory is inconsistent due to global grav. anomaly
[Alvarez Gaumé - Witten ’82]



Yellow: No known inconsistency, but no construction either

Let us look at a generic point in the Coulomb branch. Only 
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rank  26� d
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[Kim-Tarazi-Vafa ’19]

(from a strong version of SDC)

d r
9 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
8 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
7 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Red: Theory is inconsistent due to global grav. anomaly
[Alvarez Gaumé - Witten ’82]

Green: Theory is in the landscape 
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We explain the mod 8 periodicity in 8d and 9d using the

We partly explain the pattern in 7d.

Cobordism Conjecture



Fact:  The 9d, 8d supergravity lagrangians have a parity 
symmetry anywhere on the Coulomb branch

A ! �A, B ! B, � ! �
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Fact:  The 9d, 8d supergravity lagrangians have a parity 
symmetry anywhere on the Coulomb branch

Fact:  This symmetry squares to (-1) on fermions. It provides a 
Pin- structure.
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Fact:  The 9d, 8d supergravity lagrangians have a parity 
symmetry anywhere on the Coulomb branch

Fact:  This symmetry squares to (-1) on fermions. It provides a 
Pin- structure.

Fact:  In all known stringy compactifications to 8d and 9d this is 
an exact symmetry
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Fact:  The 9d, 8d supergravity lagrangians have a parity 
symmetry anywhere on the Coulomb branch

Fact:  This symmetry squares to (-1) on fermions. It provides a 
Pin- structure.

Fact:  This means the theory can be consistently put on certain 
non-orientable manifolds

Fact:  In all known stringy compactifications to 8d and 9d this is 
an exact symmetry
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Fact:  The 9d, 8d supergravity lagrangians have a parity 
symmetry anywhere on the Coulomb branch

Fact:  This symmetry squares to (-1) on fermions. It provides a 
Pin- structure.

Fact:  This means the theory can be consistently put on certain 
non-orientable manifolds

Fact:  In all known stringy compactifications to 8d and 9d this is 
an exact symmetry

Assumption: Every N=1 theory in 7d, 8d, 9d 
makes sense on non-orientable manifolds
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Cancelling this charge requires the existence of defects that 
look like

