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Swampland Program:  Determine the nontrivial 
constraints that QFT’s in the landscape must satisfy. 



Oldest Swampland constraint in the book:



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:

Arguments about black hole 
decay/absence of remnants



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:

Arguments about black hole 
decay/absence of remnants

Recent proofs using 
Euclidean QG for BH 

evap/amplitudes



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:

Arguments about black hole 
decay/absence of remnants

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

Recent proofs using 
Euclidean QG for BH 

evap/amplitudes



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:

Arguments about black hole 
decay/absence of remnants

Proof in perturbative ST

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

Recent proofs using 
Euclidean QG for BH 

evap/amplitudes



Oldest Swampland constraint in the book:

There are no global symmetries in quantum gravity
i.e. 

if you have an exactly conserved charge, it can be measured 
via some long-range field (gauged).

Lots of evidence:

Arguments about black hole 
decay/absence of remnants

Proof in perturbative ST

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

Recent proofs using 
Euclidean QG for BH 

evap/amplitudes
Always true in every ST 

example



To sum up, there’s good reason to believe that there are no global 
symmetries in Quantum Gravity. 



But this statement, by itself, seems a bit toothless

To sum up, there’s good reason to believe that there are no global 
symmetries in Quantum Gravity. 



But this statement, by itself, seems a bit toothless

e.g. (B-L) is a global symmetry of the SM. 

To sum up, there’s good reason to believe that there are no global 
symmetries in Quantum Gravity. 



But this statement, by itself, seems a bit toothless

e.g. (B-L) is a global symmetry of the SM. 

But if it is broken by operators suppressed by e.g

10�10000
<latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit>

To sum up, there’s good reason to believe that there are no global 
symmetries in Quantum Gravity. 



But this statement, by itself, seems a bit toothless

e.g. (B-L) is a global symmetry of the SM. 

But if it is broken by operators suppressed by e.g

10�10000
<latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit><latexit sha1_base64="peK/IKGDF1nW30CttswzN0huPvQ=">AAACAXicbVC7TsNAEFyHVwivACWNRYREQ2QjJCgjaCiDRB5SYqLzZR2fcvZZd2ekyHLFN9BCTYdo+RJK/oRLcEESpprdmb3bHT/hTGnH+bJKK6tr6xvlzcrW9s7uXnX/oK1EKim2qOBCdn2ikLMYW5ppjt1EIol8jh1/fDPVO48oFRPxvZ4k6EVkFLOAUaJNq+c6D9mZ6xjkg2rNqTsz2MvELUgNCjQH1e/+UNA0wlhTTpQyjyXay4jUjHLMK/1UYULomIywZ2hMIlReNls5t08CIW0doj2r/3ozEik1iXzjiYgO1aI2bf6n9VIdXHkZi5NUY0yNxWhBym0t7Onl9pBJpJpPDCFUMrOlTUMiCdUmn7lflDknxGFeMZm4iwksk/Z53XXq7t1FrXFdpFOGIziGU3DhEhpwC01oAQUBz/ACr9aT9Wa9Wx+/1pJVzBzCHKzPH7VZlis=</latexit>

for all intends and purposes, B-L is a global symmetry.

To sum up, there’s good reason to believe that there are no global 
symmetries in Quantum Gravity. 
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that sometimes

the mere absence of global symmetries

can be very powerful

and lead to quantitative Swampland constraints on QG

I will focus on a particularly useful version of the no global 
symmetries idea:

The Cobordism Conjecture
[McNamara, Vafa ’19]
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The K3 “particle”
is invariant under 

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



Basic idea of the cobordism conjecture:

1) Nontrivial topology can lead to global charges

For instance, take 5d gravity and on a t=0 slice

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

The K3 “particle”
is invariant under 

deformations

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

But in QG, topology is dynamical…



2) One kind of global charge is  preserved under 
smooth topology fluctuations: the cobordism class



2) One kind of global charge is  preserved under 
smooth topology fluctuations: the cobordism class

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

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

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

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



2) One kind of global charge is  preserved under 
smooth topology fluctuations: the cobordism class

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

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

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

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

C is a cobordism between M1 and M2



2) One kind of global charge is  preserved under 
smooth topology fluctuations: the cobordism class

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

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

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

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

C is a cobordism between M1 and M2

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



2) One kind of global charge is  preserved under 
smooth topology fluctuations: the cobordism class

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

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

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

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

C is a cobordism between M1 and M2

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

e.g. ⌦Spin
4 = Z

<latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit><latexit sha1_base64="QqrKjEhDweNx6jw0YxMBb2kQFLY=">AAACGXicbVC7TsNAEDzzDOFloKQxREhUkY0iQYMUQUNHEOQh4hCdL5vklPNDd2tEZLnmI/gGWqjpEC0VJX/COaQgCVPN7sxqd8eLBFdo21/G3PzC4tJybiW/ura+sWlubddUGEsGVRaKUDY8qkDwAKrIUUAjkkB9T0DdG5xnev0epOJhcIPDCFo+7QW8yxlF3Wqbe+6lDz3aLt0lLsIDJtcRD9L01PUp9j0vuU3bZsEu2iNYs8QZkwIZo9I2v91OyGIfAmSCKtV07AhbCZXImYA078YKIsoGtAdNTQPqg2olo1dS66AbSgv7YI3qv96E+koNfU97stvUtJY1/9OaMXZPWgkPohghYNqitW4sLAytLBGrwyUwFENNKJNcX2mxPpWUoc5tYovS7/Shk+Z1Js50ArOkdlR07KJzVSqUz8bp5Mgu2SeHxCHHpEwuSIVUCSOP5Jm8kFfjyXgz3o2PX+ucMZ7ZIRMwPn8AgIihnQ==</latexit>

generated by [K3]



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

In particular, when M1 is a 
boundary

([M1]=0) 

the corresponding “global 
symmetry” is badly broken 

already at the EFT level.



The cobordism groups capture (generalized) topological global 
symmetries that cannot be killed via smooth topological transitions 



The cobordism groups capture (generalized) topological global 
symmetries that cannot be killed via smooth topological transitions 

(the transitions you can describe with the low-energy EFT)
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The cobordism groups capture (generalized) topological global 
symmetries that cannot be killed via smooth topological transitions 

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

But there are no global symmetries in QG… 

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

K3
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Killing the global symmetry forces the introduction of defects
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Example: Theories with minimal SUSY in d=7,8,9
[MM, Vafa ’20]

Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

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

�
<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>



Example: Theories with minimal SUSY in d=7,8,9
[MM, Vafa ’20]

Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

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

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

Gauge:  

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



Example: Theories with minimal SUSY in d=7,8,9
[MM, Vafa ’20]

Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

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

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

Gauge:  

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

Lagrangian fully fixed by SUSY



Example: Theories with minimal SUSY in d=7,8,9
[MM, Vafa ’20]

Minimal SUSY in d>6 = 16 supercharges

Life is simple: There are just two multiplets

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

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

Gauge:  

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

Lagrangian fully fixed by SUSY

There is a Narain moduli space parametrized by the scalars in 
vector and gravity multiplets



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



At some points in moduli space, symmetry enhancement 
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All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 
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<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 
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To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 

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>

Sugra
Grav,

1 tensor,
(3+(#of 9d vectors) )hypers



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 

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>

Sugra Singularities
Grav,

1 tensor,
(3+(#of 9d vectors) )hypers

??? x 8



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 

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>

Sugra Singularities
Grav,

1 tensor,
(3+(#of 9d vectors) )hypers

??? x 8

273 = 29nT + nH � nV
<latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit>



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 

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>

Sugra Singularities
Grav,

1 tensor,
(3+(#of 9d vectors) )hypers

??? x 8

273 = 29nT + nH � nV
<latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit>

241 = 8 · (???) + #9d vectors
<latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit>



All these theories have a parity symmetry & can be put on 
non-orientable manifolds. There is a 

