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Distances in AdS/CFT

• Absence of scale separation in AdS
• New corners: Non-critical strings

Generalised distance beyond moduli spaces



1) Minkowski space

field metric
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<latexit sha1_base64="CyszOJOFScHkVy36QoFJLqBR7Eo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDxIwYvHKvYD2lA22027dLMJuxOhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG00gO97pUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w9CU40u</latexit>a :

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

<latexit sha1_base64="SgFr3u42flpe0gb76whDWO1wSHc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpRV1JwY3LCvYBnWHIpJk2NMkMSaZQhoIbf8WNC0Xc+hPu/Bsz7Sy09cC9HM65l+SeMGFUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDcc3+Z+d0KkorF40NOE+BwNBY0oRtpIgX3iRRLhzJsQ7AkUMgR5UJ9leQvsqlNz5oCrxC1IFRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMyKzipYokCI/RkPQNFYgT5WfzG2bw3CgDGMXSlNBwrv7eyBBXaspDM8mRHqllLxf/8/qpjq79jIok1UTgxUNRyqCOYR4IHFBJsGZTQxCW1PwV4hEyoWgTW8WE4C6fvEo69Zp7WWvcN6rNmyKOMjgFZ+ACuOAKNMEdaIE2wOARPINX8GY9WS/Wu/WxGC1Zxc4x+APr8wfj0pes</latexit>

~rm2

m2

<latexit sha1_base64="luc9fQkUvRXlmaMM2hpiJ13QjT8=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhj41+xsVDE1v9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA+pfozAwbOXybsEdg84Tb0ryZIpyK/fltyOWSAwNE6B1w3Nj00xBGc4EDrN+ojEG1ocuNiwNQaJupuMvhvTIKm3aiZSt0NCx+nsiBan1QAa2U4Lp6VlvJP7nNRLTuWimPIwTgyGbLOokgpqIjiKhba6QGTGwBJji9lbKeqCAGRtc1obgzb48T6qnBe+sULwt5kuX0zgyZJ8ckmPikXNSIjekTCqEkUfyTF7Jm/PkvDjvzsekdcGZzuyRP3A+fwA8lJfG</latexit>

m ⇠ m0e
�↵�Story of success for the Distance conjecture:

moduli 
space

[Ooguri-Vafa’06]

<latexit sha1_base64="Yfpqd5aiwCwxI9ABpD1QBU8OUHk="></latexit>

~r⇤QG

⇤QGSpecies vector:

<latexit sha1_base64="E3ctj0ZUeFTKwvz6Vf+1FZORRQ0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKnsCuinkTwoAcPCiYRsiH0Tnp1cHZ2mekVw5I/8eKvePGgiHjL3zh5HNRYMFBUddHTFWVKWvL9vjc1PTM7N7+wWFpaXlldK69v1G2aG4E1karU3ERgUUmNNZKk8CYzCEmksBHdnw78xgMaK1N9Td0MWwncahlLAeSkdvkgjA2IInxAEWqIFPDwwqU70A4JH6m4Ouv1ikmpXa74VX8IPkmCMamwMS7b5a+wk4o8QU1CgbXNwM+oVYAhKRT2SmFuMQNxD7fYdFRDgrZVDO/r8R2ndHicGvc08aH6M1FAYm03idxkAnRn/3oD8T+vmVN81CqkznJCLUaL4lxxSvmgLN6RBgWpriMgjHR/5eIOXGHkKi25EoK/J0+S+l41OKjuX+1XTo7HdSywLbbNdlnADtkJO2eXrMYEe2Iv7I29e8/eq/fhfY5Gp7xxZpP9gtf/BuN8pCI=</latexit>

~r⇤QG

⇤QG

scale at which the local QFT 
description breaks down



<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

Tower vector:

Tower and species vectors

<latexit sha1_base64="Yy4Tl2cjG94rhPUae3gqbVM4IsQ=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyWRop6k4MVjBVsLTSiT7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCUBRzgRtaaY57SSSQhRw+hCMbnL/YUylYrG415OE+hEMBAsZAW2knn3khRJI5o0p8QQEHHDUg2mWt55ddWrODHiZuAWpogLNnv3l9WOSRlRowkGprusk2s9AakY4nVa8VNEEyAgGtGuogIgqP5vdMMWnRunjMJamhMYz9fdGBpFSkygwkxHooVr0cvE/r5vq8MrPmEhSTQWZPxSmHOsY54HgPpOUaD4xBIhk5q+YDMGEok1sFROCu3jyMmmf19yLWv2uXm1cF3GU0TE6QWfIRZeogW5RE7UQQY/oGb2iN+vJerHerY/5aMkqdg7RH1ifP3OimAo=</latexit>

~rma

ma

labels number of light towers
<latexit sha1_base64="CyszOJOFScHkVy36QoFJLqBR7Eo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDxIwYvHKvYD2lA22027dLMJuxOhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG00gO97pUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w9CU40u</latexit>a :

The exponential rate of the tower along the 
direction    is given by

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵��

<latexit sha1_base64="feH0dcHhlrSmwAB0545GMceFSdY=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+5E1EYJ2FhGMCrkQpjb7CWLu3vH7pwQjvwGG/+KjYUitlZ2/hs3H4VGHww83pthZl6cSWExCL68mdm5+YXF0lJ5eWV1bd3f2Ly2aW4Yb7BUpuY2Bsul0LyBAiW/zQwHFUt+E9+dD/2be26sSPUV9jPeUtDVIhEM0Eltfz8CmfXgNEoMsCK65yzSEEugalCoQcQ6KdKoB0ix7VeCajAC/UvCCamQCept/zPqpCxXXCOTYG0zDDJsFWBQMMkH5Si3PAN2B13edFSD4rZVjF4a0F2ndGiSGlca6Uj9OVGAsravYtepAHt22huK/3nNHJOTViF0liPXbLwoySXFlA7zoR1hOEPZdwSYEe5WynrgwkGXYtmFEE6//JdcH1TDo+rh5WGldjaJo0S2yQ7ZIyE5JjVyQeqkQRh5IE/khbx6j96z9+a9j1tnvMnMFvkF7+MboxmeEg==</latexit>

↵ =
~rm

m
· t̂

<latexit sha1_base64="xQHkdaHgvPljhv80hVfWt0U+KE8=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027dLOJuxuhhP4JLx4U8erf8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzlfueeSsVicaunCfUjPBIsZARrI3X7mCdjPHAHpbJjX9SrFa+KHNtxam7FzUml5p17yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m9M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hk0ZJISzaeGYCKZuRWRMZaYaBNR0YTw9Sn6n7Qrtlu1vRuv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgEWqZAD</latexit>↵1

<latexit sha1_base64="VN3r1jW1+K7nAFXKDavRPP5P/bI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2nXbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWavVGFAn2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqd1mt3dcq9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5Azyijug=</latexit>

t̂

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

<latexit sha1_base64="SgFr3u42flpe0gb76whDWO1wSHc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpRV1JwY3LCvYBnWHIpJk2NMkMSaZQhoIbf8WNC0Xc+hPu/Bsz7Sy09cC9HM65l+SeMGFUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDcc3+Z+d0KkorF40NOE+BwNBY0oRtpIgX3iRRLhzJsQ7AkUMgR5UJ9leQvsqlNz5oCrxC1IFRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMyKzipYokCI/RkPQNFYgT5WfzG2bw3CgDGMXSlNBwrv7eyBBXaspDM8mRHqllLxf/8/qpjq79jIok1UTgxUNRyqCOYR4IHFBJsGZTQxCW1PwV4hEyoWgTW8WE4C6fvEo69Zp7WWvcN6rNmyKOMjgFZ+ACuOAKNMEdaIE2wOARPINX8GY9WS/Wu/WxGC1Zxc4x+APr8wfj0pes</latexit>

~rm2

m2

<latexit sha1_base64="luc9fQkUvRXlmaMM2hpiJ13QjT8=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhj41+xsVDE1v9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA+pfozAwbOXybsEdg84Tb0ryZIpyK/fltyOWSAwNE6B1w3Nj00xBGc4EDrN+ojEG1ocuNiwNQaJupuMvhvTIKm3aiZSt0NCx+nsiBan1QAa2U4Lp6VlvJP7nNRLTuWimPIwTgyGbLOokgpqIjiKhba6QGTGwBJji9lbKeqCAGRtc1obgzb48T6qnBe+sULwt5kuX0zgyZJ8ckmPikXNSIjekTCqEkUfyTF7Jm/PkvDjvzsekdcGZzuyRP3A+fwA8lJfG</latexit>

m ⇠ m0e
�↵�Story of success for the Distance conjecture:

moduli 
space

[Ooguri-Vafa’06]

<latexit sha1_base64="Yfpqd5aiwCwxI9ABpD1QBU8OUHk="></latexit>

~r⇤QG

⇤QGSpecies vector:

<latexit sha1_base64="E3ctj0ZUeFTKwvz6Vf+1FZORRQ0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKnsCuinkTwoAcPCiYRsiH0Tnp1cHZ2mekVw5I/8eKvePGgiHjL3zh5HNRYMFBUddHTFWVKWvL9vjc1PTM7N7+wWFpaXlldK69v1G2aG4E1karU3ERgUUmNNZKk8CYzCEmksBHdnw78xgMaK1N9Td0MWwncahlLAeSkdvkgjA2IInxAEWqIFPDwwqU70A4JH6m4Ouv1ikmpXa74VX8IPkmCMamwMS7b5a+wk4o8QU1CgbXNwM+oVYAhKRT2SmFuMQNxD7fYdFRDgrZVDO/r8R2ndHicGvc08aH6M1FAYm03idxkAnRn/3oD8T+vmVN81CqkznJCLUaL4lxxSvmgLN6RBgWpriMgjHR/5eIOXGHkKi25EoK/J0+S+l41OKjuX+1XTo7HdSywLbbNdlnADtkJO2eXrMYEe2Iv7I29e8/eq/fhfY5Gp7xxZpP9gtf/BuN8pCI=</latexit>

~r⇤QG

⇤QG

scale at which the local QFT 
description breaks down



Towers in Asymptotically Minkowski Space

So far, all string theory examples satisfy the Emergent String Conjecture, 
so the leading tower is (in some dual frame) either:

Tower of Kaluza-Klein states

Tower of string oscillator modes of a critical string

[Lee,Lerche,Weigand’19]



Towers in Asymptotically Minkowski Space

So far, all string theory examples satisfy the Emergent String Conjecture, 
so the leading tower is (in some dual frame) either:

Tower of Kaluza-Klein states

Tower of string oscillator modes of a critical string

[Lee,Lerche,Weigand’19]

<latexit sha1_base64="BVmVaf2Q2fR+M9HcMyMAw7du60A="></latexit>
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<latexit sha1_base64="e8/BcAvok0uz9FzISesTCfZR8vk="></latexit>

~rm

m
·
~r⇤QG

⇤QG
=

1

d� 2
<latexit sha1_base64="2UUbmMkKKffJ4Fik9qanj9mk77E="></latexit>�����
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<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =
<latexit sha1_base64="idJ4ZXXhe2WLrMjCL571kyWl46s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHuR1r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNaoI0+</latexit>n = # of extra dimensions

[Etheredge,Heidenreich,Rudelius,Ruiz,IV’24]

If so, for every regular* infinite distance limit:

*regular:

Taxonomy rules

1) Leading tower is non-degenerate

2) The decompactification manifold is asymptotically empty



Towers in Asymptotically Minkowski Space

So far, all string theory examples satisfy the Emergent String Conjecture, 
so the leading tower is (in some dual frame) either:

Tower of Kaluza-Klein states

Tower of string oscillator modes of a critical string

[Lee,Lerche,Weigand’19]
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~r⇤QG

⇤QG

�����

2

=
1

d� 2
� 1

D � 2
space-time dimension

<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =
<latexit sha1_base64="idJ4ZXXhe2WLrMjCL571kyWl46s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHuR1r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNaoI0+</latexit>n = # of extra dimensions

[Etheredge,Heidenreich,Rudelius,Ruiz,IV’24]

If so, for every regular* infinite distance limit:

*regular:

Taxonomy rules

1) Leading tower is non-degenerate

2) The decompactification manifold is asymptotically empty

Pattern observed in
[Castellano,Ruiz,IV’23]



The microscopic nature of the tower constrains the lengths of the tower 
vectors (and therefore, the exponential rate of the masses)


Towers in Asymptotically Minkowski Space

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =
<latexit sha1_base64="idJ4ZXXhe2WLrMjCL571kyWl46s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHuR1r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNaoI0+</latexit>n = number of extra dimensions

<latexit sha1_base64="lhjzghqTyjW9G00rPvMWCFA7rIw=">AAACH3icbVA9SwNBEN3z2/gVtbRZDIKN4U5EbRTBxlLBmEAuhL3NXLK4u3fuzgnhvH9i41+xsVBE7Pw3bmIKTXww8Hhvhpl5USqFRd//8qamZ2bn5hcWS0vLK6tr5fWNG5tkhkONJzIxjYhZkEJDDQVKaKQGmIok1KPb84FfvwdjRaKvsZ9CS7GuFrHgDJ3ULh+GEmJ8CGPDeB7eAw81iySjqshVERrR7eHDydAN8tDeGcw7e/tF0S5X/Ko/BJ0kwYhUyAiX7fJn2El4pkAjl8zaZuCn2MqZQcElFKUws5Ayfsu60HRUMwW2lQ//K+iOUzo0TowrjXSo/p7ImbK2ryLXqRj27Lg3EP/zmhnGx61c6DRD0PxnUZxJigkdhEU7wgBH2XeEcSPcrZT3mAsDXaQlF0Iw/vIkudmvBofVg6uDytnpKI4FskW2yS4JyBE5IxfkktQIJ4/kmbySN+/Je/HevY+f1ilvNLNJ/sD7+gZKuaRa</latexit>�����
~rm

m

����� =
1p
d� 2

string tower:

<latexit sha1_base64="TxRMkZxQbdI3sDadMp6o6DbsDQ8="></latexit>�����
~rm

m

����� =

s
d+ n� 2

n(d� 2
KK tower:

(without warping)
<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵��

<latexit sha1_base64="feH0dcHhlrSmwAB0545GMceFSdY=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+5E1EYJ2FhGMCrkQpjb7CWLu3vH7pwQjvwGG/+KjYUitlZ2/hs3H4VGHww83pthZl6cSWExCL68mdm5+YXF0lJ5eWV1bd3f2Ly2aW4Yb7BUpuY2Bsul0LyBAiW/zQwHFUt+E9+dD/2be26sSPUV9jPeUtDVIhEM0Eltfz8CmfXgNEoMsCK65yzSEEugalCoQcQ6KdKoB0ix7VeCajAC/UvCCamQCept/zPqpCxXXCOTYG0zDDJsFWBQMMkH5Si3PAN2B13edFSD4rZVjF4a0F2ndGiSGlca6Uj9OVGAsravYtepAHt22huK/3nNHJOTViF0liPXbLwoySXFlA7zoR1hOEPZdwSYEe5WynrgwkGXYtmFEE6//JdcH1TDo+rh5WGldjaJo0S2yQ7ZIyE5JjVyQeqkQRh5IE/khbx6j96z9+a9j1tnvMnMFvkF7+MboxmeEg==</latexit>

↵ =
~rm

m
· t̂

<latexit sha1_base64="xQHkdaHgvPljhv80hVfWt0U+KE8=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027dLOJuxuhhP4JLx4U8erf8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzlfueeSsVicaunCfUjPBIsZARrI3X7mCdjPHAHpbJjX9SrFa+KHNtxam7FzUml5p17yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m9M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hk0ZJISzaeGYCKZuRWRMZaYaBNR0YTw9Sn6n7Qrtlu1vRuv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgEWqZAD</latexit>↵1



Towers in Asymptotically Minkowski Space

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =
<latexit sha1_base64="idJ4ZXXhe2WLrMjCL571kyWl46s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHuR1r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNaoI0+</latexit>n = number of extra dimensions

<latexit sha1_base64="lhjzghqTyjW9G00rPvMWCFA7rIw=">AAACH3icbVA9SwNBEN3z2/gVtbRZDIKN4U5EbRTBxlLBmEAuhL3NXLK4u3fuzgnhvH9i41+xsVBE7Pw3bmIKTXww8Hhvhpl5USqFRd//8qamZ2bn5hcWS0vLK6tr5fWNG5tkhkONJzIxjYhZkEJDDQVKaKQGmIok1KPb84FfvwdjRaKvsZ9CS7GuFrHgDJ3ULh+GEmJ8CGPDeB7eAw81iySjqshVERrR7eHDydAN8tDeGcw7e/tF0S5X/Ko/BJ0kwYhUyAiX7fJn2El4pkAjl8zaZuCn2MqZQcElFKUws5Ayfsu60HRUMwW2lQ//K+iOUzo0TowrjXSo/p7ImbK2ryLXqRj27Lg3EP/zmhnGx61c6DRD0PxnUZxJigkdhEU7wgBH2XeEcSPcrZT3mAsDXaQlF0Iw/vIkudmvBofVg6uDytnpKI4FskW2yS4JyBE5IxfkktQIJ4/kmbySN+/Je/HevY+f1ilvNLNJ/sD7+gZKuaRa</latexit>�����
~rm

m

����� =
1p
d� 2

string tower:

<latexit sha1_base64="TxRMkZxQbdI3sDadMp6o6DbsDQ8="></latexit>�����
~rm

m

����� =

s
d+ n� 2

n(d� 2
KK tower:

(without warping)
<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

<latexit sha1_base64="SgFr3u42flpe0gb76whDWO1wSHc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpRV1JwY3LCvYBnWHIpJk2NMkMSaZQhoIbf8WNC0Xc+hPu/Bsz7Sy09cC9HM65l+SeMGFUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDcc3+Z+d0KkorF40NOE+BwNBY0oRtpIgX3iRRLhzJsQ7AkUMgR5UJ9leQvsqlNz5oCrxC1IFRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMyKzipYokCI/RkPQNFYgT5WfzG2bw3CgDGMXSlNBwrv7eyBBXaspDM8mRHqllLxf/8/qpjq79jIok1UTgxUNRyqCOYR4IHFBJsGZTQxCW1PwV4hEyoWgTW8WE4C6fvEo69Zp7WWvcN6rNmyKOMjgFZ+ACuOAKNMEdaIE2wOARPINX8GY9WS/Wu/WxGC1Zxc4x+APr8wfj0pes</latexit>

~rm2

m2

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

✓
<latexit sha1_base64="Yfpqd5aiwCwxI9ABpD1QBU8OUHk="></latexit>

~r⇤QG

⇤QG

but also the angles and the full geometry of their convex hull (frame simplex)
[Etheredge et al’24]

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵��

<latexit sha1_base64="feH0dcHhlrSmwAB0545GMceFSdY=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+5E1EYJ2FhGMCrkQpjb7CWLu3vH7pwQjvwGG/+KjYUitlZ2/hs3H4VGHww83pthZl6cSWExCL68mdm5+YXF0lJ5eWV1bd3f2Ly2aW4Yb7BUpuY2Bsul0LyBAiW/zQwHFUt+E9+dD/2be26sSPUV9jPeUtDVIhEM0Eltfz8CmfXgNEoMsCK65yzSEEugalCoQcQ6KdKoB0ix7VeCajAC/UvCCamQCept/zPqpCxXXCOTYG0zDDJsFWBQMMkH5Si3PAN2B13edFSD4rZVjF4a0F2ndGiSGlca6Uj9OVGAsravYtepAHt22huK/3nNHJOTViF0liPXbLwoySXFlA7zoR1hOEPZdwSYEe5WynrgwkGXYtmFEE6//JdcH1TDo+rh5WGldjaJo0S2yQ7ZIyE5JjVyQeqkQRh5IE/khbx6j96z9+a9j1tnvMnMFvkF7+MboxmeEg==</latexit>

↵ =
~rm

m
· t̂

The microscopic nature of the tower constrains the lengths of the tower 
vectors (and therefore, the exponential rate of the masses)




Convex Hull Distance Conjecture with

Towers in Asymptotically Minkowski Space

( i.e., 
<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 tower with exponential rate                  along any geodesic of this plane)

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>
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but also the angles and the full geometry of their convex hull (frame simplex)

convex hull

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>
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KK tower:

string tower:

(without warping)

[Etheredge et al’22]

[Calderon-Infante,Uranga,IV’20]

[Etheredge et al’24]

The microscopic nature of the tower constrains the lengths of the tower 
vectors (and therefore, the exponential rate of the masses)




We are studying the convex hull of the towers 
in 4d N=1 string compactifications 

see Alessandra Grieco’s talk

(Thursday)

These constraints also hold for asymptotically Minkowski spaces 
(even if there is a runaway potential):

see Ignacio Ruiz’s talk (today)

Towers in Asymptotically Minkowski Space

Interesting interplay with BPS EFT strings

V

<latexit sha1_base64="Qhb/LO7iz9HPGSOzIBPYMrJb+2c=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiRT1JwYvHCvYDmlA22027dLMJuxMlxB78K148KOLVv+HNf+O2zUFbHww83pthZl6QCK7Bcb6tpeWV1bX10kZ5c2t7Z9fe22/pOFWUNWksYtUJiGaCS9YEDoJ1EsVIFAjWDkbXE799z5TmsbyDLGF+RAaSh5wSMFLPPvSSIfcUHwyBKBU/YI/LELKeXXGqzhR4kbgFqaACjZ795fVjmkZMAhVE667rJODnRAGngo3LXqpZQuiIDFjXUEkipv18ev8Ynxilj8NYmZKAp+rviZxEWmdRYDojAkM9703E/7xuCuGln3OZpMAknS0KU4EhxpMwcJ8rRkFkhhCquLkV0yFRhIKJrGxCcOdfXiSts6p7Xq3d1ir1qyKOEjpCx+gUuegC1dENaqAmougRPaNX9GY9WS/Wu/Uxa12yipkD9AfW5w+Qz5Z0</latexit>

� ! 1

Novel cosmological scenarios of transient acceleration using the 
towers of states

[Grieco,Ruiz,IV’ongoing]

[Casas,Montero,Ruiz’24]



2) AdS space

[Calderon-Infante,IV’ ongoing]



Bulk moduli space Conformal manifold (space of exactly marginal couplings)

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

Consider

Distance Conjecture in CFTs
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AdSd/CFTd�1



Bulk moduli space Conformal manifold (space of exactly marginal couplings)

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

Consider

Distance Conjecture in CFTs

Distance conjecture implies:

<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]

infinite tower of operators saturating the unitarity bound at every 
infinite distance limit measured by Zamolodchikov metric, such that

<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>
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Infinite distance Infinite tower



It works in all known examples (even beyond holographic CFTs!)

Distance Conjecture in CFTs

Infinite distance Infinite tower

proven in

[Baume,Calderon-Infante’23]
[Ooguri,Wang’24]

for higher spin gap in d>3
for scalar gap in d=3
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Distance Conjecture in CFTs

Infinite distance Infinite tower

not proven yet

(supported by all 
known examples)

proven in

[Baume,Calderon-Infante’23]
[Ooguri,Wang’24]

for higher spin gap in d>3
for scalar gap in d=3
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It works in all known examples (even beyond holographic CFTs!)

Distance Conjecture in CFTs

Infinite distance Infinite tower

not proven yet

(supported by all 
known examples)

proven in

[Baume,Calderon-Infante’23]
[Ooguri,Wang’24]

for higher spin gap in d>3
for scalar gap in d=3

What is the nature of the tower?

Is the Emergent String Conjecture still satisfied? (KK or critical string?)

[Perlmutter,Rastelli,Vafa,IV’21] (see also [Baume,Calderon-Infante’21])

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

Tower of higher spin modes “CFT Distance conjecture”
<latexit sha1_base64="f+/qE1SyvOVUW/NetPBH+NszVcc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRaVFyUgiAuK9gHNKFMJpN26OTBzI1YQv0VNy4UceuHuPNvnLZZaOtZHc65l3vu8RLBFVjWt1FYWV1b3yhulra2d3b3zP2DtopTSVmLxiKWXY8oJnjEWsBBsG4iGQk9wTre6Hrqdx6YVDyO7mGcMDckg4gHnBLQUt8sO8AeIbuJJZ5gv36GHXzVNytW1ZoBLxM7JxWUo9k3vxw/pmnIIqCCKNWzrQTcjEjgVLBJyUkVSwgdkQHraRqRkCk3m4Wf4GOt+DjQAYI4AjxTf29kJFRqHHp6MiQwVIveVPzP66UQXLoZj5IUWETnh4JUYIjxtAnsc8koiLEmhEqus2I6JJJQ0H2VdAn24svLpH1atc+rtbtapVHP6yiiQ3SETpCNLlAD3aImaiGKxugZvaI348l4Md6Nj/lowch3yugPjM8f3XSTmQ==</latexit>

For d > 3 :

<latexit sha1_base64="W0NI6J5tMstunuKS7r5lLwm7SVM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRaVASlIIjLCvYBTSiTyaQdOnkwcyOWUH/FjQtF3Poh7vwbp20W2npWh3Pu5Z57vERwBZb1bRSWlldW14rrpY3Nre0dc3evpeJUUtaksYhlxyOKCR6xJnAQrJNIRkJPsLY3vJ747QcmFY+jexglzA1JP+IBpwS01DPLDrBHyG5iicfYvzzBDr7omRWrak2BF4mdkwrK0eiZX44f0zRkEVBBlOraVgJuRiRwKti45KSKJYQOSZ91NY1IyJSbTcOP8aFWfBzoAEEcAZ6qvzcyEio1Cj09GRIYqHlvIv7ndVMIzt2MR0kKLKKzQ0EqMMR40gT2uWQUxEgTQiXXWTEdEEko6L5KugR7/uVF0jqu2qfV2l2tUr/K6yiifXSAjpCNzlAd3aIGaiKKRugZvaI348l4Md6Nj9lowch3yugPjM8f2+uTmA==</latexit>

For d = 3 :



(they are the only known examples of d>2 non-compact conformal manifolds)

Let us focus on 4d SCFT
(see though [Bobev et al’23])

<latexit sha1_base64="Sg+JNGK3yb3f9qNu00Cxuz37PTE=">AAACFHicbVDLSsNAFL2pr1pfUZdugkWoKCUpRd0oBTeupIJ9QBvKZDpth04mYWYilNCPcOOvuHGhiFsX7vwbJ20WfXhg4Nxz7mXuPV7IqFS2/WtkVlbX1jeym7mt7Z3dPXP/oC6DSGBSwwELRNNDkjDKSU1RxUgzFAT5HiMNb3ib+I0nIiQN+KMahcT1UZ/THsVIaaljnhXaPlIDjFh8P752zmer0lxVPu2YebtoT2AtEycleUhR7Zg/7W6AI59whRmSsuXYoXJjJBTFjIxz7UiSEOEh6pOWphz5RLrx5KixdaKVrtULhH5cWRN1diJGvpQj39OdyZZy0UvE/7xWpHpXbkx5GCnC8fSjXsQsFVhJQlaXCoIVG2mCsKB6VwsPkEBY6RxzOgRn8eRlUi8VnYti+aGcr9ykcWThCI6hAA5cQgXuoAo1wPAMr/AOH8aL8WZ8Gl/T1oyRzhzCHIzvP2oKnck=</latexit>

(N = 1,N = 2,N = 4)

Classification of Towers in d>3



(they are the only known examples of d>2 non-compact conformal manifolds)

Let us focus on 4d SCFT
(see though [Bobev et al’23])

All known infinite distance limits are weak coupling limits:
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0 CFTfree ⇥ CFT0 [Perlmutter,Rastelli,Vafa,IV’21]

(see also [Baume,Calderon-Infante’21])

<latexit sha1_base64="Sg+JNGK3yb3f9qNu00Cxuz37PTE=">AAACFHicbVDLSsNAFL2pr1pfUZdugkWoKCUpRd0oBTeupIJ9QBvKZDpth04mYWYilNCPcOOvuHGhiFsX7vwbJ20WfXhg4Nxz7mXuPV7IqFS2/WtkVlbX1jeym7mt7Z3dPXP/oC6DSGBSwwELRNNDkjDKSU1RxUgzFAT5HiMNb3ib+I0nIiQN+KMahcT1UZ/THsVIaaljnhXaPlIDjFh8P752zmer0lxVPu2YebtoT2AtEycleUhR7Zg/7W6AI59whRmSsuXYoXJjJBTFjIxz7UiSEOEh6pOWphz5RLrx5KixdaKVrtULhH5cWRN1diJGvpQj39OdyZZy0UvE/7xWpHpXbkx5GCnC8fSjXsQsFVhJQlaXCoIVG2mCsKB6VwsPkEBY6RxzOgRn8eRlUi8VnYti+aGcr9ykcWThCI6hAA5cQgXuoAo1wPAMr/AOH8aL8WZ8Gl/T1oyRzhzCHIzvP2oKnck=</latexit>

(N = 1,N = 2,N = 4)

Classification of Towers in d>3



(they are the only known examples of d>2 non-compact conformal manifolds)

Let us focus on 4d SCFT
(see though [Bobev et al’23])

All known infinite distance limits are weak coupling limits:
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0 CFTfree ⇥ CFT0 [Perlmutter,Rastelli,Vafa,IV’21]

(see also [Baume,Calderon-Infante’21])

<latexit sha1_base64="Sg+JNGK3yb3f9qNu00Cxuz37PTE=">AAACFHicbVDLSsNAFL2pr1pfUZdugkWoKCUpRd0oBTeupIJ9QBvKZDpth04mYWYilNCPcOOvuHGhiFsX7vwbJ20WfXhg4Nxz7mXuPV7IqFS2/WtkVlbX1jeym7mt7Z3dPXP/oC6DSGBSwwELRNNDkjDKSU1RxUgzFAT5HiMNb3ib+I0nIiQN+KMahcT1UZ/THsVIaaljnhXaPlIDjFh8P752zmer0lxVPu2YebtoT2AtEycleUhR7Zg/7W6AI59whRmSsuXYoXJjJBTFjIxz7UiSEOEh6pOWphz5RLrx5KixdaKVrtULhH5cWRN1diJGvpQj39OdyZZy0UvE/7xWpHpXbkx5GCnC8fSjXsQsFVhJQlaXCoIVG2mCsKB6VwsPkEBY6RxzOgRn8eRlUi8VnYti+aGcr9ykcWThCI6hAA5cQgXuoAo1wPAMr/AOH8aL8WZ8Gl/T1oyRzhzCHIzvP2oKnck=</latexit>

(N = 1,N = 2,N = 4)

Classification of Towers in d>3

[Maldacena, 
Zhiboedov’11]

Higher spin tower

↵ =

r
2c

dimG

gauge group getting free

central charge

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵�� with



(they are the only known examples of d>2 non-compact conformal manifolds)

Let us focus on 4d SCFT
(see though [Bobev et al’23])

All known infinite distance limits are weak coupling limits:
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0 CFTfree ⇥ CFT0 [Perlmutter,Rastelli,Vafa,IV’21]

(see also [Baume,Calderon-Infante’21])

<latexit sha1_base64="Sg+JNGK3yb3f9qNu00Cxuz37PTE=">AAACFHicbVDLSsNAFL2pr1pfUZdugkWoKCUpRd0oBTeupIJ9QBvKZDpth04mYWYilNCPcOOvuHGhiFsX7vwbJ20WfXhg4Nxz7mXuPV7IqFS2/WtkVlbX1jeym7mt7Z3dPXP/oC6DSGBSwwELRNNDkjDKSU1RxUgzFAT5HiMNb3ib+I0nIiQN+KMahcT1UZ/THsVIaaljnhXaPlIDjFh8P752zmer0lxVPu2YebtoT2AtEycleUhR7Zg/7W6AI59whRmSsuXYoXJjJBTFjIxz7UiSEOEh6pOWphz5RLrx5KixdaKVrtULhH5cWRN1diJGvpQj39OdyZZy0UvE/7xWpHpXbkx5GCnC8fSjXsQsFVhJQlaXCoIVG2mCsKB6VwsPkEBY6RxzOgRn8eRlUi8VnYti+aGcr9ykcWThCI6hAA5cQgXuoAo1wPAMr/AOH8aL8WZ8Gl/T1oyRzhzCHIzvP2oKnck=</latexit>

(N = 1,N = 2,N = 4)

Classification of Towers in d>3

No pure decompactification limits, always higher spin operators
<latexit sha1_base64="K63QUFxN+I+VXCI8IGRA3JWHGTg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSinoqBS/iqYJpC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpc9DWBwOP92aYmefHnClt299WYWNza3unuFva2z84PCofn3RUlEhCXRLxSPZ8rChngrqaaU57saQ49Dnt+tPbzO8+UalYJB71LKZeiMeCBYxgbSS3et+sXw7LFbtmL4DWiZOTCuRoD8tfg1FEkpAKTThWqu/YsfZSLDUjnM5Lg0TRGJMpHtO+oQKHVHnp4tg5ujDKCAWRNCU0Wqi/J1IcKjULfdMZYj1Rq14m/uf1Ex3ceCkTcaKpIMtFQcKRjlD2ORoxSYnmM0MwkczcisgES0y0yadkQnBWX14nnXrNuao1HhqVVjOPowhncA5VcOAaWnAHbXCBAINneIU3S1gv1rv1sWwtWPnMKfyB9fkDXKWNvA==</latexit>

