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<latexit sha1_base64="czBxziAoqChpX+oAJwD/LQCrNYs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6R1UfUuq7WHWqV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8Ok49m</latexit>

⇤
<latexit sha1_base64="6N7qDv2pe+C+pGCyoq/gJuO7jrc=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUGekqCspuHHho4J9QKcOd9K0DU1mhiQjlqEf4cZfceNCEbcu3Pk3po+Fth4IHM45l9x7/IgzpW3725qZnZtfWEwtpZdXVtfWMxubFRXGktAyCXkoaz4oyllAy5ppTmuRpCB8Tqt+92zgV++pVCwMbnUvog0B7YC1GAFtJC+z716YcBO8xJUCC3jou4oJ7ArQHQI8ue7nnIOrO9i79CIvk7Xz9hB4mjhjkkVjlLzMl9sMSSxooAkHpeqOHelGAlIzwmk/7caKRkC60KZ1QwMQVDWS4VF9vGuUJm6F0rxA46H6eyIBoVRP+CY5WFZNegPxP68e69ZJI2FBFGsakNFHrZhjHeJBQ7jJJCWa9wwBIpnZFZMOSCDa9Jg2JTiTJ0+TymHeOcoXbgrZ4um4jhTaRjsohxx0jIroHJVQGRH0iJ7RK3qznqwX6936GEVnrPHMFvoD6/MH4LqeDw==</latexit>

⇤max ⇠ O(1/Na)Mp

[Long,Montero,Vafa,IV’21][van de Heisteeg,Vafa,Wiesner,Wu'22-23]

Max’s talk

https://inspirehep.net/authors/1831280


Plethora of works testing and characterizing the towers in 
string compactifications:

Distance Conjecture

as �� ! 1 (geodesic distance)Infinite tower of states
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m ⇠ e�↵��

Álvarez-García, Andriot, Antoniadis, Basile, Baume, Bedroya,Angius, Benakli, Blasio, Blumenhagen, Brandenberger,Huertas, Buratti, 
Calderón-Infante, Castellano, Collazuol, Collins, Cota, Cremonini, Cribiori, Dalianis, Delgado, Dierigl, Etheredge, Farakos, Fierro 

Freitas, Gnecci, Gonzalo, Graña, Grimm, Hamada, Heidenreich, Herráez, Horer, Ibáñez, Jafferis, Kehagias, Lanza, Lee, Lerche, Li, Long, 
Lust, Marchesano, Mavromatos, McNamara, Melotti, Mininno, Montella, Montero, Morittu, Ooguri, Palti, Parra Petri,Bastian, Quirant, 
Rajaguru, Raman, Reece, Riet, Rudelius, Ruiz, Scalisi, Schlechter, Seo, Shiu, Stout, Tarazi, Tonioni, Tran, Tringas, Uranga, Van de Heisteeg, 

Vafa, Valenzuela, Weigand, Wiesner, Wrase, Wu, Xu, Yau...

learning a lot about asymptotic 
geometry in string theory

[Ooguri-Vafa’06]

[Grimm,Palti,IV’18] [Lee,Lerche,Weigand’19] …



Plethora of works testing and characterizing the towers in 
string compactifications:

Distance Conjecture

• what general lessons can we extract from it?

A lot of casuistics….

• what is the final sharp definition? 

• can we classify all possibilities?

as �� ! 1 (geodesic distance)Infinite tower of states
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learning a lot about asymptotic 
geometry in string theory
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Emergent String Conjecture

Tower of Kaluza-Klein modes

Tower of oscillator modes of a perturbative string

What is the nature of the tower and the value of the exponential rate?

Distance Conjecture

Sharpened Distance Conjecture:
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[Lee,Lerche,Weigand’19]



Emergent String Conjecture

Tower of Kaluza-Klein modes

Tower of oscillator modes of a perturbative string

What is the nature of the tower and the value of the exponential rate?

Distance Conjecture

Sharpened Distance Conjecture:

“unwarped result”

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)

<latexit sha1_base64="n5f6ECTJJfUfIe1igjUd1nvwUF0=">AAACDHicbVDLSsNAFJ34rPVVdelmsAhuLEkp6kYpuHFZwT6gCWUynbRDJ5M4cyOUkA9w46+4caGIWz/AnX/jtM1CWw8MHM45lzv3+LHgGmz721paXlldWy9sFDe3tnd2S3v7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Hritx+Y0jySdzCOmReSgeQBpwSM1CuVXSLiIemlrgqxBpVduoEi1Eldfa8g7Z9Ws8yk7Io9BV4kTk7KKEejV/py+xFNQiaBCqJ117Fj8FKigFPBsqKbaBYTOiID1jVUkpBpL50ek+Fjo/RxECnzJOCp+nsiJaHW49A3yZDAUM97E/E/r5tAcOGlXMYJMElni4JEYIjwpBnc54pREGNDCFXc/BXTITFlgOmvaEpw5k9eJK1qxTmr1G5r5fpVXkcBHaIjdIIcdI7q6AY1UBNR9Iie0St6s56sF+vd+phFl6x85gD9gfX5Azpbm7o=</latexit>

↵str =
1p
d� 2

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]

[Lee,Lerche,Weigand’19]



Emergent String Conjecture

Tower of Kaluza-Klein modes

Tower of oscillator modes of a perturbative string

What is the nature of the tower and the value of the exponential rate?

Distance Conjecture

Sharpened Distance Conjecture:

“unwarped result”
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[Etheredge et al’22]

[Lee,Lerche,Weigand’19]

it can decompactify to running solutions (not necessarily a vacuum)

it can change in AdS (not a critical string for general non-holographic CFTs)

[Perlmutter,Rastelli,Vafa,IV’20]



Emergent String Conjecture

Tower of Kaluza-Klein modes

Tower of oscillator modes of a perturbative string

What is the nature of the tower and the value of the exponential rate?

Distance Conjecture

Sharpened Distance Conjecture:

“unwarped result”
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[Etheredge et al’22]

[Lee,Lerche,Weigand’19]

it can decompactify to running solutions (not necessarily a vacuum)

it can change in AdS (not a critical string for general non-holographic CFTs)

[Perlmutter,Rastelli,Vafa,IV’20] see Jose Calderon-Infante’s talk



Distance Conjecture

What is the UV completion above the species scale cut-off?
What is the quantum gravity theory that we reach asymptotically?

Knowing only the leading tower is not enough
(the species scale is determined by all light towers)



Distance Conjecture

What is the UV completion above the species scale cut-off?
What is the quantum gravity theory that we reach asymptotically?

Knowing only the leading tower is not enough
(the species scale is determined by all light towers)

Are there rules constraining how to globally combine the different limits?
What are the possible duality perturbative frames that a theory can have?

M-th

E8xE8

SO(32)
Type I

Type I’

Ben’s talk



Distance Conjecture as a convex hull SWGC condition

Test in the case of decompactifications to running solutions

In this talk:

Universal pattern between the leading tower of states and the cut-off
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Exponential rate change as we move in the moduli space but still 

(explicit computation of the non-BPS KK mass)
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number of species species scale
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It constrains structure of the tower and implies

[Etheredge,Heidenreich,McNamara,Rudelius,Ruiz,IV’23]

[Castellano,Ruiz’IV’ongoing]



Sliding Towers and Running Decompactifications1)



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
<latexit sha1_base64="77pb0Zbr5/tS1I4PCkAXH04BwhI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkqCspuumyBfuAJoTJdJIOnUnizEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZRWVtfWN8qbla3tnd09c/+gK+NUYNLBMYtF30eSMBqRjqKKkX4iCOI+Iz1/fDv1ew9ESBpHd2qSEJejMKIBxUhpyTOPnUAgnLXzjOdOSO6hEyLOkZc5gsObZu6ZVatmzQCXiV2QKijQ8swvZxjjlJNIYYakHNhWotwMCUUxI3nFSSVJEB6jkAw0jRAn0s1mj+TwVCtDGMRCV6TgTP09kSEu5YT7upMjNZKL3lT8zxukKrhyMxolqSIRni8KUgZVDKepwCEVBCs20QRhQfWtEI+QTkbp7Co6BHvx5WXSPa/ZF7V6u15tXBdxlMEROAFnwAaXoAGaoAU6AINH8AxewZvxZLwY78bHvLVkFDOH4A+Mzx/jwpng</latexit>

Q

m
� �BH *

The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
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Attempt: Scalar Weak Gravity Conjecture (SWGC) [Palti’16]
<latexit sha1_base64="1c0G7KI/2lB/F71pijZCm9oeLGw=">AAACGnicbVBNSwMxEM36bf2qevQSLIKnsiuinkTw4lHBaqFbymw624Ym2TXJFsq6v8OLf8WLB0W8iRf/jWntQVsfzPB4b4ZkXpQKbqzvf3kzs3PzC4tLy6WV1bX1jfLm1o1JMs2wxhKR6HoEBgVXWLPcCqynGkFGAm+j3vnQv+2jNjxR13aQYlNCR/GYM7BOapWDUGBs78NYA8vDPrqmIBJQyCKXRah5p+vcDt7REETahZbfKlf8qj8CnSbBmFTIGJet8kfYTlgmUVkmwJhG4Ke2mYO2nAksSmFmMAXWgw42HFUg0TTz0WkF3XNKm8aJdqUsHam/N3KQxgxk5CYl2K6Z9Ibif14js/FJM+cqzSwq9vNQnAlqEzrMiba5RmbFwBFgmru/UtYFl5J1aZZcCMHkydPk5qAaHFUPrw4rZ6fjOJbIDtkl+yQgx+SMXJBLUiOMPJAn8kJevUfv2Xvz3n9GZ7zxzjb5A+/zG5Maoms=</latexit>�����
~rm

m

����� � ↵0some state with
<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
<latexit sha1_base64="77pb0Zbr5/tS1I4PCkAXH04BwhI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkqCspuumyBfuAJoTJdJIOnUnizEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZRWVtfWN8qbla3tnd09c/+gK+NUYNLBMYtF30eSMBqRjqKKkX4iCOI+Iz1/fDv1ew9ESBpHd2qSEJejMKIBxUhpyTOPnUAgnLXzjOdOSO6hEyLOkZc5gsObZu6ZVatmzQCXiV2QKijQ8swvZxjjlJNIYYakHNhWotwMCUUxI3nFSSVJEB6jkAw0jRAn0s1mj+TwVCtDGMRCV6TgTP09kSEu5YT7upMjNZKL3lT8zxukKrhyMxolqSIRni8KUgZVDKepwCEVBCs20QRhQfWtEI+QTkbp7Co6BHvx5WXSPa/ZF7V6u15tXBdxlMEROAFnwAaXoAGaoAU6AINH8AxewZvxZLwY78bHvLVkFDOH4A+Mzx/jwpng</latexit>

Q

m
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L � M2(�)�2 ' 2M@�M ��2 + . . .

scalar charge

Moduli (massless scalars) induce Yukawa scalar forces:

modulus

Notice!

Attempt: Scalar Weak Gravity Conjecture (SWGC) [Palti’16]
<latexit sha1_base64="1c0G7KI/2lB/F71pijZCm9oeLGw=">AAACGnicbVBNSwMxEM36bf2qevQSLIKnsiuinkTw4lHBaqFbymw624Ym2TXJFsq6v8OLf8WLB0W8iRf/jWntQVsfzPB4b4ZkXpQKbqzvf3kzs3PzC4tLy6WV1bX1jfLm1o1JMs2wxhKR6HoEBgVXWLPcCqynGkFGAm+j3vnQv+2jNjxR13aQYlNCR/GYM7BOapWDUGBs78NYA8vDPrqmIBJQyCKXRah5p+vcDt7REETahZbfKlf8qj8CnSbBmFTIGJet8kfYTlgmUVkmwJhG4Ke2mYO2nAksSmFmMAXWgw42HFUg0TTz0WkF3XNKm8aJdqUsHam/N3KQxgxk5CYl2K6Z9Ibif14js/FJM+cqzSwq9vNQnAlqEzrMiba5RmbFwBFgmru/UtYFl5J1aZZcCMHkydPk5qAaHFUPrw4rZ6fjOJbIDtkl+yQgx+SMXJBLUiOMPJAn8kJevUfv2Xvz3n9GZ7zxzjb5A+/zG5Maoms=</latexit>�����
~rm

m

����� � ↵0some state with
<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
<latexit sha1_base64="77pb0Zbr5/tS1I4PCkAXH04BwhI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkqCspuumyBfuAJoTJdJIOnUnizEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZRWVtfWN8qbla3tnd09c/+gK+NUYNLBMYtF30eSMBqRjqKKkX4iCOI+Iz1/fDv1ew9ESBpHd2qSEJejMKIBxUhpyTOPnUAgnLXzjOdOSO6hEyLOkZc5gsObZu6ZVatmzQCXiV2QKijQ8swvZxjjlJNIYYakHNhWotwMCUUxI3nFSSVJEB6jkAw0jRAn0s1mj+TwVCtDGMRCV6TgTP09kSEu5YT7upMjNZKL3lT8zxukKrhyMxolqSIRni8KUgZVDKepwCEVBCs20QRhQfWtEI+QTkbp7Co6BHvx5WXSPa/ZF7V6u15tXBdxlMEROAFnwAaXoAGaoAU6AINH8AxewZvxZLwY78bHvLVkFDOH4A+Mzx/jwpng</latexit>