⌦Pin�

2 = Z8
<latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit><latexit sha1_base64="5zbgZ+SObU69OCnnEdZThbHYFgc=">AAACHnicbVDLTgJBEJz1ifhCPXrZSDReJLvERC4mRC/exEQekYXN7NDAhNlHZnqNZLN/4Ef4DV717M141aN/4oAcBKxTdVd1uru8SHCFlvVlLCwuLa+sZtay6xubW9u5nd2aCmPJoMpCEcqGRxUIHkAVOQpoRBKo7wmoe4PLkV6/B6l4GNziMIKWT3sB73JGUbfc3JFz7UOPthMH4QGTCg/S9knqJsX03PEp9j0vuUvdkpvLWwVrDHOe2BOSJxNU3Ny30wlZ7EOATFClmrYVYSuhEjkTkGadWEFE2YD2oKlpQH1QrWT8T2oedkNpYh/Mcf3Xm1BfqaHvac/oOjWrjZr/ac0Yu6VWwoMoRgiYtmitGwsTQ3MUi9nhEhiKoSaUSa6vNFmfSspQhze1Rel3+tBJszoTezaBeVIrFmyrYN+c5ssXk3QyZJ8ckGNikzNSJlekQqqEkUfyTF7Iq/FkvBnvxsevdcGYzOyRKRifPxlwo3Q=</latexit>

global symmetry, generated by the class of RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

To kill it, we introduce a defect that looks 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>

So we can compactify also 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>

but this background has a gravitational anomaly

RP2
<latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit><latexit sha1_base64="wiIJlio2LAy5yfe808NPvsQpbhM=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkREpQRNJQBkYeUmOh8WcennB/cnZEiyyXfQAs1HaLlQyj5E87BBUmYam5nTjs7bsyZVJb1ZZRWVtfWN8qbla3tnd296v5BR0aJoNimEY9EzyUSOQuxrZji2IsFksDl2HUnV7nefUQhWRTeqWmMTkDGIfMYJUqPnEFAlO+66W0ru28MqzWrbs1gLhO7IDUo0BpWvwejiCYBhopyImXftmLlpEQoRjlmlUEiMSZ0QsbY1zQkAUonnYXOzBMvEqby0Zy9/3pTEkg5DVztyePJRS0f/qf1E+VdOCkL40RhSLVFa17CTRWZ+e3miAmkik81IVQwndKkPhGEKt3Q3Bapz/FxlFV0J/ZiA8uk06jbVt2+Oas1L4t2ynAEx3AKNpxDE66hBW2g8ADP8AKvxpPxZrwbH7/WklH8OYQ5GJ8/Z7aYXg==</latexit>

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>

Let’s do d=9 in detail: 

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>

Sugra Singularities
Grav,

1 tensor,
(3+(#of 9d vectors) )hypers

??? x 8

273 = 29nT + nH � nV
<latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit><latexit sha1_base64="47V7ZZDseswiRZa2zmWoQzKIvrg=">AAACDHicbZDLTgIxGIU7eEO84WXnppGYmKhkBk3QhQnRDUtMuCUwmXTKDzR0OpO2Y4KEV/AZ3OranXHrO7j0TSw4CwHP6vQ/p+nfz484U9q2v6zU0vLK6lp6PbOxubW9k93dq6swlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cDfJGw8gFQtFVQ8jcAPSE6zLKNFm5GUPCsWLm8J1+wwLr3oqvPK58OpeNmfn7anwonESk0OJKl72u90JaRyA0JQTpVqOHWl3RKRmlMM4044VRIQOSA9axgoSgHJH0+3H+LgbSqz7gKfnv90RCZQaBr7pBET31Xw2Gf6XtWLdvXJHTESxBkFNxWTdmGMd4gkE3GESqOZDYwiVzGyJaZ9IQrVBNfOKMt/pQ2ecMUyceQKLpl7IO3beub/MlW4TOml0iI7QCXJQEZVQGVVQDVH0iJ7RC3q1nqw36936+K2mrOTOPpqR9fkDACiZfg==</latexit>

241 = 8 · (???) + #9d vectors
<latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit><latexit sha1_base64="mQdjok2W2Ycn/B6+dlJzQYJnDtg="></latexit>

#9d vectors ⌘ 1mod 8
<latexit sha1_base64="rDl4gFvFpABKwLm27nuGcNpEQv0="></latexit><latexit sha1_base64="rDl4gFvFpABKwLm27nuGcNpEQv0="></latexit><latexit sha1_base64="rDl4gFvFpABKwLm27nuGcNpEQv0="></latexit><latexit sha1_base64="rDl4gFvFpABKwLm27nuGcNpEQv0="></latexit>
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More generally, anomaly cancellation places constraints on # of 
vectors:
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1 mod 8

2 mod 8

d=7  odd #

Exactly matches ST constructions!

(in [Montero-Parra ’22] we discovered a new string 
compactification with 16 charges in 9d. Has rank 1!)
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In the 8d and 9d theories, sometimes gauge symmetry can 
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<latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit>

can only appear for k a multiple of 8.



It is also possible to make predictions about the non-abelian 
enhancements.

In the 8d and 9d theories, sometimes gauge symmetry can 
become non-abelian. 

E.g. in 8d with 10 vector multiplets, we made a prediction that the 
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<latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit>

can only appear for k a multiple of 8.
This prompted the Saclay group to check, and they found
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<latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit>

can only appear for k a multiple of 8.
This prompted the Saclay group to check, and they found

Sp(1), Sp(2), Sp(4), Sp(6)
<latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit>



It is also possible to make predictions about the non-abelian 
enhancements.

In the 8d and 9d theories, sometimes gauge symmetry can 
become non-abelian. 

E.g. in 8d with 10 vector multiplets, we made a prediction that the 
group 

Sp(k)/Z2
<latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit>

can only appear for k a multiple of 8.
This prompted the Saclay group to check, and they found

Sp(8)/Z2
<latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit>

Sp(1), Sp(2), Sp(4), Sp(6)
<latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit>

and



It is also possible to make predictions about the non-abelian 
enhancements.

In the 8d and 9d theories, sometimes gauge symmetry can 
become non-abelian. 

E.g. in 8d with 10 vector multiplets, we made a prediction that the 
group 

Sp(k)/Z2
<latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit><latexit sha1_base64="hiAcFYHaGrYbnQh7rIGYjhrDTFE=">AAACEXicbVC7TsNAEDzzDOEVoEI0FhFSaIIdIUEZQUMZBHmI2IrOl01yyvmhuzUisiw+gm+ghZoO0fIFlPwJ55CCJEw1uzOr3R0vElyhZX0ZC4tLyyurubX8+sbm1nZhZ7ehwlgyqLNQhLLlUQWCB1BHjgJakQTqewKa3vAy05v3IBUPg1scReD6tB/wHmcUdatT2HcQHjC5idLS8PjE8SkOPC+5SzuVTqFola0xzHliT0iRTFDrFL6dbshiHwJkgirVtq0I3YRK5ExAmndiBRFlQ9qHtqYB9UG5yfiF1DzqhdLEAZjj+q83ob5SI9/Tnuw6Natlzf+0doy9czfhQRQjBExbtNaLhYmhmSVhdrkEhmKkCWWS6ytNNqCSMtR5TW1R+p0BdNO8zsSeTWCeNCpl2yrb16fF6sUknRw5IIekRGxyRqrkitRInTDySJ7JC3k1now34934+LUuGJOZPTIF4/MHCnadhw==</latexit>

can only appear for k a multiple of 8.
This prompted the Saclay group to check, and they found

Sp(8)/Z2
<latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit><latexit sha1_base64="3hMZxrBf34DhRNw1rkAeVpqNUZA=">AAACEXicbVDLTgJBEJzFF+IL9WS8bCQmeMFdYiJHohePGOURgZDZoZedMPvITK+RbDZ+hN/gVc/ejFe/wKN/4oAcBKxTdVd1urucSHCFlvVlZJaWV1bXsuu5jc2t7Z387l5DhbFkUGehCGXLoQoED6COHAW0IgnUdwQ0neHlWG/eg1Q8DG5xFEHXp4OAu5xR1K1e/qCD8IDJTZQWKyenHZ+i5zjJXdor9/IFq2RNYC4Se0oKZIpaL//d6Ycs9iFAJqhSbduKsJtQiZwJSHOdWEFE2ZAOoK1pQH1Q3WTyQmoeu6E00QNzUv/1JtRXauQ72jO+Ts1r4+Z/WjtGt9JNeBDFCAHTFq25sTAxNMdJmH0ugaEYaUKZ5PpKk3lUUoY6r5ktSr/jQT/N6Uzs+QQWSaNcsq2SfX1WqF5M08mSQ3JEisQm56RKrkiN1Akjj+SZvJBX48l4M96Nj19rxpjO7JMZGJ8/t1SdVA==</latexit>