(J > 2)

[Maldacena, 
Zhiboedov’11]

Higher spin tower
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dimG

gauge group getting free

central charge

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵�� with



(they are the only known examples of d>2 non-compact conformal manifolds)

Let us focus on 4d SCFT
(see though [Bobev et al’23])

All known infinite distance limits are weak coupling limits:
<latexit sha1_base64="nUkmo17CJySkWWn4V2egAuGgxeE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1JUU3LgRKtiHtCFMppN06GQmzEyUEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMkjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzpKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfhq6ncfiFRU8DudJcSLUcRpSDHSRvLtauTn9zeTgaTRSCMpxSN0fLvm1J0Z4DJxC1IDBVq+/TUYCpzGhGvMkFJ910m0lyOpKWZkUhmkiiQIj1FE+oZyFBPl5bPjJ/DYKEMYCmmKazhTf0/kKFYqiwPTGSM9UoveVPzP66c6vPByypNUE47ni8KUQS3gNAk4pJJgzTJDEJbU3ArxCEmEtcmrYkJwF19eJp3TuntWb9w2as3LIo4yOARH4AS44Bw0wTVogTbAIAPP4BW8WU/Wi/VufcxbS1YxUwV/YH3+AKw1lMc=</latexit>

gYM ! 0 CFTfree ⇥ CFT0 [Perlmutter,Rastelli,Vafa,IV’21]

(see also [Baume,Calderon-Infante’21])

<latexit sha1_base64="Sg+JNGK3yb3f9qNu00Cxuz37PTE=">AAACFHicbVDLSsNAFL2pr1pfUZdugkWoKCUpRd0oBTeupIJ9QBvKZDpth04mYWYilNCPcOOvuHGhiFsX7vwbJ20WfXhg4Nxz7mXuPV7IqFS2/WtkVlbX1jeym7mt7Z3dPXP/oC6DSGBSwwELRNNDkjDKSU1RxUgzFAT5HiMNb3ib+I0nIiQN+KMahcT1UZ/THsVIaaljnhXaPlIDjFh8P752zmer0lxVPu2YebtoT2AtEycleUhR7Zg/7W6AI59whRmSsuXYoXJjJBTFjIxz7UiSEOEh6pOWphz5RLrx5KixdaKVrtULhH5cWRN1diJGvpQj39OdyZZy0UvE/7xWpHpXbkx5GCnC8fSjXsQsFVhJQlaXCoIVG2mCsKB6VwsPkEBY6RxzOgRn8eRlUi8VnYti+aGcr9ykcWThCI6hAA5cQgXuoAo1wPAMr/AOH8aL8WZ8Gl/T1oyRzhzCHIzvP2oKnck=</latexit>

(N = 1,N = 2,N = 4)

Classification of Towers in d>3

Do the higher spin fields always correspond to a critical string becoming 
tensionless in the bulk?

No pure decompactification limits, always higher spin operators
<latexit sha1_base64="K63QUFxN+I+VXCI8IGRA3JWHGTg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSinoqBS/iqYJpC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpc9DWBwOP92aYmefHnClt299WYWNza3unuFva2z84PCofn3RUlEhCXRLxSPZ8rChngrqaaU57saQ49Dnt+tPbzO8+UalYJB71LKZeiMeCBYxgbSS3et+sXw7LFbtmL4DWiZOTCuRoD8tfg1FEkpAKTThWqu/YsfZSLDUjnM5Lg0TRGJMpHtO+oQKHVHnp4tg5ujDKCAWRNCU0Wqi/J1IcKjULfdMZYj1Rq14m/uf1Ex3ceCkTcaKpIMtFQcKRjlD2ORoxSYnmM0MwkczcisgES0y0yadkQnBWX14nnXrNuao1HhqVVjOPowhncA5VcOAaWnAHbXCBAINneIU3S1gv1rv1sWwtWPnMKfyB9fkDXKWNvA==</latexit>

(J > 2)

[Maldacena, 
Zhiboedov’11]

Higher spin tower
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r
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dimG

gauge group getting free

central charge

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵�� with



Exponential rate of the higher spin tower: ↵ =
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Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:

↵ =

r
2c

dimG

Classification of Towers in d>3



Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:
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<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>
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<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values!

Classification of Towers in d>3



Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:

↵ =

r
2c

dimG

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values!

Classification of Towers in d>3



Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:

↵ =

r
2c

dimG

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values!

[Calderon-Infante,IV’ ongoing]
<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)

We compute the thermal partition function to show that they have a 
different Hagedorn-like density of states (different Haggedorn temperature)

<latexit sha1_base64="Ttjucg/8NblquUn1rJsny/Z2IDo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXinpRCl56rNAv6C5lNk3b0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53cxubW9k5+t7C3f3B4VDw+aes4UYS2SMxj1Q1BU84EbRlmOO1KRSEKOe2Ek4e533miSrNYNM1U0iCCkWBDRsBYyb9r9utlH7gcw2W/WHIr7gJ4nXgZKaEMjX7xyx/EJImoMISD1j3PlSZIQRlGOJ0V/ERTCWQCI9qzVEBEdZAubp7hC6sM8DBWtoTBC/X3RAqR1tMotJ0RmLFe9ebif14vMcPbIGVCJoYKslw0TDg2MZ4HgAdMUWL41BIgitlbMRmDAmJsTAUbgrf68jppX1W860r1sVqq3Wdx5NEZOkdl5KEbVEN11EAtRJBEz+gVvTmJ8+K8Ox/L1pyTzZyiP3A+fwDNtpDi</latexit>

= TH(↵)
<latexit sha1_base64="57Xp7+BCI8ds7vmQwS7uvY7Yi1c=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuqkzUtSVFKTQZYW+oDMOmTTThiaTIckIZSj4K25cKOLW73Dn35g+Flo9cOFwzr3ce0+YMKq043xZuZXVtfWN/GZha3tnd8/eP2grkUpMWlgwIbshUoTRmLQ01Yx0E0kQDxnphKPbqd95IFJRETf1OCE+R4OYRhQjbaTAPvLkUJRqZ56iHJL7rHbeDOqTwC46ZWcG+Je4C1IECzQC+9PrC5xyEmvMkFI910m0nyGpKWZkUvBSRRKER2hAeobGiBPlZ7PzJ/DUKH0YCWkq1nCm/pzIEFdqzEPTyZEeqmVvKv7n9VIdXfsZjZNUkxjPF0Upg1rAaRawTyXBmo0NQVhScyvEQyQR1iaxggnBXX75L2lflN3LcuWuUqzeLOLIg2NwAkrABVegCuqgAVoAgww8gRfwaj1az9ab9T5vzVmLmUPwC9bHN7IOlKw=</latexit>

⇢(E) ⇠ eE/TH ,

see Jose Calderon-Infante’s talk

Classification of Towers in d>3



Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:

critical string in all Einstein theories

non-critical strings

in non-Einstein theories

↵ =

r
2c

dimG

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values!

[Calderon-Infante,IV’ ongoing]
<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)

We compute the thermal partition function to show that they have a 
different Hagedorn-like density of states (different Haggedorn temperature)

<latexit sha1_base64="Ttjucg/8NblquUn1rJsny/Z2IDo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXinpRCl56rNAv6C5lNk3b0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53cxubW9k5+t7C3f3B4VDw+aes4UYS2SMxj1Q1BU84EbRlmOO1KRSEKOe2Ek4e533miSrNYNM1U0iCCkWBDRsBYyb9r9utlH7gcw2W/WHIr7gJ4nXgZKaEMjX7xyx/EJImoMISD1j3PlSZIQRlGOJ0V/ERTCWQCI9qzVEBEdZAubp7hC6sM8DBWtoTBC/X3RAqR1tMotJ0RmLFe9ebif14vMcPbIGVCJoYKslw0TDg2MZ4HgAdMUWL41BIgitlbMRmDAmJsTAUbgrf68jppX1W860r1sVqq3Wdx5NEZOkdl5KEbVEN11EAtRJBEz+gVvTmJ8+K8Ox/L1pyTzZyiP3A+fwDNtpDi</latexit>

= TH(↵)
<latexit sha1_base64="57Xp7+BCI8ds7vmQwS7uvY7Yi1c=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuqkzUtSVFKTQZYW+oDMOmTTThiaTIckIZSj4K25cKOLW73Dn35g+Flo9cOFwzr3ce0+YMKq043xZuZXVtfWN/GZha3tnd8/eP2grkUpMWlgwIbshUoTRmLQ01Yx0E0kQDxnphKPbqd95IFJRETf1OCE+R4OYRhQjbaTAPvLkUJRqZ56iHJL7rHbeDOqTwC46ZWcG+Je4C1IECzQC+9PrC5xyEmvMkFI910m0nyGpKWZkUvBSRRKER2hAeobGiBPlZ7PzJ/DUKH0YCWkq1nCm/pzIEFdqzEPTyZEeqmVvKv7n9VIdXfsZjZNUkxjPF0Upg1rAaRawTyXBmo0NQVhScyvEQyQR1iaxggnBXX75L2lflN3LcuWuUqzeLOLIg2NwAkrABVegCuqgAVoAgww8gRfwaj1az9ab9T5vzVmLmUPwC9bHN7IOlKw=</latexit>

⇢(E) ⇠ eE/TH ,

see Jose Calderon-Infante’s talk

Classification of Towers in d>3



Exponential rate of the higher spin tower:

Consider all large N 4d SCFTs with simple gauge factor:

critical string in all Einstein theories

non-critical strings

in non-Einstein theories

↵ =

r
2c

dimG

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values!

[Calderon-Infante,IV’ ongoing]
<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)

We compute the thermal partition function to show that they have a 
different Hagedorn-like density of states (different Haggedorn temperature)

<latexit sha1_base64="Ttjucg/8NblquUn1rJsny/Z2IDo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXinpRCl56rNAv6C5lNk3b0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53cxubW9k5+t7C3f3B4VDw+aes4UYS2SMxj1Q1BU84EbRlmOO1KRSEKOe2Ek4e533miSrNYNM1U0iCCkWBDRsBYyb9r9utlH7gcw2W/WHIr7gJ4nXgZKaEMjX7xyx/EJImoMISD1j3PlSZIQRlGOJ0V/ERTCWQCI9qzVEBEdZAubp7hC6sM8DBWtoTBC/X3RAqR1tMotJ0RmLFe9ebif14vMcPbIGVCJoYKslw0TDg2MZ4HgAdMUWL41BIgitlbMRmDAmJsTAUbgrf68jppX1W860r1sVqq3Wdx5NEZOkdl5KEbVEN11EAtRJBEz+gVvTmJ8+K8Ox/L1pyTzZyiP3A+fwDNtpDi</latexit>

= TH(↵)
<latexit sha1_base64="57Xp7+BCI8ds7vmQwS7uvY7Yi1c=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuqkzUtSVFKTQZYW+oDMOmTTThiaTIckIZSj4K25cKOLW73Dn35g+Flo9cOFwzr3ce0+YMKq043xZuZXVtfWN/GZha3tnd8/eP2grkUpMWlgwIbshUoTRmLQ01Yx0E0kQDxnphKPbqd95IFJRETf1OCE+R4OYRhQjbaTAPvLkUJRqZ56iHJL7rHbeDOqTwC46ZWcG+Je4C1IECzQC+9PrC5xyEmvMkFI910m0nyGpKWZkUvBSRRKER2hAeobGiBPlZ7PzJ/DUKH0YCWkq1nCm/pzIEFdqzEPTyZEeqmVvKv7n9VIdXfsZjZNUkxjPF0Upg1rAaRawTyXBmo0NQVhScyvEQyQR1iaxggnBXX75L2lflN3LcuWuUqzeLOLIg2NwAkrABVegCuqgAVoAgww8gRfwaj1az9ab9T5vzVmLmUPwC9bHN7IOlKw=</latexit>

⇢(E) ⇠ eE/TH ,

see Jose Calderon-Infante’s talk

Classification of Towers in d>3



If the bulk dual is Einstein gravity the higher spin tower always 
comes from the critical string(so that a=c)

Exponential rate:
<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

Critical string limit



If the bulk dual is Einstein gravity the higher spin tower always 
comes from the critical string(so that a=c)

Exponential rate:
<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="lhjzghqTyjW9G00rPvMWCFA7rIw=">AAACH3icbVA9SwNBEN3z2/gVtbRZDIKN4U5EbRTBxlLBmEAuhL3NXLK4u3fuzgnhvH9i41+xsVBE7Pw3bmIKTXww8Hhvhpl5USqFRd//8qamZ2bn5hcWS0vLK6tr5fWNG5tkhkONJzIxjYhZkEJDDQVKaKQGmIok1KPb84FfvwdjRaKvsZ9CS7GuFrHgDJ3ULh+GEmJ8CGPDeB7eAw81iySjqshVERrR7eHDydAN8tDeGcw7e/tF0S5X/Ko/BJ0kwYhUyAiX7fJn2El4pkAjl8zaZuCn2MqZQcElFKUws5Ayfsu60HRUMwW2lQ//K+iOUzo0TowrjXSo/p7ImbK2ryLXqRj27Lg3EP/zmhnGx61c6DRD0PxnUZxJigkdhEU7wgBH2XeEcSPcrZT3mAsDXaQlF0Iw/vIkudmvBofVg6uDytnpKI4FskW2yS4JyBE5IxfkktQIJ4/kmbySN+/Je/HevY+f1ilvNLNJ/sD7+gZKuaRa</latexit>�����
~rm

m

����� =
1p
d� 2

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

=
1p
3

How is it compatible with 

?

Critical string limit



If the bulk dual is Einstein gravity the higher spin tower always 
comes from the critical string(so that a=c)

Exponential rate:
<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="lhjzghqTyjW9G00rPvMWCFA7rIw=">AAACH3icbVA9SwNBEN3z2/gVtbRZDIKN4U5EbRTBxlLBmEAuhL3NXLK4u3fuzgnhvH9i41+xsVBE7Pw3bmIKTXww8Hhvhpl5USqFRd//8qamZ2bn5hcWS0vLK6tr5fWNG5tkhkONJzIxjYhZkEJDDQVKaKQGmIok1KPb84FfvwdjRaKvsZ9CS7GuFrHgDJ3ULh+GEmJ8CGPDeB7eAw81iySjqshVERrR7eHDydAN8tDeGcw7e/tF0S5X/Ko/BJ0kwYhUyAiX7fJn2El4pkAjl8zaZuCn2MqZQcElFKUws5Ayfsu60HRUMwW2lQ//K+iOUzo0TowrjXSo/p7ImbK2ryLXqRj27Lg3EP/zmhnGx61c6DRD0PxnUZxJigkdhEU7wgBH2XeEcSPcrZT3mAsDXaQlF0Iw/vIkudmvBofVg6uDytnpKI4FskW2yS4JyBE5IxfkktQIJ4/kmbySN+/Je/HevY+f1ilvNLNJ/sD7+gZKuaRa</latexit>�����
~rm

m

����� =
1p
d� 2

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

=
1p
3

How is it compatible with 

?

