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-BPS states1
16

[Sundborg ’99; Aharony, Marsano, Minwalla, 
Papadodimas, van Raamsdonk ’03; 
Kinney, Maldacena, Minwalla, Raju ’05]

log IN
?
= O(N2)

<latexit sha1_base64="rlEAnBc0OP9u2CLad1SlV9ASVwo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgoqIRTe6qRXsA5oYJtNpO3TyYGYilJDfcOOvuHGhiEtd+TdO2iy09cDA4Zx7uXOOGzIqpGF8a7mFxaXllfxqYW19Y3NL395piSDimDRxwALecZEgjPqkKalkpBNygjyXkbY7ukz99gPhggb+nRyHxPbQwKd9ipFUkqMbFgsG0PKQHGLE4uvEqUPrFFpCIjzihMXnSXyWpNJNqX5fOYSOXjTKxgRwnpgZKYIMDUf/tHoBjjziS8yQEF3TCKUdIy4pZiQpWJEgoTqGBqSrqI88Iux4kiyBB0rpwX7A1fMlnKi/N2LkCTH2XDWZRhCzXir+53Uj2T+2Y+qHkSQ+nh7qRwzKAKY1wR7lBEs2VgRhTtVfIR4ijrBUZRZUCeZs5HnSqpTNavnktlqsXWR15MEe2AclYIIjUANXoAGaAINH8AxewZv2pL1o79rHdDSnZTu74A+0rx/SoZ7m</latexit>

<latexit sha1_base64="orq8go1ZDmA6BZ8JTyFP9gR8RDI="></latexit>

IN (⌧) = Tr (�1)F e2⇡i⌧q

Does the most general susy index in 
capture the susy BH entropy in                ?

<latexit sha1_base64="NJDjcC4yA6iS+V61kifuaJfusGI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevEkFd220C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnnV2+OUa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFFkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmru7WmlfpnHUYQDOIQqeHAOdbiGBvhA4AGe4AVeHek8O2/O+7y14OQz+/ALzsc3DqyOIQ==</latexit>

SU(N)
<latexit sha1_base64="OOlSoKIT7doeJJR1u9pYHZ6ZtDA=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQyCp7ArioIIQS9elIjmIdkQZieTZMjsg5leMSx78OKvePGgiFc/wpt/42yyB00saCiquunuckPBFVjWt5Gbm19YXMovF1ZW19Y3zM2tugoiSVmNBiKQTZcoJrjPasBBsGYoGfFcwRru8Dz1G/dMKh74tzAKWdsjfZ/3OCWgpY5ZdDwCA0pEfJWcHmDnBDvAHiC+ubtMOmbJKltj4FliZ6SEMlQ75pfTDWjkMR+oIEq1bCuEdkwkcCpYUnAixUJCh6TPWpr6xGOqHY+fSPCuVrq4F0hdPuCx+nsiJp5SI8/VnenJatpLxf+8VgS943bM/TAC5tPJol4kMAQ4TQR3uWQUxEgTQiXXt2I6IJJQ0LkVdAj29MuzpL5ftg/L1vVBqXKWxZFHRbSD9pCNjlAFXaAqqiGKHtEzekVvxpPxYrwbH5PWnJHNbKM/MD5/ANaCl5M=</latexit>

N = 4 SYM

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

N = 4 SYM

<latexit sha1_base64="FMVt/TjbRjT4C7z7SFmnKUTYkxQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQyCp7ArARURgl68KBHNQ7IhzE4mccjs7DLTK4ZlD178FS8eFPHqR3jzb5w8DppY0FBUddPd5UeCa3CcbyszN7+wuJRdzq2srq1v2JtbNR3GirIqDUWoGj7RTHDJqsBBsEakGAl8wep+/2zo1++Z0jyUNzCIWCsgPcm7nBIwUtvOewGBO0pEcpmelLB3jD1gD5Bc316kbbvgFJ0R8CxxJ6SAJqi07S+vE9I4YBKoIFo3XSeCVkIUcCpYmvNizSJC+6THmoZKEjDdSkZPpHjXKB3cDZUpCXik/p5ISKD1IPBN5/BkPe0Nxf+8Zgzdw1bCZRQDk3S8qBsLDCEeJoI7XDEKYmAIoYqbWzG9I4pQMLnlTAju9MuzpLZfdEvFo6tSoXw6iSOL8mgH7SEXHaAyOkcVVEUUPaJn9IrerCfrxXq3PsatGWsys43+wPr8AdkQl5s=</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="/AmICGtVTZlPO3LktvuuMtsbdSQ=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HwFHYlQb1FvXiMxDwgiWF2dpIMmZ1dZnrFsOzNi7/ixYMiXv0Fb/6Nk8dBEwsaiqpuuru8SHANjvNtLSwuLa+sZtay6xubW9v2zm5Nh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wuje4Gvn1e6Y0D+UtDCPWDkhP8i6nBIzUsQ9awB4gufAraaeIW8ADpvFEq6R3xY6dc/LOGHieuFOSQ1OUO/ZXyw9pHDAJVBCtm64TQTshCjgVLM22Ys0iQgekx5qGSmL2tZPxHyk+MoqPu6EyJQGP1d8TCQm0Hgae6QwI9PWsNxL/85oxdM/aCZdRDEzSyaJuLDCEeBQK9rliFMTQEEIVN7di2ieKUDDRZU0I7uzL86R2kncL+fObQq50OY0jg/bRITpGLjpFJXSNyqiKKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfG+ZlF</latexit>