Sp(1), Sp(2), Sp(4), Sp(6)
<latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit><latexit sha1_base64="zLNUwW6V9JAbkUnfrFmNsqSlmiE=">AAACK3icbVDJTgJBFOxxRdxQj14mEhNIDJlBoh6JXjxilCWBCelpHtChZ0n3GyOZzIf4EX6DVz170njx4H/YIIks1qnqVXVev3JDwRVa1ruxtLyyurae2khvbm3v7Gb29msqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDq5Gfv0epOKBf4fDEByP9nze5YyiHrUzpy2EB4xvwyRn50/+RHFalKbFWb6dyVoFawxzkdgTkiUTVNqZr1YnYJEHPjJBlWraVohOTCVyJiBJtyIFIWUD2oOmpj71QDnx+LjEPO4G0sQ+mGM9nY2pp9TQc3XGo9hX895o+J/XjLB74cTcDyMEn+mI9rqRMDEwRx2ZHS6BoRhqQpnk+pcm61NJGeomZ7YofU4fOklad2LPN7BIasWCbRXsm1K2fDlpJ0UOyRHJEZuckzK5JhVSJYw8kmfyQl6NJ+PN+DA+f6NLxuTNAZmB8f0DrZunHA==</latexit>

and

They verified the Swampland prediction



More generally, the predictions we have 

are in agreement with all existing enhancements (roughly 400!) 
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Take-home message: 
If you are interested in any EFT,

compute its cobordism groups,

fish for global symmetries leading to inconsistencies,

you get Swampland constraints (can rule EFT’s out!)

Example: Cobordism groups of IIB supergravity 

taking into account its duality symmetry

Alternatively, you can predict new objects in a theory



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 

For instance,

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

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

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

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



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 

For instance,

⌦Spin
⇤<latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit>

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

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

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

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



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 

For instance,

⌦Spin
⇤<latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit>

⌦Spin
⇤ (BU(1))

<latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit>

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

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

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

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



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 

For instance,

⌦Spin
⇤<latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit>

⌦Spin
⇤ (BU(1))

<latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit>

⌦Structure
⇤<latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit>

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

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

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

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



In general, cobordism groups can be “dressed” or decorated with 
additional structures. 

For instance,

⌦Spin
⇤<latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit><latexit sha1_base64="yemiLJkoOqZRvBsdfBWO807A23w=">AAACDnicbZC9TsMwFIUdfkv5KyCxsERUSIihShASjBUsbBRBf6Q2RI5721q1k8i+QVQh78AzsMLMhlh5BUbeBLd0oC1nOr7nWL7+glhwjY7zZc3NLywuLedW8qtr6xubha3tmo4SxaDKIhGpRkA1CB5CFTkKaMQKqAwE1IP+xTCv34PSPApvcRCDJ2k35B3OKJqRX9htXUnoUv/oLm0hPGB6E/Mwy/xC0Sk5I9mzxh2bIhmr4he+W+2IJRJCZIJq3XSdGL2UKuRMQJZvJRpiyvq0C01jQypBe+lo/8w+6ETKxh7Yo/Pfbkql1gMZmI6k2NPT2XD4X9ZMsHPmpTyME4SQmYrJOomwMbKHGOw2V8BQDIyhTHGzpc16VFGGBtbEK9p8pwftLG+YuNMEZk3tuOQ6Jff6pFg+H9PJkT2yTw6JS05JmVySCqkSRh7JM3khr9aT9Wa9Wx+/1TlrfGeHTMj6/AGHhJzM</latexit>

⌦Spin
⇤ (BU(1))

<latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit><latexit sha1_base64="HDo82oWtKLKA+uy5/ypuUcayTtY=">AAACFXicbZA7TwJBFIVnfSK+UEtjspGYgAXZNSZaEmzsxCiPhF3J7HCBCbOPzNw1ks1W/gh/g63WdsbW2tJ/4oAUAp7qzD1nMnM/LxJcoWV9GQuLS8srq5m17PrG5tZ2bme3rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7gYpQ37kEqHga3OIzA9Wkv4F3OKOpRO3fgXPnQo+3ju8RBeMDkJuJBmhYqtYJdLLZzeatkjWXOG3ti8mSiajv37XRCFvsQIBNUqZZtRegmVCJnAtKsEyuIKBvQHrS0DagPyk3Ga6TmUTeUJvbBHJ//dhPqKzX0Pd3xKfbVbDYa/pe1YuyeuwkPohghYLqis24sTAzNEQ2zwyUwFENtKJNc/9JkfSopQ81s6hWl1+lDJ81qJvYsgXlTPynZVsm+Ps2XKxM6GbJPDkmB2OSMlMklqZIaYeSRPJMX8mo8GW/Gu/HxW10wJnf2yJSMzx8I3p58</latexit>

⌦Structure
⇤<latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit><latexit sha1_base64="HDssyf1VoG0mmzlspax3vgS9xE4=">AAACE3icbZC7TsMwFIYdrqXcCoxdIiokxFAlCAnGChY2iqAXqQmR4542Vp2L7BNEFWXgIXgGVpjZECsPwMib4JYOtOWffp//t+zz+YngCi3ry1hYXFpeWS2sFdc3Nre2Szu7TRWnkkGDxSKWbZ8qEDyCBnIU0E4k0NAX0PIHF6O8dQ9S8Ti6xWECbkj7Ee9xRlGPvFLZuQqhT72ju8xBeMDsBmXKMJWQ516pYlWtscx5Y09MhUxU90rfTjdmaQgRMkGV6thWgm5GJXImIC86qYKEsgHtQ0fbiIag3Gy8RG4e9GJpYgDm+Py3m9FQqWHo605IMVCz2Wj4X9ZJsXfmZjxKUoSI6YrOeqkwMTZHLMwul8BQDLWhTHL9S5MFVFKGmtjUK0qvE0A3L2om9iyBedM8rtpW1b4+qdTOJ3QKpEz2ySGxySmpkUtSJw3CyCN5Ji/k1Xgy3ox34+O3umBM7uyRKRmfP+8NnzU=</latexit>

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

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

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

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

One just demands that M1, M2 have the required 
structure, and that this extends smoothly to C.



What is the duality symmetry of IIB string theory?
[Tachikawa-Yonekura ’18]



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

[Tachikawa-Yonekura ’18]



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

[Tachikawa-Yonekura ’18]



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

[Tachikawa-Yonekura ’18]



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

M theory: torus 
diffeomorphisms

[Tachikawa-Yonekura ’18]



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

[Tachikawa-Yonekura ’18]

M theory: torus 
diffeomorphisms



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

Because fermions
Mp(2,Z)

<latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit>

[Tachikawa-Yonekura ’18]

M theory: torus 
diffeomorphisms



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

Because fermions
Mp(2,Z)

<latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit>

Because M-theory 
includes reflections

GL(2,Z)
<latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit>

[Tachikawa-Yonekura ’18]

M theory: torus 
diffeomorphisms



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

Because fermions
Mp(2,Z)

<latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit>

Because M-theory 
includes reflections

GL(2,Z)
<latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit>

Pin+(GL(2,Z))
<latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit>

[Tachikawa-Yonekura ’18]

M theory: torus 
diffeomorphisms



What is the duality symmetry of IIB string theory?

