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• Black Holes and BPS States  



Review of Swampland 
Conjectures



The Swampland Distance Conjecture
Ooguri, Vafa ‘06

At large distances in moduli space, a tower of 
resonances becomes light exponentially quickly 
with increasing distance:
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The Weak Gravity Conjecture
Arkani-Hamed, Motl, Nicolis, Vafa, ’06

In any U(1) gauge theory that admits a UV 
completion with gravity, there must exist a 
“superextremal” state of charge q, mass m:
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Strong Forms of the WGC

• Superextremal particles at: 
• Infinitely many sites in the charge lattice 

(Tower WGC) 
• Every charge site in a sublattice (sLWGC) 
• Every site in the charge lattice (LWGC)

Andriolo, Junghans, Noemi, Shiu ’18
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Heidenreich, Reece, T.R. ’16
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BPS States

• In theories with extended SUSY, massive states 
must satisfy BPS bound: 

• Central charge    depends on moduli    , charge   
of state 

• In 4d               theories from IIA on CY3, D2-
brane BPS states counted by Gopakumar-Vafa 
invariants

N = 2
<latexit sha1_base64="Lj1NV17AZRF44XJRn+d6R60SWHY=">AAAB83icbVBNS8NAFHypX7V+RT16WSyCp5IUQT0IBUE8SQVjC20om+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y0OWjrwMIw8x5vdoKEM6Ud59sqrayurW+UNytb2zu7e/b+waOKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHSd+60xlYrF4kFPEupHeCBYyAjWRvK7EdZDgnl2N72q9+yqU3NmQMvELUgVCjR79le3H5M0okITjpXquE6i/QxLzQin00o3VTTBZIQHtGOowBFVfjYLPUUnRumjMJbmCY1m6u+NDEdKTaLATOYh1aKXi/95nVSHF37GRJJqKsj8UJhypGOUN4D6TFKi+cQQTCQzWREZYomJNj1VTAnu4peXiVevXdbc+7Nq46ZoowxHcAyn4MI5NOAWmuABgSd4hld4s8bWi/VufcxHS1axcwh/YH3+AOqNkb8=</latexit><latexit sha1_base64="Lj1NV17AZRF44XJRn+d6R60SWHY=">AAAB83icbVBNS8NAFHypX7V+RT16WSyCp5IUQT0IBUE8SQVjC20om+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y0OWjrwMIw8x5vdoKEM6Ud59sqrayurW+UNytb2zu7e/b+waOKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHSd+60xlYrF4kFPEupHeCBYyAjWRvK7EdZDgnl2N72q9+yqU3NmQMvELUgVCjR79le3H5M0okITjpXquE6i/QxLzQin00o3VTTBZIQHtGOowBFVfjYLPUUnRumjMJbmCY1m6u+NDEdKTaLATOYh1aKXi/95nVSHF37GRJJqKsj8UJhypGOUN4D6TFKi+cQQTCQzWREZYomJNj1VTAnu4peXiVevXdbc+7Nq46ZoowxHcAyn4MI5NOAWmuABgSd4hld4s8bWi/VufcxHS1axcwh/YH3+AOqNkb8=</latexit><latexit sha1_base64="Lj1NV17AZRF44XJRn+d6R60SWHY=">AAAB83icbVBNS8NAFHypX7V+RT16WSyCp5IUQT0IBUE8SQVjC20om+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y0OWjrwMIw8x5vdoKEM6Ud59sqrayurW+UNytb2zu7e/b+waOKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHSd+60xlYrF4kFPEupHeCBYyAjWRvK7EdZDgnl2N72q9+yqU3NmQMvELUgVCjR79le3H5M0okITjpXquE6i/QxLzQin00o3VTTBZIQHtGOowBFVfjYLPUUnRumjMJbmCY1m6u+NDEdKTaLATOYh1aKXi/95nVSHF37GRJJqKsj8UJhypGOUN4D6TFKi+cQQTCQzWREZYomJNj1VTAnu4peXiVevXdbc+7Nq46ZoowxHcAyn4MI5NOAWmuABgSd4hld4s8bWi/VufcxHS1axcwh/YH3+AOqNkb8=</latexit><latexit sha1_base64="Lj1NV17AZRF44XJRn+d6R60SWHY=">AAAB83icbVBNS8NAFHypX7V+RT16WSyCp5IUQT0IBUE8SQVjC20om+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y0OWjrwMIw8x5vdoKEM6Ud59sqrayurW+UNytb2zu7e/b+waOKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHSd+60xlYrF4kFPEupHeCBYyAjWRvK7EdZDgnl2N72q9+yqU3NmQMvELUgVCjR79le3H5M0okITjpXquE6i/QxLzQin00o3VTTBZIQHtGOowBFVfjYLPUUnRumjMJbmCY1m6u+NDEdKTaLATOYh1aKXi/95nVSHF37GRJJqKsj8UJhypGOUN4D6TFKi+cQQTCQzWREZYomJNj1VTAnu4peXiVevXdbc+7Nq46ZoowxHcAyn4MI5NOAWmuABgSd4hld4s8bWi/VufcxHS1axcwh/YH3+AOqNkb8=</latexit>

Gopakumar, Vafa, ’98

<latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit>

⇣
<latexit sha1_base64="uvaMNoB0Odu9lunCdV/DzCWTi8M=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FETxWMLbQhrLZTtqlm03YnQg19Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94MEmmOfg8kYluh8yAFAp8FCihnWpgcSihFY6up37rEbQRibrHcQpBzAZKRIIztJLffQJkvWrNrbsz0GXiFaRGCjR71a9uP+FZDAq5ZMZ0PDfFIGcaBZcwqXQzAynjIzaAjqWKxWCCfHbshJ5YpU+jRNtSSGfq74mcxcaM49B2xgyHZtGbiv95nQyjyyAXKs0QFJ8vijJJMaHTz2lfaOAox5YwroW9lfIh04yjzadiQ/AWX14m/ln9qu7dndcaN0UaZXJEjskp8cgFaZBb0iQ+4USQZ/JK3hzlvDjvzse8teQUM4fkD5zPH1YvjpM=</latexit><latexit sha1_base64="uvaMNoB0Odu9lunCdV/DzCWTi8M=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FETxWMLbQhrLZTtqlm03YnQg19Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94MEmmOfg8kYluh8yAFAp8FCihnWpgcSihFY6up37rEbQRibrHcQpBzAZKRIIztJLffQJkvWrNrbsz0GXiFaRGCjR71a9uP+FZDAq5ZMZ0PDfFIGcaBZcwqXQzAynjIzaAjqWKxWCCfHbshJ5YpU+jRNtSSGfq74mcxcaM49B2xgyHZtGbiv95nQyjyyAXKs0QFJ8vijJJMaHTz2lfaOAox5YwroW9lfIh04yjzadiQ/AWX14m/ln9qu7dndcaN0UaZXJEjskp8cgFaZBb0iQ+4USQZ/JK3hzlvDjvzse8teQUM4fkD5zPH1YvjpM=</latexit><latexit sha1_base64="uvaMNoB0Odu9lunCdV/DzCWTi8M=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FETxWMLbQhrLZTtqlm03YnQg19Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94MEmmOfg8kYluh8yAFAp8FCihnWpgcSihFY6up37rEbQRibrHcQpBzAZKRIIztJLffQJkvWrNrbsz0GXiFaRGCjR71a9uP+FZDAq5ZMZ0PDfFIGcaBZcwqXQzAynjIzaAjqWKxWCCfHbshJ5YpU+jRNtSSGfq74mcxcaM49B2xgyHZtGbiv95nQyjyyAXKs0QFJ8vijJJMaHTz2lfaOAox5YwroW9lfIh04yjzadiQ/AWX14m/ln9qu7dndcaN0UaZXJEjskp8cgFaZBb0iQ+4USQZ/JK3hzlvDjvzse8teQUM4fkD5zPH1YvjpM=</latexit><latexit sha1_base64="uvaMNoB0Odu9lunCdV/DzCWTi8M=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FETxWMLbQhrLZTtqlm03YnQg19Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94MEmmOfg8kYluh8yAFAp8FCihnWpgcSihFY6up37rEbQRibrHcQpBzAZKRIIztJLffQJkvWrNrbsz0GXiFaRGCjR71a9uP+FZDAq5ZMZ0PDfFIGcaBZcwqXQzAynjIzaAjqWKxWCCfHbshJ5YpU+jRNtSSGfq74mcxcaM49B2xgyHZtGbiv95nQyjyyAXKs0QFJ8vijJJMaHTz2lfaOAox5YwroW9lfIh04yjzadiQ/AWX14m/ln9qu7dndcaN0UaZXJEjskp8cgFaZBb0iQ+4USQZ/JK3hzlvDjvzse8teQUM4fkD5zPH1YvjpM=</latexit>

ai
<latexit sha1_base64="ZBBM7Dsc9jFTK5YQeLTzS8UOIhQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTSPe2JXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8frBGNmA==</latexit><latexit sha1_base64="ZBBM7Dsc9jFTK5YQeLTzS8UOIhQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTSPe2JXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8frBGNmA==</latexit><latexit sha1_base64="ZBBM7Dsc9jFTK5YQeLTzS8UOIhQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTSPe2JXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8frBGNmA==</latexit><latexit sha1_base64="ZBBM7Dsc9jFTK5YQeLTzS8UOIhQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLK6tr6RnmzsrW9s7tX3T94NEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj66nfeuLaiEQ94DjlQUwHSkSCUbTSPe2JXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8frBGNmA==</latexit>

qi
<latexit sha1_base64="+leWQ4vgwfuJFGyhTG3BiN8R23A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggseKxhbaUDbbTbt0s4m7E6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfTJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwauI3n7g2IlH3OEp5ENO+EpFgFK1099gV3UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+nWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AMRhjag=</latexit><latexit sha1_base64="+leWQ4vgwfuJFGyhTG3BiN8R23A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggseKxhbaUDbbTbt0s4m7E6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfTJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwauI3n7g2IlH3OEp5ENO+EpFgFK1099gV3UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+nWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AMRhjag=</latexit><latexit sha1_base64="+leWQ4vgwfuJFGyhTG3BiN8R23A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggseKxhbaUDbbTbt0s4m7E6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfTJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwauI3n7g2IlH3OEp5ENO+EpFgFK1099gV3UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+nWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AMRhjag=</latexit><latexit sha1_base64="+leWQ4vgwfuJFGyhTG3BiN8R23A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggseKxhbaUDbbTbt0s4m7E6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfTJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwauI3n7g2IlH3OEp5ENO+EpFgFK1099gV3UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+nWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AMRhjag=</latexit>

m � |⇣qi(ai)|
<latexit sha1_base64="65m1XWdSq06mcX23hxciXALjrNA=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZREBPVW8OJJKhhbaEPYbCft0s1HdzdCTYsX/4oXDype/Rfe/Ddu2xy09cHA470ZZub5CWdSWda3sbC4tLyyWlgrrm9sbm2bO7t3Mk4FBYfGPBYNn0jgLAJHMcWhkQggoc+h7vcux379HoRkcXSrBgm4IelELGCUKC155n6IWx3o42HrARTxsr7HRmXiseOhZ5asijUBnid2TkooR80zv1rtmKYhRIpyImXTthLlZkQoRjmMiq1UQkJoj3SgqWlEQpBuNnlhhI+00sZBLHRFCk/U3xMZCaUchL7uDInqyllvLP7nNVMVnLsZi5JUQUSni4KUYxXjcR64zQRQxQeaECqYvhXTLhGEKp1aUYdgz748T5yTykXFvjktVa/zNAroAB2iMrLRGaqiK1RDDqLoET2jV/RmPBkvxrvxMW1dMPKZPfQHxucPIzyW3Q==</latexit><latexit sha1_base64="65m1XWdSq06mcX23hxciXALjrNA=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZREBPVW8OJJKhhbaEPYbCft0s1HdzdCTYsX/4oXDype/Rfe/Ddu2xy09cHA470ZZub5CWdSWda3sbC4tLyyWlgrrm9sbm2bO7t3Mk4FBYfGPBYNn0jgLAJHMcWhkQggoc+h7vcux379HoRkcXSrBgm4IelELGCUKC155n6IWx3o42HrARTxsr7HRmXiseOhZ5asijUBnid2TkooR80zv1rtmKYhRIpyImXTthLlZkQoRjmMiq1UQkJoj3SgqWlEQpBuNnlhhI+00sZBLHRFCk/U3xMZCaUchL7uDInqyllvLP7nNVMVnLsZi5JUQUSni4KUYxXjcR64zQRQxQeaECqYvhXTLhGEKp1aUYdgz748T5yTykXFvjktVa/zNAroAB2iMrLRGaqiK1RDDqLoET2jV/RmPBkvxrvxMW1dMPKZPfQHxucPIzyW3Q==</latexit><latexit sha1_base64="65m1XWdSq06mcX23hxciXALjrNA=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZREBPVW8OJJKhhbaEPYbCft0s1HdzdCTYsX/4oXDype/Rfe/Ddu2xy09cHA470ZZub5CWdSWda3sbC4tLyyWlgrrm9sbm2bO7t3Mk4FBYfGPBYNn0jgLAJHMcWhkQggoc+h7vcux379HoRkcXSrBgm4IelELGCUKC155n6IWx3o42HrARTxsr7HRmXiseOhZ5asijUBnid2TkooR80zv1rtmKYhRIpyImXTthLlZkQoRjmMiq1UQkJoj3SgqWlEQpBuNnlhhI+00sZBLHRFCk/U3xMZCaUchL7uDInqyllvLP7nNVMVnLsZi5JUQUSni4KUYxXjcR64zQRQxQeaECqYvhXTLhGEKp1aUYdgz748T5yTykXFvjktVa/zNAroAB2iMrLRGaqiK1RDDqLoET2jV/RmPBkvxrvxMW1dMPKZPfQHxucPIzyW3Q==</latexit><latexit sha1_base64="65m1XWdSq06mcX23hxciXALjrNA=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCvZREBPVW8OJJKhhbaEPYbCft0s1HdzdCTYsX/4oXDype/Rfe/Ddu2xy09cHA470ZZub5CWdSWda3sbC4tLyyWlgrrm9sbm2bO7t3Mk4FBYfGPBYNn0jgLAJHMcWhkQggoc+h7vcux379HoRkcXSrBgm4IelELGCUKC155n6IWx3o42HrARTxsr7HRmXiseOhZ5asijUBnid2TkooR80zv1rtmKYhRIpyImXTthLlZkQoRjmMiq1UQkJoj3SgqWlEQpBuNnlhhI+00sZBLHRFCk/U3xMZCaUchL7uDInqyllvLP7nNVMVnLsZi5JUQUSni4KUYxXjcR64zQRQxQeaECqYvhXTLhGEKp1aUYdgz748T5yTykXFvjktVa/zNAroAB2iMrLRGaqiK1RDDqLoET2jV/RmPBkvxrvxMW1dMPKZPfQHxucPIzyW3Q==</latexit>



A T/sLWGC 
Counterexample?



A T/sLWGC Counterexample?

• At conifold singularity in IIA, BPS bound 
becomes trivial: 

• No tower of BPS states! 
• GMSV Conifold:

mq=1 ! 0, mq 6=1 ! 0.
<latexit sha1_base64="7DWJc7qu5/gMYvV8H43OyZKMH3Y=">AAACHHicbVBNS8NAEN34WetX1KOXxSJ4kJBIQT0IBS89VjC20ISw2W7apZtNurtRSmh/iBf/ihcPKl48CP4bN20P2vpg4PHeDDPzwpRRqWz721haXlldWy9tlDe3tnd2zb39O5lkAhMXJywRrRBJwignrqKKkVYqCIpDRpph/7rwm/dESJrwWzVMiR+jLqcRxUhpKTCrcZAPrpwR9ATt9hQSInmA9ul4PC4M6HEygPOuFZgV27IngIvEmZEKmKERmJ9eJ8FZTLjCDEnZduxU+TkSimJGRmUvkyRFuI+6pK0pRzGRfj75bgSPtdKBUSJ0cQUn6u+JHMVSDuNQd8ZI9eS8V4j/ee1MRRd+TnmaKcLxdFGUMagSWEQFO1QQrNhQE4QF1bdC3EMCYaUDLesQnPmXF4l7Zl1azk21UqvP0iiBQ3AEToADzkEN1EEDuACDR/AMXsGb8WS8GO/Gx7R1yZjNHIA/ML5+AAHqoXQ=</latexit><latexit sha1_base64="7DWJc7qu5/gMYvV8H43OyZKMH3Y=">AAACHHicbVBNS8NAEN34WetX1KOXxSJ4kJBIQT0IBS89VjC20ISw2W7apZtNurtRSmh/iBf/ihcPKl48CP4bN20P2vpg4PHeDDPzwpRRqWz721haXlldWy9tlDe3tnd2zb39O5lkAhMXJywRrRBJwignrqKKkVYqCIpDRpph/7rwm/dESJrwWzVMiR+jLqcRxUhpKTCrcZAPrpwR9ATt9hQSInmA9ul4PC4M6HEygPOuFZgV27IngIvEmZEKmKERmJ9eJ8FZTLjCDEnZduxU+TkSimJGRmUvkyRFuI+6pK0pRzGRfj75bgSPtdKBUSJ0cQUn6u+JHMVSDuNQd8ZI9eS8V4j/ee1MRRd+TnmaKcLxdFGUMagSWEQFO1QQrNhQE4QF1bdC3EMCYaUDLesQnPmXF4l7Zl1azk21UqvP0iiBQ3AEToADzkEN1EEDuACDR/AMXsGb8WS8GO/Gx7R1yZjNHIA/ML5+AAHqoXQ=</latexit><latexit sha1_base64="7DWJc7qu5/gMYvV8H43OyZKMH3Y=">AAACHHicbVBNS8NAEN34WetX1KOXxSJ4kJBIQT0IBS89VjC20ISw2W7apZtNurtRSmh/iBf/ihcPKl48CP4bN20P2vpg4PHeDDPzwpRRqWz721haXlldWy9tlDe3tnd2zb39O5lkAhMXJywRrRBJwignrqKKkVYqCIpDRpph/7rwm/dESJrwWzVMiR+jLqcRxUhpKTCrcZAPrpwR9ATt9hQSInmA9ul4PC4M6HEygPOuFZgV27IngIvEmZEKmKERmJ9eJ8FZTLjCDEnZduxU+TkSimJGRmUvkyRFuI+6pK0pRzGRfj75bgSPtdKBUSJ0cQUn6u+JHMVSDuNQd8ZI9eS8V4j/ee1MRRd+TnmaKcLxdFGUMagSWEQFO1QQrNhQE4QF1bdC3EMCYaUDLesQnPmXF4l7Zl1azk21UqvP0iiBQ3AEToADzkEN1EEDuACDR/AMXsGb8WS8GO/Gx7R1yZjNHIA/ML5+AAHqoXQ=</latexit><latexit sha1_base64="7DWJc7qu5/gMYvV8H43OyZKMH3Y=">AAACHHicbVBNS8NAEN34WetX1KOXxSJ4kJBIQT0IBS89VjC20ISw2W7apZtNurtRSmh/iBf/ihcPKl48CP4bN20P2vpg4PHeDDPzwpRRqWz721haXlldWy9tlDe3tnd2zb39O5lkAhMXJywRrRBJwignrqKKkVYqCIpDRpph/7rwm/dESJrwWzVMiR+jLqcRxUhpKTCrcZAPrpwR9ATt9hQSInmA9ul4PC4M6HEygPOuFZgV27IngIvEmZEKmKERmJ9eJ8FZTLjCDEnZduxU+TkSimJGRmUvkyRFuI+6pK0pRzGRfj75bgSPtdKBUSJ0cQUn6u+JHMVSDuNQd8ZI9eS8V4j/ee1MRRd+TnmaKcLxdFGUMagSWEQFO1QQrNhQE4QF1bdC3EMCYaUDLesQnPmXF4l7Zl1azk21UqvP0iiBQ3AEToADzkEN1EEDuACDR/AMXsGb8WS8GO/Gx7R1yZjNHIA/ML5+AAHqoXQ=</latexit>

