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5d Supergravity and Calabi-
Yau Geometry



5d supergravity

• 5d supergravity features two multiplets with 
massless scalar fields 

• Hypermultiplets 
• Vector multiplets, which also feature a vector 

boson 
• In addition, every 5d supergravity theory features 

a gravity multiplet, which also has a vector boson 
• Thus, there are  vector bosons, and  

vector multiplet moduli
N = nv + 1 nv



5d supergravity
• Many properties of a 5d supergravity theory are controlled 

by a cubic prepotential: 

• Two equivalent ways to construct the vector multiplet 
moduli space:  

• The  slice of the space parametrized by the  
• The projective space parametrized by homogeneous 

coordinates 

ℱ = 1 YI

YI ∼ λYI

F =
1
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I = 1, ..., N
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Gauge and Scalar Couplings
• Helpful to define 

• Gauge kinetic matrix is then 

• Metric on moduli space is pullback to  
slice:

ℱ = 1

aIJ = FIFJ � FIJ
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BPS Particles

• In theories with 8+ supercharges, charged particles must satisfy 
BPS bound: 

• Central charge    depends on moduli     , charge     of particle 
• 4d:    complex. 5d:    real 
• Particles that saturate the BPS bound are called BPS particles

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

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



BPS Bound in 5d

• BPS particles saturate the bound: 

• BPS strings saturate the bound:

m(qI) � (2⇡2)1/6|qIY I |

<latexit sha1_base64="YLafnld3vPxTz6OG2otDOgplnjQ=">AAACDXicbVC7TgJBFJ3FF+Jr1dJmIppAg7sEHyXRRjpM5GHYZTM7DDBh9sHMrAlZ+AEbf8XGQmNs7e38GwfYQtGT3OTknHtz7z1uyKiQhvGlpZaWV1bX0uuZjc2t7R19d68ugohjUsMBC3jTRYIw6pOapJKRZsgJ8lxGGu7gauo37gkXNPBv5Sgktod6Pu1SjKSSHP3Iyw2dSh5aPTKEuSK0Qtou5tuxeXI2GSsH3rUrY0fPGgVjBviXmAnJggRVR/+0OgGOPOJLzJAQLdMIpR0jLilmZJKxIkFChAeoR1qK+sgjwo5n30zgsVI6sBtwVb6EM/XnRIw8IUaeqzo9JPti0ZuK/3mtSHYv7Jj6YSSJj+eLuhGDMoDTaGCHcoIlGymCMKfqVoj7iCMsVYAZFYK5+PJfUi8WzFLh9KaULV8mcaTBATgEOWCCc1AG16AKagCDB/AEXsCr9qg9a2/a+7w1pSUz++AXtI9veGOZUA==</latexit>

T (q̃I) � 1

2
(2⇡2)�1/6|q̃IFI |

<latexit sha1_base64="YWgwb95fRBEVqIP2q7z7WkMxMRE="></latexit>



5d Supergravity from M-theory

• One way to construct UV-complete 5d supergravity 
theories in the Landscape is to compactify M-theory on a 
Calabi-Yau threefold 

• Physical properties of the theory are then identified with 
geometric properties of the Calabi-Yau threefold



Prepotential from Intersection Numbers

• Prepotential: 

• Integers  are geometrically triple intersection numbers of 
divisors:

CIJK

CIJK =

Z

X
DI ·DJ ·DK

<latexit sha1_base64="JSAF5n4F4VZbfqMx4BZ8GeriO48=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIXZUZqehGKFTBtpsK9gJtGTJp2oZmMkNyRihDX8GNr+LGhSJu3bnzbUwviLb+EPj4zzmcnN8LBddg219WYmV1bX0juZna2t7Z3UvvH9R1ECnKajQQgWp6RDPBJasBB8GaoWLE9wRreMPipN64Z0rzQN7BKGQdn/Ql73FKwFhuOlt041K5MsaXuM0luE185ZZwm3YDMFT+oYqbztg5eyq8DM4cMmiuqpv+bHcDGvlMAhVE65Zjh9CJiQJOBRun2pFmIaFD0mctg5L4THfi6UVjfGKcLu4FyjwJeOr+noiJr/XI90ynT2CgF2sT879aK4LeRSfmMoyASTpb1IsEhgBP4sFdrhgFMTJAqOLmr5gOiCIUTIgpE4KzePIy1E9zTj53dpvPFK7ncSTRETpGWeSgc1RAN6iKaoiiB/SEXtCr9Wg9W2/W+6w1Yc1nDtEfWR/fqgqbDA==</latexit>

F =
1

6
CIJKY IY JY K

<latexit sha1_base64="3sZbM/QkKVBh+Ihc5/fMKxNUSNQ=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scxIfWyEQlFsu6lgH9LWIZNm2tBMZkgyQhnmK9z4K25cKOJW3Pk3pu0stPXAgcO595Kc4wSMSmWa30ZqYXFpeSW9mllb39jcym7vNKQfCkzq2Ge+aDlIEkY5qSuqGGkFgiDPYaTpDEvjefOBCEl9fqtGAel6qM+pSzFS2rKzRx0PqQFGLLqK4QXsuALhyIqj0xiW7Khcqcbw7r6sWdGs2tmcmTcngPPCSkQOJKjZ2a9Oz8ehR7jCDEnZtsxAdSMkFMWMxJlOKEmA8BD1SVtLjjwiu9EkVgwPtNODri80uYIT9/dFhDwpR56jN8ch5OxsbP43a4fKPe9GlAehIhxPH3JDBpUPxx3BHhUEKzbSAmFB9V8hHiDdjNJNZnQJ1mzkedE4zluF/MlNIVe8TOpIgz2wDw6BBc5AEVyDGqgDDB7BM3gFb8aT8WK8Gx/T1ZSR3OyCPzA+fwCGpJ2z</latexit>



• M2-brane wrapped on holomorphic curve of class             
                                  gives BPS particle of charge  

                     identified with electric charge lattice

BPS Particles and Holomorphic Curves

ni[Ci], ni � 0
<latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit>

ni[Ci], ni � 0
<latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit><latexit sha1_base64="vMUC1jh2UMytjmXeOQ4wruiaf9Y=">AAAB/XicbZDNSsNAFIUn9a/Wv6q4cjNYBBdSEhHUXaEILisYW0hDmExv2qGTSZyZCCUUfBU3LlTc+h7ufBunbRbaemDg49x7uXdOmHKmtG1/W6Wl5ZXVtfJ6ZWNza3unurt3r5JMUnBpwhPZCYkCzgS4mmkOnVQCiUMO7XDYnNTbjyAVS8SdHqXgx6QvWMQo0cYKqgciYNhrBsw/xRPs9uEB20G1ZtftqfAiOAXUUKFWUP3q9hKaxSA05UQpz7FT7edEakY5jCvdTEFK6JD0wTMoSAzKz6fnj/GxcXo4SqR5QuOp+3siJ7FSozg0nTHRAzVfm5j/1bxMR5d+zkSaaRB0tijKONYJnmSBe0wC1XxkgFDJzK2YDogkVJvEKiYEZ/7Li+Ce1a/qzu15rXFdpFFGh+gInSAHXaAGukEt5CKKcvSMXtGb9WS9WO/Wx6y1ZBUz++iPrM8fSy6T+A==</latexit>