<latexit sha1_base64="feH0dcHhlrSmwAB0545GMceFSdY=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+5E1EYJ2FhGMCrkQpjb7CWLu3vH7pwQjvwGG/+KjYUitlZ2/hs3H4VGHww83pthZl6cSWExCL68mdm5+YXF0lJ5eWV1bd3f2Ly2aW4Yb7BUpuY2Bsul0LyBAiW/zQwHFUt+E9+dD/2be26sSPUV9jPeUtDVIhEM0Eltfz8CmfXgNEoMsCK65yzSEEugalCoQcQ6KdKoB0ix7VeCajAC/UvCCamQCept/zPqpCxXXCOTYG0zDDJsFWBQMMkH5Si3PAN2B13edFSD4rZVjF4a0F2ndGiSGlca6Uj9OVGAsravYtepAHt22huK/3nNHJOTViF0liPXbLwoySXFlA7zoR1hOEPZdwSYEe5WynrgwkGXYtmFEE6//JdcH1TDo+rh5WGldjaJo0S2yQ7ZIyE5JjVyQeqkQRh5IE/khbx6j96z9+a9j1tnvMnMFvkF7+MboxmeEg==</latexit>

↵ =
~rm

m
· t̂

<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

<latexit sha1_base64="SgFr3u42flpe0gb76whDWO1wSHc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpRV1JwY3LCvYBnWHIpJk2NMkMSaZQhoIbf8WNC0Xc+hPu/Bsz7Sy09cC9HM65l+SeMGFUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDcc3+Z+d0KkorF40NOE+BwNBY0oRtpIgX3iRRLhzJsQ7AkUMgR5UJ9leQvsqlNz5oCrxC1IFRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMyKzipYokCI/RkPQNFYgT5WfzG2bw3CgDGMXSlNBwrv7eyBBXaspDM8mRHqllLxf/8/qpjq79jIok1UTgxUNRyqCOYR4IHFBJsGZTQxCW1PwV4hEyoWgTW8WE4C6fvEo69Zp7WWvcN6rNmyKOMjgFZ+ACuOAKNMEdaIE2wOARPINX8GY9WS/Wu/WxGC1Zxc4x+APr8wfj0pes</latexit>

~rm2

m2

<latexit sha1_base64="xQHkdaHgvPljhv80hVfWt0U+KE8=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027dLOJuxuhhP4JLx4U8erf8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzlfueeSsVicaunCfUjPBIsZARrI3X7mCdjPHAHpbJjX9SrFa+KHNtxam7FzUml5p17yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m9M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hk0ZJISzaeGYCKZuRWRMZaYaBNR0YTw9Sn6n7Qrtlu1vRuv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgEWqZAD</latexit>↵1

<latexit sha1_base64="IP549q0d3UB9U7tPAZ13ddTQ7iw=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiBEkDAjcTlJwIvHuGSBZDL0dDpJk56eobtHCUP+w4sHRbz6L978GzvJHDTxQcHjvSqq6vkRZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVxpLQGgl5KJs+VpQzQWuaaU6bkaQ48Dlt+MPrid94pFKxUDzoUUTdAPcF6zGCtZE6QfHOS+47Z+OTvqeOvXzBLtlToEXipKQAKape/qvdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsR92jJU4IAqN5lePUZHRumiXihNCY2m6u+JBAdKjQLfdAZYD9S8NxH/81qx7l26CRNRrKkgs0W9mCMdokkEqMskJZqPDMFEMnMrIgMsMdEmqJwJwZl/eZHUT0vOeal8Wy5UrtI4snAAh1AEBy6gAjdQhRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDT3mRvQ==</latexit>

m(RS5 , gs)
<latexit sha1_base64="ZztQrBT4HLdwEDk1mAlHns9sglk=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhAiSNiVoJ4k4MWLEsE8ZLOE2ckkGTKPZWZWCEs+w4sHRbz6Nd78GyfJHjSxoKGo6qa7K4oZ1cbzvp2l5ZXVtfXcRn5za3tnt7C339AyUZjUsWRStSKkCaOC1A01jLRiRRCPGGlGw+uJ33wiSlMpHswoJiFHfUF7FCNjpYCX7k77nfTxdnzSKRS9sjeFu0j8jBQhQ61T+Gp3JU44EQYzpHXge7EJU6QMxYyM8+1EkxjhIeqTwFKBONFhOj157B5bpev2pLIljDtVf0+kiGs94pHt5MgM9Lw3Ef/zgsT0LsOUijgxRODZol7CXCPdyf9ulyqCDRtZgrCi9lYXD5BC2NiU8jYEf/7lRdI4K/vn5cp9pVi9yuLIwSEcQQl8uIAq3EAN6oBBwjO8wptjnBfn3fmYtS452cwB/IHz+QMtz5CJ</latexit>

m(N, gYM )but

Quantization of the string changes in AdS•  

•  is the projection on the 
conformal manifold

Critical string limit



Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

[Calderon-Infante,IV’ ongoing]



Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1

[Calderon-Infante,IV’ ongoing]



Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8

15

<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

[Calderon-Infante,IV’ ongoing]



Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

field theory

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15
<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8

15

<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

[Calderon-Infante,IV’ ongoing]



Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

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

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="Ui4+IuC4mnsVL4L09T/Xh+qCXgA="></latexit>

~rmstr

mstr
=

 
1

2
p
2
,

p
30

12

!

<latexit sha1_base64="trD3yTRrbUqVBxtEbzw5xHHQ1EY="></latexit>�����
~rmstr

mstr

����� =
1p
3

field theory

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15
<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8
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<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

[Calderon-Infante,IV’ ongoing]



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

1p
3

<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

sugra

Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

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

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="Ui4+IuC4mnsVL4L09T/Xh+qCXgA="></latexit>

~rmstr

mstr
=

 
1

2
p
2
,

p
30

12

!

<latexit sha1_base64="trD3yTRrbUqVBxtEbzw5xHHQ1EY="></latexit>�����
~rmstr

mstr

����� =
1p
3

field theory

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15
<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8
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<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

[Calderon-Infante,IV’ ongoing]



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

1p
3

<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

sugra

Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

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

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

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

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="Ui4+IuC4mnsVL4L09T/Xh+qCXgA="></latexit>

~rmstr

mstr
=

 
1

2
p
2
,

p
30

12

!

<latexit sha1_base64="trD3yTRrbUqVBxtEbzw5xHHQ1EY="></latexit>�����
~rmstr

mstr

����� =
1p
3

field theory

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15
<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8

15

<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

Results from 
integrability as 

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� changes
<latexit sha1_base64="UoOcO17dKtzCKSayP8FP3aCi2VU="></latexit>

m ⇠
p

�cusp(�)

N2/3

see e.g. [Dorigoni, Hatsuda’15]

[Calderon-Infante,IV’ ongoing]



<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

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

1p
3

<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

Convex Hull and Scale Separation

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N



<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

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

1p
3

<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

Convex Hull and Scale Separation

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!



<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<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="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

Convex Hull and Scale Separation

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!



<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<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="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

Convex Hull and Scale Separation

It satisfies taxonomy 
rules for the towers

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!



<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

It also satisfies the CH DC 

(it includes the ball of radius

)

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<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="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

Convex Hull and Scale Separation

It satisfies taxonomy 
rules for the towers

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!



<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

It also satisfies the CH DC 

(it includes the ball of radius

)

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<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="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

The sharpened bound for the Distance conjecture

              is satisfied for every infinite distance direction

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

↵ � 1p
d� 2

Convex Hull and Scale Separation

It satisfies taxonomy 
rules for the towers

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!



<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

It also satisfies the CH DC 

(it includes the ball of radius

)

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<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="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

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

15

sugra

field theory

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

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

The sharpened bound for the Distance conjecture

              is satisfied for every infinite distance direction

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

↵ � 1p
d� 2

Convex Hull and Scale Separation

It satisfies taxonomy 
rules for the towers

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!

It would be violated if the AdS vacuum was scale-separated                    
<latexit sha1_base64="Oxrp2xd6hA+9dWLytfQDoI03nBs=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXUlFTdCN/XSC7QhTCbTdujkwsxEKTGP4saFIm59Ene+jdM2C239YeDjP+dwzvxezJlUlvVtFJaWV1bXiuuljc2t7R2zvNuSUSIIbZKIR6LjYUk5C2lTMcVpJxYUBx6nbW90Nam3H6iQLArv1TimToAHIeszgpW2XLN866b1etbjHGm69O8y16xYVWsqtAh2DhXI1XDNr54fkSSgoSIcS9m1rVg5KRaKEU6zUi+RNMZkhAe0qzHEAZVOOj09Q4fa8VE/EvqFCk3d3xMpDqQcB57uDLAayvnaxPyv1k1U/9xJWRgnioZktqifcKQiNMkB+UxQovhYAyaC6VsRGWKBidJplXQI9vyXF6F1XLVPqyc3J5XaRR5HEfbhAI7AhjOowTU0oAkEHuEZXuHNeDJejHfjY9ZaMPKZPfgj4/MHkgyTjg==</latexit>

RKK ⌧ RAdS



The Convex Hull Distance Conjecture with
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

implies that holographic AdS spaces with a conformal manifold 
(namely, 5d AdS spaces with 8 or more supercharges)


cannot be scale separated

Convex Hull and Scale Separation



Here we are using the moduli space distance

The Convex Hull Distance Conjecture with
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

implies that holographic AdS spaces with a conformal manifold 
(namely, 5d AdS spaces with 8 or more supercharges)


cannot be scale separated

Convex Hull and Scale Separation



Here we are using the moduli space distance

but can we generalize the notion of distance including a scalar potential?

The Convex Hull Distance Conjecture with
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

implies that holographic AdS spaces with a conformal manifold 
(namely, 5d AdS spaces with 8 or more supercharges)


cannot be scale separated

Convex Hull and Scale Separation



3) Generalized distance with a potential

[Mohseni,Montero,Vafa,IV’ongoing]



Very challenging, many 
attempts…

Distance between theories

[Douglas’13][Bachas et al’13][Luest,Palti,Vafa’19]
[De Biasio,Luest et al,20-22][Stout’22]
[Basile,Montella’23][Li,Palti,Petri’23-24]
[Shiu,Tonioni,Van Hemelryck,Van Riet’23-24]
[Tonioni,Van Riet’ongoing]…



Very challenging, many 
attempts…

Distance between theories

Wish list:

• It recovers moduli space distance if  V=0

• A notion of metric and geodesics in the space of theories

[Douglas’13][Bachas et al’13][Luest,Palti,Vafa’19]
[De Biasio,Luest et al,20-22][Stout’22]
[Basile,Montella’23][Li,Palti,Petri’23-24]
[Shiu,Tonioni,Van Hemelryck,Van Riet’23-24]
[Tonioni,Van Riet’ongoing]…



Very challenging, many 
attempts…

Distance between theories

Wish list:

• It recovers moduli space distance if  V=0

• A notion of metric and geodesics in the space of theories

Let us take inspiration on the cobordism conjecture:

Any two d-dim theories are connected by a finite energy domain wall

[McNamara,Vafa’19]

[Mohseni,Montero,Vafa,IV’ongoing]

[Douglas’13][Bachas et al’13][Luest,Palti,Vafa’19]
[De Biasio,Luest et al,20-22][Stout’22]
[Basile,Montella’23][Li,Palti,Petri’23-24]
[Shiu,Tonioni,Van Hemelryck,Van Riet’23-24]
[Tonioni,Van Riet’ongoing]…



Distance between theories

<latexit sha1_base64="vyS7N+hBIfMJspjc+PtvYfcXWiw="></latexit>

TDW =

Z
(@⌧�)

2d⌧ =
(��)2

�⌧
! 0

<latexit sha1_base64="xOk9GdOYo8HP4kKzQ28vSRS1qYE=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaEkpagbpSCCywr2Ak0Ik+mkHTq5OHMilNAXcOOruHGhiFv37nwbJ20WWj0w8PH/53Dm/F7MmQTT/NIKC4tLyyvF1dLa+sbmlr6905ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG11mfueeCsmi8BbGMXUCPAiZzwgGJbn6gR0PWcUGnBydZ+iax7a8E5DWbDGM3KtJZrl62aya0zL+gpVDGeXVdPVPux+RJKAhEI6l7FlmDE6KBTDC6aRkJ5LGmIzwgPYUhjig0kmn10yMQ6X0DT8S6oVgTNWfEykOpBwHnuoMMAzlvJeJ/3m9BPwzJ2VhnAANyWyRn3ADIiOLxugzQQnwsQJMBFN/NcgQC0xABVhSIVjzJ/+Fdq1qnVTrN/Vy4yKPo4j20D6qIAudoga6Rk3UQgQ9oCf0gl61R+1Ze9PeZ60FLZ/ZRb9K+/gG8ZSbfw==</latexit>

�(⌧) = �0 +
p

2⇢E⌧minimized for

Let us start with V=0 (a moduli space)

since minimal tension occurs for
<latexit sha1_base64="25Jidlol1iedeKRuvHRk9x5rmbs=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAhzm71kyd7esTunhJDGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJFIYdN1vJ7O0vLK6ll3PbWxube/kd/dqJk4141UWy1g3AjBcCsWrKFDyRqI5RIHk9aB/Nfbr91wbEas7HCS8FUFXiVAwQCu184f+NZcIPkLqa9HtIWgdP1BfqBAH7XzBLboT0EXizUiBzFBp57/8TszSiCtkEoxpem6CrSFoFEzyUc5PDU+A9aHLm5YqiLhpDSdfjOixVTo0jLUthXSi/p4YQmTMIApsZwTYM/PeWPzPa6YYXrSGQiUpcsWmi8JUUozpOBLaEZozlANLgGlhb6WsBxoY2uByNgRv/uVFUjstemfF0m2pUL6cxZElB+SInBCPnJMyuSEVUiWMPJJn8krenCfnxXl3PqatGWc2s0/+wPn8ASgAmP8=</latexit>

�⌧ ! 1
<latexit sha1_base64="kCB0sEAcmBI+rtGuk36RATcOaBM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6koKIrisYB/QhDCZTpqhk5kwM1FCqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuVldW19Y3qZm1re2d3z94/6CqRSUw6WDAh+yFShFFOOppqRvqpJCgJGemF4+up33sgUlHB73WeEj9BI04jipE2UmDXPRmL4MaTdBRrJKV4hE5gN5ymMwNcJm5JGqBEO7C/vKHAWUK4xgwpNXCdVPsFkppiRiY1L1MkRXiMRmRgKEcJUX4xO34Cj40yhJGQpriGM/X3RIESpfIkNJ0J0rFa9Kbif94g09GlX1CeZppwPF8UZQxqAadJwCGVBGuWG4KwpOZWiGMkEdYmr5oJwV18eZl0T5vuefPs7qzRuirjqIJDcAROgAsuQAvcgjboAAxy8AxewZv1ZL1Y79bHvLVilTN18AfW5w+CBJSs</latexit>

⇢E ! 0

<latexit sha1_base64="U6nZZwcRCoM1UVFnZRuAB4Mvkwo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntXrJiPd5v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6DrIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVP3Lau2+Vqnf5HEU4QRO4Rx8uII63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP5HgjyA=</latexit>

�i

<latexit sha1_base64="nZqkISagYZirpaS9KWOOoIqhekk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntXrJiPejfrniVb058Crxc1KBHI1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10XWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdK6qPqX1dp9rVK/yeMowgmcwjn4cAV1uIMGNIHCIzzDK7whhV7QO/pYtBZQPnMMf4A+fwCNVI8d</latexit>

�f

<latexit sha1_base64="PVh8yQirp7PTXBJAsGUzWH7riKI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OV+54kbKyL9iNOY+4qOtAgFo5hLfaTJoFpz6+4cZJV4BalBgeag+tUfRixRXCOT1Nqe58bop9SgYJLPKv3E8piyCR3xXkY1Vdz66fzWGTnLlCEJI5OVRjJXf0+kVFk7VUHWqSiO7bKXi/95vQTDGz8VOk6Qa7ZYFCaSYETyx8lQGM5QTjNCmRHZrYSNqaEMs3gqWQje8surpH1R967qlw+XtcZtEUcZTuAUzsGDa2jAPTShBQzG8Ayv8OYo58V5dz4WrSWnmDmGP3A+fwAi545N</latexit>⌧

<latexit sha1_base64="6iX+hDHSGVY5d9WtUa8UglHqmvc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVE9S8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE974GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5PuVd1r1hsPjVrrtoijDGdwDpfgwTW04B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VQo5E</latexit>

�

(spatial coordinate)



Distance between theories

<latexit sha1_base64="vyS7N+hBIfMJspjc+PtvYfcXWiw="></latexit>

TDW =

Z
(@⌧�)

2d⌧ =
(��)2

�⌧
! 0

<latexit sha1_base64="xOk9GdOYo8HP4kKzQ28vSRS1qYE=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaEkpagbpSCCywr2Ak0Ik+mkHTq5OHMilNAXcOOruHGhiFv37nwbJ20WWj0w8PH/53Dm/F7MmQTT/NIKC4tLyyvF1dLa+sbmlr6905ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG11mfueeCsmi8BbGMXUCPAiZzwgGJbn6gR0PWcUGnBydZ+iax7a8E5DWbDGM3KtJZrl62aya0zL+gpVDGeXVdPVPux+RJKAhEI6l7FlmDE6KBTDC6aRkJ5LGmIzwgPYUhjig0kmn10yMQ6X0DT8S6oVgTNWfEykOpBwHnuoMMAzlvJeJ/3m9BPwzJ2VhnAANyWyRn3ADIiOLxugzQQnwsQJMBFN/NcgQC0xABVhSIVjzJ/+Fdq1qnVTrN/Vy4yKPo4j20D6qIAudoga6Rk3UQgQ9oCf0gl61R+1Ze9PeZ60FLZ/ZRb9K+/gG8ZSbfw==</latexit>

�(⌧) = �0 +
p

2⇢E⌧minimized for

Let us start with V=0 (a moduli space)

since minimal tension occurs for
<latexit sha1_base64="25Jidlol1iedeKRuvHRk9x5rmbs=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAhzm71kyd7esTunhJDGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJFIYdN1vJ7O0vLK6ll3PbWxube/kd/dqJk4141UWy1g3AjBcCsWrKFDyRqI5RIHk9aB/Nfbr91wbEas7HCS8FUFXiVAwQCu184f+NZcIPkLqa9HtIWgdP1BfqBAH7XzBLboT0EXizUiBzFBp57/8TszSiCtkEoxpem6CrSFoFEzyUc5PDU+A9aHLm5YqiLhpDSdfjOixVTo0jLUthXSi/p4YQmTMIApsZwTYM/PeWPzPa6YYXrSGQiUpcsWmi8JUUozpOBLaEZozlANLgGlhb6WsBxoY2uByNgRv/uVFUjstemfF0m2pUL6cxZElB+SInBCPnJMyuSEVUiWMPJJn8krenCfnxXl3PqatGWc2s0/+wPn8ASgAmP8=</latexit>