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

SBH =
AH

4GN

= O(N2)
<latexit sha1_base64="WFOLkFfBhS1X2b3VQwKzzEka/0Q=">AAACGnicbVBNS8NAEN34WetX1KOXxSLopSQqKIhQ68GeakWrQlPDZrupSzcf7E7EEvI7vPhXvHhQxJt48d+4rUW09cHA470ZZuZ5seAKLOvTGBufmJyazs3kZ+fmFxbNpeULFSWSsjqNRCSvPKKY4CGrAwfBrmLJSOAJdul1jnr+5S2TikfhOXRj1gxIO+Q+pwS05Jr2mesAu4O0XMmws48PdDm+JDQ9dCtZunPsVn/0k43q9damaxasotUHHiX2gBTQADXXfHdaEU0CFgIVRKmGbcXQTIkETgXL8k6iWExoh7RZQ9OQBEw10/5rGV7XSgv7kdQVAu6rvydSEijVDTzdGRC4UcNeT/zPayTg7zVTHsYJsJB+L/ITgSHCvZxwi0tGQXQ1IVRyfSumN0QHAzrNvA7BHn55lFxsFe3tonW6UyiVB3Hk0CpaQxvIRruohCqohuqIonv0iJ7Ri/FgPBmvxtt365gxmFlBf2B8fAF9uZ34</latexit>

-BPS BH1
16

[Gutowski, Reall ’04; Chong, Cvetic, Lu, 
Pope ’05; Kunduri, Lucietti, Reall ’06]

time

<latexit sha1_base64="CXktzaXBSOKp8hGKu3dv89OSHdY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpioIIRRe6KhXsA5pYJtNJO3QyCTMToYTgxl9x40IRt36FO//GSZuFth64l8M59zJzjxcxKpVlfRuFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11lfvuBCElDfqfGEXEDNODUpxgpLfXMPccXCCd2mtTvqyl0zuFF1q579Z5ZtirWBHCe2DkpgxyNnvnl9EMcB4QrzJCUXduKlJsgoShmJC05sSQRwiM0IF1NOQqIdJPJCSk81Eof+qHQxRWcqL83EhRIOQ48PRkgNZSzXib+53Vj5Z+5CeVRrAjH04f8mEEVwiwP2KeCYMXGmiAsqP4rxEOkM1E6tZIOwZ49eZ60qhX7pGLdHpdrl3kcRbAPDsARsMEpqIEb0ABNgMEjeAav4M14Ml6Md+NjOlow8p1d8AfG5w9r1JV/</latexit>

1

N2
= GN

<latexit sha1_base64="PjYO0INZkB/zu5CbhP+3/3WrRvs=">AAACBHicbVDJSgNBEO2JW4zbqMdcGoMQQcKMGPQY9eIxErNAZhx6Op2kSc9Cd40Yhhy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfX8WHAFlvVtZJaWV1bXsuu5jc2t7R1zd6+hokRSVqeRiGTLJ4oJHrI6cBCsFUtGAl+wpj+4GvvNeyYVj8JbGMbMDUgv5F1OCWjJM/MOsAdILzq1kVfGznHRAR4whWt35SPPLFglawK8SOwZKaAZqp755XQimgQsBCqIUm3bisFNiQROBRvlnESxmNAB6bG2piHRm9x08sQIH2qlg7uR1BUCnqi/J1ISKDUMfN0ZEOireW8s/ue1E+ieuykP4wRYSKeLuonAEOFxIrjDJaMghpoQKrm+FdM+kYSCzi2nQ7DnX14kjZOSXS5ZN6eFyuUsjizKowNURDY6QxV0jaqojih6RM/oFb0ZT8aL8W58TFszxmxmH/2B8fkDxO+W3w==</latexit>

AdS5 (⇥S5)



-BPS states1
16

[New progress:   Cabo-Bizet, Cassani, Martelli, S.M. ’18;      Choi, Kim, Kim, Nahmgoong ’18; 
Benini, Milan ’18,    ….  ]

log IN
?
= O(N2)

<latexit sha1_base64="rlEAnBc0OP9u2CLad1SlV9ASVwo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgoqIRTe6qRXsA5oYJtNpO3TyYGYilJDfcOOvuHGhiEtd+TdO2iy09cDA4Zx7uXOOGzIqpGF8a7mFxaXllfxqYW19Y3NL395piSDimDRxwALecZEgjPqkKalkpBNygjyXkbY7ukz99gPhggb+nRyHxPbQwKd9ipFUkqMbFgsG0PKQHGLE4uvEqUPrFFpCIjzihMXnSXyWpNJNqX5fOYSOXjTKxgRwnpgZKYIMDUf/tHoBjjziS8yQEF3TCKUdIy4pZiQpWJEgoTqGBqSrqI88Iux4kiyBB0rpwX7A1fMlnKi/N2LkCTH2XDWZRhCzXir+53Uj2T+2Y+qHkSQ+nh7qRwzKAKY1wR7lBEs2VgRhTtVfIR4ijrBUZRZUCeZs5HnSqpTNavnktlqsXWR15MEe2AclYIIjUANXoAGaAINH8AxewZv2pL1o79rHdDSnZTu74A+0rx/SoZ7m</latexit>

<latexit sha1_base64="orq8go1ZDmA6BZ8JTyFP9gR8RDI="></latexit>

IN (⌧) = Tr (�1)F e2⇡i⌧q

Does the most general susy index in 
capture the susy BH entropy in                ?