H2(X,Z) =
X

i

ni[Ci] , ni 2 Z.
<latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit>

)
<latexit sha1_base64="caXkoIKGqbSGfaI7OJq5X8EVX08=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscqxhbaUDbbTbt0kw27E6WE/gwvHlS8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfjMo04z5TUulWSA2XIuE+CpS8lWpO41DyZji8mvjNR66NUMk9jlIexLSfiEgwilZqd+5Ef4BUa/XUrVTdmjsFWSReQapQoNGtfHV6imUxT5BJakzbc1MMcqpRMMnH5U5meErZkPZ529KExtwE+fTkMTm2So9ESttKkEzV3xM5jY0ZxaHtjCkOzLw3Ef/z2hlGF0EukjRDnrDZoiiTBBWZ/E96QnOGcmQJZVrYWwkbUE0Z2pTKNgRv/uVF4p/WLmve7Vm1fl2kUYJDOIIT8OAc6nADDfCBgYJneIU3B50X5935mLUuOcXMAfyB8/kD/EKRRA==</latexit><latexit sha1_base64="caXkoIKGqbSGfaI7OJq5X8EVX08=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscqxhbaUDbbTbt0kw27E6WE/gwvHlS8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfjMo04z5TUulWSA2XIuE+CpS8lWpO41DyZji8mvjNR66NUMk9jlIexLSfiEgwilZqd+5Ef4BUa/XUrVTdmjsFWSReQapQoNGtfHV6imUxT5BJakzbc1MMcqpRMMnH5U5meErZkPZ529KExtwE+fTkMTm2So9ESttKkEzV3xM5jY0ZxaHtjCkOzLw3Ef/z2hlGF0EukjRDnrDZoiiTBBWZ/E96QnOGcmQJZVrYWwkbUE0Z2pTKNgRv/uVF4p/WLmve7Vm1fl2kUYJDOIIT8OAc6nADDfCBgYJneIU3B50X5935mLUuOcXMAfyB8/kD/EKRRA==</latexit><latexit sha1_base64="caXkoIKGqbSGfaI7OJq5X8EVX08=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscqxhbaUDbbTbt0kw27E6WE/gwvHlS8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfjMo04z5TUulWSA2XIuE+CpS8lWpO41DyZji8mvjNR66NUMk9jlIexLSfiEgwilZqd+5Ef4BUa/XUrVTdmjsFWSReQapQoNGtfHV6imUxT5BJakzbc1MMcqpRMMnH5U5meErZkPZ529KExtwE+fTkMTm2So9ESttKkEzV3xM5jY0ZxaHtjCkOzLw3Ef/z2hlGF0EukjRDnrDZoiiTBBWZ/E96QnOGcmQJZVrYWwkbUE0Z2pTKNgRv/uVF4p/WLmve7Vm1fl2kUYJDOIIT8OAc6nADDfCBgYJneIU3B50X5935mLUuOcXMAfyB8/kD/EKRRA==</latexit><latexit sha1_base64="caXkoIKGqbSGfaI7OJq5X8EVX08=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscqxhbaUDbbTbt0kw27E6WE/gwvHlS8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7S8srq2Xtoob25t7+xW9vYfjMo04z5TUulWSA2XIuE+CpS8lWpO41DyZji8mvjNR66NUMk9jlIexLSfiEgwilZqd+5Ef4BUa/XUrVTdmjsFWSReQapQoNGtfHV6imUxT5BJakzbc1MMcqpRMMnH5U5meErZkPZ529KExtwE+fTkMTm2So9ESttKkEzV3xM5jY0ZxaHtjCkOzLw3Ef/z2hlGF0EukjRDnrDZoiiTBBWZ/E96QnOGcmQJZVrYWwkbUE0Z2pTKNgRv/uVF4p/WLmve7Vm1fl2kUYJDOIIT8OAc6nADDfCBgYJneIU3B50X5935mLUuOcXMAfyB8/kD/EKRRA==</latexit>

H2(X,Z) =
X

i

ni[Ci] , ni 2 Z.
<latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit>

n1
<latexit sha1_base64="488yRpjyQ/uP06QQAehoiLGAG6k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7lXP61Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+MBjAM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AWkPjWY=</latexit><latexit sha1_base64="488yRpjyQ/uP06QQAehoiLGAG6k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7lXP61Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+MBjAM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AWkPjWY=</latexit><latexit sha1_base64="488yRpjyQ/uP06QQAehoiLGAG6k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7lXP61Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+MBjAM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AWkPjWY=</latexit><latexit sha1_base64="488yRpjyQ/uP06QQAehoiLGAG6k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7lXP61Vrbt2dgSwTryA1KNDsVb+6/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+MBjAM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AWkPjWY=</latexit>

n2
<latexit sha1_base64="LSUZeMg3IEPkrtJ+O5E7oFR4LUE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm6Wt8vbO7t5+5eDw0SSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObqZ+64lrIxL1gOOUBzEdKBEJRtFK96pX71Wqbs2dgSwTryBVKNDsVb66/YRlMVfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGOpojE3QT47dUJOrdInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tO2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8AWqSjWc=</latexit><latexit sha1_base64="LSUZeMg3IEPkrtJ+O5E7oFR4LUE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm6Wt8vbO7t5+5eDw0SSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObqZ+64lrIxL1gOOUBzEdKBEJRtFK96pX71Wqbs2dgSwTryBVKNDsVb66/YRlMVfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGOpojE3QT47dUJOrdInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tO2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8AWqSjWc=</latexit><latexit sha1_base64="LSUZeMg3IEPkrtJ+O5E7oFR4LUE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm6Wt8vbO7t5+5eDw0SSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObqZ+64lrIxL1gOOUBzEdKBEJRtFK96pX71Wqbs2dgSwTryBVKNDsVb66/YRlMVfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGOpojE3QT47dUJOrdInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tO2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8AWqSjWc=</latexit><latexit sha1_base64="LSUZeMg3IEPkrtJ+O5E7oFR4LUE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1IsUvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm6Wt8vbO7t5+5eDw0SSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObqZ+64lrIxL1gOOUBzEdKBEJRtFK96pX71Wqbs2dgSwTryBVKNDsVb66/YRlMVfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGOpojE3QT47dUJOrdInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vE6G0WWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tO2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8AWqSjWc=</latexit>

H2(X,Z) =
X

i

ni[Ci] , ni 2 Z.
<latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit><latexit sha1_base64="3rURTz+uj2Rwf3FR+r9QNsKck+M="></latexit>