Q

m
� �BH *

Attempt: Scalar Weak Gravity Conjecture (SWGC)
<latexit sha1_base64="1c0G7KI/2lB/F71pijZCm9oeLGw=">AAACGnicbVBNSwMxEM36bf2qevQSLIKnsiuinkTw4lHBaqFbymw624Ym2TXJFsq6v8OLf8WLB0W8iRf/jWntQVsfzPB4b4ZkXpQKbqzvf3kzs3PzC4tLy6WV1bX1jfLm1o1JMs2wxhKR6HoEBgVXWLPcCqynGkFGAm+j3vnQv+2jNjxR13aQYlNCR/GYM7BOapWDUGBs78NYA8vDPrqmIBJQyCKXRah5p+vcDt7REETahZbfKlf8qj8CnSbBmFTIGJet8kfYTlgmUVkmwJhG4Ke2mYO2nAksSmFmMAXWgw42HFUg0TTz0WkF3XNKm8aJdqUsHam/N3KQxgxk5CYl2K6Z9Ibif14js/FJM+cqzSwq9vNQnAlqEzrMiba5RmbFwBFgmru/UtYFl5J1aZZcCMHkydPk5qAaHFUPrw4rZ6fjOJbIDtkl+yQgx+SMXJBLUiOMPJAn8kJevUfv2Xvz3n9GZ7zxzjb5A+/zG5Maoms=</latexit>�����
~rm

m

����� � ↵0some state with
<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

scalar charge-to-mass ratios:

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m

If applied to towers of states decaying exponentially:
<latexit sha1_base64="dLysj9ekCe8KM3L09o6ETvQMZIg=">AAACCXicbVA9SwNBEN2L3/ErammzGASrcCdBbZSAjaWCUSF3hLm9SbJk74PduUA80tr4V2wsFLH1H9j5b9zEFH49GHi8N8PMvDBT0pDrfjilmdm5+YXFpfLyyuraemVj88qkuRbYFKlK9U0IBpVMsEmSFN5kGiEOFV6H/dOxfz1AbWSaXNIwwyCGbiI7UgBZqV3hPqisB8f+AIV/iwS+iFLifg+o8AnyUbtSdWvuBPwv8aakyqY4b1fe/SgVeYwJCQXGtDw3o6AATVIoHJX93GAGog9dbFmaQIwmKCafjPiuVSLeSbWthPhE/T5RQGzMMA5tZwzUM7+9sfif18qpcxQUMslywkR8LerkilPKx7HwSGoUpIaWgNDS3spFDzQIsuGVbQje75f/kqv9mndQq1/Uq42TaRyLbJvtsD3msUPWYGfsnDWZYHfsgT2xZ+feeXRenNev1pIzndliP+C8fQIUo5qW</latexit>

↵ = ~⇣ · ⌧̂

exponential rate 
of the tower

unit tangent 
geodesic vector

[Palti’16]

The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>
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Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space?



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space?

(global) (local)



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space? This formulation can fail

(global) (local)



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space? This formulation can fail

(global) (local)

…does it?



Let us check these ideas in 9 dimensional theories with 16 supercharges

(e.g. circle compactification of heterotic string theory)

SWGC plot Max-alpha plot

decompactification to running solutions



Let us check these ideas in 9 dimensional theories with 16 supercharges

(e.g. circle compactification of heterotic string theory)

SWGC plot Max-alpha plot

decompactification to running solutions

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m



Let us check these ideas in 9 dimensional theories with 16 supercharges

(e.g. circle compactification of heterotic string theory)

SWGC plot Max-alpha plot

decompactification to running solutions

exponential rate 
of leading tower

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m



Consider a circle compactification of heterotic string theory with a 
fixed value of the Wilson Lines and axions set to zero

Heterotic on 9d

SO(16)xSO(16) SO(32) E8xE8



Consider a circle compactification of heterotic string theory with a 
fixed value of the Wilson Lines and axions set to zero

Heterotic on 9d

SO(16)xSO(16) SO(32) E8xE8

Two dimensional slice of the moduli space parametrized by:
<latexit sha1_base64="j0zTkSaaz9n81Iv2FLy6r9pgV9w=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSUtSNUnDjsoJ9QBPCZDpph05m4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6H1xO//UCkooLf6VFC/Bj1OY0oRtpIgX3gJQN6eeqpe6mz6thjog/7gQrsslNxpoCLxM1JGeRoBPaX1xM4jQnXmCGluq6TaD9DUlPMyLjkpYokCA9Rn3QN5Sgmys+m94/hsVF6MBLSFNdwqv6eyFCs1CgOTWeM9EDNexPxP6+b6ujCzyhPUk04ni2KUga1gJMwYI9KgjUbGYKwpOZWiAdIIqxNZCUTgjv/8iJpVSvuWaV2WyvXr/I4iuAQHIET4IJzUAc3oAGaAINH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+g+5Xa</latexit>

� = �
p
2 log gs

<latexit sha1_base64="7wgB7aPrguAo3Pimp8FBlu5WwJM=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5pIsb0oBS8eq9gPaELZbLft0k027m6EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy+IOVPacb6tpeWV1bX13EZ+c2t7Z9fe228okUhC60RwIVsBVpSziNY105y2YklxGHDaDIbXE7/5SKViIrrXo5j6Ie5HrMcI1kbq2IeeHIhLTz1InVbOymOPiz6669gFp+hMgRaJm5ECZKh17C+vK0gS0kgTjpVqu06s/RRLzQin47yXKBpjMsR92jY0wiFVfjo9f4xOjNJFPSFNRRpN1d8TKQ6VGoWB6QyxHqh5byL+57UT3av4KYviRNOIzBb1Eo60QJMsUJdJSjQfGYKJZOZWRAZYYqJNYnkTgjv/8iJpnBfdi2LptlSoXmVx5OAIjuEUXChDFW6gBnUgkMIzvMKb9WS9WO/Wx6x1ycpmDuAPrM8fgq+VMA==</latexit>

⇢ =
p

8/7 logR

radius of the circle string coupling



Consider a circle compactification of heterotic string theory with a 
fixed value of the Wilson Lines and axions set to zero

Heterotic on 9d

SO(16)xSO(16) SO(32) E8xE8

Two dimensional slice of the moduli space parametrized by:
<latexit sha1_base64="j0zTkSaaz9n81Iv2FLy6r9pgV9w=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSUtSNUnDjsoJ9QBPCZDpph05m4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6H1xO//UCkooLf6VFC/Bj1OY0oRtpIgX3gJQN6eeqpe6mz6thjog/7gQrsslNxpoCLxM1JGeRoBPaX1xM4jQnXmCGluq6TaD9DUlPMyLjkpYokCA9Rn3QN5Sgmys+m94/hsVF6MBLSFNdwqv6eyFCs1CgOTWeM9EDNexPxP6+b6ujCzyhPUk04ni2KUga1gJMwYI9KgjUbGYKwpOZWiAdIIqxNZCUTgjv/8iJpVSvuWaV2WyvXr/I4iuAQHIET4IJzUAc3oAGaAINH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+g+5Xa</latexit>

� = �
p
2 log gs

<latexit sha1_base64="7wgB7aPrguAo3Pimp8FBlu5WwJM=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5pIsb0oBS8eq9gPaELZbLft0k027m6EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy+IOVPacb6tpeWV1bX13EZ+c2t7Z9fe228okUhC60RwIVsBVpSziNY105y2YklxGHDaDIbXE7/5SKViIrrXo5j6Ie5HrMcI1kbq2IeeHIhLTz1InVbOymOPiz6669gFp+hMgRaJm5ECZKh17C+vK0gS0kgTjpVqu06s/RRLzQin47yXKBpjMsR92jY0wiFVfjo9f4xOjNJFPSFNRRpN1d8TKQ6VGoWB6QyxHqh5byL+57UT3av4KYviRNOIzBb1Eo60QJMsUJdJSjQfGYKJZOZWRAZYYqJNYnkTgjv/8iJpnBfdi2LptlSoXmVx5OAIjuEUXChDFW6gBnUgkMIzvMKb9WS9WO/Wx6x1ycpmDuAPrM8fgq+VMA==</latexit>

⇢ =
p

8/7 logR

radius of the circle string coupling

We can compute the scalar charge-to-mass ratio vectors of the 
the towers of states:

<latexit sha1_base64="/M2kCXIx75rJNwHvxF48+xLOBxM=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJUkJJIUTdKwY3LCvYBTSiT6U0zdPJg5kaopR/gxl9x40IRt36AO//GaZuFth4YOJxzLnfu8RLBFVrWt5FbWl5ZXcuvFzY2t7Z3irt7TRWnkkGDxSKWbY8qEDyCBnIU0E4k0NAT0PIG1xO/dQ9S8Ti6w2ECbkj7Efc5o6ilbrF06Qjwsew8ANKukwT8JKMyiB3J+wEe65RVsaYwF4mdkRLJUO8Wv5xezNIQImSCKtWxrQTdEZXImYBxwUkVJJQNaB86mkY0BOWOpseMzSOt9Ew/lvpFaE7V3xMjGio1DD2dDCkGat6biP95nRT9C3fEoyRFiNhskZ8KE2Nz0ozZ4xIYiqEmlEmu/2qygErKUPdX0CXY8ycvkuZpxT6rVG+rpdpVVkeeHJBDUiY2OSc1ckPqpEEYeSTP5JW8GU/Gi/FufMyiOSOb2Sd/YHz+ALbUm2k=</latexit>

= (⇣�, ⇣⇢)

<latexit sha1_base64="Jq7vz7cx9/IEWIbS41/9tmlxoTY="></latexit>

~⇣ ⌘ �
~rm

m
=

✓
�@�m

m
,�@⇢m

m

◆



SO(16)xSO(16) slice



SO(16)xSO(16) slice

10d dilaton

radius of the circle



SO(16)xSO(16) slice

ball of radius
<latexit sha1_base64="RsbVA24kYMEgTQk6ULJUY7FOXdk=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkp1o1ScOOygn1AE8pkOmmHTh7O3Agl5BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r3HiwVXYFnfxtLyyuraemGjuLm1vbNr7u23VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZG1xO//cCk4lF4B+OYuQEZhNznlICWeuaJ40tCUztLHXUvIe2fVbLsck6sZVnPLFllawq8SOyclFCORs/8cvoRTQIWAhVEqa5txeCmRAKngmVFJ1EsJnREBqyraUgCptx0+lCGj7XSx34kdYWAp+rviZQESo0DT3cGBIZq3puI/3ndBPwLN+VhnAAL6WyRnwgMEZ6kg/tcMgpirAmhkutbMR0SHQboDIs6BHv+5UXSqpTt83L1tlqqX+VxFNAhOkKnyEY1VEc3qIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz8Jkp3b</latexit>

1p
d� 2

=
1p
7

10d dilaton

radius of the circle



SO(16)xSO(16) slice

Convex Hull SWGC satisfied
<latexit sha1_base64="CTJOTZ5XIeHX23sB2nGGmca95IE=">AAACInicbVDLSgMxFM34tr6qLt0Ei+CqzIj42IjgxmUFW4VOKZn0ThtMMtPkjlDG+RY3/oobF4q6EvwY08fC14HA4ZxzubknSqWw6Psf3tT0zOzc/MJiaWl5ZXWtvL7RsElmONR5IhNzHTELUmioo0AJ16kBpiIJV9HN2dC/ugVjRaIvcZBCS7GuFrHgDJ3ULh+HEmK8C2PDeB7eAg81iySjqshVERrR7TmzC/1xICjy0PYN5odF0S5X/Ko/Av1LggmpkAlq7fJb2El4pkAjl8zaZuCn2MqZQcElFKUws5AyfsO60HRUMwW2lY9OLOiOUzo0Tox7GulI/T6RM2XtQEUuqRj27G9vKP7nNTOMj1q50GmGoPl4UZxJigkd9kU7wgBHOXCEcSPcXynvMVcGulZLroTg98l/SWOvGhxU9y/2K6cnkzoWyBbZJrskIIfklJyTGqkTTu7JI3kmL96D9+S9eu/j6JQ3mdkkP+B9fgG2L6ZA</latexit>�����
~rm

m

����� �
1p
7

ball of radius
<latexit sha1_base64="RsbVA24kYMEgTQk6ULJUY7FOXdk=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkp1o1ScOOygn1AE8pkOmmHTh7O3Agl5BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r3HiwVXYFnfxtLyyuraemGjuLm1vbNr7u23VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZG1xO//cCk4lF4B+OYuQEZhNznlICWeuaJ40tCUztLHXUvIe2fVbLsck6sZVnPLFllawq8SOyclFCORs/8cvoRTQIWAhVEqa5txeCmRAKngmVFJ1EsJnREBqyraUgCptx0+lCGj7XSx34kdYWAp+rviZQESo0DT3cGBIZq3puI/3ndBPwLN+VhnAAL6WyRnwgMEZ6kg/tcMgpirAmhkutbMR0SHQboDIs6BHv+5UXSqpTt83L1tlqqX+VxFNAhOkKnyEY1VEc3qIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz8Jkp3b</latexit>

