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A fantastic realm inhabited 
by the cobordism 

classes of type IIB 
supergravity,

as well as the 
branes and 
defects that 
trivialize them.
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Basic Idea of this talk:

We have computed the cobordism groups
of IIB supergravity

including the duality bundle

These cobordism groups lead to global symmetries

[McNamara, Vafa ’19; see also Jake’s talk]

and we study the branes that kill these global symmetries. 

We will recover some SUSY branes, and find a few new ones 
along the way.
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The K3 “particle”
is invariant under 

deformations
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[Jake’s talk]



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…

[Jake’s talk]



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>
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The cobordism groups capture (generalized) topological global 
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But there are no global symmetries in QG… 

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

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

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



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

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

But there are no global symmetries in QG… 

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

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

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

Killing the global symmetry forces the introduction of defects



Cobordisms can be decorated with additional structure (spin, 
gauge bundle…)

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>

Spin structure,
gauge bundle…

and it affects cobordism groups.

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



Cobordisms can be decorated with additional structure (spin, 
gauge bundle…)

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>

Spin structure,
gauge bundle…

and it affects cobordism groups.

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

So let us now then compute ⌦IIB+Duality
⇤<latexit sha1_base64="MZOAr0Zgi2x6A7lKXwG/k5/UVQg=">AAACFXicbZA7SwNBFIVn4yvGV9RShMUgiELYFUHLEC1MZQTzgCQus5ObZMjsg5m74rJs5Y/wN9hqbSe21pb+EycxhYme6sw9Z5i5nxsKrtCyPo3M3PzC4lJ2Obeyura+kd/cqqsgkgxqLBCBbLpUgeA+1JCjgGYogXqugIY7PB/ljTuQigf+DcYhdDza93mPM4p65OR321ce9KlzeJu0Ee4xqVTKRxcRFRzjNHXyBatojWX+NfbEFMhEVSf/1e4GLPLARyaoUi3bCrGTUImcCUhz7UhBSNmQ9qGlrU89UJ1kvEZq7vcCaeIAzPH5dzehnlKx5+qOR3GgZrPR8L+sFWHvrJNwP4wQfKYrOutFwsTAHNEwu1wCQxFrQ5nk+pcmG1BJGWpmU68ovc4AumlOM7FnCfw19eOibRXt65NCqTyhkyU7ZI8cEJuckhK5JFVSI4w8kCfyTF6MR+PVeDPef6oZY3Jnm0zJ+PgGV5yfUw==</latexit><latexit sha1_base64="MZOAr0Zgi2x6A7lKXwG/k5/UVQg=">AAACFXicbZA7SwNBFIVn4yvGV9RShMUgiELYFUHLEC1MZQTzgCQus5ObZMjsg5m74rJs5Y/wN9hqbSe21pb+EycxhYme6sw9Z5i5nxsKrtCyPo3M3PzC4lJ2Obeyura+kd/cqqsgkgxqLBCBbLpUgeA+1JCjgGYogXqugIY7PB/ljTuQigf+DcYhdDza93mPM4p65OR321ce9KlzeJu0Ee4xqVTKRxcRFRzjNHXyBatojWX+NfbEFMhEVSf/1e4GLPLARyaoUi3bCrGTUImcCUhz7UhBSNmQ9qGlrU89UJ1kvEZq7vcCaeIAzPH5dzehnlKx5+qOR3GgZrPR8L+sFWHvrJNwP4wQfKYrOutFwsTAHNEwu1wCQxFrQ5nk+pcmG1BJGWpmU68ovc4AumlOM7FnCfw19eOibRXt65NCqTyhkyU7ZI8cEJuckhK5JFVSI4w8kCfyTF6MR+PVeDPef6oZY3Jnm0zJ+PgGV5yfUw==</latexit><latexit sha1_base64="MZOAr0Zgi2x6A7lKXwG/k5/UVQg=">AAACFXicbZA7SwNBFIVn4yvGV9RShMUgiELYFUHLEC1MZQTzgCQus5ObZMjsg5m74rJs5Y/wN9hqbSe21pb+EycxhYme6sw9Z5i5nxsKrtCyPo3M3PzC4lJ2Obeyura+kd/cqqsgkgxqLBCBbLpUgeA+1JCjgGYogXqugIY7PB/ljTuQigf+DcYhdDza93mPM4p65OR321ce9KlzeJu0Ee4xqVTKRxcRFRzjNHXyBatojWX+NfbEFMhEVSf/1e4GLPLARyaoUi3bCrGTUImcCUhz7UhBSNmQ9qGlrU89UJ1kvEZq7vcCaeIAzPH5dzehnlKx5+qOR3GgZrPR8L+sFWHvrJNwP4wQfKYrOutFwsTAHNEwu1wCQxFrQ5nk+pcmG1BJGWpmU68ovc4AumlOM7FnCfw19eOibRXt65NCqTyhkyU7ZI8cEJuckhK5JFVSI4w8kCfyTF6MR+PVeDPef6oZY3Jnm0zJ+PgGV5yfUw==</latexit><latexit sha1_base64="MZOAr0Zgi2x6A7lKXwG/k5/UVQg=">AAACFXicbZA7SwNBFIVn4yvGV9RShMUgiELYFUHLEC1MZQTzgCQus5ObZMjsg5m74rJs5Y/wN9hqbSe21pb+EycxhYme6sw9Z5i5nxsKrtCyPo3M3PzC4lJ2Obeyura+kd/cqqsgkgxqLBCBbLpUgeA+1JCjgGYogXqugIY7PB/ljTuQigf+DcYhdDza93mPM4p65OR321ce9KlzeJu0Ee4xqVTKRxcRFRzjNHXyBatojWX+NfbEFMhEVSf/1e4GLPLARyaoUi3bCrGTUImcCUhz7UhBSNmQ9qGlrU89UJ1kvEZq7vcCaeIAzPH5dzehnlKx5+qOR3GgZrPR8L+sFWHvrJNwP4wQfKYrOutFwsTAHNEwu1wCQxFrQ5nk+pcmG1BJGWpmU68ovc4AumlOM7FnCfw19eOibRXt65NCqTyhkyU7ZI8cEJuckhK5JFVSI4w8kCfyTF6MR+PVeDPef6oZY3Jnm0zJ+PgGV5yfUw==</latexit>