M(X) = Mori cone
<latexit sha1_base64="wKKoyZjslczWrtqs63VDdMJRkKM=">AAAB+nicbVA9TwJBEN3DL8QvxNJmI5hgQ+5o1MKEaGNDgoknJHAhe8scbNjbvezuGQnhr9hYqLH1l9j5b1w+CgVfMsnLezOZmRcmnGnjut9OZm19Y3Mru53b2d3bP8gfFh60TBUFn0ouVSskGjgT4BtmOLQSBSQOOTTD4c3Ubz6C0kyKezNKIIhJX7CIUWKs1M0XSvVy66yEr3BdKoapFNDNF92KOwNeJd6CFNECjW7+q9OTNI1BGMqJ1m3PTUwwJsowymGS66QaEkKHpA9tSwWJQQfj2e0TfGqVHo6ksiUMnqm/J8Yk1noUh7YzJmagl72p+J/XTk10EYyZSFIDgs4XRSnHRuJpELjHFFDDR5YQqpi9FdMBUYQaG1fOhuAtv7xK/GrlsuLdVYu160UaWXSMTlAZeegc1dAtaiAfUfSEntErenMmzovz7nzMWzPOYuYI/YHz+QNhKpJI</latexit><latexit sha1_base64="wKKoyZjslczWrtqs63VDdMJRkKM=">AAAB+nicbVA9TwJBEN3DL8QvxNJmI5hgQ+5o1MKEaGNDgoknJHAhe8scbNjbvezuGQnhr9hYqLH1l9j5b1w+CgVfMsnLezOZmRcmnGnjut9OZm19Y3Mru53b2d3bP8gfFh60TBUFn0ouVSskGjgT4BtmOLQSBSQOOTTD4c3Ubz6C0kyKezNKIIhJX7CIUWKs1M0XSvVy66yEr3BdKoapFNDNF92KOwNeJd6CFNECjW7+q9OTNI1BGMqJ1m3PTUwwJsowymGS66QaEkKHpA9tSwWJQQfj2e0TfGqVHo6ksiUMnqm/J8Yk1noUh7YzJmagl72p+J/XTk10EYyZSFIDgs4XRSnHRuJpELjHFFDDR5YQqpi9FdMBUYQaG1fOhuAtv7xK/GrlsuLdVYu160UaWXSMTlAZeegc1dAtaiAfUfSEntErenMmzovz7nzMWzPOYuYI/YHz+QNhKpJI</latexit><latexit sha1_base64="wKKoyZjslczWrtqs63VDdMJRkKM=">AAAB+nicbVA9TwJBEN3DL8QvxNJmI5hgQ+5o1MKEaGNDgoknJHAhe8scbNjbvezuGQnhr9hYqLH1l9j5b1w+CgVfMsnLezOZmRcmnGnjut9OZm19Y3Mru53b2d3bP8gfFh60TBUFn0ouVSskGjgT4BtmOLQSBSQOOTTD4c3Ubz6C0kyKezNKIIhJX7CIUWKs1M0XSvVy66yEr3BdKoapFNDNF92KOwNeJd6CFNECjW7+q9OTNI1BGMqJ1m3PTUwwJsowymGS66QaEkKHpA9tSwWJQQfj2e0TfGqVHo6ksiUMnqm/J8Yk1noUh7YzJmagl72p+J/XTk10EYyZSFIDgs4XRSnHRuJpELjHFFDDR5YQqpi9FdMBUYQaG1fOhuAtv7xK/GrlsuLdVYu160UaWXSMTlAZeegc1dAtaiAfUfSEntErenMmzovz7nzMWzPOYuYI/YHz+QNhKpJI</latexit><latexit sha1_base64="wKKoyZjslczWrtqs63VDdMJRkKM=">AAAB+nicbVA9TwJBEN3DL8QvxNJmI5hgQ+5o1MKEaGNDgoknJHAhe8scbNjbvezuGQnhr9hYqLH1l9j5b1w+CgVfMsnLezOZmRcmnGnjut9OZm19Y3Mru53b2d3bP8gfFh60TBUFn0ouVSskGjgT4BtmOLQSBSQOOTTD4c3Ubz6C0kyKezNKIIhJX7CIUWKs1M0XSvVy66yEr3BdKoapFNDNF92KOwNeJd6CFNECjW7+q9OTNI1BGMqJ1m3PTUwwJsowymGS66QaEkKHpA9tSwWJQQfj2e0TfGqVHo6ksiUMnqm/J8Yk1noUh7YzJmagl72p+J/XTk10EYyZSFIDgs4XRSnHRuJpELjHFFDDR5YQqpi9FdMBUYQaG1fOhuAtv7xK/GrlsuLdVYu160UaWXSMTlAZeegc1dAtaiAfUfSEntErenMmzovz7nzMWzPOYuYI/YHz+QNhKpJI</latexit>

BPS
not BPS



• BPS states (i.e., holomorphic curves) of each charge 
are counted by “Gopakumar-Vafa invariants”:

Gopakumar-Vafa Invariants

Gopakumar, Vafa, ’98
<latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit><latexit sha1_base64="OksgOJAlwIE4QpHwJktu1wWuTns=">AAAB/HicbVBNS8NAEN34WetX/Lh5WSyih1KSItjeCh70WMG0hbaUyXbTLt1kw+5GqKH4V7x4UPHqD/Hmv3Hb5qCtDwYe780wM8+POVPacb6tldW19Y3N3FZ+e2d3b98+OGwokUhCPSK4kC0fFOUsop5mmtNWLCmEPqdNf3Q99ZsPVComons9jmk3hEHEAkZAG6lnH9+IGEZJCLKIGxBAEZ9XKz274JScGfAycTNSQBnqPfur0xckCWmkCQel2q4T624KUjPC6STfSRSNgYxgQNuGRhBS1U1n10/wmVH6OBDSVKTxTP09kUKo1Dj0TWcIeqgWvan4n9dOdFDppiyKE00jMl8UJBxrgadR4D6TlGg+NgSIZOZWTIYggWgTWN6E4C6+vEy8cqlacu/KhdpllkYOnaBTdIFcdIVq6BbVkYcIekTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A6g8k4w=</latexit>



• The Mori cone of  is dual to the Kähler cone, which changes upon a “flop” 
transition to a birationally equivalent CY3  

• Physically, the full moduli space of the 5d supergravity contains the union of 
all the Kähler cones, also known as the extended Kähler cone:

X
X′ 

Mori Cones and Flops



• Effective curves generate the Mori cone, which is dual 
to the Kahler cone: 

• Similarly, effective divisors generate the effective 
cone, which is dual to the movable cone