Greene, Morrison, Vafa ’96

<latexit sha1_base64="IjmDtPlGARSEJm8kOcATo23NG0k=">AAACAnicbVDLSgNBEJyNrxhfq970MhhEDyHsBlFzC3jQixDBPCAJYXbSmwyZnVlmZoUQAl78FS8eVLz6Fd78GyePgyYWNBRV3XR3BTFn2njet5NaWl5ZXUuvZzY2t7Z33N29qpaJolChkktVD4gGzgRUDDMc6rECEgUcakH/auzXHkBpJsW9GcTQikhXsJBRYqzUdg+uFYCAHL6VSjEtRQ5XSUjwSfG87Wa9vDcBXiT+jGTRDOW2+9XsSJpEIAzlROuG78WmNSTKMMphlGkmGmJC+6QLDUsFiUC3hpMfRvjYKh0cSmVLGDxRf08MSaT1IApsZ0RMT897Y/E/r5GY8LI1ZCJODAg6XRQmHBuJx4HgDlNADR9YQqhi9lZMe0QRamxsGRuCP//yIqkU8sW8f1fIls5maaTRITpCp8hHF6iEblAZVRBFj+gZvaI358l5cd6dj2lrypnN7KM/cD5/APTUle4=</latexit><latexit sha1_base64="IjmDtPlGARSEJm8kOcATo23NG0k=">AAACAnicbVDLSgNBEJyNrxhfq970MhhEDyHsBlFzC3jQixDBPCAJYXbSmwyZnVlmZoUQAl78FS8eVLz6Fd78GyePgyYWNBRV3XR3BTFn2njet5NaWl5ZXUuvZzY2t7Z33N29qpaJolChkktVD4gGzgRUDDMc6rECEgUcakH/auzXHkBpJsW9GcTQikhXsJBRYqzUdg+uFYCAHL6VSjEtRQ5XSUjwSfG87Wa9vDcBXiT+jGTRDOW2+9XsSJpEIAzlROuG78WmNSTKMMphlGkmGmJC+6QLDUsFiUC3hpMfRvjYKh0cSmVLGDxRf08MSaT1IApsZ0RMT897Y/E/r5GY8LI1ZCJODAg6XRQmHBuJx4HgDlNADR9YQqhi9lZMe0QRamxsGRuCP//yIqkU8sW8f1fIls5maaTRITpCp8hHF6iEblAZVRBFj+gZvaI358l5cd6dj2lrypnN7KM/cD5/APTUle4=</latexit><latexit sha1_base64="IjmDtPlGARSEJm8kOcATo23NG0k=">AAACAnicbVDLSgNBEJyNrxhfq970MhhEDyHsBlFzC3jQixDBPCAJYXbSmwyZnVlmZoUQAl78FS8eVLz6Fd78GyePgyYWNBRV3XR3BTFn2njet5NaWl5ZXUuvZzY2t7Z33N29qpaJolChkktVD4gGzgRUDDMc6rECEgUcakH/auzXHkBpJsW9GcTQikhXsJBRYqzUdg+uFYCAHL6VSjEtRQ5XSUjwSfG87Wa9vDcBXiT+jGTRDOW2+9XsSJpEIAzlROuG78WmNSTKMMphlGkmGmJC+6QLDUsFiUC3hpMfRvjYKh0cSmVLGDxRf08MSaT1IApsZ0RMT897Y/E/r5GY8LI1ZCJODAg6XRQmHBuJx4HgDlNADR9YQqhi9lZMe0QRamxsGRuCP//yIqkU8sW8f1fIls5maaTRITpCp8hHF6iEblAZVRBFj+gZvaI358l5cd6dj2lrypnN7KM/cD5/APTUle4=</latexit><latexit sha1_base64="IjmDtPlGARSEJm8kOcATo23NG0k=">AAACAnicbVDLSgNBEJyNrxhfq970MhhEDyHsBlFzC3jQixDBPCAJYXbSmwyZnVlmZoUQAl78FS8eVLz6Fd78GyePgyYWNBRV3XR3BTFn2njet5NaWl5ZXUuvZzY2t7Z33N29qpaJolChkktVD4gGzgRUDDMc6rECEgUcakH/auzXHkBpJsW9GcTQikhXsJBRYqzUdg+uFYCAHL6VSjEtRQ5XSUjwSfG87Wa9vDcBXiT+jGTRDOW2+9XsSJpEIAzlROuG78WmNSTKMMphlGkmGmJC+6QLDUsFiUC3hpMfRvjYKh0cSmVLGDxRf08MSaT1IApsZ0RMT897Y/E/r5GY8LI1ZCJODAg6XRQmHBuJx4HgDlNADR9YQqhi9lZMe0QRamxsGRuCP//yIqkU8sW8f1fIls5maaTRITpCp8hHF6iEblAZVRBFj+gZvaI358l5cd6dj2lrypnN7KM/cD5/APTUle4=</latexit>

Greene, Morrison, Strominger ’95

<latexit sha1_base64="k4fBCWfEOR0/uypHyWlObVZRwcY=">AAACCHicbVA9SwNBEN3zM8avU0ubxSBahHAXFE0XsNBGiOiZQBLC3maSLNnbPXb3hHCktfGv2Fio2PoT7Pw3bj4KTXww8Hhvhpl5YcyZNp737SwsLi2vrGbWsusbm1vb7s7uvZaJohBQyaWqhUQDZwICwwyHWqyARCGHati/GPnVB1CaSXFnBjE0I9IVrMMoMVZqufhSAQjI42upFNNS5PGtUTJiogsKH5VOW27OK3hj4HniT0kOTVFpuV+NtqRJBMJQTrSu+15smilRhlEOw2wj0RAT2iddqFsqSAS6mY4/GeJDq7RxRypbwuCx+nsiJZHWgyi0nRExPT3rjcT/vHpiOufNlIk4MSDoZFEn4dhIPIoFt5kCavjAEkIVs7di2iOKUGPDy9oQ/NmX50lQLJQK/k0xVz6ZppFB++gAHSMfnaEyukIVFCCKHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AR26mNU=</latexit><latexit sha1_base64="k4fBCWfEOR0/uypHyWlObVZRwcY=">AAACCHicbVA9SwNBEN3zM8avU0ubxSBahHAXFE0XsNBGiOiZQBLC3maSLNnbPXb3hHCktfGv2Fio2PoT7Pw3bj4KTXww8Hhvhpl5YcyZNp737SwsLi2vrGbWsusbm1vb7s7uvZaJohBQyaWqhUQDZwICwwyHWqyARCGHati/GPnVB1CaSXFnBjE0I9IVrMMoMVZqufhSAQjI42upFNNS5PGtUTJiogsKH5VOW27OK3hj4HniT0kOTVFpuV+NtqRJBMJQTrSu+15smilRhlEOw2wj0RAT2iddqFsqSAS6mY4/GeJDq7RxRypbwuCx+nsiJZHWgyi0nRExPT3rjcT/vHpiOufNlIk4MSDoZFEn4dhIPIoFt5kCavjAEkIVs7di2iOKUGPDy9oQ/NmX50lQLJQK/k0xVz6ZppFB++gAHSMfnaEyukIVFCCKHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AR26mNU=</latexit><latexit sha1_base64="k4fBCWfEOR0/uypHyWlObVZRwcY=">AAACCHicbVA9SwNBEN3zM8avU0ubxSBahHAXFE0XsNBGiOiZQBLC3maSLNnbPXb3hHCktfGv2Fio2PoT7Pw3bj4KTXww8Hhvhpl5YcyZNp737SwsLi2vrGbWsusbm1vb7s7uvZaJohBQyaWqhUQDZwICwwyHWqyARCGHati/GPnVB1CaSXFnBjE0I9IVrMMoMVZqufhSAQjI42upFNNS5PGtUTJiogsKH5VOW27OK3hj4HniT0kOTVFpuV+NtqRJBMJQTrSu+15smilRhlEOw2wj0RAT2iddqFsqSAS6mY4/GeJDq7RxRypbwuCx+nsiJZHWgyi0nRExPT3rjcT/vHpiOufNlIk4MSDoZFEn4dhIPIoFt5kCavjAEkIVs7di2iOKUGPDy9oQ/NmX50lQLJQK/k0xVz6ZppFB++gAHSMfnaEyukIVFCCKHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AR26mNU=</latexit><latexit sha1_base64="k4fBCWfEOR0/uypHyWlObVZRwcY=">AAACCHicbVA9SwNBEN3zM8avU0ubxSBahHAXFE0XsNBGiOiZQBLC3maSLNnbPXb3hHCktfGv2Fio2PoT7Pw3bj4KTXww8Hhvhpl5YcyZNp737SwsLi2vrGbWsusbm1vb7s7uvZaJohBQyaWqhUQDZwICwwyHWqyARCGHati/GPnVB1CaSXFnBjE0I9IVrMMoMVZqufhSAQjI42upFNNS5PGtUTJiogsKH5VOW27OK3hj4HniT0kOTVFpuV+NtqRJBMJQTrSu+15smilRhlEOw2wj0RAT2iddqFsqSAS6mY4/GeJDq7RxRypbwuCx+nsiJZHWgyi0nRExPT3rjcT/vHpiOufNlIk4MSDoZFEn4dhIPIoFt5kCavjAEkIVs7di2iOKUGPDy9oQ/NmX50lQLJQK/k0xVz6ZppFB++gAHSMfnaEyukIVFCCKHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AR26mNU=</latexit>

Empty “wedge” 
w/o BPS states 



4d Conifolds

• For IIA at conifold singularity, logarithmic 
running of gauge coupling: 

• Violation of T/sLWGC in 4d 
• Need to renormalize WGC bound, 

• Recall:  
• WGC3 not necessarily valid 

WGCd
⇠) T/sLWGCd+1

<latexit sha1_base64="XYFb2iPc9k0AhxdVwxHcmscd73s=">AAACG3icbVBNS8NAFNzUr1q/oh69LDaCINRED+pN6EEPHlSsFZpSNptNu3STDbsvSgn5IV78K148qHgSPPhv3NYetDqwMMzM4+2bIBVcg+t+WqWp6ZnZufJ8ZWFxaXnFXl271jJTlDWoFFLdBEQzwRPWAA6C3aSKkTgQrBn060O/ecuU5jK5gkHK2jHpJjzilICROvZ+86TudEIHO74c5hjkvuZx4V/ybg+IUvLOwVe7+myUy8Mdr3A6dtWtuSPgv8Qbkyoa47xjv/uhpFnMEqCCaN3y3BTaOVHAqWBFxc80Swntky5rGZqQmOl2PjquwFtGCXEklXkJ4JH6cyInsdaDODDJmEBPT3pD8T+vlUF02M55kmbAEvq9KMoEBomHTeGQK0ZBDAwhVHHzV0x7RBEKpqeKKcGbPPkvaezVjmrexV71+HTcRhltoE20jTx0gI7RKTpHDUTRPXpEz+jFerCerFfr7TtassYz6+gXrI8vhbmf/Q==</latexit><latexit sha1_base64="XYFb2iPc9k0AhxdVwxHcmscd73s=">AAACG3icbVBNS8NAFNzUr1q/oh69LDaCINRED+pN6EEPHlSsFZpSNptNu3STDbsvSgn5IV78K148qHgSPPhv3NYetDqwMMzM4+2bIBVcg+t+WqWp6ZnZufJ8ZWFxaXnFXl271jJTlDWoFFLdBEQzwRPWAA6C3aSKkTgQrBn060O/ecuU5jK5gkHK2jHpJjzilICROvZ+86TudEIHO74c5hjkvuZx4V/ybg+IUvLOwVe7+myUy8Mdr3A6dtWtuSPgv8Qbkyoa47xjv/uhpFnMEqCCaN3y3BTaOVHAqWBFxc80Swntky5rGZqQmOl2PjquwFtGCXEklXkJ4JH6cyInsdaDODDJmEBPT3pD8T+vlUF02M55kmbAEvq9KMoEBomHTeGQK0ZBDAwhVHHzV0x7RBEKpqeKKcGbPPkvaezVjmrexV71+HTcRhltoE20jTx0gI7RKTpHDUTRPXpEz+jFerCerFfr7TtassYz6+gXrI8vhbmf/Q==</latexit><latexit sha1_base64="XYFb2iPc9k0AhxdVwxHcmscd73s=">AAACG3icbVBNS8NAFNzUr1q/oh69LDaCINRED+pN6EEPHlSsFZpSNptNu3STDbsvSgn5IV78K148qHgSPPhv3NYetDqwMMzM4+2bIBVcg+t+WqWp6ZnZufJ8ZWFxaXnFXl271jJTlDWoFFLdBEQzwRPWAA6C3aSKkTgQrBn060O/ecuU5jK5gkHK2jHpJjzilICROvZ+86TudEIHO74c5hjkvuZx4V/ybg+IUvLOwVe7+myUy8Mdr3A6dtWtuSPgv8Qbkyoa47xjv/uhpFnMEqCCaN3y3BTaOVHAqWBFxc80Swntky5rGZqQmOl2PjquwFtGCXEklXkJ4JH6cyInsdaDODDJmEBPT3pD8T+vlUF02M55kmbAEvq9KMoEBomHTeGQK0ZBDAwhVHHzV0x7RBEKpqeKKcGbPPkvaezVjmrexV71+HTcRhltoE20jTx0gI7RKTpHDUTRPXpEz+jFerCerFfr7TtassYz6+gXrI8vhbmf/Q==</latexit><latexit sha1_base64="XYFb2iPc9k0AhxdVwxHcmscd73s=">AAACG3icbVBNS8NAFNzUr1q/oh69LDaCINRED+pN6EEPHlSsFZpSNptNu3STDbsvSgn5IV78K148qHgSPPhv3NYetDqwMMzM4+2bIBVcg+t+WqWp6ZnZufJ8ZWFxaXnFXl271jJTlDWoFFLdBEQzwRPWAA6C3aSKkTgQrBn060O/ecuU5jK5gkHK2jHpJjzilICROvZ+86TudEIHO74c5hjkvuZx4V/ybg+IUvLOwVe7+myUy8Mdr3A6dtWtuSPgv8Qbkyoa47xjv/uhpFnMEqCCaN3y3BTaOVHAqWBFxc80Swntky5rGZqQmOl2PjquwFtGCXEklXkJ4JH6cyInsdaDODDJmEBPT3pD8T+vlUF02M55kmbAEvq9KMoEBomHTeGQK0ZBDAwhVHHzV0x7RBEKpqeKKcGbPPkvaezVjmrexV71+HTcRhltoE20jTx0gI7RKTpHDUTRPXpEz+jFerCerFfr7TtassYz6+gXrI8vhbmf/Q==</latexit>

q(m)/m � 1/MPl
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(see however Montero, Shiu, Soler ’16)
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g4 ⇠ logm ! 0

