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Ỹ
+I
Y

I+
=

0
an

d
Ỹ
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Ỹ
⇤
I
lies

w
ith

in
th
e
left-eigen

sp
ace

41
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•	Swampland	Distance	Conjecture

•	No	global	symmetries

•	Emergent	String	Conjecture

Swampland	program	says	a	lot	about
moduli	space	boundaries:

•	Tameness	conjecture(?)
•	Weak	Gravity	Conjecture

Indirectly:
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Swampland	Distance	Conjecture

Infinite	distance	limits	are	

accompanied	by	infinite	towers	of	

par;cles	become	exponen;ally	light

(Ooguri-Vafa	’06)
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Qiu,	Rudelius	’22)
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Emergent	String	Conjecture
Each	infinite	distance	limit	is	either:

(Lee,	Lerche,
Weigand	’19)

1.	DecompacCficaCon	limit

OR

2.	Emergent	string	limit
<latexit sha1_base64="bOQttZOO6WVs9Y8G0dA1oj5fq/w=">AAACGXicbVDLSgMxFM34tr5GXboJFsGFlBkRdSm4cVmhD6EtJZPetqFJZkzuqGWY33Djr7hxoYhLXfk3prWCrwOXezjnXpJ7okQKi0Hw7k1Nz8zOzS8sFpaWV1bX/PWNmo1Tw6HKYxmbi4hZkEJDFQVKuEgMMBVJqEeD05FfvwJjRawrOEygpVhPi67gDJ3U9gPVzpoIN5hhfA0mz2nTCgWXrl0azCpfrkUjdC/P87ZfDErBGPQvCSekSCYot/3XZifmqQKNXDJrG2GQYCtjBgWXkBeaqYWE8QHrQcNRzRTYVja+LKc7TunQbmxcaaRj9ftGxpS1QxW5ScWwb397I/E/r5Fi97iVCZ2kCJp/PtRNJcWYjmKiHWGAoxw6wrgR7q+U95lhHF2YBRdC+Pvkv6S2XwoPSwfnB8WTvUkcC2SLbJNdEpIjckLOSJlUCSe35J48kifvznvwnr2Xz9Epb7KzSX7Ae/sAAzCiwA==</latexit>

mtower '
p

Tstring

<latexit sha1_base64="7DiwOsC8/1oleKrY9Xn2uRYUnhM=">AAACKXicbVDLahsxFNU4bZO6LzdZZiNqCl0UM1NMk6WhmyzT4hd4jNHId2xhSTOW7qQ1Yn4nm/xKNgm0JNnmRyo/Cq3dA4LDOedydU+SS2ExDO+Dyt6Tp8/2D55XX7x89fpN7e1h12aF4dDhmcxMP2EWpNDQQYES+rkBphIJvWT2Zen3LsBYkek2LnIYKjbRIhWcoZdGtZYauRjhBzrMvoMpSxpboWBO49Qw7qLSffOSlF6eG3 TtP2mLRuhJWZajWj1shCvQXRJtSJ1scD6q3cbjjBcKNHLJrB1EYY5DxwwKLqGsxoWFnPEZm8DAU80U2KFbXVrS914Z0zQz/mmkK/XvCceUtQuV+KRiOLXb3lL8nzcoMD0dOqHzAkHz9aK0kBQzuqyNjoUBjnLhCeNG+L9SPmW+IvTlVn0J0fbJu6T7qRF9bjS/Nuutj5s6DsgxeUc+kIickBY5I+ekQzi5JNfkJ/kVXAU3wV3wsI5Wgs3MEfkHweNvmOipPw==</latexit>
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(See	Daniel’s	talk)
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(Lee,	Lerche,
Weigand	’19)

1.	Decompac9fica9on	limit
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<latexit sha1_base64="Kr6J6RdH20ZNKt2s59rZsYivj04=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF4+12A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip2Z8NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9Vvetq7aFWqTfzOIpwBudwCR7cQB3uoQEtYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB6ZKjYA=</latexit>

}
Suppose	that

<latexit sha1_base64="CGyMgS4h8mQqsLLuUcY8svq6nZI=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe5CUMuAFjZChHxBch57m02yZG/v2J0Tw5HGxr9iY6GIrf/Bzn/jJrlCEx8MPN6bYWZeEAuuwXG+raXlldW19dxGfnNre2fX3ttv6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gyGlxO/ec+U5pGswShmXkj6kvc4JWAk3z6q+WkH2AOkGhSX/fEYdzQP8Y1/dVfy7YJTdKbAi8TNSAFlqPr2V6cb0SRkEqggWrddJwYvJQo4FWyc7ySaxYQOSZ+1DZUkZNpLp1+M8YlRurgXKVMS8FT9PZGSUOtRGJjOkMBAz3sT8T+vnUDvwku5jBNgks4W9RKBIcKTSHCXK0ZBjAwhVHFzK6YDoggFE1zehODOv7xIGqWie1Ys35YLlVIWRw4domN0ilx0jiroGlVRHVH0iJ7RK3qznqwX6936mLUuWdnMAfoD6/MHde+YfA==</latexit>

Tstring ⇠ M2
D



3

(Lee,	Lerche,
Weigand	’19)

1.	Decompac9fica9on	limit
<latexit sha1_base64="7DiwOsC8/1oleKrY9Xn2uRYUnhM=">AAACKXicbVDLahsxFNU4bZO6LzdZZiNqCl0UM1NMk6WhmyzT4hd4jNHId2xhSTOW7qQ1Yn4nm/xKNgm0JNnmRyo/Cq3dA4LDOedydU+SS2ExDO+Dyt6Tp8/2D55XX7x89fpN7e1h12aF4dDhmcxMP2EWpNDQQYES+rkBphIJvWT2Zen3LsBYkek2LnIYKjbRIhWcoZdGtZYauRjhBzrMvoMpSxpboWBO49Qw7qLSffOSlF6eG3 TtP2mLRuhJWZajWj1shCvQXRJtSJ1scD6q3cbjjBcKNHLJrB1EYY5DxwwKLqGsxoWFnPEZm8DAU80U2KFbXVrS914Z0zQz/mmkK/XvCceUtQuV+KRiOLXb3lL8nzcoMD0dOqHzAkHz9aK0kBQzuqyNjoUBjnLhCeNG+L9SPmW+IvTlVn0J0fbJu6T7qRF9bjS/Nuutj5s6DsgxeUc+kIickBY5I+ekQzi5JNfkJ/kVXAU3wV3wsI5Wgs3MEfkHweNvmOipPw==</latexit>

mtower '
1

R
⌧

p
Tstring

Emergent	String	Conjecture
<latexit sha1_base64="Kr6J6RdH20ZNKt2s59rZsYivj04=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF4+12A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip2Z8NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9Vvetq7aFWqTfzOIpwBudwCR7cQB3uoQEtYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB6ZKjYA=</latexit>

}
Suppose	that

<latexit sha1_base64="CGyMgS4h8mQqsLLuUcY8svq6nZI=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe5CUMuAFjZChHxBch57m02yZG/v2J0Tw5HGxr9iY6GIrf/Bzn/jJrlCEx8MPN6bYWZeEAuuwXG+raXlldW19dxGfnNre2fX3ttv6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gyGlxO/ec+U5pGswShmXkj6kvc4JWAk3z6q+WkH2AOkGhSX/fEYdzQP8Y1/dVfy7YJTdKbAi8TNSAFlqPr2V6cb0SRkEqggWrddJwYvJQo4FWyc7ySaxYQOSZ+1DZUkZNpLp1+M8YlRurgXKVMS8FT9PZGSUOtRGJjOkMBAz3sT8T+vnUDvwku5jBNgks4W9RKBIcKTSHCXK0ZBjAwhVHFzK6YDoggFE1zehODOv7xIGqWie1Ys35YLlVIWRw4domN0ilx0jiroGlVRHVH0iJ7RK3qznqwX6936mLUuWdnMAfoD6/MHde+YfA==</latexit>

Tstring ⇠ M2
D

then	since
<latexit sha1_base64="uR99lU1ij+vhf0CwKNPi3yyHsMI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjSUpRV0W7MJNoYp9QJuGyWTSDp1MwsxEKKEbN/6KGxeKuPUf3Pk3TtsstPXAhcM593LvPV7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oCWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3Q99dsPREga8Xs1jokTogGnAcVIack1j+uu30/98/IE9iQN4V1/BOturZ/WtOSaRatkzQCXiZ2RIsjQcM2vnh/hJCRcYYak7NpWrJwUCUUxI5NCL5EkRniEBqSrKUchkU46+2ICT7XiwyASuriCM/X3RIpCKcehpztDpIZy0ZuK/3ndRAVXTkp5nCjC8XxRkDCoIjiNBPpUEKzYWBOEBdW3QjxEAmGlgyvoEOzFl5dJq1yyL0qV20qxWs7iyIMjcALOgA0uQRXcgAZoAgwewTN4BW/Gk/FivBsf89ackc0cgj8wPn8A/mmW7g==</latexit>

Md�2
d ⇠ RkMD�2

D
<latexit sha1_base64="+bQm/xSxc974yxBx1BEg4SNJ6DM=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuEuBLUM2FhYRDCJkBxhb7N3WbK3e+zuKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemnGnjed9OYW19Y3OruF3a2d3bL7sHh20tM0Voi0gu1X2INeVM0JZhhtP7VFGchJx2wtHVzO88UKWZFHdmnNIgwbFgESPYWKnvlns3UsSKxUODlZKPfbfiVb050Crxc1KBHM2++9UbSJIlVBjCsdZd30tNMMHKMMLptNTLNE0xGeGYdi0VOKE6mMwPn6JTqwxQJJUtYdBc/T0xwYnW4yS0nQk2Q73szcT/vG5mostgwkSaGSrIYlGUcWQkmqWABkxRYvjYEkwUs7ciMsQKE2OzKtkQ/OWXV0m7VvXPq/XbeqVRy+MowjGcwBn4cAENuIYmtIBABs/wCm/Ok/PivDsfi9aCk88cwR84nz8+NpNv</latexit>

=)
<latexit sha1_base64="haucVI5bKYard+YBTgYp7QLOmlU="></latexit>

Tstring ⇠ M2
d

(MdR)
2k

D�2

<latexit sha1_base64="K45sPKG7GOyfz859GbdNbd62xLA=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LLZCPViSIupFKOjBYwX7AW0sm822XbrZhN2JpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+LBNdg299WZmV1bX0ju5nb2t7Z3cvvHzR0GCvK6jQUoWp5RDPBJasDB8FakWIk8ARresObqd98YkrzUD7AOGJuQPqS9zglYKTH0ojDABeH17dnfvG0my/YZXsGvEyclBRQilo3/9XxQxoHTAIVROu2Y0fgJkQBp4JNcp1Ys4jQIemztqGSBEy7yezqCT4xio97oTIlAc/U3xMJCbQeB57pDAgM9KI3Ff/z2jH0rtyEyygGJul8US8WGEI8jQD7XDEKYmwIoYqbWzEdEEUomKByJgRn8eVl0qiUnYvy+X2lUC2lcWTRETpGJeSgS1RFd6iG6ogihZ7RK3qzRtaL9W59zFszVjpziP7A+vwBIsaQ5Q==</latexit>

(with k = D � d)



4

(Lee,	Lerche,

Weigand	’19)Emergent	String	Conjecture

Predicts	strings	sa>sfying	
<latexit sha1_base64="KYi6x31JxasH2Xky7EEnHdgyDcc=">AAACBnicbVC7SgNBFJ2Nrxhf66MTYTAIVnE3iFoGbGyECHlBEpbZySQZMju7zNwVw5LKxl+xsTAEW7/Bzl+wt3fyKDTxwMDhnHu5c44fCa7BcT6t1NLyyupaej2zsbm1vWPv7lV0GCvKyjQUoar5RDPBJSsDB8FqkWIk8AWr+r3rsV+9Z0rzUJagH7FmQDqStzklYCTPPip5SQPYAyQaFJedwQCf4VuvhRsQYsezs07OmQAvEndGsoWD75H+GnaLnv3RaIU0DpgEKojWddeJoJkQBZwKNsg0Ys0iQnukw+qGShIw3UwmMQb4xCgt3A6VeRLwRP29kZBA637gm8mAQFfPe2PxP68eQ/uqmXAZxcAknR5qxwKbiONOcIsrRkH0DSFUcfNXTLtEEQqmuYwpwZ2PvEgq+Zx7kTu/M23k0RRpdIiO0Sly0SUqoBtURGVE0SN6Rq9oaD1ZL9bIepuOpqzZzj76A+v9B0vlnME=</latexit>

Tstring/Md ! 0
in	every	asympto>c	limit,	except	for	rare	

case	of	decompac>fica>on	to	a	theory	

without	strings	(e.g.,	11d	M-theory)



4

(Lee,	Lerche,

Weigand	’19)Emergent	String	Conjecture

Predicts	strings	sa>sfying	
<latexit sha1_base64="KYi6x31JxasH2Xky7EEnHdgyDcc=">AAACBnicbVC7SgNBFJ2Nrxhf66MTYTAIVnE3iFoGbGyECHlBEpbZySQZMju7zNwVw5LKxl+xsTAEW7/Bzl+wt3fyKDTxwMDhnHu5c44fCa7BcT6t1NLyyupaej2zsbm1vWPv7lV0GCvKyjQUoar5RDPBJSsDB8FqkWIk8AWr+r3rsV+9Z0rzUJagH7FmQDqStzklYCTPPip5SQPYAyQaFJedwQCf4VuvhRsQYsezs07OmQAvEndGsoWD75H+GnaLnv3RaIU0DpgEKojWddeJoJkQBZwKNsg0Ys0iQnukw+qGShIw3UwmMQb4xCgt3A6VeRLwRP29kZBA637gm8mAQFfPe2PxP68eQ/uqmXAZxcAknR5qxwKbiONOcIsrRkH0DSFUcfNXTLtEEQqmuYwpwZ2PvEgq+Zx7kTu/M23k0RRpdIiO0Sly0SUqoBtURGVE0SN6Rq9oaD1ZL9bIepuOpqzZzj76A+v9B0vlnME=</latexit>

Tstring/Md ! 0
in	every	asympto>c	limit,	except	for	rare	

case	of	decompac>fica>on	to	a	theory	

without	strings	(e.g.,	11d	M-theory)

Test	this	predic>on	in	vector	mul>plet	

moduli	space	of	5d															theories

(arising	from	M-theory	on	a	CY3)

<latexit sha1_base64="VJP2z2ErGOHA7W7YFlreg/pZK1k=">AAAB9HicbVDLSgMxFL3js46vqks3wSK4KjNF1E2x4MaVVLAPaIeSSTNtaCYzJplCGfodblwoxa1b/8ON+Ddm2i609UDgcM693JPjx5wp7Tjf1srq2vrGZm7L3t7Z3dvPHxzWVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPbjK/MaRSsUg86FFMvRD3BAsYwdpIXjvEuk8wT+/GZbeTLzhFZwq0TNw5KVx/2OV48mVXO/nPdjciSUiFJhwr1XKdWHsplpoRTsd2O1E0xmSAe7RlqMAhVV46DT1Gp0bpoiCS5gmNpurvjRSHSo1C30xmIdWil4n/ea1EB1deykScaCrI7FCQcKQjlDWAukxSovnIEEwkM1kR6WOJiTY92aYEd/HLy6ReKroXxfN7p1ApwQw5OIYTOAMXLqECt1CFGhB4hCd4gVdraD1bE+ttNrpizXeO4A+s9x/F8pUM</latexit>

N = 1



4

(Lee,	Lerche,

Weigand	’19)Emergent	String	Conjecture

Predicts	strings	sa>sfying	
<latexit sha1_base64="KYi6x31JxasH2Xky7EEnHdgyDcc=">AAACBnicbVC7SgNBFJ2Nrxhf66MTYTAIVnE3iFoGbGyECHlBEpbZySQZMju7zNwVw5LKxl+xsTAEW7/Bzl+wt3fyKDTxwMDhnHu5c44fCa7BcT6t1NLyyupaej2zsbm1vWPv7lV0GCvKyjQUoar5RDPBJSsDB8FqkWIk8AWr+r3rsV+9Z0rzUJagH7FmQDqStzklYCTPPip5SQPYAyQaFJedwQCf4VuvhRsQYsezs07OmQAvEndGsoWD75H+GnaLnv3RaIU0DpgEKojWddeJoJkQBZwKNsg0Ys0iQnukw+qGShIw3UwmMQb4xCgt3A6VeRLwRP29kZBA637gm8mAQFfPe2PxP68eQ/uqmXAZxcAknR5qxwKbiONOcIsrRkH0DSFUcfNXTLtEEQqmuYwpwZ2PvEgq+Zx7kTu/M23k0RRpdIiO0Sly0SUqoBtURGVE0SN6Rq9oaD1ZL9bIepuOpqzZzj76A+v9B0vlnME=</latexit>

Tstring/Md ! 0
in	every	asympto>c	limit,	except	for	rare	

case	of	decompac>fica>on	to	a	theory	

without	strings	(e.g.,	11d	M-theory)

Test	this	predic>on	in	vector	mul>plet	

moduli	space	of	5d															theories

(arising	from	M-theory	on	a	CY3)

<latexit sha1_base64="VJP2z2ErGOHA7W7YFlreg/pZK1k=">AAAB9HicbVDLSgMxFL3js46vqks3wSK4KjNF1E2x4MaVVLAPaIeSSTNtaCYzJplCGfodblwoxa1b/8ON+Ddm2i609UDgcM693JPjx5wp7Tjf1srq2vrGZm7L3t7Z3dvPHxzWVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPbjK/MaRSsUg86FFMvRD3BAsYwdpIXjvEuk8wT+/GZbeTLzhFZwq0TNw5KVx/2OV48mVXO/nPdjciSUiFJhwr1XKdWHsplpoRTsd2O1E0xmSAe7RlqMAhVV46DT1Gp0bpoiCS5gmNpurvjRSHSo1C30xmIdWil4n/ea1EB1deykScaCrI7FCQcKQjlDWAukxSovnIEEwkM1kR6WOJiTY92aYEd/HLy6ReKroXxfN7p1ApwQw5OIYTOAMXLqECt1CFGhB4hCd4gVdraD1bE+ttNrpizXeO4A+s9x/F8pUM</latexit>

N = 1

(NOTE:	Overall	volume	is	hypermul>plet.)