Effective Curves and Divisors

Mov(X) = E_

<latexit sha1_base64="JWIl9YPi8zQNCKZWGmuh6UJi2nc=">AAACCXicbVDJSgNBEO1xjXGLevTSGIR4CTMS0YsQkIAXIYJZIBNDT6eSNOlZ6K4JhiFXL/6KFw+KePUPvPk3dpaDJj4oeLxXRVU9L5JCo21/W0vLK6tr66mN9ObW9s5uZm+/qsNYcajwUIaq7jENUgRQQYES6pEC5nsSal7/auzXBqC0CIM7HEbQ9Fk3EB3BGRqplaEuwgMmN+FglKuf0Evq+gx7nMmkNLp3BwCtTNbO2xPQReLMSJbMUG5lvtx2yGMfAuSSad1w7AibCVMouIRR2o01RIz3WRcahgbMB91MJp+M6LFR2rQTKlMB0on6eyJhvtZD3zOd4zv1vDcW//MaMXYumokIohgh4NNFnVhSDOk4FtoWCjjKoSGMK2FupbzHFONowkubEJz5lxdJ9TTvFPJnt4VssTSLI0UOyRHJEYeckyK5JmVSIZw8kmfySt6sJ+vFerc+pq1L1mzmgPyB9fkD3ZaZ1A==</latexit>

M(X) = K(X)_

<latexit sha1_base64="/8Uc26fKoesEO2LaIwh1VurYRSA=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoMQL2FXInoRAiIIIkQwD8iuYXbSSYbMPpiZDYQl4MVf8eJBEa/+hDf/xtlkD5pY0FBUddPd5UWcSWVZ38bC4tLyympuLb++sbm1be7s1mUYCwo1GvJQND0igbMAaoopDs1IAPE9Dg1vcJn6jSEIycLgXo0icH3SC1iXUaK01Db3b4vNY3yBHZ+oPiU8uRlr4cEZArTNglWyJsDzxM5IAWWots0vpxPS2IdAUU6kbNlWpNyECMUoh3HeiSVEhA5ID1qaBsQH6SaTH8b4SCsd3A2FrkDhifp7IiG+lCPf053pqXLWS8X/vFasuuduwoIoVhDQ6aJuzLEKcRoI7jABVPGRJoQKpm/FtE8EoUrHltch2LMvz5P6Sckul07vyoXKVRZHDh2gQ1RENjpDFXSNqqiGKHpEz+gVvRlPxovxbnxMWxeMbGYP/YHx+QOlU5ZJ</latexit>



• In general, it’s difficult to compute the extended Kähler 
cone of a CY3, and even harder to compute the 
movable cone 

• But, we have constructed an algorithm to do this, with 
help from GV invariants and supergravity 

Moduli Space Reconstruction

Alim, Heidenreich, TR ‘21
Gendler, Heidenreich, McAllister, Moritz, TR ‘22



Moduli Space Reconstruction 



Nops and Flops

Nop curve  Floppable Curve⇔



Flops and Intersection Numbers

• At such a flop,  hypers of charge  become 
massless, triple intersection numbers  shift

N QI
CIJK

• Repeating this process for all nop curves, find 
extended Kähler cone, prepotential in each phase



• Given point in extended Kähler cone , find point in 
movable cone via “  map”:

YI

𝒯

Moduli Space Reconstruction

T (Y I) = @IF =
1

2
CIJKY JY K

<latexit sha1_base64="MKbJzj1jalsAhkk80u1FeBhpk+w="></latexit>

T (Y I) = FI =
1

2
CIJKY JY K

<latexit sha1_base64="my0aWjlwdrryT4sxha5eHltAiYk="></latexit>



• The Sublattice WGC requires an infinite tower of BPS 
particles everywhere inside the movable cone  

• By constructing the movable cone and computing GV 
invariants, can put this to the test: verified in all 2062 
examples studied

Testing the Sublattice WGC

Alim, Heidenreich, TR ‘21
Gendler, Heidenreich, McAllister, Moritz, TR ‘22



Infinite-Distance Limits 



Compactifying 6d String Theory

• Consider a 6d string theory, with 2-form gauge coupling 

• Compactifying to 5d, this picks up dependence on the 
radion: 

• Also have KK gauge field, with coupling

g(6)2 ⇠ exp(��)

<latexit sha1_base64="ZzZPYgW2Tj/TgsA35ECQ+Y1+emA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahXViSUh/LohuXFewDmhgm00k7dCYJMxOxhIIbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NnJLyyura/n1wsbm1vaOubvXklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vJr47XsiJI3CWzWKictRP6QBxUhpyTMP+l71Li2dlcfQkZRDhzzEpRMnHtCyZxatijUFXCR2RoogQ8Mzv5xehBNOQoUZkrJrW7FyUyQUxYyMC04iSYzwEPVJV9MQcSLddPrDGB5rpQeDSOgKFZyqvydSxKUccV93cqQGct6biP953UQFF25KwzhRJMSzRUHCoIrgJBDYo4JgxUaaICyovhXiARIIKx1bQYdgz7+8SFrVil2rnN7UivXLLI48OARHoARscA7q4Bo0QBNg8AiewSt4M56MF+Pd+Ji15oxsZh/8gfH5A5G9ljU=</latexit>

g2 ⇠ exp(��� 1p
3
⇢)

<latexit sha1_base64="ykgd18PAfSupjmehRJJch6KFwEI=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh10ZDUii6LblxWsA9oQphMJ83QycOZiVhC/sKNv+LGhSJudeffOG2z0NYDFw7n3Mu993gJo0Ka5re2tLyyurZe2ihvbm3v7Op7+x0RpxyTNo5ZzHseEoTRiLQllYz0Ek5Q6DHS9UZXE797T7igcXQrxwlxQjSMqE8xkkpydWPo1qEtaAht8pBUa3YSUFiDts8Rzqw8s8Udl9lpnkObB/GJq1dMw5wCLhKrIBVQoOXqX/YgxmlIIokZEqJvmYl0MsQlxYzkZTsVJEF4hIakr2iEQiKcbPpXDo+VMoB+zFVFEk7V3xMZCoUYh57qDJEMxLw3Ef/z+qn0L5yMRkkqSYRni/yUQRnDSUhwQDnBko0VQZhTdSvEAVKRSBVlWYVgzb+8SDp1w2oYZzeNSvOyiKMEDsERqAILnIMmuAYt0AYYPIJn8AretCftRXvXPmatS1oxcwD+QPv8ATEPnrw=</latexit>

eKK ⇠ exp(� 2p
3
⇢)