�⌧ ! 1
<latexit sha1_base64="kCB0sEAcmBI+rtGuk36RATcOaBM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6koKIrisYB/QhDCZTpqhk5kwM1FCqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuVldW19Y3qZm1re2d3z94/6CqRSUw6WDAh+yFShFFOOppqRvqpJCgJGemF4+up33sgUlHB73WeEj9BI04jipE2UmDXPRmL4MaTdBRrJKV4hE5gN5ymMwNcJm5JGqBEO7C/vKHAWUK4xgwpNXCdVPsFkppiRiY1L1MkRXiMRmRgKEcJUX4xO34Cj40yhJGQpriGM/X3RIESpfIkNJ0J0rFa9Kbif94g09GlX1CeZppwPF8UZQxqAadJwCGVBGuWG4KwpOZWiGMkEdYmr5oJwV18eZl0T5vuefPs7qzRuirjqIJDcAROgAsuQAvcgjboAAxy8AxewZv1ZL1Y79bHvLVilTN18AfW5w+CBJSs</latexit>

⇢E ! 0

<latexit sha1_base64="U6nZZwcRCoM1UVFnZRuAB4Mvkwo=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntXrJiPd5v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvGZUwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6DrIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVP3Lau2+Vqnf5HEU4QRO4Rx8uII63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP5HgjyA=</latexit>

�i

<latexit sha1_base64="nZqkISagYZirpaS9KWOOoIqhekk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntXrJiPejfrniVb058Crxc1KBHI1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10XWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdK6qPqX1dp9rVK/yeMowgmcwjn4cAV1uIMGNIHCIzzDK7whhV7QO/pYtBZQPnMMf4A+fwCNVI8d</latexit>

�f

<latexit sha1_base64="PVh8yQirp7PTXBJAsGUzWH7riKI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OV+54kbKyL9iNOY+4qOtAgFo5hLfaTJoFpz6+4cZJV4BalBgeag+tUfRixRXCOT1Nqe58bop9SgYJLPKv3E8piyCR3xXkY1Vdz66fzWGTnLlCEJI5OVRjJXf0+kVFk7VUHWqSiO7bKXi/95vQTDGz8VOk6Qa7ZYFCaSYETyx8lQGM5QTjNCmRHZrYSNqaEMs3gqWQje8surpH1R967qlw+XtcZtEUcZTuAUzsGDa2jAPTShBQzG8Ayv8OYo58V5dz4WrSWnmDmGP3A+fwAi545N</latexit>⌧

<latexit sha1_base64="6iX+hDHSGVY5d9WtUa8UglHqmvc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVE9S8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE974GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5PuVd1r1hsPjVrrtoijDGdwDpfgwTW04B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VQo5E</latexit>

�

(spatial coordinate)

Define

<latexit sha1_base64="48bcz8fYLHRcIwknhSLjYU1dZZE=">AAACIHicbVDLSgMxFM34rPVVdekmWARXZUbEulEKKrhUsFbolCGT3rHBzMPkjlDCfIobf8WNC0V0p19jWmfh60DgcM653NwTZlJodN13Z2JyanpmtjJXnV9YXFquraxe6DRXHNo8lam6DJkGKRJoo0AJl5kCFocSOuH14cjv3ILSIk3OcZhBL2ZXiYgEZ2iloNb0j0Ai8+EmF7fUjxTj5jwwR52iML6+UWi2fTVIA3NcFMV+Gc4GIqjV3YY7Bv1LvJLUSYnToPbm91Oex5Agl0zrrudm2DNMoeASiqqfa8gYv2ZX0LU0YTHonhkfWNBNq/RplCr7EqRj9fuEYbHWwzi0yZjhQP/2RuJ/XjfHaK9nRJLlCAn/WhTlkmJKR23RvlDAUQ4tYVwJ+1fKB8yWhLbTqi3B+33yX3Kx3fB2GztnO/XWQVlHhayTDbJFPNIkLXJCTkmbcHJHHsgTeXbunUfnxXn9ik445cwa+QHn4xPUHKSh</latexit>

� ⌘ TDWp
2⇢E

= �� recovers moduli space distance!



Distance between theories

Let us add a potential between two Minkowski vacua (ignoring gravitational effects):

is the minimal euclidean action 
for a path of energy

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E

<latexit sha1_base64="ZoUqlKB3ieXQt7AySpZEYbvySpI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXgnqSgAgeI+QlyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcyoNp737eTW1jc2t/LbhZ3dvf2D4uFRS8tEYdLEkknVCZEmjArSNNQw0okVQTxkpB2Ob2d++4koTaVomElMAo6GgkYUI2Olx0a5p0ayf3feL5a8ijeHu0r8jJQgQ71f/OoNJE44EQYzpHXX92ITpEgZihmZFnqJJjHCYzQkXUsF4kQH6fzgqXtmlYEbSWVLGHeu/p5IEdd6wkPbyZEZ6WVvJv7ndRMTXQcpFXFiiMCLRVHCXCPd2ffugCqCDZtYgrCi9lYXj5BC2NiMCjYEf/nlVdK6qPiXlepDtVS7yeLIwwmcQhl8uIIa3EMdmoCBwzO8wpujnBfn3flYtOacbOYY/sD5/AHWeI/H</latexit>

T (⇢E)

<latexit sha1_base64="tVs7u5WEsQyIQ4VbRfIvG5XS8o8="></latexit>

� =
T (⇢E)p
2⇢E

=
1p
2⇢E

Z �f

�i

p
2(V + ⇢E)d�



Distance between theories

Let us add a potential between two Minkowski vacua (ignoring gravitational effects):

is the minimal euclidean action 
for a path of energy

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E

• This is known as Mapertuis action principle
<latexit sha1_base64="EP6895I60tArUOLApYKtWeecsgs="></latexit>

SM =

Z
d⌧

✓
1

2
�̇2 + V

◆
+

Z
⇢Ed⌧

<latexit sha1_base64="ZoUqlKB3ieXQt7AySpZEYbvySpI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXgnqSgAgeI+QlyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcyoNp737eTW1jc2t/LbhZ3dvf2D4uFRS8tEYdLEkknVCZEmjArSNNQw0okVQTxkpB2Ob2d++4koTaVomElMAo6GgkYUI2Olx0a5p0ayf3feL5a8ijeHu0r8jJQgQ71f/OoNJE44EQYzpHXX92ITpEgZihmZFnqJJjHCYzQkXUsF4kQH6fzgqXtmlYEbSWVLGHeu/p5IEdd6wkPbyZEZ6WVvJv7ndRMTXQcpFXFiiMCLRVHCXCPd2ffugCqCDZtYgrCi9lYXj5BC2NiMCjYEf/nlVdK6qPiXlepDtVS7yeLIwwmcQhl8uIIa3EMdmoCBwzO8wpujnBfn3flYtOacbOYY/sD5/AHWeI/H</latexit>

T (⇢E)

<latexit sha1_base64="tVs7u5WEsQyIQ4VbRfIvG5XS8o8="></latexit>

� =
T (⇢E)p
2⇢E

=
1p
2⇢E

Z �f

�i

p
2(V + ⇢E)d�



Distance between theories

Let us add a potential between two Minkowski vacua (ignoring gravitational effects):

is the minimal euclidean action 
for a path of energy

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E

• This is known as Mapertuis action principle
<latexit sha1_base64="EP6895I60tArUOLApYKtWeecsgs="></latexit>

SM =

Z
d⌧

✓
1

2
�̇2 + V

◆
+

Z
⇢Ed⌧

• It provides a well-behaved notion for a metric:
<latexit sha1_base64="2hIhC9txJ0UlvedPAJCjyJwCATc=">AAACG3icbVDLSgNBEJyN7/iKevQyGISIEHZF1JMIInpUMFHIhmV20puMmX040yuEZf/Di7/ixYMingQP/o2Tx0ETCxpqqrqZ7vITKTTa9rdVmJqemZ2bXyguLi2vrJbW1us6ThWHGo9lrG59pkGKCGooUMJtooCFvoQbv3va928eQGkRR9fYS6AZsnYkAsEZGskr7Z17mbjLXbhPxQNtDx8SAqw4u26gGM/qeeaqTuyd5a4S7Q7ueKWyXbUHoJPEGZEyGeHSK326rZinIUTIJdO64dgJNjOmUHAJedFNNSSMd1kbGoZGLATdzAa35XTbKC0axMpUhHSg/p7IWKh1L/RNZ8iwo8e9vvif10gxOGpmIkpShIgPPwpSSTGm/aBoSyjgKHuGMK6E2ZXyDjOJoImzaEJwxk+eJPW9qnNQ3b/aL58cj+KYJ5tki1SIQw7JCbkgl6RGOHkkz+SVvFlP1ov1bn0MWwvWaGaD/IH19QP/ZaIB</latexit>

Gij ⌘ gij

✓
1 +

V

⇢E

◆

(the distance is positive definite, symmetric and satisfies triangular inequality)

(Jacobi metric)

<latexit sha1_base64="ZoUqlKB3ieXQt7AySpZEYbvySpI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXgnqSgAgeI+QlyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcyoNp737eTW1jc2t/LbhZ3dvf2D4uFRS8tEYdLEkknVCZEmjArSNNQw0okVQTxkpB2Ob2d++4koTaVomElMAo6GgkYUI2Olx0a5p0ayf3feL5a8ijeHu0r8jJQgQ71f/OoNJE44EQYzpHXX92ITpEgZihmZFnqJJjHCYzQkXUsF4kQH6fzgqXtmlYEbSWVLGHeu/p5IEdd6wkPbyZEZ6WVvJv7ndRMTXQcpFXFiiMCLRVHCXCPd2ffugCqCDZtYgrCi9lYXj5BC2NiMCjYEf/nlVdK6qPiXlepDtVS7yeLIwwmcQhl8uIIa3EMdmoCBwzO8wpujnBfn3flYtOacbOYY/sD5/AHWeI/H</latexit>

T (⇢E)

<latexit sha1_base64="tVs7u5WEsQyIQ4VbRfIvG5XS8o8="></latexit>

� =
T (⇢E)p
2⇢E

=
1p
2⇢E

Z �f

�i

p
2(V + ⇢E)d�



Distance between theories

Let us add a potential between two Minkowski vacua (ignoring gravitational effects):

is the minimal euclidean action 
for a path of energy

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E

• This is known as Mapertuis action principle
<latexit sha1_base64="EP6895I60tArUOLApYKtWeecsgs="></latexit>

SM =

Z
d⌧

✓
1

2
�̇2 + V

◆
+

Z
⇢Ed⌧

• It recovers moduli space distance if V=0

• It provides a well-behaved notion for a metric:
<latexit sha1_base64="2hIhC9txJ0UlvedPAJCjyJwCATc=">AAACG3icbVDLSgNBEJyN7/iKevQyGISIEHZF1JMIInpUMFHIhmV20puMmX040yuEZf/Di7/ixYMingQP/o2Tx0ETCxpqqrqZ7vITKTTa9rdVmJqemZ2bXyguLi2vrJbW1us6ThWHGo9lrG59pkGKCGooUMJtooCFvoQbv3va928eQGkRR9fYS6AZsnYkAsEZGskr7Z17mbjLXbhPxQNtDx8SAqw4u26gGM/qeeaqTuyd5a4S7Q7ueKWyXbUHoJPEGZEyGeHSK326rZinIUTIJdO64dgJNjOmUHAJedFNNSSMd1kbGoZGLATdzAa35XTbKC0axMpUhHSg/p7IWKh1L/RNZ8iwo8e9vvif10gxOGpmIkpShIgPPwpSSTGm/aBoSyjgKHuGMK6E2ZXyDjOJoImzaEJwxk+eJPW9qnNQ3b/aL58cj+KYJ5tki1SIQw7JCbkgl6RGOHkkz+SVvFlP1ov1bn0MWwvWaGaD/IH19QP/ZaIB</latexit>

Gij ⌘ gij

✓
1 +

V

⇢E

◆

(the distance is positive definite, symmetric and satisfies triangular inequality)

(Jacobi metric)

<latexit sha1_base64="ZoUqlKB3ieXQt7AySpZEYbvySpI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXgnqSgAgeI+QlyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcyoNp737eTW1jc2t/LbhZ3dvf2D4uFRS8tEYdLEkknVCZEmjArSNNQw0okVQTxkpB2Ob2d++4koTaVomElMAo6GgkYUI2Olx0a5p0ayf3feL5a8ijeHu0r8jJQgQ71f/OoNJE44EQYzpHXX92ITpEgZihmZFnqJJjHCYzQkXUsF4kQH6fzgqXtmlYEbSWVLGHeu/p5IEdd6wkPbyZEZ6WVvJv7ndRMTXQcpFXFiiMCLRVHCXCPd2ffugCqCDZtYgrCi9lYXj5BC2NiMCjYEf/nlVdK6qPiXlepDtVS7yeLIwwmcQhl8uIIa3EMdmoCBwzO8wpujnBfn3flYtOacbOYY/sD5/AHWeI/H</latexit>

T (⇢E)

<latexit sha1_base64="tVs7u5WEsQyIQ4VbRfIvG5XS8o8="></latexit>

� =
T (⇢E)p
2⇢E

=
1p
2⇢E

Z �f

�i

p
2(V + ⇢E)d�



Distance between theories

Let us add a potential between two Minkowski vacua (ignoring gravitational effects):

is the minimal euclidean action 
for a path of energy

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E

• This is known as Mapertuis action principle
<latexit sha1_base64="EP6895I60tArUOLApYKtWeecsgs="></latexit>

SM =

Z
d⌧

✓
1

2
�̇2 + V

◆
+

Z
⇢Ed⌧

• It recovers moduli space distance if V=0

• It provides a well-behaved notion for a metric:
<latexit sha1_base64="2hIhC9txJ0UlvedPAJCjyJwCATc=">AAACG3icbVDLSgNBEJyN7/iKevQyGISIEHZF1JMIInpUMFHIhmV20puMmX040yuEZf/Di7/ixYMingQP/o2Tx0ETCxpqqrqZ7vITKTTa9rdVmJqemZ2bXyguLi2vrJbW1us6ThWHGo9lrG59pkGKCGooUMJtooCFvoQbv3va928eQGkRR9fYS6AZsnYkAsEZGskr7Z17mbjLXbhPxQNtDx8SAqw4u26gGM/qeeaqTuyd5a4S7Q7ueKWyXbUHoJPEGZEyGeHSK326rZinIUTIJdO64dgJNjOmUHAJedFNNSSMd1kbGoZGLATdzAa35XTbKC0axMpUhHSg/p7IWKh1L/RNZ8iwo8e9vvif10gxOGpmIkpShIgPPwpSSTGm/aBoSyjgKHuGMK6E2ZXyDjOJoImzaEJwxk+eJPW9qnNQ3b/aL58cj+KYJ5tki1SIQw7JCbkgl6RGOHkkz+SVvFlP1ov1bn0MWwvWaGaD/IH19QP/ZaIB</latexit>

Gij ⌘ gij

✓
1 +

V

⇢E

◆

(the distance is positive definite, symmetric and satisfies triangular inequality)

(Jacobi metric)

<latexit sha1_base64="ZoUqlKB3ieXQt7AySpZEYbvySpI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXgnqSgAgeI+QlyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcyoNp737eTW1jc2t/LbhZ3dvf2D4uFRS8tEYdLEkknVCZEmjArSNNQw0okVQTxkpB2Ob2d++4koTaVomElMAo6GgkYUI2Olx0a5p0ayf3feL5a8ijeHu0r8jJQgQ71f/OoNJE44EQYzpHXX92ITpEgZihmZFnqJJjHCYzQkXUsF4kQH6fzgqXtmlYEbSWVLGHeu/p5IEdd6wkPbyZEZ6WVvJv7ndRMTXQcpFXFiiMCLRVHCXCPd2ffugCqCDZtYgrCi9lYXj5BC2NiMCjYEf/nlVdK6qPiXlepDtVS7yeLIwwmcQhl8uIIa3EMdmoCBwzO8wpujnBfn3flYtOacbOYY/sD5/AHWeI/H</latexit>

T (⇢E)