<latexit sha1_base64="4FebE3rbhnqryA9LpR/oAhKxmIQ=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgqiRSUHcFN7qrYGyhCWEynaRDZzJhZqKU0JUbf8WNCxW3/oM7/8Zpm4W2Hrjcwzn3MnNPlDGqtON8W5Wl5ZXVtep6bWNza3vH3t27UyKXmHhYMCG7EVKE0ZR4mmpGupkkiEeMdKLh5cTv3BOpqEhv9SgjAUdJSmOKkTZSaB8mYRP6inLoM5FA0yRNBhpJKR6gE9p1p+FMAReJW5I6KNEO7S+/L3DOSaoxQ0r1XCfTQYGkppiRcc3PFckQHqKE9AxNEScqKKZnjOGxUfowFtJUquFU/b1RIK7UiEdmkiM9UPPeRPzP6+U6Pg8Kmma5JimePRTnDGoBJ5nAPpUEazYyBGFJzV8hHiCJsDbJ1UwI7vzJi8Q7bVw03JtmvXVdplEFB+AInAAXnIEWuAJt4AEMHsEzeAVv1pP1Yr1bH7PRilXu7IM/sD5/AP8ol8c=</latexit><latexit sha1_base64="4FebE3rbhnqryA9LpR/oAhKxmIQ=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgqiRSUHcFN7qrYGyhCWEynaRDZzJhZqKU0JUbf8WNCxW3/oM7/8Zpm4W2Hrjcwzn3MnNPlDGqtON8W5Wl5ZXVtep6bWNza3vH3t27UyKXmHhYMCG7EVKE0ZR4mmpGupkkiEeMdKLh5cTv3BOpqEhv9SgjAUdJSmOKkTZSaB8mYRP6inLoM5FA0yRNBhpJKR6gE9p1p+FMAReJW5I6KNEO7S+/L3DOSaoxQ0r1XCfTQYGkppiRcc3PFckQHqKE9AxNEScqKKZnjOGxUfowFtJUquFU/b1RIK7UiEdmkiM9UPPeRPzP6+U6Pg8Kmma5JimePRTnDGoBJ5nAPpUEazYyBGFJzV8hHiCJsDbJ1UwI7vzJi8Q7bVw03JtmvXVdplEFB+AInAAXnIEWuAJt4AEMHsEzeAVv1pP1Yr1bH7PRilXu7IM/sD5/AP8ol8c=</latexit><latexit sha1_base64="4FebE3rbhnqryA9LpR/oAhKxmIQ=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgqiRSUHcFN7qrYGyhCWEynaRDZzJhZqKU0JUbf8WNCxW3/oM7/8Zpm4W2Hrjcwzn3MnNPlDGqtON8W5Wl5ZXVtep6bWNza3vH3t27UyKXmHhYMCG7EVKE0ZR4mmpGupkkiEeMdKLh5cTv3BOpqEhv9SgjAUdJSmOKkTZSaB8mYRP6inLoM5FA0yRNBhpJKR6gE9p1p+FMAReJW5I6KNEO7S+/L3DOSaoxQ0r1XCfTQYGkppiRcc3PFckQHqKE9AxNEScqKKZnjOGxUfowFtJUquFU/b1RIK7UiEdmkiM9UPPeRPzP6+U6Pg8Kmma5JimePRTnDGoBJ5nAPpUEazYyBGFJzV8hHiCJsDbJ1UwI7vzJi8Q7bVw03JtmvXVdplEFB+AInAAXnIEWuAJt4AEMHsEzeAVv1pP1Yr1bH7PRilXu7IM/sD5/AP8ol8c=</latexit><latexit sha1_base64="4FebE3rbhnqryA9LpR/oAhKxmIQ=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovgqiRSUHcFN7qrYGyhCWEynaRDZzJhZqKU0JUbf8WNCxW3/oM7/8Zpm4W2Hrjcwzn3MnNPlDGqtON8W5Wl5ZXVtep6bWNza3vH3t27UyKXmHhYMCG7EVKE0ZR4mmpGupkkiEeMdKLh5cTv3BOpqEhv9SgjAUdJSmOKkTZSaB8mYRP6inLoM5FA0yRNBhpJKR6gE9p1p+FMAReJW5I6KNEO7S+/L3DOSaoxQ0r1XCfTQYGkppiRcc3PFckQHqKE9AxNEScqKKZnjOGxUfowFtJUquFU/b1RIK7UiEdmkiM9UPPeRPzP6+U6Pg8Kmma5JimePRTnDGoBJ5nAPpUEazYyBGFJzV8hHiCJsDbJ1UwI7vzJi8Q7bVw03JtmvXVdplEFB+AInAAXnIEWuAJt4AEMHsEzeAVv1pP1Yr1bH7PRilXu7IM/sD5/AP8ol8c=</latexit>

(see also Grimm, Patti, Valenzuela ’18)

<latexit sha1_base64="863/sGafSGZm1aqtc7/S6fr03dA=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAVJOyKoN4CHvQYwSRCDKF30tHBmdllpleIIZ/gxV/x4kHFq1dv/o2Tx8FXQUNR1U13V5wq6SgMP4OJyanpmdncXH5+YXFpubCyWnNJZgVWRaISexGDQyUNVkmSwovUIuhYYT2+OR749Vu0TibmnLopNjVcGdmRAshLrcLWtkPkoFzCT6zUepdXgEju8hooNHcZKuBb0eFOq1AMS+EQ/C+JxqTIxqi0Ch+X7URkGg0JBc41ojClZg8sSaGwn7/MHKYgbuAKG54a0OiaveFDfb7plTbvJNaXIT5Uv0/0QDvX1bHv1EDX7rc3EP/zGhl1Dps9adKM0IjRok6mOCV8kA5vS4uCVNcTEFb6W7m4BguCfIZ5H0L0++W/pLpXOipFZ3vF8v44jRxbZxtsm0XsgJXZKauwKhPsnj2yZ/YSPARPwWvwNmqdCMYza+wHgvcv/wGazw==</latexit><latexit sha1_base64="863/sGafSGZm1aqtc7/S6fr03dA=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAVJOyKoN4CHvQYwSRCDKF30tHBmdllpleIIZ/gxV/x4kHFq1dv/o2Tx8FXQUNR1U13V5wq6SgMP4OJyanpmdncXH5+YXFpubCyWnNJZgVWRaISexGDQyUNVkmSwovUIuhYYT2+OR749Vu0TibmnLopNjVcGdmRAshLrcLWtkPkoFzCT6zUepdXgEju8hooNHcZKuBb0eFOq1AMS+EQ/C+JxqTIxqi0Ch+X7URkGg0JBc41ojClZg8sSaGwn7/MHKYgbuAKG54a0OiaveFDfb7plTbvJNaXIT5Uv0/0QDvX1bHv1EDX7rc3EP/zGhl1Dps9adKM0IjRok6mOCV8kA5vS4uCVNcTEFb6W7m4BguCfIZ5H0L0++W/pLpXOipFZ3vF8v44jRxbZxtsm0XsgJXZKauwKhPsnj2yZ/YSPARPwWvwNmqdCMYza+wHgvcv/wGazw==</latexit><latexit sha1_base64="863/sGafSGZm1aqtc7/S6fr03dA=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAVJOyKoN4CHvQYwSRCDKF30tHBmdllpleIIZ/gxV/x4kHFq1dv/o2Tx8FXQUNR1U13V5wq6SgMP4OJyanpmdncXH5+YXFpubCyWnNJZgVWRaISexGDQyUNVkmSwovUIuhYYT2+OR749Vu0TibmnLopNjVcGdmRAshLrcLWtkPkoFzCT6zUepdXgEju8hooNHcZKuBb0eFOq1AMS+EQ/C+JxqTIxqi0Ch+X7URkGg0JBc41ojClZg8sSaGwn7/MHKYgbuAKG54a0OiaveFDfb7plTbvJNaXIT5Uv0/0QDvX1bHv1EDX7rc3EP/zGhl1Dps9adKM0IjRok6mOCV8kA5vS4uCVNcTEFb6W7m4BguCfIZ5H0L0++W/pLpXOipFZ3vF8v44jRxbZxtsm0XsgJXZKauwKhPsnj2yZ/YSPARPwWvwNmqdCMYza+wHgvcv/wGazw==</latexit><latexit sha1_base64="863/sGafSGZm1aqtc7/S6fr03dA=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAVJOyKoN4CHvQYwSRCDKF30tHBmdllpleIIZ/gxV/x4kHFq1dv/o2Tx8FXQUNR1U13V5wq6SgMP4OJyanpmdncXH5+YXFpubCyWnNJZgVWRaISexGDQyUNVkmSwovUIuhYYT2+OR749Vu0TibmnLopNjVcGdmRAshLrcLWtkPkoFzCT6zUepdXgEju8hooNHcZKuBb0eFOq1AMS+EQ/C+JxqTIxqi0Ch+X7URkGg0JBc41ojClZg8sSaGwn7/MHKYgbuAKG54a0OiaveFDfb7plTbvJNaXIT5Uv0/0QDvX1bHv1EDX7rc3EP/zGhl1Dps9adKM0IjRok6mOCV8kA5vS4uCVNcTEFb6W7m4BguCfIZ5H0L0++W/pLpXOipFZ3vF8v44jRxbZxtsm0XsgJXZKauwKhPsnj2yZ/YSPARPwWvwNmqdCMYza+wHgvcv/wGazw==</latexit>



5d Conifolds

• For 5d conifold, 
• To be consistent with T/sLWGC, must have 

infinite tower of states becoming light whenever 
5d gauge coupling vanishes             

• Recall SDC: Infinite tower of light states      
expect divergence of field space metric 

• Indeed, can prove zero coupling points are at 
infinite distance for M-theory compactifications 
on a CY3 (up to certain regularity assumptions) 

)
<latexit sha1_base64="TAalXm+S/bcV42Z4LpZD+PCIL/g=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gRW9VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/aZIowSHcAQn4ME51OEaGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH/XaRSA==</latexit><latexit sha1_base64="TAalXm+S/bcV42Z4LpZD+PCIL/g=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gRW9VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/aZIowSHcAQn4ME51OEaGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH/XaRSA==</latexit><latexit sha1_base64="TAalXm+S/bcV42Z4LpZD+PCIL/g=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gRW9VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/aZIowSHcAQn4ME51OEaGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH/XaRSA==</latexit><latexit sha1_base64="TAalXm+S/bcV42Z4LpZD+PCIL/g=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gRW9VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/aZIowSHcAQn4ME51OEaGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH/XaRSA==</latexit>

g5 ! 0
<latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit>



• Claim: zero coupling points are at infinite 
distance for M-theory compactifications on CY3 

• Proof (sketch): 
• Write                                             , with   

• Assume Laurent expansion for           for path 
ending at t=0. 

• Show that metric behaves as 1/t2 whenever 
gauge kinetic term                     blows up 

5d Conifolds (cont.)

CIJK , Y I � 0.
<latexit sha1_base64="buMfOgODEHWEQDUT1aOQiSqNE1g=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwISERQd0VCmJ1U8HYShvDZDpph04mcWYi1FD8FTcuVNz6Ie78G6dtFtp64MLhnHu5954gYVQq2/42Zmbn5hcWC0vF5ZXVtXVzY/NGxqnAxMUxi0UjQJIwyomrqGKkkQiCooCRetCrDP36AxGSxvxa9RPiRajDaUgxUlryze2Kn1UvLgcH8PauClsdcg9tyzdLtmWPAKeJk5MSyFHzza9WO8ZpRLjCDEnZdOxEeRkSimJGBsVWKkmCcA91SFNTjiIivWx0/QDuaaUNw1jo4gqO1N8TGYqk7EeB7oyQ6spJbyj+5zVTFZ54GeVJqgjH40VhyqCK4TAK2KaCYMX6miAsqL4V4i4SCCsdWFGH4Ey+PE3cQ+vUcq6OSuWzPI0C2AG7YB844BiUwTmoARdg8AiewSt4M56MF+Pd+Bi3zhj5zBb4A+PzBx39k0Y=</latexit><latexit sha1_base64="buMfOgODEHWEQDUT1aOQiSqNE1g=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwISERQd0VCmJ1U8HYShvDZDpph04mcWYi1FD8FTcuVNz6Ie78G6dtFtp64MLhnHu5954gYVQq2/42Zmbn5hcWC0vF5ZXVtXVzY/NGxqnAxMUxi0UjQJIwyomrqGKkkQiCooCRetCrDP36AxGSxvxa9RPiRajDaUgxUlryze2Kn1UvLgcH8PauClsdcg9tyzdLtmWPAKeJk5MSyFHzza9WO8ZpRLjCDEnZdOxEeRkSimJGBsVWKkmCcA91SFNTjiIivWx0/QDuaaUNw1jo4gqO1N8TGYqk7EeB7oyQ6spJbyj+5zVTFZ54GeVJqgjH40VhyqCK4TAK2KaCYMX6miAsqL4V4i4SCCsdWFGH4Ey+PE3cQ+vUcq6OSuWzPI0C2AG7YB844BiUwTmoARdg8AiewSt4M56MF+Pd+Bi3zhj5zBb4A+PzBx39k0Y=</latexit><latexit sha1_base64="buMfOgODEHWEQDUT1aOQiSqNE1g=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwISERQd0VCmJ1U8HYShvDZDpph04mcWYi1FD8FTcuVNz6Ie78G6dtFtp64MLhnHu5954gYVQq2/42Zmbn5hcWC0vF5ZXVtXVzY/NGxqnAxMUxi0UjQJIwyomrqGKkkQiCooCRetCrDP36AxGSxvxa9RPiRajDaUgxUlryze2Kn1UvLgcH8PauClsdcg9tyzdLtmWPAKeJk5MSyFHzza9WO8ZpRLjCDEnZdOxEeRkSimJGBsVWKkmCcA91SFNTjiIivWx0/QDuaaUNw1jo4gqO1N8TGYqk7EeB7oyQ6spJbyj+5zVTFZ54GeVJqgjH40VhyqCK4TAK2KaCYMX6miAsqL4V4i4SCCsdWFGH4Ey+PE3cQ+vUcq6OSuWzPI0C2AG7YB844BiUwTmoARdg8AiewSt4M56MF+Pd+Bi3zhj5zBb4A+PzBx39k0Y=</latexit><latexit sha1_base64="buMfOgODEHWEQDUT1aOQiSqNE1g=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwISERQd0VCmJ1U8HYShvDZDpph04mcWYi1FD8FTcuVNz6Ie78G6dtFtp64MLhnHu5954gYVQq2/42Zmbn5hcWC0vF5ZXVtXVzY/NGxqnAxMUxi0UjQJIwyomrqGKkkQiCooCRetCrDP36AxGSxvxa9RPiRajDaUgxUlryze2Kn1UvLgcH8PauClsdcg9tyzdLtmWPAKeJk5MSyFHzza9WO8ZpRLjCDEnZdOxEeRkSimJGBsVWKkmCcA91SFNTjiIivWx0/QDuaaUNw1jo4gqO1N8TGYqk7EeB7oyQ6spJbyj+5zVTFZ54GeVJqgjH40VhyqCK4TAK2KaCYMX6miAsqL4V4i4SCCsdWFGH4Ey+PE3cQ+vUcq6OSuWzPI0C2AG7YB844BiUwTmoARdg8AiewSt4M56MF+Pd+Bi3zhj5zBb4A+PzBx39k0Y=</latexit>

Y I(t)
<latexit sha1_base64="O+LnQEpINWlgul2UiBPuDoxFrks=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqtIIjeKrhtpV1LNk3b2GyyJFmhLP0PXjyoePUHefPfmLZ70NYHA4/3ZpiZF8acaeO6305uaXlldS2/XtjY3NreKe7u1bVMFKE+kVyqZog15UxQ3zDDaTNWFEchp41weDnxG09UaSbFnRnFNIhwX7AeI9hYqX7/cFM2x51iya24U6BF4mWkBBlqneJXuytJElFhCMdatzw3NkGKlWGE03GhnWgaYzLEfdqyVOCI6iCdXjtGR1bpop5UtoRBU/X3RIojrUdRaDsjbAZ63puI/3mtxPTOg5SJODFUkNmiXsKRkWjyOuoyRYnhI0swUczeisgAK0yMDahgQ/DmX14k/knlouLdnpaqV1kaeTiAQyiDB2dQhWuogQ8EHuEZXuHNkc6L8+58zFpzTjazD3/gfP4ACr6OUw==</latexit><latexit sha1_base64="O+LnQEpINWlgul2UiBPuDoxFrks=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqtIIjeKrhtpV1LNk3b2GyyJFmhLP0PXjyoePUHefPfmLZ70NYHA4/3ZpiZF8acaeO6305uaXlldS2/XtjY3NreKe7u1bVMFKE+kVyqZog15UxQ3zDDaTNWFEchp41weDnxG09UaSbFnRnFNIhwX7AeI9hYqX7/cFM2x51iya24U6BF4mWkBBlqneJXuytJElFhCMdatzw3NkGKlWGE03GhnWgaYzLEfdqyVOCI6iCdXjtGR1bpop5UtoRBU/X3RIojrUdRaDsjbAZ63puI/3mtxPTOg5SJODFUkNmiXsKRkWjyOuoyRYnhI0swUczeisgAK0yMDahgQ/DmX14k/knlouLdnpaqV1kaeTiAQyiDB2dQhWuogQ8EHuEZXuHNkc6L8+58zFpzTjazD3/gfP4ACr6OUw==</latexit><latexit sha1_base64="O+LnQEpINWlgul2UiBPuDoxFrks=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqtIIjeKrhtpV1LNk3b2GyyJFmhLP0PXjyoePUHefPfmLZ70NYHA4/3ZpiZF8acaeO6305uaXlldS2/XtjY3NreKe7u1bVMFKE+kVyqZog15UxQ3zDDaTNWFEchp41weDnxG09UaSbFnRnFNIhwX7AeI9hYqX7/cFM2x51iya24U6BF4mWkBBlqneJXuytJElFhCMdatzw3NkGKlWGE03GhnWgaYzLEfdqyVOCI6iCdXjtGR1bpop5UtoRBU/X3RIojrUdRaDsjbAZ63puI/3mtxPTOg5SJODFUkNmiXsKRkWjyOuoyRYnhI0swUczeisgAK0yMDahgQ/DmX14k/knlouLdnpaqV1kaeTiAQyiDB2dQhWuogQ8EHuEZXuHNkc6L8+58zFpzTjazD3/gfP4ACr6OUw==</latexit><latexit sha1_base64="O+LnQEpINWlgul2UiBPuDoxFrks=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquCOqtIIjeKrhtpV1LNk3b2GyyJFmhLP0PXjyoePUHefPfmLZ70NYHA4/3ZpiZF8acaeO6305uaXlldS2/XtjY3NreKe7u1bVMFKE+kVyqZog15UxQ3zDDaTNWFEchp41weDnxG09UaSbFnRnFNIhwX7AeI9hYqX7/cFM2x51iya24U6BF4mWkBBlqneJXuytJElFhCMdatzw3NkGKlWGE03GhnWgaYzLEfdqyVOCI6iCdXjtGR1bpop5UtoRBU/X3RIojrUdRaDsjbAZ63puI/3mtxPTOg5SJODFUkNmiXsKRkWjyOuoyRYnhI0swUczeisgAK0yMDahgQ/DmX14k/knlouLdnpaqV1kaeTiAQyiDB2dQhWuogQ8EHuEZXuHNkc6L8+58zFpzTjazD3/gfP4ACr6OUw==</latexit>