<latexit sha1_base64="WHltste3zXU6By48VfGVkF6V8Fg=">AAACGHicbVDLSsNAFJ3Ud31VXboZLEJdWBMf6LLoRuhGwT6gCWUyvWkHZ5I4MxFLyGe48VfcuFDErTv/xmmbhVYPXDiccy/33uPHnClt219WYWZ2bn5hcam4vLK6tl7a2GyqKJEUGjTikWz7RAFnITQ00xzasQQifA4t//Zi5LfuQSoWhTd6GIMnSD9kAaNEG6lbOoBu6kqB6/UMu4oJ7MJDXNnHbiAJTQ+z1FV3UqdHmbHlINrrlsp21R4D/yVOTsoox1W39On2IpoICDXlRKmOY8faS4nUjHLIim6iICb0lvShY2hIBCgvHT+W4V2j9HAQSVOhxmP150RKhFJD4ZtOQfRATXsj8T+vk+jgzEtZGCcaQjpZFCQc6wiPUsI9JoFqPjSEUMnMrZgOiIlEmyyLJgRn+uW/pHlYdY6rJ9fH5dp5Hsci2kY7qIIcdIpq6BJdoQai6BE9o1f0Zj1ZL9a79TFpLVj5zBb6BevzG60/n5I=</latexit>



Decompactifying 5d String Theory

• Consider the decompactification limit , with 
fixed slope   

• In this limit, have

ρ, ϕ → ∞

d⇢

d�
⌘ tan#

<latexit sha1_base64="FmdTSjJEaJ+w6pkEDjeqZs8Ql6A=">AAACFHicbVDLSgMxFM34rPVVdekmWARBKDNS0WXRjcsKtgqdoWTSO04wkxmTO4Uy9CPc+CtuXCji1oU7/8a0zsLXgZDDOffe5J4wk8Kg6344M7Nz8wuLlaXq8srq2nptY7Nr0lxz6PBUpvoqZAakUNBBgRKuMg0sCSVchjenE/9yCNqIVF3gKIMgYddKRIIztFK/tu9HmvFiQH0dp+PJncViTH24zcWQ+sgU9YdMYwzI+rW623CnoH+JV5I6KdHu1979QcrzBBRyyYzpeW6GQWHHCS5hXPVzAxnjN+waepYqloAJiulSY7prlQGNUm2PQjpVv3cULDFmlIS2MmEYm9/eRPzP6+UYHQeFUFmOoPjXQ1EuKaZ0khAdCA0c5cgSxrWwf6U8ZjYltDlWbQje75X/ku5Bw2s2Ds+b9dZJGUeFbJMdskc8ckRa5Iy0SYdwckceyBN5du6dR+fFef0qnXHKni3yA87bJwkZntM=</latexit>

⇢

<latexit sha1_base64="fyk8jr6SXwF8ra76Jl7GGyjIIGU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyJEjk8=</latexit>

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

#

<latexit sha1_base64="dNr5rLqYeqB6zxQ71JyTr/KD5qQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9pl5JNZ9vQZHdJsoWy9Fd48aCIV3+ON/+NabsHbX0QeLw3M5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWju5nfGqPSPI4ezSRBX9JBxEPOqLHSU3dMlRmiob1yxa26c5BV4uWkAjnqvfJXtx+zVGJkmKBadzw3MX5mx3EmcFrqphoTykZ0gB1LIypR+9l84Sk5s0qfhLGyLzJkrv7uyKjUeiIDWympGeplbyb+53VSE974GY+S1GDEFh+FqSAmJrPrSZ8rZEZMLKFMcbsrYUOqKDM2o5INwVs+eZU0L6reZfXq4bJSu83jKMIJnMI5eHANNbiHOjSAgYRneIU3RzkvzrvzsSgtOHnPMfyB8/kDEP6Qlw==</latexit>

g2 ⇠ exp(��||p� p0||)

<latexit sha1_base64="t7z7ur07OjmIbKl/fyIxCZP+CNc=">AAACC3icbVDLSgMxFM3UV62vUZduQotQFy0zpaLLohuXFewDOmXIpJk2NJkJSUYsne7d+CtuXCji1h9w59+YPhbaeiBwOOcebu4JBKNKO863lVlb39jcym7ndnb39g/sw6OmihOJSQPHLJbtACnCaEQammpG2kISxANGWsHweuq37olUNI7u9EiQLkf9iIYUI20k3873/Qr0FOXQIw+iWIIeM+EegmkqSsJ30vTMtwtO2ZkBrhJ3QQpggbpvf3m9GCecRBozpFTHdYTujpHUFDMyyXmJIgLhIeqTjqER4kR1x7NbJvDUKD0YxtK8SMOZ+jsxRlypEQ/MJEd6oJa9qfif10l0eNkd00gkmkR4vihMGNQxnBYDe1QSrNnIEIQlNX+FeIAkwtrUlzMluMsnr5JmpexWy+e31ULtalFHFpyAPCgCF1yAGrgBddAAGDyCZ/AK3qwn68V6tz7moxlrkTkGf2B9/gCwSJmU</latexit>

eKK ⇠ exp(�↵||p� p0||)

<latexit sha1_base64="7kfGkJH3zVqO2bTsGedvtCeXbIo=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBikXAnES2DNkKaCEaF3HHsbSbJ4u7dsrsnhrv8BRv/io2FIrZ2dv4bNzGFXw8GHu/NMDMvkpxp47ofzszs3PzCYmGpuLyyurZe2ti80EmqKLRpwhN1FRENnMXQNsxwuJIKiIg4XEbXJ2P/8gaUZkl8boYSAkH6MesxSoyVwlIFwsxXAjebI+xrJrAPt7JSxT7hckBwnsuqDN083wtLZbfmToD/Em9KymiKVlh697sJTQXEhnKidcdzpQkyogyjHEZFP9UgCb0mfehYGhMBOsgmH43wrlW6uJcoW7HBE/X7REaE1kMR2U5BzED/9sbif14nNb2jIGOxTA3E9GtRL+XYJHgcD+4yBdTwoSWEKmZvxXRAFKHGhli0IXi/X/5LLvZrXr12cFYvN46ncRTQNtpBFeShQ9RAp6iF2oiiO/SAntCzc+88Oi/O61frjDOd2UI/4Lx9Ana6nCo=</latexit>

� = cos#+
1p
3
sin#

<latexit sha1_base64="3BBmVO78kQ3FvaYL4PxJRst6VwU=">AAACJHicbVDLSgMxFM3UV62vqks3wSIIQpnRioIIRTcuK9gHdErJpJk2NJMZkzuFMszHuPFX3LjwgQs3fovpA9HWA4HDOecmuceLBNdg259WZmFxaXklu5pbW9/Y3Mpv79R0GCvKqjQUoWp4RDPBJasCB8EakWIk8ASre/3rkV8fMKV5KO9gGLFWQLqS+5wSMFI7f+EKE+4QfIldGurEHRAFPQYkPcKurwhNnDRx9b2C5CTFqau5/Im08wW7aI+B54kzJQU0RaWdf3M7IY0DJoEKonXTsSNoJeY6TgVLc26sWURon3RZ01BJAqZbyXjJFB8YpYP9UJkjAY/V3xMJCbQeBp5JBgR6etYbif95zRj881bCZRQDk3TykB8LDCEeNYY7XDEKYmgIoYqbv2LaI6YaML3mTAnO7MrzpHZcdErF09tSoXw1rSOL9tA+OkQOOkNldIMqqIooekBP6AW9Wo/Ws/VufUyiGWs6s4v+wPr6Bh5npcU=</latexit>