IIB supergravity: SL(2,R)
<latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit><latexit sha1_base64="8pL1yRtR2JewZJODa075rZL3CzM=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhvLoQ2qjynFvWqvOQ7ZTqYryA3wDK8xsiJW/YORPcEoG2nKmc+85Vz4+bsSZVJb1ZRRWVtfWN4qbpa3tnd09c/+gJcNYUGjSkIei4xIJnAXQVExx6EQCiO9yaLvj60xvT0BIFgaPahqB45NhwDxGidKrvmk+3FZqZz2fqJHrJvfpad8sW1VrBrxM7JyUUY5G3/zuDUIa+xAoyomUXduKlJMQoRjlkJZ6sYSI0DEZQlfTgPggnWSWPMUnXiiwGgGezX+9CfGlnPqu9mTh5KKWLf/TurHyLp2EBVGsIKDaojUv5liFOCsAD5gAqvhUE0IF0ykxHRFBqNI1zb0i9XdGMEhLuhN7sYFl0qpVbatq352X61d5O0V0hI5RBdnoAtXRDWqgJqJogp7RC3o1now34934+LUWjPzmEM3B+PwBBBqZGw==</latexit>

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

IIB string: 
(broken by quantum 

effects)

F-theory:  mapp. class 
group of torus

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

Because fermions
Mp(2,Z)

<latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit><latexit sha1_base64="y8KwbE7R9a/8FJdCJ+cXEmaxwTQ=">AAACD3icbVDLSgNBEJyNrxhfqx48eFkMQgQJu0HQY9CLFyGCeWB2CbOTTjJk9sFMrxiW/Qi/wauevYlXP8Gjf+Ik5mAS61TdVU13lx8LrtC2v4zc0vLK6lp+vbCxubW9Y+7uNVSUSAZ1FolItnyqQPAQ6shRQCuWQANfQNMfXo315gNIxaPwDkcxeAHth7zHGUXd6pgHLsIjpjdxVqqcugHFge+n99lJxyzaZXsCa5E4U1IkU9Q65rfbjVgSQIhMUKXajh2jl1KJnAnICm6iIKZsSPvQ1jSkASgvnTyQWce9SFo4AGtS//WmNFBqFPjaMz5OzWvj5n9aO8HehZfyME4QQqYtWuslwsLIGudgdbkEhmKkCWWS6ystNqCSMtRpzWxR+p0BdLOCzsSZT2CRNCplxy47t2fF6uU0nTw5JEekRBxyTqrkmtRInTCSkWfyQl6NJ+PNeDc+fq05YzqzT2ZgfP4AYOecoA==</latexit>

Because M-theory 
includes reflections

GL(2,Z)
<latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit><latexit sha1_base64="pvx/gOwt3QM0u29VMZAPEHrv/x4=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGCgYYGIpEH6KNKse9aa06D9lOpSrKD/ANrDCzIVb+gpE/wSkZaMuZzr3nXPn4uBFnUlnWl1FYWV1b3yhulra2d3b3zP2DlgxjQaFJQx6KjkskcBZAUzHFoRMJIL7Loe2OrzO9PQEhWRg8qGkEjk+GAfMYJUqv+qZ5c1epnfV8okaumzymp32zbFWtGfAysXNSRjkaffO7Nwhp7EOgKCdSdm0rUk5ChGKUQ1rqxRIiQsdkCF1NA+KDdJJZ8hSfeKHAagR4Nv/1JsSXcuq72pOFk4tatvxP68bKu3QSFkSxgoBqi9a8mGMV4qwAPGACqOJTTQgVTKfEdEQEoUrXNPeK1N8ZwSAt6U7sxQaWSatWta2qfX9erl/l7RTRETpGFWSjC1RHt6iBmoiiCXpGL+jVeDLejHfj49daMPKbQzQH4/MH/RuZFw==</latexit>

Pin+(GL(2,Z))
<latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit><latexit sha1_base64="Tq5Pqurlp2+GYLhuXTJjcqmhuBk=">AAACFnicbVA9TwJBEN3DL8Qv1NLEXCQmEA25IyZaEi20sMBEPiIg2VsGbsPeR3bnjORynT/C32CrtZ2xtbX0n7gghaCvejPvTWbmOaHgCi3r00jNzS8sLqWXMyura+sb2c2tmgoiyaDKAhHIhkMVCO5DFTkKaIQSqOcIqDuDs5FevwOpeOBf4zCEtkf7Pu9xRlG3OtndFsI9xhXuJ7cH+fPLfOmw5VF0HSe+SQqFTjZnFa0xzL/EnpAcmaDSyX61ugGLPPCRCapU07ZCbMdUImcCkkwrUhBSNqB9aGrqUw9UOx7/kZj7vUCa6II5rn97Y+opNfQc7Rldp2a1UfM/rRlh76Qdcz+MEHymLVrrRcLEwBzFYXa5BIZiqAllkusrTeZSSRnq0Ka2KP2OC90kozOxZxP4S2qlom0V7aujXPl0kk6a7JA9kic2OSZlckEqpEoYeSBP5Jm8GI/Gq/FmvP9YU8ZkZptMwfj4BojZnr0=</latexit>

[Tachikawa-Yonekura ’18]

M theory: torus 
diffeomorphisms



In other words, there are three approximations to F-theory 
cobordism groups: 



In other words, there are three approximations to F-theory 
cobordism groups: 

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

⌦d(BSL(2,Z))
<latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit>



In other words, there are three approximations to F-theory 
cobordism groups: 

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

⌦d(BSL(2,Z))
<latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit>

Spin⇥Mp(2,Z)
Z2

<latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit>

Taking into account fermions: 

⌦Spin�Mp
d

<latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit>



In other words, there are three approximations to F-theory 
cobordism groups: 

SL(2,Z)
<latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit><latexit sha1_base64="XYIAbRXDuawhScoVYU195tu26o0=">AAACCHicbVC7TsMwFHXKq5RXgJHFokIqEqqSCgnGChYGhiLoQ7RR5bg3rVXnIdupVEX5Ab6BFWY2xMpfMPInOCUDbTnTufecKx8fN+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3xdaa3JyAkC4MHNY3A8ckwYB6jROlV3zTvbyu1s55P1Mh1k8f0tG+Wrao1A14mdk7KKEejb373BiGNfQgU5UTKrm1FykmIUIxySEu9WEJE6JgMoatpQHyQTjJLnuITLxRYjQDP5r/ehPhSTn1Xe7JwclHLlv9p3Vh5l07CgihWEFBt0ZoXc6xCnBWAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGKQl3Ym92MAyadWqtlW1787L9au8nSI6Qseogmx0geroBjVQE1E0Qc/oBb0aT8ab8W58/FoLRn5ziOZgfP4AEMKZIw==</latexit>

⌦d(BSL(2,Z))
<latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit><latexit sha1_base64="873wuj2s5Wp8C2Tkv+VD+O+G/lQ=">AAACFXicbVDLSsNAFJ3UV62vqEsRgkVoQUpSBF2WunEhWNE+sC1hMrlphk4ezEyEErLyI/wGt7p2J25du/RPnNYubOtZnXvPudx7jxMzKqRpfmm5peWV1bX8emFjc2t7R9/da4ko4QSaJGIR7zhYAKMhNCWVDDoxBxw4DNrO8GKstx+ACxqFd3IUQz/Ag5B6lGCpWrZ+2LsOYIDt1M1K9durUvWkF2DpO056n5XLtl40K+YExiKxpqSIpmjY+nfPjUgSQCgJw0J0LTOW/RRzSQmDrNBLBMSYDPEAuoqGOADRTydvZMaxF3FD+mBM6r/eFAdCjAJHecbXiXlt3PxP6ybSO++nNIwTCSFRFqV5CTNkZIzTMFzKgUg2UgQTTtWVBvExx0SqzGa2CPWOD25WUJlY8wkskla1YpkV6+a0WKtP08mjA3SESshCZ6iGLlEDNRFBj+gZvaBX7Ul70961j19rTpvO7KMZaJ8/kmWeOA==</latexit>

Spin⇥Mp(2,Z)
Z2

<latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit><latexit sha1_base64="kH98rpreOF2u6QYr/jyHI7Qk6DY="></latexit>

Spin⇥GL+(2,Z)
Z2

<latexit sha1_base64="dD+UHijLikGEiHDVMIP6AY0z6is="></latexit><latexit sha1_base64="dD+UHijLikGEiHDVMIP6AY0z6is="></latexit><latexit sha1_base64="dD+UHijLikGEiHDVMIP6AY0z6is="></latexit><latexit sha1_base64="dD+UHijLikGEiHDVMIP6AY0z6is="></latexit>