R3/Z2
<latexit sha1_base64="OuHNZphjooide0TSd6dcgkuVx14=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbADEpQRNJQBkYdIjHW+rONTzg/dnZEiy+Ij+AZaqOkQLV9AyZ9wDkYiCVPN7sxqd8eNGRXSND+1ufmFxaXl0kp5dW19Y1Pf2m6JKOEEmiRiEe+4WACjITQllQw6MQccuAza7vAi19v3wAWNwhs5isEO8CCkHiVYqpaj7/YCLH3XTa+zu+Oj3+I2c2qOXjGr5hjGLLEKUkEFGo7+1etHJAkglIRhIbqWGUs7xVxSwiAr9xIBMSZDPICuoiEOQNjp+IXMOPAibkgfjHH915viQIhR4CpPfp2Y1vLmf1o3kd6ZndIwTiSERFmU5iXMkJGRJ2H0KQci2UgRTDhVVxrExxwTqfKa2CLUOz70s7LKxJpOYJa0alXLrFpXJ5X6eZFOCe2hfXSILHSK6ugSNVATEfSAntAzetEetVftTXv/sc5pxcwOmoD28Q0etZ2U</latexit><latexit sha1_base64="OuHNZphjooide0TSd6dcgkuVx14=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbADEpQRNJQBkYdIjHW+rONTzg/dnZEiy+Ij+AZaqOkQLV9AyZ9wDkYiCVPN7sxqd8eNGRXSND+1ufmFxaXl0kp5dW19Y1Pf2m6JKOEEmiRiEe+4WACjITQllQw6MQccuAza7vAi19v3wAWNwhs5isEO8CCkHiVYqpaj7/YCLH3XTa+zu+Oj3+I2c2qOXjGr5hjGLLEKUkEFGo7+1etHJAkglIRhIbqWGUs7xVxSwiAr9xIBMSZDPICuoiEOQNjp+IXMOPAibkgfjHH915viQIhR4CpPfp2Y1vLmf1o3kd6ZndIwTiSERFmU5iXMkJGRJ2H0KQci2UgRTDhVVxrExxwTqfKa2CLUOz70s7LKxJpOYJa0alXLrFpXJ5X6eZFOCe2hfXSILHSK6ugSNVATEfSAntAzetEetVftTXv/sc5pxcwOmoD28Q0etZ2U</latexit><latexit sha1_base64="OuHNZphjooide0TSd6dcgkuVx14=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbADEpQRNJQBkYdIjHW+rONTzg/dnZEiy+Ij+AZaqOkQLV9AyZ9wDkYiCVPN7sxqd8eNGRXSND+1ufmFxaXl0kp5dW19Y1Pf2m6JKOEEmiRiEe+4WACjITQllQw6MQccuAza7vAi19v3wAWNwhs5isEO8CCkHiVYqpaj7/YCLH3XTa+zu+Oj3+I2c2qOXjGr5hjGLLEKUkEFGo7+1etHJAkglIRhIbqWGUs7xVxSwiAr9xIBMSZDPICuoiEOQNjp+IXMOPAibkgfjHH915viQIhR4CpPfp2Y1vLmf1o3kd6ZndIwTiSERFmU5iXMkJGRJ2H0KQci2UgRTDhVVxrExxwTqfKa2CLUOz70s7LKxJpOYJa0alXLrFpXJ5X6eZFOCe2hfXSILHSK6ugSNVATEfSAntAzetEetVftTXv/sc5pxcwOmoD28Q0etZ2U</latexit><latexit sha1_base64="OuHNZphjooide0TSd6dcgkuVx14=">AAACEXicbVC7TsNAEDzzDOFloEI0FhESVbADEpQRNJQBkYdIjHW+rONTzg/dnZEiy+Ij+AZaqOkQLV9AyZ9wDkYiCVPN7sxqd8eNGRXSND+1ufmFxaXl0kp5dW19Y1Pf2m6JKOEEmiRiEe+4WACjITQllQw6MQccuAza7vAi19v3wAWNwhs5isEO8CCkHiVYqpaj7/YCLH3XTa+zu+Oj3+I2c2qOXjGr5hjGLLEKUkEFGo7+1etHJAkglIRhIbqWGUs7xVxSwiAr9xIBMSZDPICuoiEOQNjp+IXMOPAibkgfjHH915viQIhR4CpPfp2Y1vLmf1o3kd6ZndIwTiSERFmU5iXMkJGRJ2H0KQci2UgRTDhVVxrExxwTqfKa2CLUOz70s7LKxJpOYJa0alXLrFpXJ5X6eZFOCe2hfXSILHSK6ugSNVATEfSAntAzetEetVftTXv/sc5pxcwOmoD28Q0etZ2U</latexit>

These are orbifolds or orientifolds in examples 

We call them I-folds



Existence of Ifolds means that it is consistent to 
compactify the 9d theory on

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>



Existence of Ifolds means that it is consistent to 
compactify the 9d theory on

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

Each fixed point contributes the same (Subtlety involving tadpole 
cancellation)



Existence of Ifolds means that it is consistent to 
compactify the 9d theory on

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

This is a 6d model. Bulk supersymmetric, but SUSY can be 
broken by the I-folds. Gravitational anomaly cancellation demands

Each fixed point contributes the same (Subtlety involving tadpole 
cancellation)