5d	N=1	SUGRA

5

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

S =
1

22
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(22
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



5

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

S =
1

22
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(22
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

5d	N=1	SUGRA



5

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

S =
1

22
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(22
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

5d	N=1	SUGRA



5d	N=1	SUGRA

5

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

S =
1

22
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(22
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
25

|⇣(�)| = g5p
25

|qIY I(�)|

BPS particle bound

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

T (�) � g̃5p
25

|⇣̃(�)| = g̃5p
25

|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



6

Homogeneous	&	dual	coordinates
Convenient to projectivize:

<latexit sha1_base64="/hM0ykqPnf6F7JknGS3/4WBld4o=">AAAB/nicbVDLSgMxFM34rPU1vlZugkVwVWaKqDsLLtRdBfuQzlgymbQNzSRDkhHqUPBX3LhQrFu/w51Lv8BfMH0stPVA4HDOPdybE8SMKu04n9bM7Nz8wmJmKbu8srq2bm9sVpRIJCZlLJiQtQApwignZU01I7VYEhQFjFSDztnAr94Rqajg17obEz9CLU6bFCNtpIa9c3N7CT0seAt6zMRCBI3SsHNO3hkCThN3THKn3/3t+6/zfqlhf3ihwElEuMYMKVV3nVj7KZKaYkZ6WS9RJEa4g1qkbihHEVF+Ojy/B/eNEsKmkOZxDYfq70SKIqW6UWAmI6TbatIbiP959UQ3T/yU8jjRhOPRombCoBZw0AUMqSRYs64hCEtqboW4jSTC2jSWNSW4k1+eJpVC3j3KH145uWIBjJABu2APHAAXHIMiuAAlUAYYpOARPIMX68F6sl6tt9HojDXObIE/sN5/AFWSmNI=</latexit>

Y I ⇠= �Y I

has weight 3
<latexit sha1_base64="SHP2BaHEV81kh4pqhTHd4fXR4Y0=">AAAB/XicbVDLSgMxFM3UV62vsbpzEyxCV2WmiLosCOKygn1IZyiZ9LYNzWSGJCPUofgJ/oIbF4q4de8nuPND3Js+Ftp6IHA4517uyQlizpR2nC8rs7S8srqWXc9tbG5t79i7+bqKEkmhRiMeyWZAFHAmoKaZ5tCMJZAw4NAIBudjv3ELUrFIXOthDH5IeoJ1GSXaSG173wuJ7lPC04tR68bHngDstO2CU3ImwIvEnZFCJe8Vvz 8evGrb/vQ6EU1CEJpyolTLdWLtp0RqRjmMcl6iICZ0QHrQMlSQEJSfTtKP8JFROrgbSfOExhP190ZKQqWGYWAmx1nVvDcW//Naie6e+SkTcaJB0OmhbsKxjvC4CtxhEqjmQ0MIlcxkxbRPJKHaFJYzJbjzX14k9XLJPSkdX5k2ymiKLDpAh6iIXHSKKugSVVENUXSHHtEzerHurSfr1Xqbjmas2c4e+gPr/QcpqZgE</latexit>

F [Y ] 6= 0
<latexit sha1_base64="OuhE8CfU06/NPcCCva/MuwGpl3w=">AAACUHicbVHLSgMxFL1TX7W+qi7dBEVwY5kpom6EgiC2qwq2FTp1yKSZNjTzIMkIZZg/8NeE0p0rP8KNC0XTqUKrXgg599x7kpsTN+JMKtN8NnILi0vLK/nVwtr6xuZWcXunKcNYENogIQ/FnYsl5SygDcUUp3eRoNh3OW25g8tJvfVAhWRhcKuGEe34uBcwjxGsNOUUe30nqaJaii6Q7QlMEitNbB+rPsE8uUrvyymaSZ3qXF ZDx/+q5jXZ+U7xwCyZWaC/wPoGB5Wjl9Go9wh1pzi2uyGJfRoowrGUbcuMVCfBQjHCaVqwY0kjTAa4R9saBtinspNkhqToUDNd5IVCr0ChjJ1VJNiXcui7unMyqPxdm5D/1dqx8s47CQuiWNGATC/yYo5UiCbuoi4TlCg+1AATwfSsiPSxdkjpPyhoE6zfT/4LmuWSdVo6udFulGEaediDfTgCC86gAtdQhwYQeIJXeIcPY2y8GZ85Y9r6s8MuzEWu8AXeIrif</latexit>

hIJ =
1

F2
FIFJ � 1

F FIJ
pos. definite
weight –2



6

Homogeneous	&	dual	coordinates
Convenient to projectivize:

<latexit sha1_base64="/hM0ykqPnf6F7JknGS3/4WBld4o=">AAAB/nicbVDLSgMxFM34rPU1vlZugkVwVWaKqDsLLtRdBfuQzlgymbQNzSRDkhHqUPBX3LhQrFu/w51Lv8BfMH0stPVA4HDOPdybE8SMKu04n9bM7Nz8wmJmKbu8srq2bm9sVpRIJCZlLJiQtQApwignZU01I7VYEhQFjFSDztnAr94Rqajg17obEz9CLU6bFCNtpIa9c3N7CT0seAt6zMRCBI3SsHNO3hkCThN3THKn3/3t+6/zfqlhf3ihwElEuMYMKVV3nVj7KZKaYkZ6WS9RJEa4g1qkbihHEVF+Ojy/B/eNEsKmkOZxDYfq70SKIqW6UWAmI6TbatIbiP959UQ3T/yU8jjRhOPRombCoBZw0AUMqSRYs64hCEtqboW4jSTC2jSWNSW4k1+eJpVC3j3KH145uWIBjJABu2APHAAXHIMiuAAlUAYYpOARPIMX68F6sl6tt9HojDXObIE/sN5/AFWSmNI=</latexit>

Y I ⇠= �Y I

has weight 3
<latexit sha1_base64="SHP2BaHEV81kh4pqhTHd4fXR4Y0=">AAAB/XicbVDLSgMxFM3UV62vsbpzEyxCV2WmiLosCOKygn1IZyiZ9LYNzWSGJCPUofgJ/oIbF4q4de8nuPND3Js+Ftp6IHA4517uyQlizpR2nC8rs7S8srqWXc9tbG5t79i7+bqKEkmhRiMeyWZAFHAmoKaZ5tCMJZAw4NAIBudjv3ELUrFIXOthDH5IeoJ1GSXaSG173wuJ7lPC04tR68bHngDstO2CU3ImwIvEnZFCJe8Vvz 8evGrb/vQ6EU1CEJpyolTLdWLtp0RqRjmMcl6iICZ0QHrQMlSQEJSfTtKP8JFROrgbSfOExhP190ZKQqWGYWAmx1nVvDcW//Naie6e+SkTcaJB0OmhbsKxjvC4CtxhEqjmQ0MIlcxkxbRPJKHaFJYzJbjzX14k9XLJPSkdX5k2ymiKLDpAh6iIXHSKKugSVVENUXSHHtEzerHurSfr1Xqbjmas2c4e+gPr/QcpqZgE</latexit>

F [Y ] 6= 0
<latexit sha1_base64="OuhE8CfU06/NPcCCva/MuwGpl3w=">AAACUHicbVHLSgMxFL1TX7W+qi7dBEVwY5kpom6EgiC2qwq2FTp1yKSZNjTzIMkIZZg/8NeE0p0rP8KNC0XTqUKrXgg599x7kpsTN+JMKtN8NnILi0vLK/nVwtr6xuZWcXunKcNYENogIQ/FnYsl5SygDcUUp3eRoNh3OW25g8tJvfVAhWRhcKuGEe34uBcwjxGsNOUUe30nqaJaii6Q7QlMEitNbB+rPsE8uUrvyymaSZ3qXF ZDx/+q5jXZ+U7xwCyZWaC/wPoGB5Wjl9Go9wh1pzi2uyGJfRoowrGUbcuMVCfBQjHCaVqwY0kjTAa4R9saBtinspNkhqToUDNd5IVCr0ChjJ1VJNiXcui7unMyqPxdm5D/1dqx8s47CQuiWNGATC/yYo5UiCbuoi4TlCg+1AATwfSsiPSxdkjpPyhoE6zfT/4LmuWSdVo6udFulGEaediDfTgCC86gAtdQhwYQeIJXeIcPY2y8GZ85Y9r6s8MuzEWu8AXeIrif</latexit>

hIJ =
1

F2
FIFJ � 1

F FIJ
pos. definite
weight –2

<latexit sha1_base64="D9K8engtTLBXUCDYLFzU6lrqfKI=">AAACGnicbVC7SgNBFL3rM8ZX1NJmMAipwm4QtRECgpgugnlINiyzk9lkyOyDmVkhLPsH9jb+io2FIjZBbKz8FSePIiYeGDhzzr3ce48bcSaVaX4bS8srq2vrmY3s5tb2zm5ub78uw1gQWiMhD0XTxZJyFtCaYorTZiQo9l1OG27/cuQ37qmQLAxu1SCibR93A+YxgpWWnJxlK8Y7NLlLnQq6QLYnMEmsNLF9rHoE8+QqTdHMx6 k4ubxZNMdAi8Sakny58DMcdh+g6uQ+7U5IYp8GinAsZcsyI9VOsFCMcJpm7VjSCJM+7tKWpgH2qWwn49NSdKyVDvJCoV+g0Fid7UiwL+XAd3XlaEk5743E/7xWrLzzdsKCKFY0IJNBXsyRCtEoJ9RhghLFB5pgIpjeFZEe1ukonWZWh2DNn7xI6qWidVo8udFplGCCDBzCERTAgjMowzVUoQYEHuEZXuHNeDJejHfjY1K6ZEx7DuAPjK9f2KKlEQ==</latexit>

ỸI =
1

F FI
are the dual coordinates
weight –1

<latexit sha1_base64="ZzhTiS/9b29qo5iLQBqFw4soe60=">AAACCHicbVA7SwNBEN7zETW+Ti0tXBTBKtwFUcuAjXYJmBdJDHubuWRx78HunBKOlDZ2Nv4FCxsLRWwtLe3EP+MmsfD1wcDH980wM58XS6HRcd6ticmp6czM7Fx2fmFxadleWa3oKFEcyjySkap5TIMUIZRRoIRarIAFnoSqd3Y49KvnoLSIwhPsx9AKWDcUvuAMjdS2N+qnx7QpwUcluj1kSkUXtIlCdiCtD9rHbXvLyTkj0L /E/SJbhUzp4/Xm+rbYtt+anYgnAYTIJdO64ToxtlKmUHAJg2wz0RAzfsa60DA0ZAHoVjp6ZEC3jdKhfqRMhUhH6veJlAVa9wPPdAYMe/q3NxT/8xoJ+getVIRxghDy8SI/kRQjOkyFdoQCjrJvCONKmFsp7zHFOJrssiYE9/fLf0kln3P3crslk0aejDFL1skm2SEu2ScFckSKpEw4uSR35IE8WlfWvfVkPY9bJ6yvmTXyA9bLJzyandc=</latexit>

Y I $ ỸI

the map between coords and dual
coords is bijective in the interior
of the moduli space
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<latexit sha1_base64="qFOZ8CsqEwzTow62ZqeitxSRPCU=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZaaIuiy4EdxUsA9oh5JJ77ShmWRIMkIZ+hOCW/0Nd+LWP/Av/AQz01nY1gMhh3Puvbk5QcyZNq777aytb2xubZd2yrt7+weHlaPjtpaJotCikkvVDYgGzgS0DDMcurECEgUcOsHkNvM7T6A0k+LRTGPwIzISLGSUGCv1+hExY01Vej8bVKpuzc2BV4lXkCoq0BxUfvpDSZMIhKGcaN3z3Nj4KVGGUQ6zcj/REBM6ISPoWSpIBNpP85Vn+NwqQxxKZY8wOFf/dqQk0noaBbYyX3HZy8T/vF5iwhs/ZSJODAg6fyhMODYSZ//HQ6aAGj61hFDF7K6Yjoki1NiUFiYV0fgpJPZiscki8pYDWSXtes27qtUfLquNehFWCZ2iM3SBPHSNGugONVELUSTRC3pFb86z8+58OJ/z0jWn6DlBC3C+fgHMwp6q</latexit>

K

<latexit sha1_base64="dhTyikG3bPe4Sv/SHjH5M9mMlOk=">AAACGnicbVBPS8MwHE3nvzn/VXf0EhzCTqMdoh4HXhQvE9wfWEtJs3QLS9qSpEIp+yaCV/0a3sSrF7+FH8G068FtPgh5vPf7JY/nx4xKZVnfRmVjc2t7p7pb29s/ODwyj0/6MkoEJj0csUgMfSQJoyHpKaoYGcaCIO4zMvBnN7k/eCJC0ih8VGlMXI4mIQ0oRkpLnll3OFJTiUV2P/cyR3B4N/fMhtWyCsB1YpekAUp0PfPHGUc44SRUmCEpR7YVKzdDQlHMyLzmJJLECM/QhIw0DREn0s2K8HN4rpUxDCKhT6hgof7dyBCXMuW+niyirnq5+J83SlRw7WY0jBNFQrz4KEgYVBHMm4BjKghWLNUEYUF1VoinSCCsdF9LL5UVuRlJ9EVjlVdkrxayTvrtln3Zaj9cNDrNsqwqOAVnoAlscAU64BZ0QQ9gkIIX8ArejGfj3fgwPhejFaPcqYMlGF+/fCGiHA==</latexit>

KI

<latexit sha1_base64="IQGsR6WYe3rGYe5Q848REXcnEoo=">AAACG3icbVDLSsNAFJ3UV62v+Ni5GSxCVyUpoi4LbixuKtgHNCFMptN26EwSZiZCDfkUwa3+hjtx68K/8BOcpFnY1gPDHM65d+Zw/IhRqSzr2yitrW9sbpW3Kzu7e/sH5uFRV4axwKSDQxaKvo8kYTQgHUUVI/1IEMR9Rnr+9Cbze49ESBoGD2oWEZejcUBHFCOlJc88cThSE4lFcpd6iSM4bLVSz6xadSsHXCV2QaqgQNszf5xhiGNOAoUZknJgW5FyEyQUxYykFSeWJEJ4isZkoGmAOJFukqdP4blWhnAUCn0CBXP170aCuJQz7uvJPOuyl4n/eYNYja7dhAZRrEiA5x+NYgZVCLMq4JAKghWbaYKwoDorxBMkEFa6sIWXio7chMT6opHKKrKXC1kl3Ubdvqw37i+qzVpRVhmcgjNQAza4Ak1wC9qgAzB4Ai/gFbwZz8a78WF8zkdLRrFzDBZgfP0CH/+ibw==</latexit>

KII

flop

Extended	Kähler	cone

<latexit sha1_base64="IiEKCVLu2H4tsn4nCMN5bkHV7tM=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5feO0sjk7b4+EZsGZQO7s7etu9738XWplP5rtkMQBFZpwrFTDsSPtJlhqRjgdZJqxohEmPdyhDYMCB1S5yWjUAdo3Thv5oTRPaDRyf3ckOFCqH3imMsC6q6azoflf1oi1f+omTESxpoKMP/JjjnSIhnujNpOUaN43gIlkZlZEulhios11MuYIzvTKs1At5J3j/FHZzhUPYaw07MAeHIADJ1CECyhBBQh04B4e4cni1oP1bL2MS1PWpGcb/sh6/QHSIJHi</latexit>

Y 1

<latexit sha1_base64="ax/MSZGiiMC5H6A0KCuwdaNU/1Q=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5fVNoZXN23h4JzYIzgdzZ29fd7nv5u9TKfjTbIYkDKjThWKmGY0faTbDUjHA6yDRjRSNMerhDGwYFDqhyk9GoA7RvnDbyQ2me0Gjk/u5IcKBUP/BMZYB1V01nQ/O/rBFr/9RNmIhiTQUZf+THHOkQDfdGbSYp0bxvABPJzKyIdLHERJvrZMwRnOmVZ6FayDvH+aOynSsewlhp2IE9OAAHTqAIF1CCChDowD08wpPFrQfr2XoZl6asSc82/JH1+gPTpJHj</latexit>

Y 2
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<latexit sha1_base64="qFOZ8CsqEwzTow62ZqeitxSRPCU=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZaaIuiy4EdxUsA9oh5JJ77ShmWRIMkIZ+hOCW/0Nd+LWP/Av/AQz01nY1gMhh3Puvbk5QcyZNq777aytb2xubZd2yrt7+weHlaPjtpaJotCikkvVDYgGzgS0DDMcurECEgUcOsHkNvM7T6A0k+LRTGPwIzISLGSUGCv1+hExY01Vej8bVKpuzc2BV4lXkCoq0BxUfvpDSZMIhKGcaN3z3Nj4KVGGUQ6zcj/REBM6ISPoWSpIBNpP85Vn+NwqQxxKZY8wOFf/dqQk0noaBbYyX3HZy8T/vF5iwhs/ZSJODAg6fyhMODYSZ//HQ6aAGj61hFDF7K6Yjoki1NiUFiYV0fgpJPZiscki8pYDWSXtes27qtUfLquNehFWCZ2iM3SBPHSNGugONVELUSTRC3pFb86z8+58OJ/z0jWn6DlBC3C+fgHMwp6q</latexit>

K

<latexit sha1_base64="dhTyikG3bPe4Sv/SHjH5M9mMlOk=">AAACGnicbVBPS8MwHE3nvzn/VXf0EhzCTqMdoh4HXhQvE9wfWEtJs3QLS9qSpEIp+yaCV/0a3sSrF7+FH8G068FtPgh5vPf7JY/nx4xKZVnfRmVjc2t7p7pb29s/ODwyj0/6MkoEJj0csUgMfSQJoyHpKaoYGcaCIO4zMvBnN7k/eCJC0ih8VGlMXI4mIQ0oRkpLnll3OFJTiUV2P/cyR3B4N/fMhtWyCsB1YpekAUp0PfPHGUc44SRUmCEpR7YVKzdDQlHMyLzmJJLECM/QhIw0DREn0s2K8HN4rpUxDCKhT6hgof7dyBCXMuW+niyirnq5+J83SlRw7WY0jBNFQrz4KEgYVBHMm4BjKghWLNUEYUF1VoinSCCsdF9LL5UVuRlJ9EVjlVdkrxayTvrtln3Zaj9cNDrNsqwqOAVnoAlscAU64BZ0QQ9gkIIX8ArejGfj3fgwPhejFaPcqYMlGF+/fCGiHA==</latexit>

KI

<latexit sha1_base64="IQGsR6WYe3rGYe5Q848REXcnEoo=">AAACG3icbVDLSsNAFJ3UV62v+Ni5GSxCVyUpoi4LbixuKtgHNCFMptN26EwSZiZCDfkUwa3+hjtx68K/8BOcpFnY1gPDHM65d+Zw/IhRqSzr2yitrW9sbpW3Kzu7e/sH5uFRV4axwKSDQxaKvo8kYTQgHUUVI/1IEMR9Rnr+9Cbze49ESBoGD2oWEZejcUBHFCOlJc88cThSE4lFcpd6iSM4bLVSz6xadSsHXCV2QaqgQNszf5xhiGNOAoUZknJgW5FyEyQUxYykFSeWJEJ4isZkoGmAOJFukqdP4blWhnAUCn0CBXP170aCuJQz7uvJPOuyl4n/eYNYja7dhAZRrEiA5x+NYgZVCLMq4JAKghWbaYKwoDorxBMkEFa6sIWXio7chMT6opHKKrKXC1kl3Ubdvqw37i+qzVpRVhmcgjNQAza4Ak1wC9qgAzB4Ai/gFbwZz8a78WF8zkdLRrFzDBZgfP0CH/+ibw==</latexit>

KII

flop

Extended	Kähler	cone

<latexit sha1_base64="6DuUdsBjmTDQ759MfHt2bOxJNLc=">AAAB8nicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqgXIeDF3BIwD9msYXYymwyZnV1mZoWw5DO8eFDEq1/jzf/wA5w8DhotaCiquunu8mPOlLbtTyuzsLiUXc6t5FfX1jc2C1vbDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36g+ux33ygUrFI3OphTL0Q9wQLGMHaSG6tU0F39xV0hexOoWiX7AnQX+LMSLGcbfCvvf2Taqfw0e5GJAmp0IRjpVzHjrWXYqkZ4XSUbyeKxpgMcI+6hgocUuWlk5NH6NAoXRRE0pTQaKL+nEhxqNQw9E1niHVfzXtj8T/PTXRw6aVMxImmgkwXBQlHOkLj/1GXSUo0HxqCiWTmVkT6WGKiTUp5E4Iz//Jf0jgtOeels5pJ4ximyMEuHMAROHABZbiBKtSBQASP8AwvlraerFfrbdqasWYzO/AL1vs3H1eSBg==</latexit>

QIY
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="IiEKCVLu2H4tsn4nCMN5bkHV7tM=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5feO0sjk7b4+EZsGZQO7s7etu9738XWplP5rtkMQBFZpwrFTDsSPtJlhqRjgdZJqxohEmPdyhDYMCB1S5yWjUAdo3Thv5oTRPaDRyf3ckOFCqH3imMsC6q6azoflf1oi1f+omTESxpoKMP/JjjnSIhnujNpOUaN43gIlkZlZEulhios11MuYIzvTKs1At5J3j/FHZzhUPYaw07MAeHIADJ1CECyhBBQh04B4e4cni1oP1bL2MS1PWpGcb/sh6/QHSIJHi</latexit>

Y 1

<latexit sha1_base64="ax/MSZGiiMC5H6A0KCuwdaNU/1Q=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5fVNoZXN23h4JzYIzgdzZ29fd7nv5u9TKfjTbIYkDKjThWKmGY0faTbDUjHA6yDRjRSNMerhDGwYFDqhyk9GoA7RvnDbyQ2me0Gjk/u5IcKBUP/BMZYB1V01nQ/O/rBFr/9RNmIhiTQUZf+THHOkQDfdGbSYp0bxvABPJzKyIdLHERJvrZMwRnOmVZ6FayDvH+aOynSsewlhp2IE9OAAHTqAIF1CCChDowD08wpPFrQfr2XoZl6asSc82/JH1+gPTpJHj</latexit>