1p
d� 2

=
1p
7

10d dilaton

radius of the circle



SO(16)xSO(16) slice

Distance Conjecture satisfied
<latexit sha1_base64="pcvDzWHNRbmVe1pKAqWueFpi5IA=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRSrCcpePFYwX5AU8pmu2mXbjbp7kQoIRcv/hUvHhTx6n/w5r9x2+agrQ8GHu/NMDPPjwXX4Djf1srq2vrGZmGruL2zu7dvHxw2dZQoyho0EpFq+0QzwSVrAAfB2rFiJPQFa/mjm6nfemBK80jewyRm3ZAMJA84JWCknn3iEREPiTdgYy9QhKZulnp6rCCtZlnPLjllZwa8TNyclFCOes/+8voRTUImgQqidcd1YuimRAGngmVFL9EsJnREBqxjqCQh09109kWGz4zSx0GkTEnAM/X3REpCrSehbzpDAkO96E3F/7xOAsFVN+UyToBJOl8UJAJDhKeR4D5XjIKYGEKo4uZWTIfEhAEmuKIJwV18eZk0L8ruZblyVynVrvM4CugYnaJz5KIqqqFbVEcNRNEjekav6M16sl6sd+tj3rpi5TNH6A+szx91iJkx</latexit>

↵ � 1p
7

ball of radius
<latexit sha1_base64="RsbVA24kYMEgTQk6ULJUY7FOXdk=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkp1o1ScOOygn1AE8pkOmmHTh7O3Agl5BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r3HiwVXYFnfxtLyyuraemGjuLm1vbNr7u23VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZG1xO//cCk4lF4B+OYuQEZhNznlICWeuaJ40tCUztLHXUvIe2fVbLsck6sZVnPLFllawq8SOyclFCORs/8cvoRTQIWAhVEqa5txeCmRAKngmVFJ1EsJnREBqyraUgCptx0+lCGj7XSx34kdYWAp+rviZQESo0DT3cGBIZq3puI/3ndBPwLN+VhnAAL6WyRnwgMEZ6kg/tcMgpirAmhkutbMR0SHQboDIs6BHv+5UXSqpTt83L1tlqqX+VxFNAhOkKnyEY1VEc3qIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz8Jkp3b</latexit>

1p
d� 2

=
1p
7

10d dilaton

radius of the circle



SO(32) slice

self-dual line
<latexit sha1_base64="TC2tZumNAWpJ2J7NG8Lr5oXDgxo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8OKxgv2Q7lKy6WwbmmSXJFuoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3c789hiUZrF8MJMEAkEGkkWMEmOlR38M1H8CQ3rlilt158CrxMtJBeVo9Mpffj+mqQBpKCdadz03MUFGlGGUw7TkpxoSQkdkAF1LJRGgg2x+8BSfWaWPo1jZkgbP1d8TGRFaT0RoOwUxQ73szcT/vG5qousgYzJJDUi6WBSlHJsYz77HfaaAGj6xhFDF7K2YDoki1NiMSjYEb/nlVdK6qHqX1dp9rVK/yeMoohN0is6Rh65QHd2hBmoiigR6Rq/ozVHOi/PufCxaC04+c4z+wPn8AfXwkIM=</latexit>

~⇣



SO(32) slice

self-dual line
<latexit sha1_base64="TC2tZumNAWpJ2J7NG8Lr5oXDgxo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8OKxgv2Q7lKy6WwbmmSXJFuoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3c789hiUZrF8MJMEAkEGkkWMEmOlR38M1H8CQ3rlilt158CrxMtJBeVo9Mpffj+mqQBpKCdadz03MUFGlGGUw7TkpxoSQkdkAF1LJRGgg2x+8BSfWaWPo1jZkgbP1d8TGRFaT0RoOwUxQ73szcT/vG5qousgYzJJDUi6WBSlHJsYz77HfaaAGj6xhFDF7K2YDoki1NiMSjYEb/nlVdK6qHqX1dp9rVK/yeMoohN0is6Rh65QHd2hBmoiigR6Rq/ozVHOi/PufCxaC04+c4z+wPn8AfXwkIM=</latexit>

~⇣Nothing here, the    -vectors of the towers change as we move in 
the moudli space!



Type I’ on an interval with two orientifolds and 16 
D8 on top of one of them

SO(32) slice

see Ignacio Ruiz’s talk

<latexit sha1_base64="qO8D6TFKJRCnFP9B+qZyfOyQ59o=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiDKQElQKTCAKrHAViT6kPqS4zqtVTuJbAdRovwAC7/CwgBCrOxs/A3uY4CWI13do3PulX2PEzAqlWV9G4mZ2bn5heRiaml5ZXXNXN8oSz8UmJSwz3xRdZAkjHqkpKhipBoIgrjDSMXpXQ78yh0RkvrereoHpMFRx6MuxUhpqWXukGZUL3ZpK6oLDq/34sx982w/Pn8Y9mZ0cHyYj1tm2spaQ8BpYo9JGoxRbJlf9baPQ048hRmSsmZbgWpESCiKGYlT9VCSAOEe6pCaph7iRDai4TUx3NVKG7q+0OUpOFR/b0SIS9nnjp7kSHXlpDcQ//NqoXJPGxH1glARD48eckMGlQ8H0cA2FQQr1tcEYUH1XyHuIoGw0gGmdAj25MnTpHyUtfPZ3E0uXbgYx5EEW2AbZIANTkABXIEiKAEMHsEzeAVvxpPxYrwbH6PRhDHe2QR/YHz+ALA/mgY=</latexit>

e�I0 (x
9) = z(x9)�5/6

<latexit sha1_base64="ncRlKKxUe5W/MI77KgUj+dlew4U=">AAACA3icbVDLSgMxFM34rPU16k43wSLUhXVGStWFUujGnRXsA9ppyaRpG5rMDElGrEPBjb/ixoUibv0Jd/6N6XQW2nrgcg/n3EtyjxswKpVlfRtz8wuLS8uplfTq2vrGprm1XZV+KDCpYJ/5ou4iSRj1SEVRxUg9EARxl5GaOyiN/dodEZL63q0aBsThqOfRLsVIaalt7javOemh7H3r/PCi9BD3VnRkHxdGbTNj5awYcJbYCcmABOW2+dXs+DjkxFOYISkbthUoJ0JCUczIKN0MJQkQHqAeaWjqIU6kE8U3jOCBVjqw6wtdnoKx+nsjQlzKIXf1JEeqL6e9sfif1whV98yJqBeEinh48lA3ZFD5cBwI7FBBsGJDTRAWVP8V4j4SCCsdW1qHYE+fPEuqJzm7kMvf5DPFyySOFNgD+yALbHAKiuAKlEEFYPAInsEreDOejBfj3fiYjM4Zyc4O+APj8wf3EpXM</latexit>

⌦(x9) = Cz(x9)�1/6

<latexit sha1_base64="XuSzIbAYXVBMNY+lL9SGPj2Epu4="></latexit>

zSO(32)(x
9) =

r
180

41
(↵0

I0)
2µ8C(B + 8x9)

Warped metric:

Running dilaton:

We perform the dimensional reduction and compute the Kaluza-Klein mass:
<latexit sha1_base64="bMkv7bMxHfJW9pBsjxYLKRDOETY="></latexit>

mKK,I0 =

✓Z 2⇡

0
dx9⌦̂8e�2�̂I0

◆�1/7

MPl;9

<latexit sha1_base64="NplaUPDQQjU6Qpd8fwXuZKqGJnY="></latexit>

~⇣KK,I0 =

 
�3

2


2p

1� e�4�B
+ 1

��1

,
5

2
p
7

!
<latexit sha1_base64="6gETE3Dqln64a3mLrqkID5a8GFI=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbBU9gVUU8S8OIxgnlAsoTZSW8yZHZ2nemVhCW/4sWDIl79EW/+jZPHQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4mGpYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/WbT6CNiNUDjhPwI9ZXIhScoZW6xVJHwSPtIIww47EyWJl0i2W34s5AV4m3IGWyQK1b/Or0Yp5GoJBLZkzbcxP0M6ZRcAmTQic1kDA+ZH1oW6pYBMbPZrdP6KlVejSMtS2FdKb+nshYZMw4CmxnxHBglr2p+J/XTjG89jOhkhRB8fmiMJUUYzoNgvaEBo5ybAnjWthbKR8wzTjauAo2BG/55VXSOK94l5WL+4ty9WYRR54ckxNyRjxyRarkjtRInXAyIs/klbw5E+fFeXc+5q05ZzFzRP7A+fwBPK+Ukg==</latexit>

6= const.









SO(32) slice



SO(32) slice

The  -vector of the towers change as a function of the impact 
parameter but not of the asymptotic direction

<latexit sha1_base64="TC2tZumNAWpJ2J7NG8Lr5oXDgxo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8OKxgv2Q7lKy6WwbmmSXJFuoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3c789hiUZrF8MJMEAkEGkkWMEmOlR38M1H8CQ3rlilt158CrxMtJBeVo9Mpffj+mqQBpKCdadz03MUFGlGGUw7TkpxoSQkdkAF1LJRGgg2x+8BSfWaWPo1jZkgbP1d8TGRFaT0RoOwUxQ73szcT/vG5qousgYzJJDUi6WBSlHJsYz77HfaaAGj6xhFDF7K2YDoki1NiMSjYEb/nlVdK6qHqX1dp9rVK/yeMoohN0is6Rh65QHd2hBmoiigR6Rq/ozVHOi/PufCxaC04+c4z+wPn8AfXwkIM=</latexit>

~⇣



SO(32) slice
Convex Hull Distance Conjecture:

We plot only the part 
of the convex hull of 

the light towers in each 
asymptotic regime

In each asymptotic regime we can still reformulate the Distance Conjecture 
as a convex hull SWGC condition,

but they do not glue into a single convex hull since there can be branch cuts



SO(32) slice

Exponential rate of KK modes along self-dual line is 

<latexit sha1_base64="cznVPkGruscuUnM0QA+/D4ASm0k=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoSGtSiu1GKbhxWcE+oCllMpm0QyeTdGYilJDPcOOvuHGhiNvu/Bunj0VtPXDhcM693HuPEzIqlWn+GKmNza3tnfRuZm//4PAoe3zSlEEkMGnggAWi7SBJGOWkoahipB0KgnyHkZYzvJ/6rWciJA34kxqHpOujPqcexUhpqZe9thkZQVuOhIptTyAcu1e8UEpinncLpcskuV3yqpWkl82ZRXMGuE6sBcmBBeq97MR2Axz5hCvMkJQdywxVN0ZCUcxIkrEjSUKEh6hPOppy5BPZjWePJfBCKy70AqGLKzhTlydi5Es59h3d6SM1kKveVPzP60TKq3ZjysNIEY7ni7yIQRXAaUrQpYJgxcaaICyovhXiAdIRKJ1lRodgrb68TpqlonVTLD+Wc7W7RRxpcAbOQR5YoAJq4AHUQQNg8ALewAf4NF6Nd+PL+J63pozFzCn4A2PyC0fjn+o=</latexit>



s
d+ n� 2

n(d� 2)
=

r
8

7

<latexit sha1_base64="3gmDKkmVTKUBnUOBjgTI2ECvQmg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKtZ6k4MVjBdsKTSib7aZdutnE3YkQQvwrXjwo4tUf4s1/47bNQVsfDDzem2Fmnh9zpsC2v43S2vrG5lZ5u7Kzu7d/YB4e9VSUSEK7JOKRvPexopwJ2gUGnN7HkuLQ57TvT69nfv+RSsUicQdpTL0QjwULGMGgpaFZdQOJSXaeZw1XPUjIWnk+NGt23Z7DWiVOQWqoQGdofrmjiCQhFUA4Vmrg2DF4GZbACKd5xU0UjTGZ4jEdaCpwSJWXzY/PrVOtjKwgkroEWHP190SGQ6XS0NedIYaJWvZm4n/eIIHg0suYiBOggiwWBQm3ILJmSVgjJikBnmqCiWT6VotMsE4DdF4VHYKz/PIq6TXqzkW9edusta+KOMroGJ2gM+SgFmqjG9RBXURQip7RK3oznowX4934WLSWjGKmiv7A+PwBHCGVEg==</latexit>

5

2
p
7



Results:

SO(32) slice

Convex Hull SWGC is satisfied (at every point) with 

Sharpened Distance Conjecture is satisfied as

Convex Hull Distance Conjecture satisfied at every 
asymptotic region, but not globally

<latexit sha1_base64="xQwoTzzl3tX61NNo9KR6dMNbqNA="></latexit>�����
~rm

m

����� �
1p
d� 2

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2



Results:

SO(32) slice

Convex Hull SWGC is satisfied (at every point) with 

Sharpened Distance Conjecture is satisfied as

Convex Hull Distance Conjecture satisfied at every 
asymptotic region, but not globally

<latexit sha1_base64="xQwoTzzl3tX61NNo9KR6dMNbqNA="></latexit>�����
~rm

m

����� �
1p
d� 2

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

Everything thanks to the jumping of          as a function of asymptotic direction

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m



E8xE8 slice

Jumping occurs in opposite direction than the SO(32) case



E8xE8 sliceSO(32) slice

This contains the essential information to derive the “quantum gravity 
resolution” / UV completion

(i.e. whether we reach an string theory, a higher dimensional theory, etc.) 