↵ =
2p
3
sin#

<latexit sha1_base64="k87tRJmeT7ez72msJ34zvv9o3aU=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCIRbjzA22EoI1lBBOFXAhzm71kcW/v3J0TwnH/wca/YmOhiK2Nnf/GTUyhxgcDj/dmdmdemEph0PM+nanpmdm5+dJCeXFpeWXVXVtvmiTTjDdYIhN9HYLhUijeQIGSX6eaQxxKfhXenA39qzuujUjUJQ5S3o6hp0QkGKCVOu5uADLtAz2hNIg0sHyvyANzqzHfL2gRGKGCO9DY5wgdt+JVvRHoJPHHpELGqHfcj6CbsCzmCpkEY1q+l2I7t88JJnlRDjLDU2A30OMtSxXE3LTz0U0F3bZKl0aJtqWQjtSfEznExgzi0HbGgH3z1xuK/3mtDKPjdi5UmiFX7PujKJMUEzoMiHaF5gzlwBJgWthdKeuDjQZtjGUbgv/35EnS3Kv6B9XDi4NK7XQcR4lski2yQ3xyRGrknNRJgzByTx7JM3lxHpwn59V5+26dcsYzG+QXnPcv9e+eQg==</latexit>



Infinite-Distance Limits in 5d SUGRA

• Given prepotential: 

• Let’s now adopt the perspective that the  are homogenous 
coordinates, identified under simultaneous rescaling  

• Consider “straight-line” path in the space of these homogenous 
coordinates: 

• Assume  is at infinite distance   or 

YI

YI ∼ λYI

s = 0 ⇒ ℱ ∼ s ℱ ∼ s2

F =
1

6
CIJKY IY JY K

<latexit sha1_base64="BBSFLE7huwTvs+ZBFHozbduyMMM=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4scxIfWyEYkFsu6lgH9LWIZNm2tBMZkgyQhnmK9z4K25cKOJW3Pk3pu0stPXAgcO595Kc4wSMSmWa30ZqYXFpeSW9mllb39jcym7vNKQfCkzq2Ge+aDlIEkY5qSuqGGkFgiDPYaTpDEvjefOBCEl9fqtGAel6qM+pSzFS2rKzRx0PqQFGLLqK4QXsuALhyIqj0xiW7Khcqcbw7r6sWdGs2tmcmTcngPPCSkQOJKjZ2a9Oz8ehR7jCDEnZtsxAdSMkFMWMxJlOKEmA8BD1SVtLjjwiu9EkVgwPtNODri80uYIT9/dFhDwpR56jN8ch5OxsbP43a4fKPe9GlAehIhxPH3JDBpUPxx3BHhUEKzbSAmFB9V8hHiDdjNJNZnQJ1mzkedE4zluF/MlNIVe8TOpIgz2wDw6BBc5AEVyDGqgDDB7BM3gFb8aT8WK8Gx/T1ZSR3OyCPzA+fwCFvZ2w</latexit>

Y I = Y I
0 + sY I

1 , s 2 [0, 1]

<latexit sha1_base64="tlD5vOdj/If2bKimzHr6sr/thH4=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAUBEuZkYouFApu7K6CvdGZDpk004ZmMkOSEcrQJ3Djq7hxoYhb1+58G9N2Ftp6IOTj/88hOb8XMSqVaX4bmZXVtfWN7GZua3tndy+/f9CUYSwwaeCQhaLtIUkY5aShqGKkHQmCAo+Rlje6mfqtByIkDfm9GkfECdCAU59ipLTk5oudXg1ew45r6vsUSk1Wr2aXShptymHXLEHLcfMFs2zOCi6DlUIBpFV38192P8RxQLjCDEnZtcxIOQkSimJGJjk7liRCeIQGpKuRo4BIJ5mtM4FFrfShHwp9uIIz9fdEggIpx4GnOwOkhnLRm4r/ed1Y+ZdOQnkUK8Lx/CE/ZlCFcJoN7FNBsGJjDQgLqv8K8RAJhJVOMKdDsBZXXobmWdmqlM/vKoXqVRpHFhyBY3ACLHABquAW1EEDYPAInsEreDOejBfj3fiYt2aMdOYQ/Cnj8wdO2JfY</latexit>



Decompactification Limits

• Using formulae for gauge kinetic matrix, metric on moduli 
space in terms of the prepotential, find 

• Matches scaling for   
decompactification limit!

ϑ = π/2

Case 1: ℱ ∼ s

Etheredge, Heidenreich, Kaya, Qiu, TR ’22

g2 ⇠ 1

gmax
⇠ exp(� 1p

3
||p� p0||)

<latexit sha1_base64="ENo+YXVqjt6bTR9z23LPpnryOSI="></latexit>

eKK ⇠ gmin ⇠ exp(� 2p
3
||p� p0||)

<latexit sha1_base64="qCJNqknoBUM616BIOomVYyC1OrA="></latexit>

⇢

<latexit sha1_base64="fyk8jr6SXwF8ra76Jl7GGyjIIGU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyJEjk8=</latexit>

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

↵ =
2p
3
, � =

1p
3

<latexit sha1_base64="+hoDV65ybjIa4MxyNLN+qC8HLb4=">AAACJXicbVBLSwMxGMzWV62vVY9egkXwUMpurehBoejFYwX7gO5SstlsG5p9mGSFsmx/jBf/ihcPFhE8+VdM2wVr60BgmJkvyTdOxKiQhvGl5VZW19Y38puFre2d3T19/6Apwphj0sAhC3nbQYIwGpCGpJKRdsQJ8h1GWs7gduK3nggXNAwe5DAito96AfUoRlJJXf3KQizqI3gNLY8jnFTSxBKPXCZnaWqVSqORxdRl7m/AnAt09aJRNqaAy8TMSBFkqHf1seWGOPZJIDFDQnRMI5J2grikmJG0YMWCRAgPUI90FA2QT4SdTLdM4YlSXOiFXJ1Awqk6P5EgX4ih76ikj2RfLHoT8T+vE0vv0k5oEMWSBHj2kBczKEM4qQy6lBMs2VARhDlVf4W4j1QZUhVbUCWYiysvk2albFbL5/fVYu0mqyMPjsAxOAUmuAA1cAfqoAEweAav4B2MtRftTfvQPmfRnJbNHII/0L5/ABUwpak=</latexit>