Y 2

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

C+
IJK = C�

IJK +NQIQJQK



7

Cones	and	the	Moduli	Space

<latexit sha1_base64="qFOZ8CsqEwzTow62ZqeitxSRPCU=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZaaIuiy4EdxUsA9oh5JJ77ShmWRIMkIZ+hOCW/0Nd+LWP/Av/AQz01nY1gMhh3Puvbk5QcyZNq777aytb2xubZd2yrt7+weHlaPjtpaJotCikkvVDYgGzgS0DDMcurECEgUcOsHkNvM7T6A0k+LRTGPwIzISLGSUGCv1+hExY01Vej8bVKpuzc2BV4lXkCoq0BxUfvpDSZMIhKGcaN3z3Nj4KVGGUQ6zcj/REBM6ISPoWSpIBNpP85Vn+NwqQxxKZY8wOFf/dqQk0noaBbYyX3HZy8T/vF5iwhs/ZSJODAg6fyhMODYSZ//HQ6aAGj61hFDF7K6Yjoki1NiUFiYV0fgpJPZiscki8pYDWSXtes27qtUfLquNehFWCZ2iM3SBPHSNGugONVELUSTRC3pFb86z8+58OJ/z0jWn6DlBC3C+fgHMwp6q</latexit>

K

<latexit sha1_base64="dhTyikG3bPe4Sv/SHjH5M9mMlOk=">AAACGnicbVBPS8MwHE3nvzn/VXf0EhzCTqMdoh4HXhQvE9wfWEtJs3QLS9qSpEIp+yaCV/0a3sSrF7+FH8G068FtPgh5vPf7JY/nx4xKZVnfRmVjc2t7p7pb29s/ODwyj0/6MkoEJj0csUgMfSQJoyHpKaoYGcaCIO4zMvBnN7k/eCJC0ih8VGlMXI4mIQ0oRkpLnll3OFJTiUV2P/cyR3B4N/fMhtWyCsB1YpekAUp0PfPHGUc44SRUmCEpR7YVKzdDQlHMyLzmJJLECM/QhIw0DREn0s2K8HN4rpUxDCKhT6hgof7dyBCXMuW+niyirnq5+J83SlRw7WY0jBNFQrz4KEgYVBHMm4BjKghWLNUEYUF1VoinSCCsdF9LL5UVuRlJ9EVjlVdkrxayTvrtln3Zaj9cNDrNsqwqOAVnoAlscAU64BZ0QQ9gkIIX8ArejGfj3fgwPhejFaPcqYMlGF+/fCGiHA==</latexit>

KI

<latexit sha1_base64="IQGsR6WYe3rGYe5Q848REXcnEoo=">AAACG3icbVDLSsNAFJ3UV62v+Ni5GSxCVyUpoi4LbixuKtgHNCFMptN26EwSZiZCDfkUwa3+hjtx68K/8BOcpFnY1gPDHM65d+Zw/IhRqSzr2yitrW9sbpW3Kzu7e/sH5uFRV4axwKSDQxaKvo8kYTQgHUUVI/1IEMR9Rnr+9Cbze49ESBoGD2oWEZejcUBHFCOlJc88cThSE4lFcpd6iSM4bLVSz6xadSsHXCV2QaqgQNszf5xhiGNOAoUZknJgW5FyEyQUxYykFSeWJEJ4isZkoGmAOJFukqdP4blWhnAUCn0CBXP170aCuJQz7uvJPOuyl4n/eYNYja7dhAZRrEiA5x+NYgZVCLMq4JAKghWbaYKwoDorxBMkEFa6sIWXio7chMT6opHKKrKXC1kl3Ubdvqw37i+qzVpRVhmcgjNQAza4Ak1wC9qgAzB4Ai/gFbwZz8a78WF8zkdLRrFzDBZgfP0CH/+ibw==</latexit>

KII

flop

Extended	Kähler	cone

<latexit sha1_base64="6DuUdsBjmTDQ759MfHt2bOxJNLc=">AAAB8nicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqgXIeDF3BIwD9msYXYymwyZnV1mZoWw5DO8eFDEq1/jzf/wA5w8DhotaCiquunu8mPOlLbtTyuzsLiUXc6t5FfX1jc2C1vbDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36g+ux33ygUrFI3OphTL0Q9wQLGMHaSG6tU0F39xV0hexOoWiX7AnQX+LMSLGcbfCvvf2Taqfw0e5GJAmp0IRjpVzHjrWXYqkZ4XSUbyeKxpgMcI+6hgocUuWlk5NH6NAoXRRE0pTQaKL+nEhxqNQw9E1niHVfzXtj8T/PTXRw6aVMxImmgkwXBQlHOkLj/1GXSUo0HxqCiWTmVkT6WGKiTUp5E4Iz//Jf0jgtOeels5pJ4ximyMEuHMAROHABZbiBKtSBQASP8AwvlraerFfrbdqasWYzO/AL1vs3H1eSBg==</latexit>

QIY
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="IiEKCVLu2H4tsn4nCMN5bkHV7tM=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5feO0sjk7b4+EZsGZQO7s7etu9738XWplP5rtkMQBFZpwrFTDsSPtJlhqRjgdZJqxohEmPdyhDYMCB1S5yWjUAdo3Thv5oTRPaDRyf3ckOFCqH3imMsC6q6azoflf1oi1f+omTESxpoKMP/JjjnSIhnujNpOUaN43gIlkZlZEulhios11MuYIzvTKs1At5J3j/FHZzhUPYaw07MAeHIADJ1CECyhBBQh04B4e4cni1oP1bL2MS1PWpGcb/sh6/QHSIJHi</latexit>

Y 1

<latexit sha1_base64="ax/MSZGiiMC5H6A0KCuwdaNU/1Q=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5fVNoZXN23h4JzYIzgdzZ29fd7nv5u9TKfjTbIYkDKjThWKmGY0faTbDUjHA6yDRjRSNMerhDGwYFDqhyk9GoA7RvnDbyQ2me0Gjk/u5IcKBUP/BMZYB1V01nQ/O/rBFr/9RNmIhiTQUZf+THHOkQDfdGbSYp0bxvABPJzKyIdLHERJvrZMwRnOmVZ6FayDvH+aOynSsewlhp2IE9OAAHTqAIF1CCChDowD08wpPFrQfr2XoZl6asSc82/JH1+gPTpJHj</latexit>

Y 2

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

C+
IJK = C�

IJK +NQIQJQK

          is otherwise
exact! (unlike in 4d)

<latexit sha1_base64="+tz+P8vWPUpe/xCokYHcQAWy+fA=">AAAB9XicbVDLSgMxFL3js9ZXrUs3wSJ0VWaKqMuCIC4r2IfMjCWTZtrQTGZIMkoZ+g1u3bhQxK3/4Ce480Pcmz4W2nogcDjnXu7JCRLOlLbtL2tpeWV1bT23kd/c2t7ZLewVmypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKBudjv3VHpWKxuNbDhPoR7gkWMoK1kW69COs+wTy7GLk3fqdQsiv2BGiRODNSqhW98vfHg1fvFD69bkzSiApNOFbKdexE+xmWmhFOR3kvVTTBZIB71DVU4IgqP5ukHqEjo3RRGEvzhEYT9fdGhiOlhlFgJscp1bw3Fv/z3FSHZ37GRJJqKsj0UJhypGM0rgB1maRE86EhmEhmsiLSxxITbYrKmxKc+S8vkma14pxUjq9MG1WYIgcHcAhlcOAUanAJdWgAAQmP8Awv1r31ZL1ab9PRJWu2sw9/YL3/ADitlfg=</latexit>

F [Y ]
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Cones	and	the	Moduli	Space

<latexit sha1_base64="qFOZ8CsqEwzTow62ZqeitxSRPCU=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZaaIuiy4EdxUsA9oh5JJ77ShmWRIMkIZ+hOCW/0Nd+LWP/Av/AQz01nY1gMhh3Puvbk5QcyZNq777aytb2xubZd2yrt7+weHlaPjtpaJotCikkvVDYgGzgS0DDMcurECEgUcOsHkNvM7T6A0k+LRTGPwIzISLGSUGCv1+hExY01Vej8bVKpuzc2BV4lXkCoq0BxUfvpDSZMIhKGcaN3z3Nj4KVGGUQ6zcj/REBM6ISPoWSpIBNpP85Vn+NwqQxxKZY8wOFf/dqQk0noaBbYyX3HZy8T/vF5iwhs/ZSJODAg6fyhMODYSZ//HQ6aAGj61hFDF7K6Yjoki1NiUFiYV0fgpJPZiscki8pYDWSXtes27qtUfLquNehFWCZ2iM3SBPHSNGugONVELUSTRC3pFb86z8+58OJ/z0jWn6DlBC3C+fgHMwp6q</latexit>

K

<latexit sha1_base64="dhTyikG3bPe4Sv/SHjH5M9mMlOk=">AAACGnicbVBPS8MwHE3nvzn/VXf0EhzCTqMdoh4HXhQvE9wfWEtJs3QLS9qSpEIp+yaCV/0a3sSrF7+FH8G068FtPgh5vPf7JY/nx4xKZVnfRmVjc2t7p7pb29s/ODwyj0/6MkoEJj0csUgMfSQJoyHpKaoYGcaCIO4zMvBnN7k/eCJC0ih8VGlMXI4mIQ0oRkpLnll3OFJTiUV2P/cyR3B4N/fMhtWyCsB1YpekAUp0PfPHGUc44SRUmCEpR7YVKzdDQlHMyLzmJJLECM/QhIw0DREn0s2K8HN4rpUxDCKhT6hgof7dyBCXMuW+niyirnq5+J83SlRw7WY0jBNFQrz4KEgYVBHMm4BjKghWLNUEYUF1VoinSCCsdF9LL5UVuRlJ9EVjlVdkrxayTvrtln3Zaj9cNDrNsqwqOAVnoAlscAU64BZ0QQ9gkIIX8ArejGfj3fgwPhejFaPcqYMlGF+/fCGiHA==</latexit>

KI

<latexit sha1_base64="IQGsR6WYe3rGYe5Q848REXcnEoo=">AAACG3icbVDLSsNAFJ3UV62v+Ni5GSxCVyUpoi4LbixuKtgHNCFMptN26EwSZiZCDfkUwa3+hjtx68K/8BOcpFnY1gPDHM65d+Zw/IhRqSzr2yitrW9sbpW3Kzu7e/sH5uFRV4axwKSDQxaKvo8kYTQgHUUVI/1IEMR9Rnr+9Cbze49ESBoGD2oWEZejcUBHFCOlJc88cThSE4lFcpd6iSM4bLVSz6xadSsHXCV2QaqgQNszf5xhiGNOAoUZknJgW5FyEyQUxYykFSeWJEJ4isZkoGmAOJFukqdP4blWhnAUCn0CBXP170aCuJQz7uvJPOuyl4n/eYNYja7dhAZRrEiA5x+NYgZVCLMq4JAKghWbaYKwoDorxBMkEFa6sIWXio7chMT6opHKKrKXC1kl3Ubdvqw37i+qzVpRVhmcgjNQAza4Ak1wC9qgAzB4Ai/gFbwZz8a78WF8zkdLRrFzDBZgfP0CH/+ibw==</latexit>

KII

flop

Extended	Kähler	cone

<latexit sha1_base64="IiEKCVLu2H4tsn4nCMN5bkHV7tM=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5feO0sjk7b4+EZsGZQO7s7etu9738XWplP5rtkMQBFZpwrFTDsSPtJlhqRjgdZJqxohEmPdyhDYMCB1S5yWjUAdo3Thv5oTRPaDRyf3ckOFCqH3imMsC6q6azoflf1oi1f+omTESxpoKMP/JjjnSIhnujNpOUaN43gIlkZlZEulhios11MuYIzvTKs1At5J3j/FHZzhUPYaw07MAeHIADJ1CECyhBBQh04B4e4cni1oP1bL2MS1PWpGcb/sh6/QHSIJHi</latexit>

Y 1

<latexit sha1_base64="ax/MSZGiiMC5H6A0KCuwdaNU/1Q=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBsJCwG0TtDNhYJmgukqxhdjKbDJmdXWZmhbCktLSxUMTWF7DzOex8Bn0IJ5dCE38Y+Pj/c5hzjhdxprRtf1qpufmFxaX0cmZldW19I7u5VVVhLAmtkJCHsu5hRTkTtKKZ5rQeSYoDj9Oa1zsf5rVbKhULxZXuR9QNcEcwnxGsjXV5fVNoZXN23h4JzYIzgdzZ29fd7nv5u9TKfjTbIYkDKjThWKmGY0faTbDUjHA6yDRjRSNMerhDGwYFDqhyk9GoA7RvnDbyQ2me0Gjk/u5IcKBUP/BMZYB1V01nQ/O/rBFr/9RNmIhiTQUZf+THHOkQDfdGbSYp0bxvABPJzKyIdLHERJvrZMwRnOmVZ6FayDvH+aOynSsewlhp2IE9OAAHTqAIF1CCChDowD08wpPFrQfr2XoZl6asSc82/JH1+gPTpJHj</latexit>

Y 2

<latexit sha1_base64="YVR5CTAZ66i1dOUaLPh+B5MZgvU=">AAACHnicbVDLSsNAFJ34rPUVdeHCTbAIrkpSRF0W3AhuKtgHNKFMJrft0MmDmRulhPyL4FZ/w5241b/wE5y2WdjWA8Mczrn3zp3jJ4IrtO1vY2V1bX1js7RV3t7Z3ds3Dw5bKk4lgyaLRSw7PlUgeARN5Cigk0igoS+g7Y9uJn77EaTicfSA4wS8kA4i3ueMopZ65rH7xANALgLI3JDiUDGZ3eV5z6zYVXsKa5k4BamQAo2e+eMGMUtDiJAJqlTXsRP0MiqRMwF52U0VJJSN6AC6mkY0BOVl0w/k1plWAqsfS30itKbq346MhkqNQ19XTndc9Cbif143xf61l/EoSREiNnuonwoLY2uShhVwCQzFWBPKJNe7WmxIJWWoM5ubVGTjZZDqiyc4ichZDGSZtGpV57Jau7+o1GtFWCVyQk7JOXHIFamTW9IgTcJITl7IK3kzno1348P4nJWuGEXPEZmD8fULm6ukYg==</latexit>

eKDual	coordinate	cone
<latexit sha1_base64="sbn7VtivVqhbTnoM8qwq0J+MmdY="></latexit>

eK ✓ K⇤

<latexit sha1_base64="ZFTrHVYx5agMCnucKz3EfK7ynxg=">AAACGHicbVC7SgNBFJ2NGmM0JprSZjEIFhJ2g6hlwMYygnlIsoTZ2ZtkyOyDmbvKsuRHtNX/sBNbO3/DXnDyKEzigWEO59wXx40EV2hZX0ZmY3Mru53bye/uFfaLpYPDlgpjyaDJQhHKjksVCB5AEzkK6EQSqO8KaLvj66nffgCpeBjcYRKB49NhwAecUdRSv1TsPXIPkAsP0vtJv9YvVayqNYO5TuwFqdSNXvmnkE0a/dJ3zwtZ7EOATFClurYVoZNSiZwJmOR7sYKIsjEdQlfTgPqgnHR2+MQ80YpnDkKpX4DmTP3bkVJfqcR3daVPcaRWvan4n9eNcXDlpDyIYoSAzRcNYmFiaE5TMD0ugaFINKFMcn2ryUZUUoY6q/zSqNlwJp0UYv3xCCd5HZK9Gsk6adWq9kX1/FandUbmyJEjckxOiU0uSZ3ckAZpEkZi8kxeyKvxZLwZ78bHvDRjLHrKZAnG5y+ebqK8</latexit>

eY2

<latexit sha1_base64="wf8SBLcfNkEr7Zllyxsrv63QldI=">AAACGHicbVC7SgNBFJ31EeNqTDSlzWIQLCTsiqhlwMYygnlIsiyzszfJkNkHM3eVsORHtNX/sBNbO3/DXnDyKEzigWEO59wXx08EV2jbX8ba+sZmbiu/be7sFvaKpf2DpopTyaDBYhHLtk8VCB5BAzkKaCcSaOgLaPnD64nfegCpeBzd4SgBN6T9iPc4o6glr1TsPvIAkIsAsvux53ilil21p7BWiTMnlZrRLf8UcqO6V/ruBjFLQ4iQCapUx7ETdDMqkTMBY7ObKkgoG9I+dDSNaAjKzaaHj61jrQRWL5b6RWhN1b8dGQ2VGoW+rgwpDtSyNxH/8zop9q7cjEdJihCx2aJeKiyMrUkKVsAlMBQjTSiTXN9qsQGVlKHOylwYNR3OpJtBqj+e4NjUITnLkayS5lnVuaie3+q0TskMeXJIjsgJccglqZEbUicNwkhKnskLeTWejDfj3fiYla4Z854yWYDx+QucyqK7</latexit>

eY1
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<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Cone generated
by calibrated 4-cycles

(effective divisors)

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E
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Strings	and	the	Effec1ve	Cone

<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Cone generated
by calibrated 4-cycles

(effective divisors)

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E

i.e., the cone generated
by the BPS strings
(from wrapped M5s)
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Strings	and	the	Effec1ve	Cone

<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E

<latexit sha1_base64="RR4JeXaS8S5oFOgFHXpyzkeps94="></latexit>

K ✓ E
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Strings	and	the	Effec1ve	Cone

<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E

<latexit sha1_base64="RR4JeXaS8S5oFOgFHXpyzkeps94="></latexit>

K ✓ E

pseudoeffective
cone
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Strings	and	the	Effec1ve	Cone

<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E

<latexit sha1_base64="Jyvp3vDzkeyjdEN63a600W6Ht20=">AAACCHicbVDLSgMxFM3UVx1f9bFzEyyCqzIjom7EggtdtmAf0A4lk962oZnMkGSEOvQHdKu/Ie7ErfgTLv0Fv8B02oVtPRByOOfem5vjR5wp7ThfVmZhcWl5Jbtqr61vbG7ltneqKowlhQoNeSjrPlHAmYCKZppDPZJAAp9Dze9fjfzaHUjFQnGrBxF4AekK1mGUaCOVL1q5vFNwUuB54k5I/vLz/vv6ZS8ptXI/zXZI4wCEppwo1XCdSHsJkZpRDkO7GSuICO2TLjQMFSQA5SXpokN8aJQ27oTSHKFxqv7tSEig1CDwTWVAdE/NeiPxP68R6865lzARxRoEHT/UiTnWIR79GreZBKr5wBBCJTO7YtojklBtsrGnRqXDqfQSiM3FIj20TUjubCTzpHpccE8LJ2UnXyyiMbJoHx2gI+SiM1REN6iEKogiQI/oCT1bD9ar9Wa9j0sz1qRnF03B+vgFAI6eAA==</latexit>=

Dual	of	dual	coord	cone

<latexit sha1_base64="Bl5zKGQOzdHC+yQRIa9yjGgR7x8=">AAACIHicdVDLSgMxFM34dnxVXbhwEyyCq2FaRN2IghvBTQVbhXYomcxtG5p5kNxRyjA/o1td+wvuxJXoZ/gFplMFnwfCPZxzb3Jz/EQKja77Yo2NT0xOTc/M2nPzC4tLpeWVho5TxaHOYxmrC59pkCKCOgqUcJEoYKEv4dzvHw3980tQWsTRGQ4S8ELWjURHcIZGapfWWlciABQygKwVMuxprrKTPG+Xyq6z4w5Bf5OKU1S3fHBv7yc3z3atXXprBTFPQ4iQS6Z1s+Im6GVMoeAScruVakgY77MuNA2NWAjay4oP5HTTKAHtxMqcCGmhfp3IWKj1IPRNZ7HjT28o/uU1U+zseZmIkhQh4qOHOqmkGNNhGjQQCjjKgSGMK2F2pbzHFONoMrO/XfURjpdBaopIMLdNSJ9J0P9Jo+pUdpztU7d8WCUjzJB1skG2SIXskkNyTGqkTjjJyQ25JXfWtfVgPVpPo9Yx62NmlXyD9foOj5Knww==</latexit>

eK

<latexit sha1_base64="Uyqzzy02Yu8I3PCRxkIbFnjSNZU="></latexit>

eK⇤
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Strings	and	the	Effec1ve	Cone

