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For	every	U(1)	gauge	field,	there	exists	a
superextremal	charged	parXcle,	i.e.,	one
with	charge-to-mass	raXo:
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(In	this	talk,	superextremal	never	means	self-repulsive)
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For	every																,																	s.t.	there	is	a
superext.	mulUparUcle	state	of	charge	

<latexit sha1_base64="i00bZYI5De/31aRy+SA2Rvy0Lb4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSlqMeCBz22YGuhCWWy3bRLdzdhdyOU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2njet1PY2Nza3inulvb2Dw6PyscnHZ1kitA2SXiiuhFqypmkbcMMp91UURQRp4/R+HbuPz5RpVkiH8wkpaHAoWQxI2isFLQCJoM7FAL7rX654lW9Bdx14uekAjma/fJXMEhIJqg0hKPWPd9LTThFZRjhdFYKMk1TJGMc0p6lEgXV4XRx88y9sMrAjRNlSxp3of6emKLQeiIi2ynQjPSqNxf/83qZiW/CKZNpZqgky0Vxxl2TuPMA3AFTlBg+sQSJYvZWl4xQITE2ppINwV99eZ10alX/qlpv1SuNWh5HEc7gHC7Bh2towD00oQ0EUniGV3hzMufFeXc+lq0FJ585hT9wPn8Am9iRXg==</latexit>

Q 2 �Q
<latexit sha1_base64="NZTurakTV6tziqDGc7RmvLdfhb4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzAOSJcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpV76p6eX9RqdfyOIpwAqdwDh5cQx3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB5sQj7Y=</latexit>

9
<latexit sha1_base64="hV+lR2DUCg2hcEJcn3RumCUs4ss=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTFqsuCG1dSwT6gCWUynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWT3qWUD/CI8FCRrA20sC2J8hjAnkR1uMgyB7mA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3V462dMJKmmgiwPhSlHOkZ5DWjIJCWazwzBRDKTFZExlphoU1bFlOCufnmddOo197rWeLyqNutFHWU4g3O4BBduoAn30II2EJjCM7zCm5VZL9a79bEcLVnFzin8gfX5A/e8kzM=</latexit>

k 2 N
<latexit sha1_base64="mYL173hXBhKE9VKaxiYqFUpr3dI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jFB84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSw5g0+qWyW3HnIKvEy0kZctT7pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1XrhqX5Vo1j6MAp3AGF+DBDdTgHurQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwDHCI1u</latexit>
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<latexit sha1_base64="3N8RSNx1gPyl0DPTs2eRsB7ppis=">AAAB9HicbVC7SgNBFL0bXzG+oiltFoNoIWFX8FFJwEa7BMwDkiXMTmaTITOz68xsICxb+AlWaSwUsfVj7PwbJ49CEw9cOJxzL/fe40eMKu0431ZmZXVtfSO7mdva3tndy+8f1FUYS0xqOGShbPpIEUYFqWmqGWlGkiDuM9LwB7cTvzEkUtFQPOhRRDyOeoIGFCNtJK8dSISTasdNE5528kWn5ExhLxN3Torlwvj+5PnmqdLJf7W7IY45ERozpFTLdSLtJUhqihlJc+1YkQjhAeqRlqECcaK8ZHp0ah8bpWsHoTQltD1Vf08kiCs14r7p5Ej31aI3Ef/zWrEOrr2EiijWRODZoiBmtg7tSQJ2l0qCNRsZgrCk5lYb95HJQZucciYEd/HlZVI/L7mXpYuqWyyfwQxZOIQjOAUXrqAMd1CBGmB4hDG8wps1tF6sd+tj1pqx5jMF+APr8weAzZTN</latexit>
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m

<latexit sha1_base64="CeHh5uGKojV8SGjHe0T2jfHn0sQ=">AAAB9HicbVC7SgNBFL3rM8ZXNKXNYBAtJOwGfFQSsNEuAfOAZAmzk9lkyMzuOjMbCMsWfoJVGgtFbP0YO//GyaPQxAMXDufcy733eBFnStv2t7Wyura+sZnZym7v7O7t5w4O6yqMJaE1EvJQNj2sKGcBrWmmOW1GkmLhcdrwBrcTvzGkUrEweNCjiLoC9wLmM4K1kdy2LzFJqp1Smoi0kyvYRXsKtEycOSmU8+P70+ebp0on99XuhiQWNNCEY6Vajh1pN8FSM8Jpmm3HikaYDHCPtgwNsKDKTaZHp+jEKF3kh9JUoNFU/T2RYKHUSHimU2DdV4veRPzPa8Xav3YTFkSxpgGZLfJjjnSIJgmgLpOUaD4yBBPJzK2I9LHJQZucsiYEZ/HlZVIvFZ3L4kXVKZTPYYYMHMExnIEDV1CGO6hADQg8whhe4c0aWi/Wu/Uxa12x5jN5+APr8weCVZTO</latexit>
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m

Cheung,	Remmen	‘14

“Convex	Hull	CondiUon”
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For	every																,																	s.t.	there	is	a
superext.	single-par+cle	state	of	charge	

<latexit sha1_base64="i00bZYI5De/31aRy+SA2Rvy0Lb4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSlqMeCBz22YGuhCWWy3bRLdzdhdyOU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2njet1PY2Nza3inulvb2Dw6PyscnHZ1kitA2SXiiuhFqypmkbcMMp91UURQRp4/R+HbuPz5RpVkiH8wkpaHAoWQxI2isFLQCJoM7FAL7rX654lW9Bdx14uekAjma/fJXMEhIJqg0hKPWPd9LTThFZRjhdFYKMk1TJGMc0p6lEgXV4XRx88y9sMrAjRNlSxp3of6emKLQeiIi2ynQjPSqNxf/83qZiW/CKZNpZqgky0Vxxl2TuPMA3AFTlBg+sQSJYvZWl4xQITE2ppINwV99eZ10alX/qlpv1SuNWh5HEc7gHC7Bh2towD00oQ0EUniGV3hzMufFeXc+lq0FJ585hT9wPn8Am9iRXg==</latexit>

Q 2 �Q
<latexit sha1_base64="NZTurakTV6tziqDGc7RmvLdfhb4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzAOSJcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpV76p6eX9RqdfyOIpwAqdwDh5cQx3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB5sQj7Y=</latexit>

9
<latexit sha1_base64="hV+lR2DUCg2hcEJcn3RumCUs4ss=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTFqsuCG1dSwT6gCWUynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWT3qWUD/CI8FCRrA20sC2J8hjAnkR1uMgyB7mA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3V462dMJKmmgiwPhSlHOkZ5DWjIJCWazwzBRDKTFZExlphoU1bFlOCufnmddOo197rWeLyqNutFHWU4g3O4BBduoAn30II2EJjCM7zCm5VZL9a79bEcLVnFzin8gfX5A/e8kzM=</latexit>

k 2 N
<latexit sha1_base64="mYL173hXBhKE9VKaxiYqFUpr3dI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jFB84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSw5g0+qWyW3HnIKvEy0kZctT7pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1XrhqX5Vo1j6MAp3AGF+DBDdTgHurQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwDHCI1u</latexit>
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Q5/m

Q,m

2Q, 2m

•	Required	to	preserve	WGC	upon
			compacWficaWon

•	Related	to	the	emergence	of
			weak	(gauge)	coupling	at	low	energies

•	Plays	nicely	with	the	Distance	Conjecture
Ooguri,	Vafa	‘06

Harlow	’15,					BH,	Reece	Rudelius	’17,	’18,						Grimm,	PalW,	Valenzuela	‘18

eMpl

…
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There	exists													s.t.																		,	there	is	a
superext.	single-parRcle	state	of	charge	

<latexit sha1_base64="hV+lR2DUCg2hcEJcn3RumCUs4ss=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTFqsuCG1dSwT6gCWUynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWT3qWUD/CI8FCRrA20sC2J8hjAnkR1uMgyB7mA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5QrXq5+J/XT3V462dMJKmmgiwPhSlHOkZ5DWjIJCWazwzBRDKTFZExlphoU1bFlOCufnmddOo197rWeLyqNutFHWU4g3O4BBduoAn30II2EJjCM7zCm5VZL9a79bEcLVnFzin8gfX5A/e8kzM=</latexit>

k 2 N
<latexit sha1_base64="mYL173hXBhKE9VKaxiYqFUpr3dI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jFB84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSw5g0+qWyW3HnIKvEy0kZctT7pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1XrhqX5Vo1j6MAp3AGF+DBDdTgHurQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwDHCI1u</latexit>

kQ

•	A	theorem	in	elec.	NSNS	sector	of	tree-level	ST

•	coarseness	k	“never	too	large”
			(known	k>1	exs	are	all	orbifolds)

•	Strongest	form	of	WGC	without

			known	counterexs	(in	d≥5;	renormalized	version	ok	in	4d)

<latexit sha1_base64="up38LNn7WFkWMXrdHkJ1BcuTyO0=">AAAB/XicbVDLSgMxFM3UV62vqt25CRbBVZkp+FgWXOiyBfuATil30rQNTTJDkhHqUPwVNy4UcSPif7jzF9y7N30stPVA4HDOvdyTE0ScaeO6n05qaXlldS29ntnY3Nreye7u1XQYK0KrJOShagSgKWeSVg0znDYiRUEEnNaDwcXYr99QpVkor80woi0BPcm6jICxUjub87uhAs5xxWfSvwQhoF1pZ/NuwZ0ALxJvRvKl3Peb/nrtl9vZD78TklhQaQgHrZueG5lWAsowwuko48eaRkAG0KNNSyUIqlvJJP0IH1mlg20M+6TBE/X3RgJC66EI7KQA09fz3lj8z2vGpnveSpiMYkMlmR7qxhybEI+rwB2mKDF8aAkQxWxWTPqggBhbWMaW4M1/eZHUigXvtHBS8fKlIpoijQ7QITpGHjpDJXSFyqiKCLpF9+gRPTl3zoPz7LxMR1PObGcf/YHz/gPwK5lP</latexit>

8Q 2 �Q

Arkani-Hamed,	Motl

Nicolis,	Vafa	‘06

BH,	Reece	Rudelius	’16

Montero,	Shiu,	Soler	’16

BH,	LoRto,	23xx.xxxxx	(2x)Sketch:						

(Modular	invariance) (Superextremality)

Q

�

<latexit sha1_base64="jbWHYxZOfHGQXGNt9ZdyBLnzGgw=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUREPRY86LGC/YAmlsl20y7dzYbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2V1bX1js7RV3t7Z3duvHBy2jMo0ZU2qhNKdCAwTPGFN5ChYJ9UMZCRYOxrdTP32E9OGq+QBxykLJQwSHnMKaKVucAtSwmMABnuVqlfzZnCXiV+QKinQ6FW+gr6imWQJUgHGdH0vxTAHjZwKNikHmWEp0BEMWNfSBCQzYT47eeKeWqXvxkrbStCdqb8ncpDGjGVkOyXg0Cx6U/E/r5thfB3mPEkzZAmdL4oz4aJyp/+7fa4ZRTG2BKjm9laXDkEDRZtS2YbgL768TFrnNf+y5t9fVOteEUeJHJMTckZ8ckXq5I40SJNQosgzeSVvDjovzrvzMW9dcYqZI/IHzucPJXORHQ==</latexit>

�⇤

<latexit sha1_base64="31d8l2YsOmdwPKzrt0qJL2cMiSs=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyip5KUoh4LXjxWsB/QxLLZbtqlu0nY3QglBPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML6Z+p1HKhWLo3s9Sagv8DBiISNYG6lvH3uhxCTzME9G+DzP6jkSD7W+XXGqzgxombgFqUCBZt/+8gYxSQWNNOFYqZ7rJNrPsNSMcJqXvVTRBJMxHtKeoREWVPnZ7PwcnRllgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIfXfsaiJNU0IvNFYcqRjtE0CzRgkhLNJ4ZgIpm5FZERNnlok1jZhOAuvrxM2rWqe1l17+qVhlPEUYITOIULcOEKGnALTWgBgQye4RXerCfrxXq3PuatK1YxcwR/YH3+AJ2KlTM=</latexit>
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Most	exisPng	evidence	is	perturaba(ve

Are	these	strong	forms	“just”	special
properPes	of	weak	coupling	limits?

I’ll	argue	that	they	are	not.
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BH
region Q1/m

<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

BP
S 

 b
ou

nd

Extremal,
not BPS

Extremal
and BPS

BPS  bound

BPS,
not extremal

The	T/sLWGC	for	BPS	par9cles

Infinite	towers	of	BPS	par9cles	required	in	Q	direc9ons
where	BPS	=	Extremal
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BH
region Q1/m

<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

BP
S 

 b
ou

nd

Extremal,
not BPS

BPS  bound

BPS,
not extremal

The	T/sLWGC	for	BPS	par9cles

Infinite	towers	of	BPS	par9cles	required	in	Q	direc9ons
where	BPS	=	Extremal

Cone	of	BPS
black	holes
(Q	space)

<latexit sha1_base64="7rbvZaMTUa97xy4TbOFEwMO0R6A=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNotBsAq7AR9lME3KBMwDsssyO5kkQ2YfzNwVw7KNf2DjD1hooYitn2BpJ/6Ms0kKTTxw4XDOvdx7jxdxJsE0v7Tc0vLK6lp+vbCxubW9o+/utWQYC0KbJOSh6HhYUs4C2gQGnHYiQbHvcdr2RtXMb19TIVkYXME4oo6PBwHrM4JBSa5+YPsYhgTzpJq6iQ30BpLLWpq6etEsmRMYi8SakWJltfH9cX/3WHf1T7sXktinARCOpexaZgROggUwwmlasGNJI0xGeEC7igbYp9JJJg+kxrFSekY/FKoCMCbq74kE+1KOfU91ZufKeS8T//O6MfQvnIQFUQw0INNF/ZgbEBpZGkaPCUqAjxXBRDB1q0GGWGACKrOCCsGaf3mRtMol66x02rCKlTKaIo8O0RE6QRY6RxVUQ3XURASl6AE9oxftVnvSXrW3aWtOm83soz/Q3n8A7mWa/Q==</latexit>

CBH
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The	T/sLWGC	for	BPS	par5cles

Infinite	towers	of	BPS	par5cles	not	required
in	Q	direc5ons	where	BPS	≠	Extremal

BH

region
<latexit sha1_base64="/X+/r+8E4jBx42SuizRYGeCKgMU=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkXoqiQi6rLgxmWr9gFtKJPJTTt0MgkzE6GEgj/gVv/Anbj1V/wBv8Npm4W2HrhwOOde7r3HTzhT2nG+rMLa+sbmVnG7tLO7t39QPjxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98M/M7jygVi8WDniToRWQoWMgo0Ua6bw7uBuWKU3PmsFeJm5MK5GgMyt/9IKZphEJTTpTquU6ivYxIzSjHaamfKkwIHZMh9gwVJELlZfNTp/aZUQI7jKUpoe25+nsiI5FSk8g3nRHRI7XszcR/PWVOGWGwtF6H117GRJJqFHSxPUy5rWN7FoYdMIlU84khhEpmHrDpiEhCtYnMBOMux7BK2uc197LmNC8q9WoeURFO4BSq4MIV1OEWGtACCkN4hhd4tZ6sN+vd+li0Fqx85hj+wPr8AWQvlk4=</latexit>

QR

<latexit sha1_base64="LkQeXjeJd+hBNwxAdYCJhC1p5hU=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVUY8BLx48JGgekCxhdrY3GTL7YGZWCEvAH/Cqf+BNvPor/oDf4STZgyYWNBRV3XR3eYngStv2l1VYW9/Y3Cpul3Z29/YPyodHbRWnkmGLxSKWXY8qFDzCluZaYDeRSENPYMcb38z8ziNKxePoQU8SdEM6jHjAGdVGum8O7gblil2z5yCrxMlJBXI0BuXvvh+zNMRIM0GV6jl2ot2MSs2ZwGmpnypMKBvTIfYMjWiIys3mp07JmVF8EsTSVKTJXP09kdFQqUnomc6Q6pFa9mbiv54yp4zQX1qvg2s341GSaozYYnuQCqJjMguD+Fwi02JiCGWSmwcIG1FJmTaRmWCc5RhWSfu85lzW7OZFpV7NIyrCCZxCFRy4gjrcQgNawGAIz/ACr9aT9Wa9Wx+L1oKVzxzDH1ifP1qflkg=</latexit>

QL

Non-BPS	superext.

towers

B
P
S
	e
x
t.
	t
o
w
e
rs

BPS,	nonextremal

Het	ST	on						:
<latexit sha1_base64="95qI64MXE2BM6045EVRRiV37Tzw=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBSBV2haidARvLhJgLJGuYncwmQ2Znl5lZISwpLW0sFLG1ts5z2PkMvoSTS6GJPwx8/P85zDnHizhT2ra/rNTK6tr6Rnozs7W9s7uX3T+oqzCWhNZIyEPZ9LCinAla00xz2owkxYHHacMbXE/yxj2VioXiVg8j6ga4J5jPCNbGqlbvnE42ZxfsqdAyOHPIXX2MK98Px+NyJ/vZ7oYkDqjQhGOlWo4daTfBUjPC6SjTjhWNMBngHm0ZFDigyk2mo47QqXG6yA+leUKjqfu7I8GBUsPAM5UB1n21mE3M/7JWrP1LN2EiijUVZPaRH3OkQzTZG3WZpETzoQFMJDOzItLHEhNtrpMxR3AWV16G+lnBOS8UK06ulIeZ0nAEJ5AHBy6gBDdQhhoQ6MEjPMOLxa0n69V6m5WmrHnPIfyR9f4DfxSRow==</latexit>

S1

(See	Timo’s	talk)
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T/sLWGC	is	linked	to	geometry
BH,	Reece,	Rudelius	‘15

M2

M	theory	on	CY3
5d	N=1	SUGRA	EFT

M2s	on	hol.	curves BPS	parNcles
counted	by	Gopakumar-Vafa	invariants

Goal:	determine									,	compare	with	GVs
											strenuous	nonpert/geometric	test
											of	T/sLWGC

<latexit sha1_base64="7rbvZaMTUa97xy4TbOFEwMO0R6A=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNotBsAq7AR9lME3KBMwDsssyO5kkQ2YfzNwVw7KNf2DjD1hooYitn2BpJ/6Ms0kKTTxw4XDOvdx7jxdxJsE0v7Tc0vLK6lp+vbCxubW9o+/utWQYC0KbJOSh6HhYUs4C2gQGnHYiQbHvcdr2RtXMb19TIVkYXME4oo6PBwHrM4JBSa5+YPsYhgTzpJq6iQ30BpLLWpq6etEsmRMYi8SakWJltfH9cX/3WHf1T7sXktinARCOpexaZgROggUwwmlasGNJI0xGeEC7igbYp9JJJg+kxrFSekY/FKoCMCbq74kE+1KOfU91ZufKeS8T//O6MfQvnIQFUQw0INNF/ZgbEBpZGkaPCUqAjxXBRDB1q0GGWGACKrOCCsGaf3mRtMol66x02rCKlTKaIo8O0RE6QRY6RxVUQ3XURASl6AE9oxftVnvSXrW3aWtOm83soz/Q3n8A7mWa/Q==</latexit>

CBH
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<latexit sha1_base64="0wgLgiMaa4d5uHtxfJfINQReHvo="></latexit>

S =
1

22
5

Z
d5x

p
�g

✓
R� 1

2
gij(�)@�

i · @�j

◆
� 1

2g25

Z
aIJ(�)F

I ^ ?F J

+
1

6(2⇡)2

Z
CIJKAI ^ F J ^ FK , <latexit sha1_base64="zBmjNBlFTMelWnO3dRYg+DF48HU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g1Wom5rU+tgIBTcuK9gHtGmYTKbt0EkyzEyEEvoL/oY/4Fb/wJ0Irtz5HU7aLLT1wMC559zLnXs8zqhUlvVp5JaWV1bX8uuFjc2t7R1zd68po1hg0sARi0TbQ5IwGpKGooqRNhcEBR4jLW90k/qtByIkjcJ7NebECdAgpH2KkdKSa5YG7nmvAq9hqdLl9KSXVE/PJmkxQpyj1NOarTXXLFplawq4SOyMFEGGumt+d/0IxwEJFWZIyo5tceUkSCiKGZkUurEkHOERGpCOpiEKiHSS6UUTeKwVH/YjoV+o4FT9PZGgQMpx4OnOAKmhnPdS8V9P6q8MiT+3XvWvnISGPFYkxLPt/ZhBFcE0M+hTQbBiY00QFlQfAPEQCYSVTlYHY8/HsEialbJ9UbbuqsXaURZRHhyAQ1ACNrgENXAL6qABMHgEz+AFvBpPxpvxbnzMWnNGNrMP/sD4+gFDOqKw</latexit>

g25 = (2⇡)4/3(22
5)

1/3

<latexit sha1_base64="Q9nPPEvAM0ZMPQi8ENhCrN4Tg9s=">AAACD3icbVBLSgNBEO3xG+MvxqWbxii4CGFGRN0IATe6i2A+kAyhp6cnadLTPXTXiCHkEF7Ard7Anbj1CF7Ac9hJZqGJDwoe71VRVS9IBDfgul/O0vLK6tp6biO/ubW9s1vYKzaMSjVldaqE0q2AGCa4ZHXgIFgr0YzEgWDNYHA98ZsPTBuu5D0ME+bHpCd5xCkBK3ULxVt8hd0y9sodESowZWzFkltxp8CLxMtICWWodQvfnVDRNGYSqCDGtD03AX9ENHAq2DjfSQ1LCB2QHmtbKknMjD+a3j7Gx1YJcaS0LQl4qv6eGJHYmGEc2M6YQN/MexPxX8/YU/osnFsP0aU/4jJJgUk62x6lAoPCk3RwyDWjIIaWEKq5fQDTPtGEgs3QBuPNx7BIGqcV77zi3p2VqkdZRDl0gA7RCfLQBaqiG1RDdUTRI3pGL+jVeXLenHfnY9a65GQz++gPnM8fTeea6g==</latexit>

I = 0, 1, . . . , n
<latexit sha1_base64="1QqD9siFkeeYU4LP3CJHRqrb2jY=">AAACDXicbVBLSgNBEK2Jvxh/oy7dNEbBRQgzIupGCLhxGcEkQjKEnp6epElP99DdEwghZ/ACbvUG7sStZ/ACnsNOMgtNfFDweK+Kqnphypk2nvflFFZW19Y3ipulre2d3T13/6CpZaYIbRDJpXoMsaacCdowzHD6mCqKk5DTVji4nfqtIVWaSfFgRikNEtwTLGYEGyt1XZehG+RXUIdH0ugKslLZq3ozoGXi56QMOepd97sTSZIlVBjCsdZt30tNMMbKMMLppNTJNE0xGeAebVsqcEJ1MJ5dPkGnVolQLJUtYdBM/T0xxonWoyS0nQk2fb3oTcV/PW1P6dNoYb2Jr4MxE2lmqCDz7XHGkZFomg2KmKLE8JElmChmH0CkjxUmxiZog/EXY1gmzfOqf1n17i/KtZM8oiIcwTGcgQ9XUIM7qEMDCAzhGV7g1Xly3px352PeWnDymUP4A+fzB5+9mpo=</latexit>

i = 1, . . . , n

CY3 intersection #s

<latexit sha1_base64="9ws1riNltbSFRfqcTtu2fkC81Vw=">AAACL3icbVDLSgMxFM34rPU16tJNsAiuykyR6kYoFMS2mwr2RTuWTJppQzMPkoxQwvyHv+EPuNU/EDfiSvAvzLRdaOuFC4dz7uXec9yIUSEt691YWV1b39jMbGW3d3b39s2Dw6YIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpueNyqrceCBc0DO7kJCKOj4YB9ShGUlN9s9DzkRxhxNR10u048Ar2PI6wshNVTGC5ryqwCmsJ7N xXdFd11/pmzspb04LLwJ6DHJhXvW9+9QYhjn0SSMyQEF3biqSjEJcUM5Jke7EgEcJjNCRdDQPkE+GoqbcEnmpmAL2Q6w4knLK/NxTyhZj4rp5MnYhFLSX/1YR+ZUQGC+eld+koGkSxJAGeXfdiBmUI0/TggHKCJZtogDCn2gDEI6QDkzpjHYy9GMMyaBbydjFv3Z7nStY8ogw4BifgDNjgApTADaiDBsDgETyDF/BqPBlvxofxORtdMeY7R+BPGd8/LKGn5w==</latexit>