F =
1

6
CIJKY IY JY K = 1

<latexit sha1_base64="1Xjwx8Tx9xn54a1F+0OhKEqAGSk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRHwuhUCi23VQwttLEMplO2qGTBzMToYR8hxt/xY0LFZe68m+ctFlo9cKBwznnMnOPGzEqpGF8aYWFxaXlleJqaW19Y3NL3965EWHMMbFwyELedZEgjAbEklQy0o04Qb7LSMcd1zK/c0+4oGFwLScRcXw0DKhHMZJK6uum7SM5wogl9RReQNvjCCdmmpyksNZPGs1WCm/vGgpNhZZKmH29bFSM6cC/xMxJGeTT7usf9iDEsU8CiRkSomcakXQSxCXFjKQlOxYkQniMhqSnaIB8IpxkeloKD5QygF7IFQIJp+rPjQT5Qkx8VyWzQ8S8l4n/eb1YemdOQoMoliTAs4e8mEEZwqwnOKCcYMkmiiDMqforxCOk2pGqzZIqwZw/+S+xjirnFfPquFyt520UwR7YB4fABKegCi5BG1gAgwfwBF7Aq/aoPWtv2vssWtDynV3wa7TPb74knlY=</latexit><latexit sha1_base64="1Xjwx8Tx9xn54a1F+0OhKEqAGSk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRHwuhUCi23VQwttLEMplO2qGTBzMToYR8hxt/xY0LFZe68m+ctFlo9cKBwznnMnOPGzEqpGF8aYWFxaXlleJqaW19Y3NL3965EWHMMbFwyELedZEgjAbEklQy0o04Qb7LSMcd1zK/c0+4oGFwLScRcXw0DKhHMZJK6uum7SM5wogl9RReQNvjCCdmmpyksNZPGs1WCm/vGgpNhZZKmH29bFSM6cC/xMxJGeTT7usf9iDEsU8CiRkSomcakXQSxCXFjKQlOxYkQniMhqSnaIB8IpxkeloKD5QygF7IFQIJp+rPjQT5Qkx8VyWzQ8S8l4n/eb1YemdOQoMoliTAs4e8mEEZwqwnOKCcYMkmiiDMqforxCOk2pGqzZIqwZw/+S+xjirnFfPquFyt520UwR7YB4fABKegCi5BG1gAgwfwBF7Aq/aoPWtv2vssWtDynV3wa7TPb74knlY=</latexit><latexit sha1_base64="1Xjwx8Tx9xn54a1F+0OhKEqAGSk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRHwuhUCi23VQwttLEMplO2qGTBzMToYR8hxt/xY0LFZe68m+ctFlo9cKBwznnMnOPGzEqpGF8aYWFxaXlleJqaW19Y3NL3965EWHMMbFwyELedZEgjAbEklQy0o04Qb7LSMcd1zK/c0+4oGFwLScRcXw0DKhHMZJK6uum7SM5wogl9RReQNvjCCdmmpyksNZPGs1WCm/vGgpNhZZKmH29bFSM6cC/xMxJGeTT7usf9iDEsU8CiRkSomcakXQSxCXFjKQlOxYkQniMhqSnaIB8IpxkeloKD5QygF7IFQIJp+rPjQT5Qkx8VyWzQ8S8l4n/eb1YemdOQoMoliTAs4e8mEEZwqwnOKCcYMkmiiDMqforxCOk2pGqzZIqwZw/+S+xjirnFfPquFyt520UwR7YB4fABKegCi5BG1gAgwfwBF7Aq/aoPWtv2vssWtDynV3wa7TPb74knlY=</latexit><latexit sha1_base64="1Xjwx8Tx9xn54a1F+0OhKEqAGSk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRHwuhUCi23VQwttLEMplO2qGTBzMToYR8hxt/xY0LFZe68m+ctFlo9cKBwznnMnOPGzEqpGF8aYWFxaXlleJqaW19Y3NL3965EWHMMbFwyELedZEgjAbEklQy0o04Qb7LSMcd1zK/c0+4oGFwLScRcXw0DKhHMZJK6uum7SM5wogl9RReQNvjCCdmmpyksNZPGs1WCm/vGgpNhZZKmH29bFSM6cC/xMxJGeTT7usf9iDEsU8CiRkSomcakXQSxCXFjKQlOxYkQniMhqSnaIB8IpxkeloKD5QygF7IFQIJp+rPjQT5Qkx8VyWzQ8S8l4n/eb1YemdOQoMoliTAs4e8mEEZwqwnOKCcYMkmiiDMqforxCOk2pGqzZIqwZw/+S+xjirnFfPquFyt520UwR7YB4fABKegCi5BG1gAgwfwBF7Aq/aoPWtv2vssWtDynV3wa7TPb74knlY=</latexit>

aIJ(t ! 0)
<latexit sha1_base64="pigkcNvC6lFaKPlFQL0Acd8p3SU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEI9VISEdRbQRD1VMHYQhvCZrttl26yYXeilFAv/hUvHlS8+jO8+W/ctjlo64OBx3szzMwLE8E1OM63NTe/sLi0XFgprq6tb2zaW9t3WqaKMo9KIVUjJJoJHjMPOAjWSBQjUShYPeyfj/z6PVOay/gWBgnzI9KNeYdTAkYK7F0SZFfXwzLgluLdHhCl5AN2DnFgl5yKMwaeJW5OSihHLbC/Wm1J04jFQAXRuuk6CfgZUcCpYMNiK9UsIbRPuqxpaEwipv1s/MEQHxiljTtSmYoBj9XfExmJtB5EoemMCPT0tDcS//OaKXRO/YzHSQosppNFnVRgkHgUB25zxSiIgSGEKm5uxbRHFKFgQiuaENzpl2eJd1Q5q7g3x6XqRZ5GAe2hfVRGLjpBVXSJashDFD2iZ/SK3qwn68V6tz4mrXNWPrOD/sD6/AFRg5W4</latexit><latexit sha1_base64="pigkcNvC6lFaKPlFQL0Acd8p3SU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEI9VISEdRbQRD1VMHYQhvCZrttl26yYXeilFAv/hUvHlS8+jO8+W/ctjlo64OBx3szzMwLE8E1OM63NTe/sLi0XFgprq6tb2zaW9t3WqaKMo9KIVUjJJoJHjMPOAjWSBQjUShYPeyfj/z6PVOay/gWBgnzI9KNeYdTAkYK7F0SZFfXwzLgluLdHhCl5AN2DnFgl5yKMwaeJW5OSihHLbC/Wm1J04jFQAXRuuk6CfgZUcCpYMNiK9UsIbRPuqxpaEwipv1s/MEQHxiljTtSmYoBj9XfExmJtB5EoemMCPT0tDcS//OaKXRO/YzHSQosppNFnVRgkHgUB25zxSiIgSGEKm5uxbRHFKFgQiuaENzpl2eJd1Q5q7g3x6XqRZ5GAe2hfVRGLjpBVXSJashDFD2iZ/SK3qwn68V6tz4mrXNWPrOD/sD6/AFRg5W4</latexit><latexit sha1_base64="pigkcNvC6lFaKPlFQL0Acd8p3SU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEI9VISEdRbQRD1VMHYQhvCZrttl26yYXeilFAv/hUvHlS8+jO8+W/ctjlo64OBx3szzMwLE8E1OM63NTe/sLi0XFgprq6tb2zaW9t3WqaKMo9KIVUjJJoJHjMPOAjWSBQjUShYPeyfj/z6PVOay/gWBgnzI9KNeYdTAkYK7F0SZFfXwzLgluLdHhCl5AN2DnFgl5yKMwaeJW5OSihHLbC/Wm1J04jFQAXRuuk6CfgZUcCpYMNiK9UsIbRPuqxpaEwipv1s/MEQHxiljTtSmYoBj9XfExmJtB5EoemMCPT0tDcS//OaKXRO/YzHSQosppNFnVRgkHgUB25zxSiIgSGEKm5uxbRHFKFgQiuaENzpl2eJd1Q5q7g3x6XqRZ5GAe2hfVRGLjpBVXSJashDFD2iZ/SK3qwn68V6tz4mrXNWPrOD/sD6/AFRg5W4</latexit><latexit sha1_base64="pigkcNvC6lFaKPlFQL0Acd8p3SU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEI9VISEdRbQRD1VMHYQhvCZrttl26yYXeilFAv/hUvHlS8+jO8+W/ctjlo64OBx3szzMwLE8E1OM63NTe/sLi0XFgprq6tb2zaW9t3WqaKMo9KIVUjJJoJHjMPOAjWSBQjUShYPeyfj/z6PVOay/gWBgnzI9KNeYdTAkYK7F0SZFfXwzLgluLdHhCl5AN2DnFgl5yKMwaeJW5OSihHLbC/Wm1J04jFQAXRuuk6CfgZUcCpYMNiK9UsIbRPuqxpaEwipv1s/MEQHxiljTtSmYoBj9XfExmJtB5EoemMCPT0tDcS//OaKXRO/YzHSQosppNFnVRgkHgUB25zxSiIgSGEKm5uxbRHFKFgQiuaENzpl2eJd1Q5q7g3x6XqRZ5GAe2hfVRGLjpBVXSJashDFD2iZ/SK3qwn68V6tz4mrXNWPrOD/sD6/AFRg5W4</latexit>



Black Holes and BPS States



An Important Reminder
• In general, 

    (even in theories with BPS states) 
• Ex: heterotic string on torus

BPS 6= BHE
<latexit sha1_base64="BIoFgSLIz7BV3L/+6V8+/1KHUA8=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNoKJJ9JyUW8EY8IRoxUSaMh22cKG7bbubk2Q8Eu8eFDj1b/izX/jAj0o+JJJXt6bycy8IOFMacf5tnJr6xubW/ntws7u3n7RPji8V3EqCfVIzGPZDrCinAnqaaY5bSeS4ijgtBWMrmZ+65FKxWJxp8cJ9SM8ECxkBGsj9exivXmLyl1BH1AZ1RvXPbvkVJw50CpxM1KCDM2e/dXtxySNqNCEY6U6rpNof4KlZoTTaaGbKppgMsID2jFU4IgqfzI/fIpOjdJHYSxNCY3m6u+JCY6UGkeB6YywHqplbyb+53VSHV74EyaSVFNBFovClCMdo1kKqM8kJZqPDcFEMnMrIkMsMdEmq4IJwV1+eZV41cplxb2plmqNLI08HMMJnIEL51CDBjTBAwIpPMMrvFlP1ov1bn0sWnNWNnMEf2B9/gBAUJEV</latexit><latexit sha1_base64="BIoFgSLIz7BV3L/+6V8+/1KHUA8=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNoKJJ9JyUW8EY8IRoxUSaMh22cKG7bbubk2Q8Eu8eFDj1b/izX/jAj0o+JJJXt6bycy8IOFMacf5tnJr6xubW/ntws7u3n7RPji8V3EqCfVIzGPZDrCinAnqaaY5bSeS4ijgtBWMrmZ+65FKxWJxp8cJ9SM8ECxkBGsj9exivXmLyl1BH1AZ1RvXPbvkVJw50CpxM1KCDM2e/dXtxySNqNCEY6U6rpNof4KlZoTTaaGbKppgMsID2jFU4IgqfzI/fIpOjdJHYSxNCY3m6u+JCY6UGkeB6YywHqplbyb+53VSHV74EyaSVFNBFovClCMdo1kKqM8kJZqPDcFEMnMrIkMsMdEmq4IJwV1+eZV41cplxb2plmqNLI08HMMJnIEL51CDBjTBAwIpPMMrvFlP1ov1bn0sWnNWNnMEf2B9/gBAUJEV</latexit><latexit sha1_base64="BIoFgSLIz7BV3L/+6V8+/1KHUA8=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNoKJJ9JyUW8EY8IRoxUSaMh22cKG7bbubk2Q8Eu8eFDj1b/izX/jAj0o+JJJXt6bycy8IOFMacf5tnJr6xubW/ntws7u3n7RPji8V3EqCfVIzGPZDrCinAnqaaY5bSeS4ijgtBWMrmZ+65FKxWJxp8cJ9SM8ECxkBGsj9exivXmLyl1BH1AZ1RvXPbvkVJw50CpxM1KCDM2e/dXtxySNqNCEY6U6rpNof4KlZoTTaaGbKppgMsID2jFU4IgqfzI/fIpOjdJHYSxNCY3m6u+JCY6UGkeB6YywHqplbyb+53VSHV74EyaSVFNBFovClCMdo1kKqM8kJZqPDcFEMnMrIkMsMdEmq4IJwV1+eZV41cplxb2plmqNLI08HMMJnIEL51CDBjTBAwIpPMMrvFlP1ov1bn0sWnNWNnMEf2B9/gBAUJEV</latexit><latexit sha1_base64="BIoFgSLIz7BV3L/+6V8+/1KHUA8=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNoKJJ9JyUW8EY8IRoxUSaMh22cKG7bbubk2Q8Eu8eFDj1b/izX/jAj0o+JJJXt6bycy8IOFMacf5tnJr6xubW/ntws7u3n7RPji8V3EqCfVIzGPZDrCinAnqaaY5bSeS4ijgtBWMrmZ+65FKxWJxp8cJ9SM8ECxkBGsj9exivXmLyl1BH1AZ1RvXPbvkVJw50CpxM1KCDM2e/dXtxySNqNCEY6U6rpNof4KlZoTTaaGbKppgMsID2jFU4IgqfzI/fIpOjdJHYSxNCY3m6u+JCY6UGkeB6YywHqplbyb+53VSHV74EyaSVFNBFovClCMdo1kKqM8kJZqPDcFEMnMrIkMsMdEmq4IJwV1+eZV41cplxb2plmqNLI08HMMJnIEL51CDBjTBAwIpPMMrvFlP1ov1bn0sWnNWNnMEf2B9/gBAUJEV</latexit>

Q = M

Q

M

M2 = Q2 � 1
<latexit sha1_base64="WB9F4JgM7PbuQr/rwaDA3Pcb860=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FNSDUPTiRWjBtYV2Ldk024Zms2uSLZSlv8OLBxWv/hlv/hvTdg/a+mCGx3szZPL8mDOlbfvbyq2srq1v5DcLW9s7u3vF/YMHFSWSUJdEPJItHyvKmaCuZprTViwpDn1Om/7wZuo3R1QqFol7PY6pF+K+YAEjWBvJu3usoCvUMP0MOd1iyS7bM6Bl4mSkBBnq3eJXpxeRJKRCE46Vajt2rL0US80Ip5NCJ1E0xmSI+7RtqMAhVV46O3qCTozSQ0EkTQmNZurvjRSHSo1D30yGWA/UojcV//PaiQ4uvJSJONFUkPlDQcKRjtA0AdRjkhLNx4ZgIpm5FZEBlphok1PBhOAsfnmZuJXyZdlpVEu16yyNPBzBMZyCA+dQg1uogwsEnuAZXuHNGlkv1rv1MR/NWdnOIfyB9fkDu5WPqQ==</latexit><latexit sha1_base64="WB9F4JgM7PbuQr/rwaDA3Pcb860=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FNSDUPTiRWjBtYV2Ldk024Zms2uSLZSlv8OLBxWv/hlv/hvTdg/a+mCGx3szZPL8mDOlbfvbyq2srq1v5DcLW9s7u3vF/YMHFSWSUJdEPJItHyvKmaCuZprTViwpDn1Om/7wZuo3R1QqFol7PY6pF+K+YAEjWBvJu3usoCvUMP0MOd1iyS7bM6Bl4mSkBBnq3eJXpxeRJKRCE46Vajt2rL0US80Ip5NCJ1E0xmSI+7RtqMAhVV46O3qCTozSQ0EkTQmNZurvjRSHSo1D30yGWA/UojcV//PaiQ4uvJSJONFUkPlDQcKRjtA0AdRjkhLNx4ZgIpm5FZEBlphok1PBhOAsfnmZuJXyZdlpVEu16yyNPBzBMZyCA+dQg1uogwsEnuAZXuHNGlkv1rv1MR/NWdnOIfyB9fkDu5WPqQ==</latexit><latexit sha1_base64="WB9F4JgM7PbuQr/rwaDA3Pcb860=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FNSDUPTiRWjBtYV2Ldk024Zms2uSLZSlv8OLBxWv/hlv/hvTdg/a+mCGx3szZPL8mDOlbfvbyq2srq1v5DcLW9s7u3vF/YMHFSWSUJdEPJItHyvKmaCuZprTViwpDn1Om/7wZuo3R1QqFol7PY6pF+K+YAEjWBvJu3usoCvUMP0MOd1iyS7bM6Bl4mSkBBnq3eJXpxeRJKRCE46Vajt2rL0US80Ip5NCJ1E0xmSI+7RtqMAhVV46O3qCTozSQ0EkTQmNZurvjRSHSo1D30yGWA/UojcV//PaiQ4uvJSJONFUkPlDQcKRjtA0AdRjkhLNx4ZgIpm5FZEBlphok1PBhOAsfnmZuJXyZdlpVEu16yyNPBzBMZyCA+dQg1uogwsEnuAZXuHNGlkv1rv1MR/NWdnOIfyB9fkDu5WPqQ==</latexit><latexit sha1_base64="WB9F4JgM7PbuQr/rwaDA3Pcb860=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FNSDUPTiRWjBtYV2Ldk024Zms2uSLZSlv8OLBxWv/hlv/hvTdg/a+mCGx3szZPL8mDOlbfvbyq2srq1v5DcLW9s7u3vF/YMHFSWSUJdEPJItHyvKmaCuZprTViwpDn1Om/7wZuo3R1QqFol7PY6pF+K+YAEjWBvJu3usoCvUMP0MOd1iyS7bM6Bl4mSkBBnq3eJXpxeRJKRCE46Vajt2rL0US80Ip5NCJ1E0xmSI+7RtqMAhVV46O3qCTozSQ0EkTQmNZurvjRSHSo1D30yGWA/UojcV//PaiQ4uvJSJONFUkPlDQcKRjtA0AdRjkhLNx4ZgIpm5FZEBlphok1PBhOAsfnmZuJXyZdlpVEu16yyNPBzBMZyCA+dQg1uogwsEnuAZXuHNGlkv1rv1MR/NWdnOIfyB9fkDu5WPqQ==</latexit>