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

N = 4 SYM

<latexit sha1_base64="FMVt/TjbRjT4C7z7SFmnKUTYkxQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQyCp7ArARURgl68KBHNQ7IhzE4mccjs7DLTK4ZlD178FS8eFPHqR3jzb5w8DppY0FBUddPd5UeCa3CcbyszN7+wuJRdzq2srq1v2JtbNR3GirIqDUWoGj7RTHDJqsBBsEakGAl8wep+/2zo1++Z0jyUNzCIWCsgPcm7nBIwUtvOewGBO0pEcpmelLB3jD1gD5Bc316kbbvgFJ0R8CxxJ6SAJqi07S+vE9I4YBKoIFo3XSeCVkIUcCpYmvNizSJC+6THmoZKEjDdSkZPpHjXKB3cDZUpCXik/p5ISKD1IPBN5/BkPe0Nxf+8Zgzdw1bCZRQDk3S8qBsLDCEeJoI7XDEKYmAIoYqbWzG9I4pQMLnlTAju9MuzpLZfdEvFo6tSoXw6iSOL8mgH7SEXHaAyOkcVVEUUPaJn9IrerCfrxXq3PsatGWsys43+wPr8AdkQl5s=</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="/AmICGtVTZlPO3LktvuuMtsbdSQ=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HwFHYlQb1FvXiMxDwgiWF2dpIMmZ1dZnrFsOzNi7/ixYMiXv0Fb/6Nk8dBEwsaiqpuuru8SHANjvNtLSwuLa+sZtay6xubW9v2zm5Nh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wuje4Gvn1e6Y0D+UtDCPWDkhP8i6nBIzUsQ9awB4gufAraaeIW8ADpvFEq6R3xY6dc/LOGHieuFOSQ1OUO/ZXyw9pHDAJVBCtm64TQTshCjgVLM22Ys0iQgekx5qGSmL2tZPxHyk+MoqPu6EyJQGP1d8TCQm0Hgae6QwI9PWsNxL/85oxdM/aCZdRDEzSyaJuLDCEeBQK9rliFMTQEEIVN7di2ieKUDDRZU0I7uzL86R2kncL+fObQq50OY0jg/bRITpGLjpFJXSNyqiKKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfG+ZlF</latexit>

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

SBH =
AH

4GN

= O(N2)
<latexit sha1_base64="WFOLkFfBhS1X2b3VQwKzzEka/0Q=">AAACGnicbVBNS8NAEN34WetX1KOXxSLopSQqKIhQ68GeakWrQlPDZrupSzcf7E7EEvI7vPhXvHhQxJt48d+4rUW09cHA470ZZuZ5seAKLOvTGBufmJyazs3kZ+fmFxbNpeULFSWSsjqNRCSvPKKY4CGrAwfBrmLJSOAJdul1jnr+5S2TikfhOXRj1gxIO+Q+pwS05Jr2mesAu4O0XMmws48PdDm+JDQ9dCtZunPsVn/0k43q9damaxasotUHHiX2gBTQADXXfHdaEU0CFgIVRKmGbcXQTIkETgXL8k6iWExoh7RZQ9OQBEw10/5rGV7XSgv7kdQVAu6rvydSEijVDTzdGRC4UcNeT/zPayTg7zVTHsYJsJB+L/ITgSHCvZxwi0tGQXQ1IVRyfSumN0QHAzrNvA7BHn55lFxsFe3tonW6UyiVB3Hk0CpaQxvIRruohCqohuqIonv0iJ7Ri/FgPBmvxtt365gxmFlBf2B8fAF9uZ34</latexit>

-BPS BH1
16

time

<latexit sha1_base64="PjYO0INZkB/zu5CbhP+3/3WrRvs=">AAACBHicbVDJSgNBEO2JW4zbqMdcGoMQQcKMGPQY9eIxErNAZhx6Op2kSc9Cd40Yhhy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfX8WHAFlvVtZJaWV1bXsuu5jc2t7R1zd6+hokRSVqeRiGTLJ4oJHrI6cBCsFUtGAl+wpj+4GvvNeyYVj8JbGMbMDUgv5F1OCWjJM/MOsAdILzq1kVfGznHRAR4whWt35SPPLFglawK8SOwZKaAZqp755XQimgQsBCqIUm3bisFNiQROBRvlnESxmNAB6bG2piHRm9x08sQIH2qlg7uR1BUCnqi/J1ISKDUMfN0ZEOireW8s/ue1E+ieuykP4wRYSKeLuonAEOFxIrjDJaMghpoQKrm+FdM+kYSCzi2nQ7DnX14kjZOSXS5ZN6eFyuUsjizKowNURDY6QxV0jaqojih6RM/oFb0ZT8aL8W58TFszxmxmH/2B8fkDxO+W3w==</latexit>

AdS5 (⇥S5)
<latexit sha1_base64="NJDjcC4yA6iS+V61kifuaJfusGI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevEkFd220C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97da2qZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Grqtx6p0kyKezNOaBDjgWARI9hYqXnnV2+OUa9ccWvuDOgv8XJSgRyNXvmz25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gI6v0USSVLWHQTP05keFY63Ec2s4Ym6Fe9Kbif14nNdFFkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5b+keVLzzmru7WmlfpnHUYQDOIQqeHAOdbiGBvhA4AGe4AVeHek8O2/O+7y14OQz+/ALzsc3DqyOIQ==</latexit>

SU(N)
<latexit sha1_base64="OOlSoKIT7doeJJR1u9pYHZ6ZtDA=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQyCp7ArioIIQS9elIjmIdkQZieTZMjsg5leMSx78OKvePGgiFc/wpt/42yyB00saCiquunuckPBFVjWt5Gbm19YXMovF1ZW19Y3zM2tugoiSVmNBiKQTZcoJrjPasBBsGYoGfFcwRru8Dz1G/dMKh74tzAKWdsjfZ/3OCWgpY5ZdDwCA0pEfJWcHmDnBDvAHiC+ubtMOmbJKltj4FliZ6SEMlQ75pfTDWjkMR+oIEq1bCuEdkwkcCpYUnAixUJCh6TPWpr6xGOqHY+fSPCuVrq4F0hdPuCx+nsiJp5SI8/VnenJatpLxf+8VgS943bM/TAC5tPJol4kMAQ4TQR3uWQUxEgTQiXXt2I6IJJQ0LkVdAj29MuzpL5ftg/L1vVBqXKWxZFHRbSD9pCNjlAFXaAqqiGKHtEzekVvxpPxYrwbH5PWnJHNbKM/MD5/ANaCl5M=</latexit>