<latexit sha1_base64="bpMGX2cmyvkgX4SbBPt7MESDxNQ=">AAACGHicbVC7SgNBFJ2NGmN8ZNXSwtUgWGjYFVHLgI1lAuYByRpmZ2+SIbMPZu4qYcmPaKv/YSe2dv6G+AFOHoWJHhjmcM59cbxYcIW2/WlklpZXsqu5tfz6xuZWwdzeqasokQxqLBKRbHpUgeAh1JCjgGYsgQaegIY3uB77jXuQikfhLQ5jcAPaC3mXM4pa6piF9gP3AbnwIa2O7pyOWbRL9gTWX+LMSLGcrYvv/YPTSsf8avsRSwIIkQmqVMuxY3RTKpEzAaN8O1EQUzagPWhpGtIAlJtODh9ZR1rxrW4k9QvRmqi/O1IaKDUMPF0ZUOyrRW8s/ue1EuxeuSkP4wQhZNNF3URYGFnjFCyfS2AohppQJrm+1WJ9KilDnVV+btRkOJNuCon+eIyjvA7JWYzkL6mflZyL0nlVp3VCpsiRPXJIjolDLkmZ3JAKqRFGEvJEnsmL8Wi8Gm/G+7Q0Y8x6dskcjI8f1WWi4g==</latexit>

eQ1

<latexit sha1_base64="w/4oyBtnV0to/bNP9qCcFo8kV68=">AAACGHicbVC7TgJBFJ1FRcQHqKWFq8TEQskuMWpJYmMJiTwSWMns7AUmzD4yc1dDNvyItvofdsbWzt8wfoDDoxDwJJM5Oee+ctxIcIWW9WWkVlbX0uuZjezm1vZOLr+7V1dhLBnUWChC2XSpAsEDqCFHAc1IAvVdAQ13cDP2Gw8gFQ+DOxxG4Pi0F/AuZxS11Mnn2o/cA+TCg6Q6ui918gWraE1gLhN7RgrldF38HB6dVzr577 YXstiHAJmgSrVsK0InoRI5EzDKtmMFEWUD2oOWpgH1QTnJ5PCReaIVz+yGUr8AzYn6tyOhvlJD39WVPsW+WvTG4n9eK8butZPwIIoRAjZd1I2FiaE5TsH0uASGYqgJZZLrW03Wp5Iy1Fll50ZNhjPpJBDrj0c4yuqQ7MVIlkm9VLQvixdVndYZmSJDDsgxOSU2uSJlcksqpEYYickzeSGvxpPxZrwbH9PSlDHr2SdzMD5/AdcJouM=</latexit>

eQ2

Effec1ve	cone	
<latexit sha1_base64="N7IODte87OFVLBQJisYgz1G5Z38=">AAACEnicbVDLSgMxFM34rOOr6lKQYBFcSJkRUXcWRHDZgn1AO5RMmmlDM8mQZIQyzNI/0K1+gztxJ279Ab9BV36B6bQL23og5HDOvTc3x48YVdpxPq25+YXFpeXcir26tr6xmd/arikRS0yqWDAhGz5ShFFOqppqRhqRJCj0Gan7/cuhX78lUlHBb/QgIl6IupwGFCNtpGYrRLqnsEyu0na+4BSdDHCWuGNSuHj+utt7qXyX2/mfVkfgOCRcY4aUarpOpL0ESU0xI6ndihWJEO6jLmkaylFIlJdkK6fwwCgdGAhpDtcwU/92JChUahD6pjJbcdobiv95zVgH515CeRRrwvHooSBmUAs4/D/sUEmwZgNDEJbU7ApxD0mEtUnJnhg1zsZLSGwuGunUNiG505HMktpx0T0tnlScQukIjJADu2AfHAIXnIESuAZlUAUYCPAAHsGTdW+9Wm/W+6h0zhr37IAJWB+/Z2ajLw==</latexit>

E

<latexit sha1_base64="Jyvp3vDzkeyjdEN63a600W6Ht20=">AAACCHicbVDLSgMxFM3UVx1f9bFzEyyCqzIjom7EggtdtmAf0A4lk962oZnMkGSEOvQHdKu/Ie7ErfgTLv0Fv8B02oVtPRByOOfem5vjR5wp7ThfVmZhcWl5Jbtqr61vbG7ltneqKowlhQoNeSjrPlHAmYCKZppDPZJAAp9Dze9fjfzaHUjFQnGrBxF4AekK1mGUaCOVL1q5vFNwUuB54k5I/vLz/vv6ZS8ptXI/zXZI4wCEppwo1XCdSHsJkZpRDkO7GSuICO2TLjQMFSQA5SXpokN8aJQ27oTSHKFxqv7tSEig1CDwTWVAdE/NeiPxP68R6865lzARxRoEHT/UiTnWIR79GreZBKr5wBBCJTO7YtojklBtsrGnRqXDqfQSiM3FIj20TUjubCTzpHpccE8LJ2UnXyyiMbJoHx2gI+SiM1REN6iEKogiQI/oCT1bD9ar9Wa9j0sz1qRnF03B+vgFAI6eAA==</latexit>=

Dual	of	dual	coord	cone

<latexit sha1_base64="Bl5zKGQOzdHC+yQRIa9yjGgR7x8=">AAACIHicdVDLSgMxFM34dnxVXbhwEyyCq2FaRN2IghvBTQVbhXYomcxtG5p5kNxRyjA/o1td+wvuxJXoZ/gFplMFnwfCPZxzb3Jz/EQKja77Yo2NT0xOTc/M2nPzC4tLpeWVho5TxaHOYxmrC59pkCKCOgqUcJEoYKEv4dzvHw3980tQWsTRGQ4S8ELWjURHcIZGapfWWlciABQygKwVMuxprrKTPG+Xyq6z4w5Bf5OKU1S3fHBv7yc3z3atXXprBTFPQ4iQS6Z1s+Im6GVMoeAScruVakgY77MuNA2NWAjay4oP5HTTKAHtxMqcCGmhfp3IWKj1IPRNZ7HjT28o/uU1U+zseZmIkhQh4qOHOqmkGNNhGjQQCjjKgSGMK2F2pbzHFONoMrO/XfURjpdBaopIMLdNSJ9J0P9Jo+pUdpztU7d8WCUjzJB1skG2SIXskkNyTGqkTjjJyQ25JXfWtfVgPVpPo9Yx62NmlXyD9foOj5Knww==</latexit>

eK

<latexit sha1_base64="Uyqzzy02Yu8I3PCRxkIbFnjSNZU="></latexit>

eK⇤<latexit sha1_base64="pZwSz8bARU24p/NvAz7aVneeC6Q="></latexit>

E = eK⇤

(Alim, BH,
Rudelius ‘21)



9

Tensionless	strings	at	boundaries?

<latexit sha1_base64="Bl5zKGQOzdHC+yQRIa9yjGgR7x8=">AAACIHicdVDLSgMxFM34dnxVXbhwEyyCq2FaRN2IghvBTQVbhXYomcxtG5p5kNxRyjA/o1td+wvuxJXoZ/gFplMFnwfCPZxzb3Jz/EQKja77Yo2NT0xOTc/M2nPzC4tLpeWVho5TxaHOYxmrC59pkCKCOgqUcJEoYKEv4dzvHw3980tQWsTRGQ4S8ELWjURHcIZGapfWWlciABQygKwVMuxprrKTPG+Xyq6z4w5Bf5OKU1S3fHBv7yc3z3atXXprBTFPQ4iQS6Z1s+Im6GVMoeAScruVakgY77MuNA2NWAjay4oP5HTTKAHtxMqcCGmhfp3IWKj1IPRNZ7HjT28o/uU1U+zseZmIkhQh4qOHOqmkGNNhGjQQCjjKgSGMK2F2pbzHFONoMrO/XfURjpdBaopIMLdNSJ9J0P9Jo+pUdpztU7d8WCUjzJB1skG2SIXskkNyTGqkTjjJyQ25JXfWtfVgPVpPo9Yx62NmlXyD9foOj5Knww==</latexit>

eK

<latexit sha1_base64="pZwSz8bARU24p/NvAz7aVneeC6Q="></latexit>

E = eK⇤

Naively	sufficient	to	ensure
that	some	BPS	string	becomes
tensionless	at	every	boundary
of	the	moduli	space
(infinite	distance	or	not)

…if	the	effecCve	cone	is	closed
<latexit sha1_base64="Fnr34oyZ170vmwsCU/s8YZUCRF0="></latexit>

E = E
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Periodic	Boundaries

Extended	Kähler	cone	can
contain	infinitely	many	flops*

(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace
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I . Note that Ỹ +
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= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2
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hence FI[Y ] ⇠
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H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
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H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace
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I Y I
� = 0, implying that Ỹ⇤IY I
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boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
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H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
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H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
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� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2
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hence FI[Y ] ⇠
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H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
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H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace
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boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note
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and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,
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G-invariant, this implies that F [Y ] ⇠
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factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
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⇤ at the boundary lies within the
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boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2
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H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
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H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace
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(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace
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Periodic	Boundaries

(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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(a) The extended Kähler cone K. (b) The cone of dual coordinates eK.

Figure 5: (a) The extended Kähler cone K and (b) the cone of dual coordinates eK
for the periodic example with n = h1,1

� 1 = 1 discussed in the text. (Both figures are

drawn using k = 3, but other values give qualitatively similar results.)

the rays Ỹ ±
I . Note that Ỹ +

I Y I
+
= 0 and Ỹ �

I Y I
� = 0, implying that Ỹ⇤IY I

⇤ = 0 at both

boundaries of K, as expected for periodic boundaries, and moreover that eK = K⇤, as

expected in the absence of finite-distance boundaries.

Finally, let us examine how F [Y ] behaves near the boundary of K. To do so, note

that the quadratic polynomial H[Y ] = X2+kXY +Y 2 is invariant under both X $ Y

and X ! X + kY, Y ! �Y , so it is G-invariant. It is straightforward to check that,

within KI (X, Y � 0),
3k + 2

(k + 2)3/2


FI[Y ]
a
6
H[Y ]3/2

 1 , (5.24)

hence FI[Y ] ⇠
a
6
H[Y ]3/2 throughout KI, up to a bounded factor. Since F [Y ] is also

G-invariant, this implies that F [Y ] ⇠
a
6
H[Y ]3/2 throughout K, up to the same bounded

factor. In particular, H[Y ] = (X+�Y )(X+Y/�) vanishes at both boundaries (located

at Y = �X/� and X = �Y/�), and therefore so does F [Y ] ⇠ (X+�Y )3/2(X+Y/�)3/2,

in agreement with the general argument for periodic boundaries given previously.

Similar methods can be applied to examples with n = h1,1
�1 > 1 vector multiplets.

We will not discuss many details here, but only note that, as in the previous subsection,

the mapping between the boundaries of K and eK is no longer one-to-one. For example,

consider a periodic boundary associated to some infinite-order element ⇤I
J 2 G, and

suppose that ⇤I
J is real diagonalizable. As above, Y I

⇤ at the boundary lies within the

right-eigenspace with the largest eigenvalue, whereas Ỹ⇤I lies within the left-eigenspace

41
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The	(bira,onal)	cone	conjecture

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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<latexit sha1_base64="0b8YbAN+cAa6j6GNAzYj5hplhbo=">AAACFHicbVDNSgMxGMz6W9e/qkcvwSIIQtktol7EghfBSwX7A+1asmm2Dc1mY5IVyrKvoVfFh/DiTbx6FV/DJzDd9mBbB0KGme9LhvEFo0o7zrc1N7+wuLScW7FX19Y3NvNb2zUVxRKTKo5YJBs+UoRRTqqaakYaQhIU+ozU/f7F0K/fE6loxG/0QBAvRF1OA4qRNpLXCpHuKSyTq/T2sJ0vOEUnA5wl7pgUzl/tM/HyZVfa+Z9WJ8JxSLjGDCnVdB2hvQRJTTEjqd2KFREI91GXNA3lKCTKS7LQKdw3SgcGkTSHa5ipfzcSFCo1CH0zmYWc9obif14z1sGpl1AuYk04Hn0UxAzqCA4bgB0qCdZsYAjCkpqsEPeQRFibnuyJp8bteAmJzUWFTm1TkjtdySyplYrucfHo2imUS2CEHNgFe+AAuOAElMElqIAqwOAOPIIn8Gw9WG/Wu/UxGp2zxjs7YALW5y/OQKKW</latexit>

K+
Morrison ‘93, ‘94
Kawamata ‘97

(See also
Fabian’s talk)
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The	(bira,onal)	cone	conjecture

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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There exists a rational polyhedral fund.
domain       for the automorphism grp 
acting on
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G
<latexit sha1_base64="0b8YbAN+cAa6j6GNAzYj5hplhbo=">AAACFHicbVDNSgMxGMz6W9e/qkcvwSIIQtktol7EghfBSwX7A+1asmm2Dc1mY5IVyrKvoVfFh/DiTbx6FV/DJzDd9mBbB0KGme9LhvEFo0o7zrc1N7+wuLScW7FX19Y3NvNb2zUVxRKTKo5YJBs+UoRRTqqaakYaQhIU+ozU/f7F0K/fE6loxG/0QBAvRF1OA4qRNpLXCpHuKSyTq/T2sJ0vOEUnA5wl7pgUzl/tM/HyZVfa+Z9WJ8JxSLjGDCnVdB2hvQRJTTEjqd2KFREI91GXNA3lKCTKS7LQKdw3SgcGkTSHa5ipfzcSFCo1CH0zmYWc9obif14z1sGpl1AuYk04Hn0UxAzqCA4bgB0qCdZsYAjCkpqsEPeQRFibnuyJp8bteAmJzUWFTm1TkjtdySyplYrucfHo2imUS2CEHNgFe+AAuOAElMElqIAqwOAOPIIn8Gw9WG/Wu/UxGp2zxjs7YALW5y/OQKKW</latexit>

K+

<latexit sha1_base64="vzMZ5CVc8qwwFrUUHLNvGAIfZZs=">AAACFHicbVDNSgMxGMxWrXX9q3r0slgET2W3iHosCOqxBfsD7VKyadqGZrNr8q1Qln0IL/WqJ1/Cm3jx4F18C5/AdNuDbR0IGWa+LxnGCzlTYNtfRmZldS27ntswN7e2d3bze/t1FUSS0BoJeCCbHlaUM0FrwIDTZigp9j1OG97wcuI37qlULBC3MAqp6+O+YD1GMGjJbfsYBorI+CrpXHfyBbtop7CWiTMjhXK2+v0xfnipdPI/7W5AIp8KIBwr1XLsENwYS2CE08RsR4qGmAxxn7Y0Fdinyo3T0Il1rJWu1QukPgKsVP27EWNfqZHv6ck05KI3Ef/zWhH0LtyYiTACKsj0o17ELQisSQNWl0lKgI80wUQyndUiAywxAd2TOffUrB03ppG+WAiJqUtyFitZJvVS0TkrnlZ1WyU0RQ4doiN0ghx0jsroBlVQDRF0hx7RE3o2xsar8Wa8T0czxmznAM3B+PwFMkejhw==</latexit>

FG

Morrison ‘93, ‘94
Kawamata ‘97

(See also
Fabian’s talk)

<latexit sha1_base64="vzMZ5CVc8qwwFrUUHLNvGAIfZZs=">AAACFHicbVDNSgMxGMxWrXX9q3r0slgET2W3iHosCOqxBfsD7VKyadqGZrNr8q1Qln0IL/WqJ1/Cm3jx4F18C5/AdNuDbR0IGWa+LxnGCzlTYNtfRmZldS27ntswN7e2d3bze/t1FUSS0BoJeCCbHlaUM0FrwIDTZigp9j1OG97wcuI37qlULBC3MAqp6+O+YD1GMGjJbfsYBorI+CrpXHfyBbtop7CWiTMjhXK2+v0xfnipdPI/7W5AIp8KIBwr1XLsENwYS2CE08RsR4qGmAxxn7Y0Fdinyo3T0Il1rJWu1QukPgKsVP27EWNfqZHv6ck05KI3Ef/zWhH0LtyYiTACKsj0o17ELQisSQNWl0lKgI80wUQyndUiAywxAd2TOffUrB03ppG+WAiJqUtyFitZJvVS0TkrnlZ1WyU0RQ4doiN0ghx0jsroBlVQDRF0hx7RE3o2xsar8Wa8T0czxmznAM3B+PwFMkejhw==</latexit>

FG       with appr. boundary
idents is the physical
moduli space

Figure:
N. Gendler
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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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FG       with appr. boundary
idents is the physical
moduli space

B’dary points outside
       are unphysical
and unreachable

<latexit sha1_base64="rEv34wZ61u3inEXutHMy1OaAhLo="></latexit>

K+

Figure:
N. Gendler

<latexit sha1_base64="eos8IywrIepL7T3RiLnlUOX621Y="></latexit>

=)
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The charges of the BPS strings should span
the cone where BPS = Black String Extremal
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The charges of the BPS strings should span
the cone where BPS = Black String Extremal

<latexit sha1_base64="HPrGKviNjSQsRHi0L+iHVPKwAiA="></latexit>

K

<latexit sha1_base64="tyDyneciwEC3dxUYCFz5F9Fw2Bc="></latexit>

Y I = Q̃I

<latexit sha1_base64="rEv34wZ61u3inEXutHMy1OaAhLo="></latexit>

K+BPS black strings exist throughout
(c.f., Alim, BH, Rudelius ’21)
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=) K+ ✓ E to satisfy WGC for BPS strings!
(nontrivial math conjecture)



<latexit sha1_base64="956OybPH0c2OpmDrC6xr3sFIj2g="></latexit>()
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Tensionless	strings	at	boundaries?
Cone conjecture: physical boundaries lie inside

<latexit sha1_base64="rEv34wZ61u3inEXutHMy1OaAhLo="></latexit>

K+

Either:
1.                 as

<latexit sha1_base64="6TdJErwrSFCn36o3UR2TC+0wUcE="></latexit>

F ! 0
<latexit sha1_base64="/acSJKlgYggfelhfu+PlkT7LfH8="></latexit>

Y I ! Y I
⇤ infinite distance

2.               as
<latexit sha1_base64="TJkbMFIy9MUV56DkCny1kRspBZA=">AAAB+nicbVBNS8NAFHypX7V+pXr0slgETyUpRT0WBPFYwbZCE8pmu2mXbjZhd6OU2J/ixYMiXv0l3vw3btoctHVgYZh5jzc7QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVXEqCe2QmMfyPsCKciZoRzPN6X0iKY4CTnvB5Cr3ew9UKhaLOz1NqB/hkWAhI1gbaWBXvQjrMcE8u54hT1DkDOyaU3fmQKvELUgNCrQH9pc3jEkaUaEJx0r1XSfRfoalZoTTWcVLFU0wmeAR7RsqcESVn82jz9CpUYYojKV5QqO5+nsjw5FS0ygwk3lQtezl4n9eP9XhpZ8xkaSaCrI4FKYc6RjlPaAhk5RoPjUEE8lMVkTGWGKiTVsVU4K7/OVV0m3U3fN687ZZazWKOspwDCdwBi5cQAtuoA0dIPAIz/AKb9aT9WK9Wx+L0ZJV7BzBH1ifP2Aak2E=</latexit>

F 6= 0
<latexit sha1_base64="/acSJKlgYggfelhfu+PlkT7LfH8="></latexit>

Y I ! Y I
⇤

<latexit sha1_base64="956OybPH0c2OpmDrC6xr3sFIj2g="></latexit>() finite distance
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⇤
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Y I
⇤ 2 K+ ✓ E