273 = nT + nH � nV
<latexit sha1_base64="WWCGTEv5XRoVywsxyR+6NHWsFuI=">AAACB3icbVDLSsNAFJ34rPXRqEs3wSIIYkmqUDdC0U2XFfqCNoTJ9KYZOpmEmYlQQj/Ab3Cra3fi1s9w6Z84rVnY1rM6955zufceP2FUKtv+MtbWNza3tgs7xd29/YOSeXjUkXEqCLRJzGLR87EERjm0FVUMeokAHPkMuv74fqZ3H0FIGvOWmiTgRnjEaUAJVrrlmaVq7eqWe60L7jUuudfxzLJdseewVomTkzLK0fTM78EwJmkEXBGGpew7dqLcDAtFCYNpcZBKSDAZ4xH0NeU4Aulm88On1lkQC0uFYM3rv94MR1JOIl97IqxCuazNmv9p/VQFN25GeZIq4ERbtBakzFKxNfvfGlIBRLGJJpgIqq+0SIgFJkqntLBF6ndCGE6LOhNnOYFV0qlWHLviPFyX63d5OgV0gk7ROXJQDdVRAzVRGxGUomf0gl6NJ+PNeDc+fq1rRj5zjBZgfP4AgrOYOQ==</latexit><latexit sha1_base64="WWCGTEv5XRoVywsxyR+6NHWsFuI=">AAACB3icbVDLSsNAFJ34rPXRqEs3wSIIYkmqUDdC0U2XFfqCNoTJ9KYZOpmEmYlQQj/Ab3Cra3fi1s9w6Z84rVnY1rM6955zufceP2FUKtv+MtbWNza3tgs7xd29/YOSeXjUkXEqCLRJzGLR87EERjm0FVUMeokAHPkMuv74fqZ3H0FIGvOWmiTgRnjEaUAJVrrlmaVq7eqWe60L7jUuudfxzLJdseewVomTkzLK0fTM78EwJmkEXBGGpew7dqLcDAtFCYNpcZBKSDAZ4xH0NeU4Aulm88On1lkQC0uFYM3rv94MR1JOIl97IqxCuazNmv9p/VQFN25GeZIq4ERbtBakzFKxNfvfGlIBRLGJJpgIqq+0SIgFJkqntLBF6ndCGE6LOhNnOYFV0qlWHLviPFyX63d5OgV0gk7ROXJQDdVRAzVRGxGUomf0gl6NJ+PNeDc+fq1rRj5zjBZgfP4AgrOYOQ==</latexit><latexit sha1_base64="WWCGTEv5XRoVywsxyR+6NHWsFuI=">AAACB3icbVDLSsNAFJ34rPXRqEs3wSIIYkmqUDdC0U2XFfqCNoTJ9KYZOpmEmYlQQj/Ab3Cra3fi1s9w6Z84rVnY1rM6955zufceP2FUKtv+MtbWNza3tgs7xd29/YOSeXjUkXEqCLRJzGLR87EERjm0FVUMeokAHPkMuv74fqZ3H0FIGvOWmiTgRnjEaUAJVrrlmaVq7eqWe60L7jUuudfxzLJdseewVomTkzLK0fTM78EwJmkEXBGGpew7dqLcDAtFCYNpcZBKSDAZ4xH0NeU4Aulm88On1lkQC0uFYM3rv94MR1JOIl97IqxCuazNmv9p/VQFN25GeZIq4ERbtBakzFKxNfvfGlIBRLGJJpgIqq+0SIgFJkqntLBF6ndCGE6LOhNnOYFV0qlWHLviPFyX63d5OgV0gk7ROXJQDdVRAzVRGxGUomf0gl6NJ+PNeDc+fq1rRj5zjBZgfP4AgrOYOQ==</latexit><latexit sha1_base64="WWCGTEv5XRoVywsxyR+6NHWsFuI=">AAACB3icbVDLSsNAFJ34rPXRqEs3wSIIYkmqUDdC0U2XFfqCNoTJ9KYZOpmEmYlQQj/Ab3Cra3fi1s9w6Z84rVnY1rM6955zufceP2FUKtv+MtbWNza3tgs7xd29/YOSeXjUkXEqCLRJzGLR87EERjm0FVUMeokAHPkMuv74fqZ3H0FIGvOWmiTgRnjEaUAJVrrlmaVq7eqWe60L7jUuudfxzLJdseewVomTkzLK0fTM78EwJmkEXBGGpew7dqLcDAtFCYNpcZBKSDAZ4xH0NeU4Aulm88On1lkQC0uFYM3rv94MR1JOIl97IqxCuazNmv9p/VQFN25GeZIq4ERbtBakzFKxNfvfGlIBRLGJJpgIqq+0SIgFJkqntLBF6ndCGE6LOhNnOYFV0qlWHLviPFyX63d5OgV0gk7ROXJQDdVRAzVRGxGUomf0gl6NJ+PNeDc+fq1rRj5zjBZgfP4AgrOYOQ==</latexit>