BPS vs. BHE

Q1/M
<latexit sha1_base64="2uFuDR1Omwc+aSJYwM+Z14wH8KY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FL16EFowttKFsttN26WYTdjdCCf0NXjyoePUPefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWP5YMYJBhEdSN7njBor+Y2ud3bfLVfcqjsDWSZeTiqQo94tf3V6MUsjlIYJqnXbcxMTZFQZzgROSp1UY0LZiA6wbamkEeogmx07ISdW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/z2qnpXwUZl0lqULL5on4qiInJ9HPS4wqZEWNLKFPc3krYkCrKjM2nZEPwFl9eJv559brqNS4qtZs8jSIcwTGcggeXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRXaN3Q==</latexit><latexit sha1_base64="2uFuDR1Omwc+aSJYwM+Z14wH8KY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FL16EFowttKFsttN26WYTdjdCCf0NXjyoePUPefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWP5YMYJBhEdSN7njBor+Y2ud3bfLVfcqjsDWSZeTiqQo94tf3V6MUsjlIYJqnXbcxMTZFQZzgROSp1UY0LZiA6wbamkEeogmx07ISdW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/z2qnpXwUZl0lqULL5on4qiInJ9HPS4wqZEWNLKFPc3krYkCrKjM2nZEPwFl9eJv559brqNS4qtZs8jSIcwTGcggeXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRXaN3Q==</latexit><latexit sha1_base64="2uFuDR1Omwc+aSJYwM+Z14wH8KY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FL16EFowttKFsttN26WYTdjdCCf0NXjyoePUPefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWP5YMYJBhEdSN7njBor+Y2ud3bfLVfcqjsDWSZeTiqQo94tf3V6MUsjlIYJqnXbcxMTZFQZzgROSp1UY0LZiA6wbamkEeogmx07ISdW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/z2qnpXwUZl0lqULL5on4qiInJ9HPS4wqZEWNLKFPc3krYkCrKjM2nZEPwFl9eJv559brqNS4qtZs8jSIcwTGcggeXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRXaN3Q==</latexit><latexit sha1_base64="2uFuDR1Omwc+aSJYwM+Z14wH8KY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FL16EFowttKFsttN26WYTdjdCCf0NXjyoePUPefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWP5YMYJBhEdSN7njBor+Y2ud3bfLVfcqjsDWSZeTiqQo94tf3V6MUsjlIYJqnXbcxMTZFQZzgROSp1UY0LZiA6wbamkEeogmx07ISdW6ZF+rGxJQ2bq74mMRlqPo9B2RtQM9aI3Ff/z2qnpXwUZl0lqULL5on4qiInJ9HPS4wqZEWNLKFPc3krYkCrKjM2nZEPwFl9eJv559brqNS4qtZs8jSIcwTGcggeXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRXaN3Q==</latexit>

Q2/M
<latexit sha1_base64="cI1rVldyjYkZ/H0WfINGzfdg7xw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1FvRixehBWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8MKMUg5j2JY84o8ZKfqNbPb/vlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQVjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJn61cl3xGhfl2k2eRgGO4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8fRvuN3g==</latexit><latexit sha1_base64="cI1rVldyjYkZ/H0WfINGzfdg7xw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1FvRixehBWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8MKMUg5j2JY84o8ZKfqNbPb/vlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQVjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJn61cl3xGhfl2k2eRgGO4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8fRvuN3g==</latexit><latexit sha1_base64="cI1rVldyjYkZ/H0WfINGzfdg7xw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1FvRixehBWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8MKMUg5j2JY84o8ZKfqNbPb/vlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQVjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJn61cl3xGhfl2k2eRgGO4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8fRvuN3g==</latexit><latexit sha1_base64="cI1rVldyjYkZ/H0WfINGzfdg7xw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1FvRixehBWMLbSib7aRdutmE3Y1QSn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OH3WSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8MKMUg5j2JY84o8ZKfqNbPb/vlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQVjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJn61cl3xGhfl2k2eRgGO4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8fRvuN3g==</latexit>

BPS
BHE



BPS vs. BHE

• Since              ,           , must have BPS    BHE for 
conifold 

• Q: When does BPS = BHE? 
• A: BPS = BHE 

                                   Mori Cone 

g5 ! 0
<latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit><latexit sha1_base64="/ZVioq0b2dELdty0RlSwDLjl+y8=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIot4KXvRWwdhCG8Jmu02XbjZhd2MpsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrK6tb5Q3K1vbO7t7dnX/QSWZJNQjCU9kO8SKciaop5nmtJ1KiuOQ01Y4vJ76rUcqFUvEvR6n1I9xJFifEayNFNjVKDhHXcmigcZSJiPkBHbNqTszoGXiFqQGBZqB/dXtJSSLqdCEY6U6rpNqP8dSM8LppNLNFE0xGeKIdgwVOKbKz2enT9CxUXqon0hTQqOZ+nsix7FS4zg0nTHWA7XoTcX/vE6m+5d+zkSaaSrIfFE/40gnaJoD6jFJieZjQzCRzNyKyABLTLRJq2JCcBdfXibeaf2q7t6d1Rq3RRplOIQjOAEXLqABN9AEDwiM4Ble4c16sl6sd+tj3lqyipkD+APr8wfDoJNA</latexit>

⇣ ! 0
<latexit sha1_base64="vharA9gXuiW/V2c5NIFswqT0yKc=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwVBIR1FtBEI8VjC00oWy2m3bpJht2J0oM9a948aDi1T/izX/jts1BWx8MPN6bYWZemAquwXG+raXlldW19cpGdXNre2fX3tu/0zJTlHlUCqk6IdFM8IR5wEGwTqoYiUPB2uHocuK375nSXCa3kKcsiMkg4RGnBIzUs2v+IwOCfcUHQyBKyQfs9Oy603CmwIvELUkdlWj17C+/L2kWswSoIFp3XSeFoCAKOBVsXPUzzVJCR2TAuoYmJGY6KKbHj/GRUfo4kspUAniq/p4oSKx1HoemMyYw1PPeRPzP62YQnQcFT9IMWEJni6JMYJB4kgTuc8UoiNwQQhU3t2I6JIpQMHlVTQju/MuLxDtpXDTcm9N686pMo4IO0CE6Ri46Q010jVrIQxTl6Bm9ojfryXqx3q2PWeuSVc7U0B9Ynz/B8ZRm</latexit><latexit sha1_base64="vharA9gXuiW/V2c5NIFswqT0yKc=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwVBIR1FtBEI8VjC00oWy2m3bpJht2J0oM9a948aDi1T/izX/jts1BWx8MPN6bYWZemAquwXG+raXlldW19cpGdXNre2fX3tu/0zJTlHlUCqk6IdFM8IR5wEGwTqoYiUPB2uHocuK375nSXCa3kKcsiMkg4RGnBIzUs2v+IwOCfcUHQyBKyQfs9Oy603CmwIvELUkdlWj17C+/L2kWswSoIFp3XSeFoCAKOBVsXPUzzVJCR2TAuoYmJGY6KKbHj/GRUfo4kspUAniq/p4oSKx1HoemMyYw1PPeRPzP62YQnQcFT9IMWEJni6JMYJB4kgTuc8UoiNwQQhU3t2I6JIpQMHlVTQju/MuLxDtpXDTcm9N686pMo4IO0CE6Ri46Q010jVrIQxTl6Bm9ojfryXqx3q2PWeuSVc7U0B9Ynz/B8ZRm</latexit><latexit sha1_base64="vharA9gXuiW/V2c5NIFswqT0yKc=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwVBIR1FtBEI8VjC00oWy2m3bpJht2J0oM9a948aDi1T/izX/jts1BWx8MPN6bYWZemAquwXG+raXlldW19cpGdXNre2fX3tu/0zJTlHlUCqk6IdFM8IR5wEGwTqoYiUPB2uHocuK375nSXCa3kKcsiMkg4RGnBIzUs2v+IwOCfcUHQyBKyQfs9Oy603CmwIvELUkdlWj17C+/L2kWswSoIFp3XSeFoCAKOBVsXPUzzVJCR2TAuoYmJGY6KKbHj/GRUfo4kspUAniq/p4oSKx1HoemMyYw1PPeRPzP62YQnQcFT9IMWEJni6JMYJB4kgTuc8UoiNwQQhU3t2I6JIpQMHlVTQju/MuLxDtpXDTcm9N686pMo4IO0CE6Ri46Q010jVrIQxTl6Bm9ojfryXqx3q2PWeuSVc7U0B9Ynz/B8ZRm</latexit><latexit sha1_base64="vharA9gXuiW/V2c5NIFswqT0yKc=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwVBIR1FtBEI8VjC00oWy2m3bpJht2J0oM9a948aDi1T/izX/jts1BWx8MPN6bYWZemAquwXG+raXlldW19cpGdXNre2fX3tu/0zJTlHlUCqk6IdFM8IR5wEGwTqoYiUPB2uHocuK375nSXCa3kKcsiMkg4RGnBIzUs2v+IwOCfcUHQyBKyQfs9Oy603CmwIvELUkdlWj17C+/L2kWswSoIFp3XSeFoCAKOBVsXPUzzVJCR2TAuoYmJGY6KKbHj/GRUfo4kspUAniq/p4oSKx1HoemMyYw1PPeRPzP62YQnQcFT9IMWEJni6JMYJB4kgTuc8UoiNwQQhU3t2I6JIpQMHlVTQju/MuLxDtpXDTcm9N686pMo4IO0CE6Ri46Q010jVrIQxTl6Bm9ojfryXqx3q2PWeuSVc7U0B9Ynz/B8ZRm</latexit>

6=
<latexit sha1_base64="Byd+Zdp3eoE3LB8epUrCR/MvwLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtulm03c3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemAiujet+O6WV1bX1jfJmZWt7Z3evun/woONUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8nfutJ1Sax/LeTBIMIjqUfMAZNbnUlfjYq9bcujsDWSZeQWpQoNmrfnX7MUsjlIYJqnXHcxMTZFQZzgROK91UY0LZmA6xY6mkEeogm906JSdW6ZNBrGxJQ2bq74mMRlpPotB2RtSM9KKXi/95ndQMLoOMyyQ1KNl80SAVxMQkf5z0uUJmxMQSyhS3txI2oooyY+Op2BC8xZeXiX9Wv6p7d+e1xk2RRhmO4BhOwYMLaMAtNMEHBiN4hld4cyLnxXl3PuatJaeYOYQ/cD5/AIZtjho=</latexit><latexit sha1_base64="Byd+Zdp3eoE3LB8epUrCR/MvwLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtulm03c3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemAiujet+O6WV1bX1jfJmZWt7Z3evun/woONUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8nfutJ1Sax/LeTBIMIjqUfMAZNbnUlfjYq9bcujsDWSZeQWpQoNmrfnX7MUsjlIYJqnXHcxMTZFQZzgROK91UY0LZmA6xY6mkEeogm906JSdW6ZNBrGxJQ2bq74mMRlpPotB2RtSM9KKXi/95ndQMLoOMyyQ1KNl80SAVxMQkf5z0uUJmxMQSyhS3txI2oooyY+Op2BC8xZeXiX9Wv6p7d+e1xk2RRhmO4BhOwYMLaMAtNMEHBiN4hld4cyLnxXl3PuatJaeYOYQ/cD5/AIZtjho=</latexit><latexit sha1_base64="Byd+Zdp3eoE3LB8epUrCR/MvwLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtulm03c3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemAiujet+O6WV1bX1jfJmZWt7Z3evun/woONUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8nfutJ1Sax/LeTBIMIjqUfMAZNbnUlfjYq9bcujsDWSZeQWpQoNmrfnX7MUsjlIYJqnXHcxMTZFQZzgROK91UY0LZmA6xY6mkEeogm906JSdW6ZNBrGxJQ2bq74mMRlpPotB2RtSM9KKXi/95ndQMLoOMyyQ1KNl80SAVxMQkf5z0uUJmxMQSyhS3txI2oooyY+Op2BC8xZeXiX9Wv6p7d+e1xk2RRhmO4BhOwYMLaMAtNMEHBiN4hld4cyLnxXl3PuatJaeYOYQ/cD5/AIZtjho=</latexit><latexit sha1_base64="Byd+Zdp3eoE3LB8epUrCR/MvwLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtulm03c3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemAiujet+O6WV1bX1jfJmZWt7Z3evun/woONUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8nfutJ1Sax/LeTBIMIjqUfMAZNbnUlfjYq9bcujsDWSZeQWpQoNmrfnX7MUsjlIYJqnXHcxMTZFQZzgROK91UY0LZmA6xY6mkEeogm906JSdW6ZNBrGxJQ2bq74mMRlpPotB2RtSM9KKXi/95ndQMLoOMyyQ1KNl80SAVxMQkf5z0uUJmxMQSyhS3txI2oooyY+Op2BC8xZeXiX9Wv6p7d+e1xk2RRhmO4BhOwYMLaMAtNMEHBiN4hld4cyLnxXl3PuatJaeYOYQ/cD5/AIZtjho=</latexit>

, ⇣qi(ai) > 0 8ai
<latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit>

qi 2
<latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit>

\

All phases
<latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit>

, ⇣qi(ai) > 0 8ai
<latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit>



• Claim: BPS = BHE         
• Proof (sketch): 

• Critical points of      are all local minima 
(maxima) with 

• By Morse theory, such local minima are 
therefore global minima 

• So, either: 
•             everywhere (BPS=BHE) 
•             somewhere, no critical points (no 

BPS BH solutions exist) 

BPS vs. BHE (cont.)

⇣qi > 0 (⇣qi < 0).
<latexit sha1_base64="qbVbbBz8SZEBLM4aPtUNJyJLNYY=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSmJCCqIFATxWMHYQhPCZrtpl242cXcj1NC7F/+KFw8qXv0F3vw3btscauuDgcd7M8zMCxJGpbKsH6OwsLi0vFJcLa2tb2xumds7dzJOBSYOjlksWgGShFFOHEUVI61EEBQFjDSD/uXIbz4QIWnMb9UgIV6EupyGFCOlJd8su49EIT+79+kQXljQPaxOKefQOqj5ZsWqWWPAeWLnpAJyNHzz2+3EOI0IV5ghKdu2lSgvQ0JRzMiw5KaSJAj3UZe0NeUoItLLxr8M4b5WOjCMhS6u4FidnshQJOUgCnRnhFRPznoj8T+vnarw1MsoT1JFOJ4sClMGVQxHwcAOFQQrNtAEYUH1rRD3kEBY6fhKOgR79uV54hzVzmr2zXGlfpWnUQR7oAyqwAYnoA6uQQM4AIMn8ALewLvxbLwaH8bnpLVg5DO74A+Mr18PuplY</latexit><latexit sha1_base64="qbVbbBz8SZEBLM4aPtUNJyJLNYY=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSmJCCqIFATxWMHYQhPCZrtpl242cXcj1NC7F/+KFw8qXv0F3vw3btscauuDgcd7M8zMCxJGpbKsH6OwsLi0vFJcLa2tb2xumds7dzJOBSYOjlksWgGShFFOHEUVI61EEBQFjDSD/uXIbz4QIWnMb9UgIV6EupyGFCOlJd8su49EIT+79+kQXljQPaxOKefQOqj5ZsWqWWPAeWLnpAJyNHzz2+3EOI0IV5ghKdu2lSgvQ0JRzMiw5KaSJAj3UZe0NeUoItLLxr8M4b5WOjCMhS6u4FidnshQJOUgCnRnhFRPznoj8T+vnarw1MsoT1JFOJ4sClMGVQxHwcAOFQQrNtAEYUH1rRD3kEBY6fhKOgR79uV54hzVzmr2zXGlfpWnUQR7oAyqwAYnoA6uQQM4AIMn8ALewLvxbLwaH8bnpLVg5DO74A+Mr18PuplY</latexit><latexit sha1_base64="qbVbbBz8SZEBLM4aPtUNJyJLNYY=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSmJCCqIFATxWMHYQhPCZrtpl242cXcj1NC7F/+KFw8qXv0F3vw3btscauuDgcd7M8zMCxJGpbKsH6OwsLi0vFJcLa2tb2xumds7dzJOBSYOjlksWgGShFFOHEUVI61EEBQFjDSD/uXIbz4QIWnMb9UgIV6EupyGFCOlJd8su49EIT+79+kQXljQPaxOKefQOqj5ZsWqWWPAeWLnpAJyNHzz2+3EOI0IV5ghKdu2lSgvQ0JRzMiw5KaSJAj3UZe0NeUoItLLxr8M4b5WOjCMhS6u4FidnshQJOUgCnRnhFRPznoj8T+vnarw1MsoT1JFOJ4sClMGVQxHwcAOFQQrNtAEYUH1rRD3kEBY6fhKOgR79uV54hzVzmr2zXGlfpWnUQR7oAyqwAYnoA6uQQM4AIMn8ALewLvxbLwaH8bnpLVg5DO74A+Mr18PuplY</latexit><latexit sha1_base64="qbVbbBz8SZEBLM4aPtUNJyJLNYY=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSmJCCqIFATxWMHYQhPCZrtpl242cXcj1NC7F/+KFw8qXv0F3vw3btscauuDgcd7M8zMCxJGpbKsH6OwsLi0vFJcLa2tb2xumds7dzJOBSYOjlksWgGShFFOHEUVI61EEBQFjDSD/uXIbz4QIWnMb9UgIV6EupyGFCOlJd8su49EIT+79+kQXljQPaxOKefQOqj5ZsWqWWPAeWLnpAJyNHzz2+3EOI0IV5ghKdu2lSgvQ0JRzMiw5KaSJAj3UZe0NeUoItLLxr8M4b5WOjCMhS6u4FidnshQJOUgCnRnhFRPznoj8T+vnarw1MsoT1JFOJ4sClMGVQxHwcAOFQQrNtAEYUH1rRD3kEBY6fhKOgR79uV54hzVzmr2zXGlfpWnUQR7oAyqwAYnoA6uQQM4AIMn8ALewLvxbLwaH8bnpLVg5DO74A+Mr18PuplY</latexit>