(string WGC)

2.               as
<latexit sha1_base64="TJkbMFIy9MUV56DkCny1kRspBZA=">AAAB+nicbVBNS8NAFHypX7V+pXr0slgETyUpRT0WBPFYwbZCE8pmu2mXbjZhd6OU2J/ixYMiXv0l3vw3btoctHVgYZh5jzc7QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVXEqCe2QmMfyPsCKciZoRzPN6X0iKY4CTnvB5Cr3ew9UKhaLOz1NqB/hkWAhI1gbaWBXvQjrMcE8u54hT1DkDOyaU3fmQKvELUgNCrQH9pc3jEkaUaEJx0r1XSfRfoalZoTTWcVLFU0wmeAR7RsqcESVn82jz9CpUYYojKV5QqO5+nsjw5FS0ygwk3lQtezl4n9eP9XhpZ8xkaSaCrI4FKYc6RjlPaAhk5RoPjUEE8lMVkTGWGKiTVsVU4K7/OVV0m3U3fN687ZZazWKOspwDCdwBi5cQAtuoA0dIPAIz/AKb9aT9WK9Wx+L0ZJV7BzBH1ifP2Aak2E=</latexit>

F 6= 0
<latexit sha1_base64="/acSJKlgYggfelhfu+PlkT7LfH8="></latexit>

Y I ! Y I
⇤

<latexit sha1_base64="956OybPH0c2OpmDrC6xr3sFIj2g="></latexit>() finite distance



<latexit sha1_base64="956OybPH0c2OpmDrC6xr3sFIj2g="></latexit>()

14

Tensionless	strings	at	boundaries?
Cone conjecture: physical boundaries lie inside

<latexit sha1_base64="rEv34wZ61u3inEXutHMy1OaAhLo="></latexit>

K+

Either:
1.                 as

<latexit sha1_base64="6TdJErwrSFCn36o3UR2TC+0wUcE="></latexit>

F ! 0
<latexit sha1_base64="/acSJKlgYggfelhfu+PlkT7LfH8="></latexit>

Y I ! Y I
⇤ infinite distance

Divisor                    shrinks
<latexit sha1_base64="taS2v4j9kTD6vYjmscSa7ha4Mf0="></latexit>

Q̃I = Y I
⇤

Since                              is effective, there
are indeed tensionless strings in this limit

<latexit sha1_base64="RsoFe5j2A+VBhZgE7vkULk6oSOI="></latexit>

Y I
⇤ 2 K+ ✓ E

2.               as
<latexit sha1_base64="TJkbMFIy9MUV56DkCny1kRspBZA=">AAAB+nicbVBNS8NAFHypX7V+pXr0slgETyUpRT0WBPFYwbZCE8pmu2mXbjZhd6OU2J/ixYMiXv0l3vw3btoctHVgYZh5jzc7QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVXEqCe2QmMfyPsCKciZoRzPN6X0iKY4CTnvB5Cr3ew9UKhaLOz1NqB/hkWAhI1gbaWBXvQjrMcE8u54hT1DkDOyaU3fmQKvELUgNCrQH9pc3jEkaUaEJx0r1XSfRfoalZoTTWcVLFU0wmeAR7RsqcESVn82jz9CpUYYojKV5QqO5+nsjw5FS0ygwk3lQtezl4n9eP9XhpZ8xkaSaCrI4FKYc6RjlPaAhk5RoPjUEE8lMVkTGWGKiTVsVU4K7/OVV0m3U3fN687ZZazWKOspwDCdwBi5cQAtuoA0dIPAIz/AKb9aT9WK9Wx+L0ZJV7BzBH1ifP2Aak2E=</latexit>

F 6= 0
<latexit sha1_base64="/acSJKlgYggfelhfu+PlkT7LfH8="></latexit>

Y I ! Y I
⇤

<latexit sha1_base64="956OybPH0c2OpmDrC6xr3sFIj2g="></latexit>() finite distance
(In fact, there are tensionless strings anyway,
due to a shrinking divisor 

<latexit sha1_base64="+bQm/xSxc974yxBx1BEg4SNJ6DM=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuEuBLUM2FhYRDCJkBxhb7N3WbK3e+zuKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemnGnjed9OYW19Y3OruF3a2d3bL7sHh20tM0Voi0gu1X2INeVM0JZhhtP7VFGchJx2wtHVzO88UKWZFHdmnNIgwbFgESPYWKnvlns3UsSKxUODlZKPfbfiVb050Crxc1KBHM2++9UbSJIlVBjCsdZd30tNMMHKMMLptNTLNE0xGeGYdi0VOKE6mMwPn6JTqwxQJJUtYdBc/T0xwYnW4yS0nQk2Q73szcT/vG5mostgwkSaGSrIYlGUcWQkmqWABkxRYvjYEkwUs7ciMsQKE2OzKtkQ/OWXV0m7VvXPq/XbeqVRy+MowjGcwBn4cAENuIYmtIBABs/wCm/Ok/PivDsfi9aCk88cwR84nz8+NpNv</latexit>

=)<latexit sha1_base64="+bQm/xSxc974yxBx1BEg4SNJ6DM=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuEuBLUM2FhYRDCJkBxhb7N3WbK3e+zuKTHkl9hYKGLrT7Hz37hJrtDEBwOP92aYmRemnGnjed9OYW19Y3OruF3a2d3bL7sHh20tM0Voi0gu1X2INeVM0JZhhtP7VFGchJx2wtHVzO88UKWZFHdmnNIgwbFgESPYWKnvlns3UsSKxUODlZKPfbfiVb050Crxc1KBHM2++9UbSJIlVBjCsdZd30tNMMHKMMLptNTLNE0xGeGYdi0VOKE6mMwPn6JTqwxQJJUtYdBc/T0xwYnW4yS0nQk2Q73szcT/vG5mostgwkSaGSrIYlGUcWQkmqWABkxRYvjYEkwUs7ciMsQKE2OzKtkQ/OWXV0m7VvXPq/XbeqVRy+MowjGcwBn4cAENuIYmtIBABs/wCm/Ok/PivDsfi9aCk88cwR84nz8+NpNv</latexit>

=)                  )

(string WGC)

<latexit sha1_base64="bGnIjmqixRKH8iM6waz+bgmtatU=">AAACI3icbVDLSgMxFM3UV62vUZfdBIsgCGWmFHUjFERwWcE+oB1LJk3b0MyD5I5Qhln4MeJWv8OduHHhR/gHptNZ9OGBkJNz7k1ujhsKrsCyvo3c2vrG5lZ+u7Czu7d/YB4eNVUQScoaNBCBbLtEMcF91gAOgrVDyYjnCtZyxzdTv/XEpOKB/wCTkDkeGfp8wCkBLfXMYtcjMFJUxrcJvsZzp8fznlmyylYKvErsjJRQhnrP/O32Axp5zAcqiFId2wrBiYkETgVLCt1IsZDQMRmyjqY+8Zhy4vQTCT7VSh8PAqmXDzhV5zti4ik18VxdmQ657E3F/7xOBIMrJ+Z+GAHz6eyhQSQwBHiaCO5zySiIiSaESq5nxXREJKGgcyssXJWl48Qs0hsPIdEZ2cuJrJJmpWxflKv31VKtkqWVR0V0gs6QjS5RDd2hOmogip7RK3pD78aL8WF8Gl+z0pyR9RyjBRg/f6fCpRg=</latexit>

E = E+
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Subla(ce	WGC	for	strings?
Since        finitely generated, cone conjecture
+ string WGC imply:

<latexit sha1_base64="H/3IkS5ZBe0SbbX5DrgdVZsVpoo=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4KjOlqMuCoC4r2Ae0Q8mkmTY0kxmTO0IZ5jPErX6HO3HrB/gZ/oHpdBa29UDI4Zx7k8PxIsE12Pa3VVhb39jcKm6Xdnb39g/Kh0dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7keuZ3npjSPJQPMI2YG5CR5D6nBIzk9gMCY01VcpMObgflil21M+BV4uSkgnI0B+Wf/jCkccAkUEG07jl2BG5CFHAqWFrqx5pFhE7IiPUMlSRg2k2y0Ck+M8oQ+6EyRwLO1L8bCQm0ngaemcxCLnsz8T+vF4N/5SZcRjEwSecf+bHAEOJZA3jIFaMgpoYQqrjJiumYKELB9FRaeCpvx01YbC4eQWo6cpYbWSXtWtW5qNbv65VGLW+riE7QKTpHDrpEDXSHmqiFKHpEL+gVvVnP1rv1YX3ORwtWvnOMFmB9/QKxFp9x</latexit>

FG

<latexit sha1_base64="wEnZW9WCZsEa0iK7k9jXXvRfSQg=">AAACGHicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG5cV7AObUCbTaTt0Mgkzk0IJ/RFxq9/hTty68zP8AydpFtp6YZjDOfdxOEHMmdKO82WVNja3tnfKu5W9/YPDI/v4pKOiRBLaJhGPZC/AinImaFszzWkvlhSHAafdYHqb6d0ZlYpF4kHPY+qHeCzYiBGsDTWw7SnymEBeiPUkCNLHxcCuOjUnL7QO3AJUoajWwP72hhFJQio04VipvuvE2k+x1Ixwuqh4iaIxJlM8pn0DBQ6p8tPc+QJdGGaIRpE0T2iUs78nUhwqNQ8D05k5VKtaRv6n9RM9uvFTJuJEU0GWh0YJRzpCWQxoyCQlms8NwEQy4xWRCZaYaBNW5c+qfDmRfkoT87FYZxm5q4msg0695l7VGveNarNepFWGMziHS3DhGppwBy1oA4EZPMMLvFpP1pv1bn0sW0tWMXMKf8r6/AHtM6CI</latexit>

k 2 ZThere exists              such that
is generated by non-negative integer LCs of the
BPS string charges

<latexit sha1_base64="XiwHdqO5LPZLF+74Ya0OQ6QZ7Tg="></latexit>

k�string \K+
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Subla(ce	WGC	for	strings?
Since        finitely generated, cone conjecture
+ string WGC imply:

<latexit sha1_base64="H/3IkS5ZBe0SbbX5DrgdVZsVpoo=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4KjOlqMuCoC4r2Ae0Q8mkmTY0kxmTO0IZ5jPErX6HO3HrB/gZ/oHpdBa29UDI4Zx7k8PxIsE12Pa3VVhb39jcKm6Xdnb39g/Kh0dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7keuZ3npjSPJQPMI2YG5CR5D6nBIzk9gMCY01VcpMObgflil21M+BV4uSkgnI0B+Wf/jCkccAkUEG07jl2BG5CFHAqWFrqx5pFhE7IiPUMlSRg2k2y0Ck+M8oQ+6EyRwLO1L8bCQm0ngaemcxCLnsz8T+vF4N/5SZcRjEwSecf+bHAEOJZA3jIFaMgpoYQqrjJiumYKELB9FRaeCpvx01YbC4eQWo6cpYbWSXtWtW5qNbv65VGLW+riE7QKTpHDrpEDXSHmqiFKHpEL+gVvVnP1rv1YX3ORwtWvnOMFmB9/QKxFp9x</latexit>

FG

<latexit sha1_base64="wEnZW9WCZsEa0iK7k9jXXvRfSQg=">AAACGHicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG5cV7AObUCbTaTt0Mgkzk0IJ/RFxq9/hTty68zP8AydpFtp6YZjDOfdxOEHMmdKO82WVNja3tnfKu5W9/YPDI/v4pKOiRBLaJhGPZC/AinImaFszzWkvlhSHAafdYHqb6d0ZlYpF4kHPY+qHeCzYiBGsDTWw7SnymEBeiPUkCNLHxcCuOjUnL7QO3AJUoajWwP72hhFJQio04VipvuvE2k+x1Ixwuqh4iaIxJlM8pn0DBQ6p8tPc+QJdGGaIRpE0T2iUs78nUhwqNQ8D05k5VKtaRv6n9RM9uvFTJuJEU0GWh0YJRzpCWQxoyCQlms8NwEQy4xWRCZaYaBNW5c+qfDmRfkoT87FYZxm5q4msg0695l7VGveNarNepFWGMziHS3DhGppwBy1oA4EZPMMLvFpP1pv1bn0sW0tWMXMKf8r6/AHtM6CI</latexit>

k 2 ZThere exists              such that
is generated by non-negative integer LCs of the
BPS string charges

<latexit sha1_base64="XiwHdqO5LPZLF+74Ya0OQ6QZ7Tg="></latexit>

k�string \K+

This is a BPS special case of

String sublattice WGC: there exists              s.t.  
                is generated by non-negative integer LCs
of superextremal string charges

<latexit sha1_base64="wEnZW9WCZsEa0iK7k9jXXvRfSQg=">AAACGHicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG5cV7AObUCbTaTt0Mgkzk0IJ/RFxq9/hTty68zP8AydpFtp6YZjDOfdxOEHMmdKO82WVNja3tnfKu5W9/YPDI/v4pKOiRBLaJhGPZC/AinImaFszzWkvlhSHAafdYHqb6d0ZlYpF4kHPY+qHeCzYiBGsDTWw7SnymEBeiPUkCNLHxcCuOjUnL7QO3AJUoajWwP72hhFJQio04VipvuvE2k+x1Ixwuqh4iaIxJlM8pn0DBQ6p8tPc+QJdGGaIRpE0T2iUs78nUhwqNQ8D05k5VKtaRv6n9RM9uvFTJuJEU0GWh0YJRzpCWQxoyCQlms8NwEQy4xWRCZaYaBNW5c+qfDmRfkoT87FYZxm5q4msg0695l7VGveNarNepFWGMziHS3DhGppwBy1oA4EZPMMLvFpP1pv1bn0sW0tWMXMKf8r6/AHtM6CI</latexit>

k 2 Z
<latexit sha1_base64="vQDG+HjzbPH5BSma7sLAfY2aSDA=">AAACIHicbVDLSgMxFM34tr6qbgQ3wSK4KjNS1KXgQpcVbBXaYcikt21okhmSO2IZ6seIW/0Od+JS/8I/MB27UOuBkMM595GcOJXCou+/ezOzc/MLi0vLpZXVtfWN8uZW0yaZ4dDgiUzMTcwsSKGhgQIl3KQGmIolXMeDs7F/fQvGikRf4TCFULGeFl3BGTopKu8MaPucKcWivI1wh7lFI3RvNIrKFb/qF6DTJJiQCpmgHpU/25 2EZwo0csmsbQV+imHODAouYVRqZxZSxgesBy1HNVNgw7z4wYjuO6VDu4lxRyMt1J8dOVPWDlXsKhXDvv3rjcX/vFaG3ZMwFzrNEDT/XtTNJMWEjuOgHWGAoxw6wrgR7q2U95lhHF1opV+jiuHchDlk7hIpjjMK/iYyTZqH1eCoWrusVU4PJ2ktkV2yRw5IQI7JKbkgddIgnNyTR/JEnr0H78V79d6+S2e8Sc82+QXv4wugcaSv</latexit>

k�string
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Subla(ce	WGC	for	strings?
Since        finitely generated, cone conjecture
+ string WGC imply:

<latexit sha1_base64="H/3IkS5ZBe0SbbX5DrgdVZsVpoo=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4KjOlqMuCoC4r2Ae0Q8mkmTY0kxmTO0IZ5jPErX6HO3HrB/gZ/oHpdBa29UDI4Zx7k8PxIsE12Pa3VVhb39jcKm6Xdnb39g/Kh0dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7keuZ3npjSPJQPMI2YG5CR5D6nBIzk9gMCY01VcpMObgflil21M+BV4uSkgnI0B+Wf/jCkccAkUEG07jl2BG5CFHAqWFrqx5pFhE7IiPUMlSRg2k2y0Ck+M8oQ+6EyRwLO1L8bCQm0ngaemcxCLnsz8T+vF4N/5SZcRjEwSecf+bHAEOJZA3jIFaMgpoYQqrjJiumYKELB9FRaeCpvx01YbC4eQWo6cpYbWSXtWtW5qNbv65VGLW+riE7QKTpHDrpEDXSHmqiFKHpEL+gVvVnP1rv1YX3ORwtWvnOMFmB9/QKxFp9x</latexit>

FG

<latexit sha1_base64="wEnZW9WCZsEa0iK7k9jXXvRfSQg=">AAACGHicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG5cV7AObUCbTaTt0Mgkzk0IJ/RFxq9/hTty68zP8AydpFtp6YZjDOfdxOEHMmdKO82WVNja3tnfKu5W9/YPDI/v4pKOiRBLaJhGPZC/AinImaFszzWkvlhSHAafdYHqb6d0ZlYpF4kHPY+qHeCzYiBGsDTWw7SnymEBeiPUkCNLHxcCuOjUnL7QO3AJUoajWwP72hhFJQio04VipvuvE2k+x1Ixwuqh4iaIxJlM8pn0DBQ6p8tPc+QJdGGaIRpE0T2iUs78nUhwqNQ8D05k5VKtaRv6n9RM9uvFTJuJEU0GWh0YJRzpCWQxoyCQlms8NwEQy4xWRCZaYaBNW5c+qfDmRfkoT87FYZxm5q4msg0695l7VGveNarNepFWGMziHS3DhGppwBy1oA4EZPMMLvFpP1pv1bn0sW0tWMXMKf8r6/AHtM6CI</latexit>

k 2 ZThere exists              such that
is generated by non-negative integer LCs of the
BPS string charges

<latexit sha1_base64="XiwHdqO5LPZLF+74Ya0OQ6QZ7Tg="></latexit>

k�string \K+

This is a BPS special case of

String sublattice WGC: there exists              s.t.  
                is generated by non-negative integer LCs
of superextremal string charges

<latexit sha1_base64="wEnZW9WCZsEa0iK7k9jXXvRfSQg=">AAACGHicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG5cV7AObUCbTaTt0Mgkzk0IJ/RFxq9/hTty68zP8AydpFtp6YZjDOfdxOEHMmdKO82WVNja3tnfKu5W9/YPDI/v4pKOiRBLaJhGPZC/AinImaFszzWkvlhSHAafdYHqb6d0ZlYpF4kHPY+qHeCzYiBGsDTWw7SnymEBeiPUkCNLHxcCuOjUnL7QO3AJUoajWwP72hhFJQio04VipvuvE2k+x1Ixwuqh4iaIxJlM8pn0DBQ6p8tPc+QJdGGaIRpE0T2iUs78nUhwqNQ8D05k5VKtaRv6n9RM9uvFTJuJEU0GWh0YJRzpCWQxoyCQlms8NwEQy4xWRCZaYaBNW5c+qfDmRfkoT87FYZxm5q4msg0695l7VGveNarNepFWGMziHS3DhGppwBy1oA4EZPMMLvFpP1pv1bn0sW0tWMXMKf8r6/AHtM6CI</latexit>

k 2 Z
<latexit sha1_base64="vQDG+HjzbPH5BSma7sLAfY2aSDA=">AAACIHicbVDLSgMxFM34tr6qbgQ3wSK4KjNS1KXgQpcVbBXaYcikt21okhmSO2IZ6seIW/0Od+JS/8I/MB27UOuBkMM595GcOJXCou+/ezOzc/MLi0vLpZXVtfWN8uZW0yaZ4dDgiUzMTcwsSKGhgQIl3KQGmIolXMeDs7F/fQvGikRf4TCFULGeFl3BGTopKu8MaPucKcWivI1wh7lFI3RvNIrKFb/qF6DTJJiQCpmgHpU/25 2EZwo0csmsbQV+imHODAouYVRqZxZSxgesBy1HNVNgw7z4wYjuO6VDu4lxRyMt1J8dOVPWDlXsKhXDvv3rjcX/vFaG3ZMwFzrNEDT/XtTNJMWEjuOgHWGAoxw6wrgR7q2U95lhHF1opV+jiuHchDlk7hIpjjMK/iYyTZqH1eCoWrusVU4PJ2ktkV2yRw5IQI7JKbkgddIgnNyTR/JEnr0H78V79d6+S2e8Sc82+QXv4wugcaSv</latexit>

k�string
required to satisfy particle  

sublattice WGC after dim. red.
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Infinite	towers?
To ensure the presence of infinite towers required
by the SDC, we need by analogy:

Infinite towers of BPS particles within       
due to BPS tower WGC

<latexit sha1_base64="SYxqCIWjo/fMgrD65HJfdAy02t0=">AAACIXicbVDLSgMxFM34rPVVdSVuBosgCGWmFHVZcCO4qWAf0I4lk7ltQzMPkjtKGQY/Rtzqd7gTd+JX+Aem7Sxs64GQwzn33twcNxJcoWV9GUvLK6tr67mN/ObW9s5uYW+/ocJYMqizUISy5VIFggdQR44CWpEE6rsCmu7wauw3H0AqHgZ3OIrA8Wk/4D3OKGqpWzjsPHIPkAsPko5PcaCYTG7S9P6sWyhaJWsCc5HYGSmSDLVu4afjhSz2IUAmqFJt24rQSahEzgSk+U6sIKJsSPvQ1jSgPignmXwhNU+04pm9UOoToDlR/3Yk1Fdq5Lu6crLlvDcW//PaMfYunYQHUYwQsOlDvViYGJrjPEyPS2AoRppQJrne1WQDKilDnVp+ZlQWj5NArC8eYaozsucTWSSNcsk+L1VuK8VqOUsrR47IMTklNrkgVXJNaqROGHkiL+SVvBnPxrvxYXxOS5eMrOeAzMD4/gVoi6UR</latexit>

eK+

(see Alim, BH, Rudelius ’21)
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Infinite	towers?
To ensure the presence of infinite towers required
by the SDC, we need by analogy:

Infinite towers of BPS particles within       
due to BPS tower WGC

<latexit sha1_base64="SYxqCIWjo/fMgrD65HJfdAy02t0=">AAACIXicbVDLSgMxFM34rPVVdSVuBosgCGWmFHVZcCO4qWAf0I4lk7ltQzMPkjtKGQY/Rtzqd7gTd+JX+Aem7Sxs64GQwzn33twcNxJcoWV9GUvLK6tr67mN/ObW9s5uYW+/ocJYMqizUISy5VIFggdQR44CWpEE6rsCmu7wauw3H0AqHgZ3OIrA8Wk/4D3OKGqpWzjsPHIPkAsPko5PcaCYTG7S9P6sWyhaJWsCc5HYGSmSDLVu4afjhSz2IUAmqFJt24rQSahEzgSk+U6sIKJsSPvQ1jSgPignmXwhNU+04pm9UOoToDlR/3Yk1Fdq5Lu6crLlvDcW//PaMfYunYQHUYwQsOlDvViYGJrjPEyPS2AoRppQJrne1WQDKilDnVp+ZlQWj5NArC8eYaozsucTWSSNcsk+L1VuK8VqOUsrR47IMTklNrkgVXJNaqROGHkiL+SVvBnPxrvxYXxOS5eMrOeAzMD4/gVoi6UR</latexit>

eK+

(see Alim, BH, Rudelius ’21)

Dual-coordinate cone conjecture:
There exists a rational polyhedral fund.
domain       for the automorphism group 
    acting on (a novel math conjecture)

<latexit sha1_base64="y1fug61Dr2jLzhB1N8PBytgLDRQ=">AAACIXicbVDLSsNAFJ34rPVVdSVugkVwVRIp6rIgqMsK9gFtKJPJbTt08mDmRikh+DHiVr/DnbgTv8I/cJpmYVsPDHM45947d44bCa7Qsr6MpeWV1bX1wkZxc2t7Z7e0t99UYSwZNFgoQtl2qQLBA2ggRwHtSAL1XQEtd3Q18VsPIBUPg3scR+D4dBDwPmcUtdQrHXYfuQfIhQdJ16c4VEwm12nau+mVylbFymAuEjsnZZKj3iv9dL2QxT4EyARVqmNbEToJlciZgLTYjRVElI3oADqaBtQH5STZF1LzRCue2Q+lPgGamfq3I6G+UmPf1ZXZlvPeRPzP68TYv3QSHkQxQsCmD/VjYWJoTvIwPS6BoRhrQpnkeleTDamkDHVqxZlReTxOArG+eISpzsieT2SRNM8q9nmlelct16w8rQI5IsfklNjkgtTILamTBmHkibyQV/JmPBvvxofxOS1dMvKeAzID4/sXjyalJw==</latexit>

eFG <latexit sha1_base64="1SsTHCeGs+CQVPVA+VXM3YHF59o=">AAACIXicbVDLSgMxFM3UV62vqitxM1gEQSgzUtRlwY3gpoJ9QDuWTOa2Dc08SO4oZRj8GHGr3+FO3Ilf4R+YtrOwrQdCDufce3Nz3EhwhZb1ZeSWlldW1/LrhY3Nre2d4u5eQ4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1dhvPoBUPAzucBSB49N+wHucUdRSt3jQeeQeIBceJB2f4kAxmdyk6f1pt1iyytYE5iKxM1IiGWrd4k/HC1nsQ4BMUKXathWhk1CJnAlIC51YQUTZkPahrWlAfVBOMvlCah5rxTN7odQnQHOi/u1IqK/UyHd15WTLeW8s/ue1Y+xdOgkPohghYNOHerEwMTTHeZgel8BQjDShTHK9q8kGVFKGOrXCzKgsHieBWF88wlRnZM8nskgaZ2X7vFy5rZSqVpZWnhySI3JCbHJBquSa1EidMPJEXsgreTOejXfjw/icluaMrGefzMD4/gVn8aUP</latexit>

eK+
<latexit sha1_base64="dzQkYITEvMHFSq5As21lrKdSxVM=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokUdVlwocsW7APaUCbTm3boZBJmboQS+gHiVr/Dnbj1M/wM/8BpmoVtPTDM4Zx779w5fiy4Rsf5tgobm1vbO8Xd0t7+weFR+fikraNEMWixSESq61MNgktoIUcB3VgBDX0BHX9yN/c7T6A0j+QjTmPwQjqSPOCMopGa94Nyxak6Gex14uakQnI0BuWf/jBiSQgSmaBa91wnRi+lCj kTMCv1Ew0xZRM6gp6hkoagvTRbdGZfGGVoB5EyR6KdqX87UhpqPQ19UxlSHOtVby7+5/USDG69lMs4QZBs8VCQCBsje/5re8gVMBRTQyhT3OxqszFVlKHJprQ0KhvOlJdCYi4e48xk5K4msk7aV1X3ulpr1ip1J0+rSM7IObkkLrkhdfJAGqRFGAHyQl7Jm/VsvVsf1ueitGDlPadkCdbXL8a4mgw=</latexit>

G



16

Infinite	towers?
To ensure the presence of infinite towers required
by the SDC, we need by analogy:

Infinite towers of BPS particles within       
due to BPS tower WGC

<latexit sha1_base64="SYxqCIWjo/fMgrD65HJfdAy02t0=">AAACIXicbVDLSgMxFM34rPVVdSVuBosgCGWmFHVZcCO4qWAf0I4lk7ltQzMPkjtKGQY/Rtzqd7gTd+JX+Aem7Sxs64GQwzn33twcNxJcoWV9GUvLK6tr67mN/ObW9s5uYW+/ocJYMqizUISy5VIFggdQR44CWpEE6rsCmu7wauw3H0AqHgZ3OIrA8Wk/4D3OKGqpWzjsPHIPkAsPko5PcaCYTG7S9P6sWyhaJWsCc5HYGSmSDLVu4afjhSz2IUAmqFJt24rQSahEzgSk+U6sIKJsSPvQ1jSgPignmXwhNU+04pm9UOoToDlR/3Yk1Fdq5Lu6crLlvDcW//PaMfYunYQHUYwQsOlDvViYGJrjPEyPS2AoRppQJrne1WQDKilDnVp+ZlQWj5NArC8eYaozsucTWSSNcsk+L1VuK8VqOUsrR47IMTklNrkgVXJNaqROGHkiL+SVvBnPxrvxYXxOS5eMrOeAzMD4/gVoi6UR</latexit>

eK+

(see Alim, BH, Rudelius ’21)

Dual-coordinate cone conjecture:
There exists a rational polyhedral fund.
domain       for the automorphism group 
    acting on (a novel math conjecture)

Follows from cone conjecture if    
is a Coxeter group (true in simple exs) 

<latexit sha1_base64="y1fug61Dr2jLzhB1N8PBytgLDRQ=">AAACIXicbVDLSsNAFJ34rPVVdSVugkVwVRIp6rIgqMsK9gFtKJPJbTt08mDmRikh+DHiVr/DnbgTv8I/cJpmYVsPDHM45947d44bCa7Qsr6MpeWV1bX1wkZxc2t7Z7e0t99UYSwZNFgoQtl2qQLBA2ggRwHtSAL1XQEtd3Q18VsPIBUPg3scR+D4dBDwPmcUtdQrHXYfuQfIhQdJ16c4VEwm12nau+mVylbFymAuEjsnZZKj3iv9dL2QxT4EyARVqmNbEToJlciZgLTYjRVElI3oADqaBtQH5STZF1LzRCue2Q+lPgGamfq3I6G+UmPf1ZXZlvPeRPzP68TYv3QSHkQxQsCmD/VjYWJoTvIwPS6BoRhrQpnkeleTDamkDHVqxZlReTxOArG+eISpzsieT2SRNM8q9nmlelct16w8rQI5IsfklNjkgtTILamTBmHkibyQV/JmPBvvxofxOS1dMvKeAzID4/sXjyalJw==</latexit>

eFG <latexit sha1_base64="1SsTHCeGs+CQVPVA+VXM3YHF59o=">AAACIXicbVDLSgMxFM3UV62vqitxM1gEQSgzUtRlwY3gpoJ9QDuWTOa2Dc08SO4oZRj8GHGr3+FO3Ilf4R+YtrOwrQdCDufce3Nz3EhwhZb1ZeSWlldW1/LrhY3Nre2d4u5eQ4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1dhvPoBUPAzucBSB49N+wHucUdRSt3jQeeQeIBceJB2f4kAxmdyk6f1pt1iyytYE5iKxM1IiGWrd4k/HC1nsQ4BMUKXathWhk1CJnAlIC51YQUTZkPahrWlAfVBOMvlCah5rxTN7odQnQHOi/u1IqK/UyHd15WTLeW8s/ue1Y+xdOgkPohghYNOHerEwMTTHeZgel8BQjDShTHK9q8kGVFKGOrXCzKgsHieBWF88wlRnZM8nskgaZ2X7vFy5rZSqVpZWnhySI3JCbHJBquSa1EidMPJEXsgreTOejXfjw/icluaMrGefzMD4/gVn8aUP</latexit>

eK+
<latexit sha1_base64="dzQkYITEvMHFSq5As21lrKdSxVM=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokUdVlwocsW7APaUCbTm3boZBJmboQS+gHiVr/Dnbj1M/wM/8BpmoVtPTDM4Zx779w5fiy4Rsf5tgobm1vbO8Xd0t7+weFR+fikraNEMWixSESq61MNgktoIUcB3VgBDX0BHX9yN/c7T6A0j+QjTmPwQjqSPOCMopGa94Nyxak6Gex14uakQnI0BuWf/jBiSQgSmaBa91wnRi+lCj kTMCv1Ew0xZRM6gp6hkoagvTRbdGZfGGVoB5EyR6KdqX87UhpqPQ19UxlSHOtVby7+5/USDG69lMs4QZBs8VCQCBsje/5re8gVMBRTQyhT3OxqszFVlKHJprQ0KhvOlJdCYi4e48xk5K4msk7aV1X3ulpr1ip1J0+rSM7IObkkLrkhdfJAGqRFGAHyQl7Jm/VsvVsf1ueitGDlPadkCdbXL8a4mgw=</latexit>

G
<latexit sha1_base64="dzQkYITEvMHFSq5As21lrKdSxVM=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokUdVlwocsW7APaUCbTm3boZBJmboQS+gHiVr/Dnbj1M/wM/8BpmoVtPTDM4Zx779w5fiy4Rsf5tgobm1vbO8Xd0t7+weFR+fikraNEMWixSESq61MNgktoIUcB3VgBDX0BHX9yN/c7T6A0j+QjTmPwQjqSPOCMopGa94Nyxak6Gex14uakQnI0BuWf/jBiSQgSmaBa91wnRi+lCjkTMCv1Ew0xZRM6gp6hkoagvTRbdGZfGGVoB5EyR6KdqX87UhpqPQ19UxlSHOtVby7+5/USDG69lMs4QZBs8VCQCBsje/5re8gVMBRTQyhT3OxqszFVlKHJprQ0KhvOlJdCYi4e48xk5K4msk7aV1X3ulpr1ip1J0+rSM7IObkkLrkhdfJAGqRFGAHyQl7Jm/VsvVsf1ueitGDlPadkCdbXL8a4mgw=</latexit>

G



16

Infinite	towers?
To ensure the presence of infinite towers required
by the SDC, we need by analogy:

Infinite towers of BPS particles within       
due to BPS tower WGC

<latexit sha1_base64="SYxqCIWjo/fMgrD65HJfdAy02t0=">AAACIXicbVDLSgMxFM34rPVVdSVuBosgCGWmFHVZcCO4qWAf0I4lk7ltQzMPkjtKGQY/Rtzqd7gTd+JX+Aem7Sxs64GQwzn33twcNxJcoWV9GUvLK6tr67mN/ObW9s5uYW+/ocJYMqizUISy5VIFggdQR44CWpEE6rsCmu7wauw3H0AqHgZ3OIrA8Wk/4D3OKGqpWzjsPHIPkAsPko5PcaCYTG7S9P6sWyhaJWsCc5HYGSmSDLVu4afjhSz2IUAmqFJt24rQSahEzgSk+U6sIKJsSPvQ1jSgPignmXwhNU+04pm9UOoToDlR/3Yk1Fdq5Lu6crLlvDcW//PaMfYunYQHUYwQsOlDvViYGJrjPEyPS2AoRppQJrne1WQDKilDnVp+ZlQWj5NArC8eYaozsucTWSSNcsk+L1VuK8VqOUsrR47IMTklNrkgVXJNaqROGHkiL+SVvBnPxrvxYXxOS5eMrOeAzMD4/gVoi6UR</latexit>

eK+

(see Alim, BH, Rudelius ’21)

Dual-coordinate cone conjecture:
There exists a rational polyhedral fund.
domain       for the automorphism group 
    acting on (a novel math conjecture)

Follows from cone conjecture if    
is a Coxeter group (true in simple exs) 

<latexit sha1_base64="y1fug61Dr2jLzhB1N8PBytgLDRQ=">AAACIXicbVDLSsNAFJ34rPVVdSVugkVwVRIp6rIgqMsK9gFtKJPJbTt08mDmRikh+DHiVr/DnbgTv8I/cJpmYVsPDHM45947d44bCa7Qsr6MpeWV1bX1wkZxc2t7Z7e0t99UYSwZNFgoQtl2qQLBA2ggRwHtSAL1XQEtd3Q18VsPIBUPg3scR+D4dBDwPmcUtdQrHXYfuQfIhQdJ16c4VEwm12nau+mVylbFymAuEjsnZZKj3iv9dL2QxT4EyARVqmNbEToJlciZgLTYjRVElI3oADqaBtQH5STZF1LzRCue2Q+lPgGamfq3I6G+UmPf1ZXZlvPeRPzP68TYv3QSHkQxQsCmD/VjYWJoTvIwPS6BoRhrQpnkeleTDamkDHVqxZlReTxOArG+eISpzsieT2SRNM8q9nmlelct16w8rQI5IsfklNjkgtTILamTBmHkibyQV/JmPBvvxofxOS1dMvKeAzID4/sXjyalJw==</latexit>

eFG <latexit sha1_base64="1SsTHCeGs+CQVPVA+VXM3YHF59o=">AAACIXicbVDLSgMxFM3UV62vqitxM1gEQSgzUtRlwY3gpoJ9QDuWTOa2Dc08SO4oZRj8GHGr3+FO3Ilf4R+YtrOwrQdCDufce3Nz3EhwhZb1ZeSWlldW1/LrhY3Nre2d4u5eQ4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1dhvPoBUPAzucBSB49N+wHucUdRSt3jQeeQeIBceJB2f4kAxmdyk6f1pt1iyytYE5iKxM1IiGWrd4k/HC1nsQ4BMUKXathWhk1CJnAlIC51YQUTZkPahrWlAfVBOMvlCah5rxTN7odQnQHOi/u1IqK/UyHd15WTLeW8s/ue1Y+xdOgkPohghYNOHerEwMTTHeZgel8BQjDShTHK9q8kGVFKGOrXCzKgsHieBWF88wlRnZM8nskgaZ2X7vFy5rZSqVpZWnhySI3JCbHJBquSa1EidMPJEXsgreTOejXfjw/icluaMrGefzMD4/gVn8aUP</latexit>

eK+
<latexit sha1_base64="dzQkYITEvMHFSq5As21lrKdSxVM=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokUdVlwocsW7APaUCbTm3boZBJmboQS+gHiVr/Dnbj1M/wM/8BpmoVtPTDM4Zx779w5fiy4Rsf5tgobm1vbO8Xd0t7+weFR+fikraNEMWixSESq61MNgktoIUcB3VgBDX0BHX9yN/c7T6A0j+QjTmPwQjqSPOCMopGa94Nyxak6Gex14uakQnI0BuWf/jBiSQgSmaBa91wnRi+lCj kTMCv1Ew0xZRM6gp6hkoagvTRbdGZfGGVoB5EyR6KdqX87UhpqPQ19UxlSHOtVby7+5/USDG69lMs4QZBs8VCQCBsje/5re8gVMBRTQyhT3OxqszFVlKHJprQ0KhvOlJdCYi4e48xk5K4msk7aV1X3ulpr1ip1J0+rSM7IObkkLrkhdfJAGqRFGAHyQl7Jm/VsvVsf1ueitGDlPadkCdbXL8a4mgw=</latexit>

G
<latexit sha1_base64="dzQkYITEvMHFSq5As21lrKdSxVM=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokUdVlwocsW7APaUCbTm3boZBJmboQS+gHiVr/Dnbj1M/wM/8BpmoVtPTDM4Zx779w5fiy4Rsf5tgobm1vbO8Xd0t7+weFR+fikraNEMWixSESq61MNgktoIUcB3VgBDX0BHX9yN/c7T6A0j+QjTmPwQjqSPOCMopGa94Nyxak6Gex14uakQnI0BuWf/jBiSQgSmaBa91wnRi+lCjkTMCv1Ew0xZRM6gp6hkoagvTRbdGZfGGVoB5EyR6KdqX87UhpqPQ19UxlSHOtVby7+5/USDG69lMs4QZBs8VCQCBsje/5re8gVMBRTQyhT3OxqszFVlKHJprQ0KhvOlJdCYi4e48xk5K4msk7aV1X3ulpr1ip1J0+rSM7IObkkLrkhdfJAGqRFGAHyQl7Jm/VsvVsf1ueitGDlPadkCdbXL8a4mgw=</latexit>

GRealize
s id

ea fro
m Gendler, V

alenzuela ’20

that to
wer W

GC <latexit sha1_base64="zh4ffeFg62jDNURxnB2aEWuPoqc=">AAACF3icdVDLSsNAFJ34rPXRqEs3wSK4Kkkp6rLgxoWLCvYBbSiT6SQdOpkJMzdKCf0Qcavf4U7cuvQz/AOnaYXWx4FhDufcFydIONPguh/Wyura+sZmYau4vbO7V7L3D1paporQJpFcqk6ANeVM0CYw4LSTKIrjgNN2MLqc+u07qjST4hbGCfVjHAkWMoLBSH271LuWIlIsGgJWSt737bJXcXM47i/ybZXRHI2+/dkbSJLGVADhWOuu5ybgZ1gBI5xOir1U0wSTEY5o11CBY6r9LD984pwYZeCEUpknwMnVxY4Mx1qP48BUxhiG+qc3Ff/yuimEF37GRJICFWS2KEy5A9KZpuAMmKIE+NgQTBQztzpkiBUmYLIqLo3KhxPlZzQ1H0tgspjR/6RVrXhnldpNrVyvztMqoCN0jE6Rh85RHV2hBmoiglL0iJ7Qs/VgvViv1tusdMWa9xyiJVjvXypooLo=</latexit> =)<latexit sha1_base64="zh4ffeFg62jDNURxnB2aEWuPoqc=">AAACF3icdVDLSsNAFJ34rPXRqEs3wSK4Kkkp6rLgxoWLCvYBbSiT6SQdOpkJMzdKCf0Qcavf4U7cuvQz/AOnaYXWx4FhDufcFydIONPguh/Wyura+sZmYau4vbO7V7L3D1paporQJpFcqk6ANeVM0CYw4LSTKIrjgNN2MLqc+u07qjST4hbGCfVjHAkWMoLBSH271LuWIlIsGgJWSt737bJXcXM47i/ybZXRHI2+/dkbSJLGVADhWOuu5ybgZ1gBI5xOir1U0wSTEY5o11CBY6r9LD984pwYZeCEUpknwMnVxY4Mx1qP48BUxhiG+qc3Ff/yuimEF37GRJICFWS2KEy5A9KZpuAMmKIE+NgQTBQztzpkiBUmYLIqLo3KhxPlZzQ1H0tgspjR/6RVrXhnldpNrVyvztMqoCN0jE6Rh85RHV2hBmoiglL0iJ7Qs/VgvViv1tusdMWa9xyiJVjvXypooLo=</latexit> =)
 SDC



17

Finiteness	/	no	global	symmetries?
No global symmetries:               can only occur at
infinite distance. 