↵ =
2p
3
, � =

1p
3

<latexit sha1_base64="+hoDV65ybjIa4MxyNLN+qC8HLb4=">AAACJXicbVBLSwMxGMzWV62vVY9egkXwUMpurehBoejFYwX7gO5SstlsG5p9mGSFsmx/jBf/ihcPFhE8+VdM2wVr60BgmJkvyTdOxKiQhvGl5VZW19Y38puFre2d3T19/6Apwphj0sAhC3nbQYIwGpCGpJKRdsQJ8h1GWs7gduK3nggXNAwe5DAito96AfUoRlJJXf3KQizqI3gNLY8jnFTSxBKPXCZnaWqVSqORxdRl7m/AnAt09aJRNqaAy8TMSBFkqHf1seWGOPZJIDFDQnRMI5J2grikmJG0YMWCRAgPUI90FA2QT4SdTLdM4YlSXOiFXJ1Awqk6P5EgX4ih76ikj2RfLHoT8T+vE0vv0k5oEMWSBHj2kBczKEM4qQy6lBMs2VARhDlVf4W4j1QZUhVbUCWYiysvk2albFbL5/fVYu0mqyMPjsAxOAUmuAA1cAfqoAEweAav4B2MtRftTfvQPmfRnJbNHII/0L5/ABUwpak=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

# =
⇡

2

<latexit sha1_base64="Vm2Ujql2GxriIVkgcZMQoQwpEJc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkVHQjFNy4rGAf0IQymd60QyeTMDMplFA3/oobF4q49S/c+TdO2yy09cCFwzn3ztx7goQzpR3n2yqsrW9sbhW3Szu7e/sH9uFRS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej25nfHoNULBYPepKAH5GBYCGjRBupZ594YyL1EDS5wV4oCc28hE2z6rRnl52KMwdeJW5OyihHo2d/ef2YphEITTlRqus6ifYz8zqjHKYlL1WQEDoiA+gaKkgEys/mF0zxuVH6OIylKaHxXP09kZFIqUkUmM6I6KFa9mbif1431eG1nzGRpBoEXXwUphzrGM/iwH0mgWo+MYRQycyumA6JyUGb0EomBHf55FXSqlbcWuXyvlauV/M4iugUnaEL5KIrVEd3qIGaiKJH9Ixe0Zv1ZL1Y79bHorVg5TPH6A+szx+l95b6</latexit>



Emergent String Limits

• Using formulae for gauge kinetic matrix, metric on moduli 
space in terms of the prepotential, find 

• Matches scaling for   
emergent string limit!

ϑ = π/6

Case 2: ℱ ∼ s2

Etheredge, Heidenreich, Kaya, Qiu, TR ’22

⇢

<latexit sha1_base64="fyk8jr6SXwF8ra76Jl7GGyjIIGU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyJEjk8=</latexit>

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

eKK ⇠ gmin ⇠ exp(� 1p
3
||p� p0||)

<latexit sha1_base64="1dsSA6+gCB7MXR1s39lan5meD1U="></latexit>

g2 ⇠ 1

gmax
⇠ exp(� 2p

3
||p� p0||)

<latexit sha1_base64="ibEOmH171wL8lMYZfQqG0ZJOZos="></latexit>

↵ =
1p
3

<latexit sha1_base64="nqrviFVir7yn8UcbaHUyX1ScRKw=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBKt6EUoevFYwX5AU8pku2mXbjZxdyOUkIMX/4oXD4p49Ud489+4bXPQ1gcDj/dmmJnnx5wp7Tjf1tLyyuraemGjuLm1vbNr7+03VZRIQhsk4pFs+6AoZ4I2NNOctmNJIfQ5bfmj64nfeqBSsUjc6XFMuyEMBAsYAW2knl3ygMdDwJfYCySQ1M1ST91LnZ5mWc8uOxVnCrxI3JyUUY56z/7y+hFJQio04aBUx3Vi3U1BakY4zYpeomgMZAQD2jFUQEhVN50+keEjo/RxEElTQuOp+nsihVCpceibzhD0UM17E/E/r5Po4KKbMhEnmgoyWxQkHOsITxLBfSYp0XxsCBDJzK2YDMGEoU1uRROCO//yImmeVNxq5ey2Wq5d5XEUUAkdomPkonNUQzeojhqIoEf0jF7Rm/VkvVjv1sesdcnKZw7QH1ifP4RlmAo=</latexit>

� =
2p
3

<latexit sha1_base64="CgrnkCAFKmDt9gbnkHnb3nyEPdI=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdiNEW2EoI1lBPOA7BJmZ2eTIbMPZ2aFsGxj46/YWChi6z/Y+TdOHoUmHhg4nHMud+7xEs6ksqxvo7C0vLK6VlwvbWxube+Yu3stGaeC0CaJeSw6HpaUs4g2FVOcdhJBcehx2vaG12O//UCFZHF0p0YJdUPcj1jACFZa6pmHDtdhH6NL5AQCk6yaZ468Fyo7zfOeWbYq1gRokdgzUoYZGj3zy/FjkoY0UoRjKbu2lSg3w0IxwmleclJJE0yGuE+7mkY4pNLNJlfk6FgrPgpioV+k0ET9PZHhUMpR6OlkiNVAzntj8T+vm6rgws1YlKSKRmS6KEg5UjEaV4J8JihRfKQJJoLpvyIywLoMpYsr6RLs+ZMXSatasWuVs9tauX41q6MIB3AEJ2DDOdThBhrQBAKP8Ayv8GY8GS/Gu/ExjRaM2cw+/IHx+QM++Jhw</latexit>

# = ⇡/6

<latexit sha1_base64="qTOyXZ87qf9/W1FhI1cn/6r5j3c=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQie4kyIy0UIePEYwSyQGUJPp5I06Vno7gmEIX/ixYMiXv0Tb/6NnWQOmvig4PFeVXfVCxLBlXacb2ttfWNza7uwU9zd2z84tI+OmypOJcMGi0Us2wFVKHiEDc21wHYikYaBwFYwup/5rTFKxePoSU8S9EM6iHifM6qN1LVtb0ylHqKmd8RL+OV11y45ZWcOskrcnJQgR71rf3m9mKUhRpoJqlTHdRLtZ+ZVzgROi16qMKFsRAfYMTSiISo/m28+JedG6ZF+LE1FmszV3xMZDZWahIHpDKkeqmVvJv7ndVLdv/UzHiWpxogtPuqnguiYzGIgPS6RaTExhDLJza6EDamkTJuwiiYEd/nkVdKslN1q+eqxWqpV8jgKcApncAEu3EANHqAODWAwhmd4hTcrs16sd+tj0bpm5TMn8AfW5w+hXJL1</latexit>



Curved Paths

• What about decompactifcation limits with ? Need to 

drop assumption of straight line paths 

• Setting  

• Then for appropriate choices of the prepotential, find expected 
scaling of , with