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!

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!

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>

and we also identified generators for each of the classes there, 
then constructed the corresponding defects.



We computed all three approximations!

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>

and we also identified generators for each of the classes there, 
then constructed the corresponding defects.



⌦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>

⌦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)
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Capture ordinary 7-branes
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Killed by E6 singu, Kodaira type IV*
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Since S,U generate SL(2,Z), we 
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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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Far away from the R7 (e.g. between the blue lines), the 
configuration is just like IIB on a circle with holonomy

There is a one-loop Chern-Simons term
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7p21 � 4p2
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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, 
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In other words, the anomaly polynomial of the R7 brane is
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would not have corresponded to any sensible worldvolume theory. 
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This means that there is a massless 3-form field on 
the R7 that couples to D3-brane charge.

(first example of a worldvolume theory with a massless 3-form)



R7

It also acts as an Alice string for e.g. D3 
branes: 

anti-D3

This means that there is a massless 3-form field on 
the R7 that couples to D3-brane charge.

(first example of a worldvolume theory with a massless 3-form)

Z

R7
dA3 ^ C4
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Let us now jump to the last row

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
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Cobordism invariants detecting the classes in this row are 
topological couplings —discrete  theta angles of type IIB



ΩSpin−GL+(2,ℤ)
10 = 4ℤ2

describes possible theta angles in 10d IIB.



ΩSpin−GL+(2,ℤ)
10 = 4ℤ2

describes possible theta angles in 10d IIB.

Each of them detects the manifolds:

Spin(7)⇥ T 2
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HP
2 ⇥ T 2
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ΩSpin−GL+(2,ℤ)
10 = 4ℤ2

describes possible theta angles in 10d IIB.

Each of them detects the manifolds:

Spin(7)⇥ T 2
<latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit>

HP
2 ⇥ T 2

<latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit>

Milnor hypersurface
<latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit>

(RP7 ! S2)⇥ S1
<latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit>

M on Bott x KB x S1
[Freed Hopkins ’19]

T-duality

T-duality?

T-duality

T-duality
Trivial in M-theory 

bordism



ΩSpin−GL+(2,ℤ)
10 = 4ℤ2

describes possible theta angles in 10d IIB.

Each of them detects the manifolds:

Spin(7)⇥ T 2
<latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit><latexit sha1_base64="i0DBbhpSoq9CFiqW1CljgidfdCo=">AAACEHicbVDLTgJBEJzFF+Jr1YuJl4nEBC9kl5jgkejFI0ZeCSCZHRqYMPvITK+RbPAj/AavevZmvPoHHv0TB+QgYJ2qu6rT3eVFUmh0nC8rtbK6tr6R3sxsbe/s7tn7BzUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3hlcTvX4PSoswqOAogrbP+oHoCc7QtDr2UQvhAZPbSATjXPGshcIHTSt3hY6ddfLOFHSZuDOSJTOUO/Z3qxvy2IcAuWRaN10nwnbCFAouYZxpxRoixoesD01DA2YWtZPpB2N62gsVxQHQaf3XmzBf65HvGY/PcKAXtUnzP60ZY++inYggihECbixG68WSYkgnQdCuUMBRjgxhXAlzJeUDphhHE9fcFm3eGUB3nDGZuIsJLJNaIe86effmPFu6nKWTJsfkhOSIS4qkRK5JmVQJJ4/kmbyQV+vJerPerY9fa8qazRySOVifP7yInMY=</latexit>