Taking into account fermions: 

⌦Spin�Mp
d

<latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit><latexit sha1_base64="KSiujm/kfCOt8pm65jxX6lJOPHA=">AAACGnicbZA7T8MwFIUdnqW8AowsUSskFqoEIcFYwcKCKII+pCZUjnvbWnUesm8QVZSdH8FvYIWZDbGyMPJPcB8DbTnT53uOZd/jx4IrtO1vY2FxaXllNbeWX9/Y3No2d3ZrKkokgyqLRCQbPlUgeAhV5CigEUuggS+g7vcvhn79AaTiUXiHgxi8gHZD3uGMoh61zIJ7HUCXttJ2dp+6CI+Y3sY8zI7GfBVnWcss2iV7JGsenAkUyUSVlvnjtiOWBBAiE1SppmPH6KVUImcCsrybKIgp69MuNDWGNADlpaNdMuugE0kLe2CNzn+zKQ2UGgS+zgQUe2rWGw7/85oJds68lIdxghAyHdFeJxEWRtawEqvNJTAUAw2USa5/abEelZShLm7qFaXX6UE7y+tOnNkG5qF2XHLsknNzUiyfT9rJkX1SIIfEIaekTC5JhVQJI0/khbySN+PZeDc+jM9xdMGY3NkjUzK+fgEFZ6J5</latexit>

⌦Spin�GL+

d
<latexit sha1_base64="zbLTUA6rn86t6IdlsNAZzpMVyVM=">AAACHHicbZC7SgNBFIZn4y3GW9TSZjEKghh2RdAyaKGFYERzgdyYnZxkh8xemDkrhmVfwIfwGWy1thNbwdI3cXIpTOJffXP+f5g5vxMKrtCyvo3U3PzC4lJ6ObOyura+kd3cKqsgkgxKLBCBrDpUgeA+lJCjgGoogXqOgIrTuxj4lQeQigf+PfZDaHi06/MOZxT1qJXdq9940KWtuJ004zrCI8Z3IfeToxFfXifNw6SVzVl5ayhzFuwx5MhYxVb2p94OWOSBj0xQpWq2FWIjphI5E5Bk6pGCkLIe7UJNo089UI14uE1i7ncCaaIL5vD8NxtTT6m+5+iMR9FV095g+J9Xi7Bz1oi5H0YIPtMR7XUiYWJgDkox21wCQ9HXQJnk+pcmc6mkDHV1E68ovY4L7SSjO7GnG5iF8nHetvL27UmucD5uJ012yC45IDY5JQVyRYqkRBh5Ii/klbwZz8a78WF8jqIpY3xnm0zI+PoFAQSi7A==</latexit><latexit sha1_base64="zbLTUA6rn86t6IdlsNAZzpMVyVM=">AAACHHicbZC7SgNBFIZn4y3GW9TSZjEKghh2RdAyaKGFYERzgdyYnZxkh8xemDkrhmVfwIfwGWy1thNbwdI3cXIpTOJffXP+f5g5vxMKrtCyvo3U3PzC4lJ6ObOyura+kd3cKqsgkgxKLBCBrDpUgeA+lJCjgGoogXqOgIrTuxj4lQeQigf+PfZDaHi06/MOZxT1qJXdq9940KWtuJ004zrCI8Z3IfeToxFfXifNw6SVzVl5ayhzFuwx5MhYxVb2p94OWOSBj0xQpWq2FWIjphI5E5Bk6pGCkLIe7UJNo089UI14uE1i7ncCaaIL5vD8NxtTT6m+5+iMR9FV095g+J9Xi7Bz1oi5H0YIPtMR7XUiYWJgDkox21wCQ9HXQJnk+pcmc6mkDHV1E68ovY4L7SSjO7GnG5iF8nHetvL27UmucD5uJ012yC45IDY5JQVyRYqkRBh5Ii/klbwZz8a78WF8jqIpY3xnm0zI+PoFAQSi7A==</latexit><latexit sha1_base64="zbLTUA6rn86t6IdlsNAZzpMVyVM=">AAACHHicbZC7SgNBFIZn4y3GW9TSZjEKghh2RdAyaKGFYERzgdyYnZxkh8xemDkrhmVfwIfwGWy1thNbwdI3cXIpTOJffXP+f5g5vxMKrtCyvo3U3PzC4lJ6ObOyura+kd3cKqsgkgxKLBCBrDpUgeA+lJCjgGoogXqOgIrTuxj4lQeQigf+PfZDaHi06/MOZxT1qJXdq9940KWtuJ004zrCI8Z3IfeToxFfXifNw6SVzVl5ayhzFuwx5MhYxVb2p94OWOSBj0xQpWq2FWIjphI5E5Bk6pGCkLIe7UJNo089UI14uE1i7ncCaaIL5vD8NxtTT6m+5+iMR9FV095g+J9Xi7Bz1oi5H0YIPtMR7XUiYWJgDkox21wCQ9HXQJnk+pcmc6mkDHV1E68ovY4L7SSjO7GnG5iF8nHetvL27UmucD5uJ012yC45IDY5JQVyRYqkRBh5Ii/klbwZz8a78WF8jqIpY3xnm0zI+PoFAQSi7A==</latexit><latexit sha1_base64="zbLTUA6rn86t6IdlsNAZzpMVyVM=">AAACHHicbZC7SgNBFIZn4y3GW9TSZjEKghh2RdAyaKGFYERzgdyYnZxkh8xemDkrhmVfwIfwGWy1thNbwdI3cXIpTOJffXP+f5g5vxMKrtCyvo3U3PzC4lJ6ObOyura+kd3cKqsgkgxKLBCBrDpUgeA+lJCjgGoogXqOgIrTuxj4lQeQigf+PfZDaHi06/MOZxT1qJXdq9940KWtuJ004zrCI8Z3IfeToxFfXifNw6SVzVl5ayhzFuwx5MhYxVb2p94OWOSBj0xQpWq2FWIjphI5E5Bk6pGCkLIe7UJNo089UI14uE1i7ncCaaIL5vD8NxtTT6m+5+iMR9FV095g+J9Xi7Bz1oi5H0YIPtMR7XUiYWJgDkox21wCQ9HXQJnk+pcmc6mkDHV1E68ovY4L7SSjO7GnG5iF8nHetvL27UmucD5uJ012yC45IDY5JQVyRYqkRBh5Ii/klbwZz8a78WF8jqIpY3xnm0zI+PoFAQSi7A==</latexit>

Taking into account reflections: 

(�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

⌦
<latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit> symmetries of perturbative IIBand



We computed all three approximations!
(Debray,Dierigl, Heckman, MM, work in progress)

d ⌦Spin
d

�
BSL(2,Z)

�
⌦Spin-Mp(2,Z)

d ⌦Spin-GL+(2,Z)
d

0 Z Z Z
1 Z2 � Z12 Z3 � Z8 2Z2

2 Z2 � Z2 0 Z2

3 Z2 � Z24 Z2 � Z3 3Z2 � Z3

4 Z Z Z
5 Z36 Z2 � Z9 � Z32 2Z2

6 0 0 0
7 Z2 � Z9 � Z32 Z4 � Z9 Z4 � 3Z2 � Z9

8 Z� Z Z� Z Z� Z� Z2

9 3Z2 � Z3 � Z4 � Z8 � Z27 Z128 � Z4 � Z3 � Z8 � Z27 8Z2

10 4Z2 Z2 4Z2

11 2Z2 � Z3 � 2Z8 � Z27 � Z128 Z8 � 2Z2 � Z3 � Z27 Z8 � 9Z2 � Z27 � Z3
<latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit>



We computed all three approximations!
(Debray,Dierigl, Heckman, MM, work in progress)

d ⌦Spin
d

�
BSL(2,Z)

�
⌦Spin-Mp(2,Z)

d ⌦Spin-GL+(2,Z)
d

0 Z Z Z
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4 Z Z Z
5 Z36 Z2 � Z9 � Z32 2Z2

6 0 0 0
7 Z2 � Z9 � Z32 Z4 � Z9 Z4 � 3Z2 � Z9

8 Z� Z Z� Z Z� Z� Z2

9 3Z2 � Z3 � Z4 � Z8 � Z27 Z128 � Z4 � Z3 � Z8 � Z27 8Z2

10 4Z2 Z2 4Z2

11 2Z2 � Z3 � 2Z8 � Z27 � Z128 Z8 � 2Z2 � Z3 � Z27 Z8 � 9Z2 � Z27 � Z3
<latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit>