⇣qi
<latexit sha1_base64="1Xr+9I7Nl2dDz0/8jVP7Nq2zRSs=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q0giMcKxhbSEDbbTbt0sxt3J0IN/RlePKh49d9489+4bXPQ1gcDj/dmmJkXZ4IbcN1vZ2l5ZXVtvbJR3dza3tmt7e3fG5VrynyqhNKdmBgmuGQ+cBCsk2lG0liwdjy8mvjtR6YNV/IORhkLU9KXPOGUgJWC7hMDEhUPER9HtbrbcKfAi8QrSR2VaEW1r25P0TxlEqggxgSem0FYEA2cCjaudnPDMkKHpM8CSyVJmQmL6cljfGyVHk6UtiUBT9XfEwVJjRmlse1MCQzMvDcR//OCHJKLsOAyy4FJOluU5AKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUtWG4M2/vEj808Zlw7s9qzevyzQq6BAdoRPkoXPURDeohXxEkULP6BW9OeC8OO/Ox6x1ySlnDtAfOJ8/JriRYA==</latexit><latexit sha1_base64="1Xr+9I7Nl2dDz0/8jVP7Nq2zRSs=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q0giMcKxhbSEDbbTbt0sxt3J0IN/RlePKh49d9489+4bXPQ1gcDj/dmmJkXZ4IbcN1vZ2l5ZXVtvbJR3dza3tmt7e3fG5VrynyqhNKdmBgmuGQ+cBCsk2lG0liwdjy8mvjtR6YNV/IORhkLU9KXPOGUgJWC7hMDEhUPER9HtbrbcKfAi8QrSR2VaEW1r25P0TxlEqggxgSem0FYEA2cCjaudnPDMkKHpM8CSyVJmQmL6cljfGyVHk6UtiUBT9XfEwVJjRmlse1MCQzMvDcR//OCHJKLsOAyy4FJOluU5AKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUtWG4M2/vEj808Zlw7s9qzevyzQq6BAdoRPkoXPURDeohXxEkULP6BW9OeC8OO/Ox6x1ySlnDtAfOJ8/JriRYA==</latexit><latexit sha1_base64="1Xr+9I7Nl2dDz0/8jVP7Nq2zRSs=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q0giMcKxhbSEDbbTbt0sxt3J0IN/RlePKh49d9489+4bXPQ1gcDj/dmmJkXZ4IbcN1vZ2l5ZXVtvbJR3dza3tmt7e3fG5VrynyqhNKdmBgmuGQ+cBCsk2lG0liwdjy8mvjtR6YNV/IORhkLU9KXPOGUgJWC7hMDEhUPER9HtbrbcKfAi8QrSR2VaEW1r25P0TxlEqggxgSem0FYEA2cCjaudnPDMkKHpM8CSyVJmQmL6cljfGyVHk6UtiUBT9XfEwVJjRmlse1MCQzMvDcR//OCHJKLsOAyy4FJOluU5AKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUtWG4M2/vEj808Zlw7s9qzevyzQq6BAdoRPkoXPURDeohXxEkULP6BW9OeC8OO/Ox6x1ySlnDtAfOJ8/JriRYA==</latexit><latexit sha1_base64="1Xr+9I7Nl2dDz0/8jVP7Nq2zRSs=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q0giMcKxhbSEDbbTbt0sxt3J0IN/RlePKh49d9489+4bXPQ1gcDj/dmmJkXZ4IbcN1vZ2l5ZXVtvbJR3dza3tmt7e3fG5VrynyqhNKdmBgmuGQ+cBCsk2lG0liwdjy8mvjtR6YNV/IORhkLU9KXPOGUgJWC7hMDEhUPER9HtbrbcKfAi8QrSR2VaEW1r25P0TxlEqggxgSem0FYEA2cCjaudnPDMkKHpM8CSyVJmQmL6cljfGyVHk6UtiUBT9XfEwVJjRmlse1MCQzMvDcR//OCHJKLsOAyy4FJOluU5AKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUtWG4M2/vEj808Zlw7s9qzevyzQq6BAdoRPkoXPURDeohXxEkULP6BW9OeC8OO/Ox6x1ySlnDtAfOJ8/JriRYA==</latexit>

, ⇣qi(ai) > 0 8ai
<latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit>

⇣qi > 0
<latexit sha1_base64="QaqemvavKQ2XCQQM6o//1UustbU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignqRgiAeKxhbaEPYbCft0s0m7m6ENvSXePGg4tW/4s1/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2e3au/tP6gkkxQ8mvBEtkOigDMBnmaaQzuVQOKQQyscXk/91hNIxRJxr0cp+DHpCxYxSrSRArvaHYMmQf4YsAm+wk5g15y6MwNeJm5BaqhAM7C/ur2EZjEITTlRquM6qfZzIjWjHCaVbqYgJXRI+tAxVJAYlJ/PDp/gY6P0cJRIU0Ljmfp7IiexUqM4NJ0x0QO16E3F/7xOpqMLP2cizTQIOl8UZRzrBE9TwD0mgWo+MoRQycytmA6IJFSbrComBHfx5WXindYv6+7dWa1xU6RRRofoCJ0gF52jBrpFTeQhijL0jF7RmzW2Xqx362PeWrKKmQP0B9bnD0zakmc=</latexit><latexit sha1_base64="QaqemvavKQ2XCQQM6o//1UustbU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignqRgiAeKxhbaEPYbCft0s0m7m6ENvSXePGg4tW/4s1/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2e3au/tP6gkkxQ8mvBEtkOigDMBnmaaQzuVQOKQQyscXk/91hNIxRJxr0cp+DHpCxYxSrSRArvaHYMmQf4YsAm+wk5g15y6MwNeJm5BaqhAM7C/ur2EZjEITTlRquM6qfZzIjWjHCaVbqYgJXRI+tAxVJAYlJ/PDp/gY6P0cJRIU0Ljmfp7IiexUqM4NJ0x0QO16E3F/7xOpqMLP2cizTQIOl8UZRzrBE9TwD0mgWo+MoRQycytmA6IJFSbrComBHfx5WXindYv6+7dWa1xU6RRRofoCJ0gF52jBrpFTeQhijL0jF7RmzW2Xqx362PeWrKKmQP0B9bnD0zakmc=</latexit><latexit sha1_base64="QaqemvavKQ2XCQQM6o//1UustbU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignqRgiAeKxhbaEPYbCft0s0m7m6ENvSXePGg4tW/4s1/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2e3au/tP6gkkxQ8mvBEtkOigDMBnmaaQzuVQOKQQyscXk/91hNIxRJxr0cp+DHpCxYxSrSRArvaHYMmQf4YsAm+wk5g15y6MwNeJm5BaqhAM7C/ur2EZjEITTlRquM6qfZzIjWjHCaVbqYgJXRI+tAxVJAYlJ/PDp/gY6P0cJRIU0Ljmfp7IiexUqM4NJ0x0QO16E3F/7xOpqMLP2cizTQIOl8UZRzrBE9TwD0mgWo+MoRQycytmA6IJFSbrComBHfx5WXindYv6+7dWa1xU6RRRofoCJ0gF52jBrpFTeQhijL0jF7RmzW2Xqx362PeWrKKmQP0B9bnD0zakmc=</latexit><latexit sha1_base64="QaqemvavKQ2XCQQM6o//1UustbU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignqRgiAeKxhbaEPYbCft0s0m7m6ENvSXePGg4tW/4s1/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2e3au/tP6gkkxQ8mvBEtkOigDMBnmaaQzuVQOKQQyscXk/91hNIxRJxr0cp+DHpCxYxSrSRArvaHYMmQf4YsAm+wk5g15y6MwNeJm5BaqhAM7C/ur2EZjEITTlRquM6qfZzIjWjHCaVbqYgJXRI+tAxVJAYlJ/PDp/gY6P0cJRIU0Ljmfp7IiexUqM4NJ0x0QO16E3F/7xOpqMLP2cizTQIOl8UZRzrBE9TwD0mgWo+MoRQycytmA6IJFSbrComBHfx5WXindYv6+7dWa1xU6RRRofoCJ0gF52jBrpFTeQhijL0jF7RmzW2Xqx362PeWrKKmQP0B9bnD0zakmc=</latexit>

⇣qi = 0
<latexit sha1_base64="vyue7KHmOmkcjPG2RlNnApugP6A=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignoQCoJ4rGBsoQ1hs520SzebuLsR2tBf4sWDilf/ijf/jds2B219MPB4b4aZeWHKmdKO822VVlbX1jfKm5Wt7Z3dqr23/6CSTFLwaMIT2Q6JAs4EeJppDu1UAolDDq1weD31W08gFUvEvR6l4MekL1jEKNFGCuxqdwyaBPljwCb4CjuBXXPqzgx4mbgFqaECzcD+6vYSmsUgNOVEqY7rpNrPidSMcphUupmClNAh6UPHUEFiUH4+O3yCj43Sw1EiTQmNZ+rviZzESo3i0HTGRA/UojcV//M6mY4u/JyJNNMg6HxRlHGsEzxNAfeYBKr5yBBCJTO3YjogklBtsqqYENzFl5eJd1q/rLt3Z7XGTZFGGR2iI3SCXHSOGugWNZGHKMrQM3pFb9bYerHerY95a8kqZg7QH1ifP0tVkmY=</latexit><latexit sha1_base64="vyue7KHmOmkcjPG2RlNnApugP6A=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignoQCoJ4rGBsoQ1hs520SzebuLsR2tBf4sWDilf/ijf/jds2B219MPB4b4aZeWHKmdKO822VVlbX1jfKm5Wt7Z3dqr23/6CSTFLwaMIT2Q6JAs4EeJppDu1UAolDDq1weD31W08gFUvEvR6l4MekL1jEKNFGCuxqdwyaBPljwCb4CjuBXXPqzgx4mbgFqaECzcD+6vYSmsUgNOVEqY7rpNrPidSMcphUupmClNAh6UPHUEFiUH4+O3yCj43Sw1EiTQmNZ+rviZzESo3i0HTGRA/UojcV//M6mY4u/JyJNNMg6HxRlHGsEzxNAfeYBKr5yBBCJTO3YjogklBtsqqYENzFl5eJd1q/rLt3Z7XGTZFGGR2iI3SCXHSOGugWNZGHKMrQM3pFb9bYerHerY95a8kqZg7QH1ifP0tVkmY=</latexit><latexit sha1_base64="vyue7KHmOmkcjPG2RlNnApugP6A=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignoQCoJ4rGBsoQ1hs520SzebuLsR2tBf4sWDilf/ijf/jds2B219MPB4b4aZeWHKmdKO822VVlbX1jfKm5Wt7Z3dqr23/6CSTFLwaMIT2Q6JAs4EeJppDu1UAolDDq1weD31W08gFUvEvR6l4MekL1jEKNFGCuxqdwyaBPljwCb4CjuBXXPqzgx4mbgFqaECzcD+6vYSmsUgNOVEqY7rpNrPidSMcphUupmClNAh6UPHUEFiUH4+O3yCj43Sw1EiTQmNZ+rviZzESo3i0HTGRA/UojcV//M6mY4u/JyJNNMg6HxRlHGsEzxNAfeYBKr5yBBCJTO3YjogklBtsqqYENzFl5eJd1q/rLt3Z7XGTZFGGR2iI3SCXHSOGugWNZGHKMrQM3pFb9bYerHerY95a8kqZg7QH1ifP0tVkmY=</latexit><latexit sha1_base64="vyue7KHmOmkcjPG2RlNnApugP6A=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEInkoignoQCoJ4rGBsoQ1hs520SzebuLsR2tBf4sWDilf/ijf/jds2B219MPB4b4aZeWHKmdKO822VVlbX1jfKm5Wt7Z3dqr23/6CSTFLwaMIT2Q6JAs4EeJppDu1UAolDDq1weD31W08gFUvEvR6l4MekL1jEKNFGCuxqdwyaBPljwCb4CjuBXXPqzgx4mbgFqaECzcD+6vYSmsUgNOVEqY7rpNrPidSMcphUupmClNAh6UPHUEFiUH4+O3yCj43Sw1EiTQmNZ+rviZzESo3i0HTGRA/UojcV//M6mY4u/JyJNNMg6HxRlHGsEzxNAfeYBKr5yBBCJTO3YjogklBtsqqYENzFl5eJd1q/rLt3Z7XGTZFGGR2iI3SCXHSOGugWNZGHKMrQM3pFb9bYerHerY95a8kqZg7QH1ifP0tVkmY=</latexit>



•   
•    
•   
•    

Primer on Algebraic Geometry

Calabi-Yau X, irreducible curves {Ci}
<latexit sha1_base64="KeVhkUIFzBPU3462U0OXC3Psj4M=">AAACFnicbVC7TkJBEN2LL8QXammzEUwslNxLo3YkJMYSExEMEDJ3GWDD3kf2QUJu+Asbf8XGQo2tsfNvXB6FgieZ5OScmd2Z48eCK+26305qZXVtfSO9mdna3tndy+4f3KvISIZVFolI1n1QKHiIVc21wHosEQJfYM0flCd+bYhS8Si806MYWwH0Qt7lDLSV2tlCGQT4/PwBDM3X82eUS4kdw7h9gDIjh6hovpnQcpvT5jjfzubcgjsFXSbenOTIHJV29qvZiZgJMNRMgFINz411KwGpORM4zjSNwhjYAHrYsDSEAFUrmd41pidW6dBuJG2Fmk7V3xMJBEqNAt92BqD7atGbiP95DaO7l62Eh7HRGLLZR10jqI7oJCTa4RKZFiNLgElud6WsDxKYtlFmbAje4snLpFosXBW822KudD1PI02OyDE5JR65ICVyQyqkShh5JM/klbw5T86L8+58zFpTznzmkPyB8/kDFZudlg==</latexit><latexit sha1_base64="KeVhkUIFzBPU3462U0OXC3Psj4M=">AAACFnicbVC7TkJBEN2LL8QXammzEUwslNxLo3YkJMYSExEMEDJ3GWDD3kf2QUJu+Asbf8XGQo2tsfNvXB6FgieZ5OScmd2Z48eCK+26305qZXVtfSO9mdna3tndy+4f3KvISIZVFolI1n1QKHiIVc21wHosEQJfYM0flCd+bYhS8Si806MYWwH0Qt7lDLSV2tlCGQT4/PwBDM3X82eUS4kdw7h9gDIjh6hovpnQcpvT5jjfzubcgjsFXSbenOTIHJV29qvZiZgJMNRMgFINz411KwGpORM4zjSNwhjYAHrYsDSEAFUrmd41pidW6dBuJG2Fmk7V3xMJBEqNAt92BqD7atGbiP95DaO7l62Eh7HRGLLZR10jqI7oJCTa4RKZFiNLgElud6WsDxKYtlFmbAje4snLpFosXBW822KudD1PI02OyDE5JR65ICVyQyqkShh5JM/klbw5T86L8+58zFpTznzmkPyB8/kDFZudlg==</latexit><latexit sha1_base64="KeVhkUIFzBPU3462U0OXC3Psj4M=">AAACFnicbVC7TkJBEN2LL8QXammzEUwslNxLo3YkJMYSExEMEDJ3GWDD3kf2QUJu+Asbf8XGQo2tsfNvXB6FgieZ5OScmd2Z48eCK+26305qZXVtfSO9mdna3tndy+4f3KvISIZVFolI1n1QKHiIVc21wHosEQJfYM0flCd+bYhS8Si806MYWwH0Qt7lDLSV2tlCGQT4/PwBDM3X82eUS4kdw7h9gDIjh6hovpnQcpvT5jjfzubcgjsFXSbenOTIHJV29qvZiZgJMNRMgFINz411KwGpORM4zjSNwhjYAHrYsDSEAFUrmd41pidW6dBuJG2Fmk7V3xMJBEqNAt92BqD7atGbiP95DaO7l62Eh7HRGLLZR10jqI7oJCTa4RKZFiNLgElud6WsDxKYtlFmbAje4snLpFosXBW822KudD1PI02OyDE5JR65ICVyQyqkShh5JM/klbw5T86L8+58zFpTznzmkPyB8/kDFZudlg==</latexit><latexit sha1_base64="KeVhkUIFzBPU3462U0OXC3Psj4M=">AAACFnicbVC7TkJBEN2LL8QXammzEUwslNxLo3YkJMYSExEMEDJ3GWDD3kf2QUJu+Asbf8XGQo2tsfNvXB6FgieZ5OScmd2Z48eCK+26305qZXVtfSO9mdna3tndy+4f3KvISIZVFolI1n1QKHiIVc21wHosEQJfYM0flCd+bYhS8Si806MYWwH0Qt7lDLSV2tlCGQT4/PwBDM3X82eUS4kdw7h9gDIjh6hovpnQcpvT5jjfzubcgjsFXSbenOTIHJV29qvZiZgJMNRMgFINz411KwGpORM4zjSNwhjYAHrYsDSEAFUrmd41pidW6dBuJG2Fmk7V3xMJBEqNAt92BqD7atGbiP95DaO7l62Eh7HRGLLZR10jqI7oJCTa4RKZFiNLgElud6WsDxKYtlFmbAje4snLpFosXBW822KudD1PI02OyDE5JR65ICVyQyqkShh5JM/klbw5T86L8+58zFpTznzmkPyB8/kDFZudlg==</latexit>