<latexit sha1_base64="KXxRjolWU2gs4iV8Tv250D6LiKc=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcsK9gHtUDJp2oZmMkNyRyhDv0Hc6ne4E7d+g5/hH5hOZ2FbL4QczrnPE8RSGHTdb2djc2t7Z7ewV9w/ODw6Lp2ctkyUaMabLJKR7gTUcCkUb6JAyTux5jQMJG8Hk7u53n7i2ohIPeI05n5IR0oMBaNoqfaI9DAibr9UdituFmQdeDkoQx6NfumnN4hYEnKFTFJjup4bo59SjYJJPiv2EsNjyiZ0xLsWKhpy46fZujNyaZkBGUbaPoUkY/9WpDQ0ZhoGNjOkODar2pz8T+smOLz1U6HiBLlii0HDRBJ74vx2MhCaM5RTCyjTwu5K2JhqytA6VFxqlTVn2k95Yj8R48x65K06sg5a1Yp3Xak91Mr1au5WAc7hAq7Agxuowz00oAkMJvACr/DmPDvvzofzuUjdcPKaM1gK5+sXol+cGQ==</latexit>

g ! 0



17

Finiteness	/	no	global	symmetries?
No global symmetries:               can only occur at
infinite distance. 

<latexit sha1_base64="KXxRjolWU2gs4iV8Tv250D6LiKc=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcsK9gHtUDJp2oZmMkNyRyhDv0Hc6ne4E7d+g5/hH5hOZ2FbL4QczrnPE8RSGHTdb2djc2t7Z7ewV9w/ODw6Lp2ctkyUaMabLJKR7gTUcCkUb6JAyTux5jQMJG8Hk7u53n7i2ohIPeI05n5IR0oMBaNoqfaI9DAibr9UdituFmQdeDkoQx6NfumnN4hYEnKFTFJjup4bo59SjYJJPiv2EsNjyiZ0xLsWKhpy46fZujNyaZkBGUbaPoUkY/9WpDQ0ZhoGNjOkODar2pz8T+smOLz1U6HiBLlii0HDRBJ74vx2MhCaM5RTCyjTwu5K2JhqytA6VFxqlTVn2k95Yj8R48x65K06sg5a1Yp3Xak91Mr1au5WAc7hAq7Agxuowz00oAkMJvACr/DmPDvvzofzuUjdcPKaM1gK5+sXol+cGQ==</latexit>

g ! 0

Can be proved in 5d              with the assumption: 
<latexit sha1_base64="kowjitis6buujh6mhOtNe5Xc7no=">AAACE3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMU3LiSCvYBbSiT6aQdOpnEmRuhhHyGuNXvcCdu/QA/wz9wkmZhWy8MczjnPg7HiwTXYNvfVmlldW19o7xZ2dre2d2r7h+0dRgrylo0FKHqekQzwSVrAQfBupFiJPAE63iTm0zvPDGleSgfYBoxNyAjyX1OCRjK7QcExpSI5C69dgbVml2388LLwClADRXVHFR/+sOQxgGTQAXRuufYEbgJUcCpYGmlH2sWETohI9YzUJKAaTfJTaf4xDBD7IfKPAk4Z/9OJCTQehp4pjMzqRe1jPxP68XgX7kJl1EMTNLZIT8WGEKcJYCHXDEKYmoAoYobr5iOiSIUTE6VuVX5cqrchMXm4xGkJiNnMZFl0D6rOxf18/vzWsMu0iqjI3SMTpGDLlED3aImaiGKHtELekVv1rP1bn1Yn7PWklXMHKK5sr5+AToAnyc=</latexit>

N = 1

Strong birational cone conjecture:
      in the birational cone conjecture can be chosen
to intersect a finite number of phases, with each
intersection finitely-generated

<latexit sha1_base64="tNbT7mMb/PfH6e5UMAzGpdvFcng=">AAACE3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCoC4r2Ae0Q8mkd9rQzMMkI5ShnyFu9TvciVs/wM/wD0yns7CtB0IO59ybHI4XC660bX9bhZXVtfWN4mZpa3tnd6+8f9BUUSIZNlgkItn2qELBQ2xorgW2Y4k08AS2vNH11G89oVQ8Ch/0OEY3oIOQ+5xRbSS3G1A9VEymN5Peba9csat2BrJMnJxUIEe9V/7p9iOWBBhqJq hSHceOtZtSqTkTOCl1E4UxZSM6wI6hIQ1QuWkWekJOjNInfiTNCTXJ1L8bKQ2UGgeemcxCLnpT8T+vk2j/yk15GCcaQzb7yE8E0RGZNkD6XCLTYmwIZZKbrIQNqaRMm55Kc0/l7bgpJubisZ6YjpzFRpZJ86zqXFTP788rNTtvqwhHcAyn4MAl1OAO6tAABo/wAq/wZj1b79aH9TkbLVj5ziHMwfr6BbB8n28=</latexit>

FG



17

Finiteness	/	no	global	symmetries?
No global symmetries:               can only occur at
infinite distance. 

<latexit sha1_base64="KXxRjolWU2gs4iV8Tv250D6LiKc=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcsK9gHtUDJp2oZmMkNyRyhDv0Hc6ne4E7d+g5/hH5hOZ2FbL4QczrnPE8RSGHTdb2djc2t7Z7ewV9w/ODw6Lp2ctkyUaMabLJKR7gTUcCkUb6JAyTux5jQMJG8Hk7u53n7i2ohIPeI05n5IR0oMBaNoqfaI9DAibr9UdituFmQdeDkoQx6NfumnN4hYEnKFTFJjup4bo59SjYJJPiv2EsNjyiZ0xLsWKhpy46fZujNyaZkBGUbaPoUkY/9WpDQ0ZhoGNjOkODar2pz8T+smOLz1U6HiBLlii0HDRBJ74vx2MhCaM5RTCyjTwu5K2JhqytA6VFxqlTVn2k95Yj8R48x65K06sg5a1Yp3Xak91Mr1au5WAc7hAq7Agxuowz00oAkMJvACr/DmPDvvzofzuUjdcPKaM1gK5+sXol+cGQ==</latexit>

g ! 0

Can be proved in 5d              with the assumption: 
<latexit sha1_base64="kowjitis6buujh6mhOtNe5Xc7no=">AAACE3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMU3LiSCvYBbSiT6aQdOpnEmRuhhHyGuNXvcCdu/QA/wz9wkmZhWy8MczjnPg7HiwTXYNvfVmlldW19o7xZ2dre2d2r7h+0dRgrylo0FKHqekQzwSVrAQfBupFiJPAE63iTm0zvPDGleSgfYBoxNyAjyX1OCRjK7QcExpSI5C69dgbVml2388LLwClADRXVHFR/+sOQxgGTQAXRuufYEbgJUcCpYGmlH2sWETohI9YzUJKAaTfJTaf4xDBD7IfKPAk4Z/9OJCTQehp4pjMzqRe1jPxP68XgX7kJl1EMTNLZIT8WGEKcJYCHXDEKYmoAoYobr5iOiSIUTE6VuVX5cqrchMXm4xGkJiNnMZFl0D6rOxf18/vzWsMu0iqjI3SMTpGDLlED3aImaiGKHtELekVv1rP1bn1Yn7PWklXMHKK5sr5+AToAnyc=</latexit>

N = 1

Strong birational cone conjecture:
      in the birational cone conjecture can be chosen
to intersect a finite number of phases, with each
intersection finitely-generated

<latexit sha1_base64="tNbT7mMb/PfH6e5UMAzGpdvFcng=">AAACE3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCoC4r2Ae0Q8mkd9rQzMMkI5ShnyFu9TvciVs/wM/wD0yns7CtB0IO59ybHI4XC660bX9bhZXVtfWN4mZpa3tnd6+8f9BUUSIZNlgkItn2qELBQ2xorgW2Y4k08AS2vNH11G89oVQ8Ch/0OEY3oIOQ+5xRbSS3G1A9VEymN5Peba9csat2BrJMnJxUIEe9V/7p9iOWBBhqJq hSHceOtZtSqTkTOCl1E4UxZSM6wI6hIQ1QuWkWekJOjNInfiTNCTXJ1L8bKQ2UGgeemcxCLnpT8T+vk2j/yk15GCcaQzb7yE8E0RGZNkD6XCLTYmwIZZKbrIQNqaRMm55Kc0/l7bgpJubisZ6YjpzFRpZJ86zqXFTP788rNTtvqwhHcAyn4MAl1OAO6tAABo/wAq/wZj1b79aH9TkbLVj5ziHMwfr6BbB8n28=</latexit>

FG

If so, the reasoning of BH, Rudelius ’20 applies:
             iff we approach inf. distance boundary

<latexit sha1_base64="KXxRjolWU2gs4iV8Tv250D6LiKc=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXBjcsK9gHtUDJp2oZmMkNyRyhDv0Hc6ne4E7d+g5/hH5hOZ2FbL4QczrnPE8RSGHTdb2djc2t7Z7ewV9w/ODw6Lp2ctkyUaMabLJKR7gTUcCkUb6JAyTux5jQMJG8Hk7u53n7i2ohIPeI05n5IR0oMBaNoqfaI9DAibr9UdituFmQdeDkoQx6NfumnN4hYEnKFTFJjup4bo5 9SjYJJPiv2EsNjyiZ0xLsWKhpy46fZujNyaZkBGUbaPoUkY/9WpDQ0ZhoGNjOkODar2pz8T+smOLz1U6HiBLlii0HDRBJ74vx2MhCaM5RTCyjTwu5K2JhqytA6VFxqlTVn2k95Yj8R48x65K06sg5a1Yp3Xak91Mr1au5WAc7hAq7Agxuowz00oAkMJvACr/DmPDvvzofzuUjdcPKaM1gK5+sXol+cGQ==</latexit>

g ! 0
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KK	modes	vs	emergent	strings?
What kind of inf. distance limit occurs at                  ?

<latexit sha1_base64="xqGMqWEvZCUN416yWlMFEPja9oA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXBjd1VsC860yGTZtrQzIPkTqEM/RFxq9/hTty68zP8A9N2Frb1QMjhnHtvbo6fCK7Asr6Nwsbm1vZOcbe0t39weGQenzRVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8kf3M781ZlLxOHqCScLckAwiHnBKQEueaXZ6NexAjDueQxT0ap5ZtirWHHid2Dkpoxx1z/xx+jFNQxYBFUSprm0l4GZEAqeCTUtOqlhC6IgMWFfTiIRMudl88ym+0EofB7HUJwI8V/92ZCRUahL6ujIkMFSr3kz8z+umENy5GY+SFFhEFw8FqcD6p7MYcJ9LRkFMNCFUcr0rpkMiCQUdVmlp1Hw4lW7GUn3xBKY6I3s1kXXSvKrYN5Xrx+ty1crTKqIzdI4ukY1uURU9oDpqIIrG6AW9ojfj2Xg3PozPRWnByHtO0RKMr18mHKAO</latexit>

Y I ! Y I
⇤



18

KK	modes	vs	emergent	strings?
What kind of inf. distance limit occurs at                  ?

<latexit sha1_base64="xqGMqWEvZCUN416yWlMFEPja9oA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXBjd1VsC860yGTZtrQzIPkTqEM/RFxq9/hTty68zP8A9N2Frb1QMjhnHtvbo6fCK7Asr6Nwsbm1vZOcbe0t39weGQenzRVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8kf3M781ZlLxOHqCScLckAwiHnBKQEueaXZ6NexAjDueQxT0ap5ZtirWHHid2Dkpoxx1z/xx+jFNQxYBFUSprm0l4GZEAqeCTUtOqlhC6IgMWFfTiIRMudl88ym+0EofB7HUJwI8V/92ZCRUahL6ujIkMFSr3kz8z+umENy5GY+SFFhEFw8FqcD6p7MYcJ9LRkFMNCFUcr0rpkMiCQUdVmlp1Hw4lW7GUn3xBKY6I3s1kXXSvKrYN5Xrx+ty1crTKqIzdI4ukY1uURU9oDpqIIrG6AW9ojfj2Xg3PozPRWnByHtO0RKMr18mHKAO</latexit>

Y I ! Y I
⇤

<latexit sha1_base64="Fg8mub+i+kjjKtYIArbqPtGL8mk=">AAACH3icbVDLSgMxFM3UV62vqgsXboJFcCFlRoq6EQpu7K6CfUg7LZn0tg3NPEjuCGXox4hb/Q534raf4R+YPha29UDI4Zz7SI4XSaHRtsdWam19Y3MrvZ3Z2d3bP8geHlV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG9xP/NoLKC3C4AmHEbg+6wWiKzhDI7WzJ8/tJtPYKtE72uyARNZKSpf2qJ3N2Xl7CrpKnDnJkTnK7exPsxPy2IcAuWRaNxw7QjdhCgWXMMo0Yw0R4wPWg4ahAfNBu8n0AyN6bpQO7YbKnADpVP3bkTBf66HvmUqfYV8vexPxP68RY/fWTUQQxQgBny3qxpJiSCdp0I5QwFEODWFcCfNWyvtMMY4ms8zCqOlwrtwEYnOJCCcZOcuJrJLqVd65zhceC7miPU8rTU7JGbkgDrkhRfJAyqRCOBmRN/JOPqxX69P6sr5npSlr3nNMFmCNfwE8waKz</latexit>

Y I
⇤ = �I,0Choose                   WLOG

<latexit sha1_base64="pJwM2BsbXb/Ea3MUTpZBue5ftdk=">AAACdXicbZFfb9MwFMWdDNgo/zp4REgWBTQE6pJtgr0gTUJCPA6JbquaNLpxb1uvdhLZN0hVlE/J0z4GT4g3nDQPbONKto9+x9e2jtNCSUtBcOX5W3fu3tveud978PDR4yf93adnNi+NwJHIVW4uUrCoZIYjkqTwojAIOlV4nq4+N/75DzRW5tl3WhcYa1hkci4FkENJX0caaClAVV/qTzwCVSyB742nwdvpIX/HoxQJEsk7dM DHU9ngBWgNSSX5Ze1Q0OAed/NlYyp3/Wzj8lXdtjTOeLpK+oNgGLTFb4uwEwPW1WnS/xXNclFqzEgosHYSBgXFFRiSQmHdi0qLBYgVLHDiZAYabVy1sdT8tSMzPs+NGxnxlv7bUYG2dq1Tt7MJwd70Gvg/b1LS/DiuZFaUhJnYXDQvFaecNxnzmTQoSK2dAGGkeysXSzAgyP1E79pR7eHCxBWWbpEF1S6j8GYit8XZwTD8MDz6djQ4ed+ltcOes5dsj4XsIzthX9kpGzHBfrI/nu9teb/9F/4r/81mq+91Pc/YtfL3/wLvL7pF</latexit>

F = ↵(Y 0)3 + �i(Y
0)2Y i + �ijY

0Y iY j + �ijkY
iY jY k
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KK	modes	vs	emergent	strings?
What kind of inf. distance limit occurs at                  ?

<latexit sha1_base64="xqGMqWEvZCUN416yWlMFEPja9oA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXBjd1VsC860yGTZtrQzIPkTqEM/RFxq9/hTty68zP8A9N2Frb1QMjhnHtvbo6fCK7Asr6Nwsbm1vZOcbe0t39weGQenzRVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8kf3M781ZlLxOHqCScLckAwiHnBKQEueaXZ6NexAjDueQxT0ap5ZtirWHHid2Dkpoxx1z/xx+jFNQxYBFUSprm0l4GZEAqeCTUtOqlhC6IgMWFfTiIRMudl88ym+0EofB7HUJwI8V/92ZCRUahL6ujIkMFSr3kz8z+umENy5GY+SFFhEFw8FqcD6p7MYcJ9LRkFMNCFUcr0rpkMiCQUdVmlp1Hw4lW7GUn3xBKY6I3s1kXXSvKrYN5Xrx+ty1crTKqIzdI4ukY1uURU9oDpqIIrG6AW9ojfj2Xg3PozPRWnByHtO0RKMr18mHKAO</latexit>

Y I ! Y I
⇤

<latexit sha1_base64="Fg8mub+i+kjjKtYIArbqPtGL8mk=">AAACH3icbVDLSgMxFM3UV62vqgsXboJFcCFlRoq6EQpu7K6CfUg7LZn0tg3NPEjuCGXox4hb/Q534raf4R+YPha29UDI4Zz7SI4XSaHRtsdWam19Y3MrvZ3Z2d3bP8geHlV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG9xP/NoLKC3C4AmHEbg+6wWiKzhDI7WzJ8/tJtPYKtE72uyARNZKSpf2qJ3N2Xl7CrpKnDnJkTnK7exPsxPy2IcAuWRaNxw7QjdhCgWXMMo0Yw0R4wPWg4ahAfNBu8n0AyN6bpQO7YbKnADpVP3bkTBf66HvmUqfYV8vexPxP68RY/fWTUQQxQgBny3qxpJiSCdp0I5QwFEODWFcCfNWyvtMMY4ms8zCqOlwrtwEYnOJCCcZOcuJrJLqVd65zhceC7miPU8rTU7JGbkgDrkhRfJAyqRCOBmRN/JOPqxX69P6sr5npSlr3nNMFmCNfwE8waKz</latexit>

Y I
⇤ = �I,0Choose                   WLOG

<latexit sha1_base64="pJwM2BsbXb/Ea3MUTpZBue5ftdk=">AAACdXicbZFfb9MwFMWdDNgo/zp4REgWBTQE6pJtgr0gTUJCPA6JbquaNLpxb1uvdhLZN0hVlE/J0z4GT4g3nDQPbONKto9+x9e2jtNCSUtBcOX5W3fu3tveud978PDR4yf93adnNi+NwJHIVW4uUrCoZIYjkqTwojAIOlV4nq4+N/75DzRW5tl3WhcYa1hkci4FkENJX0caaClAVV/qTzwCVSyB742nwdvpIX/HoxQJEsk7dM DHU9ngBWgNSSX5Ze1Q0OAed/NlYyp3/Wzj8lXdtjTOeLpK+oNgGLTFb4uwEwPW1WnS/xXNclFqzEgosHYSBgXFFRiSQmHdi0qLBYgVLHDiZAYabVy1sdT8tSMzPs+NGxnxlv7bUYG2dq1Tt7MJwd70Gvg/b1LS/DiuZFaUhJnYXDQvFaecNxnzmTQoSK2dAGGkeysXSzAgyP1E79pR7eHCxBWWbpEF1S6j8GYit8XZwTD8MDz6djQ4ed+ltcOes5dsj4XsIzthX9kpGzHBfrI/nu9teb/9F/4r/81mq+91Pc/YtfL3/wLvL7pF</latexit>

F = ↵(Y 0)3 + �i(Y
0)2Y i + �ijY

0Y iY j + �ijkY
iY jY k

<latexit sha1_base64="unhIsT2+GJCqQ9M4fqo9ZUXrXao=">AAACMXicdVDJSgNBEO1xjXGLevTSmBH0EiZB1GNAEL1FMC5kxlDT6dEmPQvdNUIY5hv8GPGq35GbePXkH9gZI7gWNP36varqqucnUmh0nKE1MTk1PTNbmivPLywuLVdWVs90nCrG2yyWsbrwQXMpIt5GgZJfJIpD6Et+7vcPRvr5LVdaxNEpDhLuhXAdiUAwQEN1K9u2GwLeMJDZYU5djKljU9DUvrw6Lp7m7rqg0e5WqvWaUw R1foFPqUrG0epW3txezNKQR8gkaN2pOwl6GSgUTPK87KaaJ8D6cM07BkYQcu1lxUo53TRMjwaxMidCWrBfKzIItR6Evskcza9/aiPyL62TYrDvZSJKUuQR+/goSCU1q478oT2hOEM5MACYEmZWym5AAUPjYvlbq6I5U17GU3OJBPOvHv0Pzhq1+m5t56RRbdpjt0pknWyQLVIne6RJjkiLtAkjd+SBPJIn694aWs/Wy0fqhDWuWSPfwnp9B2vuqMI=</latexit>

F ! 0 as Y I ! Y I
⇤
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KK	modes	vs	emergent	strings?
What kind of inf. distance limit occurs at                  ?