r ⌘ 1mod 8
<latexit sha1_base64="TVr6PeyEHC5ytJ4jJfJogiuyC3c=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZNSZSEm0sMZFLwhIyO3sWJsxenDlLJBsKH8JnsNXaztj6AJa+iQNSCPhX35z/n8yc30sEV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNr6d+awRS8Ti6w3EC3ZD2Ix5wRlGPemZRumUX7lM+csuORoQHzMLYn7jlas8s2RV7JmsVnDmUyFz1nvnt+jFLQ4iQCapUx7ET7GZUImcCJgU3VZBQNqR96GiMaAiqm82WmFinQSwtHIA1O//NZjRUahx6OhNSHKhlbzr8z+ukGFS7GY+SFCFiOqK9IBUWxta0C8vnEhiKsQbKJNe/tNiASspQN7bwitLrDMCfFHQnznIDq9A8rzh2xbm9KNWu5u3kSZGckDPikEtSIzekThqEkUfyTF7Iq/FkvBnvxsdvNGfM7xyTBRmfPwHhngE=</latexit><latexit sha1_base64="TVr6PeyEHC5ytJ4jJfJogiuyC3c=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZNSZSEm0sMZFLwhIyO3sWJsxenDlLJBsKH8JnsNXaztj6AJa+iQNSCPhX35z/n8yc30sEV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNr6d+awRS8Ti6w3EC3ZD2Ix5wRlGPemZRumUX7lM+csuORoQHzMLYn7jlas8s2RV7JmsVnDmUyFz1nvnt+jFLQ4iQCapUx7ET7GZUImcCJgU3VZBQNqR96GiMaAiqm82WmFinQSwtHIA1O//NZjRUahx6OhNSHKhlbzr8z+ukGFS7GY+SFCFiOqK9IBUWxta0C8vnEhiKsQbKJNe/tNiASspQN7bwitLrDMCfFHQnznIDq9A8rzh2xbm9KNWu5u3kSZGckDPikEtSIzekThqEkUfyTF7Iq/FkvBnvxsdvNGfM7xyTBRmfPwHhngE=</latexit><latexit sha1_base64="TVr6PeyEHC5ytJ4jJfJogiuyC3c=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZNSZSEm0sMZFLwhIyO3sWJsxenDlLJBsKH8JnsNXaztj6AJa+iQNSCPhX35z/n8yc30sEV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNr6d+awRS8Ti6w3EC3ZD2Ix5wRlGPemZRumUX7lM+csuORoQHzMLYn7jlas8s2RV7JmsVnDmUyFz1nvnt+jFLQ4iQCapUx7ET7GZUImcCJgU3VZBQNqR96GiMaAiqm82WmFinQSwtHIA1O//NZjRUahx6OhNSHKhlbzr8z+ukGFS7GY+SFCFiOqK9IBUWxta0C8vnEhiKsQbKJNe/tNiASspQN7bwitLrDMCfFHQnznIDq9A8rzh2xbm9KNWu5u3kSZGckDPikEtSIzekThqEkUfyTF7Iq/FkvBnvxsdvNGfM7xyTBRmfPwHhngE=</latexit><latexit sha1_base64="TVr6PeyEHC5ytJ4jJfJogiuyC3c=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZNSZSEm0sMZFLwhIyO3sWJsxenDlLJBsKH8JnsNXaztj6AJa+iQNSCPhX35z/n8yc30sEV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipOJYMGi0Us2x5VIHgEDeQooJ1IoKEnoOUNr6d+awRS8Ti6w3EC3ZD2Ix5wRlGPemZRumUX7lM+csuORoQHzMLYn7jlas8s2RV7JmsVnDmUyFz1nvnt+jFLQ4iQCapUx7ET7GZUImcCJgU3VZBQNqR96GiMaAiqm82WmFinQSwtHIA1O//NZjRUahx6OhNSHKhlbzr8z+ukGFS7GY+SFCFiOqK9IBUWxta0C8vnEhiKsQbKJNe/tNiASspQN7bwitLrDMCfFHQnznIDq9A8rzh2xbm9KNWu5u3kSZGckDPikEtSIzekThqEkUfyTF7Iq/FkvBnvxsdvNGfM7xyTBRmfPwHhngE=</latexit>