<latexit sha1_base64="tVs7u5WEsQyIQ4VbRfIvG5XS8o8="></latexit>

� =
T (⇢E)p
2⇢E

=
1p
2⇢E

Z �f

�i

p
2(V + ⇢E)d�

• It depends on the euclidean energy scale       such that: If
<latexit sha1_base64="kCB0sEAcmBI+rtGuk36RATcOaBM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6koKIrisYB/QhDCZTpqhk5kwM1FCqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuVldW19Y3qZm1re2d3z94/6CqRSUw6WDAh+yFShFFOOppqRvqpJCgJGemF4+up33sgUlHB73WeEj9BI04jipE2UmDXPRmL4MaTdBRrJKV4hE5gN5ymMwNcJm5JGqBEO7C/vKHAWUK4xgwpNXCdVPsFkppiRiY1L1MkRXiMRmRgKEcJUX4xO34Cj40yhJGQpriGM/X3RIESpfIkNJ0J0rFa9Kbif94g09GlX1CeZppwPF8UZQxqAadJwCGVBGuWG4KwpOZWiGMkEdYmr5oJwV18eZl0T5vuefPs7qzRuirjqIJDcAROgAsuQAvcgjboAAxy8AxewZv1ZL1Y79bHvLVilTN18AfW5w+CBJSs</latexit>

⇢E ! 0

<latexit sha1_base64="SmVdNPR31k15cTfkHQpRU53Xg3o=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB8BR2JagnCYjgMYJ5QHYJs5PZZMjszDLTq4QQL/6KFw+KePUvvPk3Th4HTSxoKKq66e6KUsENeN63k1taXlldy68XNja3tnfc3b26UZmmrEaVULoZEcMEl6wGHARrppqRJBKsEfWvxn7jnmnDlbyDQcrChHQljzklYKW2exDonmpfB5p3e0C0Vg844DKGQdsteiVvArxI/Bkpohmqbfcr6CiaJUwCFcSYlu+lEA6JBk4FGxWCzLCU0D7pspalkiTMhMPJByN8bJUOjpW2JQFP1N8TQ5IYM0gi25kQ6Jl5byz+57UyiC/CIZdpBkzS6aI4ExgUHseBO1wzCmJgCaGa21sx7RFNKNjQCjYEf/7lRVI/LflnpfJtuVi5nMWRR4foCJ0gH52jCrpBVVRDFD2iZ/SK3pwn58V5dz6mrTlnNrOP/sD5/AHvr5c0</latexit>

⇢E ! 1
<latexit sha1_base64="tfomHGmIekpZHpd8uZZi2uoOiUA=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyWRop6koAePFewHNKFstpt26WYTdidKCb148a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tgpLyyura8X10sbm1vaOvbvX1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMryZ+654pzWN5B6OE+RHpSx5ySsBIXfvQu2YCiKd4fwBEqfgB50oy4F277FScKfAicXNSRjnqXfvL68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkkRM+9n0izE+NkoPh7EyJQFP1d8TGYm0HkWB6YwIDPS8NxH/8zophBd+xmWSApN0tihMBYYYTyLBPa4YBTEyhFDFza2YDogiFExwJROCO//yImmeVtyzSvW2Wq5d5nEU0QE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP7cpmLY=</latexit>

� ! ��
<latexit sha1_base64="WuYqDVEhjtxYeEADZp6MTERFSE0="></latexit>

� ! TDWp
2⇢E

! 1If

<latexit sha1_base64="oefrJ8InO0HUpVhpMPVS8LLsbEg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJiOAxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs6uHqnfbK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu06j6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwBnhI8E</latexit>⇢E
:

:



Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2

<latexit sha1_base64="nTG2xvBUMKUBEcyum9b5XbnGXLc="></latexit>

� =

Z �f

�i

s

1 +
V (�)

⇢E
d�



Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="Hj+CtkeeIHJK4iqCoK/MU4bjPcQ="></latexit>

� =

Z �f

�i

s

1� V (�)

⇤(�)
d�

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2



Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="Hj+CtkeeIHJK4iqCoK/MU4bjPcQ="></latexit>

� =

Z �f

�i

s

1� V (�)

⇤(�)
d�

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2

Euclidean Einstein eqs + eom for scalar:
<latexit sha1_base64="OIBY4U+liNsVLxjsOn9ny/cbfAs=">AAACEHicbVDNS8MwHE3n15xfVY9egkOcl9HKUC/KwIsHDxPcB6ylpGm6haVpTVJhlP0JXvxXvHhQxKtHb/43ZlsF3XwQeHnv/Uh+z08YlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGScCkyaOGax6PhIEkY5aSqqGOkkgqDIZ6TtDy7HfvueCEljfquGCXEj1OM0pBgpLXnmoXOtwwGqOEmfevToPL971OmRO9j60T2zbFWtCeA8sXNSBjkanvnpBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI11NOYqIdLPJQiN4oJUAhrHQhys4UX9PZCiSchj5Ohkh1Zez3lj8z+umKjxzM8qTVBGOpw+FKYMqhuN2YEAFwYoNNUFYUP1XiPtIIKx0hyVdgj278jxpHVftk2rtplauX+R1FMEe2AcVYINTUAdXoAGaAIMH8ARewKvxaDwbb8b7NFow8pld8AfGxzcC/5vw</latexit>

⇤(�i) = ⇤i � V (�i)with
<latexit sha1_base64="q4gqyBnm0ZyVOjE6PG7DPHZ6xic=">AAACH3icbVDLSgMxFM34rPVVdekmWMS6sM5IqW6UghsXLirYB3RKuZNm2tDMwyQjlGH+xI2/4saFIuKuf2PajqCtBwKHc+7h5h4n5Ewq0xwZC4tLyyurmbXs+sbm1nZuZ7cug0gQWiMBD0TTAUk582lNMcVpMxQUPIfThjO4HvuNRyokC/x7NQxp24Oez1xGQGmpkyvbrgAS27c60oWj5Icl+NKWD0LFNvCwDwULn+D6aWoeJ51c3iyaE+B5YqUkj1JUO7kvuxuQyKO+IhykbFlmqNoxCMUIp0nWjiQNgQygR1ua+uBR2Y4n9yX4UCtd7AZCP1/hifo7EYMn5dBz9KQHqi9nvbH4n9eKlHvRjpkfRor6ZLrIjThWAR6XhbtMUKL4UBMggum/YtIHXZjSlWZ1CdbsyfOkfla0ysXSXSlfuUrryKB9dIAKyELnqIJuUBXVEEFP6AW9oXfj2Xg1PozP6eiCkWb20B8Yo2+RbqID</latexit>

⇤0

⇤
=

p
↵(1� V/⇤)



<latexit sha1_base64="NigXenYeFfCauxzOXhUOgI121kU="></latexit>

=
1p
↵
log

✓
⇤f

⇤i

◆

<latexit sha1_base64="rTPfrbboxs0FkwW2S1Hn7kVjrCU=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCG0tSirpRCm5cVrAPaEK5mUzaoZMHMxOhhLjxV9y4UMStf+HOv3HaZqGtB+7lcM69zNzjJZxJZVnfxtLyyuraemmjvLm1vbNr7u23ZZwKQlsk5rHoeiApZxFtKaY47SaCQuhx2vFGNxO/80CFZHF0r8YJdUMYRCxgBJSW+uahAzwZwlUdO4EAkvlndq5bLe+bFatqTYEXiV2QCirQ7Jtfjh+TNKSRIhyk7NlWotwMhGKE07zspJImQEYwoD1NIwipdLPpBTk+0YqPg1joihSeqr83MgilHIeengxBDeW8NxH/83qpCi7djEVJqmhEZg8FKccqxpM4sM8EJYqPNQEimP4rJkPQSSgdWlmHYM+fvEjatap9Xq3f1SuN6yKOEjpCx+gU2egCNdAtaqIWIugRPaNX9GY8GS/Gu/ExG10yip0D9AfG5w8RQZYA</latexit>

↵ = 4
d� 1

d� 2

Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="Hj+CtkeeIHJK4iqCoK/MU4bjPcQ="></latexit>

� =

Z �f

�i

s

1� V (�)

⇤(�)
d�

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2

Euclidean Einstein eqs + eom for scalar:
<latexit sha1_base64="OIBY4U+liNsVLxjsOn9ny/cbfAs=">AAACEHicbVDNS8MwHE3n15xfVY9egkOcl9HKUC/KwIsHDxPcB6ylpGm6haVpTVJhlP0JXvxXvHhQxKtHb/43ZlsF3XwQeHnv/Uh+z08YlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGScCkyaOGax6PhIEkY5aSqqGOkkgqDIZ6TtDy7HfvueCEljfquGCXEj1OM0pBgpLXnmoXOtwwGqOEmfevToPL971OmRO9j60T2zbFWtCeA8sXNSBjkanvnpBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI11NOYqIdLPJQiN4oJUAhrHQhys4UX9PZCiSchj5Ohkh1Zez3lj8z+umKjxzM8qTVBGOpw+FKYMqhuN2YEAFwYoNNUFYUP1XiPtIIKx0hyVdgj278jxpHVftk2rtplauX+R1FMEe2AcVYINTUAdXoAGaAIMH8ARewKvxaDwbb8b7NFow8pld8AfGxzcC/5vw</latexit>

⇤(�i) = ⇤i � V (�i)with
<latexit sha1_base64="q4gqyBnm0ZyVOjE6PG7DPHZ6xic=">AAACH3icbVDLSgMxFM34rPVVdekmWMS6sM5IqW6UghsXLirYB3RKuZNm2tDMwyQjlGH+xI2/4saFIuKuf2PajqCtBwKHc+7h5h4n5Ewq0xwZC4tLyyurmbXs+sbm1nZuZ7cug0gQWiMBD0TTAUk582lNMcVpMxQUPIfThjO4HvuNRyokC/x7NQxp24Oez1xGQGmpkyvbrgAS27c60oWj5Icl+NKWD0LFNvCwDwULn+D6aWoeJ51c3iyaE+B5YqUkj1JUO7kvuxuQyKO+IhykbFlmqNoxCMUIp0nWjiQNgQygR1ua+uBR2Y4n9yX4UCtd7AZCP1/hifo7EYMn5dBz9KQHqi9nvbH4n9eKlHvRjpkfRor6ZLrIjThWAR6XhbtMUKL4UBMggum/YtIHXZjSlWZ1CdbsyfOkfla0ysXSXSlfuUrryKB9dIAKyELnqIJuUBXVEEFP6AW9oXfj2Xg1PozP6eiCkWb20B8Yo2+RbqID</latexit>

⇤0

⇤
=

p
↵(1� V/⇤)



<latexit sha1_base64="NigXenYeFfCauxzOXhUOgI121kU="></latexit>

=
1p
↵
log

✓
⇤f

⇤i

◆

<latexit sha1_base64="rTPfrbboxs0FkwW2S1Hn7kVjrCU=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCG0tSirpRCm5cVrAPaEK5mUzaoZMHMxOhhLjxV9y4UMStf+HOv3HaZqGtB+7lcM69zNzjJZxJZVnfxtLyyuraemmjvLm1vbNr7u23ZZwKQlsk5rHoeiApZxFtKaY47SaCQuhx2vFGNxO/80CFZHF0r8YJdUMYRCxgBJSW+uahAzwZwlUdO4EAkvlndq5bLe+bFatqTYEXiV2QCirQ7Jtfjh+TNKSRIhyk7NlWotwMhGKE07zspJImQEYwoD1NIwipdLPpBTk+0YqPg1joihSeqr83MgilHIeengxBDeW8NxH/83qpCi7djEVJqmhEZg8FKccqxpM4sM8EJYqPNQEimP4rJkPQSSgdWlmHYM+fvEjatap9Xq3f1SuN6yKOEjpCx+gU2egCNdAtaqIWIugRPaNX9GY8GS/Gu/ExG10yip0D9AfG5w8RQZYA</latexit>

↵ = 4
d� 1

d� 2

Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="Hj+CtkeeIHJK4iqCoK/MU4bjPcQ="></latexit>

� =

Z �f

�i

s

1� V (�)

⇤(�)
d�

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2

Euclidean Einstein eqs + eom for scalar:
<latexit sha1_base64="OIBY4U+liNsVLxjsOn9ny/cbfAs=">AAACEHicbVDNS8MwHE3n15xfVY9egkOcl9HKUC/KwIsHDxPcB6ylpGm6haVpTVJhlP0JXvxXvHhQxKtHb/43ZlsF3XwQeHnv/Uh+z08YlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGScCkyaOGax6PhIEkY5aSqqGOkkgqDIZ6TtDy7HfvueCEljfquGCXEj1OM0pBgpLXnmoXOtwwGqOEmfevToPL971OmRO9j60T2zbFWtCeA8sXNSBjkanvnpBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI11NOYqIdLPJQiN4oJUAhrHQhys4UX9PZCiSchj5Ohkh1Zez3lj8z+umKjxzM8qTVBGOpw+FKYMqhuN2YEAFwYoNNUFYUP1XiPtIIKx0hyVdgj278jxpHVftk2rtplauX+R1FMEe2AcVYINTUAdXoAGaAIMH8ARewKvxaDwbb8b7NFow8pld8AfGxzcC/5vw</latexit>

⇤(�i) = ⇤i � V (�i)with
<latexit sha1_base64="q4gqyBnm0ZyVOjE6PG7DPHZ6xic=">AAACH3icbVDLSgMxFM34rPVVdekmWMS6sM5IqW6UghsXLirYB3RKuZNm2tDMwyQjlGH+xI2/4saFIuKuf2PajqCtBwKHc+7h5h4n5Ewq0xwZC4tLyyurmbXs+sbm1nZuZ7cug0gQWiMBD0TTAUk582lNMcVpMxQUPIfThjO4HvuNRyokC/x7NQxp24Oez1xGQGmpkyvbrgAS27c60oWj5Icl+NKWD0LFNvCwDwULn+D6aWoeJ51c3iyaE+B5YqUkj1JUO7kvuxuQyKO+IhykbFlmqNoxCMUIp0nWjiQNgQygR1ua+uBR2Y4n9yX4UCtd7AZCP1/hifo7EYMn5dBz9KQHqi9nvbH4n9eKlHvRjpkfRor6ZLrIjThWAR6XhbtMUKL4UBMggum/YtIHXZjSlWZ1CdbsyfOkfla0ysXSXSlfuUrryKB9dIAKyELnqIJuUBXVEEFP6AW9oXfj2Xg1PozP6eiCkWb20B8Yo2+RbqID</latexit>

⇤0

⇤
=

p
↵(1� V/⇤)

• It depends on the scale
<latexit sha1_base64="avlLDiR3Ti8pBB+cjzpAif/l1y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqa6k4MaFiwr2Ie1QMplMG5pkhiQjlKFf4caFIm79HHf+jWk7C209EDiccy659wQJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvHNzO88UaVZLB/MJKG+wEPJIkawsdJj/85GQzxgg3LFrbpzoFXi5aQCOZqD8lc/jEkqqDSEY617npsYP8PKMMLptNRPNU0wGeMh7VkqsaDaz+YLT9GZVUIUxco+adBc/T2RYaH1RAQ2KbAZ6WVvJv7n9VITXfkZk0lqqCSLj6KUIxOj2fUoZIoSwyeWYKKY3RWREVaYGNtRyZbgLZ+8StoXVa9erd3XKo3rvI4inMApnIMHl9CAW2hCCwgIeIZXeHOU8+K8Ox+LaMHJZ47hD5zPH4wJkD4=</latexit>

⇤i
If

<latexit sha1_base64="tfomHGmIekpZHpd8uZZi2uoOiUA=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyWRop6koAePFewHNKFstpt26WYTdidKCb148a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tgpLyyura8X10sbm1vaOvbvX1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMryZ+654pzWN5B6OE+RHpSx5ySsBIXfvQu2YCiKd4fwBEqfgB50oy4F277FScKfAicXNSRjnqXfvL68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkkRM+9n0izE+NkoPh7EyJQFP1d8TGYm0HkWB6YwIDPS8NxH/8zophBd+xmWSApN0tihMBYYYTyLBPa4YBTEyhFDFza2YDogiFExwJROCO//yImmeVtyzSvW2Wq5d5nEU0QE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP7cpmLY=</latexit>

� ! ��

If

<latexit sha1_base64="+ebaz8bjgQLW305fwo30oQ7d9QY=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRS1JUU3LhwUcE+oIllMpmkQyeTMDNRSuh/uHGhiFv/xZ1/47TNQlsPDBzOOZd75/gpZ0rb9rdVWlldW98ob1a2tnd296r7Bx2VZJLQNkl4Ins+VpQzQduaaU57qaQ49jnt+qPrqd99pFKxRNzrcUq9GEeChYxgbaQH99ZEAzxgbhShzqBas+v2DGiZOAWpQYHWoPrlBgnJYio04VipvmOn2sux1IxwOqm4maIpJiMc0b6hAsdUefns6gk6MUqAwkSaJzSaqb8nchwrNY59k4yxHqpFbyr+5/UzHV56ORNppqkg80VhxpFO0LQCFDBJieZjQzCRzNyKyBBLTLQpqmJKcBa/vEw6Z3XnvN64a9SaV0UdZTiCYzgFBy6gCTfQgjYQkPAMr/BmPVkv1rv1MY+WrGLmEP7A+vwB0BqSEA==</latexit>