<latexit sha1_base64="xqGMqWEvZCUN416yWlMFEPja9oA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXBjd1VsC860yGTZtrQzIPkTqEM/RFxq9/hTty68zP8A9N2Frb1QMjhnHtvbo6fCK7Asr6Nwsbm1vZOcbe0t39weGQenzRVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8kf3M781ZlLxOHqCScLckAwiHnBKQEueaXZ6NexAjDueQxT0ap5ZtirWHHid2Dkpoxx1z/xx+jFNQxYBFUSprm0l4GZEAqeCTUtOqlhC6IgMWFfTiIRMudl88ym+0EofB7HUJwI8V/92ZCRUahL6ujIkMFSr3kz8z+umENy5GY+SFFhEFw8FqcD6p7MYcJ9LRkFMNCFUcr0rpkMiCQUdVmlp1Hw4lW7GUn3xBKY6I3s1kXXSvKrYN5Xrx+ty1crTKqIzdI4ukY1uURU9oDpqIIrG6AW9ojfj2Xg3PozPRWnByHtO0RKMr18mHKAO</latexit>

Y I ! Y I
⇤

<latexit sha1_base64="Fg8mub+i+kjjKtYIArbqPtGL8mk=">AAACH3icbVDLSgMxFM3UV62vqgsXboJFcCFlRoq6EQpu7K6CfUg7LZn0tg3NPEjuCGXox4hb/Q534raf4R+YPha29UDI4Zz7SI4XSaHRtsdWam19Y3MrvZ3Z2d3bP8geHlV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG9xP/NoLKC3C4AmHEbg+6wWiKzhDI7WzJ8/tJtPYKtE72uyARNZKSpf2qJ3N2Xl7CrpKnDnJkTnK7exPsxPy2IcAuWRaNxw7QjdhCgWXMMo0Yw0R4wPWg4ahAfNBu8n0AyN6bpQO7YbKnADpVP3bkTBf66HvmUqfYV8vexPxP68RY/fWTUQQxQgBny3qxpJiSCdp0I5QwFEODWFcCfNWyvtMMY4ms8zCqOlwrtwEYnOJCCcZOcuJrJLqVd65zhceC7miPU8rTU7JGbkgDrkhRfJAyqRCOBmRN/JOPqxX69P6sr5npSlr3nNMFmCNfwE8waKz</latexit>

Y I
⇤ = �I,0Choose                   WLOG

<latexit sha1_base64="pJwM2BsbXb/Ea3MUTpZBue5ftdk=">AAACdXicbZFfb9MwFMWdDNgo/zp4REgWBTQE6pJtgr0gTUJCPA6JbquaNLpxb1uvdhLZN0hVlE/J0z4GT4g3nDQPbONKto9+x9e2jtNCSUtBcOX5W3fu3tveud978PDR4yf93adnNi+NwJHIVW4uUrCoZIYjkqTwojAIOlV4nq4+N/75DzRW5tl3WhcYa1hkci4FkENJX0caaClAVV/qTzwCVSyB742nwdvpIX/HoxQJEsk7dM DHU9ngBWgNSSX5Ze1Q0OAed/NlYyp3/Wzj8lXdtjTOeLpK+oNgGLTFb4uwEwPW1WnS/xXNclFqzEgosHYSBgXFFRiSQmHdi0qLBYgVLHDiZAYabVy1sdT8tSMzPs+NGxnxlv7bUYG2dq1Tt7MJwd70Gvg/b1LS/DiuZFaUhJnYXDQvFaecNxnzmTQoSK2dAGGkeysXSzAgyP1E79pR7eHCxBWWbpEF1S6j8GYit8XZwTD8MDz6djQ4ed+ltcOes5dsj4XsIzthX9kpGzHBfrI/nu9teb/9F/4r/81mq+91Pc/YtfL3/wLvL7pF</latexit>

F = ↵(Y 0)3 + �i(Y
0)2Y i + �ijY

0Y iY j + �ijkY
iY jY k

<latexit sha1_base64="unhIsT2+GJCqQ9M4fqo9ZUXrXao=">AAACMXicdVDJSgNBEO1xjXGLevTSmBH0EiZB1GNAEL1FMC5kxlDT6dEmPQvdNUIY5hv8GPGq35GbePXkH9gZI7gWNP36varqqucnUmh0nKE1MTk1PTNbmivPLywuLVdWVs90nCrG2yyWsbrwQXMpIt5GgZJfJIpD6Et+7vcPRvr5LVdaxNEpDhLuhXAdiUAwQEN1K9u2GwLeMJDZYU5djKljU9DUvrw6Lp7m7rqg0e5WqvWaUw R1foFPqUrG0epW3txezNKQR8gkaN2pOwl6GSgUTPK87KaaJ8D6cM07BkYQcu1lxUo53TRMjwaxMidCWrBfKzIItR6Evskcza9/aiPyL62TYrDvZSJKUuQR+/goSCU1q478oT2hOEM5MACYEmZWym5AAUPjYvlbq6I5U17GU3OJBPOvHv0Pzhq1+m5t56RRbdpjt0pknWyQLVIne6RJjkiLtAkjd+SBPJIn694aWs/Wy0fqhDWuWSPfwnp9B2vuqMI=</latexit>

F ! 0 as Y I ! Y I
⇤

Can argue that             leads to 6d decompct. limit 
<latexit sha1_base64="SIjtFakovTwhicToEu5XV3WJpOg=">AAACE3icbVDLSsNAFJ3Ud31VXboZFMGFlEREXQpuXCrYVmhCmUxu26GTSZy5EUroxo1fIG71A/wCd+LWD/Az/AKdpi6s9cAwh3PuixOmUhh03Q+nNDU9Mzs3v1BeXFpeWa2srddNkmkONZ7IRF+FzIAUCmooUMJVqoHFoYRG2Dsd+o0b0EYk6hL7KQQx6yjRFpyhlQI/BGQtQX0F1G1Vtt2qW4BOEu+HbJ8s3EXPX7d7563Kpx8lPItBIZfMmKbnphjkTKPgEgZlPzOQMt5jHWhaqlgMJsiLowd0xyoRbSfaPoW0UH935Cw2ph+HtjJm2DV/vaH4n9fMsH0c5EKlGYLio0XtTFJM6DABGgkNHGXfEsa1sLdS3mWacbQ5lcdGFcO5DnLI7CdSHNiMvL+JTJL6ftU7rB5c2LBcMsI82SRbZJd45IickDNyTmqEk2vyQB7Jk3PvvDivztuotOT89GyQMTjv34gpoiY=</latexit>

�i 6= 0

whereas              leads to an emergent string limit 
<latexit sha1_base64="UbKkWbvj8itbgSmNTQ1n4Q45AAc=">AAACEXicbVDLSgMxFM3UV1tfVZdugkVwIWVGRN0IBTcuK9gHtEPJpLdtaOZBckcoQzdu/ABxq1/gB7gTt36Bn+EXaDrtwrYeCDmcc+/NzfEiKTTa9peVWVpeWV3L5vLrG5tb24Wd3ZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g6uxX78DpUUY3OIwAtdnvUB0BWdopGbLA2RtQS+p3S4U7ZKdgi4SZ0qK5dxD5/Xn/rjSLny3OiGPfQiQS6Z107EjdBOmUHAJo3wr1hAxPmA9aBoaMB+0m6Qrj+ihUTq0GypzAqSp+rcjYb7WQ98zlT7Dvp73xuJ/XjPG7oWbiCCKEQI+eagbS4ohHf+fdoQCjnJoCONKmF0p7zPFOJqU8jOj0uFcuQnE5hIRjkxGznwii6R2UnLOSqc3JiybTJAl++SAHBGHnJMyuSYVUiWchOSJPJMX69F6s96tj0lpxpr27JEZWJ+/qPuhIA==</latexit>

�i = 0
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KK	modes	vs	emergent	strings?
What kind of inf. distance limit occurs at                  ?

<latexit sha1_base64="xqGMqWEvZCUN416yWlMFEPja9oA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXBjd1VsC860yGTZtrQzIPkTqEM/RFxq9/hTty68zP8A9N2Frb1QMjhnHtvbo6fCK7Asr6Nwsbm1vZOcbe0t39weGQenzRVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8kf3M781ZlLxOHqCScLckAwiHnBKQEueaXZ6NexAjDueQxT0ap5ZtirWHHid2Dkpoxx1z/xx+jFNQxYBFUSprm0l4GZEAqeCTUtOqlhC6IgMWFfTiIRMudl88ym+0EofB7HUJwI8V/92ZCRUahL6ujIkMFSr3kz8z+umENy5GY+SFFhEFw8FqcD6p7MYcJ9LRkFMNCFUcr0rpkMiCQUdVmlp1Hw4lW7GUn3xBKY6I3s1kXXSvKrYN5Xrx+ty1crTKqIzdI4ukY1uURU9oDpqIIrG6AW9ojfj2Xg3PozPRWnByHtO0RKMr18mHKAO</latexit>

Y I ! Y I
⇤

<latexit sha1_base64="Fg8mub+i+kjjKtYIArbqPtGL8mk=">AAACH3icbVDLSgMxFM3UV62vqgsXboJFcCFlRoq6EQpu7K6CfUg7LZn0tg3NPEjuCGXox4hb/Q534raf4R+YPha29UDI4Zz7SI4XSaHRtsdWam19Y3MrvZ3Z2d3bP8geHlV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG9xP/NoLKC3C4AmHEbg+6wWiKzhDI7WzJ8/tJtPYKtE72uyARNZKSpf2qJ3N2Xl7CrpKnDnJkTnK7exPsxPy2IcAuWRaNxw7QjdhCgWXMMo0Yw0R4wPWg4ahAfNBu8n0AyN6bpQO7YbKnADpVP3bkTBf66HvmUqfYV8vexPxP68RY/fWTUQQxQgBny3qxpJiSCdp0I5QwFEODWFcCfNWyvtMMY4ms8zCqOlwrtwEYnOJCCcZOcuJrJLqVd65zhceC7miPU8rTU7JGbkgDrkhRfJAyqRCOBmRN/JOPqxX69P6sr5npSlr3nNMFmCNfwE8waKz</latexit>

Y I
⇤ = �I,0Choose                   WLOG

<latexit sha1_base64="pJwM2BsbXb/Ea3MUTpZBue5ftdk=">AAACdXicbZFfb9MwFMWdDNgo/zp4REgWBTQE6pJtgr0gTUJCPA6JbquaNLpxb1uvdhLZN0hVlE/J0z4GT4g3nDQPbONKto9+x9e2jtNCSUtBcOX5W3fu3tveud978PDR4yf93adnNi+NwJHIVW4uUrCoZIYjkqTwojAIOlV4nq4+N/75DzRW5tl3WhcYa1hkci4FkENJX0caaClAVV/qTzwCVSyB742nwdvpIX/HoxQJEsk7dM DHU9ngBWgNSSX5Ze1Q0OAed/NlYyp3/Wzj8lXdtjTOeLpK+oNgGLTFb4uwEwPW1WnS/xXNclFqzEgosHYSBgXFFRiSQmHdi0qLBYgVLHDiZAYabVy1sdT8tSMzPs+NGxnxlv7bUYG2dq1Tt7MJwd70Gvg/b1LS/DiuZFaUhJnYXDQvFaecNxnzmTQoSK2dAGGkeysXSzAgyP1E79pR7eHCxBWWbpEF1S6j8GYit8XZwTD8MDz6djQ4ed+ltcOes5dsj4XsIzthX9kpGzHBfrI/nu9teb/9F/4r/81mq+91Pc/YtfL3/wLvL7pF</latexit>

F = ↵(Y 0)3 + �i(Y
0)2Y i + �ijY

0Y iY j + �ijkY
iY jY k

<latexit sha1_base64="unhIsT2+GJCqQ9M4fqo9ZUXrXao=">AAACMXicdVDJSgNBEO1xjXGLevTSmBH0EiZB1GNAEL1FMC5kxlDT6dEmPQvdNUIY5hv8GPGq35GbePXkH9gZI7gWNP36varqqucnUmh0nKE1MTk1PTNbmivPLywuLVdWVs90nCrG2yyWsbrwQXMpIt5GgZJfJIpD6Et+7vcPRvr5LVdaxNEpDhLuhXAdiUAwQEN1K9u2GwLeMJDZYU5djKljU9DUvrw6Lp7m7rqg0e5WqvWaUw R1foFPqUrG0epW3txezNKQR8gkaN2pOwl6GSgUTPK87KaaJ8D6cM07BkYQcu1lxUo53TRMjwaxMidCWrBfKzIItR6Evskcza9/aiPyL62TYrDvZSJKUuQR+/goSCU1q478oT2hOEM5MACYEmZWym5AAUPjYvlbq6I5U17GU3OJBPOvHv0Pzhq1+m5t56RRbdpjt0pknWyQLVIne6RJjkiLtAkjd+SBPJIn694aWs/Wy0fqhDWuWSPfwnp9B2vuqMI=</latexit>

F ! 0 as Y I ! Y I
⇤

Can argue that             leads to 6d decompct. limit 
<latexit sha1_base64="SIjtFakovTwhicToEu5XV3WJpOg=">AAACE3icbVDLSsNAFJ3Ud31VXboZFMGFlEREXQpuXCrYVmhCmUxu26GTSZy5EUroxo1fIG71A/wCd+LWD/Az/AKdpi6s9cAwh3PuixOmUhh03Q+nNDU9Mzs3v1BeXFpeWa2srddNkmkONZ7IRF+FzIAUCmooUMJVqoHFoYRG2Dsd+o0b0EYk6hL7KQQx6yjRFpyhlQI/BGQtQX0F1G1Vtt2qW4BOEu+HbJ8s3EXPX7d7563Kpx8lPItBIZfMmKbnphjkTKPgEgZlPzOQMt5jHWhaqlgMJsiLowd0xyoRbSfaPoW0UH935Cw2ph+HtjJm2DV/vaH4n9fMsH0c5EKlGYLio0XtTFJM6DABGgkNHGXfEsa1sLdS3mWacbQ5lcdGFcO5DnLI7CdSHNiMvL+JTJL6ftU7rB5c2LBcMsI82SRbZJd45IickDNyTmqEk2vyQB7Jk3PvvDivztuotOT89GyQMTjv34gpoiY=</latexit>

�i 6= 0

whereas              leads to an emergent string limit 
<latexit sha1_base64="UbKkWbvj8itbgSmNTQ1n4Q45AAc=">AAACEXicbVDLSgMxFM3UV1tfVZdugkVwIWVGRN0IBTcuK9gHtEPJpLdtaOZBckcoQzdu/ABxq1/gB7gTt36Bn+EXaDrtwrYeCDmcc+/NzfEiKTTa9peVWVpeWV3L5vLrG5tb24Wd3ZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g6uxX78DpUUY3OIwAtdnvUB0BWdopGbLA2RtQS+p3S4U7ZKdgi4SZ0qK5dxD5/Xn/rjSLny3OiGPfQiQS6Z107EjdBOmUHAJo3wr1hAxPmA9aBoaMB+0m6Qrj+ihUTq0GypzAqSp+rcjYb7WQ98zlT7Dvp73xuJ/XjPG7oWbiCCKEQI+eagbS4ohHf+fdoQCjnJoCONKmF0p7zPFOJqU8jOj0uFcuQnE5hIRjkxGznwii6R2UnLOSqc3JiybTJAl++SAHBGHnJMyuSYVUiWchOSJPJMX69F6s96tj0lpxpr27JEZWJ+/qPuhIA==</latexit>

�i = 0

[Note: if             then                   is a Kollar divisor 
<latexit sha1_base64="SIjtFakovTwhicToEu5XV3WJpOg=">AAACE3icbVDLSsNAFJ3Ud31VXboZFMGFlEREXQpuXCrYVmhCmUxu26GTSZy5EUroxo1fIG71A/wCd+LWD/Az/AKdpi6s9cAwh3PuixOmUhh03Q+nNDU9Mzs3v1BeXFpeWa2srddNkmkONZ7IRF+FzIAUCmooUMJVqoHFoYRG2Dsd+o0b0EYk6hL7KQQx6yjRFpyhlQI/BGQtQX0F1G1Vtt2qW4BOEu+HbJ8s3EXPX7d7563Kpx8lPItBIZfMmKbnphjkTKPgEgZlPzOQMt5jHWhaqlgMJsiLowd0xyoRbSfaPoW0UH935Cw2ph+HtjJm2DV/vaH4n9fMsH0c5EKlGYLio0XtTFJM6DABGgkNHGXfEsa1sLdS3mWacbQ5lcdGFcO5DnLI7CdSHNiMvL+JTJL6ftU7rB5c2LBcMsI82SRbZJd45IickDNyTmqEk2vyQB7Jk3PvvDivztuotOT89GyQMTjv34gpoiY=</latexit>

�i 6= 0
<latexit sha1_base64="YJHpiFyIDx31uRKd+x2sCybDM8A="></latexit>

Q̃I / �I,0

Signals elliptic fibration of 6d F-theory model!]
(                           as prev. argued)

<latexit sha1_base64="5dQZljgdL8hX2ivH81EzWQoIkw4="></latexit>

Y I
⇤ 2 K+ ✓ E



Summary

There is a rich interplay between the SDC, emergent
strings, the WGC, no global symmetries, and
finiteness in 5d            theories and some existing
and novel conjectures about the “tameness” of
certain geometric cones
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<latexit sha1_base64="DPUx6C26JuwrF/JpNaBGIjCwDxg=">AAACE3icbVC7SgNBFJ2NrxhfUUtBBoNgIWFXRG3EgI2VJGAekCxhdnKTDJl9ODMrhGVLP0Fs9RPsBDux9QP8Bm38A2c3FibxwjCHc+7jcJyAM6lM88PIzMzOzS9kF3NLyyura/n1jZr0Q0GhSn3ui4ZDJHDmQVUxxaERCCCuw6HuDM4TvX4DQjLfu1LDAGyX9DzWZZQoTdktl6g+JTy6jE+tdr5gFs208DSwfkHh7Onzdvu58lVu579bHZ+GLniKciJl0zIDZUdEKEY5xLlWKCEgdEB60NTQIy5IO0pNx3hXMx3c9YV+nsIp+3ciIq6UQ9fRnYlJOakl5H9aM1TdEztiXhAq8OjoUDfkWPk4SQB3mACq+FADQgXTXjHtE0Go0jnlxlaly6mwIwj1xwIV64ysyUSmQe2gaB0VDytmobSPRpVFW2gH7SELHaMSukBlVEUUXaN79IAejTvjxXg13katGeN3ZhONlfH+A72no5I=</latexit>

N = 1
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