π
6

< ϑ <
π
2

α, λ

TR ’23

Y 1 = 1 , Y 2 = s , Y 3 = s� , Y I = 0 , I > 3

<latexit sha1_base64="UhmLOq8bOOiJ49HfYB1pWfAteqg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJQy01bqZqToxu4q2It02pJJM21o5kKSEcrQvokbX8WNC0V0p09jehG09UDg4//P4eT8TsiokIbxqSVWVtfWN5Kbqa3tnd09ff+gJoKIY1LFAQt4w0GCMOqTqqSSkUbICfIcRurO4Gri1+8JFzTwb+UwJC0P9XzqUoykkjp68a5tQguadiYzHo/v2jlLzFBx3hJt2yES/ZhlaBkTLl/kO3rayBrTgstgziEN5lXp6B92N8CRR3yJGRKiaRqhbMWIS4oZGaXsSJAQ4QHqkaZCH3lEtOLpgSN4opQudAOuni/hVP09ESNPiKHnqE4Pyb5Y9Cbif14zku55K6Z+GEni49kiN2JQBnCSFuxSTrBkQwUIc6r+CnEfcYSlyjSlQjAXT16GWi5rFrJnN4V06XIeRxIcgWNwCkxQBCVwDSqgCjB4AE/gBbxqj9qz9qa9z1oT2nzmEPwp7esbFbigeQ==</latexit>

sin# =
2� �

2
p
�2 � � + 1

<latexit sha1_base64="KbJRTqlJsINyOYX0TllbIf2Rekk=">AAACIHicbVBNS8NAEN34bf2KevSyWARBLEmp1ItQ9OJRwWqhiWWz3djFzSbuTgol5Kd48a948aCI3vTXuI05aPXBwpv3ZpidFySCa3CcD2tqemZ2bn5hsbK0vLK6Zq9vXOo4VZS1aSxi1QmIZoJL1gYOgnUSxUgUCHYV3J6M/ashU5rH8gJGCfMjciN5yCkBI/Xspqe59IZEwYABwUfYCxWhWX3fC0ydZ3VP3ynIiuq6VPfcPO/ZVafmFMB/iVuSKipx1rPfvX5M04hJoIJo3XWdBPzMLOZUsLzipZolhN6SG9Y1VJKIaT8rDszxjlH6OIyVeRJwof6cyEik9SgKTGdEYKAnvbH4n9dNITz0My6TFJik34vCVGCI8Tgt3OeKURAjQwhV3PwV0wExCYHJtGJCcCdP/ksu6zW3UTs4b1Rbx2UcC2gLbaNd5KImaqFTdIbaiKJ79Iie0Yv1YD1Zr9bbd+uUVc5sol+wPr8AtkGjTw==</latexit>

⇢

<latexit sha1_base64="fyk8jr6SXwF8ra76Jl7GGyjIIGU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyJEjk8=</latexit>

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

⇡/6 < # < ⇡/2

<latexit sha1_base64="3auyjb9DkoTd7xWbhVKXDXUoQx8=">AAACAnicbZDLSgMxFIbPeK31NupK3ASL4KrOlKpduCi4cVnBXqAzlEyaaUMzF5JMoQzFja/ixoUibn0Kd76NmXYW2vpD4OM/5yQ5vxdzJpVlfRsrq2vrG5uFreL2zu7evnlw2JJRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Sb1dtjKiSLwgc1iakb4EHIfEaw0lbPPHZidnGFbpAzxkINqcIZa6/SM0tW2ZoJLYOdQwlyNXrml9OPSBLQUBGOpezaVqzcVF/LCKfTopNIGmMywgPa1RjigEo3na0wRWfa6SM/EvqECs3c3xMpDqScBJ7uDLAaysVaZv5X6ybKr7kpC+NE0ZDMH/ITjlSEsjxQnwlKFJ9owEQw/VdEhlhgonRqRR2CvbjyMrQqZbtavryvluq1PI4CnMApnIMN11CHO2hAEwg8wjO8wpvxZLwY78bHvHXFyGeO4I+Mzx91QJWG</latexit>



GV Invariants

• Match of scaling behavior for gauge couplings 
relies only on supergravity, no input from string/
M-theory! 

• Upon including M-theory, we find further 
evidence for the Emergent String Conjecture using 
the spectrum of BPS particles…



Tower Density of States

Decompactification limit 
 KK tower, tower 

degeneracies order-one 
and periodic: 

⇒
ES limit  KK tower, 
exponential (Hagedorn) 
density of states 

⇒

mass
mass



Examples
Decompactification limit 
as :Y2 → 0, (ℱ ∼ Y2)

Emergent string 
limit as  

:
Y2 → 0,

(ℱ ∼ (Y2)2)

Similar pattern 
for all 7000+ CICYs!

TR ’23, see also Lee, Lerche, Weigand  ’19, Fierro Cota, Mininno, Weigand, Wiesner ’22  



Persistence of the Pattern



The Species Scale “Pattern”

• A remarkable pattern observed by Castellano, Ruiz, and 
Valenzuela in infinite-distance limits 

• This relation can be proven in asymptotic limits under 
the ESC and further genericness assumptions (Etheredge, 

Heidenreich, TR, Ruiz, Valenzuela, to appear)  
• However, in the context of 5d supergravity, a version of 

it can be proven in full generality

~↵max · ~�QG =
~rm

m
·
~r⇤QG

⇤QG
=

1

d� 2

<latexit sha1_base64="b9mut6LLT/aFgYUqDudtkaoBuE0="></latexit>



5d supergravity

• Recall that 5d supergravity is controlled by a cubic 
prepotential: 

• The vector multiplet moduli space is the  
slice 

• Key identity:

ℱ = 1

F =
1

6
CIJKY IY JY K
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BPS Bound in 5d

• Recall: BPS particles saturate the bound 

• BPS strings saturate the bound

m(qI) � (2⇡2)1/6|qIY I |
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The Pattern
• Setting , using identity, can prove that 

for any BPS particle and BPS string, 

• If string and particle become light in asymptotic limit, 
their Dirac pairing vanishes,  

• Setting , we find the pattern:

Ms = 2πT(q̃I)

qIq̃I = 0
ΛQG = Ms
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Persistence of the Pattern
• This result holds not only in the asymptotic limits of 

moduli space, but also in the interior 
• It even carries over into distinct phases, related by 

flop transitions, where the prepotential and string 
central charges are modified 

• It holds even though  and 
 vary in the interior of moduli space

| | ⃗∇ log(m) | |
| | ⃗∇ log(ΛQG) | |



Summary



Summary
And now, with that, my talk is done, 

I hope that, like me, you too have had fun. 
Just one more thing before we’re through, 

Let us conclude with a brief review. 
We saw that 5d supergravity has a moduli space, 

Which can be reconstructed using BPS states. 
We figured out the locations of the flops, 
Using GV invariants to identify the nops. 

This let us determine the extended Kahler cone, 
And, using the T-map, the effective cone. 

Next, we studied gauge couplings of 5d supergravity, 
In the limit where a scalar field goes to infinity. 

With decompactification limits, we had a perfect match, 
Without any top-down input, how neat was that? 

Finally, in the end, we saw a pattern that remained, 
In the interior of moduli space, not just the asymptotic plane. 

The full implications of this, I do not yet understand, 
But I know I’ve had fun hiking with you all through the swampland!



Thank You 