F [Y ] =
1

6
CIJKY IY JY K

Exact away from phase transitions
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<latexit sha1_base64="0wgLgiMaa4d5uHtxfJfINQReHvo="></latexit>

S =
1

22
5

Z
d5x

p
�g

✓
R� 1

2
gij(�)@�

i · @�j

◆
� 1

2g25

Z
aIJ(�)F

I ^ ?F J

+
1

6(2⇡)2

Z
CIJKAI ^ F J ^ FK , <latexit sha1_base64="zBmjNBlFTMelWnO3dRYg+DF48HU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g1Wom5rU+tgIBTcuK9gHtGmYTKbt0EkyzEyEEvoL/oY/4Fb/wJ0Irtz5HU7aLLT1wMC559zLnXs8zqhUlvVp5JaWV1bX8uuFjc2t7R1zd68po1hg0sARi0TbQ5IwGpKGooqRNhcEBR4jLW90k/qtByIkjcJ7NebECdAgpH2KkdKSa5YG7nmvAq9hqdLl9KSXVE/PJmkxQpyj1NOarTXXLFplawq4SOyMFEGGumt+d/0IxwEJFWZIyo5tceUkSCiKGZkUurEkHOERGpCOpiEKiHSS6UUTeKwVH/YjoV+o4FT9PZGgQMpx4OnOAKmhnPdS8V9P6q8MiT+3XvWvnISGPFYkxLPt/ZhBFcE0M+hTQbBiY00QFlQfAPEQCYSVTlYHY8/HsEialbJ9UbbuqsXaURZRHhyAQ1ACNrgENXAL6qABMHgEz+AFvBpPxpvxbnzMWnNGNrMP/sD4+gFDOqKw</latexit>

g25 = (2⇡)4/3(22
5)

1/3

<latexit sha1_base64="Q9nPPEvAM0ZMPQi8ENhCrN4Tg9s=">AAACD3icbVBLSgNBEO3xG+MvxqWbxii4CGFGRN0IATe6i2A+kAyhp6cnadLTPXTXiCHkEF7Ard7Anbj1CF7Ac9hJZqGJDwoe71VRVS9IBDfgul/O0vLK6tp6biO/ubW9s1vYKzaMSjVldaqE0q2AGCa4ZHXgIFgr0YzEgWDNYHA98ZsPTBuu5D0ME+bHpCd5xCkBK3ULxVt8hd0y9sodESowZWzFkltxp8CLxMtICWWodQvfnVDRNGYSqCDGtD03AX9ENHAq2DjfSQ1LCB2QHmtbKknMjD+a3j7Gx1YJcaS0LQl4qv6eGJHYmGEc2M6YQN/MexPxX8/YU/osnFsP0aU/4jJJgUk62x6lAoPCk3RwyDWjIIaWEKq5fQDTPtGEgs3QBuPNx7BIGqcV77zi3p2VqkdZRDl0gA7RCfLQBaqiG1RDdUTRI3pGL+jVeXLenHfnY9a65GQz++gPnM8fTeea6g==</latexit>

I = 0, 1, . . . , n
<latexit sha1_base64="1QqD9siFkeeYU4LP3CJHRqrb2jY=">AAACDXicbVBLSgNBEK2Jvxh/oy7dNEbBRQgzIupGCLhxGcEkQjKEnp6epElP99DdEwghZ/ACbvUG7sStZ/ACnsNOMgtNfFDweK+Kqnphypk2nvflFFZW19Y3ipulre2d3T13/6CpZaYIbRDJpXoMsaacCdowzHD6mCqKk5DTVji4nfqtIVWaSfFgRikNEtwTLGYEGyt1XZehG+RXUIdH0ugKslLZq3ozoGXi56QMOepd97sTSZIlVBjCsdZt30tNMMbKMMLppNTJNE0xGeAebVsqcEJ1MJ5dPkGnVolQLJUtYdBM/T0xxonWoyS0nQk2fb3oTcV/PW1P6dNoYb2Jr4MxE2lmqCDz7XHGkZFomg2KmKLE8JElmChmH0CkjxUmxiZog/EXY1gmzfOqf1n17i/KtZM8oiIcwTGcgQ9XUIM7qEMDCAzhGV7g1Xly3px352PeWnDymUP4A+fzB5+9mpo=</latexit>

i = 1, . . . , n

CY3 intersection #s
<latexit sha1_base64="J9XGnqNOuMhwidRY56Btt82SzWE=">AAACFXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNSNUBDEZQX7kCaUyWTSDJ1MwsxEKKH+hj/gVv/Anbh17Q/4HU7aLLT1wIXDOfdy7z1ewqhUlvVllBYWl5ZXyquVtfWNzS1ze6ct41Rg0sIxi0XXQ5IwyklLUcVINxEERR4jHW94lfudByIkjfmdGiXEjdCA04BipLTUN/ecCKkQI5Zdj3v3NScJ6ZELL6HdN6tW3ZoAzhO7IFVQoNk3vx0/xmlEuMIMSdmzrUS5GRKKYkbGFSeVJEF4iAakpylHEZFuNvlgDA+14sMgFrq4ghP190SGIilHkac783vlrJeL/3pSnxISf2a9Ci7cjPIkVYTj6fYgZVDFMM8I+lQQrNhIE4QF1Q9AHCKBsNJJ6mDs2RjmSfukbp/VrdvTauO4iKgM9sEBqAEbnIMGuAFN0AIYPIJn8AJejSfjzXg3PqatJaOY2QV/YHz+AK0HnnQ=</latexit>

F [Y (�)] = 1
<latexit sha1_base64="TUqZENz9TFtvXOMQOzw7om5Lv9c=">AAACNnicbVDLSsNAFJ34rPUVdelmsAgutCQiPhZCQRDbVQX7gDaEyWTaDp1MwsxEKCHf4m/4A2517caduvUTnLRZ2NYDA2fOuZd77/EiRqWyrHdjYXFpeWW1sFZc39jc2jZ3dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oY3md96JELSkD+oUUScAPU57VGMlJZc8wq5SRXWUngNuwFSA4xYcpvm2smUVp361VyzZJWtMeA8sXNSAjnqrvnV9UMcB4QrzJCUHduKlJMgoShmJC12Y0kihIeoTzqachQQ6STjE1N4qBUf9kKhH1dwrP7tSFAg5SjwdGW2pJz1MvFfT+pVBsSfGa96l05CeRQrwvFkei9mUIUwCxH6VBCs2EgThAXVB0A8QAJhpaPWwdizMcyT5mnZPi9b92elynEeUQHsgwNwBGxwASrgDtRBA2DwBF7AK3gzno0P49P4npQuGHnPHpiC8fMLbWSryQ==</latexit>

aIJ = FIJ � FIFJ
<latexit sha1_base64="2R++UZ6h5DR3Gg8083OGW7PHqtU="></latexit>

FI = F,I , FIJ = F,IJ , . . .

<latexit sha1_base64="oN5eQb+cZ/is/nMCQnHOteybcME="></latexit>

gij(�) = aIJ(�)@iY
I@jY

J

<latexit sha1_base64="OCWJqye7eO444q75czky8+SuXAk=">AAACHHicbVDLSsNAFJ3UV62vqEsXDhbBhZRERN0IhYL42FSwD2hDmEym7dDJJMxMhBKy9Df8Abf6B+7EreAP+B1O2gjaeuDC4Zx7ufceL2JUKsv6NApz8wuLS8Xl0srq2vqGubnVlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3rGV+654ISUN+p0YRcQLU57RHMVJacs3dmptcwWt4k8Jz2A2QGmDEkov0R3XNslWxxoCzxM5JGeSou+ZX1w9xHBCuMENSdmwrUk6ChKKYkbTUjSWJEB6iPuloylFApJOMH0nhvlZ82AuFLq7gWP09kaBAylHg6c7sVDntZeK/ntSnDIg/tV71zpyE8ihWhOPJ9l7MoAphFhX0qSBYsZEmCAuqH4B4gATCSgeqg7GnY5glzaOKfVKxbo/L1cM8oiLYAXvgANjgFFTBJaiDBsDgATyBZ/BiPBqvxpvxPmktGPnMNvgD4+MbB7Wgtw==</latexit>

CIJK = FIJK

<latexit sha1_base64="9ws1riNltbSFRfqcTtu2fkC81Vw=">AAACL3icbVDLSgMxFM34rPU16tJNsAiuykyR6kYoFMS2mwr2RTuWTJppQzMPkoxQwvyHv+EPuNU/EDfiSvAvzLRdaOuFC4dz7uXec9yIUSEt691YWV1b39jMbGW3d3b39s2Dw6YIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpueNyqrceCBc0DO7kJCKOj4YB9ShGUlN9s9DzkRxhxNR10u048Ar2PI6wshNVTGC5ryqwCmsJ7N xXdFd11/pmzspb04LLwJ6DHJhXvW9+9QYhjn0SSMyQEF3biqSjEJcUM5Jke7EgEcJjNCRdDQPkE+GoqbcEnmpmAL2Q6w4knLK/NxTyhZj4rp5MnYhFLSX/1YR+ZUQGC+eld+koGkSxJAGeXfdiBmUI0/TggHKCJZtogDCn2gDEI6QDkzpjHYy9GMMyaBbydjFv3Z7nStY8ogw4BifgDNjgApTADaiDBsDgETyDF/BqPBlvxofxORtdMeY7R+BPGd8/LKGn5w==</latexit>

F [Y ] =
1

6
CIJKY IY JY K
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<latexit sha1_base64="0wgLgiMaa4d5uHtxfJfINQReHvo="></latexit>

S =
1

22
5

Z
d5x

p
�g

✓
R� 1

2
gij(�)@�

i · @�j

◆
� 1

2g25

Z
aIJ(�)F

I ^ ?F J

+
1

6(2⇡)2

Z
CIJKAI ^ F J ^ FK , <latexit sha1_base64="zBmjNBlFTMelWnO3dRYg+DF48HU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g1Wom5rU+tgIBTcuK9gHtGmYTKbt0EkyzEyEEvoL/oY/4Fb/wJ0Irtz5HU7aLLT1wMC559zLnXs8zqhUlvVp5JaWV1bX8uuFjc2t7R1zd68po1hg0sARi0TbQ5IwGpKGooqRNhcEBR4jLW90k/qtByIkjcJ7NebECdAgpH2KkdKSa5YG7nmvAq9hqdLl9KSXVE/PJmkxQpyj1NOarTXXLFplawq4SOyMFEGGumt+d/0IxwEJFWZIyo5tceUkSCiKGZkUurEkHOERGpCOpiEKiHSS6UUTeKwVH/YjoV+o4FT9PZGgQMpx4OnOAKmhnPdS8V9P6q8MiT+3XvWvnISGPFYkxLPt/ZhBFcE0M+hTQbBiY00QFlQfAPEQCYSVTlYHY8/HsEialbJ9UbbuqsXaURZRHhyAQ1ACNrgENXAL6qABMHgEz+AFvBpPxpvxbnzMWnNGNrMP/sD4+gFDOqKw</latexit>

g25 = (2⇡)4/3(22
5)

1/3

<latexit sha1_base64="Q9nPPEvAM0ZMPQi8ENhCrN4Tg9s=">AAACD3icbVBLSgNBEO3xG+MvxqWbxii4CGFGRN0IATe6i2A+kAyhp6cnadLTPXTXiCHkEF7Ard7Anbj1CF7Ac9hJZqGJDwoe71VRVS9IBDfgul/O0vLK6tp6biO/ubW9s1vYKzaMSjVldaqE0q2AGCa4ZHXgIFgr0YzEgWDNYHA98ZsPTBuu5D0ME+bHpCd5xCkBK3ULxVt8hd0y9sodESowZWzFkltxp8CLxMtICWWodQvfnVDRNGYSqCDGtD03AX9ENHAq2DjfSQ1LCB2QHmtbKknMjD+a3j7Gx1YJcaS0LQl4qv6eGJHYmGEc2M6YQN/MexPxX8/YU/osnFsP0aU/4jJJgUk62x6lAoPCk3RwyDWjIIaWEKq5fQDTPtGEgs3QBuPNx7BIGqcV77zi3p2VqkdZRDl0gA7RCfLQBaqiG1RDdUTRI3pGL+jVeXLenHfnY9a65GQz++gPnM8fTeea6g==</latexit>

I = 0, 1, . . . , n
<latexit sha1_base64="1QqD9siFkeeYU4LP3CJHRqrb2jY=">AAACDXicbVBLSgNBEK2Jvxh/oy7dNEbBRQgzIupGCLhxGcEkQjKEnp6epElP99DdEwghZ/ACbvUG7sStZ/ACnsNOMgtNfFDweK+Kqnphypk2nvflFFZW19Y3ipulre2d3T13/6CpZaYIbRDJpXoMsaacCdowzHD6mCqKk5DTVji4nfqtIVWaSfFgRikNEtwTLGYEGyt1XZehG+RXUIdH0ugKslLZq3ozoGXi56QMOepd97sTSZIlVBjCsdZt30tNMMbKMMLppNTJNE0xGeAebVsqcEJ1MJ5dPkGnVolQLJUtYdBM/T0xxonWoyS0nQk2fb3oTcV/PW1P6dNoYb2Jr4MxE2lmqCDz7XHGkZFomg2KmKLE8JElmChmH0CkjxUmxiZog/EXY1gmzfOqf1n17i/KtZM8oiIcwTGcgQ9XUIM7qEMDCAzhGV7g1Xly3px352PeWnDymUP4A+fzB5+9mpo=</latexit>

i = 1, . . . , n

<latexit sha1_base64="Bs1H2Iouh9EdatruHq45erqRfaU="></latexit>

m(�) � g5p
25

|⇣(�)| = g5p
25

|qIY I(�)|

BPS particle bound

BPS string bound (              )
<latexit sha1_base64="RScKBoofaY9UfEm5c2OlL8cWboY="></latexit>

T (�) � g̃5p
25

|⇣̃(�)| = g̃5p
25

|q̃IFI(�)|

<latexit sha1_base64="D+CuDqpsGBmcWCH7EbpQhD7WmI8=">AAACFHicbVDLSsNAFJ34rPVVdeHCzWARuqpJsepGKLhxWcE+oA1hMrlth04mYWYilJDf8Afc6h+4E7fu/QG/w2mbhbYeuHA4517uvcePOVPatr+sldW19Y3NwlZxe2d3b790cNhWUSIptGjEI9n1iQLOBLQ00xy6sQQS+hw6/vh26nceQSoWiQc9icENyVCwAaNEG8krHfc14wGkw8yr4xtcw/2YnQ+9ulcq21V7BrxMnJyUUY6mV/ruBxFNQhCacqJUz7Fj7aZEakY5ZMV+oiAmdEyG0DNUkBCUm84eyPCZUQI8iKQpofFM/T2RklCpSeibzpDokVr0puK/njKnjCBYWK8H127KRJxoEHS+fZBwrCM8jQgHTALVfGIIoZKZBzAdEUmoNkGaYJzFGJZJu1Z1Lqv2/UW5UckjKqATdIoqyEFXqIHuUBO1EEUZekYv6NV6st6sd+tj3rpi5TNH6A+szx+PRJ3U</latexit>

g̃5 = 2⇡/g5
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04

<latexit sha1_base64="0wgLgiMaa4d5uHtxfJfINQReHvo="></latexit>

S =
1

22
5

Z
d5x

p
�g

✓
R� 1

2
gij(�)@�

i · @�j

◆
� 1

2g25

Z
aIJ(�)F

I ^ ?F J

+
1

6(2⇡)2

Z
CIJKAI ^ F J ^ FK ,

Rather than taking a slice              ,<latexit sha1_base64="7Yj6WOzqT46gzDVMI6aez59vzZs=">AAACD3icbVDLSsNAFL2pr1pfsS7dDBbBhZRERN0IBUFcVrAPaUOZTCbt0MkkzEzEEvoR/oBb/QN34tZP8Af8DidtF9p6YOBwzr3cM8dPOFPacb6swtLyyupacb20sbm1vWPvlpsqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8odXud96oFKxWNzpUUK9CPcFCxnB2kg9u9yNsB4QzLPrcefeQ5fI7dkVp+pMgBaJOyMVmKHes7+7QUzSiApNOFaq4zqJ9jIsNSOcjkvdVNEEkyHu046hAkdUedkk+xgdGiVAYSzNExpN1N8bGY6UGkW+mcyTqnkvF//1lIkyoMHceR1eeBkTSaqpINPrYcqRjlHeDgqYpETzkSGYSGY+gMgAS0y06dAU487XsEiaJ1X3rOrcnlZqx7OKirAPB3AELpxDDW6gDg0g8AjP8AKv1pP1Zr1bH9PRgjXb2YM/sD5/AIywnEo=</latexit>

F [Y ] = 1

can use “homogeneous” (projective) coords:
<latexit sha1_base64="DV7CmFiykj37/1WKoyvpB0v0NnQ=">AAACEnicbVDLSsNAFL2pr1pfUXHlZrAILqQkIuqy4EZ3FexDmlgmk0k7dDIJMxOhhP6FP+BW/8CduPUH/AG/w2mbhVYPDBzOuYd75wQpZ0o7zqdVWlhcWl4pr1bW1jc2t+ztnZZKMklokyQ8kZ0AK8qZoE3NNKedVFIcB5y2g+HlxG8/UKlYIm71KKV+jPuCRYxgbaSevXd3f408kog+8riJhRgZpWdXnZozBfpL3IJUoUCjZ395YUKymApNOFaq6zqp9nMsNSOcjitepmiKyRD3addQgWOq/Hx6/hgdGiVEUSLNExpN1Z+JHMdKjeLATMZYD9S8NxH/9ZQ5ZUDDufU6uvBzJtJMU0Fm26OMI52gSUEoZJISzUeGYCKZ+QAiAywx0aZGU4w7X8Nf0jqpuWc15+a0Wj8uKirDPhzAEbhwDnW4ggY0gUAOT/AML9aj9Wq9We+z0ZJVZHbhF6yPb4HunVU=</latexit>

Y I ⇠= �Y I

<latexit sha1_base64="zBmjNBlFTMelWnO3dRYg+DF48HU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g1Wom5rU+tgIBTcuK9gHtGmYTKbt0EkyzEyEEvoL/oY/4Fb/wJ0Irtz5HU7aLLT1wMC559zLnXs8zqhUlvVp5JaWV1bX8uuFjc2t7R1zd68po1hg0sARi0TbQ5IwGpKGooqRNhcEBR4jLW90k/qtByIkjcJ7NebECdAgpH2KkdKSa5YG7nmvAq9hqdLl9KSXVE/PJmkxQpyj1NOarTXXLFplawq4SOyMFEGGumt+d/0IxwEJFWZIyo5tceUkSCiKGZkUurEkHOERGpCOpiEKiHSS6UUTeKwVH/YjoV+o4FT9PZGgQMpx4OnOAKmhnPdS8V9P6q8MiT+3XvWvnISGPFYkxLPt/ZhBFcE0M+hTQbBiY00QFlQfAPEQCYSVTlYHY8/HsEialbJ9UbbuqsXaURZRHhyAQ1ACNrgENXAL6qABMHgEz+AFvBpPxpvxbnzMWnNGNrMP/sD4+gFDOqKw</latexit>

g25 = (2⇡)4/3(22
5)

1/3

<latexit sha1_base64="Q9nPPEvAM0ZMPQi8ENhCrN4Tg9s=">AAACD3icbVBLSgNBEO3xG+MvxqWbxii4CGFGRN0IATe6i2A+kAyhp6cnadLTPXTXiCHkEF7Ard7Anbj1CF7Ac9hJZqGJDwoe71VRVS9IBDfgul/O0vLK6tp6biO/ubW9s1vYKzaMSjVldaqE0q2AGCa4ZHXgIFgr0YzEgWDNYHA98ZsPTBuu5D0ME+bHpCd5xCkBK3ULxVt8hd0y9sodESowZWzFkltxp8CLxMtICWWodQvfnVDRNGYSqCDGtD03AX9ENHAq2DjfSQ1LCB2QHmtbKknMjD+a3j7Gx1YJcaS0LQl4qv6eGJHYmGEc2M6YQN/MexPxX8/YU/osnFsP0aU/4jJJgUk62x6lAoPCk3RwyDWjIIaWEKq5fQDTPtGEgs3QBuPNx7BIGqcV77zi3p2VqkdZRDl0gA7RCfLQBaqiG1RDdUTRI3pGL+jVeXLenHfnY9a65GQz++gPnM8fTeea6g==</latexit>

I = 0, 1, . . . , n
<latexit sha1_base64="1QqD9siFkeeYU4LP3CJHRqrb2jY=">AAACDXicbVBLSgNBEK2Jvxh/oy7dNEbBRQgzIupGCLhxGcEkQjKEnp6epElP99DdEwghZ/ACbvUG7sStZ/ACnsNOMgtNfFDweK+Kqnphypk2nvflFFZW19Y3ipulre2d3T13/6CpZaYIbRDJpXoMsaacCdowzHD6mCqKk5DTVji4nfqtIVWaSfFgRikNEtwTLGYEGyt1XZehG+RXUIdH0ugKslLZq3ozoGXi56QMOepd97sTSZIlVBjCsdZt30tNMMbKMMLppNTJNE0xGeAebVsqcEJ1MJ5dPkGnVolQLJUtYdBM/T0xxonWoyS0nQk2fb3oTcV/PW1P6dNoYb2Jr4MxE2lmqCDz7XHGkZFomg2KmKLE8JElmChmH0CkjxUmxiZog/EXY1gmzfOqf1n17i/KtZM8oiIcwTGcgQ9XUIM7qEMDCAzhGV7g1Xly3px352PeWnDymUP4A+fzB5+9mpo=</latexit>

i = 1, . . . , n

(overall volume lives in a hypermultiplet)
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<latexit sha1_base64="h5u57oPqebrjpMrN7+pX7YWsC74=">AAACJnicbVDLSgMxFM3UV62vUZdugkVQqmVGRN0IhW5sC9KCfUA7HTJppg3NPEgyQhn6Df6GP+BW/8CdiDtXfodpO4hWDxw4Ofdebu5xQkaFNIx3LbWwuLS8kl7NrK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nSGxUm9eUe4oIF/K0chsTzU96lLMZLKsvWjYjdnxyVYhpUxvILF7sn3KwdvYM0uKZYVK7aeNfLGFPCvMBORBQmqtv7Z6QU48ogvMUNCtE0jlFaMuKSYkXGmEwkSIjxEfdJW0kceEVY8PWkMD5TTg27AFX0Jp+7PiRh5Qow8R3V6SA7EfG1i/lsT6isD0ptbL91LK6Z+GEni49l2N2JQBnASGuxRTrBkIyUQ5lQdAPEAcYSlilYFY87H8Fc0TvPmed6onWULx0lEabAH9sEhMMEFKIBrUAV1gME9eARP4Fl70F60V+1t1prSkpld8Avaxxc+AaIF</latexit>