Mori Cone M(X) := {
P

ai[Ci], 0  ai}
<latexit sha1_base64="tVQSNmNRtT0k+vJcwCXuU5jW+OY=">AAACG3icbVDJSgNBEO2JW4xb1KOXxkRQkDCjBxcQAgHxEohgNJAZhp5OxTT2dI/dPUIY8iFe/BUvHlQ8CR78GzvLwe1BweO9KqrqRQln2rjup5Obmp6ZncvPFxYWl5ZXiqtrl1qmikKTSi5VKyIaOBPQNMxwaCUKSBxxuIpuakP/6g6UZlJcmH4CQUyuBesySoyVwuJ+XSqGa1IALte3Wzv4+AT7ma/TGJOQ4XYtZMEudrHP4Xak+INyWCy5FXcE/Jd4E1JCEzTC4rvfkTSNQRjKidZtz01MkBFlGOUwKPiphoTQG3INbUsFiUEH2ei5Ad6ySgd3pbIlDB6p3ycyEmvdjyPbGRPT07+9ofif105N9zDImEhSA4KOF3VTjo3Ew6RwhymghvctIVQxeyumPaIINTbPgg3B+/3yX9LcqxxVvPO9UvV0kkYebaBNtI08dICq6Aw1UBNRdI8e0TN6cR6cJ+fVeRu35pzJzDr6AefjC06gngA=</latexit><latexit sha1_base64="tVQSNmNRtT0k+vJcwCXuU5jW+OY=">AAACG3icbVDJSgNBEO2JW4xb1KOXxkRQkDCjBxcQAgHxEohgNJAZhp5OxTT2dI/dPUIY8iFe/BUvHlQ8CR78GzvLwe1BweO9KqrqRQln2rjup5Obmp6ZncvPFxYWl5ZXiqtrl1qmikKTSi5VKyIaOBPQNMxwaCUKSBxxuIpuakP/6g6UZlJcmH4CQUyuBesySoyVwuJ+XSqGa1IALte3Wzv4+AT7ma/TGJOQ4XYtZMEudrHP4Xak+INyWCy5FXcE/Jd4E1JCEzTC4rvfkTSNQRjKidZtz01MkBFlGOUwKPiphoTQG3INbUsFiUEH2ei5Ad6ySgd3pbIlDB6p3ycyEmvdjyPbGRPT07+9ofif105N9zDImEhSA4KOF3VTjo3Ew6RwhymghvctIVQxeyumPaIINTbPgg3B+/3yX9LcqxxVvPO9UvV0kkYebaBNtI08dICq6Aw1UBNRdI8e0TN6cR6cJ+fVeRu35pzJzDr6AefjC06gngA=</latexit><latexit sha1_base64="tVQSNmNRtT0k+vJcwCXuU5jW+OY=">AAACG3icbVDJSgNBEO2JW4xb1KOXxkRQkDCjBxcQAgHxEohgNJAZhp5OxTT2dI/dPUIY8iFe/BUvHlQ8CR78GzvLwe1BweO9KqrqRQln2rjup5Obmp6ZncvPFxYWl5ZXiqtrl1qmikKTSi5VKyIaOBPQNMxwaCUKSBxxuIpuakP/6g6UZlJcmH4CQUyuBesySoyVwuJ+XSqGa1IALte3Wzv4+AT7ma/TGJOQ4XYtZMEudrHP4Xak+INyWCy5FXcE/Jd4E1JCEzTC4rvfkTSNQRjKidZtz01MkBFlGOUwKPiphoTQG3INbUsFiUEH2ei5Ad6ySgd3pbIlDB6p3ycyEmvdjyPbGRPT07+9ofif105N9zDImEhSA4KOF3VTjo3Ew6RwhymghvctIVQxeyumPaIINTbPgg3B+/3yX9LcqxxVvPO9UvV0kkYebaBNtI08dICq6Aw1UBNRdI8e0TN6cR6cJ+fVeRu35pzJzDr6AefjC06gngA=</latexit><latexit sha1_base64="tVQSNmNRtT0k+vJcwCXuU5jW+OY=">AAACG3icbVDJSgNBEO2JW4xb1KOXxkRQkDCjBxcQAgHxEohgNJAZhp5OxTT2dI/dPUIY8iFe/BUvHlQ8CR78GzvLwe1BweO9KqrqRQln2rjup5Obmp6ZncvPFxYWl5ZXiqtrl1qmikKTSi5VKyIaOBPQNMxwaCUKSBxxuIpuakP/6g6UZlJcmH4CQUyuBesySoyVwuJ+XSqGa1IALte3Wzv4+AT7ma/TGJOQ4XYtZMEudrHP4Xak+INyWCy5FXcE/Jd4E1JCEzTC4rvfkTSNQRjKidZtz01MkBFlGOUwKPiphoTQG3INbUsFiUEH2ei5Ad6ySgd3pbIlDB6p3ycyEmvdjyPbGRPT07+9ofif105N9zDImEhSA4KOF3VTjo3Ew6RwhymghvctIVQxeyumPaIINTbPgg3B+/3yX9LcqxxVvPO9UvV0kkYebaBNtI08dICq6Aw1UBNRdI8e0TN6cR6cJ+fVeRu35pzJzDr6AefjC06gngA=</latexit>

Kähler Form J 2 H1,1
(X)

<latexit sha1_base64="XzEgOoc2GrUX3IkJ+CaaorMSR0U=">AAACCXicbVBNS8NAEN3Ur1q/oh69rG2FClKSXtRbQShFLxWMLTSxbLabdulmE3Y3Qgk9e/GvePGg4tV/4M1/47bNQasPBh7vzTAzz48Zlcqyvozc0vLK6lp+vbCxubW9Y+7u3cooEZg4OGKR6PhIEkY5cRRVjHRiQVDoM9L2RxdTv31PhKQRv1HjmHghGnAaUIyUlnrm4ZVbRENGBGxEIoTlS+hSDpt3qX1iTyqd4zLsmSWras0A/xI7IyWQodUzP91+hJOQcIUZkrJrW7HyUiQUxYxMCm4iSYzwCA1IV1OOQiK9dPbKBB5ppQ+DSOjiCs7UnxMpCqUch77uDJEaykVvKv7ndRMVnHkp5XGiCMfzRUHCoIrgNBfYp4JgxcaaICyovhXiIRIIK51eQYdgL778lzi16nnVvq6V6o0sjTw4AEVQATY4BXXQBC3gAAwewBN4Aa/Go/FsvBnv89ackc3sg18wPr4B8j6Xbg==</latexit><latexit sha1_base64="XzEgOoc2GrUX3IkJ+CaaorMSR0U=">AAACCXicbVBNS8NAEN3Ur1q/oh69rG2FClKSXtRbQShFLxWMLTSxbLabdulmE3Y3Qgk9e/GvePGg4tV/4M1/47bNQasPBh7vzTAzz48Zlcqyvozc0vLK6lp+vbCxubW9Y+7u3cooEZg4OGKR6PhIEkY5cRRVjHRiQVDoM9L2RxdTv31PhKQRv1HjmHghGnAaUIyUlnrm4ZVbRENGBGxEIoTlS+hSDpt3qX1iTyqd4zLsmSWras0A/xI7IyWQodUzP91+hJOQcIUZkrJrW7HyUiQUxYxMCm4iSYzwCA1IV1OOQiK9dPbKBB5ppQ+DSOjiCs7UnxMpCqUch77uDJEaykVvKv7ndRMVnHkp5XGiCMfzRUHCoIrgNBfYp4JgxcaaICyovhXiIRIIK51eQYdgL778lzi16nnVvq6V6o0sjTw4AEVQATY4BXXQBC3gAAwewBN4Aa/Go/FsvBnv89ackc3sg18wPr4B8j6Xbg==</latexit><latexit sha1_base64="XzEgOoc2GrUX3IkJ+CaaorMSR0U=">AAACCXicbVBNS8NAEN3Ur1q/oh69rG2FClKSXtRbQShFLxWMLTSxbLabdulmE3Y3Qgk9e/GvePGg4tV/4M1/47bNQasPBh7vzTAzz48Zlcqyvozc0vLK6lp+vbCxubW9Y+7u3cooEZg4OGKR6PhIEkY5cRRVjHRiQVDoM9L2RxdTv31PhKQRv1HjmHghGnAaUIyUlnrm4ZVbRENGBGxEIoTlS+hSDpt3qX1iTyqd4zLsmSWras0A/xI7IyWQodUzP91+hJOQcIUZkrJrW7HyUiQUxYxMCm4iSYzwCA1IV1OOQiK9dPbKBB5ppQ+DSOjiCs7UnxMpCqUch77uDJEaykVvKv7ndRMVnHkp5XGiCMfzRUHCoIrgNBfYp4JgxcaaICyovhXiIRIIK51eQYdgL778lzi16nnVvq6V6o0sjTw4AEVQATY4BXXQBC3gAAwewBN4Aa/Go/FsvBnv89ackc3sg18wPr4B8j6Xbg==</latexit><latexit sha1_base64="XzEgOoc2GrUX3IkJ+CaaorMSR0U=">AAACCXicbVBNS8NAEN3Ur1q/oh69rG2FClKSXtRbQShFLxWMLTSxbLabdulmE3Y3Qgk9e/GvePGg4tV/4M1/47bNQasPBh7vzTAzz48Zlcqyvozc0vLK6lp+vbCxubW9Y+7u3cooEZg4OGKR6PhIEkY5cRRVjHRiQVDoM9L2RxdTv31PhKQRv1HjmHghGnAaUIyUlnrm4ZVbRENGBGxEIoTlS+hSDpt3qX1iTyqd4zLsmSWras0A/xI7IyWQodUzP91+hJOQcIUZkrJrW7HyUiQUxYxMCm4iSYzwCA1IV1OOQiK9dPbKBB5ppQ+DSOjiCs7UnxMpCqUch77uDJEaykVvKv7ndRMVnHkp5XGiCMfzRUHCoIrgNBfYp4JgxcaaICyovhXiIRIIK51eQYdgL778lzi16nnVvq6V6o0sjTw4AEVQATY4BXXQBC3gAAwewBN4Aa/Go/FsvBnv89ackc3sg18wPr4B8j6Xbg==</latexit>

Kähler Cone K(X) := {J,Vol(Ci) =
R
Ci

J > 0}
<latexit sha1_base64="McLQNhw6lwSpxOKQJLIc82k9zsQ="></latexit><latexit sha1_base64="McLQNhw6lwSpxOKQJLIc82k9zsQ="></latexit><latexit sha1_base64="McLQNhw6lwSpxOKQJLIc82k9zsQ="></latexit><latexit sha1_base64="McLQNhw6lwSpxOKQJLIc82k9zsQ="></latexit>

M(X)
<latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit>

K(X)
<latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit>



Flop X ! ˜X
<latexit sha1_base64="Ohhm2aQ9HphCiVT/A1w3BCtlBOM=">AAACBXicbVA9SwNBEN2LXzF+RS1FWEwEq3CXRu0CglhJBM8cJCHs7W2SJXu7x+6cEo5UNv4VGwsVW/+Dnf/GzUehiQ8GHu/NMDMvTAQ34LrfTm5peWV1Lb9e2Njc2t4p7u7dGZVqynyqhNJBSAwTXDIfOAgWJJqROBSsEQ4uxn7jnmnDlbyFYcLaMelJ3uWUgJU6xcNLoRJcDnBL814fiNbqAbeAi4jhoNwpltyKOwFeJN6MlNAM9U7xqxUpmsZMAhXEmKbnJtDOiAZOBRsVWqlhCaED0mNNSyWJmWlnkzdG+NgqEe4qbUsCnqi/JzISGzOMQ9sZE+ibeW8s/uc1U+ietTMukxSYpNNF3VRgUHicCY64ZhTE0BJCNbe3YtonmlCwyRVsCN78y4vEr1bOK95NtVS7nqWRRwfoCJ0gD52iGrpCdeQjih7RM3pFb86T8+K8Ox/T1pwzm9lHf+B8/gD+fZfH</latexit><latexit sha1_base64="Ohhm2aQ9HphCiVT/A1w3BCtlBOM=">AAACBXicbVA9SwNBEN2LXzF+RS1FWEwEq3CXRu0CglhJBM8cJCHs7W2SJXu7x+6cEo5UNv4VGwsVW/+Dnf/GzUehiQ8GHu/NMDMvTAQ34LrfTm5peWV1Lb9e2Njc2t4p7u7dGZVqynyqhNJBSAwTXDIfOAgWJJqROBSsEQ4uxn7jnmnDlbyFYcLaMelJ3uWUgJU6xcNLoRJcDnBL814fiNbqAbeAi4jhoNwpltyKOwFeJN6MlNAM9U7xqxUpmsZMAhXEmKbnJtDOiAZOBRsVWqlhCaED0mNNSyWJmWlnkzdG+NgqEe4qbUsCnqi/JzISGzOMQ9sZE+ibeW8s/uc1U+ietTMukxSYpNNF3VRgUHicCY64ZhTE0BJCNbe3YtonmlCwyRVsCN78y4vEr1bOK95NtVS7nqWRRwfoCJ0gD52iGrpCdeQjih7RM3pFb86T8+K8Ox/T1pwzm9lHf+B8/gD+fZfH</latexit><latexit sha1_base64="Ohhm2aQ9HphCiVT/A1w3BCtlBOM=">AAACBXicbVA9SwNBEN2LXzF+RS1FWEwEq3CXRu0CglhJBM8cJCHs7W2SJXu7x+6cEo5UNv4VGwsVW/+Dnf/GzUehiQ8GHu/NMDMvTAQ34LrfTm5peWV1Lb9e2Njc2t4p7u7dGZVqynyqhNJBSAwTXDIfOAgWJJqROBSsEQ4uxn7jnmnDlbyFYcLaMelJ3uWUgJU6xcNLoRJcDnBL814fiNbqAbeAi4jhoNwpltyKOwFeJN6MlNAM9U7xqxUpmsZMAhXEmKbnJtDOiAZOBRsVWqlhCaED0mNNSyWJmWlnkzdG+NgqEe4qbUsCnqi/JzISGzOMQ9sZE+ibeW8s/uc1U+ietTMukxSYpNNF3VRgUHicCY64ZhTE0BJCNbe3YtonmlCwyRVsCN78y4vEr1bOK95NtVS7nqWRRwfoCJ0gD52iGrpCdeQjih7RM3pFb86T8+K8Ox/T1pwzm9lHf+B8/gD+fZfH</latexit><latexit sha1_base64="Ohhm2aQ9HphCiVT/A1w3BCtlBOM=">AAACBXicbVA9SwNBEN2LXzF+RS1FWEwEq3CXRu0CglhJBM8cJCHs7W2SJXu7x+6cEo5UNv4VGwsVW/+Dnf/GzUehiQ8GHu/NMDMvTAQ34LrfTm5peWV1Lb9e2Njc2t4p7u7dGZVqynyqhNJBSAwTXDIfOAgWJJqROBSsEQ4uxn7jnmnDlbyFYcLaMelJ3uWUgJU6xcNLoRJcDnBL814fiNbqAbeAi4jhoNwpltyKOwFeJN6MlNAM9U7xqxUpmsZMAhXEmKbnJtDOiAZOBRsVWqlhCaED0mNNSyWJmWlnkzdG+NgqEe4qbUsCnqi/JzISGzOMQ9sZE+ibeW8s/uc1U+ietTMukxSYpNNF3VRgUHicCY64ZhTE0BJCNbe3YtonmlCwyRVsCN78y4vEr1bOK95NtVS7nqWRRwfoCJ0gD52iGrpCdeQjih7RM3pFb86T8+K8Ox/T1pwzm9lHf+B8/gD+fZfH</latexit>