N = 4 SYM
<latexit sha1_base64="CXktzaXBSOKp8hGKu3dv89OSHdY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpioIIRRe6KhXsA5pYJtNJO3QyCTMToYTgxl9x40IRt36FO//GSZuFth64l8M59zJzjxcxKpVlfRuFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11lfvuBCElDfqfGEXEDNODUpxgpLfXMPccXCCd2mtTvqyl0zuFF1q579Z5ZtirWBHCe2DkpgxyNnvnl9EMcB4QrzJCUXduKlJsgoShmJC05sSQRwiM0IF1NOQqIdJPJCSk81Eof+qHQxRWcqL83EhRIOQ48PRkgNZSzXib+53Vj5Z+5CeVRrAjH04f8mEEVwiwP2KeCYMXGmiAsqP4rxEOkM1E6tZIOwZ49eZ60qhX7pGLdHpdrl3kcRbAPDsARsMEpqIEb0ABNgMEjeAav4M14Ml6Md+NjOlow8p1d8AfG5w9r1JV/</latexit>

1

N2
= GN



-BPS states

log IN
?
= O(N2)

<latexit sha1_base64="rlEAnBc0OP9u2CLad1SlV9ASVwo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgoqIRTe6qRXsA5oYJtNpO3TyYGYilJDfcOOvuHGhiEtd+TdO2iy09cDA4Zx7uXOOGzIqpGF8a7mFxaXllfxqYW19Y3NL395piSDimDRxwALecZEgjPqkKalkpBNygjyXkbY7ukz99gPhggb+nRyHxPbQwKd9ipFUkqMbFgsG0PKQHGLE4uvEqUPrFFpCIjzihMXnSXyWpNJNqX5fOYSOXjTKxgRwnpgZKYIMDUf/tHoBjjziS8yQEF3TCKUdIy4pZiQpWJEgoTqGBqSrqI88Iux4kiyBB0rpwX7A1fMlnKi/N2LkCTH2XDWZRhCzXir+53Uj2T+2Y+qHkSQ+nh7qRwzKAKY1wR7lBEs2VgRhTtVfIR4ijrBUZRZUCeZs5HnSqpTNavnktlqsXWR15MEe2AclYIIjUANXoAGaAINH8AxewZv2pL1o79rHdDSnZTu74A+0rx/SoZ7m</latexit>

<latexit sha1_base64="orq8go1ZDmA6BZ8JTyFP9gR8RDI="></latexit>

IN (⌧) = Tr (�1)F e2⇡i⌧q

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

SBH =
AH

4GN

= O(N2)
<latexit sha1_base64="WFOLkFfBhS1X2b3VQwKzzEka/0Q=">AAACGnicbVBNS8NAEN34WetX1KOXxSLopSQqKIhQ68GeakWrQlPDZrupSzcf7E7EEvI7vPhXvHhQxJt48d+4rUW09cHA470ZZuZ5seAKLOvTGBufmJyazs3kZ+fmFxbNpeULFSWSsjqNRCSvPKKY4CGrAwfBrmLJSOAJdul1jnr+5S2TikfhOXRj1gxIO+Q+pwS05Jr2mesAu4O0XMmws48PdDm+JDQ9dCtZunPsVn/0k43q9damaxasotUHHiX2gBTQADXXfHdaEU0CFgIVRKmGbcXQTIkETgXL8k6iWExoh7RZQ9OQBEw10/5rGV7XSgv7kdQVAu6rvydSEijVDTzdGRC4UcNeT/zPayTg7zVTHsYJsJB+L/ITgSHCvZxwi0tGQXQ1IVRyfSumN0QHAzrNvA7BHn55lFxsFe3tonW6UyiVB3Hk0CpaQxvIRruohCqohuqIonv0iJ7Ri/FgPBmvxtt365gxmFlBf2B8fAF9uZ34</latexit>

-BPS BH

time

N = 1 SCFT

<latexit sha1_base64="ebx1QHq3XLpgm1RUeDD7qZS+n+M=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCp7ArARURggHxJBHzguwSZieTZMjsg5leMSx78eKvePGgiFf/wZt/4yTZgyYWNBRV3XR3uaHgCkzz28gsLC4tr2RXc2vrG5tb+e2dhgoiSVmdBiKQLZcoJrjP6sBBsFYoGfFcwZrusDL2m/dMKh74NRiFzPFI3+c9TgloqZPftz0CA0pEfJNcWNg+xzawB4jvKle1pJMvmEVzAjxPrJQUUIpqJ/9ldwMaecwHKohSbcsMwYmJBE4FS3J2pFhI6JD0WVtTn3hMOfHkiwQfaqWLe4HU5QOeqL8nYuIpNfJc3Tm+Wc16Y/E/rx1B79SJuR9GwHw6XdSLBIYAjyPBXS4ZBTHShFDJ9a2YDogkFHRwOR2CNfvyPGkcF61S8ey2VChfpnFk0R46QEfIQieojK5RFdURRY/oGb2iN+PJeDHejY9pa8ZIZ3bRHxifP1ZWl9k=</latexit>

1
4

1
4

Does the most general index in          SCFT4 
capture the susy BH entropy in dual AdS5 ?