C+
IJK = C�

IJK +NQIQJQK

N charge      hypers become massless
“Flop”

<latexit sha1_base64="st2YR0iE2tjQ5I+0kzSmlvHeIaM=">AAAB6nicbZA7SwNBFIXvxlcSX1FLm8EgWEjYFXyUARvtEjQPSJYwOzubDJmdXWZmhbCksbGysVDE1tY/Y+ev0dkkhSYeGPg4517m3uvFnClt219Wbml5ZXUtXyiub2xubZd2dpsqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oaXWd66o1KxSNzqUUzdEPcFCxjB2lg39d51r1S2K/ZEaBGcGZSrhQf/4/v+uNYrfXb9iCQhFZpwrFTHsWPtplhqRjgdF7uJojEmQ9ynHYMCh1S56WTUMTo0jo+CSJonNJq4vztSHCo1Cj1TGWI9UPNZZv6XdRIdXLgpE3GiqSDTj4KEIx2hbG/kM0mJ5iMDmEhmZkVkgCUm2lynaI7gzK+8CM2TinNWOa075aoNU+VhHw7gCBw4hypcQQ0aQKAPj/AMLxa3nqxX621amrNmPXvwR9b7D7iekRQ=</latexit>

QI
<latexit sha1_base64="XgLKmkAoftzqQ95fcD8s4VrrJIY=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUS9CwIu5JWAekqxhdrY3GTI7s8zMCiHk7g941T/wJl79DX/A73CS7EETCxqKqm66u4KEM21c98tZWl5ZXVvPbeQ3t7Z3dgt7+w0tU0WhTiWXqhUQDZwJqBtmOLQSBSQOODSDwc3Ebz6C0kyKOzNMwI9JT7CIUWKs1K51K/j+oYKvsdstFN2SOwVeJF5GiihDtVv47oSSpjEIQznRuu25ifFHRBlGOYzznVRDQuiA9KBtqSAxaH80PXmMj60S4kgqW8Lgqfp7YkRirYdxYDtjYvp63puI/3rantKHcG69ia78ERNJakDQ2fYo5dhIPAkFh0wBNXxoCaGK2Qcw7RNFqLHR2WC8+RgWSeOs5F2U3Np5sXyaRZRDh+gInSAPXaIyukVVVEcUSfSMXtCr8+S8Oe/Ox6x1yclmDtAfOJ8/bMmYZg==</latexit>

Q
I
Y

I =
0

<latexit sha1_base64="yYn7g5qoyRCDWYxouAoRavBa8QA=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUU8S8GJuCZiHJGuYne1NhszOLDOzQgi5+wNe9Q+8iVd/wx/wO5wke9DEgoaiqpvuriDhTBvX/XKWlldW19ZzG/nNre2d3cLefkPLVFGoU8mlagVEA2cC6oYZDq1EAYkDDs1gcDPxm4+gNJPizgwT8GPSEyxilBgrtWvdCr5/qOBr7HYLRbfkToEXiZeRIspQ7Ra+O6GkaQzCUE60bntuYvwRUYZRDuN8J9WQEDogPWhbKkgM2h9NTx7jY6uEOJLKljB4qv6eGJFY62Ec2M6YmL6e9ybiv562p/QhnFtvoit/xESSGhB0tj1KOTYST0LBIVNADR9aQqhi9gFM+0QRamx0NhhvPoZF0jgreRclt3ZeLJ9mEeXQITpCJ8hDl6iMblEV1RFFEj2jF/TqPDlvzrvzMWtdcrKZA/QHzucPbmOYZw==</latexit>

QIY
I > 0

<latexit sha1_base64="gex3wHnUCm8xpqRCaqB23BwzMvU=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUQ8eAl7MLQHzkGQNs7O9yZDZmWVmVgghd3/Aq/6BN/Hqb/gDfoeTZA+aWNBQVHXT3RUknGnjul/O0vLK6tp6biO/ubW9s1vY229omSoKdSq5VK2AaOBMQN0ww6GVKCBxwKEZDG4mfvMRlGZS3JlhAn5MeoJFjBJjpXatW8H3DxV8jd1uoeiW3CnwIvEyUkQZqt3CdyeUNI1BGMqJ1m3PTYw/IsowymGc76QaEkIHpAdtSwWJQfuj6cljfGyVEEdS2RIGT9XfEyMSaz2MA9sZE9PX895E/NfT9pQ+hHPrTXTlj5hIUgOCzrZHKcdG4kkoOGQKqOFDSwhVzD6AaZ8oQo2NzgbjzcewSBpnJe+i5NbOi+XTLKIcOkRH6AR56BKV0S2qojqiSKJn9IJenSfnzXl3PmatS042c4D+wPn8AWsvmGU=</latexit>

QIY
I < 0

<latexit sha1_base64="Y8ns3erYgcjyNHyiXnFaiTb8q2Q=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBAEIewGUY+BXHxcIpgHJGuYne0kQ2ZnlplZISy5+wNe9Q+8iVd/wx/wO5wke9DEgoaiqpvuriDmTBvX/XKWlldW19ZzG/nNre2d3cLefkPLRFGoU8mlagVEA2cC6oYZDq1YAYkCDs1gWJ34zUdQmklxb0Yx+BHpC9ZjlBgrtasPp930Gt/g23G3UHRL7hR4kXgZKaIMtW7huxNKmkQgDOVE67bnxsZPiTKMchjnO4mGmNAh6UPbUkEi0H46PXmMj60S4p5UtoTBU/X3REoirUdRYDsjYgZ63puI/3ranjKAcG696V36KRNxYkDQ2fZewrGReBIKDpkCavjIEkIVsw9gOiCKUGOjs8F48zEskka55J2X3LuzYqWcRZRDh+gInSAPXaAKukI1VEcUSfSMXtCr8+S8Oe/Ox6x1yclmDtAfOJ8/MxCY5w==</latexit>

C
+

IJ
K

<latexit sha1_base64="4papWosLvQ7HfwZxRNYcc+63WMw=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBC8GHaDqMdALj4uEcwDkjXMznaSIbMzy8ysEJbc/QGv+gfexKu/4Q/4HU6SPWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv6FloijUqeRStQKigTMBdcMMh1asgEQBh2YwrE785iMozaS4N6MY/Ij0BesxSoyV2tWH0256jW/w7bhbKLoldwq8SLyMFFGGWrfw3QklTSIQhnKiddtzY+OnRBlGOYzznURDTOiQ9KFtqSARaD+dnjzGx1YJcU8qW8Lgqfp7IiWR1qMosJ0RMQM9703Efz1tTxlAOLfe9C79lIk4MSDobHsv4dhIPAkFh0wBNXxkCaGK2QcwHRBFqLHR2WC8+RgWSaNc8s5L7t1ZsVLOIsqhQ3SETpCHLlAFXaEaqiOKJHpGL+jVeXLenHfnY9a65GQzB+gPnM8fNlCY6Q==</latexit> C
�

IJ
K

flo
p

<latexit sha1_base64="bPQ3YqWZllqGfKLrXIUtx9B5zTE=">AAACEXicbVC7TsMwFHXKq5RXKGwsFhUSU5Ug8dioxAASS5HoQ2qiynGd1qrjBNupKFG+gp0VJiYWNsTKFzCy8Rk4LQNtOZKlo3Pu9T06XsSoVJb1aeTm5hcWl/LLhZXVtfUNc7NYl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXP8v8xoAISUN+rYYRcQPU5dSnGCkttc2iEyDVw4gllyl0yE1MB22zZJWtEeAssX9J6fTl7uv8eTupts1vpxPiOCBcYYakbNlWpNwECUUxI2nBiSWJEO6jLmlpylFApJuMsqdwTysd6IdCP67gSP27kaBAymHg6cksqZz2MvE/rxUr/8RNKI9iRTgeH/JjBlUIsyJghwqCFRtqgrCgOivEPSQQVrquiSvZ30L6Mi3oauzpImZJ/aBsH5UPr+xSxQJj5MEO2AX7wAbHoAIuQBXUAAa34AE8gifj3ng13oz38WjO+N3ZAhMwPn4AzDOhqA==</latexit>

K ⌘ Kähler cone extended via flops
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<latexit sha1_base64="h5u57oPqebrjpMrN7+pX7YWsC74=">AAACJnicbVDLSgMxFM3UV62vUZdugkVQqmVGRN0IhW5sC9KCfUA7HTJppg3NPEgyQhn6Df6GP+BW/8CdiDtXfodpO4hWDxw4Ofdebu5xQkaFNIx3LbWwuLS8kl7NrK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nSGxUm9eUe4oIF/K0chsTzU96lLMZLKsvWjYjdnxyVYhpUxvILF7sn3KwdvYM0uKZYVK7aeNfLGFPCvMBORBQmqtv7Z6QU48ogvMUNCtE0jlFaMuKSYkXGmEwkSIjxEfdJW0kceEVY8PWkMD5TTg27AFX0Jp+7PiRh5Qow8R3V6SA7EfG1i/lsT6isD0ptbL91LK6Z+GEni49l2N2JQBnASGuxRTrBkIyUQ5lQdAPEAcYSlilYFY87H8Fc0TvPmed6onWULx0lEabAH9sEhMMEFKIBrUAV1gME9eARP4Fl70F60V+1t1prSkpld8Avaxxc+AaIF</latexit>

C+
IJK = C�

IJK +NQIQJQK

N charge      vectors become massless
“Weyl Flop”

<latexit sha1_base64="st2YR0iE2tjQ5I+0kzSmlvHeIaM=">AAAB6nicbZA7SwNBFIXvxlcSX1FLm8EgWEjYFXyUARvtEjQPSJYwOzubDJmdXWZmhbCksbGysVDE1tY/Y+ev0dkkhSYeGPg4517m3uvFnClt219Wbml5ZXUtXyiub2xubZd2dpsqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oaXWd66o1KxSNzqUUzdEPcFCxjB2lg39d51r1S2K/ZEaBGcGZSrhQf/4/v+uNYrfXb9iCQhFZpwrFTHsWPtplhqRjgdF7uJojEmQ9ynHYMCh1S56WTUMTo0jo+CSJonNJq4vztSHCo1Cj1TGWI9UPNZZv6XdRIdXLgpE3GiqSDTj4KEIx2hbG/kM0mJ5iMDmEhmZkVkgCUm2lynaI7gzK+8CM2TinNWOa075aoNU+VhHw7gCBw4hypcQQ0aQKAPj/AMLxa3nqxX621amrNmPXvwR9b7D7iekRQ=</latexit>

QI

Corresponds to nonabelian enhancement,
    e.g., to, su(2) gauge redundant

<latexit sha1_base64="XgLKmkAoftzqQ95fcD8s4VrrJIY=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUS9CwIu5JWAekqxhdrY3GTI7s8zMCiHk7g941T/wJl79DX/A73CS7EETCxqKqm66u4KEM21c98tZWl5ZXVvPbeQ3t7Z3dgt7+w0tU0WhTiWXqhUQDZwJqBtmOLQSBSQOODSDwc3Ebz6C0kyKOzNMwI9JT7CIUWKs1K51K/j+oYKvsdstFN2SOwVeJF5GiihDtVv47oSSpjEIQznRuu25ifFHRBlGOYzznVRDQuiA9KBtqSAxaH80PXmMj60S4kgqW8Lgqfp7YkRirYdxYDtjYvp63puI/3rantKHcG69ia78ERNJakDQ2fYo5dhIPAkFh0wBNXxoCaGK2Qcw7RNFqLHR2WC8+RgWSeOs5F2U3Np5sXyaRZRDh+gInSAPXaIyukVVVEcUSfSMXtCr8+S8Oe/Ox6x1yclmDtAfOJ8/bMmYZg==</latexit>

Q
I
Y

I =
0

<latexit sha1_base64="yYn7g5qoyRCDWYxouAoRavBa8QA=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUU8S8GJuCZiHJGuYne1NhszOLDOzQgi5+wNe9Q+8iVd/wx/wO5wke9DEgoaiqpvuriDhTBvX/XKWlldW19ZzG/nNre2d3cLefkPLVFGoU8mlagVEA2cC6oYZDq1EAYkDDs1gcDPxm4+gNJPizgwT8GPSEyxilBgrtWvdCr5/qOBr7HYLRbfkToEXiZeRIspQ7Ra+O6GkaQzCUE60bntuYvwRUYZRDuN8J9WQEDogPWhbKkgM2h9NTx7jY6uEOJLKljB4qv6eGJFY62Ec2M6YmL6e9ybiv562p/QhnFtvoit/xESSGhB0tj1KOTYST0LBIVNADR9aQqhi9gFM+0QRamx0NhhvPoZF0jgreRclt3ZeLJ9mEeXQITpCJ8hDl6iMblEV1RFFEj2jF/TqPDlvzrvzMWtdcrKZA/QHzucPbmOYZw==</latexit>

QIY
I > 0

<latexit sha1_base64="gex3wHnUCm8xpqRCaqB23BwzMvU=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUQ8eAl7MLQHzkGQNs7O9yZDZmWVmVgghd3/Aq/6BN/Hqb/gDfoeTZA+aWNBQVHXT3RUknGnjul/O0vLK6tp6biO/ubW9s1vY229omSoKdSq5VK2AaOBMQN0ww6GVKCBxwKEZDG4mfvMRlGZS3JlhAn5MeoJFjBJjpXatW8H3DxV8jd1uoeiW3CnwIvEyUkQZqt3CdyeUNI1BGMqJ1m3PTYw/IsowymGc76QaEkIHpAdtSwWJQfuj6cljfGyVEEdS2RIGT9XfEyMSaz2MA9sZE9PX895E/NfT9pQ+hHPrTXTlj5hIUgOCzrZHKcdG4kkoOGQKqOFDSwhVzD6AaZ8oQo2NzgbjzcewSBpnJe+i5NbOi+XTLKIcOkRH6AR56BKV0S2qojqiSKJn9IJenSfnzXl3PmatS042c4D+wPn8AWsvmGU=</latexit>

QIY
I < 0

<latexit sha1_base64="Y8ns3erYgcjyNHyiXnFaiTb8q2Q=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBAEIewGUY+BXHxcIpgHJGuYne0kQ2ZnlplZISy5+wNe9Q+8iVd/wx/wO5wke9DEgoaiqpvuriDmTBvX/XKWlldW19ZzG/nNre2d3cLefkPLRFGoU8mlagVEA2cC6oYZDq1YAYkCDs1gWJ34zUdQmklxb0Yx+BHpC9ZjlBgrtasPp930Gt/g23G3UHRL7hR4kXgZKaIMtW7huxNKmkQgDOVE67bnxsZPiTKMchjnO4mGmNAh6UPbUkEi0H46PXmMj60S4p5UtoTBU/X3REoirUdRYDsjYgZ63puI/3ranjKAcG696V36KRNxYkDQ2fZewrGReBIKDpkCavjIEkIVsw9gOiCKUGOjs8F48zEskka55J2X3LuzYqWcRZRDh+gInSAPXaAKukI1VEcUSfSMXtCr8+S8Oe/Ox6x1yclmDtAfOJ8/MxCY5w==</latexit>

C
+

IJ
K

<latexit sha1_base64="4papWosLvQ7HfwZxRNYcc+63WMw=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBC8GHaDqMdALj4uEcwDkjXMznaSIbMzy8ysEJbc/QGv+gfexKu/4Q/4HU6SPWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv6FloijUqeRStQKigTMBdcMMh1asgEQBh2YwrE785iMozaS4N6MY/Ij0BesxSoyV2tWH0256jW/w7bhbKLoldwq8SLyMFFGGWrfw3QklTSIQhnKiddtzY+OnRBlGOYzznURDTOiQ9KFtqSARaD+dnjzGx1YJcU8qW8Lgqfp7IiWR1qMosJ0RMQM9703Efz1tTxlAOLfe9C79lIk4MSDobHsv4dhIPAkFh0wBNXxkCaGK2QcwHRBFqLHR2WC8+RgWSaNc8s5L7t1ZsVLOIsqhQ3SETpCHLlAFXaEaqiOKJHpGL+jVeXLenHfnY9a65GQzB+gPnM8fNlCY6Q==</latexit> C
�

IJ
K

Weyl	group
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<latexit sha1_base64="h5u57oPqebrjpMrN7+pX7YWsC74=">AAACJnicbVDLSgMxFM3UV62vUZdugkVQqmVGRN0IhW5sC9KCfUA7HTJppg3NPEgyQhn6Df6GP+BW/8CdiDtXfodpO4hWDxw4Ofdebu5xQkaFNIx3LbWwuLS8kl7NrK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nSGxUm9eUe4oIF/K0chsTzU96lLMZLKsvWjYjdnxyVYhpUxvILF7sn3KwdvYM0uKZYVK7aeNfLGFPCvMBORBQmqtv7Z6QU48ogvMUNCtE0jlFaMuKSYkXGmEwkSIjxEfdJW0kceEVY8PWkMD5TTg27AFX0Jp+7PiRh5Qow8R3V6SA7EfG1i/lsT6isD0ptbL91LK6Z+GEni49l2N2JQBnASGuxRTrBkIyUQ5lQdAPEAcYSlilYFY87H8Fc0TvPmed6onWULx0lEabAH9sEhMMEFKIBrUAV1gME9eARP4Fl70F60V+1t1prSkpld8Avaxxc+AaIF</latexit>

C+
IJK = C�

IJK +NQIQJQK

N charge      vectors become massless
“Weyl Flop”

<latexit sha1_base64="st2YR0iE2tjQ5I+0kzSmlvHeIaM=">AAAB6nicbZA7SwNBFIXvxlcSX1FLm8EgWEjYFXyUARvtEjQPSJYwOzubDJmdXWZmhbCksbGysVDE1tY/Y+ev0dkkhSYeGPg4517m3uvFnClt219Wbml5ZXUtXyiub2xubZd2dpsqSiShDRLxSLY9rChngjY005y2Y0lx6HHa8oaXWd66o1KxSNzqUUzdEPcFCxjB2lg39d51r1S2K/ZEaBGcGZSrhQf/4/v+uNYrfXb9iCQhFZpwrFTHsWPtplhqRjgdF7uJojEmQ9ynHYMCh1S56WTUMTo0jo+CSJonNJq4vztSHCo1Cj1TGWI9UPNZZv6XdRIdXLgpE3GiqSDTj4KEIx2hbG/kM0mJ5iMDmEhmZkVkgCUm2lynaI7gzK+8CM2TinNWOa075aoNU+VhHw7gCBw4hypcQQ0aQKAPj/AMLxa3nqxX621amrNmPXvwR9b7D7iekRQ=</latexit>

QI

Corresponds to nonabelian enhancement,
    e.g., to, su(2)

<latexit sha1_base64="/czTJtQg9VyxNLer5d6w1bhQCYI=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4kDJTQV0W3LisYB/YDiWT3mlDM5khD6EM/QjBrf6GO3HrJ/gXfoLpdBa29UDI4Zx7b25OkHCmtOt+O4W19Y3NreJ2aWd3b/+gfHjUUrGRFJo05rHsBEQBZwKammkOnUQCiQIO7WB8O/PbTyAVi8WDniTgR2QoWMgo0VZ6bMOE46GMTdIvV9yqmwGvEi8nFZSj0S//9AYxNREITTlRquu5ifZTIjWjHKalnlGQEDomQ+haKkgEyk+zjaf4zCoDHMbSHqFxpv7tSEmk1CQKbGVE9EgtezPxP69rdHjjp0wkRoOg84dCw7GO8ez7eMAkUM0nlhAqmd0V0xGRhGob0sKkbDaVfgrGXizRUxuRtxzIKmnVqt5V9fK+Vqlf5GEV0Qk6RefIQ9eoju5QAzURRQK9oFf05jw7786H8zkvLTh5zzFagPP1C5XdnfY=</latexit>

Weyl group

<latexit sha1_base64="oTxI3c72R6SFbjZtsxou1qXcVmY=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVpCRV1GXBjcsK9gFtKJPppB06mYR5FErIhwhu9TfciVuX/oWf4CTNwrZeGOZwzn0cjh8zKpXjfFtr6xubW9ulnfLu3v7BoX103JaRFpi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHn9xnemdKhKQRf1KzmHghGnEaUIyUoQa23Q+RGgcCTRKp02r9YmBXnJqTF1wFbgEqoKjmwP7pDyOsQ8IVZkjKnuvEykuQUBQzkpb7WpIY4QkakZ6BHIVEeknuPIXnhhnCIBLmcQVz9u9EgkIpZ6FvOjOfclnLyP+0nlbBnZdQHmtFOJ4fCjSDKoJZDHBIBcGKzQxAWFDjFeIxEggrE9bCpnw3Fl5CtPlorFITkbscyCpo12vuTe3q8brSuCzCKoFTcAaqwAW3oAEeQBO0AAZT8AJewZv1bL1bH9bnvHXNKmZOwEJZX7+Hj6CE</latexit>

su(2)

<latexit sha1_base64="q5rU3as+rUITvja5uch9xQvg+FY=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjMq6rLgxmUF+4B2KJk004ZmMiG5I5ShXyC41d9wJ279Cv/CTzAznYVtPRByOOfem5sTKMENuO63U1pb39jcKm9Xdnb39g+qh0dtEyeashaNRay7ATFMcMlawEGwrtKMRIFgnWByl/mdJ6YNj+UjTBXzIzKSPOSUQCb11ZgPqjW37ubAq8QrSA0VaA6qP/1hTJOISaCCGNPzXAV+SjRwKtis0k8MU4ROyIj1LJUkYsZP811n+MwqQxzG2h4JOFf/dqQkMmYaBbYyIjA2y14m/uf1Eghv/ZRLlQCTdP5QmAgMMc4+jodcMwpiagmhmttdMR0TTSjYeBYm5bOp9lOW2IsrmNmIvOVAVkn7ou5d1y8frmoNtwirjE7QKTpHHrpBDXSPmqiFKBqjF/SK3pxn5935cD7npSWn6DlGC3C+fgHiP5tv</latexit>

�

<latexit sha1_base64="UbfVOq88uoOGoJ/dfC3hpLmCigw=">AAACEHicbVDLSgMxFM3UV62vqks3g0VwVWaqqMuCG8FNBfuA6VAyaaYNzSRDckcoQ39CcKu/4U7c+gf+hZ9gZjoL23og5HDOvTc3J4g50+A431ZpbX1jc6u8XdnZ3ds/qB4edbRMFKFtIrlUvQBrypmgbWDAaS9WFEcBp91gcpv53SeqNJPiEaYx9SM8EixkBIORvH6EYayJSu9ng2rNqTs57FXiFqSGCrQG1Z/+UJIkogIIx1p7rhODn2IFjHA6q/QTTWNMJnhEPUMFjqj203zlmX1mlKEdSmWOADtX/3akONJ6GgWmMl9x2cvE/zwvgfDGT5mIE6CCzB8KE26DtLP/20OmKAE+NQQTxcyuNhljhQmYlBYmFdH4KU3MxWLIInKXA1klnUbdvapfPFzWmo0irDI6QafoHLnoGjXRHWqhNiJIohf0it6sZ+vd+rA+56Ulq+g5Rguwvn4BzRSeqw==</latexit>

K
<latexit sha1_base64="ecqj69pM0FJLpuuwigB9WNTJ+uY=">AAACEXicbVDLSgMxFM34rPVVdekmWERXZaaKuiy4EdxUsA/oDCWT3mlDM5khyQhlmK8Q3OpvuBO3foF/4SeYTmdhWw+EHM65NzkcP+ZMadv+tlZW19Y3Nktb5e2d3b39ysFhW0WJpNCiEY9k1ycKOBPQ0kxz6MYSSOhz6Pjj26nfeQKpWCQe9SQGLyRDwQJGiTaS64ZEjxSV6X121q9U7ZqdAy8TpyBVVKDZr/y4g4gmIQhNOVGq59ix9lIiNaMcsrKbKIgJHZMh9AwVJATlpXnmDJ8aZYCDSJojNM7VvxspCZWahL6ZzDMuelPxP6+X6ODGS5mIEw2Czj4KEo51hKcF4AGTQDWfGEKoZCYrpiMiCdWmprmXim68FBJzsVhnpiJnsZBl0q7XnKvaxcNltVEvyiqhY3SCzpGDrlED3aEmaiGKYvSCXtGb9Wy9Wx/W52x0xSp2jtAcrK9fNnie3A==</latexit>

K0
<latexit sha1_base64="MCf26Z+KeCRikKmlNIwGVYotVDQ=">AAACGHicbVDLSsNAFJ3UV62vVJduBotQQUqioi4Lbly2YB/QhDKZTtqhk2SYmSgl5EcEt/ob7sStO//CT3CSZmFbLwxzOOc+DsfjjEplWd9GaW19Y3OrvF3Z2d3bPzCrh10ZxQKTDo5YJPoekoTRkHQUVYz0uSAo8BjpedO7TO89EiFpFD6oGSdugMYh9SlGSlNDs+oESE0wYkk7rTt8Qs+GZs1qWHnBVWAXoAaKag3NH2cU4TggocIMSTmwLa7cBAlFMSNpxYkl4QhP0ZgMNAxRQKSb5NZTeKqZEfQjoV+oYM7+nUhQIOUs8HRnZlQuaxn5nzaIlX/rJjTksSIhnh/yYwZVBLMc4IgKghWbaYCwoNorxBMkEFY6rYVN+W4s3ITE+qNcpToiezmQVdC9aNjXjcv2Va15XoRVBsfgBNSBDW5AE9yDFugADJ7AC3gFb8az8W58GJ/z1pJRzByBhTK+fgFOV6Du</latexit>

Q(�)

gauge redundant

…but attractor
point can hide
in the Weyl group
image!
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<latexit sha1_base64="Nz86gVML7goTLdnJ/xYmbIQJgY0=">AAAB+nicbVDLSsNAFJ3UV1tfqW4EN8Ei1E1JBLXLohuXLdgHtCFMppN26OTBzI1aY8AfceNCEXfil7gT/Binj4W2HrhwOOde7r3HjTiTYJpfWmZpeWV1LZvLr29sbm3rhZ2mDGNBaIOEPBRtF0vKWUAbwIDTdiQo9l1OW+7wYuy3rqmQLAyuYBRR28f9gHmMYFCSoxd8J+kCvYVEVZqW6keOXjTL5gTGIrFmpFjdu/vOPbyf1xz9s9sLSezTAAjHUnYsMwI7wQIY4TTNd2NJI0yGuE87igbYp9JOJqenxqFSeoYXClUBGBP190SCfSlHvqs6fQwDOe+Nxf+8TgxexU5YEMVAAzJd5MXcgNAY52D0mKAE+EgRTARTtxpkgAUmoNLKqxCs+ZcXSfO4bJ2WT+pWsVpBU2TRPjpAJWShM1RFl6iGGoigG/SIntGLdq89aa/a27Q1o81mdtEfaB8/x0yXTQ==</latexit>

mext(Q) (assume	spherical
								symmetry)

see,	e.g.,	Harlow,	BH,	Reece,	Rudelius	‘22	for	review

with regularity outside the horizon is a su�cient condition for a nonextremal solution

to have a smooth horizon [56].