M(X̃)
<latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit>

M(X)
<latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit>

K(X)
<latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit>

K(X̃)
<latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit>



SUGRA and Geometry

•    
•    

•  So, BPS = BHE 

Curve [Ci] ! charge ~q = ~q([Ci])
<latexit sha1_base64="Y3wNwypnEGdeBCjQcQGFgVhKud8=">AAACIXicbVDLTgIxFO34RHyhLt00ggluyAwbZWFCQkxcYiJCwkwmnXKBhs7DtoMhE77Fjb/ixoUadsafsQyzUPAkTU/OOTftPV7EmVSm+WWsrW9sbm3ndvK7e/sHh4Wj4wcZxoJCi4Y8FB2PSOAsgJZiikMnEkB8j0PbGzXmfnsMQrIwuFeTCByfDALWZ5QoLbmFWiMWY8ClbsNlDrYFGwwVESJ8KmE6JGKgLXsMNHmcXmd3OY1elNxC0ayYKfAqsTJSRBmabmFm90Ia+xAoyomUXcuMlJMQoRjlMM3bsYSI0BEZQFfTgPggnSRdcYrPtdLD/VDoEyicqr8nEuJLOfE9nfSJGsplby7+53Vj1b9yEhZEsYKALh7qxxyrEM/7wj0mgCo+0YRQwfRf02IIVbrVvC7BWl55lbSqlVrFuqsW6zdZGzl0is5QGVnoEtXRLWqiFqLoGb2id/RhvBhvxqcxW0TXjGzmBP2B8f0DDk2i+A==</latexit><latexit sha1_base64="Y3wNwypnEGdeBCjQcQGFgVhKud8=">AAACIXicbVDLTgIxFO34RHyhLt00ggluyAwbZWFCQkxcYiJCwkwmnXKBhs7DtoMhE77Fjb/ixoUadsafsQyzUPAkTU/OOTftPV7EmVSm+WWsrW9sbm3ndvK7e/sHh4Wj4wcZxoJCi4Y8FB2PSOAsgJZiikMnEkB8j0PbGzXmfnsMQrIwuFeTCByfDALWZ5QoLbmFWiMWY8ClbsNlDrYFGwwVESJ8KmE6JGKgLXsMNHmcXmd3OY1elNxC0ayYKfAqsTJSRBmabmFm90Ia+xAoyomUXcuMlJMQoRjlMM3bsYSI0BEZQFfTgPggnSRdcYrPtdLD/VDoEyicqr8nEuJLOfE9nfSJGsplby7+53Vj1b9yEhZEsYKALh7qxxyrEM/7wj0mgCo+0YRQwfRf02IIVbrVvC7BWl55lbSqlVrFuqsW6zdZGzl0is5QGVnoEtXRLWqiFqLoGb2id/RhvBhvxqcxW0TXjGzmBP2B8f0DDk2i+A==</latexit><latexit sha1_base64="Y3wNwypnEGdeBCjQcQGFgVhKud8=">AAACIXicbVDLTgIxFO34RHyhLt00ggluyAwbZWFCQkxcYiJCwkwmnXKBhs7DtoMhE77Fjb/ixoUadsafsQyzUPAkTU/OOTftPV7EmVSm+WWsrW9sbm3ndvK7e/sHh4Wj4wcZxoJCi4Y8FB2PSOAsgJZiikMnEkB8j0PbGzXmfnsMQrIwuFeTCByfDALWZ5QoLbmFWiMWY8ClbsNlDrYFGwwVESJ8KmE6JGKgLXsMNHmcXmd3OY1elNxC0ayYKfAqsTJSRBmabmFm90Ia+xAoyomUXcuMlJMQoRjlMM3bsYSI0BEZQFfTgPggnSRdcYrPtdLD/VDoEyicqr8nEuJLOfE9nfSJGsplby7+53Vj1b9yEhZEsYKALh7qxxyrEM/7wj0mgCo+0YRQwfRf02IIVbrVvC7BWl55lbSqlVrFuqsW6zdZGzl0is5QGVnoEtXRLWqiFqLoGb2id/RhvBhvxqcxW0TXjGzmBP2B8f0DDk2i+A==</latexit><latexit sha1_base64="Y3wNwypnEGdeBCjQcQGFgVhKud8=">AAACIXicbVDLTgIxFO34RHyhLt00ggluyAwbZWFCQkxcYiJCwkwmnXKBhs7DtoMhE77Fjb/ixoUadsafsQyzUPAkTU/OOTftPV7EmVSm+WWsrW9sbm3ndvK7e/sHh4Wj4wcZxoJCi4Y8FB2PSOAsgJZiikMnEkB8j0PbGzXmfnsMQrIwuFeTCByfDALWZ5QoLbmFWiMWY8ClbsNlDrYFGwwVESJ8KmE6JGKgLXsMNHmcXmd3OY1elNxC0ayYKfAqsTJSRBmabmFm90Ia+xAoyomUXcuMlJMQoRjlMM3bsYSI0BEZQFfTgPggnSRdcYrPtdLD/VDoEyicqr8nEuJLOfE9nfSJGsplby7+53Vj1b9yEhZEsYKALh7qxxyrEM/7wj0mgCo+0YRQwfRf02IIVbrVvC7BWl55lbSqlVrFuqsW6zdZGzl0is5QGVnoEtXRLWqiFqLoGb2id/RhvBhvxqcxW0TXjGzmBP2B8f0DDk2i+A==</latexit>

⇣~q > 0 ) Vol(Ci) > 0

<latexit sha1_base64="vdbWC9xL5fq/E+5W8xPPd2ZwUhM=">AAACFnicbVDLSgNBEJz1bXxFPXoZTAS9hF0v6kUEETxGMQ/IhmV20kkGZ3fWmV4lLvkLL/6KFw8qXsWbf+PkcVBjQUNR1U13V5hIYdB1v5yp6ZnZufmFxdzS8srqWn59o2pUqjlUuJJK10NmQIoYKihQQj3RwKJQQi28Ph34tVvQRqj4CnsJNCPWiUVbcIZWCvKlon8PyILMvwWe3fT7xy71L0Wni0xrdVekVSWLu6eB2KPH1C0G+YJbcoegk8QbkwIZoxzkP/2W4mkEMXLJjGl4boLNjGkUXEI/56cGEsavWQcalsYsAtPMhn/16Y5VWrSttK0Y6VD9OZGxyJheFNrOiGHX/PUG4n9eI8X2YTMTcZIixHy0qJ1KiooOQqItoYGj7FnCuBb2Vsq7TDOONsqcDcH7+/IkqeyXjkrexX7h5GycxgLZIttkl3jkgJyQc1ImFcLJA3kiL+TVeXSenTfnfdQ65YxnNskvOB/faLOdtA==</latexit><latexit sha1_base64="vdbWC9xL5fq/E+5W8xPPd2ZwUhM=">AAACFnicbVDLSgNBEJz1bXxFPXoZTAS9hF0v6kUEETxGMQ/IhmV20kkGZ3fWmV4lLvkLL/6KFw8qXsWbf+PkcVBjQUNR1U13V5hIYdB1v5yp6ZnZufmFxdzS8srqWn59o2pUqjlUuJJK10NmQIoYKihQQj3RwKJQQi28Ph34tVvQRqj4CnsJNCPWiUVbcIZWCvKlon8PyILMvwWe3fT7xy71L0Wni0xrdVekVSWLu6eB2KPH1C0G+YJbcoegk8QbkwIZoxzkP/2W4mkEMXLJjGl4boLNjGkUXEI/56cGEsavWQcalsYsAtPMhn/16Y5VWrSttK0Y6VD9OZGxyJheFNrOiGHX/PUG4n9eI8X2YTMTcZIixHy0qJ1KiooOQqItoYGj7FnCuBb2Vsq7TDOONsqcDcH7+/IkqeyXjkrexX7h5GycxgLZIttkl3jkgJyQc1ImFcLJA3kiL+TVeXSenTfnfdQ65YxnNskvOB/faLOdtA==</latexit><latexit sha1_base64="vdbWC9xL5fq/E+5W8xPPd2ZwUhM=">AAACFnicbVDLSgNBEJz1bXxFPXoZTAS9hF0v6kUEETxGMQ/IhmV20kkGZ3fWmV4lLvkLL/6KFw8qXsWbf+PkcVBjQUNR1U13V5hIYdB1v5yp6ZnZufmFxdzS8srqWn59o2pUqjlUuJJK10NmQIoYKihQQj3RwKJQQi28Ph34tVvQRqj4CnsJNCPWiUVbcIZWCvKlon8PyILMvwWe3fT7xy71L0Wni0xrdVekVSWLu6eB2KPH1C0G+YJbcoegk8QbkwIZoxzkP/2W4mkEMXLJjGl4boLNjGkUXEI/56cGEsavWQcalsYsAtPMhn/16Y5VWrSttK0Y6VD9OZGxyJheFNrOiGHX/PUG4n9eI8X2YTMTcZIixHy0qJ1KiooOQqItoYGj7FnCuBb2Vsq7TDOONsqcDcH7+/IkqeyXjkrexX7h5GycxgLZIttkl3jkgJyQc1ImFcLJA3kiL+TVeXSenTfnfdQ65YxnNskvOB/faLOdtA==</latexit><latexit sha1_base64="vdbWC9xL5fq/E+5W8xPPd2ZwUhM=">AAACFnicbVDLSgNBEJz1bXxFPXoZTAS9hF0v6kUEETxGMQ/IhmV20kkGZ3fWmV4lLvkLL/6KFw8qXsWbf+PkcVBjQUNR1U13V5hIYdB1v5yp6ZnZufmFxdzS8srqWn59o2pUqjlUuJJK10NmQIoYKihQQj3RwKJQQi28Ph34tVvQRqj4CnsJNCPWiUVbcIZWCvKlon8PyILMvwWe3fT7xy71L0Wni0xrdVekVSWLu6eB2KPH1C0G+YJbcoegk8QbkwIZoxzkP/2W4mkEMXLJjGl4boLNjGkUXEI/56cGEsavWQcalsYsAtPMhn/16Y5VWrSttK0Y6VD9OZGxyJheFNrOiGHX/PUG4n9eI8X2YTMTcZIixHy0qJ1KiooOQqItoYGj7FnCuBb2Vsq7TDOONsqcDcH7+/IkqeyXjkrexX7h5GycxgLZIttkl3jkgJyQc1ImFcLJA3kiL+TVeXSenTfnfdQ65YxnNskvOB/faLOdtA==</latexit>

, ⇣qi(ai) > 0 8ai
<latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit>

qi 2
<latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit><latexit sha1_base64="sxhGpoWfo0nwc9N6bxC8l2k98g4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQhrLZTtqlm03c3Qgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemAqujet+O6WV1bX1jfJmZWt7Z3evun/woJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0PfVbT6g0T+S9GacYxHQgecQZNVZqPfY46XLZq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn507ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQlVbAje4svLxD+rX9W9u/Na46ZIowxHcAyn4MEFNOAWmuADgxE8wyu8Oanz4rw7H/PWklPMHMIfOJ8/X2GPJA==</latexit>

\

All phases
<latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit><latexit sha1_base64="oY3sVfqcVryM6GWq2juHRHA2jnA=">AAACA3icbVDLSsNAFJ3UV62vqMtuBovgqiQiqLuKIC4rGFtoQphMJ+3QyYOZG7GELNz4K25cqLj1J9z5N07bLLT1wIXDOffO3HuCVHAFlvVtVJaWV1bXquu1jc2t7R1zd+9OJZmkzKGJSGQ3IIoJHjMHOAjWTSUjUSBYJxhdTvzOPZOKJ/EtjFPmRWQQ85BTAlryzbob8AElqZ+7wB4gvxACp0P9oCoK32xYTWsKvEjskjRQibZvfrn9hGYRi4EKolTPtlLwciKBU8GKmpsplhI6IgPW0zQmEVNePj2iwIda6eMwkbpiwFP190ROIqXGUaA7IwJDNe9NxP+8XgbhmZfzOM2AxXT2UZgJDAmeJIL7XDIKYqwJoZLrXTEdEkko6NxqOgR7/uRF4hw3z5v2zUmjdVWmUUV1dICOkI1OUQtdozZyEEWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/vhJiA</latexit>

, ⇣qi(ai) > 0 8ai
<latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit><latexit sha1_base64="9AAn204MmCke5wd2QpOlxHysrQ8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF0R1IsIgnjwoGBUyIald9KbDM4+nOlV4pL/8OKvePGg4k28+DdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo1PTJampmdm58rzC2cmzbXAmkhVqi9CMKhkgjWSpPAi0whxqPA8vNzv+efXqI1Mk1PqZNiIoZXISAogKwXlDf8II9Ky1SbQOr3h/i0SBMVVILurEMg1vstd7q/7UapBKW6loFxxq24f/C/xBqTCBjgOym9+MxV5jAkJBcbUPTejRgGapFDYLfm5wQzEJbSwbmkCMZpG0f+ty1es0uR2u62EeF/9PlFAbEwnDm1nDNQ2v72e+J9XzynabhQyyXLCRHwtinLFKeW9oHhTahSkOpaA0NLeykUbNAiycZZsCN7vl/+S2kZ1p+qdbFb2DgZpTLAltsxWmce22B47ZMesxgS7Yw/siT07986j8+K8frUOOYOZRfYDzvsnEMigXA==</latexit>

Mori Cone

<latexit sha1_base64="cgucrKY3Hv0TMBHVfA+qWYXSJjE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKezmot4CQfAiRHBNJFnC7GQ2GTKPZWZWCCFf4cWDild/x5t/4yTZgyYWNBRV3XR3xSlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHD0ZlmtCQKK50O8aGciZpaJnltJ1qikXMaSseNWZ+64lqw5S8t+OURgIPJEsYwdZJj7dKM9RQkvbKFb/qz4FWSZCTCuRo9spf3b4imaDSEo6N6QR+aqMJ1pYRTqelbmZoiskID2jHUYkFNdFkfvAUnTmljxKlXUmL5urviQkWxoxF7DoFtkOz7M3E/7xOZpPLaMJkmlkqyWJRknFkFZp9j/pMU2L52BFMNHO3IjLEGhPrMiq5EILll1dJWKteVYO7WqV+nadRhBM4hXMI4ALqcANNCIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QO3jI/l</latexit><latexit sha1_base64="cgucrKY3Hv0TMBHVfA+qWYXSJjE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKezmot4CQfAiRHBNJFnC7GQ2GTKPZWZWCCFf4cWDild/x5t/4yTZgyYWNBRV3XR3xSlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHD0ZlmtCQKK50O8aGciZpaJnltJ1qikXMaSseNWZ+64lqw5S8t+OURgIPJEsYwdZJj7dKM9RQkvbKFb/qz4FWSZCTCuRo9spf3b4imaDSEo6N6QR+aqMJ1pYRTqelbmZoiskID2jHUYkFNdFkfvAUnTmljxKlXUmL5urviQkWxoxF7DoFtkOz7M3E/7xOZpPLaMJkmlkqyWJRknFkFZp9j/pMU2L52BFMNHO3IjLEGhPrMiq5EILll1dJWKteVYO7WqV+nadRhBM4hXMI4ALqcANNCIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QO3jI/l</latexit><latexit sha1_base64="cgucrKY3Hv0TMBHVfA+qWYXSJjE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKezmot4CQfAiRHBNJFnC7GQ2GTKPZWZWCCFf4cWDild/x5t/4yTZgyYWNBRV3XR3xSlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHD0ZlmtCQKK50O8aGciZpaJnltJ1qikXMaSseNWZ+64lqw5S8t+OURgIPJEsYwdZJj7dKM9RQkvbKFb/qz4FWSZCTCuRo9spf3b4imaDSEo6N6QR+aqMJ1pYRTqelbmZoiskID2jHUYkFNdFkfvAUnTmljxKlXUmL5urviQkWxoxF7DoFtkOz7M3E/7xOZpPLaMJkmlkqyWJRknFkFZp9j/pMU2L52BFMNHO3IjLEGhPrMiq5EILll1dJWKteVYO7WqV+nadRhBM4hXMI4ALqcANNCIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QO3jI/l</latexit><latexit sha1_base64="cgucrKY3Hv0TMBHVfA+qWYXSJjE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKezmot4CQfAiRHBNJFnC7GQ2GTKPZWZWCCFf4cWDild/x5t/4yTZgyYWNBRV3XR3xSlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHD0ZlmtCQKK50O8aGciZpaJnltJ1qikXMaSseNWZ+64lqw5S8t+OURgIPJEsYwdZJj7dKM9RQkvbKFb/qz4FWSZCTCuRo9spf3b4imaDSEo6N6QR+aqMJ1pYRTqelbmZoiskID2jHUYkFNdFkfvAUnTmljxKlXUmL5urviQkWxoxF7DoFtkOz7M3E/7xOZpPLaMJkmlkqyWJRknFkFZp9j/pMU2L52BFMNHO3IjLEGhPrMiq5EILll1dJWKteVYO7WqV+nadRhBM4hXMI4ALqcANNCIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QO3jI/l</latexit>



GMSV Revisited

M(X)
<latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit><latexit sha1_base64="/ogLYRFq7jzRKbz6AMYzvX9+2HI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriOBFqGBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANpLjZk=</latexit>

K(X)
<latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit><latexit sha1_base64="hNqv0GVzGNmXttLvVRiiRjG76Ig=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoignoriCB4qWBsoQ1ls922SzebsDsRSuhv8OJBxat/yJv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/8GjiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MR9dTv/nEtRGxesBxwoOIDpToC0bRSv5dlbROu+WKW3NnIMvEy0kFcjS65a9OL2ZpxBUySY1pe26CQUY1Cib5pNRJDU8oG9EBb1uqaMRNkM2OnZATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XjvF/mWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafkg3BW3x5mfhntauad39eqd/kaRThCI6hCh5cQB1uoQE+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANc9jZc=</latexit>

K(X̃)
<latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit><latexit sha1_base64="wXB4sqPpSBHWzfeCrm3LUMEBn2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriCB4qWBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QNxgZBB</latexit>

M(X̃)
<latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit><latexit sha1_base64="GbIQ7ryG+ngF612bcws84mYioXU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBahXkoignoriOBFqGBsIQ1ls9m2Sze7YXcilNCf4cWDilf/jTf/jds2B219MPB4b4aZeVEquAHX/XZKK6tr6xvlzcrW9s7uXnX/4NGoTFPmUyWU7kTEMMEl84GDYJ1UM5JEgrWj0fXUbz8xbbiSDzBOWZiQgeR9TglYKbird4GLmOHOaa9acxvuDHiZeAWpoQKtXvWrGyuaJUwCFcSYwHNTCHOigVPBJpVuZlhK6IgMWGCpJAkzYT47eYJPrBLjvtK2JOCZ+nsiJ4kx4ySynQmBoVn0puJ/XpBB/zLMuUwzYJLOF/UzgUHh6f845ppREGNLCNXc3orpkGhCwaZUsSF4iy8vE/+scdXw7s9rzZsijTI6Qseojjx0gZroFrWQjyhS6Bm9ojcHnBfn3fmYt5acYuYQ/YHz+QN0m5BD</latexit>

Empty 
“wedge”

BPS
BHE



Summary
• Beautiful interplay between 

• BPS states and GV invariants 
• SUGRA central charges 
• Calabi-Yau geometry/intersection theory 
• Black hole extremality bounds 

  leads to consistency with T/sLWGC and SDC 
• Not to mention relationship between WGC, SDC and 

• Axion cosmology and inflation 
• Cosmic censorship (see Toby’s talk) 
• Emergence (see Irene’s and Matt’s talks) 
• Gravitational instantons (see Pablo’s talk) 
• AdS/CFT (see Miguel’s talk) 
• Black hole entropy (see Grant’s talk) 
• Scattering amplitudes (see Gary’s talk) 
• F-theory and tensionless strings (see Timo’s talk) 

• Exciting time to be hiking through the Swampland!