N = 1

<latexit sha1_base64="J0qYHMQqtG6LNF6Lfo/OlRsNgPI=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEUBdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdPOQlsPBA7n3Ms9OX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKmjRFHWoJGIVNsnmgkuWcNwI1g7VoyEvmAtf3Sb+a0xU5pH8tFMYuaFZCB5wCkxVvK6ITFDSkR6P712e+WKU3VmwMvEzUkFctR75a9uP6JJyKShgmjdcZ3YeClRhlPBpqVuollM6IgMWMdSSUKmvXQWeopPrNLHQaTskwbP1N8bKQm1noS+ncxC6kUvE//zOokJLr2UyzgxTNL5oSAR2EQ4awD3uWLUiIklhCpus2I6JIpQY3sq2RLcxS8vk+ZZ1T2vXj2cV2o3eR1FOIJjOAUXLqAGd1CHBlB4gmd4hTc0Ri/oHX3MRwso3zmEP0CfP4HdkfI=</latexit>

<latexit sha1_base64="8pmwH8k7J68MQhDEV0iBEHXMksc=">AAACBHicbVDJSgNBEO1xjXEb9ZhLYxAiSJgRgx6jXrwIEc0CmWHo6ekkTXoWumvEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnJ4IrsKxvY2FxaXllNbeWX9/Y3No2d3YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y5HfvGdS8Ti6g0HC3JB0I97hlICWPLPgAHuA7Dy4HXoV7ByVHOAhU/jaqxx6ZtEqW2PgeWJPSRFNUfPMLyeIaRqyCKggSrVtKwE3IxI4FWyYd1LFEkL7pMvamkZEb3Kz8RNDfKCVAHdiqSsCPFZ/T2QkVGoQ+rozJNBTs95I/M9rp9A5czMeJSmwiE4WdVKBIcajRHDAJaMgBpoQKrm+FdMekYSCzi2vQ7BnX54njeOyXSlbNyfF6sU0jhwqoH1UQjY6RVV0hWqojih6RM/oFb0ZT8aL8W58TFoXjOnMHvoD4/MHvUuW2g==</latexit>

AdS5 (⇥M5)

[New progress:   Cabo-Bizet, Cassani, Martelli, S.M. ’18;      Choi, Kim, Kim, Nahmgoong ’18; 
Benini, Milan ’18,    ….  ]



(J1, J2)
<latexit sha1_base64="4vtrkUm7+Lt+8u+IKRPT2U1Uea0=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBT0WvUhPFeyHtMuSTbNtaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6387K6tr6xmZuK7+9s7u3Xzg4bOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDm+nfuuJKs1i+WBGCfUF7ksWMYKNlR5LtcA7rwWVs6BQdMvuDGiZeBkpQoZ6UPjq9mKSCioN4Vjrjucmxh9jZRjhdJLvppommAxxn3YslVhQ7Y9nB0/QqVV6KIqVLWnQTP09McZC65EIbafAZqAXvan4n9dJTXTtj5lMUkMlmS+KUo5MjKbfox5TlBg+sgQTxeytiAywwsTYjPI2BG/x5WXSrJS9i7J7f1ms3mRx5OAYTqAEHlxBFe6gDg0gIOAZXuHNUc6L8+58zFtXnGzmCP7A+fwBtVKPCA==</latexit>

SO(4)
<latexit sha1_base64="1k7elyP2xEsxvQCYXv7LVbHSmPI=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9nVgh6LXrxZ0W0L7VKyabYNzSZLkhXK0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmhQln2rjut7Oyura+sVnYKm7v7O7tlw4Om1qmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4upn6rSeqNJPi0YwTGsR4IFjECDZW8h/uKrWzXqnsVt0Z0DLxclKGHI1e6avblySNqTCEY607npuYIMPKMMLppNhNNU0wGeEB7VgqcEx1kM2OnaBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xic10VWQMZGkhgoyXxSlHBmJpp+jPlOUGD62BBPF7K2IDLHCxNh8ijYEb/HlZdI8r3oXVfe+Vq5f53EU4BhOoAIeXEIdbqEBPhBg8Ayv8OYI58V5dz7mrStOPnMEf+B8/gCGlo3V</latexit>

S3
<latexit sha1_base64="JYucFBwXwrvTyfXxWHoNvZViqlQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbFRI9ELx4xyCOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1gOOE+xEdKBEKRtFK9fpjpVcsuWV3DrJKvIyUIEOtV/zq9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzU6fkzCp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmU7AheMsvr5LmRdmrlN37y1L1JosjDydwCufgwRVU4Q5q0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz/VcI1+</latexit>

on

Q
<latexit sha1_base64="SnyS1RJushenj8bo0uqHpcCXECM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDq8eM1w==</latexit>

U(1)R
<latexit sha1_base64="6zwjxeJCrAYYwVRmkB/01jVl1Cs=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmknxYMYJDWI8ECxiBBsrNf2qd9q775Urbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3XnPvLir16zyOIhzBMVTBg0uowy00wAcCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AP2WOQA==</latexit>

N = 1 SCFT
<latexit sha1_base64="lhA0+j7PwCl5hz84y9wfEZ4fNj8=">AAACBXicbVDLSgNBEJz1GeNr1aMeBoPgKeyqoCBCMCCeJGJekF3C7GSSDJl9MNMrhmUvXvwVLx4U8eo/ePNvnE1y0MSChqKqm+4uLxJcgWV9G3PzC4tLy7mV/Ora+samubVdV2EsKavRUISy6RHFBA9YDTgI1owkI74nWMMblDO/cc+k4mFQhWHEXJ/0At7llICW2uae4xPoUyKSm/TCxs45doA9QHJXvqqmbbNgFa0R8CyxJ6SAJqi0zS+nE9LYZwFQQZRq2VYEbkIkcCpYmndixSJCB6THWpoGxGfKTUZfpPhAKx3cDaWuAPBI/T2REF+poe/pzuxmNe1l4n9eK4bumZvwIIqBBXS8qBsLDCHOIsEdLhkFMdSEUMn1rZj2iSQUdHB5HYI9/fIsqR8V7eOidXtSKF1O4sihXbSPDpGNTlEJXaMKqiGKHtEzekVvxpPxYrwbH+PWOWMys4P+wPj8AVMgl88=</latexit>