M-theoryType I

Each asymptotic region is associated to a concrete species scale

(see also [Bedroya,Raman,Tarazi’23])



A Pattern between the Towers and the Species Scale2)



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

At every point of the asymptotic regime:

<latexit sha1_base64="cnoofumtko0op994Ua1pxxOtTUg=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5mR+tgoBRe6KhXsA9paMmmmTZtkhiQjlGG+xI2/4saFIoIr/RszbRfaeuDC4Zx7k3uPFzKqtON8W5mFxaXllexqbm19Y3PL3t6pqSCSmFRxwALZ8JAijApS1VQz0gglQdxjpO4Nr1K//kCkooG406OQtDnqCepTjLSROvbJ9X1MB0nLlwjHrRBJTRHrUMiTmM+qA1hO4nJyceR27LxTcMaA88SdkjyYotKxP1vdAEecCI0ZUqrpOqFux+nDmJEk14oUCREeoh5pGioQJ6odj89L4IFRutAPpCmh4Vj9PREjrtSIe6aTI91Xs14q/uc1I+2ft2MqwkgTgScf+RGDOoBpVrBLJcGajQxBWFKzK8R9ZDLRJtGcCcGdPXme1I4L7mmheFvMly6ncWTBHtgHh8AFZ6AEbkAFVAEGj+AZvII368l6sd6tj0lrxprO7II/sL5+AMY0o3Y=</latexit>

Gij @im

m

@jN

N
= �1( i.e. )



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

At every point of the asymptotic regime:

<latexit sha1_base64="cnoofumtko0op994Ua1pxxOtTUg=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5mR+tgoBRe6KhXsA9paMmmmTZtkhiQjlGG+xI2/4saFIoIr/RszbRfaeuDC4Zx7k3uPFzKqtON8W5mFxaXllexqbm19Y3PL3t6pqSCSmFRxwALZ8JAijApS1VQz0gglQdxjpO4Nr1K//kCkooG406OQtDnqCepTjLSROvbJ9X1MB0nLlwjHrRBJTRHrUMiTmM+qA1hO4nJyceR27LxTcMaA88SdkjyYotKxP1vdAEecCI0ZUqrpOqFux+nDmJEk14oUCREeoh5pGioQJ6odj89L4IFRutAPpCmh4Vj9PREjrtSIe6aTI91Xs14q/uc1I+2ft2MqwkgTgScf+RGDOoBpVrBLJcGajQxBWFKzK8R9ZDLRJtGcCcGdPXme1I4L7mmheFvMly6ncWTBHtgHh8AFZ6AEbkAFVAEGj+AZvII368l6sd6tj0lrxprO7II/sL5+AMY0o3Y=</latexit>

Gij @im

m

@jN

N
= �1( i.e. )

<latexit sha1_base64="e8QNewV2v6g1aOrXx/YVFJvo7Y4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSirqSghsXIhXsA5pYJpNJO3QmCTMToYRs3fgrblwo4tY/cOffOG2z0OqBgcM553LnHi9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON7qY+J17IiSNwls1jonL0SCkAcVIaalvQudKh33kSMqdQCCc2ll6fZfaxxX/qHaYZX2zbFWtKeBfYuekDHI0++an40c44SRUmCEpe7YVKzdFQlHMSFZyEklihEdoQHqahogT6abTSzJ4oBUfBpHQL1Rwqv6cSBGXcsw9neRIDeW8NxH/83qJCs7clIZxokiIZ4uChEEVwUkt0KeCYMXGmiAsqP4rxEOk+1C6vJIuwZ4/+S9p16r2SbV+Uy83zvM6imAP7IMKsMEpaIBL0AQtgMEDeAIv4NV4NJ6NN+N9Fi0Y+cwu+AXj4xs9IJlj</latexit>

⇤ ⇠ 1

N1/(d�2)

<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

metric in field space

mass of the leading (lightest) 
tower of states

number of species

with 



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

At every point of the asymptotic regime:

<latexit sha1_base64="cnoofumtko0op994Ua1pxxOtTUg=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5mR+tgoBRe6KhXsA9paMmmmTZtkhiQjlGG+xI2/4saFIoIr/RszbRfaeuDC4Zx7k3uPFzKqtON8W5mFxaXllexqbm19Y3PL3t6pqSCSmFRxwALZ8JAijApS1VQz0gglQdxjpO4Nr1K//kCkooG406OQtDnqCepTjLSROvbJ9X1MB0nLlwjHrRBJTRHrUMiTmM+qA1hO4nJyceR27LxTcMaA88SdkjyYotKxP1vdAEecCI0ZUqrpOqFux+nDmJEk14oUCREeoh5pGioQJ6odj89L4IFRutAPpCmh4Vj9PREjrtSIe6aTI91Xs14q/uc1I+2ft2MqwkgTgScf+RGDOoBpVrBLJcGajQxBWFKzK8R9ZDLRJtGcCcGdPXme1I4L7mmheFvMly6ncWTBHtgHh8AFZ6AEbkAFVAEGj+AZvII368l6sd6tj0lrxprO7II/sL5+AMY0o3Y=</latexit>

Gij @im

m

@jN

N
= �1( i.e. )

<latexit sha1_base64="e8QNewV2v6g1aOrXx/YVFJvo7Y4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSirqSghsXIhXsA5pYJpNJO3QmCTMToYRs3fgrblwo4tY/cOffOG2z0OqBgcM553LnHi9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON7qY+J17IiSNwls1jonL0SCkAcVIaalvQudKh33kSMqdQCCc2ll6fZfaxxX/qHaYZX2zbFWtKeBfYuekDHI0++an40c44SRUmCEpe7YVKzdFQlHMSFZyEklihEdoQHqahogT6abTSzJ4oBUfBpHQL1Rwqv6cSBGXcsw9neRIDeW8NxH/83qJCs7clIZxokiIZ4uChEEVwUkt0KeCYMXGmiAsqP4rxEOk+1C6vJIuwZ4/+S9p16r2SbV+Uy83zvM6imAP7IMKsMEpaIBL0AQtgMEDeAIv4NV4NJ6NN+N9Fi0Y+cwu+AXj4xs9IJlj</latexit>

⇤ ⇠ 1

N1/(d�2)

<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

metric in field space

mass of the leading (lightest) 
tower of states

number of species

with 

“ lightest = less dense ”

Independently of number of dimensions, nature of the tower, etc.



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

At every point of the asymptotic regime:

<latexit sha1_base64="cnoofumtko0op994Ua1pxxOtTUg=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5mR+tgoBRe6KhXsA9paMmmmTZtkhiQjlGG+xI2/4saFIoIr/RszbRfaeuDC4Zx7k3uPFzKqtON8W5mFxaXllexqbm19Y3PL3t6pqSCSmFRxwALZ8JAijApS1VQz0gglQdxjpO4Nr1K//kCkooG406OQtDnqCepTjLSROvbJ9X1MB0nLlwjHrRBJTRHrUMiTmM+qA1hO4nJyceR27LxTcMaA88SdkjyYotKxP1vdAEecCI0ZUqrpOqFux+nDmJEk14oUCREeoh5pGioQJ6odj89L4IFRutAPpCmh4Vj9PREjrtSIe6aTI91Xs14q/uc1I+2ft2MqwkgTgScf+RGDOoBpVrBLJcGajQxBWFKzK8R9ZDLRJtGcCcGdPXme1I4L7mmheFvMly6ncWTBHtgHh8AFZ6AEbkAFVAEGj+AZvII368l6sd6tj0lrxprO7II/sL5+AMY0o3Y=</latexit>

Gij @im

m

@jN

N
= �1( i.e. )

<latexit sha1_base64="e8QNewV2v6g1aOrXx/YVFJvo7Y4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSirqSghsXIhXsA5pYJpNJO3QmCTMToYRs3fgrblwo4tY/cOffOG2z0OqBgcM553LnHi9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON7qY+J17IiSNwls1jonL0SCkAcVIaalvQudKh33kSMqdQCCc2ll6fZfaxxX/qHaYZX2zbFWtKeBfYuekDHI0++an40c44SRUmCEpe7YVKzdFQlHMSFZyEklihEdoQHqahogT6abTSzJ4oBUfBpHQL1Rwqv6cSBGXcsw9neRIDeW8NxH/83qJCs7clIZxokiIZ4uChEEVwUkt0KeCYMXGmiAsqP4rxEOk+1C6vJIuwZ4/+S9p16r2SbV+Uy83zvM6imAP7IMKsMEpaIBL0AQtgMEDeAIv4NV4NJ6NN+N9Fi0Y+cwu+AXj4xs9IJlj</latexit>

⇤ ⇠ 1

N1/(d�2)

<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

metric in field space

mass of the leading (lightest) 
tower of states

number of species

with 

In terms of species scale:
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2



Universal pattern between the leading tower of states and the species 
scale cut-off

The Pattern

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

At every point of the asymptotic regime:

<latexit sha1_base64="cnoofumtko0op994Ua1pxxOtTUg=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5mR+tgoBRe6KhXsA9paMmmmTZtkhiQjlGG+xI2/4saFIoIr/RszbRfaeuDC4Zx7k3uPFzKqtON8W5mFxaXllexqbm19Y3PL3t6pqSCSmFRxwALZ8JAijApS1VQz0gglQdxjpO4Nr1K//kCkooG406OQtDnqCepTjLSROvbJ9X1MB0nLlwjHrRBJTRHrUMiTmM+qA1hO4nJyceR27LxTcMaA88SdkjyYotKxP1vdAEecCI0ZUqrpOqFux+nDmJEk14oUCREeoh5pGioQJ6odj89L4IFRutAPpCmh4Vj9PREjrtSIe6aTI91Xs14q/uc1I+2ft2MqwkgTgScf+RGDOoBpVrBLJcGajQxBWFKzK8R9ZDLRJtGcCcGdPXme1I4L7mmheFvMly6ncWTBHtgHh8AFZ6AEbkAFVAEGj+AZvII368l6sd6tj0lrxprO7II/sL5+AMY0o3Y=</latexit>

Gij @im

m

@jN

N
= �1( i.e. )

<latexit sha1_base64="e8QNewV2v6g1aOrXx/YVFJvo7Y4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSirqSghsXIhXsA5pYJpNJO3QmCTMToYRs3fgrblwo4tY/cOffOG2z0OqBgcM553LnHi9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON7qY+J17IiSNwls1jonL0SCkAcVIaalvQudKh33kSMqdQCCc2ll6fZfaxxX/qHaYZX2zbFWtKeBfYuekDHI0++an40c44SRUmCEpe7YVKzdFQlHMSFZyEklihEdoQHqahogT6abTSzJ4oBUfBpHQL1Rwqv6cSBGXcsw9neRIDeW8NxH/83qJCs7clIZxokiIZ4uChEEVwUkt0KeCYMXGmiAsqP4rxEOk+1C6vJIuwZ4/+S9p16r2SbV+Uy83zvM6imAP7IMKsMEpaIBL0AQtgMEDeAIv4NV4NJ6NN+N9Fi0Y+cwu+AXj4xs9IJlj</latexit>

⇤ ⇠ 1

N1/(d�2)

<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

metric in field space

mass of the leading (lightest) 
tower of states

number of species

with 

In terms of species scale:
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2



The Pattern
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2



The Pattern
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2



The Pattern
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
1p
d� 2

It implies a lower bound for the exponential rate of the leading 
tower that reproduces the sharpened Distance Conjecture



The Pattern
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
1p
d� 2

It implies a lower bound for the exponential rate of the leading 
tower that reproduces the sharpened Distance Conjecture

We check it in string theory examples:

• Toroidal M-theory compactifications (maximal sugra)

• 8 supercharges:  4d N=2 vector and hypermultiplets

• 4d N=1 theories



For a single modulus and a single tower:

Maximal supergravity

According to Emergent String Conjecture, the leading tower is:



For a single modulus and a single tower:

Maximal supergravity

According to Emergent String Conjecture, the leading tower is:

• Kaluza-Klein tower:
<latexit sha1_base64="2suqA4oTzdrLAaSpNqlWyExauvs="></latexit>

⇠ exp

✓
� 1

↵KK(d� 2)