HP
2 ⇥ T 2

<latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit><latexit sha1_base64="yyPEhwDN03TyvPnw9rHoWNJXSYE=">AAACD3icbVC7TsNAEDyHVwgvAwUFzYkIiSqyIyQoI2hSBikvKXai82WdnHJ+6O6MFFn+CL6BFmo6RMsnUPInnIMLkjDV7M6sdne8mDOpLOvLKG1sbm3vlHcre/sHh0fm8UlXRomg0KERj0TfIxI4C6GjmOLQjwWQwOPQ82b3ud57BCFZFLbVPAY3IJOQ+YwSpVsj88wJiJp6XtpsZcO6o1gAEreH9ZFZtWrWAnid2AWpogKtkfntjCOaBBAqyomUA9uKlZsSoRjlkFWcREJM6IxMYKBpSPQiN108kOFLPxJYTQEv6r/elARSzgNPe/JD5aqWN//TBonyb92UhXGiIKTaojU/4VhFOM8Bj5kAqvhcE0IF01diOiWCUKXTWtoi9TtTGGcVnYm9msA66dZrtlWzH66rjbsinTI6RxfoCtnoBjVQE7VQB1GUoWf0gl6NJ+PNeDc+fq0lo5g5RUswPn8ADcycaw==</latexit>

Milnor hypersurface
<latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit><latexit sha1_base64="ANWiTyPlnGDmlz6T7iKr3kau/QA=">AAACEnicbVC7TsNAEDyHVwgvAx00FhESVWQjJCgjaGiQgkQeUmJF58s6PuX80N0aEVmW+Ai+gRZqOkTLD1DyJ1yCC5Iw1ezOrHZ3vERwhbb9ZZSWlldW18rrlY3Nre0dc3evpeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7oaqK370EqHkd3OE7ADekw4j5nFHWrbx70EB4wu+EiiqUVaIdUqfQpg7xvVu2aPYW1SJyCVEmBRt/87g1iloYQIRNUqa5jJ+hmVCJnAvJKL1WQUDaiQ+hqGtEQlJtNf8itY1/vxwCsaf3Xm9FQqXHoaU9IMVDz2qT5n9ZN0b9wMx4lKULEtEVrfiosjK1JFNaAS2AoxppQJrm+0mIBlZShDmFmi9LvBDDIKzoTZz6BRdI6rTl2zbk9q9Yvi3TK5JAckRPikHNSJ9ekQZqEkUfyTF7Iq/FkvBnvxsevtWQUM/tkBsbnD0Qbntg=</latexit>

(RP7 ! S2)⇥ S1
<latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit><latexit sha1_base64="A14DGHed4sM7hS4ADs20mUCzbpI=">AAACIHicbZC5TgMxEIa94Q5XgJLGIkIKTbQbIYUSQUMZjhxSdom8zmzWwnvIngVFq7wCD8Ez0EJNhyih401wQgoCTPV5/t+amd9PpdBo2+9WYW5+YXFpeaW4ura+sVna2m7pJFMcmjyRier4TIMUMTRRoIROqoBFvoS2f3M61tu3oLRI4iscpuBFbBCLQHCGptUrVSpuxDD0/fyiMbquu0oMQmRKJXf08rp24KKIQBt0eqWyXbUnRf+CM4UymVajV/p0+wnPIoiRS6Z117FT9HKmUHAJo6KbaUgZv2ED6BqMmRnk5ZOLRnQ/SBTFEOjk/dObs0jrYeQbz3hx/VsbN//TuhkGR14u4jRDiLmxGC3IJMWEjoOhfaGAoxwaYFwJsyXlIVOMo4lvZoo254TQHxVNJs7vBP5Cq1Z17Kpzflg+Ppmms0x2yR6pEIfUyTE5Iw3SJJzck0fyRJ6tB+vFerXevq0Fa/pnh8yU9fEFxOKjGw==</latexit>

M on Bott x KB x S1
[Freed Hopkins ’19]

T-duality

T-duality?

T-duality

T-duality
Trivial in M-theory 

bordism

This illustrates how the corresponding cobordism classes 
are killed by stringy symmetries.



CONCLUSIONS

We have computed the cobordism groups of 
IIB+duality bundle

Killing some classes leads to a new, nonsusy R7 
brane, passes consistency checks

Also classify IIB discrete theta angles; killed some 
of them 



CONCLUSIONS

We have computed the cobordism groups of 
IIB+duality bundle

Killing some classes leads to a new, nonsusy R7 
brane, passes consistency checks

Also classify IIB discrete theta angles; killed some 
of them 

Many more branes to be uncovered
by Markus after the coffee break!



Thank you!