(2J = J1 + J2)

<latexit sha1_base64="ImxWx55OOp+6VTq5i4CMvNMKbHU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkFNSDUPQiPVWwH9DGsNlu26WbTdjdKCX0f3jxoIhX/4s3/43bNgdtfTDweG+GmXl+xJnStv1tZVZW19Y3spu5re2d3b38/kFThbEktEFCHsq2jxXlTNCGZprTdiQpDnxOW/7oZuq3HqlULBT3ehxRN8ADwfqMYG2kh2K5hq5QzXPOal751MsX7JI9A1omTkoKkKLu5b+6vZDEARWacKxUx7Ej7SZYakY4neS6saIRJiM8oB1DBQ6ocpPZ1RN0YpQe6ofSlNBopv6eSHCg1DjwTWeA9VAtelPxP68T6/6FmzARxZoKMl/UjznSIZpGgHpMUqL52BBMJDO3IjLEEhNtgsqZEJzFl5dJs1xyKqXLu0qhep3GkYUjOIYiOHAOVbiFOjSAgIRneIU368l6sd6tj3lrxkpnDuEPrM8f9A2QPA==</latexit>

In the simplest setting, sup.conformal index 
& BHs are labelled by one quantum number 

Minimal          AdS5
<latexit sha1_base64="XWeTSqaL2Pjd2ciUiKH6hb3hO6k=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CjMu6DHqxWNEs0BmCD09laRJz0J3jRiG/IYXD4p49We8+Td2kjlo4oOCx3tVVNXzEyk02va3VVhaXlldK66XNja3tnfKu3tNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8oc3E7/1CEqLOHrAUQJeyPqR6AnO0Eiui/CE2VVwP+6ed8sVu2pPQReJk5MKyVHvlr/cIOZpCBFyybTuOHaCXsYUCi5hXHJTDQnjQ9aHjqERC0F72fTmMT0ySkB7sTIVIZ2qvycyFmo9Cn3TGTIc6HlvIv7ndVLsXXqZiJIUIeKzRb1UUozpJAAaCAUc5cgQxpUwt1I+YIpxNDGVTAjO/MuLpHlSdU6r9t1ZpXadx1EkB+SQHBOHXJAauSV10iCcJOSZvJI3K7VerHfrY9ZasPKZffIH1ucP7MeRmQ==</latexit>

sugra

GN = 1/N2

<latexit sha1_base64="kfECWyBDDvxtMfOUDFOT6tT3e2I=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU01KQT0IRQ96KhXsB6SxbLabdukmG3Y3Qgn9GV48KOLVX+PNf+O2zUFbHww83pthZp4fc6a0bX9buZXVtfWN/GZha3tnd6+4f9BSIpGENongQnZ8rChnEW1qpjntxJLi0Oe07Y9upn77iUrFRPSgxzH1QjyIWMAI1kZyb3t1dIWcs/pjpVcs2WV7BrRMnIyUIEOjV/zq9gVJQhppwrFSrmPH2kux1IxwOil0E0VjTEZ4QF1DIxxS5aWzkyfoxCh9FAhpKtJopv6eSHGo1Dj0TWeI9VAtelPxP89NdHDhpSyKE00jMl8UJBxpgab/oz6TlGg+NgQTycytiAyxxESblAomBGfx5WXSqpSdavnyvlqqXWdx5OEIjuEUHDiHGtxBA5pAQMAzvMKbpa0X6936mLfmrGzmEP7A+vwBxMiPow==</latexit>

gµ⌫ , Aµ

<latexit sha1_base64="y/weW1K6pVRvd1juU/mYsWVxtYU=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuJAyIwV1V3XjsoK9QGcYMmnahiaZIReljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+eOUUaU979sprKyurW8UN0tb2zu7e255v6USIzFp4oQlshMjRRgVpKmpZqSTSoJ4zEg7Ht1M6+0HIhVNxL0epyTkaCBon2KkrRW55UGUBdwEwkxO4VVkMXIrXtWbCS6Dn0MF5GpE7lfQS7DhRGjMkFJd30t1mCGpKWZkUgqMIinCIzQgXYsCcaLCbHb6BB5bpwf7ibRPaDhzf09kiCs15rHt5EgP1WJtav5X6xrdvwgzKlKjicDzRX3DoE7gNAfYo5JgzcYWEJbU3grxEEmEtU2rZEPwF7+8DK2zql+rXt7VKvXrPI4iOARH4AT44BzUwS1ogCbA4BE8g1fw5jw5L8678zFvLTj5zAH4I+fzB+Ilk8Y=</latexit>
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q-j relation

j
2 = 2q3(1 +O(1/

p
q))

<latexit sha1_base64="eI2PzkeqV1ihfdZL3KOxl2RoM3M=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQItSZWlAXQtGNOyvYB7TTkknTNjaTmSYZoQxdufFX3LhQxK3f4M6/MW1noa0HLhzOuZd773EDRqWyrG8jsbC4tLySXE2trW9sbpnbOxXphwKTMvaZL2oukoRRTsqKKkZqgSDIcxmpuv2rsV99IEJSn9+pYUAcD3U57VCMlJZa5v59Mw8vYH7QPMnY8AjeZOzjhhwIFQ1G2WzLTFs5awI4T+yYpEGMUsv8arR9HHqEK8yQlHXbCpQTIaEoZmSUaoSSBAj3UZfUNeXII9KJJm+M4KFW2rDjC11cwYn6eyJCnpRDz9WdHlI9OeuNxf+8eqg6Z05EeRAqwvF0USdkUPlwnAlsU0GwYkNNEBZU3wpxDwmElU4upUOwZ1+eJ5V8zi7kzm8L6eJlHEcS7IEDkAE2OAVFcA1KoAwweATP4BW8GU/Gi/FufExbE0Y8swv+wPj8AX4GlgA=</latexit>