◆

<latexit sha1_base64="gk68vQFbISIuZXpzUyEDMf+9EOo=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIIeDLsa1JMIXgQvCkaFbAizk97s4MzuMNMrhiUf4sVf8eJBES8eBP/GSQz4LGgoqrrp7oq0FBZ9/90bGR0bn5icmi7NzM7NL5QXl85tlhsOdZ7JzFxGzIIUKdRRoIRLbYCpSMJFdHXY9y+uwViRpWfY1dBUrJOKWHCGTmqVt1WrCI2ix8e90AoVwo0OJcS4vhkyqRP25epEhEZ0EtxolSt+1R+A/iXBkFTIECet8mvYzniuIEUumbWNwNfYLJhBwSX0SmFuQTN+xTrQcDRlCmyzGDzXo2tOadM4M65SpAP1+0TBlLVdFblOxTCxv72++J/XyDHeaxYi1TlCyj8XxbmkmNF+UrQtDHCUXUcYN8LdSnnCDOPo8iy5EILfL/8l51vVYKdaO61VDvaHcUyRFbJK1klAdskBOSInpE44uSX35JE8eXfeg/fsvXy2jnjDmWXyA97bBw3kofc=</latexit>

mKK ⇠ exp (�↵KK�) ,

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)
<latexit sha1_base64="/+kgU9KkXHxu++OAIpF6oc3LWe4="></latexit>

⇤ = Mpl,d+n ' mn/(d+n�2)
KK



For a single modulus and a single tower:

Maximal supergravity

According to Emergent String Conjecture, the leading tower is:

• Critical string: 

<latexit sha1_base64="iCQCn5TxCB/yciRVSQ3URaIIO7g="></latexit>

⇤ ⇠ mstr ⇠ exp

✓
1p
d� 2

�

◆

• Kaluza-Klein tower:
<latexit sha1_base64="2suqA4oTzdrLAaSpNqlWyExauvs="></latexit>

⇠ exp

✓
� 1

↵KK(d� 2)

◆

<latexit sha1_base64="gk68vQFbISIuZXpzUyEDMf+9EOo=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIIeDLsa1JMIXgQvCkaFbAizk97s4MzuMNMrhiUf4sVf8eJBES8eBP/GSQz4LGgoqrrp7oq0FBZ9/90bGR0bn5icmi7NzM7NL5QXl85tlhsOdZ7JzFxGzIIUKdRRoIRLbYCpSMJFdHXY9y+uwViRpWfY1dBUrJOKWHCGTmqVt1WrCI2ix8e90AoVwo0OJcS4vhkyqRP25epEhEZ0EtxolSt+1R+A/iXBkFTIECet8mvYzniuIEUumbWNwNfYLJhBwSX0SmFuQTN+xTrQcDRlCmyzGDzXo2tOadM4M65SpAP1+0TBlLVdFblOxTCxv72++J/XyDHeaxYi1TlCyj8XxbmkmNF+UrQtDHCUXUcYN8LdSnnCDOPo8iy5EILfL/8l51vVYKdaO61VDvaHcUyRFbJK1klAdskBOSInpE44uSX35JE8eXfeg/fsvXy2jnjDmWXyA97bBw3kofc=</latexit>

mKK ⇠ exp (�↵KK�) ,

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)
<latexit sha1_base64="/+kgU9KkXHxu++OAIpF6oc3LWe4="></latexit>

⇤ = Mpl,d+n ' mn/(d+n�2)
KK



For a single modulus and a single tower:

Maximal supergravity

According to Emergent String Conjecture, the leading tower is:

• Critical string: 

<latexit sha1_base64="iCQCn5TxCB/yciRVSQ3URaIIO7g="></latexit>

⇤ ⇠ mstr ⇠ exp

✓
1p
d� 2

�

◆

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2
It is satisfied that

• Kaluza-Klein tower:
<latexit sha1_base64="2suqA4oTzdrLAaSpNqlWyExauvs="></latexit>

⇠ exp

✓
� 1

↵KK(d� 2)

◆

<latexit sha1_base64="gk68vQFbISIuZXpzUyEDMf+9EOo=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIIeDLsa1JMIXgQvCkaFbAizk97s4MzuMNMrhiUf4sVf8eJBES8eBP/GSQz4LGgoqrrp7oq0FBZ9/90bGR0bn5icmi7NzM7NL5QXl85tlhsOdZ7JzFxGzIIUKdRRoIRLbYCpSMJFdHXY9y+uwViRpWfY1dBUrJOKWHCGTmqVt1WrCI2ix8e90AoVwo0OJcS4vhkyqRP25epEhEZ0EtxolSt+1R+A/iXBkFTIECet8mvYzniuIEUumbWNwNfYLJhBwSX0SmFuQTN+xTrQcDRlCmyzGDzXo2tOadM4M65SpAP1+0TBlLVdFblOxTCxv72++J/XyDHeaxYi1TlCyj8XxbmkmNF+UrQtDHCUXUcYN8LdSnnCDOPo8iy5EILfL/8l51vVYKdaO61VDvaHcUyRFbJK1klAdskBOSInpE44uSX35JE8eXfeg/fsvXy2jnjDmWXyA97bBw3kofc=</latexit>

mKK ⇠ exp (�↵KK�) ,

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)
<latexit sha1_base64="/+kgU9KkXHxu++OAIpF6oc3LWe4="></latexit>

⇤ = Mpl,d+n ' mn/(d+n�2)
KK



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="dlVvRrG/CR5JZDX2VSkFpWJ26mw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepJCl6EXirYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzfzOE1WaxfLRTBIaCDyULGIEGyv5op/5SqBG48Kb9ssVt+rOgVaJl5MK5Gj2y1/+ICapoNIQjrXueW5iggwrwwin05KfappgMsZD2rNUYkF1kM1vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMTWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wcMh5EJ</latexit>mKK,1

<latexit sha1_base64="bP4kvuP5Ys4IR9hUM5GAJZrtILI=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbinqSghehlwr2A7pLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E47vZn7niSrNYvloJgkNBB5KFjGCjZV80c98JVCjcVmd9ktlt+LOgVaJl5My5Gj2S1/+ICapoNIQjrXueW5iggwrwwin06KfappgMsZD2rNUYkF1kM1vnqJzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMRRuCt/zyKmlXK95VpfZQK9dv8zgKcApncAEeXEMd7qEJLSCQwDO8wpuTOi/Ou/OxaF1z8pkT+APn8wcODJEK</latexit>mKK,2

<latexit sha1_base64="FQbEeUBKTtY5dmsoqYhA4BsQcsQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtSTFLx4ESrYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLRTBIaCDyULGIEGyv59/3MVwIl/KI27ZcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJvfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdKuVb3Lav2hXmnc5HEU4QRO4Rw8uIIG3EETWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wdHO5Ew</latexit>

Mpl,2

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="dlVvRrG/CR5JZDX2VSkFpWJ26mw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepJCl6EXirYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzfzOE1WaxfLRTBIaCDyULGIEGyv5op/5SqBG48Kb9ssVt+rOgVaJl5MK5Gj2y1/+ICapoNIQjrXueW5iggwrwwin05KfappgMsZD2rNUYkF1kM1vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMTWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wcMh5EJ</latexit>mKK,1

<latexit sha1_base64="bP4kvuP5Ys4IR9hUM5GAJZrtILI=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbinqSghehlwr2A7pLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E47vZn7niSrNYvloJgkNBB5KFjGCjZV80c98JVCjcVmd9ktlt+LOgVaJl5My5Gj2S1/+ICapoNIQjrXueW5iggwrwwin06KfappgMsZD2rNUYkF1kM1vnqJzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMRRuCt/zyKmlXK95VpfZQK9dv8zgKcApncAEeXEMd7qEJLSCQwDO8wpuTOi/Ou/OxaF1z8pkT+APn8wcODJEK</latexit>mKK,2

<latexit sha1_base64="FQbEeUBKTtY5dmsoqYhA4BsQcsQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtSTFLx4ESrYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLRTBIaCDyULGIEGyv59/3MVwIl/KI27ZcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJvfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdKuVb3Lav2hXmnc5HEU4QRO4Rw8uIIG3EETWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wdHO5Ew</latexit>

Mpl,2

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>

~rmKK

mKK
·
~r⇤KK

⇤KK
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr

mstr
·
~r⇤str

⇤str
=

1

d� 2



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="dlVvRrG/CR5JZDX2VSkFpWJ26mw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepJCl6EXirYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzfzOE1WaxfLRTBIaCDyULGIEGyv5op/5SqBG48Kb9ssVt+rOgVaJl5MK5Gj2y1/+ICapoNIQjrXueW5iggwrwwin05KfappgMsZD2rNUYkF1kM1vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMTWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wcMh5EJ</latexit>mKK,1

<latexit sha1_base64="bP4kvuP5Ys4IR9hUM5GAJZrtILI=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbinqSghehlwr2A7pLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E47vZn7niSrNYvloJgkNBB5KFjGCjZV80c98JVCjcVmd9ktlt+LOgVaJl5My5Gj2S1/+ICapoNIQjrXueW5iggwrwwin06KfappgMsZD2rNUYkF1kM1vnqJzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMRRuCt/zyKmlXK95VpfZQK9dv8zgKcApncAEeXEMd7qEJLSCQwDO8wpuTOi/Ou/OxaF1z8pkT+APn8wcODJEK</latexit>mKK,2

<latexit sha1_base64="FQbEeUBKTtY5dmsoqYhA4BsQcsQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtSTFLx4ESrYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLRTBIaCDyULGIEGyv59/3MVwIl/KI27ZcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJvfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdKuVb3Lav2hXmnc5HEU4QRO4Rw8uIIG3EETWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wdHO5Ew</latexit>

Mpl,2

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>

~rmKK

mKK
·
~r⇤KK

⇤KK
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr

mstr
·
~r⇤str

⇤str
=

1

d� 2



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="dlVvRrG/CR5JZDX2VSkFpWJ26mw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepJCl6EXirYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzfzOE1WaxfLRTBIaCDyULGIEGyv5op/5SqBG48Kb9ssVt+rOgVaJl5MK5Gj2y1/+ICapoNIQjrXueW5iggwrwwin05KfappgMsZD2rNUYkF1kM1vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMTWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wcMh5EJ</latexit>mKK,1

<latexit sha1_base64="bP4kvuP5Ys4IR9hUM5GAJZrtILI=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbinqSghehlwr2A7pLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E47vZn7niSrNYvloJgkNBB5KFjGCjZV80c98JVCjcVmd9ktlt+LOgVaJl5My5Gj2S1/+ICapoNIQjrXueW5iggwrwwin06KfappgMsZD2rNUYkF1kM1vnqJzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMRRuCt/zyKmlXK95VpfZQK9dv8zgKcApncAEeXEMd7qEJLSCQwDO8wpuTOi/Ou/OxaF1z8pkT+APn8wcODJEK</latexit>mKK,2

<latexit sha1_base64="FQbEeUBKTtY5dmsoqYhA4BsQcsQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtSTFLx4ESrYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLRTBIaCDyULGIEGyv59/3MVwIl/KI27ZcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJvfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdKuVb3Lav2hXmnc5HEU4QRO4Rw8uIIG3EETWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wdHO5Ew</latexit>

Mpl,2

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>

~rmKK

mKK
·
~r⇤KK

⇤KK
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr

mstr
·
~r⇤str

⇤str
=

1

d� 2
<latexit sha1_base64="W7FQxaF6+Y/YBbI12dq2R/r4YAM="></latexit>

~rmKK,1

mKK,1
·
~r⇤KK,2

⇤KK,2
=

1

d� 2



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="dlVvRrG/CR5JZDX2VSkFpWJ26mw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepJCl6EXirYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzfzOE1WaxfLRTBIaCDyULGIEGyv5op/5SqBG48Kb9ssVt+rOgVaJl5MK5Gj2y1/+ICapoNIQjrXueW5iggwrwwin05KfappgMsZD2rNUYkF1kM1vnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMTWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wcMh5EJ</latexit>mKK,1

<latexit sha1_base64="bP4kvuP5Ys4IR9hUM5GAJZrtILI=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbinqSghehlwr2A7pLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E47vZn7niSrNYvloJgkNBB5KFjGCjZV80c98JVCjcVmd9ktlt+LOgVaJl5My5Gj2S1/+ICapoNIQjrXueW5iggwrwwin06KfappgMsZD2rNUYkF1kM1vnqJzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif10tNdBNkTCapoZIsFkUpRyZGswDQgClKDJ9Ygoli9lZERlhhYmxMRRuCt/zyKmlXK95VpfZQK9dv8zgKcApncAEeXEMd7qEJLSCQwDO8wpuTOi/Ou/OxaF1z8pkT+APn8wcODJEK</latexit>mKK,2

<latexit sha1_base64="FQbEeUBKTtY5dmsoqYhA4BsQcsQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtSTFLx4ESrYD+guJZtm29AkuyRZoSz9G148KOLVP+PNf2Pa7kFbHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLRTBIaCDyULGIEGyv59/3MVwIl/KI27ZcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJvfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZgGgAVOUGD6xBBPF7K2IjLDCxNiYSjYEb/nlVdKuVb3Lav2hXmnc5HEU4QRO4Rw8uIIG3EETWkAggWd4hTcndV6cd+dj0Vpw8plj+APn8wdHO5Ew</latexit>

Mpl,2

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>
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mKK
·
~r⇤KK

⇤KK
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr

mstr
·
~r⇤str

⇤str
=

1

d� 2
<latexit sha1_base64="W7FQxaF6+Y/YBbI12dq2R/r4YAM="></latexit>

~rmKK,1

mKK,1
·
~r⇤KK,2

⇤KK,2
=

1

d� 2

Why?