Our primary interest is in “extremal” solutions, i.e., those with the least mass

for any specified charge. Since by assumption they cannot radiate, extremal solutions

are always quasiextremal (though the converse is not always true [56]). Thus, to con-

struct extremal solutions and determine the extremality bound, we first examine the

quasiextremal case more closely.

We use the fake superpotential formalism [36–40]. Suppose we are given a function

on the moduli space W (�) that satisfies the first-order PDE:

Q
2(�) = gijW,i(�)W,j(�) +

1

3
W (�)2 . (3.5)

Then it is straightforward to check that the first-order gradient-flow ODEs

 ̇ = �
1

3
e W (�) , �̇i = �e gijW,j , (3.6)

imply the black hole equations (3.2) with rh = 0.

Note that the function W (�) need not be globally defined in the moduli space;

it is su�cient for W (�) to be defined in a small neighborhood of a solution to (3.6).

Indeed, due to the non-linearity of the equation, local, real solutions to (3.5) may hit

branch cuts and become complex when extended throughout the rest of the moduli.

Nonetheless, global, real solutions to (3.5) are especially interesting, as we will see.

A “black hole” solution resulting from (3.6) may or may not have a smooth horizon.

Suppose first that the gradient flow approaches a local minimum of W (�) and that

W = W0 > 0 at the minimum. We obtain  ̇ ' �
1

3
e W0 near the end of the flow (as

z ! 1), hence e� ⇠ W0z/3, and the horizon is smooth, with finite area

A = 2⇡2 lim
r!0

r3e�
3
2 (r) = 2

5
(W0/3)

3/2 . (3.7)

If instead the minimum occurs at W0 = 0, then the horizon shrinks to zero area and

becomes singular. However, such solutions still satisfy  ̇ < 0 outside the horizon, and

so can be realized as limits of smooth nonextremal solutions. Despite the singular

horizon, we nonetheless refer to such solutions as quasiextremal “black holes,” since

they lie at the boundary of the space of nonextremal black hole solutions with smooth

horizons.31

By comparison, if W0 < 0 then  ̇ becomes positive at finite z and a smooth horizon

is impossible. Moreover, such behavior will never arise as a limit of a smooth black

hole solution, and solutions of this kind are not black holes in any sense.

31For example, extremal black holes in Einstein-Maxwell-Dilaton theory fall into this class.

23

Find all solutions to PDE

such that gradient flow
<latexit sha1_base64="FykYHE7+dcdvUvG457DAU7ZaZT8="></latexit>

d�i

d⌧ = �gijW,j

starting at                 satisfies
<latexit sha1_base64="5gZOr96HE63GlQ9NnqhtdvRgoHE=">AAAB/3icbZDLSsNAFIYn9Var1VjBjZvBInRVkoKXjVBw47KCvUATw2Q6aYdOJnFmIoTahWvfwo0Li7j1NdyJL+O06UJbfxj4+M85nDO/HzMqlWV9GbmV1bX1jfxmYWu7uLNr7pVaMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHl9N6+54ISSN+o9KYuCHqcxpQjJS2PPPAiQf0lsILmIHnUB6o1DPLVtWaCS6DPYdyvVT5fprcFRue+en0IpyEhCvMkJRd24qVO0JCUczIuOAkksQID1GfdDVyFBLpjmb3j+GxdnowiIR+XMGZ+3tihEIp09DXnSFSA7lYm5r/1bqJCs7dEeVxogjH2aIgYVBFcBoG7FFBsGKpBoQF1bdCPEACYaUjK+gQ7MUvL0OrVrVPqyfXdrleA5ny4BAcgQqwwRmogyvQAE2AwQN4Bq9gYjwaL8ab8Z615oz5zD74I+PjB3edmLI=</latexit>

�i = �i
1

<latexit sha1_base64="OVonpePxFz4UmJE1d7A9V32Awwk=">AAACD3icbZC7SgNBFIZnvcZ4W2NpMxiU2ITdgJdKAjaWEcwFsiGcnZ0kQ2YvzswKYckbCOKr2FgoIna2dj6IvbObFJr4w8DH/5/DnHPciDOpLOvLWFhcWl5Zza3l1zc2t7bNnUJDhrEgtE5CHoqWC5JyFtC6YorTViQo+C6nTXd4kebNWyokC4NrNYpox4d+wHqMgNJW1zxslpxowI7wObawcxOD5/RCAZxnjB0FcRp1zaJVtjLhebCnUKwWnNL3+71T65qfjheS2KeBIhykbNtWpDoJCMUIp+O8E0saARlCn7Y1BuBT2Umyfcb4QDse1nPoFyicub87EvClHPmurvRBDeRslpr/Ze1Y9c46CQuiWNGATD7qxRyrEKfHwR4TlCg+0gBEMD0rJgMQQJQ+YV4fwZ5deR4albJ9Uj6+sovVCpooh/bQPiohG52iKrpENVRHBN2hR/SMXowH48l4Nd4mpQvGtGcX/ZHx8QNr8J4H</latexit>

W (�) > 0 8 ⌧ > 0

<latexit sha1_base64="h7KtBqv3sH7636lnMZKKHcBJWSw=">AAACAXicbVC7SgNBFJ2NryS+Vm0Em8EgiU3YFXyUARvLiOYBSUhmJ5NkyOzOMnNXjEts/BUbC0Vs/QQ7C8G/cfIoNPHAhcM593LvPV4ouAbH+bYSC4tLyyvJVHp1bX1j097aLmsZKcpKVAqpqh7RTPCAlYCDYNVQMeJ7glW8/vnIr9wwpbkMrmEQsoZPugHvcErASE17tw7sFuJWqytlO5vFQ1zJ1cMeP2zaGSfvjIHniTslmULy7uvjqpgqNu3PelvSyGcBUEG0rrlOCI2YKOBUsGG6HmkWEtonXVYzNCA+0414/MEQHxiljTtSmQoAj9XfEzHxtR74nun0CfT0rDcS//NqEXTOGjEPwghYQCeLOpHAIPEoDtzmilEQA0MIVdzcimmPKELBhJY2IbizL8+T8lHePckfX7qZQg5NkER7aB/lkItOUQFdoCIqIYru0SN6Ri/Wg/VkvVpvk9aENZ3ZQX9gvf8AHf+Y7A==</latexit>

“good” W (�)
Then:

<latexit sha1_base64="4fXSmbAZMLcAj8ICjY8Cbyh5ZhI="></latexit>

mext(Q) = g5p
25

inf W (�1)
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<latexit sha1_base64="Nz86gVML7goTLdnJ/xYmbIQJgY0=">AAAB+nicbVDLSsNAFJ3UV1tfqW4EN8Ei1E1JBLXLohuXLdgHtCFMppN26OTBzI1aY8AfceNCEXfil7gT/Binj4W2HrhwOOde7r3HjTiTYJpfWmZpeWV1LZvLr29sbm3rhZ2mDGNBaIOEPBRtF0vKWUAbwIDTdiQo9l1OW+7wYuy3rqmQLAyuYBRR28f9gHmMYFCSoxd8J+kCvYVEVZqW6keOXjTL5gTGIrFmpFjdu/vOPbyf1xz9s9sLSezTAAjHUnYsMwI7wQIY4TTNd2NJI0yGuE87igbYp9JOJqenxqFSeoYXClUBGBP190SCfSlHvqs6fQwDOe+Nxf+8TgxexU5YEMVAAzJd5MXcgNAY52D0mKAE+EgRTARTtxpkgAUmoNLKqxCs+ZcXSfO4bJ2WT+pWsVpBU2TRPjpAJWShM1RFl6iGGoigG/SIntGLdq89aa/a27Q1o81mdtEfaB8/x0yXTQ==</latexit>

mext(Q) (assume	spherical
								symmetry)

see,	e.g.,	Harlow,	BH,	Reece,	Rudelius	‘22	for	review

BPS case:
Closed-form solution to gradient flow:

<latexit sha1_base64="ISkpOQJv3J3m8AOW+6TYKJ75/s4="></latexit>

W (�) = QIY I/F1/3

<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY="></latexit>

TI = T1
I + z QI

F1/3
<latexit sha1_base64="p+hJNaKw1gxdYbNQtWqytinGwws=">AAACCnicbVDLSgMxFM3UV62vsS7dRIvQVZ0p+NgIBUF0V6Ev6Awlk2ba0ExmSDJCGbp2I/glblwo4k78And+iHszbRe29UDg3HPuJfceL2JUKsv6NjJLyyura9n13Mbm1vaOuZtvyDAWmNRxyELR8pAkjHJSV1Qx0ooEQYHHSNMbXKZ+844ISUNeU8OIuAHqcepTjJSWOuZBrXMDL6ATINXHiCVXI10fz9RmwSpZY8BFYk9JoZJ3ij8fj061Y3453RDHAeEKMyRl27Yi5SZIKIoZGeWcWJII4QHqkbamHAVEusn4lBE80koX+qHQjys4Vv9OJCiQchh4ujNdUc57qfif146Vf+4mlEexIhxPPvJjBlUI01xglwqCFRtqgrCgeleI+0ggrHR6OR2CPX/yImmUS/Zp6eTWLlTKYIIs2AeHoAhscAYq4BpUQR1gcA+ewAt4NR6MZ+PNeJ+0ZozpzB6YgfH5CwJInNw=</latexit>

TI = FI/Fin terms of “dual coords”
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<latexit sha1_base64="Nz86gVML7goTLdnJ/xYmbIQJgY0=">AAAB+nicbVDLSsNAFJ3UV1tfqW4EN8Ei1E1JBLXLohuXLdgHtCFMppN26OTBzI1aY8AfceNCEXfil7gT/Binj4W2HrhwOOde7r3HjTiTYJpfWmZpeWV1LZvLr29sbm3rhZ2mDGNBaIOEPBRtF0vKWUAbwIDTdiQo9l1OW+7wYuy3rqmQLAyuYBRR28f9gHmMYFCSoxd8J+kCvYVEVZqW6keOXjTL5gTGIrFmpFjdu/vOPbyf1xz9s9sLSezTAAjHUnYsMwI7wQIY4TTNd2NJI0yGuE87igbYp9JOJqenxqFSeoYXClUBGBP190SCfSlHvqs6fQwDOe+Nxf+8TgxexU5YEMVAAzJd5MXcgNAY52D0mKAE+EgRTARTtxpkgAUmoNLKqxCs+ZcXSfO4bJ2WT+pWsVpBU2TRPjpAJWShM1RFl6iGGoigG/SIntGLdq89aa/a27Q1o81mdtEfaB8/x0yXTQ==</latexit>

mext(Q) (assume	spherical
								symmetry)

see,	e.g.,	Harlow,	BH,	Reece,	Rudelius	‘22	for	review

BPS case:
Closed-form solution to gradient flow:

<latexit sha1_base64="ISkpOQJv3J3m8AOW+6TYKJ75/s4="></latexit>

W (�) = QIY I/F1/3

<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY="></latexit>

TI = T1
I + z QI

F1/3
<latexit sha1_base64="p+hJNaKw1gxdYbNQtWqytinGwws=">AAACCnicbVDLSgMxFM3UV62vsS7dRIvQVZ0p+NgIBUF0V6Ev6Awlk2ba0ExmSDJCGbp2I/glblwo4k78And+iHszbRe29UDg3HPuJfceL2JUKsv6NjJLyyura9n13Mbm1vaOuZtvyDAWmNRxyELR8pAkjHJSV1Qx0ooEQYHHSNMbXKZ+844ISUNeU8OIuAHqcepTjJSWOuZBrXMDL6ATINXHiCVXI10fz9RmwSpZY8BFYk9JoZJ3ij8fj061Y3453RDHAeEKMyRl27Yi5SZIKIoZGeWcWJII4QHqkbamHAVEusn4lBE80koX+qHQjys4Vv9OJCiQchh4ujNdUc57qfif146Vf+4mlEexIhxPPvJjBlUI01xglwqCFRtqgrCgeleI+0ggrHR6OR2CPX/yImmUS/Zp6eTWLlTKYIIs2AeHoAhscAYq4BpUQR1gcA+ewAt4NR6MZ+PNeJ+0ZozpzB6YgfH5CwJInNw=</latexit>

TI = FI/Fin terms of “dual coords”

Note: dual coordinate map
is invertible as a consequence of convexity
of extended Kähler cone    , positivity of 

<latexit sha1_base64="0v1IyrAhUZEsD7V2xKXWEUid8G0=">AAACEXicbVDLSgMxFM3UVx1fVZdugkVwVWYKPjZiwY3gpoJ9wHQomTRtQzPJkGSEMsxXiFtd+BHiTtz6AeJn+Admpl3Y1gMhh3PuvTm5QcSo0o7zbRWWlldW14rr9sbm1vZOaXevqUQsMWlgwYRsB0gRRjlpaKoZaUeSoDBgpBWMrjK/dU+kooLf6XFE/BANOO1TjLSRvE6I9BAjltyk3VLZqTg54CJxp6R8+WpfRC9fdr1b+un0BI5DwjVmSCnPdSLtJ0hqihlJ7U6sSITwCA2IZyhHIVF+kkdO4ZFRerAvpDlcw1z925GgUKlxGJjKLKKa9zLxP8+Ldf/cTyiPYk04njzUjxnUAmb/hz0qCdZsbAjCkpqsEA+RRFibLc1Mymdj6SckNheNdGqbHbnzG1kkzWrFPa2c3LrlWhVMUAQH4BAcAxecgRq4BnXQABgI8AiewLP1YL1Z79bHpLRgTXv2wQysz1/m8qHT</latexit>

K

BPS black holes exist when flow satisfies
<latexit sha1_base64="/oOJG/yzyB7av5rY0eXfOxY3KXw="></latexit>

QIY I > 0 8 z > 0
<latexit sha1_base64="CiUCYHYiQTK3bxrrhg75eQAOVfI="></latexit>

T : Y I ! TI

<latexit sha1_base64="+n6gF9fKbZWCZuzZoUEMKrGioHE=">AAACA3icbVC7SgNBFL0bNcb4io/OZjEoYhF2BR+dAQsfVQTzgCSE2clsMmb2wcysEJct7W31FwQLsbX2G6xEbPwHG2c3FibxwGUO58zMvfdYPqNCGsablpqYnEpPZ2ays3PzC4u5peWK8AKOSRl7zOM1CwnCqEvKkkpGaj4nyLEYqVq9o9ivXhEuqOdeyL5Pmg7quNSmGEklVVArPD2LWrm8UTAS6OPE/CX5w+/3z+00fi21cl+NtocDh7gSMyRE3TR82QwRlxQzEmUbgSA+wj3UIXVFXeQQ0QyTaSN9Qylt3fa4Klfqifr3RYgcIfqOpW46SHbFqBeL/3n1QNoHzZC6fiCJiweN7IDp0tPj1fU25QRL1lcEYU7VrDruIo6wVAENdYn/5sIWUVZFY44GMU4qOwVzr7B7buaLm9cfx4+rIWRgDdZhC0zYhyKcQAnKgOESbuEO7rUb7UF70p4hQUobnLACQ9BefgAw1J+E</latexit>aIJ
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<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY=">AAACG3icbVDLSsNAFJ34tr6q7tTFYCkIQk0qPjZCQRDdWWir0MQwmU7awckkzEyEGPIJ7t34K25cKOJCBRd+hP/g9LFQ64EZDufcy733eBGjUpnmpzEyOjY+MTk1nZuZnZtfyC8uNWQYC0zqOGShOPeQJIxyUldUMXIeCYICj5Ez7/Kw659dESFpyGsqiYgToDanPsVIacnNl2vuCTyA+r+wKfdVAjfhNbR9gXBadU+y1A6Q6m DE0qPsIrW2trPMzRfMktkDHCbWgBQqaytvN8Wv11M3/263QhwHhCvMkJRNy4yUkyKhKGYky9mxJBHCl6hNmppyFBDppL3bMljUSgv6odCPK9hTf3akKJAyCTxd2d1U/vW64n9eM1b+vpNSHsWKcNwf5McMqhB2g4ItKghWLNEEYUH1rhB3kM5F6ThzOgTr78nDpFEuWbulnapVqJRBH1NgFayDDWCBPVABx+AU1AEGt+AePIIn4854MJ6Nl37piDHoWQa/YHx8Awjuo+g=</latexit>

TI = T1
I + z QI

F1/3

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

Infinite	distance	boundary

<latexit sha1_base64="C9ywUs9iAabwgRYqEl5vThu1z8I=">AAACEHicbVDLSsNAFL3xWesr1aWbwSq4KongY2dBEJcV7AOaUCbTSTt08mBmopSQn3Cn4FbxD9yJW//AP/AznLRd2NYDA4dzX2eOF3MmlWV9GwuLS8srq4W14vrG5ta2WdppyCgRhNZJxCPR8rCknIW0rpjitBULigOP06Y3uMzrzTsqJIvCWzWMqRvgXsh8RrDSUscsOQFWfYJ5epUhR0XI6phlq2KNgOaJPSHli7fHHE+1jvnjdCOSBDRUhGMp27YVKzfFQjHCaVZ0EkljTAa4R9uahjig0k1H1jN0qJUu8iOhX6jQSP07keJAymHg6c7cqJyt5eJ/tXai/HM3ZWGcKBqS8SE/4Uh/Mc8BdZmgRPGhJpgIpr0i0scCE6XTmrqS7xbSl1lRR2PPBjFPGscV+7RycmOXqwcwRgH2YB+OwIYzqMI11KAOBO7hGV7g1Xgw3o0P43PcumBMZnZhCsbXL/6YoUM=</latexit>F
!
0

“Good	flow”
BPS	black	hole

“Bad	flow”
No	BPS	black	hole



<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY=">AAACG3icbVDLSsNAFJ34tr6q7tTFYCkIQk0qPjZCQRDdWWir0MQwmU7awckkzEyEGPIJ7t34K25cKOJCBRd+hP/g9LFQ64EZDufcy733eBGjUpnmpzEyOjY+MTk1nZuZnZtfyC8uNWQYC0zqOGShOPeQJIxyUldUMXIeCYICj5Ez7/Kw659dESFpyGsqiYgToDanPsVIacnNl2vuCTyA+r+wKfdVAjfhNbR9gXBadU+y1A6Q6m DE0qPsIrW2trPMzRfMktkDHCbWgBQqaytvN8Wv11M3/263QhwHhCvMkJRNy4yUkyKhKGYky9mxJBHCl6hNmppyFBDppL3bMljUSgv6odCPK9hTf3akKJAyCTxd2d1U/vW64n9eM1b+vpNSHsWKcNwf5McMqhB2g4ItKghWLNEEYUH1rhB3kM5F6ThzOgTr78nDpFEuWbulnapVqJRBH1NgFayDDWCBPVABx+AU1AEGt+AePIIn4854MJ6Nl37piDHoWQa/YHx8Awjuo+g=</latexit>

TI = T1
I + z QI

F1/3

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

Also	a	good	flow

Weyl	group	image

The	good,	the	bad,	…and	the
																																				indeterminate

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

Infinite	distance	boundary

<latexit sha1_base64="C9ywUs9iAabwgRYqEl5vThu1z8I=">AAACEHicbVDLSsNAFL3xWesr1aWbwSq4KongY2dBEJcV7AOaUCbTSTt08mBmopSQn3Cn4FbxD9yJW//AP/AznLRd2NYDA4dzX2eOF3MmlWV9GwuLS8srq4W14vrG5ta2WdppyCgRhNZJxCPR8rCknIW0rpjitBULigOP06Y3uMzrzTsqJIvCWzWMqRvgXsh8RrDSUscsOQFWfYJ5epUhR0XI6phlq2KNgOaJPSHli7fHHE+1jvnjdCOSBDRUhGMp27YVKzfFQjHCaVZ0EkljTAa4R9uahjig0k1H1jN0qJUu8iOhX6jQSP07keJAymHg6c7cqJyt5eJ/tXai/HM3ZWGcKBqS8SE/4Uh/Mc8BdZmgRPGhJpgIpr0i0scCE6XTmrqS7xbSl1lRR2PPBjFPGscV+7RycmOXqwcwRgH2YB+OwIYzqMI11KAOBO7hGV7g1Xgw3o0P43PcumBMZnZhCsbXL/6YoUM=</latexit>F
!
0