nT = 8nT

I
+ 1, nH = 3 + r + 8nI

H
, nV = 8nI

V
<latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="BsKn+16zbjA7QKb++cg/uiLyJtw=">AAACIXicbZDLSgMxFIbP1Hu9VbdugkUQKmVGBbspCG7srkIvQi9DJj21oZnMmGSEUvoiPoTP4FbXbkRc+CamtYht/Rfhy/8fSM4fxIJr47rvTmppeWV1bX0jvbm1vbOb2duq6ShRDKssEpG6DahGwSVWDTcCb2OFNAwE1oP+1TivP6DSPJIVM4ixFdI7ybucUWMtP3Mu/UqRFGS74pdy3knzPqEdIv3r4llO5QoW2qVfs1YsjM92yc9k3bw7EVkEbwpZmKrsZ76anYglIUrDBNW64bmxaQ2pMpwJHKWbicaYsj69w4ZFSUPUreFkuxE56kaKmB6Syf3v7JCGWg/CwM6E1PT0fDY2/8saiekWWkMu48SgZHbEZt1EEBORcUmkwxUyIwYWKFPc/pKwHlWUGVvlzCvartPDzihtO/HmG1iE2mnec/PejQvrcACHcAweXMAlXEMZqsDgEZ7hBV6dJ+fN+fhpL+VMa9yHGTmf38QLo80=</latexit><latexit sha1_base64="BsKn+16zbjA7QKb++cg/uiLyJtw=">AAACIXicbZDLSgMxFIbP1Hu9VbdugkUQKmVGBbspCG7srkIvQi9DJj21oZnMmGSEUvoiPoTP4FbXbkRc+CamtYht/Rfhy/8fSM4fxIJr47rvTmppeWV1bX0jvbm1vbOb2duq6ShRDKssEpG6DahGwSVWDTcCb2OFNAwE1oP+1TivP6DSPJIVM4ixFdI7ybucUWMtP3Mu/UqRFGS74pdy3knzPqEdIv3r4llO5QoW2qVfs1YsjM92yc9k3bw7EVkEbwpZmKrsZ76anYglIUrDBNW64bmxaQ2pMpwJHKWbicaYsj69w4ZFSUPUreFkuxE56kaKmB6Syf3v7JCGWg/CwM6E1PT0fDY2/8saiekWWkMu48SgZHbEZt1EEBORcUmkwxUyIwYWKFPc/pKwHlWUGVvlzCvartPDzihtO/HmG1iE2mnec/PejQvrcACHcAweXMAlXEMZqsDgEZ7hBV6dJ+fN+fhpL+VMa9yHGTmf38QLo80=</latexit><latexit sha1_base64="UvlJfbfaa6RTKuC4q8jmPUYnGD4="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit><latexit sha1_base64="YWJTP/tIg8Ba8nncspPD/+B+mZ8="></latexit>

[Bianchi-Sagnotti ‘90 ]



Type I I-fold compactification:  O5+ planes + 8 anti D5 
branes. Ifold compactification is nonsusy!

nT = 1, nH = 3 + 17, (nH � nV )
D5 = �240

<latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit>

[Angelatonj, Blumenhagen, Lust, Font, Dudas, Mourad ’98,’99’00 ]



Type I I-fold compactification:  O5+ planes + 8 anti D5 
branes. Ifold compactification is nonsusy!

nT = 1, nH = 3 + 17, (nH � nV )
D5 = �240

<latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit>

Also heterotic, CHL I-folds are nonsusy

[Angelatonj, Blumenhagen, Lust, Font, Dudas, Mourad ’98,’99’00 ]



Type I I-fold compactification:  O5+ planes + 8 anti D5 
branes. Ifold compactification is nonsusy!

nT = 1, nH = 3 + 17, (nH � nV )
D5 = �240

<latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit><latexit sha1_base64="/h/pGnv4iCGEHZWB466iZFpo2bA="></latexit>