⇤i � V
<latexit sha1_base64="36G3HWOJl/Fh8Kp+1HteNIjdX78=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF1ISKepGKbhx4aKCfUAbwmQyaYdOJmFmIpTYhb/ixoUibv0Nd/6N08dCWw8MHM45l3vnBClnSjvOt7WwuLS8slpYK65vbG5t2zu7DZVkktA6SXgiWwFWlDNB65ppTluppDgOOG0G/euR33ygUrFE3OtBSr0YdwWLGMHaSL6937k14RD7OTuJhpeoMSG+XXLKzhhonrhTUoIpar791QkTksVUaMKxUm3XSbWXY6kZ4XRY7GSKppj0cZe2DRU4psrLx/cP0ZFRQhQl0jyh0Vj9PZHjWKlBHJhkjHVPzXoj8T+vnenowsuZSDNNBZksijKOdIJGZaCQSUo0HxiCiWTmVkR6WGKiTWVFU4I7++V50jgtu2flyl2lVL2a1lGAAziEY3DhHKpwAzWoA4FHeIZXeLOerBfr3fqYRBes6cwe/IH1+QMVsZWA</latexit>

⇤i,f = Vi,f

:

:

recovers moduli space distance

recovers AdS distance
<latexit sha1_base64="6B0PzrnFP9BWT1gjUUPuDvk62zM="></latexit>

� ! 1p
↵
log

✓
Vf

Vi

◆

[Luest,Palti,Vafa’19]



<latexit sha1_base64="NigXenYeFfCauxzOXhUOgI121kU="></latexit>

=
1p
↵
log

✓
⇤f

⇤i

◆

<latexit sha1_base64="rTPfrbboxs0FkwW2S1Hn7kVjrCU=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCG0tSirpRCm5cVrAPaEK5mUzaoZMHMxOhhLjxV9y4UMStf+HOv3HaZqGtB+7lcM69zNzjJZxJZVnfxtLyyuraemmjvLm1vbNr7u23ZZwKQlsk5rHoeiApZxFtKaY47SaCQuhx2vFGNxO/80CFZHF0r8YJdUMYRCxgBJSW+uahAzwZwlUdO4EAkvlndq5bLe+bFatqTYEXiV2QCirQ7Jtfjh+TNKSRIhyk7NlWotwMhGKE07zspJImQEYwoD1NIwipdLPpBTk+0YqPg1joihSeqr83MgilHIeengxBDeW8NxH/83qpCi7djEVJqmhEZg8FKccqxpM4sM8EJYqPNQEimP4rJkPQSSgdWlmHYM+fvEjatap9Xq3f1SuN6yKOEjpCx+gU2egCNdAtaqIWIugRPaNX9GY8GS/Gu/ExG10yip0D9AfG5w8RQZYA</latexit>

↵ = 4
d� 1

d� 2

Distance between theories

Let us include gravitational effects and consider e.g. two AdS vacua:

<latexit sha1_base64="Hj+CtkeeIHJK4iqCoK/MU4bjPcQ="></latexit>

� =

Z �f

�i

s

1� V (�)

⇤(�)
d�

<latexit sha1_base64="8LILg4lL6i2H9NpcbzY00ZiK2VI=">AAACHHicbVDLSgMxFM34tr6qLt0Ei6ALy0wVdaMIIrhUsFXo1JJJ79hgJhmTO2IZ+iFu/BU3LhRx40Lwb0xrF74OBE7Oufcm90SpFBZ9/8MbGh4ZHRufmCxMTc/MzhXnF2pWZ4ZDlWupzXnELEihoIoCJZynBlgSSTiLrg56/tkNGCu0OsVOCo2EXSoRC87QSc3iRhgbxoMKDVsaw7QtLirrtd3QtHXzcLV3XwsVXNMQ4RZzrpXFcrdZLPllvw/6lwQDUiIDHDeLb246zxJQyCWzth74KTZyZlBwCd1CmFlIGb9il1B3VLEEbCPvL9elK05p0VgbdxTSvvq9I2eJtZ0kcpUJw7b97fXE/7x6hvFOIxcqzRAU/3ooziRFTXtJ0ZYwwFF2HGHcCPdXytvMpYUuz4ILIfi98l9Sq5SDrfLmyWZpf28QxwRZIstklQRkm+yTI3JMqoSTO/JAnsizd+89ei/e61fpkDfoWSQ/4L1/ApxwoR4=</latexit>

1

2
�̇2 � V = ⇢E(�) 6= const.

<latexit sha1_base64="Qbu2TRtxLIIqZ023N/mQPFi33ns=">AAACCHicbZBNS8MwGMfT+TbnW9WjB4tDmAijLUO9KAMvHie4F1i7kabpFpakJUmFUXb04lfx4kERr34Eb34b020Hnf4h8Mv/eR6S5x8klEhl219GYWl5ZXWtuF7a2Nza3jF391oyTgXCTRTTWHQCKDElHDcVURR3EoEhCyhuB6PrvN6+x0KSmN+pcYJ9BgecRARBpa2+eRjKnnsZegqmPfcU9txKjiehJ8mA6WvfLNtVeyrrLzhzKIO5Gn3z0wtjlDLMFaJQyq5jJ8rPoFAEUTwpeanECUQjOMBdjRwyLP1susjEOtZOaEWx0Icra+r+nMggk3LMAt3JoBrKxVpu/lfrpiq68DPCk1RhjmYPRSm1VGzlqVghERgpOtYAkSD6rxYaQgGR0tmVdAjO4sp/oeVWnbNq7bZWrl/N4yiCA3AEKsAB56AObkADNAECD+AJvIBX49F4Nt6M91lrwZjP7INfMj6+AdhKmJg=</latexit>

ds2 = d⌧2 + a2(⌧)d�2

<latexit sha1_base64="5uPomaD1t0RLdM/qlXsz6oRZxwk=">AAACFHicbVBNS8MwGE7n15xfVY9egkOYiKMdQ70oAy8ePExwH7DWkabpFpa2IUmFUfYjvPhXvHhQxKsHb/4b060HnT6Q8PC8z/sm7+NxRqWyrC+jsLC4tLxSXC2trW9sbpnbO20ZJwKTFo5ZLLoekoTRiLQUVYx0uSAo9BjpeKPLrN65J0LSOLpVY07cEA0iGlCMlJb65tH5sXOt7T6qOHxIDx0uYq5i6AQC4dTxYwXRXW2SZlffLFtVawr4l9g5KYMczb75qQfgJCSRwgxJ2bMtrtwUCUUxI5OSk0jCER6hAelpGqGQSDedLjWBB1rxYRALfSIFp+rPjhSFUo5DTztDpIZyvpaJ/9V6iQrO3JRGPFEkwrOHgoRBvXWWEPSpIFixsSYIC6r/CvEQ6TiUzrGkQ7DnV/5L2rWqfVKt39TLjYs8jiLYA/ugAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n1kLRt6zC37B+PgGtH+eAA==</latexit>

= �⇤(�) / ȧ2

a2

Euclidean Einstein eqs + eom for scalar:
<latexit sha1_base64="OIBY4U+liNsVLxjsOn9ny/cbfAs=">AAACEHicbVDNS8MwHE3n15xfVY9egkOcl9HKUC/KwIsHDxPcB6ylpGm6haVpTVJhlP0JXvxXvHhQxKtHb/43ZlsF3XwQeHnv/Uh+z08YlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGScCkyaOGax6PhIEkY5aSqqGOkkgqDIZ6TtDy7HfvueCEljfquGCXEj1OM0pBgpLXnmoXOtwwGqOEmfevToPL971OmRO9j60T2zbFWtCeA8sXNSBjkanvnpBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI11NOYqIdLPJQiN4oJUAhrHQhys4UX9PZCiSchj5Ohkh1Zez3lj8z+umKjxzM8qTVBGOpw+FKYMqhuN2YEAFwYoNNUFYUP1XiPtIIKx0hyVdgj278jxpHVftk2rtplauX+R1FMEe2AcVYINTUAdXoAGaAIMH8ARewKvxaDwbb8b7NFow8pld8AfGxzcC/5vw</latexit>

⇤(�i) = ⇤i � V (�i)with
<latexit sha1_base64="q4gqyBnm0ZyVOjE6PG7DPHZ6xic=">AAACH3icbVDLSgMxFM34rPVVdekmWMS6sM5IqW6UghsXLirYB3RKuZNm2tDMwyQjlGH+xI2/4saFIuKuf2PajqCtBwKHc+7h5h4n5Ewq0xwZC4tLyyurmbXs+sbm1nZuZ7cug0gQWiMBD0TTAUk582lNMcVpMxQUPIfThjO4HvuNRyokC/x7NQxp24Oez1xGQGmpkyvbrgAS27c60oWj5Icl+NKWD0LFNvCwDwULn+D6aWoeJ51c3iyaE+B5YqUkj1JUO7kvuxuQyKO+IhykbFlmqNoxCMUIp0nWjiQNgQygR1ua+uBR2Y4n9yX4UCtd7AZCP1/hifo7EYMn5dBz9KQHqi9nvbH4n9eKlHvRjpkfRor6ZLrIjThWAR6XhbtMUKL4UBMggum/YtIHXZjSlWZ1CdbsyfOkfla0ysXSXSlfuUrryKB9dIAKyELnqIJuUBXVEEFP6AW9oXfj2Xg1PozP6eiCkWb20B8Yo2+RbqID</latexit>

⇤0

⇤
=

p
↵(1� V/⇤)

• Not a distance in the mathematical sense
(unless in the SUSY case where there is a DW solution with                 )

<latexit sha1_base64="36G3HWOJl/Fh8Kp+1HteNIjdX78=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF1ISKepGKbhx4aKCfUAbwmQyaYdOJmFmIpTYhb/ixoUibv0Nd/6N08dCWw8MHM45l3vnBClnSjvOt7WwuLS8slpYK65vbG5t2zu7DZVkktA6SXgiWwFWlDNB65ppTluppDgOOG0G/euR33ygUrFE3OtBSr0YdwWLGMHaSL6937k14RD7OTuJhpeoMSG+XXLKzhhonrhTUoIpar791QkTksVUaMKxUm3XSbWXY6kZ4XRY7GSKppj0cZe2DRU4psrLx/cP0ZFRQhQl0jyh0Vj9PZHjWKlBHJhkjHVPzXoj8T+vnenowsuZSDNNBZksijKOdIJGZaCQSUo0HxiCiWTmVkR6WGKiTWVFU4I7++V50jgtu2flyl2lVL2a1lGAAziEY3DhHKpwAzWoA4FHeIZXeLOerBfr3fqYRBes6cwe/IH1+QMVsZWA</latexit>

⇤i,f = Vi,f

• It depends on the scale
<latexit sha1_base64="avlLDiR3Ti8pBB+cjzpAif/l1y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqa6k4MaFiwr2Ie1QMplMG5pkhiQjlKFf4caFIm79HHf+jWk7C209EDiccy659wQJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvHNzO88UaVZLB/MJKG+wEPJIkawsdJj/85GQzxgg3LFrbpzoFXi5aQCOZqD8lc/jEkqqDSEY617npsYP8PKMMLptNRPNU0wGeMh7VkqsaDaz+YLT9GZVUIUxco+adBc/T2RYaH1RAQ2KbAZ6WVvJv7n9VITXfkZk0lqqCSLj6KUIxOj2fUoZIoSwyeWYKKY3RWREVaYGNtRyZbgLZ+8StoXVa9erd3XKo3rvI4inMApnIMHl9CAW2hCCwgIeIZXeHOU8+K8Ox+LaMHJZ47hD5zPH4wJkD4=</latexit>

⇤i
If

<latexit sha1_base64="tfomHGmIekpZHpd8uZZi2uoOiUA=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyWRop6koAePFewHNKFstpt26WYTdidKCb148a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tgpLyyura8X10sbm1vaOvbvX1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMryZ+654pzWN5B6OE+RHpSx5ySsBIXfvQu2YCiKd4fwBEqfgB50oy4F277FScKfAicXNSRjnqXfvL68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkkRM+9n0izE+NkoPh7EyJQFP1d8TGYm0HkWB6YwIDPS8NxH/8zophBd+xmWSApN0tihMBYYYTyLBPa4YBTEyhFDFza2YDogiFExwJROCO//yImmeVtyzSvW2Wq5d5nEU0QE6QifIReeohm5QHTUQRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP7cpmLY=</latexit>

� ! ��

If

<latexit sha1_base64="+ebaz8bjgQLW305fwo30oQ7d9QY=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRS1JUU3LhwUcE+oIllMpmkQyeTMDNRSuh/uHGhiFv/xZ1/47TNQlsPDBzOOZd75/gpZ0rb9rdVWlldW98ob1a2tnd296r7Bx2VZJLQNkl4Ins+VpQzQduaaU57qaQ49jnt+qPrqd99pFKxRNzrcUq9GEeChYxgbaQH99ZEAzxgbhShzqBas+v2DGiZOAWpQYHWoPrlBgnJYio04VipvmOn2sux1IxwOqm4maIpJiMc0b6hAsdUefns6gk6MUqAwkSaJzSaqb8nchwrNY59k4yxHqpFbyr+5/UzHV56ORNppqkg80VhxpFO0LQCFDBJieZjQzCRzNyKyBBLTLQpqmJKcBa/vEw6Z3XnvN64a9SaV0UdZTiCYzgFBy6gCTfQgjYQkPAMr/BmPVkv1rv1MY+WrGLmEP7A+vwB0BqSEA==</latexit>

⇤i � V
<latexit sha1_base64="36G3HWOJl/Fh8Kp+1HteNIjdX78=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF1ISKepGKbhx4aKCfUAbwmQyaYdOJmFmIpTYhb/ixoUibv0Nd/6N08dCWw8MHM45l3vnBClnSjvOt7WwuLS8slpYK65vbG5t2zu7DZVkktA6SXgiWwFWlDNB65ppTluppDgOOG0G/euR33ygUrFE3OtBSr0YdwWLGMHaSL6937k14RD7OTuJhpeoMSG+XXLKzhhonrhTUoIpar791QkTksVUaMKxUm3XSbWXY6kZ4XRY7GSKppj0cZe2DRU4psrLx/cP0ZFRQhQl0jyh0Vj9PZHjWKlBHJhkjHVPzXoj8T+vnenowsuZSDNNBZksijKOdIJGZaCQSUo0HxiCiWTmVkR6WGKiTWVFU4I7++V50jgtu2flyl2lVL2a1lGAAziEY3DhHKpwAzWoA4FHeIZXeLOerBfr3fqYRBes6cwe/IH1+QMVsZWA</latexit>

⇤i,f = Vi,f

:

:

recovers moduli space distance

recovers AdS distance
<latexit sha1_base64="6B0PzrnFP9BWT1gjUUPuDvk62zM="></latexit>

� ! 1p
↵
log

✓
Vf

Vi

◆

[Luest,Palti,Vafa’19]



Thank you!

Conclusions

The microscopic nature of the tower constrains the value of the 
exponential rate of the towers and how different limits fit together in 
moduli space

We start a classification of infinite distance limits in the conformal 
manifold of 4d SCFTs, obtaining non-critical tensionless string limits

The Convex Hull Distance Conjecture with 
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2 in holographic

AdS spaces (with a conformal manifold) if they are not scale separated

We propose a notion of distance in the presence of a scalar potential 
inspired by the cobordism domain wall



back-up slides



Different regions of the moduli space described by different perturbative 
descriptions related by dualities

What are the possible descriptions?

How can they be combined? What are the possible dualities?

Dualities

tower of states 
becoming all light

.
.

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

m(P ) ⇠ m(Q)e�↵��

(Distance conjecture)

[Ooguri-Vafa’06]



One dimensional moduli space:

Tower of Kaluza-
Klein states

Example: 10d Type IIA

Type IIA

<latexit sha1_base64="bdw5KGlZwxHjhdRs+hK9+dRipaM="></latexit>

S = M2
p

Z
d10x

p
�g

✓
1

2
R� 1

4
(@�)2 + . . .