“Bad	flow”
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<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY=">AAACG3icbVDLSsNAFJ34tr6q7tTFYCkIQk0qPjZCQRDdWWir0MQwmU7awckkzEyEGPIJ7t34K25cKOJCBRd+hP/g9LFQ64EZDufcy733eBGjUpnmpzEyOjY+MTk1nZuZnZtfyC8uNWQYC0zqOGShOPeQJIxyUldUMXIeCYICj5Ez7/Kw659dESFpyGsqiYgToDanPsVIacnNl2vuCTyA+r+wKfdVAjfhNbR9gXBadU+y1A6Q6m DE0qPsIrW2trPMzRfMktkDHCbWgBQqaytvN8Wv11M3/263QhwHhCvMkJRNy4yUkyKhKGYky9mxJBHCl6hNmppyFBDppL3bMljUSgv6odCPK9hTf3akKJAyCTxd2d1U/vW64n9eM1b+vpNSHsWKcNwf5McMqhB2g4ItKghWLNEEYUH1rhB3kM5F6ThzOgTr78nDpFEuWbulnapVqJRBH1NgFayDDWCBPVABx+AU1AEGt+AePIIn4854MJ6Nl37piDHoWQa/YHx8Awjuo+g=</latexit>

TI = T1
I + z QI

F1/3

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

CFT	boundary

Also	a	good	flow Indeterminate	flow
(need	to	understand	BHs
		in	CFT	coupled	to	gravity)

Weyl	group	image

The	good,	the	bad,	…and	the
																																				indeterminate
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<latexit sha1_base64="vCB/nlmy/VMJ+hhSI5NN4r/5tiY=">AAACG3icbVDLSsNAFJ34tr6q7tTFYCkIQk0qPjZCQRDdWWir0MQwmU7awckkzEyEGPIJ7t34K25cKOJCBRd+hP/g9LFQ64EZDufcy733eBGjUpnmpzEyOjY+MTk1nZuZnZtfyC8uNWQYC0zqOGShOPeQJIxyUldUMXIeCYICj5Ez7/Kw659dESFpyGsqiYgToDanPsVIacnNl2vuCTyA+r+wKfdVAjfhNbR9gXBadU+y1A6Q6m DE0qPsIrW2trPMzRfMktkDHCbWgBQqaytvN8Wv11M3/263QhwHhCvMkJRNy4yUkyKhKGYky9mxJBHCl6hNmppyFBDppL3bMljUSgv6odCPK9hTf3akKJAyCTxd2d1U/vW64n9eM1b+vpNSHsWKcNwf5McMqhB2g4ItKghWLNEEYUH1rhB3kM5F6ThzOgTr78nDpFEuWbulnapVqJRBH1NgFayDDWCBPVABx+AU1AEGt+AePIIn4854MJ6Nl37piDHoWQa/YHx8Awjuo+g=</latexit>

TI = T1
I + z QI

F1/3

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

cone	of	dual	coordinates

Weyl	group	image

The	good,	the	bad,	…and	the
																																				indeterminate

<latexit sha1_base64="IOh74t6ws8JPEjhQ6AXIWTLEAt8="></latexit>

CBH ◆ Vis(T )
At	least:

Weyl-extended	region
“visible”	from

<latexit sha1_base64="Ph/xHlvLqU51VCn1l3Ax67fMF8c=">AAACCHicbVC7SgNBFL3rM8ZXfHQ2i0GwCruCj86AhZYR8oLNEmYns8mQ2ZllZlaIS37A3lb/QCwEsfUvLO38DGeTFCbxwMDhnPs4c4OYUaUd58taWFxaXlnNreXXNza3tgs7u3UlEolJDQsmZDNAijDKSU1TzUgzlgRFASONoH+V+Y07IhUVvKoHMfEj1OU0pBhpI3mtCOkeRiytDtuFolNyRrDniTshxcu3++/rl/200i78tDoCJxHhGjOklOc6sfZTJDXFjAzzrUSRGOE+6hLPUI4iovx0FHloHxmlY4dCmse1PVL/dqQoUmoQBaYyi6hmvUz8z/MSHV74KeVxognH40Vhwmwt7Oz/dodKgjUbGIKwpCarjXtIIqzNlaa2ZLOlCtUwb07jzh5intRPSu5Z6fTWLZYdGCMHB3AIx+DCOZThBipQAwwCHuEJnq0H69V6tz7GpQvWpGcPpmB9/gL4E56U</latexit>

T
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Moduli	space	reconstruc2on
Gendler,	BH,	McAllister,	Moritz,	Rudelius	‘22

For	a	given	CY3,	map	out	all	possible	flops
to	construct					,	

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)
<latexit sha1_base64="mbaD+yalqTZ2ETHOnYF5Ngo/sA4=">AAACCHicbVC7SgNBFL3rM8ZXfHQ2g0GwCruCj86AhYJNBPOAzRJmJ7PJkNnZZWZWiEt+wN5W/0AsBLH1Lyzt/AxnkxQm8cDA4Zz7OHP9mDOlbfvLmptfWFxazq3kV9fWNzYLW9s1FSWS0CqJeCQbPlaUM0GrmmlOG7GkOPQ5rfu9i8yv31GpWCRudT+mXog7ggWMYG0ktxli3SWYp9eDVqFol+wh0CxxxqR4/nb/ffmym1ZahZ9mOyJJSIUmHCvlOnasvRRLzQing3wzUTTGpIc71DVU4JAqLx1GHqADo7RREEnzhEZD9W9HikOl+qFvKrOIatrLxP88N9HBmZcyESeaCjJaFCQc6Qhl/0dtJinRvG8IJpKZrIh0scREmytNbMlmSxWoQd6cxpk+xCypHZWck9LxjVMs2zBCDvZgHw7BgVMowxVUoAoEIniEJ3i2HqxX6936GJXOWeOeHZiA9fkL6aCeiw==</latexit>

K

…then	find	Weyl	boundaries,	determine
<latexit sha1_base64="P5dGvlxZpf/qQR+52ZWr0xDd82A=">AAACFnicbVC7SgNBFJ2NrxhfqxaCNotBiE3YFXyUARsLiwTyguwSZiezyZDZBzN3xbDsF/gD9rb6CzYitrb+gaWf4GySwiQeGDicc19z3IgzCab5peWWlldW1/LrhY3Nre0dfXevKcNYENogIQ9F28WSchbQBjDgtB0Jin2X05Y7vM781h0VkoVBHUYRdXzcD5jHCAYldfUDG+g9JE0m05LtYxgQzJN6etrVi2bZHMNYJNaUFCt67eft9vCh2tW/7V5IYp8GQDiWsmOZETgJFsAIp2nBjiWNMBniPu0oGmCfSicZfyA1TpTSM7xQqBeAMVb/diTYl3Lku6oyu1HOe5n4n9eJwbtyEhZEMdCATBZ5MTcgNLI0jB4TlAAfKYKJYOpWgwywwARUZjNbstlCejItqGis+SAWSfOsbF2Uz2tWsWKiCfLoCB2jErLQJaqgG1RFDURQip7QM3rRHrVX7V37mJTmtGnPPpqB9vkLGICjTA==</latexit>

Vis(T )
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Moduli	space	reconstruc2on
Gendler,	BH,	McAllister,	Moritz,	Rudelius	‘22

For	a	given	CY3,	map	out	all	possible	flops
to	construct					,	

<latexit sha1_base64="3uDUf3YHnkC5PrOvAgprOpYaJU8=">AAACJXicbVC7SgNBFJ31GeNr1U6bwaDEJuwKPhohYCNokUBekIQwO5lNhszOLjOzQlj2C/Q/7G21s7YTwcrW0k9wdhPEJF4YOPec+5rjBIxKZVkfxtz8wuLScmYlu7q2vrFpbm3XpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MLhO9fkuEpD6vqGFA2h7qcepSjJSmOuZhy0OqjxGLKjG8gGkmsdBZ/le5jo86Zs4qWGnAWWCPQa5olr9fbnbvSh3zq9X1cegRrjBDUjZtK1DtCAlFMSNxthVKEiA8QD3S1JAjj8h2lP4nhgea6ULXF/pxBVP2b0eEPCmHnqMr03untYT8T2uGyj1vR5QHoSIcjxa5IYPKh4k5sEsFwYoNNUBYUH0rxH0kEFbawoktyWwhXRlntTX2tBGzoHZcsE8LJ2U7V7TAKDJgD+yDPLDBGSiCK1ACVYDBPXgET+DZeDBejTfjfVQ6Z4x7dsBEGJ8/XQipJw==</latexit>

T = T (K)
<latexit sha1_base64="mbaD+yalqTZ2ETHOnYF5Ngo/sA4=">AAACCHicbVC7SgNBFL3rM8ZXfHQ2g0GwCruCj86AhYJNBPOAzRJmJ7PJkNnZZWZWiEt+wN5W/0AsBLH1Lyzt/AxnkxQm8cDA4Zz7OHP9mDOlbfvLmptfWFxazq3kV9fWNzYLW9s1FSWS0CqJeCQbPlaUM0GrmmlOG7GkOPQ5rfu9i8yv31GpWCRudT+mXog7ggWMYG0ktxli3SWYp9eDVqFol+wh0CxxxqR4/nb/ffmym1ZahZ9mOyJJSIUmHCvlOnasvRRLzQing3wzUTTGpIc71DVU4JAqLx1GHqADo7RREEnzhEZD9W9HikOl+qFvKrOIatrLxP88N9HBmZcyESeaCjJaFCQc6Qhl/0dtJinRvG8IJpKZrIh0scREmytNbMlmSxWoQd6cxpk+xCypHZWck9LxjVMs2zBCDvZgHw7BgVMowxVUoAoEIniEJ3i2HqxX6936GJXOWeOeHZiA9fkL6aCeiw==</latexit>

K

…then	find	Weyl	boundaries,	determine
<latexit sha1_base64="P5dGvlxZpf/qQR+52ZWr0xDd82A=">AAACFnicbVC7SgNBFJ2NrxhfqxaCNotBiE3YFXyUARsLiwTyguwSZiezyZDZBzN3xbDsF/gD9rb6CzYitrb+gaWf4GySwiQeGDicc19z3IgzCab5peWWlldW1/LrhY3Nre0dfXevKcNYENogIQ9F28WSchbQBjDgtB0Jin2X05Y7vM781h0VkoVBHUYRdXzcD5jHCAYldfUDG+g9JE0m05LtYxgQzJN6etrVi2bZHMNYJNaUFCt67eft9vCh2tW/7V5IYp8GQDiWsmOZETgJFsAIp2nBjiWNMBniPu0oGmCfSicZfyA1TpTSM7xQqBeAMVb/diTYl3Lku6oyu1HOe5n4n9eJwbtyEhZEMdCATBZ5MTcgNLI0jB4TlAAfKYKJYOpWgwywwARUZjNbstlCejItqGis+SAWSfOsbF2Uz2tWsWKiCfLoCB2jErLQJaqgG1RFDURQip7QM3rRHrVX7V37mJTmtGnPPpqB9vkLGICjTA==</latexit>

Vis(T )

Non-trivial	problem	when	we	wish	to	repeat
for	a	large	number	of	CY3s!

We’ll	reconstruct	everything	using	only
prepoten2al	/	genus	0	GV	invs	of	a	single	phase.	
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Infinity	cone	&	nilpotent	curves

…

…

<latexit sha1_base64="CSE0TGiWWGfos8bh2YXlKQaAnss=">AAACAHicbVC7SgNBFL3rM4mvqKXNYBAsJOwKPsqAjWWC5gHJEmZnZ5Mhs7PLzKwQljRprGz1F2xEbP0T/8C/0NkkhUk8MHA4577meDFnStv2l7Wyura+sZnLF7a2d3b3ivsHDRUlktA6iXgkWx5WlDNB65ppTluxpDj0OG16g5vMbz5QqVgk7vUwpm6Ie4IFjGBtpLta1+kWS3bZngAtE2dGSpX8o//2Mz6rdovfHT8iSUiFJhwr1XbsWLsplpoRTkeFTqJojMkA92jbUIFDqtx0cuoInRjFR0EkzRMaTdS/HSkOlRqGnqkMse6rRS8T//PaiQ6u3ZSJONFUkOmiIOFIRyj7N/KZpETzoSGYSGZuRaSPJSbapDO3JZstVaBGBRONsxjEMmmcl53L8kXNKVVsmCIHR3AMp+DAFVTgFqpQBwI9eIJneLHG1qv1bn1MS1esWc8hzMH6/AWGv5pf</latexit>

Q1

<latexit sha1_base64="UoSRK5ZjgSN3it9sR/PLV8DZ6YU=">AAACAHicbVC7TgJBFL2LL8AXamkzkZhYGLJL4qMksbGEKI8ENmR2mIUJs7ObmVkTsqGhsbLVX7AxxtY/8Q/8C50FCgFPMsnJOfc1x4s4U9q2v6zM2vrG5lY2l9/e2d3bLxwcNlQYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDW9Sv/lApWKhuNejiLoB7gvmM4K1ke5q3XK3ULRL9hRolThzUqzkHntvP5Pzarfw3emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTE8do1Oj9JAfSvOERlP1b0eCA6VGgWcqA6wHatlLxf+8dqz9azdhIoo1FWS2yI850iFK/416TFKi+cgQTCQztyIywBITbdJZ2JLOlspX47yJxlkOYpU0yiXnsnRRc4oVG2bIwjGcwBk4cAUVuIUq1IFAH57gGV6sifVqvVsfs9KMNe85ggVYn7+IWZpg</latexit>

Q2

ni
lp
ot
en

t

nilpotent,	outside								(“nop	=	nilpotent	outside	potent”)

<latexit sha1_base64="YWj6GstVKcd+FHaEHbU9vLGqT7w=">AAACGHicbVDLSsNAFJ1UrbW+oq7EzWARXJWk4GNZ6MZlC/YBTQmT6aQdOpnEmUmhhOI3uHHhXtzpL7gTXboTf8DPcNJ2YVsPDBzOua85XsSoVJb1ZWRWVtey67mN/ObW9s6uubffkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3qKR+c0iEpCG/VqOIdALU49SnGCktueahEyDVx4gllbHrUO6rEXTITUyHrlmwitYEcJnYM1IoZ2vfH/d3T1XX/HG6IY4DwhVmSMq2bUWqkyChKGZknHdiSSKEB6hH2ppyFBDZSSZfGMMTrXShHwr9uIIT9W9HggIpR4GnK9OD5aKXiv957Vj5l52E8ihWhOPpIj9mUIUwzQN2qSBYsZEmCAuqb4W4jwTCSqc2tyWdLaQvx3kdjb0YxDJplIr2efGsZhfKJTBFDhyBY3AKbHAByuAKVEEdYHALHsEzeDEejFfjzXiflmaMWc8BmIPx+QvveqUF</latexit>

C1 ⌘
<latexit sha1_base64="82KX12cwnICdEmFjzkiUZoea+0o="></latexit>

Conv(GV towers)

=	Nonzero	GV	invariant

<latexit sha1_base64="bwGkXLanW0z5XqC8Q7fQ/GH3Fl4=">AAACEXicbVDLSsNAFJ34rPUV60ZwM1iErkoi+NhZ6MZlBfuANoTJdNIOnUzCzEQMIV/h3q39BXfSrV/gF+hPCE7aLmzrgYHDOffOPRwvYlQqy/o01tY3Nre2CzvF3b39g0PzqNSSYSwwaeKQhaLjIUkY5aSpqGKkEwmCAo+Rtjeq5377kQhJQ/6gkog4ARpw6lOMlJZcs9QLkBpixNJ65vYo91XimmWrak0BV4k9J+Xbn0n4dTIOGq753euHOA4IV5ghKbu2FSknRUJRzEhW7MWSRAiP0IB0NeUoINJJp9kzeK6VPvRDoR9XcKr+3UhRIGUSeHoyTyqXvVz8z+vGyr9xUsqjWBGOZ4f8mEEVwrwI2KeCYMUSTRAWVGeFeIgEwkrXtXAl/1tIX2ZFXY29XMQqaV1U7avq5b1drlXADAVwCs5ABdjgGtTAHWiAJsDgCbyAVzA2no03492YzEbXjPnOMViA8fELHfCihg==</latexit>

C1
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Flopping	a	nop	curve

<latexit sha1_base64="+dUfeqUyXXsWr3dbYgQpaOt1ilA=">AAACCXicbVC7SgNBFL2b+IjxFbW0GQyBNIZdwUcZsNEuAfOA7BJmJ7PJkNkHM7NCWIKNnb1gpX6CjYitX+Ef+BnOJilM4oGBwzn3NceNOJPKNL+NTHZldW09t5Hf3Nre2S3s7TdlGAtCGyTkoWi7WFLOAtpQTHHajgTFvstpyx1epn7rlgrJwuBGjSLq+LgfMI8RrLRk17vXyFYhOtakWyiaFXMCtEysGSlWs6W796f711q38GP3QhL7NFCEYyk7lhkpJ8FCMcLpOG/HkkaYDHGfdjQNsE+lk0xuHqOSVnrIC4V+gUIT9W9Hgn0pR76rK32sBnLRS8X/vE6svAsnYUEUKxqQ6SIv5kj/Mg0A9ZigRPGRJpgIpm9FZIAFJkrHNLclnS2kJ8d5HY21GMQyaZ5UrLPKad0qVsswRQ4O4QjKYME5VOEKatAAAhE8wjO8GA/Gm/FhfE5LM8as5wDmYHz9Av0YnTs=</latexit>

QI ! �QIWe	simply	replace																								for	nop	curve	(leaving	GV	inv	alone)

New	Mori	cone	=	Span(non-zero	GVs)*

*With	caveat	to	be	discussed

Original	Mori	cone New	Mori	cone
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Flopping	a	nop	curve

Original	Mori	cone New	Mori	cone

Can’t	always	dis:nguish	Weyl	flop	(															)	from	std	flop	(															)
<latexit sha1_base64="y+Uv7a1CYlGJpHodZIw5tJx40pY=">AAACBHicbVA5SwNBGJ2NV4xX1EawGQxCqrAreFQasLGSCOaAZAmzk9lkyBzLzKwQlrT2tvoHLOzE1sJ/4S/QPyE4m6QwiQ8GHu9917wgYlQb1/10MguLS8sr2dXc2vrG5lZ+e6emZawwqWLJpGoESBNGBakaahhpRIogHjBSD/qXqV+/I0pTKW7NICI+R11BQ4qRsVL9ul2D59Bt5wtuyR0BzhNvQgoXPx/ya++ZV9r571ZH4pgTYTBDWjc9NzJ+gpShmJFhrhVrEiHcR13StFQgTrSfjM4dwkOrdGAolX3CwJH6tyNBXOsBD2wlR6anZ71U/M9rxiY88xMqotgQgceLwphBI2H6d9ihimDDBpYgrKi9FeIeUggbm9DUlnS20qEe5mw03mwQ86R2VPJOSsc3XqFcBGNkwT44AEXggVNQBlegAqoAgz54AI/gybl3XpxX521cmnEmPbtgCs77L8lFnEI=</latexit>

NV > 0
<latexit sha1_base64="LuTgggmFw7a4ch7Jx7z0EvwEP9g=">AAACBHicbVA5SwNBGJ2NV4xX1EawGQxCqrAreDRiwMZKIpgDkiXMTmaTIXMsM7NCWNLa2+ofsLATWwv/hb9A/4TgbJLCJD4YeLz3XfOCiFFtXPfTySwsLi2vZFdza+sbm1v57Z2alrHCpIolk6oRIE0YFaRqqGGkESmCeMBIPehfpn79jihNpbg1g4j4HHUFDSlGxkr163YNnkO3nS+4JXcEOE+8CSlc/HzIr71nXmnnv1sdiWNOhMEMad303Mj4CVKGYkaGuVasSYRwH3VJ01KBONF+Mjp3CA+t0oGhVPYJA0fq344Eca0HPLCVHJmenvVS8T+vGZvwzE+oiGJDBB4vCmMGjYTp32GHKoING1iCsKL2Voh7SCFsbEJTW9LZSod6mLPReLNBzJPaUck7KR3feIVyEYyRBfvgABSBB05BGVyBCqgCDPrgATyCJ+feeXFenbdxacaZ9OyCKTjvv8epnEE=</latexit>

NV = 0

But																																																																												can	s:ll	be	tracked

<latexit sha1_base64="qU3inME0IBPBsMsmoTnLwzpjPQk=">AAACFnicbVBJSwMxGM241rpVPSh4CRahF8uM4HIRCx7sSSrYBdoyZNJMG5pZSL4RyzD/w7sXD/oXPAji1au/QP+EYLocbOuDhMd735I8JxRcgWl+GjOzc/MLi6ml9PLK6tp6ZmOzooJIUlamgQhkzSGKCe6zMnAQrBZKRjxHsKrTvej71VsmFQ/8G+iFrOmRts9dTgloyc5sN4DdQXxZSWwTn+Eru4gP9F2xM1kzbw6Ap4k1Itnzn9fga+fRK9mZ70YroJHHfKCCKFW3zBCaMZHAqWBJuhEpFhLaJW1W19QnHlPNePCBBO9rpYXdQOrjAx6ofzti4inV8xxd6RHoqEmvL/7n1SNwT5sx98MImE+Hi9xIYAhwPw3c4pJRED1NCJVcvxXTDpGEgs5sbEt/tlSuStI6GmsyiGlSOcxbx/mjaytbyKEhUmgX7aEcstAJKqAiKqEyoihBD+gJPRv3xovxZrwPS2eMUc8WGoPx8Qun0aKJ</latexit>

GV0 = NH �NV (#	hypers	–	#	vectors)

<latexit sha1_base64="8zA8R56DbtLzQPuhlZwUWy85siw="></latexit>

C 0
IJK

= CIJK � (NH �NV )QIQJQK

In	fact,	“												”	flops	with																					go	completely	unno:ced!	