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily the one associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>

~rmKK

mKK
·
~r⇤KK

⇤KK
=

1

d� 2
<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr

mstr
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="BPBb0iNmnXav7Gc5QQCzkdaAofU=">AAAB/3icbVA9SwNBEN2LXzF+RQUbm8UgWIU7CWolARvLCCYGckfY28wlS3b3jt29QDiv8K/YWChi69+w89+4+Sg08cHA470ZZuaFCWfauO63U1hZXVvfKG6WtrZ3dvfK+wctHaeKQpPGPFbtkGjgTELTMMOhnSggIuTwEA5vJv7DCJRmsbw34wQCQfqSRYwSY6Vu+ciPFKGZPwLqSxJygkWeibxbrrhVdwq8TLw5qaA5Gt3yl9+LaSpAGsqJ1h3PTUyQEWUY5ZCX/FRDQuiQ9KFjqSQCdJBN78/xqVV6OIqVLWnwVP09kRGh9ViEtlMQM9CL3kT8z+ukJroKMiaT1ICks0VRyrGJ8SQM3GMKqOFjSwhVzN6K6YDYQIyNrGRD8BZfXiat86p3Ua3d1Sr163kcRXSMTtAZ8tAlqqNb1EBNRNEjekav6M15cl6cd+dj1lpw5jOH6A+czx90HZZi</latexit>

~rm

m

<latexit sha1_base64="WOi6ieyGCllXToVhrBCH/lnbhWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp6koKbly4qGAf0IRyM520QyeTMDMplNC9G3/FjQtF3PoD7vwbp20EbT0wcDjnHu7cEyScKe04X1ZhZXVtfaO4Wdra3tnds/cPmipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaC4fXUb42oVCwW93qcUD+CvmAhI6CN1LWPvVACybwRJZ6AgAP2bk26B5Psh3TtslNxZsDLxM1JGeWod+1PrxeTNKJCEw5KdVwn0X4GUjPC6aTkpYomQIbQpx1DBURU+dnslgk+MUoPh7E0T2g8U38nMoiUGkeBmYxAD9SiNxX/8zqpDi/9jIkk1VSQ+aIw5VjHeFoM7jFJieZjQ4BIZv6KyQBMOdrUVzIluIsnL5PmWcU9r1TvquXaVV5HER2hY3SKXHSBaugG1VEDEfSAntALerUerWfrzXqfjxasPHOI/sD6+AZStJs6</latexit>

~r⇤

⇤

<latexit sha1_base64="XUWU/T/z7bUiyvN5Zt9VnSuGYHc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2nXbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWavVwxJH2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqd1mt3dcq9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A6Wxjy0=</latexit>

✓Why?

The angle between 
them is always such that 
the pattern gets satisfied



For multiple towers and moduli:

Maximal supergravity

The species scale has information about all light towers and 
it is not necessarily the one associated to the leading one

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="77Oeypn+Am8oOi4v45sXNd7Iye8="></latexit>

~rmKK

mKK
·
~r⇤KK

⇤KK
=

1

d� 2
<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

<latexit sha1_base64="mWlxXcBIHCCVju01wc6/uAyvI5k="></latexit>

~rmstr
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·
~r⇤str

⇤str
=

1

d� 2 [Calderon-Infante et al’23]



Species scale vector is perpendicular to the facets of the convex 
hull of the towers
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Species scale vector is perpendicular to the facets of the convex 
hull of the towers

• Convex Hull for the towers
[Calderon-Infante,Uranga,IV’20] [Etheredge et al’22-23]



Species scale vector is perpendicular to the facets of the convex 
hull of the towers

• Convex Hull for the species scale
[Calderon-Infante,Castellano,Herraez,Ibanez’23]

• Convex Hull for the towers
[Calderon-Infante,Uranga,IV’20] [Etheredge et al’22-23]



Species scale vector is perpendicular to the facets of the convex 
hull of the towers

The two polytopes are dual to each other
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>
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1

d� 2

• Convex Hull for the species scale
[Calderon-Infante,Castellano,Herraez,Ibanez’23]

• Convex Hull for the towers
[Calderon-Infante,Uranga,IV’20] [Etheredge et al’22-23]



Species scale vector is perpendicular to the facets of the convex 
hull of the towers

The two polytopes are dual to each other
<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>
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·
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⇤
=

1

d� 2

• Convex Hull for the species scale
[Calderon-Infante,Castellano,Herraez,Ibanez’23]

• Convex Hull for the towers
[Calderon-Infante,Uranga,IV’20] [Etheredge et al’22-23]

Alberto’s and Alvaro’s talk
Luis’s talk



Species scale vector is perpendicular to the facets of the convex 
hull of the towers

The two polytopes are dual to each other
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• Convex Hull for the species scale
[Calderon-Infante,Castellano,Herraez,Ibanez’23]

• Convex Hull for the towers
[Calderon-Infante,Uranga,IV’20] [Etheredge et al’22-23]

It underlies the rules of taxonomy of infinite distance limits from Ben’s talk

Can we classify all possible limits from bottom-up?

(it determines the angles between the different vectors of the towers)

<latexit sha1_base64="m52FseUeoAd8OGvf+fI0L2zpFDA=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027drMJuxOhhP4HLx4U8er/8ea/cdNWUNEHA4/3ZpiZFySCa3CcD2tldW19Y7OwVdze2d3bLx0ctnWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsEk6vc79wzpXksb2GaMD8iI8lDTgkYqd2HMQMyKJUd+6JerXhV7NiOU3Mrbk4qNe/cw65RcpTREs1B6b0/jGkaMQlUEK17rpOAnxEFnAo2K/ZTzRJCJ2TEeoZKEjHtZ/NrZ/jUKEMcxsqUBDxXv09kJNJ6GgWmMyIw1r+9XPzL66UQ1v2MyyQFJuliUZgKDDHOX8dDrhgFMTWEUMXNrZiOiSIUTEBFE8LXp/h/0q7YbtX2brxy43IZRwEdoxN0hlxUQw10jZqohSi6Qw/oCT1bsfVovVivi9YVazlzhH7AevsEBc+Pbw==</latexit>

✓
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We also check the pattern in setups with lower supersymmetry and it still holds

We provide examples with 16, 8 and 4 supercharges

e.g. it holds in all examples of EFT strings in 4d N=1 explored in

(even if the vectors of the towers move in the moduli space)

[Lanza,Marchesano,Martucci,IV’21]

[Castellano,Ruiz,IV’ongoing]



We also check the pattern in setups with lower supersymmetry and it still holds

We provide examples with 16, 8 and 4 supercharges

e.g. it holds in all examples of EFT strings in 4d N=1 explored in

(even if the vectors of the towers move in the moduli space)

[Lanza,Marchesano,Martucci,IV’21]

Promising avenue to extend the taxonomy of infinite distance 
limits to less supersymmetric setups?

[Castellano,Ruiz,IV’ongoing]



Summary

1) The sharpened Distance Conjecture and convex hull SWGC are still 
satisfied in 9d string theories

• despite the variation of the exponential rate of non-BPS KK modes 
associated to decompactifiying to a running solution

• thanks to the fact that they “jump” as a function of asymptotic direction

2) We found a universal pattern between the leading tower of 
states and the species scale cut-off

Lamppost effect or bottom-up explanation?

It reproduces the sharpened lower bound for the exponential rate and 
certain rules about how to combine different limits

Is this jumping a general feature of asymptotic limits?



Thank you!

Online series of Swampland seminars / open mic discussions

on Mondays at 10:30 am ET (4:30 pm CET)

Everybody is welcome!  :)

https://sites.google.com/view/swamplandseminars
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Consider
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AdSd+1/CFTd bulk moduli space = conformal manifold
(marginal deformations)

:

CFT Distance conjecture



Distance conjecture seems to apply even beyond holographic CFTs
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AdSd+1/CFTd bulk moduli space = conformal manifold
(marginal deformations)

:

CFT Distance conjecture



Distance conjecture seems to apply even beyond holographic CFTs
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AdSd+1/CFTd bulk moduli space = conformal manifold
(marginal deformations)

:

CFT Distance conjecture

Tower of scalar modes [Kontsevich,Soibelman’00] [Acharya,Douglas’06]



Distance conjecture seems to apply even beyond holographic CFTs
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AdSd+1/CFTd bulk moduli space = conformal manifold
(marginal deformations)

:

CFT Distance conjecture

Tower of scalar modes [Kontsevich,Soibelman’00] [Acharya,Douglas’06]

Tower of higher spin modes

(all known examples are free points                 )
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“CFT Distance conjecture”
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anomalous dimension distance measured by Zamolodchikov metric

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]



Distance conjecture seems to apply even beyond holographic CFTs
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AdSd+1/CFTd bulk moduli space = conformal manifold
(marginal deformations)

:

Notice: No pure decompactification limit
(are all limits associated to tensionless strings?)

CFT Distance conjecture

Tower of scalar modes [Kontsevich,Soibelman’00] [Acharya,Douglas’06]

Tower of higher spin modes

(all known examples are free points                 )
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0

“CFT Distance conjecture”

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJfsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

anomalous dimension distance measured by Zamolodchikov metric

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]



Exponential rate: ↵ =

r
2c

dimG

gauge group getting free

central charge

CFT Distance conjecture

[Perlmutter,Rastelli,Vafa,IV’21]



Exponential rate: ↵ =
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for 4d N=2

for 4d N=1

gauge group getting free

central charge

CFT Distance conjecture

[Perlmutter,Rastelli,Vafa,IV’21]



Exponential rate: ↵ =

r
2c

dimG

� 1p
3

� 1

2

for 4d N=2

for 4d N=1

gauge group getting free

central charge

CFT Distance conjecture

For all possible 4d SCFTs with large N and simple gauge groups:
<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>

↵ =
1p
2
,

r
7

12
,

r
2

3
because of

<latexit sha1_base64="dR4Pc/JCxE5a3ZiRCPwXilgsqqk=">AAACEHicbVDLSgMxFM34rPU16tLNYBFdSJlosd0oBTcuK9gHdErJpJk2NJMZkoxQwnyCG3/FjQtF3Lp059+YdmahrQcC555zLzf3+DGjUrnut7W0vLK6tl7YKG5ube/s2nv7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn745up334gQtKI36tJTHohGnIaUIyUkfr2iRcIhDVKNU6vPA3PshpepBpW0qyq1ry0b5fcsjuDs0hgTkogR6Nvf3mDCCch4QozJGUXurHqaSQUxYykRS+RJEZ4jIakayhHIZE9PTsodY6NMnCCSJjHlTNTf09oFEo5CX3TGSI1kvPeVPzP6yYqqPU05XGiCMfZoiBhjoqcaTrOgAqCFZsYgrCg5q8OHiGTgTIZFk0IcP7kRdI6L8PLcuWuUqpf53EUwCE4AqcAgiqog1vQAE2AwSN4Bq/gzXqyXqx36yNrXbLymQPwB9bnD9X8nHA=</latexit>

a

c
= {1, 13

14
,
7

8
}

[Bhardwaj,Tachikawa’13] 
[Razamat, Sabag, Zafrir’20]

[Perlmutter,Rastelli,Vafa,IV’21]



Exponential rate: ↵ =

r
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dimG

� 1p
3

� 1

2

for 4d N=2

for 4d N=1

gauge group getting free

central charge

Does this signal three types of tensionless strings?

CFT Distance conjecture

For all possible 4d SCFTs with large N and simple gauge groups:
<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>

↵ =
1p
2
,

r
7

12
,

r
2

3
because of

<latexit sha1_base64="dR4Pc/JCxE5a3ZiRCPwXilgsqqk=">AAACEHicbVDLSgMxFM34rPU16tLNYBFdSJlosd0oBTcuK9gHdErJpJk2NJMZkoxQwnyCG3/FjQtF3Lp059+YdmahrQcC555zLzf3+DGjUrnut7W0vLK6tl7YKG5ube/s2nv7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn745up334gQtKI36tJTHohGnIaUIyUkfr2iRcIhDVKNU6vPA3PshpepBpW0qyq1ry0b5fcsjuDs0hgTkogR6Nvf3mDCCch4QozJGUXurHqaSQUxYykRS+RJEZ4jIakayhHIZE9PTsodY6NMnCCSJjHlTNTf09oFEo5CX3TGSI1kvPeVPzP6yYqqPU05XGiCMfZoiBhjoqcaTrOgAqCFZsYgrCg5q8OHiGTgTIZFk0IcP7kRdI6L8PLcuWuUqpf53EUwCE4AqcAgiqog1vQAE2AwSN4Bq/gzXqyXqx36yNrXbLymQPwB9bnD9X8nHA=</latexit>

a

c
= {1, 13

14
,
7

8
}

[Bhardwaj,Tachikawa’13] 
[Razamat, Sabag, Zafrir’20]

[Perlmutter,Rastelli,Vafa,IV’21]



Exponential rate: ↵ =

r
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dimG

� 1p
3
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for 4d N=2

for 4d N=1

gauge group getting free

central charge

Does this signal three types of tensionless strings?