Also heterotic, CHL I-folds are nonsusy

Rank 1 I-fold is supersymmetric: Its just M-theory on 

(K3⇥ S1)/Z2
<latexit sha1_base64="q2orecTX3mG4W96bt8JQpjcMDjw=">AAACE3icbVC7TsNAEDyHVwgvA2WaExFSaIIdkKCMoEGiCYI8RBKi82Udn3J+6O6MFFku+Ai+gRZqOkTLB1DyJ5xDChKYanZnVrs7TsSZVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYUGjQkIei7RAJnAXQUExxaEcCiO9waDmj80xv3YOQLAxu1DiCnk+GAXMZJUq3+maxfHnUVcwHia/v7IPDrk+U5zjJbdqv9s2SVbEmwH+JPSUlNEW9b351ByGNfQgU5UTKjm1FqpcQoRjlkBa6sYSI0BEZQkfTgOi1vWTyRIr33VBg5QGe1L+9CfGlHPuO9mTXyXkta/6ndWLlnvYSFkSxgoBqi9bcmGMV4iwLPGACqOJjTQgVTF+JqUcEoUonNrNF6nc8GKQFnYk9n8Bf0qxWbKtiXx2XamfTdPKoiPZQGdnoBNXQBaqjBqLoAT2hZ/RiPBqvxpvx/mPNGdOZXTQD4+Mb35SdUg==</latexit><latexit sha1_base64="q2orecTX3mG4W96bt8JQpjcMDjw=">AAACE3icbVC7TsNAEDyHVwgvA2WaExFSaIIdkKCMoEGiCYI8RBKi82Udn3J+6O6MFFku+Ai+gRZqOkTLB1DyJ5xDChKYanZnVrs7TsSZVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYUGjQkIei7RAJnAXQUExxaEcCiO9waDmj80xv3YOQLAxu1DiCnk+GAXMZJUq3+maxfHnUVcwHia/v7IPDrk+U5zjJbdqv9s2SVbEmwH+JPSUlNEW9b351ByGNfQgU5UTKjm1FqpcQoRjlkBa6sYSI0BEZQkfTgOi1vWTyRIr33VBg5QGe1L+9CfGlHPuO9mTXyXkta/6ndWLlnvYSFkSxgoBqi9bcmGMV4iwLPGACqOJjTQgVTF+JqUcEoUonNrNF6nc8GKQFnYk9n8Bf0qxWbKtiXx2XamfTdPKoiPZQGdnoBNXQBaqjBqLoAT2hZ/RiPBqvxpvx/mPNGdOZXTQD4+Mb35SdUg==</latexit><latexit sha1_base64="q2orecTX3mG4W96bt8JQpjcMDjw=">AAACE3icbVC7TsNAEDyHVwgvA2WaExFSaIIdkKCMoEGiCYI8RBKi82Udn3J+6O6MFFku+Ai+gRZqOkTLB1DyJ5xDChKYanZnVrs7TsSZVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYUGjQkIei7RAJnAXQUExxaEcCiO9waDmj80xv3YOQLAxu1DiCnk+GAXMZJUq3+maxfHnUVcwHia/v7IPDrk+U5zjJbdqv9s2SVbEmwH+JPSUlNEW9b351ByGNfQgU5UTKjm1FqpcQoRjlkBa6sYSI0BEZQkfTgOi1vWTyRIr33VBg5QGe1L+9CfGlHPuO9mTXyXkta/6ndWLlnvYSFkSxgoBqi9bcmGMV4iwLPGACqOJjTQgVTF+JqUcEoUonNrNF6nc8GKQFnYk9n8Bf0qxWbKtiXx2XamfTdPKoiPZQGdnoBNXQBaqjBqLoAT2hZ/RiPBqvxpvx/mPNGdOZXTQD4+Mb35SdUg==</latexit><latexit sha1_base64="q2orecTX3mG4W96bt8JQpjcMDjw=">AAACE3icbVC7TsNAEDyHVwgvA2WaExFSaIIdkKCMoEGiCYI8RBKi82Udn3J+6O6MFFku+Ai+gRZqOkTLB1DyJ5xDChKYanZnVrs7TsSZVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYUGjQkIei7RAJnAXQUExxaEcCiO9waDmj80xv3YOQLAxu1DiCnk+GAXMZJUq3+maxfHnUVcwHia/v7IPDrk+U5zjJbdqv9s2SVbEmwH+JPSUlNEW9b351ByGNfQgU5UTKjm1FqpcQoRjlkBa6sYSI0BEZQkfTgOi1vWTyRIr33VBg5QGe1L+9CfGlHPuO9mTXyXkta/6ndWLlnvYSFkSxgoBqi9bcmGMV4iwLPGACqOJjTQgVTF+JqUcEoUonNrNF6nc8GKQFnYk9n8Bf0qxWbKtiXx2XamfTdPKoiPZQGdnoBNXQBaqjBqLoAT2hZ/RiPBqvxpvx/mPNGdOZXTQD4+Mb35SdUg==</latexit>

[Sen ’96]

or the DP orientifold of an orbifold K3 [Dabholkar-Park ’96]

[Angelatonj, Blumenhagen, Lust, Font, Dudas, Mourad ’98,’99’00 ]



Similar story in 8d: Compactify on 

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

to get a 5d theory with a modulo 16 parity anomaly.



Similar story in 8d: Compactify on 

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

to get a 5d theory with a modulo 16 parity anomaly.

I-folds contribute multiple of 8 to the anomaly 



Similar story in 8d: Compactify on 

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

to get a 5d theory with a modulo 16 parity anomaly.