Let us now talk about the first entry



We computed all three approximations!
(Debray,Dierigl, Heckman, MM, work in progress)

d ⌦Spin
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�
⌦Spin-Mp(2,Z)

d ⌦Spin-GL+(2,Z)
d

0 Z Z Z
1 Z2 � Z12 Z3 � Z8 2Z2

2 Z2 � Z2 0 Z2

3 Z2 � Z24 Z2 � Z3 3Z2 � Z3

4 Z Z Z
5 Z36 Z2 � Z9 � Z32 2Z2

6 0 0 0
7 Z2 � Z9 � Z32 Z4 � Z9 Z4 � 3Z2 � Z9

8 Z� Z Z� Z Z� Z� Z2

9 3Z2 � Z3 � Z4 � Z8 � Z27 Z128 � Z4 � Z3 � Z8 � Z27 8Z2

10 4Z2 Z2 4Z2

11 2Z2 � Z3 � 2Z8 � Z27 � Z128 Z8 � 2Z2 � Z3 � Z27 Z8 � 9Z2 � Z27 � Z3
<latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit><latexit sha1_base64="altMu9mLjWhkUsqiUs/A++nmNow="></latexit>

Let us now talk about the first entry



⌦1(BSL(2,Z) = Z2 � Z12
<latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit>

⌦Spin-Mp(2,Z)
1 = Z3 � Z8

<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>



⌦1(BSL(2,Z) = Z2 � Z12
<latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit>

⌦Spin-Mp(2,Z)
1 = Z3 � Z8

<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>

These are all one-dimensional 
cobordism groups



⌦1(BSL(2,Z) = Z2 � Z12
<latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit>

⌦Spin-Mp(2,Z)
1 = Z3 � Z8

<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>

These are all one-dimensional 
cobordism groups

Only 1-d manifold is 
circle, so all these classes 

are circles with duality 
holonomy

GL+(2,Z)
<latexit sha1_base64="e/+LUW6hSBAtSuDKKbEbKXAJdho=">AAACCnicbVC7TsMwFHV4lvIKZWSJqJCKQFVSIcFYwQADQ5HoQ7ShctybxqrzkO0gqih/wDewwsyGWPkJRv4Ep2SgLWc6955z5ePjRIwKaZpf2sLi0vLKamGtuL6xubWt75RaIow5gSYJWcg7DhbAaABNSSWDTsQB+w6DtjO6yPT2A3BBw+BWjiOwfTwMqEsJlmrV10uX1/dHldpxz8fSc5zkLj3s62Wzak5gzBMrJ2WUo9HXv3uDkMQ+BJIwLETXMiNpJ5hLShikxV4sIMJkhIfQVTTAPgg7mWRPjQM35Ib0wJjMf70J9oUY+47yZOHErJYt/9O6sXTP7IQGUSwhIMqiNDdmhgyNrAJjQDkQycaKYMKpSmkQD3NMpCpq6hWhvuPBIC2qTqzZBuZJq1a1zKp1c1Kun+ftFNAe2kcVZKFTVEdXqIGaiKBH9Ixe0Kv2pL1p79rHr3VBy2920RS0zx8oSJm0</latexit><latexit sha1_base64="e/+LUW6hSBAtSuDKKbEbKXAJdho=">AAACCnicbVC7TsMwFHV4lvIKZWSJqJCKQFVSIcFYwQADQ5HoQ7ShctybxqrzkO0gqih/wDewwsyGWPkJRv4Ep2SgLWc6955z5ePjRIwKaZpf2sLi0vLKamGtuL6xubWt75RaIow5gSYJWcg7DhbAaABNSSWDTsQB+w6DtjO6yPT2A3BBw+BWjiOwfTwMqEsJlmrV10uX1/dHldpxz8fSc5zkLj3s62Wzak5gzBMrJ2WUo9HXv3uDkMQ+BJIwLETXMiNpJ5hLShikxV4sIMJkhIfQVTTAPgg7mWRPjQM35Ib0wJjMf70J9oUY+47yZOHErJYt/9O6sXTP7IQGUSwhIMqiNDdmhgyNrAJjQDkQycaKYMKpSmkQD3NMpCpq6hWhvuPBIC2qTqzZBuZJq1a1zKp1c1Kun+ftFNAe2kcVZKFTVEdXqIGaiKBH9Ixe0Kv2pL1p79rHr3VBy2920RS0zx8oSJm0</latexit><latexit sha1_base64="e/+LUW6hSBAtSuDKKbEbKXAJdho=">AAACCnicbVC7TsMwFHV4lvIKZWSJqJCKQFVSIcFYwQADQ5HoQ7ShctybxqrzkO0gqih/wDewwsyGWPkJRv4Ep2SgLWc6955z5ePjRIwKaZpf2sLi0vLKamGtuL6xubWt75RaIow5gSYJWcg7DhbAaABNSSWDTsQB+w6DtjO6yPT2A3BBw+BWjiOwfTwMqEsJlmrV10uX1/dHldpxz8fSc5zkLj3s62Wzak5gzBMrJ2WUo9HXv3uDkMQ+BJIwLETXMiNpJ5hLShikxV4sIMJkhIfQVTTAPgg7mWRPjQM35Ib0wJjMf70J9oUY+47yZOHErJYt/9O6sXTP7IQGUSwhIMqiNDdmhgyNrAJjQDkQycaKYMKpSmkQD3NMpCpq6hWhvuPBIC2qTqzZBuZJq1a1zKp1c1Kun+ftFNAe2kcVZKFTVEdXqIGaiKBH9Ixe0Kv2pL1p79rHr3VBy2920RS0zx8oSJm0</latexit><latexit sha1_base64="e/+LUW6hSBAtSuDKKbEbKXAJdho=">AAACCnicbVC7TsMwFHV4lvIKZWSJqJCKQFVSIcFYwQADQ5HoQ7ShctybxqrzkO0gqih/wDewwsyGWPkJRv4Ep2SgLWc6955z5ePjRIwKaZpf2sLi0vLKamGtuL6xubWt75RaIow5gSYJWcg7DhbAaABNSSWDTsQB+w6DtjO6yPT2A3BBw+BWjiOwfTwMqEsJlmrV10uX1/dHldpxz8fSc5zkLj3s62Wzak5gzBMrJ2WUo9HXv3uDkMQ+BJIwLETXMiNpJ5hLShikxV4sIMJkhIfQVTTAPgg7mWRPjQM35Ib0wJjMf70J9oUY+47yZOHErJYt/9O6sXTP7IQGUSwhIMqiNDdmhgyNrAJjQDkQycaKYMKpSmkQD3NMpCpq6hWhvuPBIC2qTqzZBuZJq1a1zKp1c1Kun+ftFNAe2kcVZKFTVEdXqIGaiKBH9Ixe0Kv2pL1p79rHr3VBy2920RS0zx8oSJm0</latexit>



⌦1(BSL(2,Z) = Z2 � Z12
<latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit>
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<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

⌦Spin-GL+(2,Z)
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<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>
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Cobordism conjecture: 
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Capture ordinary 7-branes

Class of a circle with U holonomy
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Capture ordinary 7-branes
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Killed by E6 singu, Kodaira type IV*



⌦1(BSL(2,Z) = Z2 � Z12
<latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit><latexit sha1_base64="bVqNxkDGSxTNRUNmRx+j7vNaD5M="></latexit>

⌦Spin-Mp(2,Z)
1 = Z3 � Z8

<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

Capture ordinary 7-branes

Class of a circle with U holonomy

Class of a circle 
with S holonomy

Killed by E6 singu, Kodaira type IV*
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Capture ordinary 7-branes

Class of a circle with U holonomy
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Killed by E6 singu, Kodaira type IV*

Killed by D4 singu, 
Kodaira type I0*Since S,U generate SL(2,Z), we 

have all ordinary F-theory 
7-branes



But … ⌦Spin-Mp(2,Z)
1 = Z3 � Z8

<latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit><latexit sha1_base64="BCifwSqJe8J8TqFYGEbeXeMZqE4="></latexit>

is not the true duality cob 
group group of IIB sugra.
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What is going on?