• They satisfy bound
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

<latexit sha1_base64="oxDbE/NUUBhNliXTU2H4BvTjwgY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIt6kUpePFYwX5AU8pmu2mXbjZxd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2qW9pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fXEbz1QqVgk7vQ4pt0QDwQLGMHaSD27dOkFEhM39dS91OlplvXsslNxpkCLxM1JGXLUe/aX149IElKhCcdKdVwn1t0US80Ip1nRSxSNMRnhAe0YKnBIVTednp6hI6P0URBJU0Kjqfp7IsWhUuPQN50h1kM1703E/7xOooOLbspEnGgqyGxRkHCkIzTJAfWZpETzsSGYSGZuRWSITRTapFU0IbjzLy+S5knFPatUb6vl2lUeRwEO4BCOwYVzqMEN1KEBBB7hGV7hzXqyXqx362PWumTlM/vwB9bnD03alAk=</latexit>

=
1p
3

but do not saturate it (unlike in string 
perturbative limits in flat space)

CFT Distance conjecture

For all possible 4d SCFTs with large N and simple gauge groups:
<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>

↵ =
1p
2
,

r
7

12
,

r
2

3
because of

<latexit sha1_base64="dR4Pc/JCxE5a3ZiRCPwXilgsqqk=">AAACEHicbVDLSgMxFM34rPU16tLNYBFdSJlosd0oBTcuK9gHdErJpJk2NJMZkoxQwnyCG3/FjQtF3Lp059+YdmahrQcC555zLzf3+DGjUrnut7W0vLK6tl7YKG5ube/s2nv7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn745up334gQtKI36tJTHohGnIaUIyUkfr2iRcIhDVKNU6vPA3PshpepBpW0qyq1ry0b5fcsjuDs0hgTkogR6Nvf3mDCCch4QozJGUXurHqaSQUxYykRS+RJEZ4jIakayhHIZE9PTsodY6NMnCCSJjHlTNTf09oFEo5CX3TGSI1kvPeVPzP6yYqqPU05XGiCMfZoiBhjoqcaTrOgAqCFZsYgrCg5q8OHiGTgTIZFk0IcP7kRdI6L8PLcuWuUqpf53EUwCE4AqcAgiqog1vQAE2AwSN4Bq/gzXqyXqx36yNrXbLymQPwB9bnD9X8nHA=</latexit>

a

c
= {1, 13

14
,
7

8
}

[Bhardwaj,Tachikawa’13] 
[Razamat, Sabag, Zafrir’20]

[Perlmutter,Rastelli,Vafa,IV’21]
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• Funny coincidence: These factors coincide with what one would obtain 
for a KK tower decompactifying to 11, 9 and 8 dimensions.

Does this signal three types of tensionless strings?

• They satisfy bound
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

<latexit sha1_base64="oxDbE/NUUBhNliXTU2H4BvTjwgY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIt6kUpePFYwX5AU8pmu2mXbjZxd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2qW9pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fXEbz1QqVgk7vQ4pt0QDwQLGMHaSD27dOkFEhM39dS91OlplvXsslNxpkCLxM1JGXLUe/aX149IElKhCcdKdVwn1t0US80Ip1nRSxSNMRnhAe0YKnBIVTednp6hI6P0URBJU0Kjqfp7IsWhUuPQN50h1kM1703E/7xOooOLbspEnGgqyGxRkHCkIzTJAfWZpETzsSGYSGZuRWSITRTapFU0IbjzLy+S5knFPatUb6vl2lUeRwEO4BCOwYVzqMEN1KEBBB7hGV7hzXqyXqx362PWumTlM/vwB9bnD03alAk=</latexit>

=
1p
3

but do not saturate it (unlike in string 
perturbative limits in flat space)

CFT Distance conjecture

For all possible 4d SCFTs with large N and simple gauge groups:
<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>

↵ =
1p
2
,

r
7

12
,

r
2

3
because of

<latexit sha1_base64="dR4Pc/JCxE5a3ZiRCPwXilgsqqk=">AAACEHicbVDLSgMxFM34rPU16tLNYBFdSJlosd0oBTcuK9gHdErJpJk2NJMZkoxQwnyCG3/FjQtF3Lp059+YdmahrQcC555zLzf3+DGjUrnut7W0vLK6tl7YKG5ube/s2nv7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn745up334gQtKI36tJTHohGnIaUIyUkfr2iRcIhDVKNU6vPA3PshpepBpW0qyq1ry0b5fcsjuDs0hgTkogR6Nvf3mDCCch4QozJGUXurHqaSQUxYykRS+RJEZ4jIakayhHIZE9PTsodY6NMnCCSJjHlTNTf09oFEo5CX3TGSI1kvPeVPzP6yYqqPU05XGiCMfZoiBhjoqcaTrOgAqCFZsYgrCg5q8OHiGTgTIZFk0IcP7kRdI6L8PLcuWuUqpf53EUwCE4AqcAgiqog1vQAE2AwSN4Bq/gzXqyXqx36yNrXbLymQPwB9bnD9X8nHA=</latexit>
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c
= {1, 13

14
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7

8
}

[Bhardwaj,Tachikawa’13] 
[Razamat, Sabag, Zafrir’20]

[Perlmutter,Rastelli,Vafa,IV’21]



Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

sugra 
regime

QFT 
perturbative 

regime<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

String tension:

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

Let us check the convex hull Distance conjecture:



Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

sugra 
regime

QFT 
perturbative 

regime<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

KK modes

<latexit sha1_base64="CxuoYzsii7c83cCyWUb4znaMehU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRqbetGCm5cVugLOsOQSdM2NJkZk0yhDP0TNy4UceufuPNvTB+Cih64cDjnXu69J0w4UxqhDyu3tr6xuZXfLuzs7u0f2IdHbRWnktAWiXksuyFWlLOItjTTnHYTSbEIOe2E45u535lQqVgcNfU0ob7Aw4gNGMHaSIFtC08xAT11L3XWDNQssIvIQZWyW3Ihci6RWyuhJbmqXkDXQQsUwQqNwH73+jFJBY004VipnosS7WdYakY4nRW8VNEEkzEe0p6hERZU+dni8hk8M0ofDmJpKtJwoX6fyLBQaipC0ymwHqnf3lz8y+ulelDzMxYlqaYRWS4apBzqGM5jgH0mKdF8aggmkplbIRlhiYk2YRVMCF+fwv9Ju+S4Fad8Vy7Wr1dx5MEJOAXnwAVVUAe3oAFagIAJeABP4NnKrEfrxXpdtuas1cwx+AHr7RMd+ZP9</latexit>

m ⇠
p
Ts

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

String tension:

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

Let us check the convex hull Distance conjecture:



Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

sugra 
regime

QFT 
perturbative 

regime<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

KK modes

<latexit sha1_base64="CxuoYzsii7c83cCyWUb4znaMehU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRqbetGCm5cVugLOsOQSdM2NJkZk0yhDP0TNy4UceufuPNvTB+Cih64cDjnXu69J0w4UxqhDyu3tr6xuZXfLuzs7u0f2IdHbRWnktAWiXksuyFWlLOItjTTnHYTSbEIOe2E45u535lQqVgcNfU0ob7Aw4gNGMHaSIFtC08xAT11L3XWDNQssIvIQZWyW3Ihci6RWyuhJbmqXkDXQQsUwQqNwH73+jFJBY004VipnosS7WdYakY4nRW8VNEEkzEe0p6hERZU+dni8hk8M0ofDmJpKtJwoX6fyLBQaipC0ymwHqnf3lz8y+ulelDzMxYlqaYRWS4apBzqGM5jgH0mKdF8aggmkplbIRlhiYk2YRVMCF+fwv9Ju+S4Fad8Vy7Wr1dx5MEJOAXnwAVVUAe3oAFagIAJeABP4NnKrEfrxXpdtuas1cwx+AHr7RMd+ZP9</latexit>

m ⇠
p
Ts

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

String tension:

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

Let us check the convex hull Distance conjecture:

<latexit sha1_base64="akO8+OwIoPG94BNy1Y6jQaotEBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiZS1JUU3Lis0Bc0MUymk3boTBJnJkIJ2bnxV9y4UMStv+DOv3GaZqGtBy6cOede5t7jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXH11O/+0CEpFHYUpOYuBwNQxpQjJSWPPOQO5Jy6Mh7odKWJ7P8OfTkXWqf1jPPrFo1KwdcJHZBqqBA0zO/nEGEE05ChRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvaYg4kW6a35HBY60MYBAJXaGCufp7IkVcygn3dSdHaiTnvan4n9dPVHDppjSME0VCPPsoSBhUEZyGAgdUEKzYRBOEBdW7QjxCAmGlo6voEOz5kxdJ56xmn9fqt/Vq46qIowwOwBE4ATa4AA1wA5qgDTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBwz+ZOg==</latexit>

m ⇠
p

Ts ⇠ g1/4s

• Sugra regime:



Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

sugra 
regime

QFT 
perturbative 

regime<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

KK modes

<latexit sha1_base64="CxuoYzsii7c83cCyWUb4znaMehU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRqbetGCm5cVugLOsOQSdM2NJkZk0yhDP0TNy4UceufuPNvTB+Cih64cDjnXu69J0w4UxqhDyu3tr6xuZXfLuzs7u0f2IdHbRWnktAWiXksuyFWlLOItjTTnHYTSbEIOe2E45u535lQqVgcNfU0ob7Aw4gNGMHaSIFtC08xAT11L3XWDNQssIvIQZWyW3Ihci6RWyuhJbmqXkDXQQsUwQqNwH73+jFJBY004VipnosS7WdYakY4nRW8VNEEkzEe0p6hERZU+dni8hk8M0ofDmJpKtJwoX6fyLBQaipC0ymwHqnf3lz8y+ulelDzMxYlqaYRWS4apBzqGM5jgH0mKdF8aggmkplbIRlhiYk2YRVMCF+fwv9Ju+S4Fad8Vy7Wr1dx5MEJOAXnwAVVUAe3oAFagIAJeABP4NnKrEfrxXpdtuas1cwx+AHr7RMd+ZP9</latexit>

m ⇠
p
Ts

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

This would violate Convex 
Hull Distance conjecture!

String tension:

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

Let us check the convex hull Distance conjecture:

<latexit sha1_base64="akO8+OwIoPG94BNy1Y6jQaotEBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiZS1JUU3Lis0Bc0MUymk3boTBJnJkIJ2bnxV9y4UMStv+DOv3GaZqGtBy6cOede5t7jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXH11O/+0CEpFHYUpOYuBwNQxpQjJSWPPOQO5Jy6Mh7odKWJ7P8OfTkXWqf1jPPrFo1KwdcJHZBqqBA0zO/nEGEE05ChRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvaYg4kW6a35HBY60MYBAJXaGCufp7IkVcygn3dSdHaiTnvan4n9dPVHDppjSME0VCPPsoSBhUEZyGAgdUEKzYRBOEBdW7QjxCAmGlo6voEOz5kxdJ56xmn9fqt/Vq46qIowwOwBE4ATa4AA1wA5qgDTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBwz+ZOg==</latexit>

m ⇠
p

Ts ⇠ g1/4s

• Sugra regime:



sugra 
regime

QFT 
perturbative 

regime

KK modes

<latexit sha1_base64="CxuoYzsii7c83cCyWUb4znaMehU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRqbetGCm5cVugLOsOQSdM2NJkZk0yhDP0TNy4UceufuPNvTB+Cih64cDjnXu69J0w4UxqhDyu3tr6xuZXfLuzs7u0f2IdHbRWnktAWiXksuyFWlLOItjTTnHYTSbEIOe2E45u535lQqVgcNfU0ob7Aw4gNGMHaSIFtC08xAT11L3XWDNQssIvIQZWyW3Ihci6RWyuhJbmqXkDXQQsUwQqNwH73+jFJBY004VipnosS7WdYakY4nRW8VNEEkzEe0p6hERZU+dni8hk8M0ofDmJpKtJwoX6fyLBQaipC0ymwHqnf3lz8y+ulelDzMxYlqaYRWS4apBzqGM5jgH0mKdF8aggmkplbIRlhiYk2YRVMCF+fwv9Ju+S4Fad8Vy7Wr1dx5MEJOAXnwAVVUAe3oAFagIAJeABP4NnKrEfrxXpdtuas1cwx+AHr7RMd+ZP9</latexit>

m ⇠
p
Ts

<latexit sha1_base64="akO8+OwIoPG94BNy1Y6jQaotEBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiZS1JUU3Lis0Bc0MUymk3boTBJnJkIJ2bnxV9y4UMStv+DOv3GaZqGtBy6cOede5t7jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXH11O/+0CEpFHYUpOYuBwNQxpQjJSWPPOQO5Jy6Mh7odKWJ7P8OfTkXWqf1jPPrFo1KwdcJHZBqqBA0zO/nEGEE05ChRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvaYg4kW6a35HBY60MYBAJXaGCufp7IkVcygn3dSdHaiTnvan4n9dPVHDppjSME0VCPPsoSBhUEZyGAgdUEKzYRBOEBdW7QjxCAmGlo6voEOz5kxdJ56xmn9fqt/Vq46qIowwOwBE4ATa4AA1wA5qgDTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBwz+ZOg==</latexit>