◆

<latexit sha1_base64="zdawAEsqiPxjjUde4w9b7x9QjvQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgxZJIUS9KwYvHCvYD2lg220m7dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2Fmnh9zprTjfFu5ldW19Y38ZmFre2d3r7h/0FBRIinWacQj2fKJQs4E1jXTHFuxRBL6HJv+8HbqN0coFYvEgx7H6IWkL1jAKNFG8vpddY2P6VknHrBJt1hyys4M9jJxM1KCDLVu8avTi2gSotCUE6XarhNrLyVSM8pxUugkCmNCh6SPbUMFCVF56ezoiX1ilJ4dRNKU0PZM/T2RklCpceibzpDogVr0puJ/XjvRwZWXMhEnGgWdLwoSbuvIniZg95hEqvnYEEIlM7fadEAkodrkVDAhuIsvL5PGedm9KFfuK6XqTRZHHo7gGE7BhUuowh3UoA4UnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDlzyR/A==</latexit>

gs = e��

As

Tower of D0 branes 
(M-theory KK tower)

<latexit sha1_base64="NdM5sio8IPV1UfWw+s1Koz698LQ=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURIq6koIbN0IFe4E2hMl02g6dTMLMRKgh+CpuXCji1vdw59s4bbPQ1h8GPv5zDufMH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKRteTeuuBSsUica/HMfVCPBCszwjWxvLtg1s/jU9dN+tyjmbsZL5ddirOVGgR3BzKkKvu21/dXkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumhfiTNExpN3d8TKQ6VGoeB6QyxHqr52sT8r9ZJdP/SS5mIE00FmS3qJxzpCE2iQD0mKdF8bAATycytiAyxxESbwEomBHf+y4vQPKu455XqXbVcu8rjKMIhHMEJuHABNbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AKX5lA8=</latexit>

Mp,11 ⌧ Mp,10

<latexit sha1_base64="vVwxEfHaH7c29ws/Tb99lTKf/cc="></latexit>

mKK =
Ms

gs
= Mp,10 exp

 
�3

p
2

4
��

!
<latexit sha1_base64="jdGnAD47hcLcSKBlvX4T235EoqU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoiRbuSghuhCBXsA5oYJtNJO3QmCTMToYSs3Pgrblwo4tZvcOffOG2z0OqBC4dz7uXee/yYUaks68soLCwuLa8UV0tr6xubW+b2TltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/uhy4nfuiZA0Cm/VOCYuR4OQBhQjpSXP3L/20vjYtjNHUg65lzqCw0Yju0vtk1rmmWWrYk0B/xI7J2WQo+mZn04/wgknocIMSdmzrVi5KRKKYkaykpNIEiM8QgPS0zREnEg3nb6RwUOt9GEQCV2hglP150SKuJRj7utOjtRQznsT8T+vl6ig5qY0jBNFQjxbFCQMqghOMoF9KghWbKwJwoLqWyEeIoGw0smVdAj2/Mt/Sfu0Yp9VqjfVcv0ij6MI9sABOAI2OAd1cAWaoAUweABP4AW8Go/Gs/FmvM9aC0Y+swt+wfj4Bn2Rl9w=</latexit>

Mp,11 ⇠ m1/8
KK

<latexit sha1_base64="t1tugCeeZDfbuMOMViqLeydz4YY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4GSyCq5JIUVdScOOygn1AE8JkOkmHTiZh5kYJsQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSdIBddg29/W0vLK6tp6aaO8ubW9s1vZ22/rJFOUtWgiEtUNiGaCS9YCDoJ1U8VIHAjWCYbXY79zz5TmibyDPGVeTCLJQ04JGMmvHEa+dhWPBkCUSh6wy2UIOfYrVbtmT4AXiTMjVTRD0698uf2EZjGTQAXRuufYKXgFUcCpYKOym2mWEjokEesZKknMtFdM7h/hE6P0cZgoUxLwRP09UZBY6zwOTGdMYKDnvbH4n9fLILz0Ci7TDJik00VhJjAkeBwG7nPFKIjcEEIVN7diOiCKUDCRlU0IzvzLi6R9VnPOa/XberVxNYujhI7QMTpFDrpADXSDmqiFKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8wcqDJYw</latexit>

gs ! 1 ;

<latexit sha1_base64="UZDt67PF57u/n3SL2LMl6yL5mC0=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquFPUkBS8eK9gPaJclm2bb0GyyJLNKWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MBDfgut9OYWV1bX2juFna2t7Z3SvvH7SMSjVlTaqE0p2QGCa4ZE3gIFgn0YzEoWDtcHQz9dsPTBuu5D2ME+bHZCB5xCkBKwXlo0FgepoPhkC0Vo+4x2UE46BccavuDHiZeDmpoByNoPzV6yuaxkwCFcSYrucm4GdEA6eCTUq91LCE0BEZsK6lksTM+Nns/Ak+tUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/ed0Uois/4zJJgUk6XxSlAoPC0yxwn2tGQYwtIVRzeyumQ6IJBZtYyYbgLb68TFrnVe+iWrurVerXeRxFdIxO0Bny0CWqo1vUQE1EUYae0St6c56cF+fd+Zi3Fpx85hD9gfP5A8vOlgY=</latexit>

gs ! 1<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0

species scale

Tower of oscillator 
string modes

<latexit sha1_base64="nVZf0H1uGI/MJkiPhKu3TbxZKlc=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcCElkaKupODGjVDBXqANYTKdtkMnkzAzUUrMo7hxoYhbn8Sdb+O0zUJbfxj4+M85nDN/EHOmtON8W4WV1bX1jeJmaWt7Z3fPLu+3VJRIQpsk4pHsBFhRzgRtaqY57cSS4jDgtB2Mr6f19gOVikXiXk9i6oV4KNiAEayN5dvlWz9VWY9zZCA+dZ3MtytO1ZkJLYObQwVyNXz7q9ePSBJSoQnHSnVdJ9ZeiqVmhNOs1EsUjTEZ4yHtGhQ4pMpLZ6dn6Ng4fTSIpHlCo5n7eyLFoVKTMDCdIdYjtVibmv/VuokeXHopE3GiqSDzRYOEIx2haQ6ozyQlmk8MYCKZuRWREZaYaJNWyYTgLn55GVpnVfe8WrurVepXeRxFOIQjOAEXLqAON9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4I+szx9XcpNm</latexit>

Ms ⌧ Mp,10

<latexit sha1_base64="olTapKj45lBGiTR2Xq+Sqgw+Xps="></latexit>

Ms = Mp,10 g
1/4
s = Mp,10 exp

✓
� 1p

8
��

◆
<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0As



The towers generate a frame simplex (convex hull of the tower vectors) 
to which the species scale is orthogonal

Planckian phaseStringy phase

Frame simplex

We can associate a frame simplex to each duality frame

The geometry is rigid under variations of the direction of the infinite distance limit

(as long as we do not break the assumption of regularity and we stay inside the cone)

<latexit sha1_base64="dkeK6WrJ8+iAsSmHJ0btspdGJbc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJFHWjFBR0odCCfUATwmQybYdOJmFmIpQQN/6KGxeKuPUv3Pk3TtsstPXAwOGcc7lzjx8zKpVlfRtz8wuLS8uFleLq2vrGprm13ZRRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7gc+a0HIiSN+L0axsQNUY/TLsVIackzd51bHQ6QlzoihPXr7PzOS+Ojq8wzS1bZGgPOEjsnJZCj5plfThDhJCRcYYak7NhWrNwUCUUxI1nRSSSJER6gHuloylFIpJuOL8jggVYC2I2EflzBsfp7IkWhlMPQ18kQqb6c9kbif14nUd0zN6U8ThTheLKomzCoIjiqAwZUEKzYUBOEBdV/hbiPBMJKl1bUJdjTJ8+S5nHZPilX6pVS9SKvowD2wD44BDY4BVVwA2qgATB4BM/gFbwZT8aL8W58TKJzRj6zA/7A+PwBgiiWSA==</latexit>

⇤QG = Mp,D
<latexit sha1_base64="v3WFwBVmn2hsCjQA6w0YQIM1q94=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqBul4EIXCi3YB3SGIZPJtKFJZkgyQh2Kv+LGhSJu/Q93/o3pY6GtBwKHc87l3pwwZVRpx/m2FhaXlldWC2vF9Y3NrW17Z7epkkxi0sAJS2Q7RIowKkhDU81IO5UE8ZCRVti/GvmtByIVTcS9HqTE56graEwx0kYK7H3v1oQjFOSe5LB+Pby4C1Rgl5yyMwacJ+6UlMAUtcD+8qIEZ5wIjRlSquM6qfZzJDXFjAyLXqZIinAfdUnHUIE4UX4+vn4Ij4wSwTiR5gkNx+rviRxxpQY8NEmOdE/NeiPxP6+T6fjcz6lIM00EniyKMwZ1AkdVwIhKgjUbGIKwpOZWiHtIIqxNYUVTgjv75XnSPCm7p+VKvVKqXk7rKIADcAiOgQvOQBXcgBpoAAwewTN4BW/Wk/VivVsfk+iCNZ3ZA39gff4AsR+Uuw==</latexit>

⇤QG = Ms

<latexit sha1_base64="VbAmxSxLC2Fx9pPrJ3va2FE/vwo="></latexit>

~ZQG ⌘
~r⇤QG

⇤QG

<latexit sha1_base64="KW4DNwPmIzLdeSpXPfcD0Kd08/E=">AAACFHicbVA9SwNBEN3zM8avqKXNYhAEIdxJUCsJ2FhGMDGQC8fcZi4u7u2du3uBeORH2PhXbCwUsbWw89+4iSk08cEMj/dm2J0XpoJr47pfztz8wuLScmGluLq2vrFZ2tpu6iRTDBssEYlqhaBRcIkNw43AVqoQ4lDgdXh7PvKv+6g0T+SVGaTYiaEnecQZGCsFpUO/j8y/RwMB9/Eu430/UsDysSwhFEDjgA/zUQtKZbfijkFniTchZTJBPSh9+t2EZTFKwwRo3fbc1HRyUIYzgcOin2lMgd1CD9uWSohRd/LxUUO6b5UujRJlSxo6Vn9v5BBrPYhDOxmDudHT3kj8z2tnJjrt5FymmUHJfh6KMkFNQkcJ0S5XyIwYWAJMcftXym7AhmJsjkUbgjd98ixpHlW840r1slqunU3iKJBdskcOiEdOSI1ckDppEEYeyBN5Ia/Oo/PsvDnvP6NzzmRnh/yB8/ENgnmfvA==</latexit>

~⇣i ⌘
~rmi

mi



In certain cases (e.g. if there is an asymptotically flat slice of the 
moduli space) we can combine duality frames by gluing individual 

frame simplices to form a full polytope

Tower polytopes

For example:

M-th

Type IIA

Type IIB
S-IIB

S-IIA
<latexit sha1_base64="uqnnV7ueZcs8VqyXJ4WKM5RfDss=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1JMEvHiMmBcka5idzCZDZmeXmV4hhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nbX1jc2t7dxOfndv/+CwcHTcNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2JVx3HC/YgOlAgFo2ilh/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRdlir3lWL1JosjB6dwBhfgwRVU4Q5q0AAGA3iGV3hzpPPivDsfi9Y1J5s5gT9wPn8A1oKNgQ==</latexit>

T 2M-theory on

IIBS-IIB

IIAS-IIA

M-th



Example:
Classification of 

2d polytopes

(with                 )

Many arise in string theory but others are new!

This puts constraints on the structure of dualities of the moduli space

Classification of 2d polytopes

The sharpened 
DC is satisfied

<latexit sha1_base64="7YAN+xrrIhC69Wy+jbWmM24RMI8=">AAACF3icbZDLSsNAFIYnXmu9RV26GSyCG0NSirpRCm5cVrAXaEKZTCbt0MkknZkIJeQt3Pgqblwo4lZ3vo3TNgvb+sPAz3fO4cz5/YRRqWz7x1hZXVvf2Cxtlbd3dvf2zYPDloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94e2k3n4kQtKYP6hxQrwI9TkNKUZKo55puYglA+T2yQi6oUDYyVw5EioLzqt5fj2HNOiZFduyp4LLxilMBRRq9MxvN4hxGhGuMENSdh07UV6GhKKYkbzsppIkCA9Rn3S15Sgi0sumd+XwVJMAhrHQjys4pX8nMhRJOY583RkhNZCLtQn8r9ZNVXjlZZQnqSIczxaFKYMqhpOQYEAFwYqNtUFYUP1XiAdIR6F0lGUdgrN48rJpVS3nwqrd1yr1myKOEjgGJ+AMOOAS1MEdaIAmwOAJvIA38G48G6/Gh/E5a10xipkjMCfj6xe1oqBH</latexit>

↵ � 1p
d� 2

=
1p
2

following the 
Convex Hull 

Distance Conjecture

[Etheredge et al’22]

[Calderon-Infante,Uranga,IV’20]

(similar story for species polytopes)

<latexit sha1_base64="WSupZzc3KQ9I0oeU5A1i1T/2Gec=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6Ugh48VrAf0K4lm2bb0CS7JFm1LP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXhBzpo3rfju5peWV1bX8emFjc2t7p7i719BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5N/OYDVZpF8s6MYuoL3JcsZAQbK91fd9OOEkjgp/GF53WLJbfsToEWiZeREmSodYtfnV5EEkGlIRxr3fbc2PgpVoYRTseFTqJpjMkQ92nbUokF1X46vXqMjqzSQ2GkbEmDpurviRQLrUcisJ0Cm4Ge9ybif147MeG5nzIZJ4ZKMlsUJhyZCE0iQD2mKDF8ZAkmitlbERlghYmxQRVsCN78y4ukcVL2TsuV20qpepnFkYcDOIRj8OAMqnADNagDAQXP8ApvzqPz4rw7H7PWnJPN7MMfOJ8/kD6R5g==</latexit>

Dmax = 11



AdSd+1/CFTd with d > 2 [Perlmutter,Rastelli,Vafa,IV’21]

(see also [Baume,Calderon-Infante’21])

If there is a weakly coupled AdS dual, it implies:

  Infinite distance limits 
at fixed AdS5 radius

↵ =

r
2c

dimG

Tower of higher spin fields with an 
exponential rate:

Lower bound for     !↵
� 1p

3

� 1

2

for 4d N=2

for 4d N=1

Let us focus on

gYM ! 0In the free limit O⌧ = Tr(F 2 + . . . ) ⌧ =
4⇡i

g2YM

+
✓

2⇡

ds2 = �2 d⌧d⌧̄

(Im⌧)2
as Im⌧ ! 1

gauge group getting free

�2 = 24 dimG

By perturbation theory:

�J ⇠ f(J)g2YM ⇠ f(J) exp

✓
�d(⌧, ⌧ 0)

�

◆

Classification of Infinite Distance Limits in d>2



Classification of Infinite Distance Limits in d>2

Consider the full classification of 4d SCFTs with large N and 
simple factor for the gauge group

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

<latexit sha1_base64="XiOs4MaqEZAuk54QxjFEMJMQTAE=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgECbIaMdQL8rAg550MrsNtjLSLN3C0rQkqTDKLn4VLx4U8erH8Oa3Md160M0HAr887/uSvI8XMSqVZX0bC4tLyyurubX8+sbm1ra5s9uQYSwwcXDIQtHykCSMcuIoqhhpRYKgwGOk6Q2v0nrzkQhJQ/6gRhFxA9Tn1KcYKW11zf3ri7pTvD0+gU49KpZTqN/pe9csWCVrIjgPdgYFkKnWNb86vRDHAeEKMyRl27Yi5SZIKIoZGec7sSQRwkPUJ22NHAVEuslkgTE80k4P+qHQhys4cX9PJCiQchR4ujNAaiBna6n5X60dK//cTSiPYkU4nj7kxwyqEKZpwB4VBCs20oCwoPqvEA+QQFjpzPI6BHt25XlolEv2aalyXylUL7M4cuAAHIIisMEZqIIbUAMOwGAMnsEreDOejBfj3fiYti4Y2cwe+CPj8weBu5Mj</latexit>

G = SU(N), USp(2N), SO(N)

central charge

<latexit sha1_base64="qLoJdoQA9T9D6egK9nqb67OiZVk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBul4MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGBO5Hs</latexit>

N = 2
<latexit sha1_base64="CJd4EOELipFC7kIYx0c0gcv2cbs=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1ScONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPjh8Lro3jfKPCyura+kZxs7S1vbO7V94/aOooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH91mfmvMlOaRfDSTmHkhGUgecEqMlbxuSMyQEpHeT6/dXrniVJ0Z8DJxc1KBHPVe+avbj2gSMmmoIFp3XCc2XkqU4VSwaambaBYTOiID1rFUkpBpL52FnuITq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J5KtgR38cvLpHlWdS+q5w/nldpNXkcRjuAYTsGFS6jBHdShARSe4Ble4Q2N0Qt6Rx/z0QLKdw7hD9DnD3+3kes=</latexit>

N = 1



Example of running decompactification



E8xE8 sliceSO(32) slice

M-theoryType I