Where did the F-theory 7-branes go?



Answer: F-theory branes are not fundamental objects in IIB 
supergravity!



Answer: F-theory branes are not fundamental objects in IIB 
supergravity!

Objects with the same holonomy can be constructed 
without any singularity in the elliptic fiber.



Answer: F-theory branes are not fundamental objects in IIB 
supergravity!

Objects with the same holonomy can be constructed 
without any singularity in the elliptic fiber.

Basic construction in 
McNamara ’21: Torus 

with holonomies allows 
one to construct 
commutators
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<latexit sha1_base64="fs8Fr0Ki1iLOw5b4V1bw/5kOI9w=">AAACBHicbVA9TwJBEN3DL8Qv1NJmIzGxkdwZEy2JNpaYCJjAQeaWOW7D3kd290zIhdbfYKu1nbH1f1j6T1zOKwR8xeTNvLfZmeclgitt219WaWV1bX2jvFnZ2t7Z3avuH7RVnEqGLRaLWD54oFDwCFuaa4EPiUQIPYEdb3wz0zuPKBWPo3s9SdANYRRxnzPQZtQHD/rZmTP18jqo1uy6nYMuE6cgNVKgOah+94YxS0OMNBOgVNexE+1mIDVnAqeVXqowATaGEXYNjSBE5Wb51lN64seS6gBp3v/1ZhAqNQk94wlBB2pRmw3/07qp9q/cjEdJqjFixmI0PxVUx3R2PB1yiUyLiSHAJDdbUhaABKZNRHO/KHNOgMNpxWTiLCawTNrndceuO3cXtcZ1kU6ZHJFjckocckka5JY0SYswIskzeSGv1pP1Zr1bH7/WklW8OSRzsD5/AIT7mGI=</latexit><latexit sha1_base64="fs8Fr0Ki1iLOw5b4V1bw/5kOI9w=">AAACBHicbVA9TwJBEN3DL8Qv1NJmIzGxkdwZEy2JNpaYCJjAQeaWOW7D3kd290zIhdbfYKu1nbH1f1j6T1zOKwR8xeTNvLfZmeclgitt219WaWV1bX2jvFnZ2t7Z3avuH7RVnEqGLRaLWD54oFDwCFuaa4EPiUQIPYEdb3wz0zuPKBWPo3s9SdANYRRxnzPQZtQHD/rZmTP18jqo1uy6nYMuE6cgNVKgOah+94YxS0OMNBOgVNexE+1mIDVnAqeVXqowATaGEXYNjSBE5Wb51lN64seS6gBp3v/1ZhAqNQk94wlBB2pRmw3/07qp9q/cjEdJqjFixmI0PxVUx3R2PB1yiUyLiSHAJDdbUhaABKZNRHO/KHNOgMNpxWTiLCawTNrndceuO3cXtcZ1kU6ZHJFjckocckka5JY0SYswIskzeSGv1pP1Zr1bH7/WklW8OSRzsD5/AIT7mGI=</latexit><latexit sha1_base64="fs8Fr0Ki1iLOw5b4V1bw/5kOI9w=">AAACBHicbVA9TwJBEN3DL8Qv1NJmIzGxkdwZEy2JNpaYCJjAQeaWOW7D3kd290zIhdbfYKu1nbH1f1j6T1zOKwR8xeTNvLfZmeclgitt219WaWV1bX2jvFnZ2t7Z3avuH7RVnEqGLRaLWD54oFDwCFuaa4EPiUQIPYEdb3wz0zuPKBWPo3s9SdANYRRxnzPQZtQHD/rZmTP18jqo1uy6nYMuE6cgNVKgOah+94YxS0OMNBOgVNexE+1mIDVnAqeVXqowATaGEXYNjSBE5Wb51lN64seS6gBp3v/1ZhAqNQk94wlBB2pRmw3/07qp9q/cjEdJqjFixmI0PxVUx3R2PB1yiUyLiSHAJDdbUhaABKZNRHO/KHNOgMNpxWTiLCawTNrndceuO3cXtcZ1kU6ZHJFjckocckka5JY0SYswIskzeSGv1pP1Zr1bH7/WklW8OSRzsD5/AIT7mGI=</latexit><latexit sha1_base64="fs8Fr0Ki1iLOw5b4V1bw/5kOI9w=">AAACBHicbVA9TwJBEN3DL8Qv1NJmIzGxkdwZEy2JNpaYCJjAQeaWOW7D3kd290zIhdbfYKu1nbH1f1j6T1zOKwR8xeTNvLfZmeclgitt219WaWV1bX2jvFnZ2t7Z3avuH7RVnEqGLRaLWD54oFDwCFuaa4EPiUQIPYEdb3wz0zuPKBWPo3s9SdANYRRxnzPQZtQHD/rZmTP18jqo1uy6nYMuE6cgNVKgOah+94YxS0OMNBOgVNexE+1mIDVnAqeVXqowATaGEXYNjSBE5Wb51lN64seS6gBp3v/1ZhAqNQk94wlBB2pRmw3/07qp9q/cjEdJqjFixmI0PxVUx3R2PB1yiUyLiSHAJDdbUhaABKZNRHO/KHNOgMNpxWTiLCawTNrndceuO3cXtcZ1kU6ZHJFjckocckka5JY0SYswIskzeSGv1pP1Zr1bH7/WklW8OSRzsD5/AIT7mGI=</latexit>



⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>

Ok fine. But what are the Z2’s in

?



⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>

Ok fine. But what are the Z2’s in

?
They are classes of circles with torus 

reflections around them.



⌦Spin-GL+(2,Z)
1 = 2Z2

<latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit><latexit sha1_base64="AXVC2NObdErvd2GCxNyN3fPbGDs="></latexit>

Ok fine. But what are the Z2’s in

?
They are classes of circles with torus 

reflections around them.

One needs introduce new fundamental 7-branes to kill 
these classes. We call them reflection 7-branes

New entry in F-theory dictionary.

[Dierigl-Heckman-MM-Torres, 2212.05077]



There are two reflection 7-branes:

(�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

✓
1 0
0 �1

◆

<latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit>

brane



There are two reflection 7-branes:

(�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

⌦
<latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit>

✓
1 0
0 �1

◆

<latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit>

✓
�1 0
0 1

◆

<latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit>

brane

brane



There are two reflection 7-branes:

(�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

⌦
<latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit>

⌦ = S(�1)FLS�1
<latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit>

✓
1 0
0 �1

◆

<latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit><latexit sha1_base64="fW2tcer/tJf6+Q6LyjQCkMRxIB4="></latexit>

✓
�1 0
0 1

◆

<latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit><latexit sha1_base64="KwviBvb/A0IvBk/ys0vWsfS3HVw="></latexit>

brane

brane

They are S-dual: 



There are two reflection 7-branes:

(�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

⌦
<latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit><latexit sha1_base64="gUkRLfzoLmCsBFqnA5WNlpIcA04=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNHQEiTykxIrOl0185M627s5IkRW+gRZqOkTLv1DyJ1yCC5Iw1ezOrHZ3gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApG11O99YhK8zi6N+MEfUmHER9wRo1tNbu3Eoe0V664VXcGsky8nFQgR71X/u72Y5ZKjAwTVOuO5ybGz6gynAmclLqpxoSyER1ix9KIStR+Nrt2Qk4GsSImRDKr/3ozKrUey8B6JDWhXtSmzf+0TmoGl37GoyQ1GDFrsdogFcTEZPo06XOFzIixJZQpbq8kLKSKMmOjmdui7Tsh9iclm4m3mMAyaZ5VPbfq3Z1Xald5OkU4gmM4BQ8uoAY3UIcGMHiAZ3iBV+fJeXPenY9fa8HJZw5hDs7nDxFLlWk=</latexit>