IN (⌧) = Tr (�1)F e2⇡i⌧(2J+Q)

<latexit sha1_base64="vhvEjJUgKuO5hXrPY56K9RA80YY="></latexit>

<latexit sha1_base64="OsVrQaU/5T6Z1b+0Kh6UPtG8oqY="></latexit>

=
X

n2Z
dN (n) e2⇡i ⌧ n/3

<latexit sha1_base64="dAoeumhPQBNm+SlZIOZG6hUM94I=">AAACD3icbVC7TgJBFJ31ifhCLW0mEo2NZBcxmhgTgg2VwSiPhAUyOwwwMvtg5q6RbPgDG3/FxkJjbG3t/BuHR6HgSe7NyTn3ZuYeJxBcgWl+G3PzC4tLy7GV+Ora+sZmYmu7pPxQUlakvvBlxSGKCe6xInAQrBJIRlxHsLLTvRz65XsmFfe9W+gHrOaStsdbnBLQUiNxcNOwgT1AlMsP7HN8gXW7qqexrXoSouNePX2UuRvEG4mkmTJHwLPEmpAkmqDQSHzZTZ+GLvOACqJU1TIDqEVEAqeCDeJ2qFhAaJe0WVVTj7hM1aLRPQO8r5UmbvlSlwd4pP7eiIirVN919KRLoKOmvaH4n1cNoXVWi7gXhMA8On6oFQoMPh6Gg5tcMgqirwmhkuu/YtohklDQEQ5DsKZPniWldMo6SZnXmWQ2N4kjhnbRHjpEFjpFWZRHBVREFD2iZ/SK3own48V4Nz7Go3PGZGcH/YHx+QOMuZpw</latexit>

SBH = N2
p

3q2 � 4j

<latexit sha1_base64="Wzwes9dW35dLDzRq4kS/mFPDVLM=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsQgWpM0VREKHoxpVUsBdoa8mkaRuayQxJRqhD8VXcuFDEre/hzrcxbWehrT8EPv5zDufk90LOlHacbys1N7+wuJRezqysrq1v2JtbFRVEktAyCXggax5WlDNBy5ppTmuhpNj3OK16/atRvfpApWKBuNODkDZ93BWswwjWxmrZOxeocY5u7guocYhUThwZPGjZWSfvjIVmwU0gC4lKLfur0Q5I5FOhCcdK1V0n1M0YS80Ip8NMI1I0xKSPu7RuUGCfqmY8vn6I9o3TRp1Amic0Gru/J2LsKzXwPdPpY91T07WR+V+tHunOWTNmIow0FWSyqBNxpAM0igK1maRE84EBTCQztyLSwxITbQLLmBDc6S/PQqWQd0/yzu1xtniZxJGGXdiDHLhwCkW4hhKUgcAjPMMrvFlP1ov1bn1MWlNWMrMNf2R9/gAgbpJw</latexit>

= N2 s(n/N2)

(J1, J2, Q) = N2(j1, j2, q)

<latexit sha1_base64="JadfJFE+ZV66GauZSN8hN1WV6Lg=">AAACBXicbVDLSgMxFM34rPU16lIXwSK0UMpMKagLoehGupAW7APaccikmTZt5mGSEcrQjRt/xY0LRdz6D+78G9N2Ftp64MLJOfeSe48TMiqkYXxrS8srq2vrqY305tb2zq6+t98QQcQxqeOABbzlIEEY9UldUslIK+QEeQ4jTWd4NfGbD4QLGvi3chQSy0M9n7oUI6kkWz/KVmwzDyt2MQ9ruYubu2J2oISBet/nbD1jFIwp4CIxE5IBCaq2/tXpBjjyiC8xQ0K0TSOUVoy4pJiRcboTCRIiPEQ90lbURx4RVjy9YgxPlNKFbsBV+RJO1d8TMfKEGHmO6vSQ7It5byL+57Uj6Z5ZMfXDSBIfzz5yIwZlACeRwC7lBEs2UgRhTtWuEPcRR1iq4NIqBHP+5EXSKBbMUuG8VsqUL5M4UuAQHIMsMMEpKINrUAV1gMEjeAav4E170l60d+1j1rqkJTMH4A+0zx+yqpTo</latexit>

Simplest: j1 = j2 = j 6= 0

<latexit sha1_base64="vvcHfILqVgI5ikiF80AfTCLknOs=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQT0Uil48VrAf0Iaw2W7bbTebuLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gUxZ0o7zreV29jc2t7J7xb29g8Oj+zjk6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gvHd3G9NqFQsEo96GlMvxAPB+oxgbSTftke+Wx355eoIdQV9Qo5vF52SswBaJ25GipCh7ttf3V5EkpAKTThWquM6sfZSLDUjnM4K3UTRGJMxHtCOoQKHVHnp4vIZujBKD/UjaUpotFB/T6Q4VGoaBqYzxHqoVr25+J/XSXT/2kuZiBNNBVku6icc6QjNY0A9JinRfGoIJpKZWxEZYomJNmEVTAju6svrpFkuuZXSzUOlWLvN4sjDGZzDJbhwBTW4hzo0gMAEnuEV3qzUerHerY9la87KZk7hD6zPH23/kkA=</latexit>

-BPS BH charges 1

4

<latexit sha1_base64="U2OgLv8AIawC7oDGEIv/yEuUjvg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FvRi8cK9gPaUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmdzO/88S1EbF6xGnC/YiOlAgFo2ilXj/UlGVentXzQaXq1tw5yCrxClKFAs1B5as/jFkacYVMUmN6npugn1GNgkmel/up4QllEzriPUsVjbjxs/nJOTm3ypCEsbalkMzV3xMZjYyZRoHtjCiOzbI3E//zeimG134mVJIiV2yxKEwlwZjM/idDoTlDObWEMi3srYSNqU0BbUplG4K3/PIqaV/WvHrt5qFebdwWcZTgFM7gAjy4ggbcQxNawCCGZ3iFNwedF+fd+Vi0rjnFzAn8gfP5A0AqkUE=</latexit>

[Gutowski, Reall ’04]



What is the meaning of BH/exponential 
growth of states in the index?