<latexit sha1_base64="7j4zJXVDY9CEvcnOZRiEBm6TqDY=">AAACCHicbVC7SgNBFJ2Nrxhf8dHZDAbBKuwKPjoDFlpGMQ9IljA7mU2GzO4sM3eVuOQH7G31D8RCEFv/wtLOz3A2SWESDwwczrmvOV4kuAbb/rIyc/MLi0vZ5dzK6tr6Rn5zq6plrCirUCmkqntEM8FDVgEOgtUjxUjgCVbzeuepX7tlSnMZ3kA/Ym5AOiH3OSVgpEbzmne6QJSSd618wS7aQ+BZ4oxJ4ezt/vviZScpt/I/zbakccBCoIJo3XDsCNyEKOBUsEGuGWsWEdojHdYwNCQB024yPHmA943Sxr5U5oWAh+rfjoQEWvcDz1QGBLp62kvF/7xGDP6pm/AwioGFdLTIjwUGidP/4zZXjILoG0Ko4uZWTLtEEQompYkt6WylfT3ImWic6SBmSfWw6BwXj66cQslGI2TRLtpDB8hBJ6iELlEZVRBFEj2iJ/RsPViv1rv1MSrNWOOebTQB6/MX/EOelw==</latexit>

)

<latexit sha1_base64="DkafH7ttr6y4/XnEqO/PPkhLHoc=">AAACCnicbVDLSsNAFL2pr1pfVZeCBIvQVUnE10YsuHElLdgHtKFMppN26GQSZyZCCV26c+9Wf8CFq4pbf8I/EPwJJ20XtvXAwOGce+cejhsyKpVlfRmphcWl5ZX0amZtfWNzK7u9U5VBJDCp4IAFou4iSRjlpKKoYqQeCoJ8l5Ga27tK/No9EZIG/Fb1Q+L4qMOpRzFSWnKaPlJdjFh8M7g4bmVzVsEawZwn9oTkLl+H5Z+H/WGplf1utgMc+YQrzJCUDdsKlRMjoShmZJBpRpKECPdQhzQ05cgn0olHoQfmoVbaphcI/bgyR+rfjRj5UvZ9V08mIeWsl4j/eY1IeedOTHkYKcLx+JAXMVMFZtKA2aaCYMX6miAsqM5q4i4SCCvd09SV5G8hPTnI6Grs2SLmSfWoYJ8WTsp2rpiHMdKwBweQBxvOoAjXUIIKYLiDJ3iGF+PReDPejY/xaMqY7OzCFIzPX4s4n3U=</latexit>

N = 4
<latexit sha1_base64="TWnxHm69uzFPoezUv3na4C9aqHQ=">AAACBnicbVBJSwMxGM3Urdat6kXwEixCT2VGcLmIBS89lQp2kXYYMmmmDU0yQ5IRytC7d6969+RNvIr/wl+gf0Iw03qwrQ8Cj/e+Lc+PGFXatj+szMLi0vJKdjW3tr6xuZXf3mmoMJaY1HHIQtnykSKMClLXVDPSiiRB3Gek6Q8uU795S6SiobjWw4i4HPUEDShG2kg3Va8Cz2HVa3j5gl2yx4DzxPklhYvv9/Bz74nXvPxXpxvimBOhMUNKtR070m6CpKaYkVGuEysSITxAPdI2VCBOlJuMDx7BQ6N0YRBK84SGY/VvR4K4UkPum0qOdF/Neqn4n9eOdXDmJlREsSYCTxYFMYM6hOnvYZdKgjUbGoKwpOZWiPtIIqxNRlNb0tlSBWqUM9E4s0HMk8ZRyTkpHV85hXIRTJAF++AAFIEDTkEZVEAN1AEGHNyDB/Bo3VnP1ov1OinNWL89u2AK1tsPUP6dGg==</latexit>

NH = NV

…so	we	might	misiden:fy	the	Mori	cone	(in	a	harmless	way)
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Flopping	a	nilpotent	curve	in
<latexit sha1_base64="GcMxEsVzfVuN91gda3DKfLS05Go=">AAACEXicbVDNSsNAGNzUvxqtxnr0EiwFTyUR1B4LBfFYwf5AE8Jmu2mXbjZhdyOGkKfw7lF9BW/Sq0/gG/gYbtoebOvAwjDzffsN48eUCGlZ31ppa3tnd6+8rx8cVo6OjZNqT0QJR7iLIhrxgQ8FpoThriSS4kHMMQx9ivv+tF34/UfMBYnYg0xj7IZwzEhAEJRK8oyqE0I5QZBm7dxzCAtk6hk1q2HNYW4Se0lqrcosqd/qrx3P+HFGEUpCzCSiUIihbcXSzSCXBFGc604icAzRFI7xUFEGQyzcbJ49N+tKGZlBxNVj0pyrfzcyGAqRhr6aLJKKda8Q//OGiQyabkZYnEjM0OJQkFBTRmZRhDkiHCNJU0Ug4kRlNdEEcoikqmvlSvE3F4HIdVWNvV7EJuldNuzrxtW9XWs1wQJlcAbOwQWwwQ1ogTvQAV2AwBN4AW/gXXvWPrRPbbYYLWnLnVOwAu3rF28UoLQ=</latexit>

C1

??

Can’t	be	right!
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Flopping	a	nilpotent	curve	in
<latexit sha1_base64="GcMxEsVzfVuN91gda3DKfLS05Go=">AAACEXicbVDNSsNAGNzUvxqtxnr0EiwFTyUR1B4LBfFYwf5AE8Jmu2mXbjZhdyOGkKfw7lF9BW/Sq0/gG/gYbtoebOvAwjDzffsN48eUCGlZ31ppa3tnd6+8rx8cVo6OjZNqT0QJR7iLIhrxgQ8FpoThriSS4kHMMQx9ivv+tF34/UfMBYnYg0xj7IZwzEhAEJRK8oyqE0I5QZBm7dxzCAtk6hk1q2HNYW4Se0lqrcosqd/qrx3P+HFGEUpCzCSiUIihbcXSzSCXBFGc604icAzRFI7xUFEGQyzcbJ49N+tKGZlBxNVj0pyrfzcyGAqRhr6aLJKKda8Q//OGiQyabkZYnEjM0OJQkFBTRmZRhDkiHCNJU0Ug4kRlNdEEcoikqmvlSvE3F4HIdVWNvV7EJuldNuzrxtW9XWs1wQJlcAbOwQWwwQ1ogTvQAV2AwBN4AW/gXXvWPrRPbbYYLWnLnVOwAu3rF28UoLQ=</latexit>

C1
Wall	crossing	must	occur!

Only	possible	if	there’s	a
tensionless	string:	must	be	Weyl	flop
(’t	Hoo@-Polyakov	monopole	string) Alim,	BH,	Rudelius	‘21
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Flopping	a	nilpotent	curve	in
<latexit sha1_base64="GcMxEsVzfVuN91gda3DKfLS05Go=">AAACEXicbVDNSsNAGNzUvxqtxnr0EiwFTyUR1B4LBfFYwf5AE8Jmu2mXbjZhdyOGkKfw7lF9BW/Sq0/gG/gYbtoebOvAwjDzffsN48eUCGlZ31ppa3tnd6+8rx8cVo6OjZNqT0QJR7iLIhrxgQ8FpoThriSS4kHMMQx9ivv+tF34/UfMBYnYg0xj7IZwzEhAEJRK8oyqE0I5QZBm7dxzCAtk6hk1q2HNYW4Se0lqrcosqd/qrx3P+HFGEUpCzCSiUIihbcXSzSCXBFGc604icAzRFI7xUFEGQyzcbJ49N+tKGZlBxNVj0pyrfzcyGAqRhr6aLJKKda8Q//OGiQyabkZYnEjM0OJQkFBTRmZRhDkiHCNJU0Ug4kRlNdEEcoikqmvlSvE3F4HIdVWNvV7EJuldNuzrxtW9XWs1wQJlcAbOwQWwwQ1ogTvQAV2AwBN4AW/gXXvWPrRPbbYYLWnLnVOwAu3rF28UoLQ=</latexit>

C1
Wall	crossing	must	occur!

Alim,	BH,	Rudelius	‘21

…Maybe	something	like:

string	carrying
diffuse	elec	charge

Only	possible	if	there’s	a
tensionless	string:	must	be	Weyl	flop
(’t	HooI-Polyakov	monopole	string)
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Flopping	a	nilpotent	curve	in
<latexit sha1_base64="GcMxEsVzfVuN91gda3DKfLS05Go=">AAACEXicbVDNSsNAGNzUvxqtxnr0EiwFTyUR1B4LBfFYwf5AE8Jmu2mXbjZhdyOGkKfw7lF9BW/Sq0/gG/gYbtoebOvAwjDzffsN48eUCGlZ31ppa3tnd6+8rx8cVo6OjZNqT0QJR7iLIhrxgQ8FpoThriSS4kHMMQx9ivv+tF34/UfMBYnYg0xj7IZwzEhAEJRK8oyqE0I5QZBm7dxzCAtk6hk1q2HNYW4Se0lqrcosqd/qrx3P+HFGEUpCzCSiUIihbcXSzSCXBFGc604icAzRFI7xUFEGQyzcbJ49N+tKGZlBxNVj0pyrfzcyGAqRhr6aLJKKda8Q//OGiQyabkZYnEjM0OJQkFBTRmZRhDkiHCNJU0Ug4kRlNdEEcoikqmvlSvE3F4HIdVWNvV7EJuldNuzrxtW9XWs1wQJlcAbOwQWwwQ1ogTvQAV2AwBN4AW/gXXvWPrRPbbYYLWnLnVOwAu3rF28UoLQ=</latexit>

C1
Wall	crossing	must	occur!

Alim,	BH,	Rudelius	‘21

…Maybe	something	like:

string	carrying

diffuse	elec	charge

Can’t	happen	without	string

because	4d	wall	crossing	always

involves	magneIc	charge

Only	possible	if	there’s	a

tensionless	string:	must	be	Weyl	flop

(’t	HooN-Polyakov	monopole	string)
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Stable/unstable	Weyl	flops
Weyl	flops	associated	to	nop	curves	are	“stable”
No	wall	crossing	in	the	GV	invariants

Nipotent	gens	of								give	“unstable”	Weyl	flops.
Wall	crossing	occurs	in	the	GV	invariants

<latexit sha1_base64="QS+OCotxUS/rXfdeJ51xaLX82YE=">AAACEXicbVDLSsNAFJ20Pmp9xYorN4NFcFUSwcey0I3LCvYBTSiT6aQdOpmEmYkYQr7CvVv9BXfq1r3gyq1/oZO2C9t6YOBwzr1zD8eLGJXKsj6NQnFldW29tFHe3Nre2TX3Km0ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeONG7nduiZA05DcqiYgboCGnPsVIaalvVpwAqRFGLG1kfYdyXyV9s2rVrAngMrFnpFovfvy8HnyRZt/8dgYhjgPCFWZIyp5tRcpNkVAUM5KVnViSCOExGpKephwFRLrpJHsGj7UygH4o9OMKTtS/GykKpEwCT0/mSeWil4v/eb1Y+ZduSnkUK8Lx9JAfM6hCmBcBB1QQrFiiCcKC6qwQj5BAWOm65q7kfwvpy6ysq7EXi1gm7dOafV47u7ardQtMUQKH4AicABtcgDq4Ak3QAhjcgQfwCJ6Me+PZeDHepqMFY7azD+ZgvP8CrNKiPw==</latexit>

C1

“Hyperextended	Kähler	cone”

<latexit sha1_base64="pHbN/D6FMiRPAgCKJlg1dlBCMbE="></latexit>

Khyp ⌘
[

w2Wstable

w(K)

No	GV	wall	crossing	within
<latexit sha1_base64="SFff36oey4cPdpc7LbxmlHO4Ql4=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rlaXlldW16nptY3Nre0ff3evIKBGEtknEI9HzsKSchbQNDDjtxYLiwOO0642vC7/7QIVkUXgPaUydAA9D5jOCQUmufmAHGEYE8+w2dzMb6CNkozTOc1evmw1zAmORWCWpoxItV/+xBxFJAhoC4VjKvmXG4GRYACOc5jU7kTTGZIyHtK9oiAMqnWzyg9w4VsrA8COhXgjGRP3bkeFAyjTwVGVxr5z3CvE/r5+Af+VkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+paKz5IBZJ57RhXTTO787qTbMMqYoO0RE6QRa6RE10g1qojQh6Qi/oFb1pz9q79qF9TksrWtmzj2agff0CYn6hMA==</latexit>

Khyp
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Rela'ng											with					
By	construc'on,	at	every	boundary	of											,
either	a	nilpotent	curve	in								flops
or	an	inf.	tower	of	BPS	par'cles	become	massless
(clearly	lying	within								as	well.)	

Therefore:

<latexit sha1_base64="2JXpzNMQtkAcH4kH995hkYgI3Ec=">AAACF3icbVDLSsNAFJ34rPUVdSO4CRbBVUnER5cFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rS8srq2vrlY3q5tb2zq6+t9+RUSIIbZOIR6LnYUk5C2kbGHDaiwXFgcdp1xtfF373gQrJovAe0pg6AR6GzGcEg5Jc/dAOMIwI5tlt7mY20EfIRmmc565eM+vmBMYisUpSQyVarv5jDyKSBDQEwrGUfcuMwcmwAEY4zat2ImmMyRgPaV/REAdUOtnkB7lxopSB4UdCvRCMifq3I8OBlGngqcriXjnvFeJ/Xj8Bv+FkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+qaKz5IBZJ56xuXdYv7s5rzUYZUgUdoWN0iix0hZroBrVQGxH0hF7QK3rTnrV37UP7nJYuaWXPAZqB9vULZOahOA==</latexit>

Khyp
<latexit sha1_base64="Bd6oJvPbqhi+KViWRKmXMSWGQlg=">AAACE3icbVDLSsNAFJ3UV62v+Ni5GSyCq5KIjy4L3bisYB/QhDCZTtqhk0mYmQgx5DPcu9VfcCdu/QD/wM9w0mZhWw8MHM65d+7h+DGjUlnWt1FZW9/Y3Kpu13Z29/YPzMOjnowSgUkXRywSAx9JwignXUUVI4NYEBT6jPT9abvw+49ESBrxB5XGxA3RmNOAYqS05JknTojUBCOWtXMvcygPVJp7Zt1qWDPAVWKXpA5KdDzzxxlFOAkJV5ghKYe2FSs3Q0JRzEhecxJJYoSnaEyGmnIUEulms/Q5PNfKCAaR0I8rOFP/bmQolDINfT1ZZJXLXiH+5w0TFTTdjPI4UYTj+aEgYVBFsKgCjqggWLFUE4QF1VkhniCBsNKFLVwp/hYykHlNV2MvF7FKepcN+6ZxfX9VbzXLkqrgFJyBC2CDW9ACd6ADugCDJ/ACXsGb8Wy8Gx/G53y0YpQ7x2ABxtcvluufJA==</latexit>

C1
<latexit sha1_base64="SFff36oey4cPdpc7LbxmlHO4Ql4=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rlaXlldW16nptY3Nre0ff3evIKBGEtknEI9HzsKSchbQNDDjtxYLiwOO0642vC7/7QIVkUXgPaUydAA9D5jOCQUmufmAHGEYE8+w2dzMb6CNkozTOc1evmw1zAmORWCWpoxItV/+xBxFJAhoC4VjKvmXG4GRYACOc5jU7kTTGZIyHtK9oiAMqnWzyg9w4VsrA8COhXgjGRP3bkeFAyjTwVGVxr5z3CvE/r5+Af+VkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+paKz5IBZJ57RhXTTO787qTbMMqYoO0RE6QRa6RE10g1qojQh6Qi/oFb1pz9q79qF9TksrWtmzj2agff0CYn6hMA==</latexit>

Khyp

(In	the	laFer	case,	the	boundary	is	either
		(1)	at	infinite	distance	or	(2)	a	CFT	boundary.)

<latexit sha1_base64="UzFTv6f5OY76efCUpzeLWmPiP+8=">AAACMXicbVDLSsNAFJ34tr6qLt0MFsFVSYqvjSC4EdwoWBWaGibTGzs4mYSZm2II+Q//w71b/QV34krwJ5zUIr4ODBzOua85YSqFQdd9dsbGJyanpmdma3PzC4tL9eWVc5NkmkObJzLRlyEzIIWCNgqUcJlqYHEo4SK8Oaz8iwFoIxJ1hnkK3ZhdKxEJztBKQb3lxwz7nMniuAwKH+EWi36eliXdp1/WYRn4QkWYX/kDgKDecJvuEPQv8UakQUY4Cepvfi/hWQwKuWTGdDw3xW7BNAouoaz5mYGU8Rt2DR1LFYvBdIvh30q6YZUejRJtn0I6VL93FCw2Jo9DW1mda357lfif18kw2usWQqUZguKfi6JMUkxoFRTtCQ0cZW4J41rYWynvM8042jh/bKlmaxOZsmaj8X4H8Zect5reTnP7dKtx0BqFNEPWyDrZJB7ZJQfkiJyQNuHkjjyQR/Lk3DvPzovz+lk65ox6VskPOO8fXdisAw==</latexit>

Khyp = C_
1

<latexit sha1_base64="q0qp3bbe79kvMSwlRr9VAUKdTtE=">AAACEXicbVDLSsNAFL2pr1pfsS7dBIvgqiTia1noxmUF2wptCJPppB06mYSZiRhCvsK9W/0Fd+LWL/AP/AwnbRa29cDA4Zx75x6OHzMqlW1/G5W19Y3Nrep2bWd3b//APKz3ZJQITLo4YpF48JEkjHLSVVQx8hALgkKfkb4/bRd+/5EISSN+r9KYuCEacxpQjJSWPLM+DJGaYMSydu4NKQ9U6pkNu2nPYK0SpyQNKNHxzJ/hKMJJSLjCDEk5cOxYuRkSimJG8towkSRGeIrGZKApRyGRbjbLnlunWhlZQST048qaqX83MhRKmYa+niySymWvEP/zBokKbtyM8jhRhOP5oSBhloqsoghrRAXBiqWaICyozmrhCRIIK13XwpXibyEDmdd0Nc5yEaukd950rpqXdxeNll2WVIVjOIEzcOAaWnALHegChid4gVd4M56Nd+PD+JyPVoxy5wgWYHz9Aq06nhA=</latexit>

C1

Neither	can	occur	in	the	interior	of
<latexit sha1_base64="SFff36oey4cPdpc7LbxmlHO4Ql4=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rlaXlldW16nptY3Nre0ff3evIKBGEtknEI9HzsKSchbQNDDjtxYLiwOO0642vC7/7QIVkUXgPaUydAA9D5jOCQUmufmAHGEYE8+w2dzMb6CNkozTOc1evmw1zAmORWCWpoxItV/+xBxFJAhoC4VjKvmXG4GRYACOc5jU7kTTGZIyHtK9oiAMqnWzyg9w4VsrA8COhXgjGRP3bkeFAyjTwVGVxr5z3CvE/r5+Af+VkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+paKz5IBZJ57RhXTTO787qTbMMqYoO0RE6QRa6RE10g1qojQh6Qi/oFb1pz9q79qF9TksrWtmzj2agff0CYn6hMA==</latexit>

Khyp

<latexit sha1_base64="AVb7w0AB2IgyIhZMXoxNIy4DviM=">AAACE3icbVDLSsNAFJ34rPUVHzs3wSK4Kon4Wha6cVnBPqAJZTKdtEMnkzBzI8SQz3DvVn/Bnbj1A/wDP8NJm4VtPTBwOOfeuYfjx5wpsO1vY2V1bX1js7JV3d7Z3ds3Dw47KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv1Js/C7j1QqFokHSGPqhXgkWMAIBi0NzGM3xDAmmGfNfJC5TASQ5gOzZtftKaxl4pSkhkq0BuaPO4xIElIBhGOl+o4dg5dhCYxwmlfdRNEYkwke0b6mAodUedk0fW6daWVoBZHUT4A1Vf9uZDhUKg19PVlkVYteIf7n9RMIbr2MiTgBKsjsUJBwCyKrqMIaMkkJ8FQTTCTTWS0yxhIT0IXNXSn+lipQeVVX4ywWsUw6F3Xnun51f1lr2GVJFXSCTtE5ctANaqA71EJtRNATekGv6M14Nt6ND+NzNrpilDtHaA7G1y+Ug58c</latexit>

C1
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Rela'ng											with					
<latexit sha1_base64="2JXpzNMQtkAcH4kH995hkYgI3Ec=">AAACF3icbVDLSsNAFJ34rPUVdSO4CRbBVUnER5cFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rS8srq2vrlY3q5tb2zq6+t9+RUSIIbZOIR6LnYUk5C2kbGHDaiwXFgcdp1xtfF373gQrJovAe0pg6AR6GzGcEg5Jc/dAOMIwI5tlt7mY20EfIRmmc565eM+vmBMYisUpSQyVarv5jDyKSBDQEwrGUfcuMwcmwAEY4zat2ImmMyRgPaV/REAdUOtnkB7lxopSB4UdCvRCMifq3I8OBlGngqcriXjnvFeJ/Xj8Bv+FkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+qaKz5IBZJ56xuXdYv7s5rzUYZUgUdoWN0iix0hZroBrVQGxH0hF7QK3rTnrV37UP7nJYuaWXPAZqB9vULZOahOA==</latexit>

Khyp
<latexit sha1_base64="Bd6oJvPbqhi+KViWRKmXMSWGQlg=">AAACE3icbVDLSsNAFJ3UV62v+Ni5GSyCq5KIjy4L3bisYB/QhDCZTtqhk0mYmQgx5DPcu9VfcCdu/QD/wM9w0mZhWw8MHM65d+7h+DGjUlnWt1FZW9/Y3Kpu13Z29/YPzMOjnowSgUkXRywSAx9JwignXUUVI4NYEBT6jPT9abvw+49ESBrxB5XGxA3RmNOAYqS05JknTojUBCOWtXMvcygPVJp7Zt1qWDPAVWKXpA5KdDzzxxlFOAkJV5ghKYe2FSs3Q0JRzEhecxJJYoSnaEyGmnIUEulms/Q5PNfKCAaR0I8rOFP/bmQolDINfT1ZZJXLXiH+5w0TFTTdjPI4UYTj+aEgYVBFsKgCjqggWLFUE4QF1VkhniCBsNKFLVwp/hYykHlNV2MvF7FKepcN+6ZxfX9VbzXLkqrgFJyBC2CDW9ACd6ADugCDJ/ACXsGb8Wy8Gx/G53y0YpQ7x2ABxtcvluufJA==</latexit>

C1
<latexit sha1_base64="UzFTv6f5OY76efCUpzeLWmPiP+8=">AAACMXicbVDLSsNAFJ34tr6qLt0MFsFVSYqvjSC4EdwoWBWaGibTGzs4mYSZm2II+Q//w71b/QV34krwJ5zUIr4ODBzOua85YSqFQdd9dsbGJyanpmdma3PzC4tL9eWVc5NkmkObJzLRlyEzIIWCNgqUcJlqYHEo4SK8Oaz8iwFoIxJ1hnkK3ZhdKxEJztBKQb3lxwz7nMniuAwKH+EWi36eliXdp1/WYRn4QkWYX/kDgKDecJvuEPQv8UakQUY4Cepvfi/hWQwKuWTGdDw3xW7BNAouoaz5mYGU8Rt2DR1LFYvBdIvh30q6YZUejRJtn0I6VL93FCw2Jo9DW1mda357lfif18kw2usWQqUZguKfi6JMUkxoFRTtCQ0cZW4J41rYWynvM8042jh/bKlmaxOZsmaj8X4H8Zect5reTnP7dKtx0BqFNEPWyDrZJB7ZJQfkiJyQNuHkjjyQR/Lk3DvPzovz+lk65ox6VskPOO8fXdisAw==</latexit>

Khyp = C_
1

This	implies	that											has	nice	proper'es
analogous	to					,	e.g.,	it	is	convex

<latexit sha1_base64="SFff36oey4cPdpc7LbxmlHO4Ql4=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rlaXlldW16nptY3Nre0ff3evIKBGEtknEI9HzsKSchbQNDDjtxYLiwOO0642vC7/7QIVkUXgPaUydAA9D5jOCQUmufmAHGEYE8+w2dzMb6CNkozTOc1evmw1zAmORWCWpoxItV/+xBxFJAhoC4VjKvmXG4GRYACOc5jU7kTTGZIyHtK9oiAMqnWzyg9w4VsrA8COhXgjGRP3bkeFAyjTwVGVxr5z3CvE/r5+Af+VkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+paKz5IBZJ57RhXTTO787qTbMMqYoO0RE6QRa6RE10g1qojQh6Qi/oFb1pz9q79qF9TksrWtmzj2agff0CYn6hMA==</latexit>

Khyp
<latexit sha1_base64="jV6MwYAeFCpyGSpiBTh7e9J5PE4=">AAACCHicbVDLSsNAFL2pr1pfVZdugkVwVZLia1lwI7ipYB+QhjKZTtqhk5kwMxFKyA+4d6u/4E7c+hf+gZ/hpM3Cth4YOJz7OnOCmFGlHefbKq2tb2xulbcrO7t7+wfVw6OOEonEpI0FE7IXIEUY5aStqWakF0uCooCRbjC5zevdJyIVFfxRT2PiR2jEaUgx0kby+hHSY4xYep8NqjWn7sxgrxK3IDUo0BpUf/pDgZOIcI0ZUspznVj7KZKaYkaySj9RJEZ4gkbEM5SjiCg/nVnO7DOjDO1QSPO4tmfq34kURUpNo8B05hbVci0X/6t5iQ5v/JTyONGE4/mhMGG2Fnb+f3tIJcGaTQ1BWFLj1cZjJBHWJqWFK/luqUKVVUw07nIQq6TTqLtX9cuHi1qzUYRUhhM4hXNw4RqacActaAMGAS/wCm/Ws/VufVif89aSVcwcwwKsr19x/Zq+</latexit>