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs

• Sugra regime:

String tension:

• CFT pert. regime (                ) :
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0

<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

<latexit sha1_base64="VU/2q/eP/5CtQ/5M20/NWHNaTWU=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFcDZla27qRghtXUsE+sC0lk6ZtaJIZkoxQSv/CjQtF3Po37vwb04egogcuHM65l3vvCWPBjcX4w1taXlldW09tpDe3tnd2M3v7NRMlmrIqjUSkGyExTHDFqpZbwRqxZkSGgtXD4eXUr98zbXikbu0oZm1J+or3OCXWSXeyZbhE1/2O6WSy2MeFfJALEPbPcFDK4Tk5L56iwMczZGGBSifz3upGNJFMWSqIMc0Ax7Y9JtpyKtgk3UoMiwkdkj5rOqqIZKY9nl08QcdO6aJepF0pi2bq94kxkcaMZOg6JbED89ubin95zcT2Su0xV3FimaLzRb1EIBuh6fuoyzWjVowcIVRzdyuiA6IJtS6ktAvh61P0P6nl/KDg52/y2fLFIo4UHMIRnEAARSjDFVSgChQUPMATPHvGe/RevNd565K3mDmAH/DePgGDbJDT</latexit>

m ⇠ Ngs

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

Let us check the convex hull Distance conjecture:



sugra 
regime

QFT 
perturbative 

regime

KK modes

<latexit sha1_base64="CxuoYzsii7c83cCyWUb4znaMehU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRqbetGCm5cVugLOsOQSdM2NJkZk0yhDP0TNy4UceufuPNvTB+Cih64cDjnXu69J0w4UxqhDyu3tr6xuZXfLuzs7u0f2IdHbRWnktAWiXksuyFWlLOItjTTnHYTSbEIOe2E45u535lQqVgcNfU0ob7Aw4gNGMHaSIFtC08xAT11L3XWDNQssIvIQZWyW3Ihci6RWyuhJbmqXkDXQQsUwQqNwH73+jFJBY004VipnosS7WdYakY4nRW8VNEEkzEe0p6hERZU+dni8hk8M0ofDmJpKtJwoX6fyLBQaipC0ymwHqnf3lz8y+ulelDzMxYlqaYRWS4apBzqGM5jgH0mKdF8aggmkplbIRlhiYk2YRVMCF+fwv9Ju+S4Fad8Vy7Wr1dx5MEJOAXnwAVVUAe3oAFagIAJeABP4NnKrEfrxXpdtuas1cwx+AHr7RMd+ZP9</latexit>

m ⇠
p
Ts

<latexit sha1_base64="akO8+OwIoPG94BNy1Y6jQaotEBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiZS1JUU3Lis0Bc0MUymk3boTBJnJkIJ2bnxV9y4UMStv+DOv3GaZqGtBy6cOede5t7jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXH11O/+0CEpFHYUpOYuBwNQxpQjJSWPPOQO5Jy6Mh7odKWJ7P8OfTkXWqf1jPPrFo1KwdcJHZBqqBA0zO/nEGEE05ChRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvaYg4kW6a35HBY60MYBAJXaGCufp7IkVcygn3dSdHaiTnvan4n9dPVHDppjSME0VCPPsoSBhUEZyGAgdUEKzYRBOEBdW7QjxCAmGlo6voEOz5kxdJ56xmn9fqt/Vq46qIowwOwBE4ATa4AA1wA5qgDTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBwz+ZOg==</latexit>

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs

• Sugra regime:

String tension:

<latexit sha1_base64="a5yyveFeTz+FNZXTQX7m7S7Abew=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSlKJelIIXjxXsBzSlbLabdulmE3cnQgm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8w8PxZcg+N8W4WV1bX1jeJmaWt7Z3fP3j9o6ShRlDVpJCLV8YlmgkvWBA6CdWLFSOgL1vbHN1O//ciU5pG8h0nMeiEZSh5wSsBIffvIIyIekSsvUIS6qacfFKTVLOvbZafizICXiZuTMsrR6Ntf3iCiScgkUEG07rpODL2UKOBUsKzkJZrFhI7JkHUNlSRkupfOHsjwqVEGOIiUKQl4pv6eSEmo9ST0TWdIYKQXvan4n9dNILjspVzGCTBJ54uCRGCI8DQNPOCKURATQwhV3NyK6YiYKMBkVjIhuIsvL5NWteKeV2p3tXL9Oo+jiI7RCTpDLrpAdXSLGqiJKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwD2Zpam</latexit>

↵ =
1p
2

• CFT pert. regime (                ) :
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0

<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

<latexit sha1_base64="DMX47CyTAgMUXl6u0279UFAy2jc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxPvKAZAmzk04yZHZ2mZkV4pJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSP5YMYx+iEdSN7njBor3T9177rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuV20qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fQnqNyA==</latexit>zR

<latexit sha1_base64="MfUrTtlfgcrQjeIGsamWugDt/i4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8JmO22XbjZhdyPU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnZBqFFxi03AjsJMopFEosB2Ob2d++xGV5rF8MJME/YgOJR9wRo2V2k9BNgz0NChX3Ko7B1klXk4qkKMRlL96/ZilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq/TJIFa2pCFz9fdERiOtJ1FoOyNqRnrZm4n/ed3UDK79jMskNSjZYtEgFcTEZPY76XOFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtAWPzw==</latexit>zgs

<latexit sha1_base64="VU/2q/eP/5CtQ/5M20/NWHNaTWU=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFcDZla27qRghtXUsE+sC0lk6ZtaJIZkoxQSv/CjQtF3Po37vwb04egogcuHM65l3vvCWPBjcX4w1taXlldW09tpDe3tnd2M3v7NRMlmrIqjUSkGyExTHDFqpZbwRqxZkSGgtXD4eXUr98zbXikbu0oZm1J+or3OCXWSXeyZbhE1/2O6WSy2MeFfJALEPbPcFDK4Tk5L56iwMczZGGBSifz3upGNJFMWSqIMc0Ax7Y9JtpyKtgk3UoMiwkdkj5rOqqIZKY9nl08QcdO6aJepF0pi2bq94kxkcaMZOg6JbED89ubin95zcT2Su0xV3FimaLzRb1EIBuh6fuoyzWjVowcIVRzdyuiA6IJtS6ktAvh61P0P6nl/KDg52/y2fLFIo4UHMIRnEAARSjDFVSgChQUPMATPHvGe/RevNd565K3mDmAH/DePgGDbJDT</latexit>

m ⇠ Ngs

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

Example:
<latexit sha1_base64="5X01TqRnjrdRxj6uV4c3PaOXtZw=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCYWBHcNqI0GY2OjwSAPwyKZHQaYMPvIzF0j2fADNv6KjYXG2Nrb+TcOj0LBk9zk5Jx7c+89TiC4AtP8NmIzs3PzC/HFxNLyyupacn2jrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTPR/4lXsmFfe9G+gFrO6StsdbnBLQUiO5c3WStYE9QISLt5d9bKf37TQ+axYbORu4yxQu3uUayZSZMYfA08QakxQao9BIftlNn4Yu84AKolTNMgOoR0QCp4L1E3aoWEBol7RZTVOP6EX1aPhNH+9qpYlbvtTlAR6qvyci4irVcx3d6RLoqElvIP7n1UJoHdcj7gUhMI+OFrVCgcHHg2hwk0tGQfQ0IVRyfSumHSIJBR1gQodgTb48TcoHGeswk73OpvKn4zjiaAttoz1koSOURxeogEqIokf0jF7Rm/FkvBjvxseoNWaMZzbRHxifP/YymZg=</latexit>

N = 4 SYM /AdS5 ⇥ S5

Let us check the convex hull Distance conjecture:



N=2

N=1



WGC and SDC from Entropy Bounds

g(�1) ! 0 A(�1) ! 0If then Small BH:

Take Einstein-Maxwell-Dilaton theory:

S =

Z
d4x

p
�g


R+ 2|d�|2 + 1

2g(�)2
|F |2

�
g(�) ! 0 � ! 1s.t. as

There are electrically charged BH solutions with classical zero area (small BHs)



WGC and SDC from Entropy Bounds

g(�1) ! 0 A(�1) ! 0If then Small BH:

Take Einstein-Maxwell-Dilaton theory:

S =

Z
d4x

p
�g


R+ 2|d�|2 + 1

2g(�)2
|F |2

�
g(�) ! 0 � ! 1s.t. as

There are electrically charged BH solutions with classical zero area (small BHs)

BH induces a running of the scalar field and gauge coupling as 
approaching the horizon leading to:

⌧ = �1 ⌧ = 0

large field range!
small gauge coupling!

<latexit sha1_base64="rMzD9jHWzC4oGAK8xwLcp7xNknE=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LBahXkpSQ1svUvDisYJtxaaUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7Bx0VJZLQNol4JG99rChngrY105zexpLi0Oe0608uM797T6VikbjR05j2QzwSLGAEayPdefGYlT2Nk9NBsWRXzhu1qltDdsW2607VyUi17p65yDFKhhIs0RoU371hRJKQCk04Vqrn2LHup1hqRjidFbxE0RiTCR7RnqECh1T10/nFM3RilCEKImlKaDRXv0+kOFRqGvqmM8R6rH57mfiX10t00OinTMSJpoIsFgUJRzpC2ftoyCQlmk8NwUQycysiYywx0Sakggnh61P0P+lUK06t4l67pebFMo48HMExlMGBOjThClrQBgICHuAJni1lPVov1uuiNWctZw7hB6y3T1v8kLk=</latexit>

�(⌧)
<latexit sha1_base64="z/IRCRTrf/PcxznZa2AsNVFSDfw=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9ATsl4k4MVjBLNAMoSeTk/SpGehu0YIIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6XiyFBkI+rMzG5tb2TnY3t7d/cHiUPz7p6ChRjLdZJCPV86jmUoS8DQIk78WK08CTvOtNr1O/e8+VFlF4B7OYuwEdh8IXjIKRuuPiAGhyOcwXiF2qkEatjoldIU6jXDKEkHqjSrBjSIoCWqM1zL8PRhFLAh4Ck1TrvkNicOdUgWCSL3KDRPOYsikd876hIQ24dufLcxf4wigj7EfKVAh4qX6fmNNA61ngmc6AwkT/9lLxL6+fgF935yKME+AhWy3yE4khwunveCQUZyBnhlCmhLkVswlVlIFJKGdC+PoU/086Jdup2uXbcqF5tY4ji87QOSoiB9VQE92gFmojhqboAT2hZyu2Hq0X63XVmrHWM6foB6y3Txoyj24=</latexit>

g(⌧)

(horizon)



WGC and SDC from Entropy Bounds

Small BHs lead to a violation of the Bekenstein bound, unless the EFT 
cutoff decreases as dictated by the SDC / WGC

A = L2
A region of size    cannot have more entropy than 
a Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A



WGC and SDC from Entropy Bounds

Small BHs lead to a violation of the Bekenstein bound, unless the EFT 
cutoff decreases as dictated by the SDC / WGC

A = L2
A region of size    cannot have more entropy than 
a Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A

<latexit sha1_base64="v9iOJHDCAznacgBzTrgyCmcprV0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFVSVcCEKrEwMBSJPqQmrRzHaa3aTmQ7SFXahV9hYQAhVj6Djb/BbTNAy5EsHZ1zj67vCRJGlXacb2tldW19Y7OwVdze2d3btw8OmypOJSYNHLNYtgOkCKOCNDTVjLQTSRAPGGkFw5up33okUtFYPOhRQnyO+oJGFCNtpJ59PA69ZEDH3YqnKIfenYmGqFvp2SWn7MwAl4mbkxLIUe/ZX14Y45QToTFDSnVcJ9F+hqSmmJFJ0UsVSRAeoj7pGCoQJ8rPZgdM4JlRQhjF0jyh4Uz9ncgQV2rEAzPJkR6oRW8q/ud1Uh1d+RkVSaqJwPNFUcqgjuG0DRhSSbBmI0MQltT8FeIBkghr01nRlOAunrxMmpWye1Gu3ldLteu8jgI4AafgHLjgEtTALaiDBsBgAp7BK3iznqwX6936mI+uWHnmCPyB9fkDFViWEQ==</latexit>

|d�|2 ⇠ ⇤2Using extremality condition and that EFT breaks down at

⇤ . g in Planck units

due to an infinite tower of states