⌦ = S(�1)FLS�1
<latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit><latexit sha1_base64="Z3pj92Ob7FinUknv+yD+pD8MvDk=">AAACEHicbZDLSgMxGIUz9VbrbdSN4CZYhLpomRFBN0JREBeCldoL9EYm/dsJzVxIMkIZxofwGdzq2p249Q1c+iamtQvbelYn/zkh+T8n5Ewqy/oyUguLS8sr6dXM2vrG5pa5vVOVQSQoVGjAA1F3iATOfKgopjjUQwHEczjUnMHlKK89gJAs8O/VMISWR/o+6zFKlB51zL3mrQd9cl7O5e2jdnzVuUnK7ThvJx0zaxWssfC8sScmiyYqdczvZjegkQe+opxI2bCtULViIhSjHJJMM5IQEjogfWho6xMPZCseb5Dgw14gsHIBj89/uzHxpBx6ju54RLlyNhsN/8sakeqdtWLmh5ECn+qKznoRxyrAIxC4ywRQxYfaECqY/iWmLhGEKo1r6hWp13Ghm2Q0E3uWwLypHhdsq2DfnWSLFxM6abSPDlAO2egUFdE1KqEKougRPaMX9Go8GW/Gu/HxW00Zkzu7aErG5w84OJvb</latexit>
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By anomaly inflow, this is the anomaly of the worldvolume 
theory of the R7-brane



This is the anomaly polynomial of one Dirac fermion of R-charge 
1/2.

That the coefficients come out correctly quantized is 
nontrivial. For instance, 

+…

In other words, the anomaly polynomial of the R7 brane is

FR ^
�
7p21 � 4p2

�

11520
<latexit sha1_base64="XBx4eaGuQqs+Jls+lTGq+uW6qHM="></latexit><latexit sha1_base64="XBx4eaGuQqs+Jls+lTGq+uW6qHM="></latexit><latexit sha1_base64="XBx4eaGuQqs+Jls+lTGq+uW6qHM="></latexit><latexit sha1_base64="XBx4eaGuQqs+Jls+lTGq+uW6qHM="></latexit>

+…

FR ^
�
7p21 � 4p2

�

35000
<latexit sha1_base64="0n0AzC/qOOH7k6vuf+4hTbq/770="></latexit><latexit sha1_base64="0n0AzC/qOOH7k6vuf+4hTbq/770="></latexit><latexit sha1_base64="0n0AzC/qOOH7k6vuf+4hTbq/770="></latexit><latexit sha1_base64="0n0AzC/qOOH7k6vuf+4hTbq/770="></latexit>

would not hoave corresponded to any sensible worldvolume theory. 
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Z

R7
dA3 ^ C4

<latexit sha1_base64="m4BZAbDSxCZhGhN+cBXh2MLJ97k=">AAACEHicbZC7TsMwGIUdrqXcCixILBYVElOVQKUyFrowFkQvUltFjvOnseo4ke2Aqqg8BM/ACjMbYuUNGHkT3NKBtpzp+D/Hsv/PSzhT2ra/rKXlldW19dxGfnNre2e3sLffVHEqKTRozGPZ9ogCzgQ0NNMc2okEEnkcWt6gNs5b9yAVi8WdHibQi0hfsIBRos3ILRx2mdBudlsZYf/SPe8+gN8HXHPLbqFol+yJ8KJxpqaIpqq7he+uH9M0AqEpJ0p1HDvRvYxIzSiHUb6bKkgIHZA+dIwVJALVyyYbjPBJEEusQ8CT899uRiKlhpFnOhHRoZrPxsP/sk6qg4texkSSahDUVEwWpBzrGI9BYJ9JoJoPjSFUMvNLTEMiCdUG18wryqwTgj/KGybOPIFF0zwrOXbJuSkXq1dTOjl0hI7RKXJQBVXRNaqjBqLoET2jF/RqPVlv1rv18VtdsqZ3DtCMrM8f6hOcRQ==</latexit><latexit sha1_base64="m4BZAbDSxCZhGhN+cBXh2MLJ97k=">AAACEHicbZC7TsMwGIUdrqXcCixILBYVElOVQKUyFrowFkQvUltFjvOnseo4ke2Aqqg8BM/ACjMbYuUNGHkT3NKBtpzp+D/Hsv/PSzhT2ra/rKXlldW19dxGfnNre2e3sLffVHEqKTRozGPZ9ogCzgQ0NNMc2okEEnkcWt6gNs5b9yAVi8WdHibQi0hfsIBRos3ILRx2mdBudlsZYf/SPe8+gN8HXHPLbqFol+yJ8KJxpqaIpqq7he+uH9M0AqEpJ0p1HDvRvYxIzSiHUb6bKkgIHZA+dIwVJALVyyYbjPBJEEusQ8CT899uRiKlhpFnOhHRoZrPxsP/sk6qg4texkSSahDUVEwWpBzrGI9BYJ9JoJoPjSFUMvNLTEMiCdUG18wryqwTgj/KGybOPIFF0zwrOXbJuSkXq1dTOjl0hI7RKXJQBVXRNaqjBqLoET2jF/RqPVlv1rv18VtdsqZ3DtCMrM8f6hOcRQ==</latexit><latexit sha1_base64="m4BZAbDSxCZhGhN+cBXh2MLJ97k=">AAACEHicbZC7TsMwGIUdrqXcCixILBYVElOVQKUyFrowFkQvUltFjvOnseo4ke2Aqqg8BM/ACjMbYuUNGHkT3NKBtpzp+D/Hsv/PSzhT2ra/rKXlldW19dxGfnNre2e3sLffVHEqKTRozGPZ9ogCzgQ0NNMc2okEEnkcWt6gNs5b9yAVi8WdHibQi0hfsIBRos3ILRx2mdBudlsZYf/SPe8+gN8HXHPLbqFol+yJ8KJxpqaIpqq7he+uH9M0AqEpJ0p1HDvRvYxIzSiHUb6bKkgIHZA+dIwVJALVyyYbjPBJEEusQ8CT899uRiKlhpFnOhHRoZrPxsP/sk6qg4texkSSahDUVEwWpBzrGI9BYJ9JoJoPjSFUMvNLTEMiCdUG18wryqwTgj/KGybOPIFF0zwrOXbJuSkXq1dTOjl0hI7RKXJQBVXRNaqjBqLoET2jF/RqPVlv1rv18VtdsqZ3DtCMrM8f6hOcRQ==</latexit><latexit sha1_base64="m4BZAbDSxCZhGhN+cBXh2MLJ97k=">AAACEHicbZC7TsMwGIUdrqXcCixILBYVElOVQKUyFrowFkQvUltFjvOnseo4ke2Aqqg8BM/ACjMbYuUNGHkT3NKBtpzp+D/Hsv/PSzhT2ra/rKXlldW19dxGfnNre2e3sLffVHEqKTRozGPZ9ogCzgQ0NNMc2okEEnkcWt6gNs5b9yAVi8WdHibQi0hfsIBRos3ILRx2mdBudlsZYf/SPe8+gN8HXHPLbqFol+yJ8KJxpqaIpqq7he+uH9M0AqEpJ0p1HDvRvYxIzSiHUb6bKkgIHZA+dIwVJALVyyYbjPBJEEusQ8CT899uRiKlhpFnOhHRoZrPxsP/sk6qg4texkSSahDUVEwWpBzrGI9BYJ9JoJoPjSFUMvNLTEMiCdUG18wryqwTgj/KGybOPIFF0zwrOXbJuSkXq1dTOjl0hI7RKXJQBVXRNaqjBqLoET2jF/RqPVlv1rv18VtdsqZ3DtCMrM8f6hOcRQ==</latexit>



One very interesting thing one can do is consider 
compactifications of the R7-brane e.g. on singularities 

R7-brane



One very interesting thing one can do is consider 
compactifications of the R7-brane e.g. on singularities 

R7-brane

Their worldvolume 
theories are examples of 

non-susy CFT’s.

They kill several cobordism classes in higher 
degree.



CONCLUSIONS

Sometimes mere absence of global symmetries is powerful 
enough to kill an EFT

Used this to make Swampland predictions in d>6, later verified

Breaking symmetries also leads to new objects, such as a new 
7-brane in IIB string theory

Currently exploring these ideas in 4d EFT’s of interest 

Thank you! ¡Gracias!