K

These	nice	proper'es	don’t	persist	when	we
“overextend”						via	unstable	Weyl	flops

<latexit sha1_base64="jV6MwYAeFCpyGSpiBTh7e9J5PE4=">AAACCHicbVDLSsNAFL2pr1pfVZdugkVwVZLia1lwI7ipYB+QhjKZTtqhk5kwMxFKyA+4d6u/4E7c+hf+gZ/hpM3Cth4YOJz7OnOCmFGlHefbKq2tb2xulbcrO7t7+wfVw6OOEonEpI0FE7IXIEUY5aStqWakF0uCooCRbjC5zevdJyIVFfxRT2PiR2jEaUgx0kby+hHSY4xYep8NqjWn7sxgrxK3IDUo0BpUf/pDgZOIcI0ZUspznVj7KZKaYkaySj9RJEZ4gkbEM5SjiCg/nVnO7DOjDO1QSPO4tmfq34kURUpNo8B05hbVci0X/6t5iQ5v/JTyONGE4/mhMGG2Fnb+f3tIJcGaTQ1BWFLj1cZjJBHWJqWFK/luqUKVVUw07nIQq6TTqLtX9cuHi1qzUYRUhhM4hXNw4RqacActaAMGAS/wCm/Ws/VufVif89aSVcwcwwKsr19x/Zq+</latexit>

K
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The	cone	of	BPS	black	holes
Whether										includes	all	of

<latexit sha1_base64="tAi/ZX7sPsWD6NsyeiJEuuDv9CI=">AAACP3icbVDLSgMxFM3UV62vqks3wSLUTZkRXxuh4EZwU6Ev6JSSSTNtaOZBckcsw/yO/+HerYJfoCtx687MtIhtvRA4nHPuI8cJBVdgmm9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbXqd66Z1LxwK/DOGRdjwx87nJKQFO9YtX2CAwpEXE96cU2sAeIh+MwSfAVziRFpZbKv7bbWdtxr1gyK2ZWeBFYU1BC06r1ih92P6CRx3yggijVscwQujGRwKlgScGOFAsJHZEB62joE4+pbpz9NMFHmuljN5D6+YAz9m9HTDylxp6jndnx81pK/qd1InAvuzH3wwiYTyeL3EhgCHAaG+5zySiIsQaESq5vxXRIJKGgw53Zks6WylVJQUdjzQexCJonFeu8cnZ3Wqqa05Dy6AAdojKy0AWqohtUQw1E0SN6Ri/o1Xgy3o1P42tizRnTnn00U8b3DxDesms=</latexit>

Thyp = T (Khyp)
<latexit sha1_base64="mPQNL4v02qJA6Ld0RUWn0y1khyw=">AAACFnicbVC7TsMwFHV4lvIKMDCwRFRITFWCeI0VXToWiT6kJqoc12mtOk5k3yCqKP/Bzgq/wIZYWfkDPgOnzUBbjmTp6Jz78vFjzhTY9rexsrq2vrFZ2ipv7+zu7ZsHh20VJZLQFol4JLs+VpQzQVvAgNNuLCkOfU47/rie+51HKhWLxANMYuqFeChYwAgGLfXNYzfEMCKYp/Wsn7pAnyC9a2RZ36zYVXsKa5k4BamgAs2++eMOIpKEVADhWKmeY8fgpVgCI5xmZTdRNMZkjIe0p6nAIVVeOv1AZp1pZWAFkdRPgDVV/3akOFRqEvq6Mj9XLXq5+J/XSyC49VIm4gSoILNFQcItiKw8DWvAJCXAJ5pgIpm+1SIjLDEBndnclny2VIHKyjoaZzGIZdK+qDrX1av7y0rNLkIqoRN0is6Rg25QDTVQE7UQQRl6Qa/ozXg23o0P43NWumIUPUdoDsbXL+apoFc=</latexit>

CBH

depends	on	whether										is	convex
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp

Can	show	that						convex <latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI
<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

<latexit sha1_base64="Nzuo+1rnthApvv+fpL4eoDvU6rI=">AAACCHicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVmhL2iHkkkzbWgmGZKMUIb5Afdu9RfciVv/wj/wM8y0s7CtBwKHc18nJ4g508Z1v5219Y3Nre3STnl3b//gsHJ03NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJvd5vfNElWZSNM00pn6ER4KFjGBjpV4/wmZMME+b2aBSdWvuDGiVeAWpQoHGoPLTH0qSRFQYwrHWPc+NjZ9iZRjhNCv3E01jTCZ4RHuWChxR7aczyxk6t8oQhVLZJwyaqX8nUhxpPY0C25lb1Mu1XPyv1ktMeOenTMSJoYLMD4UJR0ai/P9oyBQlhk8twUQx6xWRMVaYGJvSwpV8t9Khzso2Gm85iFXSvqx5N7Xrx6tq3S1CKsEpnMEFeHALdXiABrSAgIQXeIU359l5dz6cz3nrmlPMnMACnK9ff9aaxQ==</latexit>

T
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thypso	is										in	exs,	but	no	proof	yet
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The	cone	of	BPS	black	holes
Whether										includes	all	of

Regardless,	b/c	GVs	don’t	wall-cross	within

<latexit sha1_base64="tAi/ZX7sPsWD6NsyeiJEuuDv9CI=">AAACP3icbVDLSgMxFM3UV62vqks3wSLUTZkRXxuh4EZwU6Ev6JSSSTNtaOZBckcsw/yO/+HerYJfoCtx687MtIhtvRA4nHPuI8cJBVdgmm9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbXqd66Z1LxwK/DOGRdjwx87nJKQFO9YtX2CAwpEXE96cU2sAeIh+MwSfAVziRFpZbKv7bbWdtxr1gyK2ZWeBFYU1BC06r1ih92P6CRx3yggijVscwQujGRwKlgScGOFAsJHZEB62joE4+pbpz9NMFHmuljN5D6+YAz9m9HTDylxp6jndnx81pK/qd1InAvuzH3wwiYTyeL3EhgCHAaG+5zySiIsQaESq5vxXRIJKGgw53Zks6WylVJQUdjzQexCJonFeu8cnZ3Wqqa05Dy6AAdojKy0AWqohtUQw1E0SN6Ri/o1Xgy3o1P42tizRnTnn00U8b3DxDesms=</latexit>

Thyp = T (Khyp)
<latexit sha1_base64="mPQNL4v02qJA6Ld0RUWn0y1khyw=">AAACFnicbVC7TsMwFHV4lvIKMDCwRFRITFWCeI0VXToWiT6kJqoc12mtOk5k3yCqKP/Bzgq/wIZYWfkDPgOnzUBbjmTp6Jz78vFjzhTY9rexsrq2vrFZ2ipv7+zu7ZsHh20VJZLQFol4JLs+VpQzQVvAgNNuLCkOfU47/rie+51HKhWLxANMYuqFeChYwAgGLfXNYzfEMCKYp/Wsn7pAnyC9a2RZ36zYVXsKa5k4BamgAs2++eMOIpKEVADhWKmeY8fgpVgCI5xmZTdRNMZkjIe0p6nAIVVeOv1AZp1pZWAFkdRPgDVV/3akOFRqEvq6Mj9XLXq5+J/XSyC49VIm4gSoILNFQcItiKw8DWvAJCXAJ5pgIpm+1SIjLDEBndnclny2VIHKyjoaZzGIZdK+qDrX1av7y0rNLkIqoRN0is6Rg25QDTVQE7UQQRl6Qa/ozXg23o0P43NWumIUPUdoDsbXL+apoFc=</latexit>

CBH

depends	on	whether										is	convex
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp

Can	show	that						convex <latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI
<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

<latexit sha1_base64="Nzuo+1rnthApvv+fpL4eoDvU6rI=">AAACCHicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy4cVmhL2iHkkkzbWgmGZKMUIb5Afdu9RfciVv/wj/wM8y0s7CtBwKHc18nJ4g508Z1v5219Y3Nre3STnl3b//gsHJ03NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJvd5vfNElWZSNM00pn6ER4KFjGBjpV4/wmZMME+b2aBSdWvuDGiVeAWpQoHGoPLTH0qSRFQYwrHWPc+NjZ9iZRjhNCv3E01jTCZ4RHuWChxR7aczyxk6t8oQhVLZJwyaqX8nUhxpPY0C25lb1Mu1XPyv1ktMeOenTMSJoYLMD4UJR0ai/P9oyBQlhk8twUQx6xWRMVaYGJvSwpV8t9Khzso2Gm85iFXSvqx5N7Xrx6tq3S1CKsEpnMEFeHALdXiABrSAgIQXeIU359l5dz6cz3nrmlPMnMACnK9ff9aaxQ==</latexit>

T
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thypso	is										in	exs,	but	no	proof	yet
<latexit sha1_base64="SFff36oey4cPdpc7LbxmlHO4Ql4=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFN4KbCvYBTQiT6aQdOnkwcyOGEP/DvVv9BXfi1qV/4Gc4abOwrQcGDufc1xwv5kyCaX5rlaXlldW16nptY3Nre0ff3evIKBGEtknEI9HzsKSchbQNDDjtxYLiwOO0642vC7/7QIVkUXgPaUydAA9D5jOCQUmufmAHGEYE8+w2dzMb6CNkozTOc1evmw1zAmORWCWpoxItV/+xBxFJAhoC4VjKvmXG4GRYACOc5jU7kTTGZIyHtK9oiAMqnWzyg9w4VsrA8COhXgjGRP3bkeFAyjTwVGVxr5z3CvE/r5+Af+VkLIwToCGZLvITbkBkFHEYAyYoAZ4qgolg6laDjLDABFRoM1uK2UL6Mq+paKz5IBZJ57RhXTTO787qTbMMqYoO0RE6QRa6RE10g1qojQh6Qi/oFb1pz9q79qF9TksrWtmzj2agff0CYn6hMA==</latexit>

Khyp

we	predict	infinite	GV	towers	everywhere	within
<latexit sha1_base64="1GqIBuPAaXz97KUATEtgQn64fkE=">AAACa3icbVFNT9tAEF27LR9pS0O5AYdVIyR6iWzUQo8ILhxBSgJSHFnrzThZsV67u+NAtPKf7I1/wIU7R9YhghA60kpPb968Gb1NCikMBsGd53/4+GlldW298fnL141vzc3vPZOXmkOX5zLXVwkzIIWCLgqUcFVoYFki4TK5Pq37lxPQRuSqg9MCBhkbKZEKztBRcVNGN2IIY4Y2yhiOOZP2tKpiGyHcoj05qyoawd9STGiUiB Evi9gijYSiL/LOi3o8Lapa/2q06LOPP+NmK2gHs6LvQTgHLTKv87h5Hw1zXmagkEtmTD8MChxYplFwCVUjKg0UjF+zEfQdVCwDM7CzVCq655ghTXPtnkI6YxcnLMuMmWaJU9YXm+VeTf6v1y8x/TOwQhUlguLPi9JSUsxpHTEdCg0c5dQBxrVwt1I+ZppxdB/xZkvtrU1qqoaLJlwO4j3oHbTDw/bvi1+t42Ae0hrZIT/IPgnJETkmZ+ScdAkn/8ij53m+9+Bv+dv+7rPU9+YzW+RN+XtPNce/Vg==</latexit>

bCBH ⌘
[

t2Thyp

CBH(t) which	includes
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp
because

<latexit sha1_base64="tx6en9TsmE3lrRpX/BS+z0ot6xw=">AAACH3icbVDLTgIxFO3gC/GFunTTSExwQ2aMryWRDUtMBEkYQjqlAw2dzqS9YyST2fof7t3qL7gzbvkDP8MOsBDwJE1OzrmvHi8SXINtT6zc2vrG5lZ+u7Czu7d/UDw8aukwVpQ1aShC1faIZoJL1gQOgrUjxUjgCfbojWqZ//jElOahfIBxxLoBGUjuc0rASL0iBuxyid2AwJASkdTSXuICe4bkrp6mZTjvFUt2xZ4CrxJnTkpojkav+OP2QxoHTAIVROuOY0fQTYgCTgVLC26sWUToiAxYx1BJAqa7yfQnKT4zSh/7oTJPAp6qfzsSEmg9DjxTmV2sl71M/M/rxODfdhMuoxiYpLNFfiwwhDiLBfe5YhTE2BBCFTe3YjokilAw4S1syWYr7eu0YKJxloNYJa2LinNdubq/LFXteUh5dIJOURk56AZVUR01UBNR9ILe0Dv6sF6tT+vL+p6V5qx5zzFagDX5BdHDo10=</latexit>

t 2 CBH(t)
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The	cone	of	BPS	black	holes

<latexit sha1_base64="1GqIBuPAaXz97KUATEtgQn64fkE="></latexit>

bCBH ⌘
[

t2Thyp

CBH(t)

In	fact,	this	includes	a	(possibly)	bigger	region:

We	predict	infinite	GV	towers	everywhere	within

<latexit sha1_base64="wOrW3cVu2DfvG7Bi2LDnbF5UK7E="></latexit>

Vis(Thyp) ⌘
[

t2Thyp

Vis(t)

<latexit sha1_base64="iM67p6rQfYC6DXvBV3agTtM9QO4=">AAACAHicbVC7SgNBFL0bX0l8RS1tBoNgIWFX8FEGbLRL0DwgWcLs7GwyZHZ2mZkVwpImjZWt/oKNiK1/4h/4Fzp5FCbxwMDhnPua48WcKW3bX1ZmZXVtfSOby29ube/sFvb26ypKJKE1EvFINj2sKGeC1jTTnDZjSXHocdrw+tdjv/FApWKRuNeDmLoh7goWMIK1ke6qndtOoWiX7AnQMnFmpFjOPfpvP6PTSqfw3fYjkoRUaMKxUi3HjrWbYqkZ4XSYbyeKxpj0cZe2DBU4pMpNJ6cO0bFRfBRE0jyh0UT925HiUKlB6JnKEOueWvTG4n9eK9HBlZsyESeaCjJdFCQc6QiN/418JinRfGAIJpKZWxHpYYmJNunMbRnPlipQw7yJxlkMYpnUz0rORem86hTLNkyRhUM4ghNw4BLKcAMVqAGBLjzBM7xYI+vVerc+pqUZa9ZzAHOwPn8BrS+adw==</latexit>

QI

<latexit sha1_base64="dKSJ0wn880Vfoga0jJl42a/5tC4=">AAACB3icbVC7SgNBFJ2NrxhfiZY2g0GwCruCj8IiYKNdhLwwWcPsZDYZMju7zNwVlpAPsLdV/AM7sfUz/ANrWxtnkxQm8cDA4Zz7muNFgmuw7U8rs7S8srqWXc9tbG5t7+QLu3UdxoqyGg1FqJoe0UxwyWrAQbBmpBgJPMEa3uAy9Rv3TGkeyiokEXMD0pPc55SAkW6rneu7Npc+JJ180S7ZY+BF4kxJsVz4fvEv4KfSyX+1uyGNAyaBCqJ1y7EjcIdEAaeCjXLtWLOI0AHpsZahkgRMu8PxxSN8aJQu9kNlngQ8Vv92DEmgdRJ4pjIg0NfzXir+57Vi8M/dIZdRDEzSySI/FhhCnH4fd7liFERiCKGKm1sx7RNFKJiQZraks5X29ShnonHmg1gk9eOSc1o6uXGKZRtNkEX76AAdIQedoTK6QhVUQxRJ9Iie0LP1YL1ab9b7pDRjTXv20Aysj1/3I54K</latexit>

T1
I

Weyl	group	image

which	includes										.
<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp
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Checking	the	(sub)la4ce	WGC
For	each	CY3	in	our	search,	we	should
1.	Find								,	hence	

<latexit sha1_base64="AVb7w0AB2IgyIhZMXoxNIy4DviM=">AAACE3icbVDLSsNAFJ34rPUVHzs3wSK4Kon4Wha6cVnBPqAJZTKdtEMnkzBzI8SQz3DvVn/Bnbj1A/wDP8NJm4VtPTBwOOfeuYfjx5wpsO1vY2V1bX1js7JV3d7Z3ds3Dw47KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv1Js/C7j1QqFokHSGPqhXgkWMAIBi0NzGM3xDAmmGfNfJC5TASQ5gOzZtftKaxl4pSkhkq0BuaPO4xIElIBhGOl+o4dg5dhCYxwmlfdRNEYkwke0b6mAodUedk0fW6daWVoBZHUT4A1Vf9uZDhUKg19PVlkVYteIf7n9RMIbr2MiTgBKsjsUJBwCyKrqMIaMkkJ8FQTTCTTWS0yxhIT0IXNXSn+lipQeVVX4ywWsUw6F3Xnun51f1lr2GVJFXSCTtE5ctANaqA71EJtRNATekGv6M14Nt6ND+NzNrpilDtHaA7G1y+Ug58c</latexit>

C1
<latexit sha1_base64="RCts4l4n8oFsy4GM4qyc0dNwTG0="></latexit>

Khyp = C_
1

2.	Determine												for	each	phase	therein	by
				flopping	curves

<latexit sha1_base64="88I4pTSx8i/ZjjG34E8dTKp0Va8=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiTia1noxsemgn1AG8pkOmmHTiZhZiKUkK17t/oL7sSt/+Ef+BlO2ixs64GBwzn3NceLOFPatr+twsrq2vpGcbO0tb2zu1feP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xvXM7/9RKVioXjUk4i6AR4K5jOCtZHa9X5ye3ef9ssVu2pPgZaJk5MK5Gj0yz+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GR6bopOjDJAfijNExpN1b8dCQ6UmgSeqQywHqlFLxP/87qx9q/dhIko1lSQ2SI/5kiHKPs7GjBJieYTQzCRzNyKyAhLTLRJaG5LNlsqX6UlE42zGMQyaZ1VncvqxcN5pWbnIRXhCI7hFBy4ghrcQAOaQGAML/AKb9az9W59WJ+z0oKV9xzCHKyvX5hzmJM=</latexit>

CIJK

3.	Compute																																	and/or
<latexit sha1_base64="tAi/ZX7sPsWD6NsyeiJEuuDv9CI=">AAACP3icbVDLSgMxFM3UV62vqks3wSLUTZkRXxuh4EZwU6Ev6JSSSTNtaOZBckcsw/yO/+HerYJfoCtx687MtIhtvRA4nHPuI8cJBVdgmm9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbXqd66Z1LxwK/DOGRdjwx87nJKQFO9YtX2CAwpEXE96cU2sAeIh+MwSfAVziRFpZbKv7bbWdtxr1gyK2ZWeBFYU1BC06r1ih92P6CRx3yggijVscwQujGRwKlgScGOFAsJHZEB62joE4+pbpz9NMFHmuljN5D6+YAz9m9HTDylxp6jndnx81pK/qd1InAvuzH3wwiYTyeL3EhgCHAaG+5zySiIsQaESq5vxXRIJKGgw53Zks6WylVJQUdjzQexCJonFeu8cnZ3Wqqa05Dy6AAdojKy0AWqohtUQw1E0SN6Ri/o1Xgy3o1P42tizRnTnn00U8b3DxDesms=</latexit>

Thyp = T (Khyp)

4.	Check	whether	any	GVs	vanish	within									
					and/or																			,	up	to	a	specified	cutoff	deg.

<latexit sha1_base64="/RJ6XzWwEaKSag82dy7b0yvsSUI=">AAACI3icbVC5TsNAFFyHK4TLQEljEZBCE9mIq4xEQxmkXFJsRevNOlllfWj3GWFZ/gH+g54WfoEO0VDQ8xmsExckYaSVRjPv2nEjziSY5pdWWlldW98ob1a2tnd29/T9g44MY0Fom4Q8FD0XS8pZQNvAgNNeJCj2XU677uQ297sPVEgWBi1IIur4eBQwjxEMShroJzbQR0g7TGY128cwJpinrWyQzvRxEmXZ2UCvmnVzCmOZWAWpogLNgf5jD0MS+zQAwrGUfcuMwEmxAEY4zSp2LGmEyQSPaF/RAPtUOun0N5lxqpSh4YVCvQCMqfq3I8W+lInvqsr8YLno5eJ/Xj8G78ZJWRDFQAMyW+TF3IDQyKMxhkxQAjxRBBPB1K0GGWOBCagA57bks4X0ZFZR0ViLQSyTznnduqpf3l9UG2YRUhkdoWNUQxa6Rg10h5qojQh6Qi/oFb1pz9q79qF9zkpLWtFziOagff8CJFumTQ==</latexit>

Vis(Thyp)
Not	yet	automated!