I-folds contribute multiple of 8 to the anomaly 

Sugra fields contribute 6+r, so 

r ⌘ 2mod 8
<latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit>



Similar story in 8d: Compactify on 

T 3/Z2
<latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit><latexit sha1_base64="2j+PPYzm8M/9K/zt1ynG23PZ/24=">AAACCHicbVC7TsMwFHV4lvIKMLJYVEhMJSlIMFawMBapL9GGyHFvGqvOQ7ZTqYr6A3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+XsKZVJb1Zaysrq1vbJa2yts7u3v75sFhW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGt7neGYOQLI6aapKAE5JhxHxGidIr1zSbjxfn/ZCowPOyh6lbc82KVbVmwMvELkgFFWi45nd/ENM0hEhRTqTs2VainIwIxSiHabmfSkgIHZEh9DSNSAjSyWbJp/jUjwVWAeDZ/NebkVDKSehpT55OLmr58j+tlyr/2slYlKQKIqotWvNTjlWM8wLwgAmgik80IVQwnRLTgAhCla5p7hWpvxPAYFrWndiLDSyTdq1qW1X7/rJSvynaKaFjdILOkI2uUB3doQZqIYrG6Bm9oFfjyXgz3o2PX+uKUdwcoTkYnz+dxJl6</latexit>

to get a 5d theory with a modulo 16 parity anomaly.

I-folds contribute multiple of 8 to the anomaly 

Sugra fields contribute 6+r, so 

r ⌘ 2mod 8
<latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit><latexit sha1_base64="J/5LnI4qvFhLIi970VSXCnCVsk0=">AAACE3icbZC7TgJBFIZnvSLeVi1pNhITC0J2iYmURBtLTOSSsITMzh5gwuzFmbNEstnCh/AZbLW2M7Y+gKVv4oAUAv7VN+f/JzPn92LBFdr2l7G2vrG5tZ3bye/u7R8cmkfHTRUlkkGDRSKSbY8qEDyEBnIU0I4l0MAT0PJG11O/NQapeBTe4SSGbkAHIe9zRlGPemZBuiUX7hM+dksVjQgPmAaRn7mlas8s2mV7JmsVnDkUyVz1nvnt+hFLAgiRCapUx7Fj7KZUImcCsrybKIgpG9EBdDSGNADVTWdLZNZZP5IWDsGanf9mUxooNQk8nQkoDtWyNx3+53US7Fe7KQ/jBCFkOqK9fiIsjKxpF5bPJTAUEw2USa5/abEhlZShbmzhFaXXGYKf5XUnznIDq9CslB277NxeFGtX83ZypEBOyTlxyCWpkRtSJw3CyCN5Ji/k1Xgy3ox34+M3umbM75yQBRmfPwODngI=</latexit>

Possible subtlety involving a topological Green-Schwartz 
mechanism [Garcia-Etxebarria-Hayashi-Ohmori-Tachikawa-Yonekura ’17]