<latexit sha1_base64="QDK8QUosxLav1odwdRIFazW5g7c=">AAAB/3icbVDLTsJAFL3FF+ILdelmIjFxRVrja0nixiUaQRIgZDrcwoTptJmZmpCGhXu3+gvujFs/xT/wM5xCFwKeZJKTc+5rjh8Lro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1fKpRsElNgw3AluxQhr6Ah/90U3mPz6h0jySD2YcYzekA8kDzqix0n0n7ZUrbtWdgiwTLycVyFHvlX86/YglIUrDBNW67bmx6aZUGc4ETkqdRGNM2YgOsG2ppCHqbjq9dEJOrNInQaTsk4ZM1b8dKQ21Hoe+rQypGepFLxP/89qJCa67KZdxYlCy2aIgEcREJPs26XOFzIixJZQpbm8lbEgVZcaGM7clm610oCclG423GMQyaZ5Vvcvqxd15pebmIRXhCI7hFDy4ghrcQh0awCCAF3iFN+fZeXc+nM9ZacHJew5hDs7XLzy1lsA=</latexit>

{

<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp
<latexit sha1_base64="/RJ6XzWwEaKSag82dy7b0yvsSUI=">AAACI3icbVC5TsNAFFyHK4TLQEljEZBCE9mIq4xEQxmkXFJsRevNOlllfWj3GWFZ/gH+g54WfoEO0VDQ8xmsExckYaSVRjPv2nEjziSY5pdWWlldW98ob1a2tnd29/T9g44MY0Fom4Q8FD0XS8pZQNvAgNNeJCj2XU677uQ297sPVEgWBi1IIur4eBQwjxEMShroJzbQR0g7TGY128cwJpinrWyQzvRxEmXZ2UCvmnVzCmOZWAWpogLNgf5jD0MS+zQAwrGUfcuMwEmxAEY4zSp2LGmEyQSPaF/RAPtUOun0N5lxqpSh4YVCvQCMqfq3I8W+lInvqsr8YLno5eJ/Xj8G78ZJWRDFQAMyW+TF3IDQyKMxhkxQAjxRBBPB1K0GGWOBCagA57bks4X0ZFZR0ViLQSyTznnduqpf3l9UG2YRUhkdoWNUQxa6Rg10h5qojQh6Qi/oFb1pz9q79qF9zkpLWtFziOagff8CJFumTQ==</latexit>

Vis(Thyp)
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Checking	the	(sub)la4ce	WGC
For	each	CY3	in	our	search,	we	should
1.	Find								,	hence	

<latexit sha1_base64="AVb7w0AB2IgyIhZMXoxNIy4DviM=">AAACE3icbVDLSsNAFJ34rPUVHzs3wSK4Kon4Wha6cVnBPqAJZTKdtEMnkzBzI8SQz3DvVn/Bnbj1A/wDP8NJm4VtPTBwOOfeuYfjx5wpsO1vY2V1bX1js7JV3d7Z3ds3Dw47KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv1Js/C7j1QqFokHSGPqhXgkWMAIBi0NzGM3xDAmmGfNfJC5TASQ5gOzZtftKaxl4pSkhkq0BuaPO4xIElIBhGOl+o4dg5dhCYxwmlfdRNEYkwke0b6mAodUedk0fW6daWVoBZHUT4A1Vf9uZDhUKg19PVlkVYteIf7n9RMIbr2MiTgBKsjsUJBwCyKrqMIaMkkJ8FQTTCTTWS0yxhIT0IXNXSn+lipQeVVX4ywWsUw6F3Xnun51f1lr2GVJFXSCTtE5ctANaqA71EJtRNATekGv6M14Nt6ND+NzNrpilDtHaA7G1y+Ug58c</latexit>

C1
<latexit sha1_base64="RCts4l4n8oFsy4GM4qyc0dNwTG0="></latexit>

Khyp = C_
1

2.	Determine												for	each	phase	therein	by
				flopping	curves

<latexit sha1_base64="88I4pTSx8i/ZjjG34E8dTKp0Va8=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiTia1noxsemgn1AG8pkOmmHTiZhZiKUkK17t/oL7sSt/+Ef+BlO2ixs64GBwzn3NceLOFPatr+twsrq2vpGcbO0tb2zu1feP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xvXM7/9RKVioXjUk4i6AR4K5jOCtZHa9X5ye3ef9ssVu2pPgZaJk5MK5Gj0yz+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GR6bopOjDJAfijNExpN1b8dCQ6UmgSeqQywHqlFLxP/87qx9q/dhIko1lSQ2SI/5kiHKPs7GjBJieYTQzCRzNyKyAhLTLRJaG5LNlsqX6UlE42zGMQyaZ1VncvqxcN5pWbnIRXhCI7hFBy4ghrcQAOaQGAML/AKb9az9W59WJ+z0oKV9xzCHKyvX5hzmJM=</latexit>

CIJK

3.	Compute																																	and/or
<latexit sha1_base64="tAi/ZX7sPsWD6NsyeiJEuuDv9CI=">AAACP3icbVDLSgMxFM3UV62vqks3wSLUTZkRXxuh4EZwU6Ev6JSSSTNtaOZBckcsw/yO/+HerYJfoCtx687MtIhtvRA4nHPuI8cJBVdgmm9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbXqd66Z1LxwK/DOGRdjwx87nJKQFO9YtX2CAwpEXE96cU2sAeIh+MwSfAVziRFpZbKv7bbWdtxr1gyK2ZWeBFYU1BC06r1ih92P6CRx3yggijVscwQujGRwKlgScGOFAsJHZEB62joE4+pbpz9NMFHmuljN5D6+YAz9m9HTDylxp6jndnx81pK/qd1InAvuzH3wwiYTyeL3EhgCHAaG+5zySiIsQaESq5vxXRIJKGgw53Zks6WylVJQUdjzQexCJonFeu8cnZ3Wqqa05Dy6AAdojKy0AWqohtUQw1E0SN6Ri/o1Xgy3o1P42tizRnTnn00U8b3DxDesms=</latexit>

Thyp = T (Khyp)

4.	Check	whether	any	GVs	vanish	within									
					and/or																			,	up	to	a	specified	cutoff	deg.

<latexit sha1_base64="/RJ6XzWwEaKSag82dy7b0yvsSUI=">AAACI3icbVC5TsNAFFyHK4TLQEljEZBCE9mIq4xEQxmkXFJsRevNOlllfWj3GWFZ/gH+g54WfoEO0VDQ8xmsExckYaSVRjPv2nEjziSY5pdWWlldW98ob1a2tnd29/T9g44MY0Fom4Q8FD0XS8pZQNvAgNNeJCj2XU677uQ297sPVEgWBi1IIur4eBQwjxEMShroJzbQR0g7TGY128cwJpinrWyQzvRxEmXZ2UCvmnVzCmOZWAWpogLNgf5jD0MS+zQAwrGUfcuMwEmxAEY4zSp2LGmEyQSPaF/RAPtUOun0N5lxqpSh4YVCvQCMqfq3I8W+lInvqsr8YLno5eJ/Xj8G78ZJWRDFQAMyW+TF3IDQyKMxhkxQAjxRBBPB1K0GGWOBCagA57bks4X0ZFZR0ViLQSyTznnduqpf3l9UG2YRUhkdoWNUQxa6Rg10h5qojQh6Qi/oFb1pz9q79qF9zkpLWtFziOagff8CJFumTQ==</latexit>

Vis(Thyp)
Not	yet	automated!

<latexit sha1_base64="QDK8QUosxLav1odwdRIFazW5g7c=">AAAB/3icbVDLTsJAFL3FF+ILdelmIjFxRVrja0nixiUaQRIgZDrcwoTptJmZmpCGhXu3+gvujFs/xT/wM5xCFwKeZJKTc+5rjh8Lro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1fKpRsElNgw3AluxQhr6Ah/90U3mPz6h0jySD2YcYzekA8kDzqix0n0n7ZUrbtWdgiwTLycVyFHvlX86/YglIUrDBNW67bmx6aZUGc4ETkqdRGNM2YgOsG2ppCHqbjq9dEJOrNInQaTsk4ZM1b8dKQ21Hoe+rQypGepFLxP/89qJCa67KZdxYlCy2aIgEcREJPs26XOFzIixJZQpbm8lbEgVZcaGM7clm610oCclG423GMQyaZ5Vvcvqxd15pebmIRXhCI7hFDy4ghrcQh0awCCAF3iFN+fZeXc+nM9ZacHJew5hDs7XLzy1lsA=</latexit>

{

<latexit sha1_base64="W2ls/p3a46mY+Mzsqdx8J+BEvKM=">AAACF3icbVDLSsNAFJ3UV62vqBvBTbAIrkoivpYFNy4r9AVNCJPppB06eTBzI4YQ/8O9W/0Fd+LWpX/gZzhps7CtBwYO59zXHC/mTIJpfmuVldW19Y3qZm1re2d3T98/6MooEYR2SMQj0fewpJyFtAMMOO3HguLA47TnTW4Lv/dAhWRR2IY0pk6ARyHzGcGgJFc/sgMMY4J51s7dzAb6CNk4jfPc1etmw5zCWCZWSeqoRMvVf+xhRJKAhkA4lnJgmTE4GRbACKd5zU4kjTGZ4BEdKBrigEonm/4gN06VMjT8SKgXgjFV/3ZkOJAyDTxVWdwrF71C/M8bJODfOBkL4wRoSGaL/IQbEBlFHMaQCUqAp4pgIpi61SBjLDABFdrclmK2kL7MayoaazGIZdI9b1hXjcv7i3rTLEOqomN0gs6Qha5RE92hFuoggp7QC3pFb9qz9q59aJ+z0opW9hyiOWhfv3FmoTk=</latexit>

Thyp
<latexit sha1_base64="/RJ6XzWwEaKSag82dy7b0yvsSUI=">AAACI3icbVC5TsNAFFyHK4TLQEljEZBCE9mIq4xEQxmkXFJsRevNOlllfWj3GWFZ/gH+g54WfoEO0VDQ8xmsExckYaSVRjPv2nEjziSY5pdWWlldW98ob1a2tnd29/T9g44MY0Fom4Q8FD0XS8pZQNvAgNNeJCj2XU677uQ297sPVEgWBi1IIur4eBQwjxEMShroJzbQR0g7TGY128cwJpinrWyQzvRxEmXZ2UCvmnVzCmOZWAWpogLNgf5jD0MS+zQAwrGUfcuMwEmxAEY4zSp2LGmEyQSPaF/RAPtUOun0N5lxqpSh4YVCvQCMqfq3I8W+lInvqsr8YLno5eJ/Xj8G78ZJWRDFQAMyW+TF3IDQyKMxhkxQAjxRBBPB1K0GGWOBCagA57bks4X0ZFZR0ViLQSyTznnduqpf3l9UG2YRUhkdoWNUQxa6Rg10h5qojQh6Qi/oFb1pz9q79qF9zkpLWtFziOagff8CJFumTQ==</latexit>

Vis(Thyp)
(If	none	vanish,	then	the	la&ce	WGC	is	saPsfied;
	in	all	our	examples	so	far,	it	is!)
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Symmetric	flops
Some0mes	flopped	phase	isomorphic	to	original,
e.g.,	via	a	reflec0on

<latexit sha1_base64="2MYuG2LFN1xFoz5Ei01skdf6ZHU="></latexit>

Y I ! Y I � 2
QJY J

Q̃KQK

Q̃I

where	“symmetric”	flop	lies	at
<latexit sha1_base64="FEhes5jSyRU3CSOJMGRAifiJakQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIr41QcGN3LfQlbQyTyaQdOpmEmYlQQjdu/BU3LhRx6z+482+ctFlo64ELZ865l7n3eDGjUlnWt7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w5vMbz8QIWnEG2oUEydEfU4DipHSkmse1N3q3X0VXsOeoswnaX2sXw03UyzXLFllawI4T+yclECOmmt+9fwIJyHhCjMkZde2YuWkSCiKGRkXe4kkMcJD1CddTTkKiXTSyRVjeKQVHwaR0MUVnKi/J1IUSjkKPd0ZIjWQs14m/ud1ExVcOSnlcaIIx9OPgoRBFcEsEuhTQbBiI00QFlTvCvEACYSVDq6oQ7BnT54nrdOyfVE+r5+VKid5HAWwDw7BMbDBJaiAW1ADTYDBI3gGr+DNeDJejHfjY9q6YOQze+APjM8fFmaWVA==</latexit>

QIY
I = Q̃ITI = 0

e.g.,	Weyl	flops	are	always	symmetric

We	can	improve	the	efficiency	of	our	search	by
restric0ng	to	fund.	domain								for	these	symms	G

<latexit sha1_base64="Bjeqk9domt0wcNEru3Q3TfoV4pM=">AAACCnicbZDLSsNAFIYn9VbrrerSzWARXJVEvC0L4mVZ0V6gjWUyPWmHTiZhZiKUkDfwAdzqI7gTt76ET+BrOE2zsNUfBn7+cw7nzOdFnClt219WYWFxaXmluFpaW9/Y3Cpv7zRVGEsKDRryULY9ooAzAQ3NNId2JIEEHoeWN7qY1FuPIBULxb0eR+AGZCCYzyjRJnroXsZ3VLJIJ1dp77pXrthVOxP+a5zcVFCueq/83e2HNA5AaMqJUh3HjrSbEKkZ5ZCWurGCiNARGUDHWEECUG6SXZ3iA5P0sR9K84TGWfp7IiGBUuPAM50B0UM1X5uE/9U6sfbP3YSJKNYg6HSRH3OsQzxBgPtMAtV8bAwxnze3YjokklBtQM1sgVhldFJDxpnn8Nc0j6rOafXk9rhSs3NGRbSH9tEhctAZqqEbVEcNRJFEz+gFvVpP1pv1bn1MWwtWPrOLZmR9/gDqX5vH</latexit>

FG
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Symmetric	flops

Figure 5: A projection of the extended Kähler cone of this geometry. The black lines
indicate loci where prime toric divisors shrink.

find in fact that in this case, the e↵ective cone (which is the dual of the moveable cone) is

equal to the extended Kähler cone, and is therefore also infinitely generated.

4 Checks of the Weak Gravity Conjecture

In the previous sections, we described how to use Gopakumar-Vafa invariants to reconstruct

the Kähler moduli space in Calabi-Yau compactifications of type IIB string theory. In

particular, we showed how the extended Kähler cone is the union of Kähler cones of all

birationally equivalent Calabi-Yaus, related to each other by flopping of curves.

In this section, we will use this moduli space reconstruction in order to verify the Weak

Gravity Conjecture in a large ensemble of N = 2 [?] Calabi-Yau compactifications of (=

type IIB string theory. The Weak Gravity Conjecture says that in an e↵ective field theory

that admits a UV-completion to a theory of quantum gravity, black holes must be able to

decay. For a theory with a single U(1) gauge field, this condition puts a constraint on the

spectrum of the particles in the theory, i.e. that there must be a particle whose charge to

mass ratio satisfies

Q

M
�

✓
Q

M

◆ ����
ext

, (4.1)
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Base figure: N. Gendler

For	example:
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In the previous sections, we described how to use Gopakumar-Vafa invariants to reconstruct

the Kähler moduli space in Calabi-Yau compactifications of type IIB string theory. In

particular, we showed how the extended Kähler cone is the union of Kähler cones of all

birationally equivalent Calabi-Yaus, related to each other by flopping of curves.

In this section, we will use this moduli space reconstruction in order to verify the Weak

Gravity Conjecture in a large ensemble of N = 2 [?] Calabi-Yau compactifications of (=

type IIB string theory. The Weak Gravity Conjecture says that in an e↵ective field theory

that admits a UV-completion to a theory of quantum gravity, black holes must be able to
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spectrum of the particles in the theory, i.e. that there must be a particle whose charge to
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<latexit sha1_base64="vzMZ5CVc8qwwFrUUHLNvGAIfZZs=">AAACFHicbVDNSgMxGMxWrXX9q3r0slgET2W3iHosCOqxBfsD7VKyadqGZrNr8q1Qln0IL/WqJ1/Cm3jx4F18C5/AdNuDbR0IGWa+LxnGCzlTYNtfRmZldS27ntswN7e2d3bze/t1FUSS0BoJeCCbHlaUM0FrwIDTZigp9j1OG97wcuI37qlULBC3MAqp6+O+YD1GMGjJbfsYBorI+CrpXHfyBbtop7CWiTMjhXK2+v0xfnipdPI/7W5AIp8KIBwr1XLsENwYS2CE08RsR4qGmAxxn7Y0Fdinyo3T0Il1rJWu1QukPgKsVP27EWNfqZHv6ck05KI3Ef/zWhH0LtyYiTACKsj0o17ELQisSQNWl0lKgI80wUQyndUiAywxAd2TOffUrB03ppG+WAiJqUtyFitZJvVS0TkrnlZ1WyU0RQ4doiN0ghx0jsroBlVQDRF0hx7RE3o2xsar8Wa8T0czxmznAM3B+PwFMkejhw==</latexit>

FG

Base figure: N. Gendler

For	example:
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Symmetric	flops

Figure 5: A projection of the extended Kähler cone of this geometry. The black lines
indicate loci where prime toric divisors shrink.

find in fact that in this case, the e↵ective cone (which is the dual of the moveable cone) is

equal to the extended Kähler cone, and is therefore also infinitely generated.
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Symmetric	flops

Figure 5: A projection of the extended Kähler cone of this geometry. The black lines
indicate loci where prime toric divisors shrink.
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Symmetric	flops
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Some	examples

q1
q2 0 1 2 3 4 5

0 ⇤ 56 �272 3240 �58432 1303840

1 20 2635 2760 �45440 1001340 �26330880

2 0 5040 541930 933760 �18770880 490600080

3 0 190 2973660 277421695 563282580 �11813767700

4 0 �40 2454600 2644224240 208000930200 470459159880

5 0 3 67980 5829698942 2855250958116 193028959075965

6 0 0 �14960 3084577280 11119027471400 3465883673329200

7 0 0 3420 75341270 14592676836440 19950547779012810

8 0 0 �760 �13884400 5711374027440 45586693863580200

9 0 0 100 2767590 132960571500 42020108300555745

10 0 0 �6 �783664 �21741657848 13122339863069280

Table 2: Genus zero GV invariants n0

q1,q2
for the geometry of §3.5. Charges inside the

infinity cone M1 = {q1 � 5q2, q2 � 0} but outside the cone of dual coordinates T =
{q2 � q1, 2q1 � q2 � 0} are shown in yellow. Charges in T are shown in pink.

polytope ��. The integer points in �� other than the origin are the columns of

0

BBBB@

�1 0 0 0 �1 1

�1 0 0 1 1 0

�1 0 1 0 0 0

�1 1 0 0 0 0

1

CCCCA
, (3.10)

and are associated with homogeneous coordinates xI , I = 1, . . . , 6, identified via a (C⇤)2

action with scaling weights

2

64
x1 x2 x3 x4 x5 x6

0 0 0 �1 1 1

1 1 1 2 �1 0

3

75 . (3.11)

The columns of (3.11) are the charges of the divisors DI := {xI = 0} \ X. The faces of

�� are simplices, so V is smooth.

In a basis of divisor classes {[D1], [D6]}, the triple intersection numbers and second

Chern class of X are

1ab =

 
5 5

5 5

!
, 2ab =

 
5 5

5 3

!
, ca =

 
50

42

!
. (3.12)

The Mori cone inherited from the ambient variety, MV , is generated by the curve classes

(1, 0) and (0, 1). The genus zero GV invariants are given in Table 2, and the sites in

MV populated by them are depicted in Figure 2. In particular, the generators of MV
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CY	hypersurface	in	toric	variety:

nop	curve	flops	to	non-toric	phase
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q1
q2 0 1 2 3 4 5 6 7 8

0 ⇤ 177 177 186 177 177 186 177 177

1 �2 178 20291 317172 2998628 21195310 123413576 622393836 2806637500

2 0 3 �177 332040 73458379 3048964748 67638465983 1034258133329 12232084778113

3 0 5 �708 44790 794368 3122149716 710345698242 46445530268176 1663087069097865

4 0 7 �1068 75225 �4468169 243105088 54329854510 46884487081241 10524250865224651

5 0 9 �1448 110271 �7157586 396368217 �27580928924 2382035587157 1540781601550297

6 0 11 �1880 157734 �11253268 676476353 �48092153649 2530899579921 �241894701950815

7 0 13 �2412 231979 �18701330 1241479305 �87415077360 4793679740747 �439028227820944

8 0 15 �3122 356005 �32878062 2432078638 �172868371620 10041154974639 �797065258455869

Table 3: Genus zero GV invariants n0

q1,q2
for the geometry of §C.2. Charges inside the

infinity cone M1 = {q1, q2 � 0} but outside the cone of spherically-symmetric BPS black
holes C spherical

BH
= {q2 � q1 � 0} are marked in yellow, charges inside C spherical

BH
but outside

the cone of dual coordinates T = {q2 � 2q1 � 0} are shown in green, and charges inside
T are shown in pink. The absence of zeros within C spherical

BH
is consistent with the lattice

WGC.

The dual coordinates Ta are given by

T1 = 3t1t2 +
7

2
(t2)2 , T2 =

3

2
(t1)2 + 7t1t2 + 7(t2)2 . (C.9)

These parametrize the cone of dual coordinates,

T = {T2 � 2T1 � 0} , (C.10)

which is indeed dual to the e↵ective cone, generated by the divisor classes [D5] and [D6].

Under the Weyl reflection, these coordinates transform as T1 ! T2 � T1, T2 ! T2, and

the cone of dual coordinates transforms to

w(T ) = {2T1 � T2 , T2 � T1} . (C.11)

Since the Weyl-extended dual-coordinate moduli space W(T ) = T [ w(T ) is (trivially)

convex, the cone of spherically-symmetric BPS black holes is simply

C spherical

BH
= Vis(Thyp) = W(T ) = {T2 � T1 � 0} . (C.12)

As can be seen in Table 3, all the GV invariants within this cone are nonzero up to the

degree calculated, in agreement with the lattice WGC.

Finally, we note that the genus zero GV invariants in Table 3 have di↵erent characteris-

tics inside and outside C spherical

BH
. For example, their sign strictly alternates by column out-

38

18

Some	examples
CY	hypersurface	in	toric	variety:

Unstable	Weyl	flop
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C1

the origin are 0

BBBB@

�1 0 0 0 1 2

�1 0 0 1 0 0

0 0 1 0 0 �1

0 1 0 0 0 �1

1

CCCCA
. (C.4)

A GLSM charge matrix is given by

2

64
x1 x2 x3 x4 x5 x6

0 1 1 0 �2 1

1 0 0 1 1 0

3

75 . (C.5)

The faces of �� are simplices, so no FRST needs to be specified.

In the GLSM basis, the Mori cone MV inherited from the toric ambient variety is

simply the first quadrant. The GV invariants of both generators are nonzero, and thus

MX = MV and the Kähler cone is given by KX = {t1 , t2 � 0}. The geometry has no flop

transitions, so K = KX .

The geometry in question has independent triple intersection numbers

111 = 0 , 112 = 3 , 122 = 7 , 222 = 14 . (C.6)

These triple intersection numbers lead to the five-dimensional prepotential

F =
3

2
(t1)2t2 +

7

2
t1(t2)2 +

7

3
(t2)3 . (C.7)

The boundary t2 ! 0 is an asymptotic boundary, which lies at infinite distance. The

boundary t1 = 0 is the locus of a genus zero Weyl reflection, where the toric divisor D6

shrinks to a P1. The Weyl reflection acts on the Kähler coordinates as

w : t1 ! �t1 , t2 ! t2 + t1 . (C.8)

Note that this Weyl reflection is unstable, and correspondingly there are no nop curves

in this geometry. Accordingly, the hyperextended Kähler cone is equal to the extended

Kähler cone, Khyp = K = KX .

The GV invariants for this geometry are shown in Table 3. The infinity cone M1 is

simply equal to the Mori cone, consistent with the relation M1 = K
_
hyp

.
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Results	of	scan
Looked	at	every	Kreuzer-Skarke	CY3	w/
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h1,1 = 5(a) h
1,1 = 2 (b) h

1,1 = 3

(c) h
1,1 = 4

Figure 6: The number of apparently-inequivalent toric and non-toric phases that we found.
For h1,1 = 2, 3, 4 we have (36, 6), (274, 123), and (1760, 2180) toric and non-toric phases,
respectively. The polytope IDs are ordered as in [45], and in particular h2,1 increases to
the right.

threefolds result from a single FRST of each of the 1464 four-dimensional reflexive poly-

topes with 2  h1,1
 4, as well as 598 additional favorable polytopes with h1,1 = 5. For

each seed geometry X, we compute the GV invariants and subsequently identify the geo-

metric phases of the given birational equivalence class [X]b, obtained via flop transitions

from the original phase X.

One of the key results of this work is that, via flop transitions of toric hypersurface

Calabi-Yaus, we can discover Calabi-Yau threefolds that cannot be written as hypersurfaces

in the initial ambient toric variety, as in the example presented in §3.5. In fact, this method

sometimes allows one to discover Calabi-Yaus that cannot be obtained via a triangulation
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Our	algorithm	reconstructs
many	non-toric	phases
(an	increasing	fracFon
of	all	phases	for	larger								)

<latexit sha1_base64="nqKxEZmGT8F0wJ+LWjeVb+mTcg4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6QrGF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOl1vAx8868Sa9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx27oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo76XOFzIixJZQpbm8lbEgVZcYmVLIheIsvL5PmedW7ql7eX1Rqbh5HEY7gGE7Bg2uowR3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4Ajl+PBA==</latexit>

h1,1

From	our	2062	seed	geometries,	found	no
counterexamples	to	the	la'ce	WGC!	
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Summary	and	Future	Dirs
We	found	compelling	evidence	for	the
la#ce	WGC	for	BPS	par?cles	in	our	data	set	

Surprising	that	we	found	no	counterexs
to	laBce	WGC,	given	that	orbifold	counterexs
are	known	to	exist BH,	Reece,	Rudelius,	‘16

Perhaps	a	hint	of	an	underlying	principle??

Stay	tuned	for	more	on	geometry	&	swampland!
e.g.,	BH,	Rudelius,	2304.xxxxx	on	WGC	for	BPS	strings
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