In 7d, compactification on   yieldsS1/Z2

r ⌘ 1mod 2
<latexit sha1_base64="vM+1fTxR0P5DcN1taTU2sqFuVAY=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZJSZaEm0sMZFLwhIyO3uACbMXZ84SyYbCh/AZbLW2M7Y+gKVv4oBbCPhX35z/n8yc34sFV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipKJIMGi0Qk2x5VIHgIDeQooB1LoIEnoOWNrmd+awxS8Si8w0kM3YAOQt7njKIe9cyidMsu3Cd87JYdjQgPmAaRP3XL1Z5Zsiv2XNYqOBmUSKZ6z/x2/YglAYTIBFWq49gxdlMqkTMB04KbKIgpG9EBdDSGNADVTedLTK3TfiQtHII1P//NpjRQahJ4OhNQHKplbzb8z+sk2L/spjyME4SQ6Yj2+omwMLJmXVg+l8BQTDRQJrn+pcWGVFKGurGFV5ReZwj+tKA7cZYbWIVmteLYFef2vFS7ytrJkyI5IWfEIRekRm5InTQII4/kmbyQV+PJeDPejY/faM7I7hyTBRmfP/hgnfs=</latexit><latexit sha1_base64="vM+1fTxR0P5DcN1taTU2sqFuVAY=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZJSZaEm0sMZFLwhIyO3uACbMXZ84SyYbCh/AZbLW2M7Y+gKVv4oBbCPhX35z/n8yc34sFV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipKJIMGi0Qk2x5VIHgIDeQooB1LoIEnoOWNrmd+awxS8Si8w0kM3YAOQt7njKIe9cyidMsu3Cd87JYdjQgPmAaRP3XL1Z5Zsiv2XNYqOBmUSKZ6z/x2/YglAYTIBFWq49gxdlMqkTMB04KbKIgpG9EBdDSGNADVTedLTK3TfiQtHII1P//NpjRQahJ4OhNQHKplbzb8z+sk2L/spjyME4SQ6Yj2+omwMLJmXVg+l8BQTDRQJrn+pcWGVFKGurGFV5ReZwj+tKA7cZYbWIVmteLYFef2vFS7ytrJkyI5IWfEIRekRm5InTQII4/kmbyQV+PJeDPejY/faM7I7hyTBRmfP/hgnfs=</latexit><latexit sha1_base64="vM+1fTxR0P5DcN1taTU2sqFuVAY=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZJSZaEm0sMZFLwhIyO3uACbMXZ84SyYbCh/AZbLW2M7Y+gKVv4oBbCPhX35z/n8yc34sFV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipKJIMGi0Qk2x5VIHgIDeQooB1LoIEnoOWNrmd+awxS8Si8w0kM3YAOQt7njKIe9cyidMsu3Cd87JYdjQgPmAaRP3XL1Z5Zsiv2XNYqOBmUSKZ6z/x2/YglAYTIBFWq49gxdlMqkTMB04KbKIgpG9EBdDSGNADVTedLTK3TfiQtHII1P//NpjRQahJ4OhNQHKplbzb8z+sk2L/spjyME4SQ6Yj2+omwMLJmXVg+l8BQTDRQJrn+pcWGVFKGurGFV5ReZwj+tKA7cZYbWIVmteLYFef2vFS7ytrJkyI5IWfEIRekRm5InTQII4/kmbyQV+PJeDPejY/faM7I7hyTBRmfP/hgnfs=</latexit><latexit sha1_base64="vM+1fTxR0P5DcN1taTU2sqFuVAY=">AAACE3icbZC7TgJBFIZn8YZ4W7Wk2UhMLAjZJSZaEm0sMZFLwhIyO3uACbMXZ84SyYbCh/AZbLW2M7Y+gKVv4oBbCPhX35z/n8yc34sFV2jbX0ZubX1jcyu/XdjZ3ds/MA+PmipKJIMGi0Qk2x5VIHgIDeQooB1LoIEnoOWNrmd+awxS8Si8w0kM3YAOQt7njKIe9cyidMsu3Cd87JYdjQgPmAaRP3XL1Z5Zsiv2XNYqOBmUSKZ6z/x2/YglAYTIBFWq49gxdlMqkTMB04KbKIgpG9EBdDSGNADVTedLTK3TfiQtHII1P//NpjRQahJ4OhNQHKplbzb8z+sk2L/spjyME4SQ6Yj2+omwMLJmXVg+l8BQTDRQJrn+pcWGVFKGurGFV5ReZwj+tKA7cZYbWIVmteLYFef2vFS7ytrJkyI5IWfEIRekRm5InTQII4/kmbyQV+PJeDPejY/faM7I7hyTBRmfP/hgnfs=</latexit>

so we don't explain the pattern in this case.

(observed pattern is r=3+k, k=0,2,4,8,16)



9 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
8 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
7 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19



9 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
8 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
7 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

In 8d, 9d, we achieve Coulomb branch
string universality

String theory compactifications
exactly match

Swampland constraints 



Twisting by magnetic flux, we can constrain global form of 
the gauge group



See [Cvetic-Dierigl-Lin-Zhang ’20] for similar constraints from a different 
viewpoint and [Font-Fraiman-Graña-Núñez-Parra’20 ] for a list of all maximal 

groups in heterotic. We all agree

Twisting by magnetic flux, we can constrain global form of 
the gauge group



TO WRAP UP

Cobordisms are the right tool to understand 
topology-changing processes in quantum gravity

Bubbles of nothing are much more general than what we thought

Absence of Cobordism + Anomalies = Swampland

Explicit T3 example, many more constructible

Universal instability of nonsusy vacua?

Enough to “bootstrap” features of ST: CB universality in 8d, 9d

Apply to 6d N=1, or even the Standard Model!



Thank you!

Grazie mille!