Cardy-
like limit fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

N

<latexit sha1_base64="TuI4H4uSJQt41qP5CqwsvE8ICww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiSBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6pxjN4=</latexit>

n/N2 ! 1

<latexit sha1_base64="HvqQiidvXl8K40zZFkjIAIiM4ZQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU01KQb0VvXiSCvYDmlg22027dLMJu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD48aqk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GN3O/PaYSsVi8agnCfUjPBAsZARrI/VsW1zcP1WRp2PkMRHqSc8uOxVnDrRK3JyUIUejZ395/ZikERWacKxU13US7WdYakY4nZa8VNEEkxEe0K6hAkdU+dn88ik6M0ofhbE0JTSaq78nMhwpNYkC0xlhPVTL3kz8z+umOrzyMyaSVFNBFovClCPz5ywG1GeSEs0nhmAimbkVkSGWmGgTVsmE4C6/vEpa1Ypbq1w/1Mr1mzyOIpzAKZyDC5dQhztoQBMIjOEZXuHNyqwX6936WLQWrHzmGP7A+vwBUkeS1w==</latexit>

Large-N 
limit n,N ! 1

<latexit sha1_base64="4X2qXIlhOZxTQaqHldxY95lxgCQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MWTVLAf0ISy2W7apZtN2N0UQug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KEM6Ud59sqra1vbG6Vtys7u3v7B/bhUVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47wfhu5ncmVCoWiyedJdSP8FCwkBGsjdS3bXGBHpCnY+QxEeoM9e2qU3PmQKvELUgVCjT79pc3iEkaUaEJx0r1XCfRfo6lZoTTacVLFU0wGeMh7RkqcESVn88vn6IzowxQGEtTQqO5+nsix5FSWRSYzgjrkVr2ZuJ/Xi/V4bWfM5GkmgqyWBSmHJlHZzGgAZOUaJ4Zgolk5lZERlhiok1YFROCu/zyKmlf1tx67eaxXm3cFnGU4QRO4RxcuIIG3EMTWkBgAs/wCm9Wbr1Y79bHorVkFTPH8AfW5w/TC5KE</latexit>

fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

<latexit sha1_base64="JDVJkdIbrwysImSplIaL+ZBXKN8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8xd2g6EUIevEkEcwDsmuYncwmQ2Znl3kIYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hSlnSrvut7O0vLK6tl7YKG5ube/slvb2myoxktAGSXgi2yFWlDNBG5ppTtuppDgOOW2Fw5uJ33qiUrFEPOhRSoMY9wWLGMHaSr4vDLpC4vTusYq6pbJbcadAi8TLSRly1LulL7+XEBNToQnHSnU8N9VBhqVmhNNx0TeKppgMcZ92LBU4pirIpjeP0bFVeihKpC2h0VT9PZHhWKlRHNrOGOuBmvcm4n9ex+joMsiYSI2mgswWRYYjnaBJAKjHJCWajyzBRDJ7KyIDLDHRNqaiDcGbf3mRNKsV77zi3p+Va9d5HAU4hCM4AQ8uoAa3UIcGEEjhGV7hzTHOi/PufMxal5x85gD+wPn8AeydkE0=</latexit>

⌫ = n/N2

graviton gas

N=2
N=3
N=4

N=10

20000 40000 60000 80000 100000
n

2000

4000

6000

8000

10000

12000

N2s(n/N^2)

BH entropy

<latexit sha1_base64="78NgRHmwoG05GVDrFD/d0Y07AE8="></latexit>

s(⌫) ⇠
⌫!1

⇡

2 · 31/6
⌫2/3 + . . .

<latexit sha1_base64="fmU/0M4pIp6W2z4b+UkBdeSkTrE="></latexit>

log |dN (n)| ?⇠ N2s(n/N2)



The N=4 superconformal index is an integral 
over unitary matrices [Romelsberger ’05; 

Kinney, Maldacena, Minwalla, Raju ’05]
<latexit sha1_base64="KbUp0xILP4uoUJIcqx2jY7Fpe4Y="></latexit>

IN (⌧) =

Z
[DU ] exp

✓ 1X

n=1

1

n
f(n⌧) trUn tr (U†)n

◆

“Single-letter index”

u ⌘ {ui}i=1,...,N
<latexit sha1_base64="tB73iraBqovGVwqlqm6k2PCc8kE=">AAACFHicbVC7SgNBFJ31bXytWtoMBkEwhF0VtBGCNlaiYEwgG5bZyU0yZHZ2nUcgLPsRNv6KjYUithZ2/o2TmEITDwwczrmHO/dEKWdKe96XMzM7N7+wuLRcWFldW99wN7fuVGIkhSpNeCLrEVHAmYCqZppDPZVA4ohDLepdDP1aH6RiibjVgxSaMekI1maUaCuF7kFgRAvkMJ6ZHAdwb1gfB5kJWZCHGTvzS0Er0aqEr/LQLXplbwQ8TfwxKaIxrkP302apiUFoyolSDd9LdTMjUjPKIS8ERkFKaI90oGGpIDGoZjY6Ksd7VmnhdiLtExqP1N+JjMRKDeLITsZEd9WkNxT/8xpGt0+bGROp0SDoz6K24VgneNgQbjEJVPOBJYRKZv+KaZdIQrXtsWBL8CdPniZ3h2X/qOzdHBcr5+M6ltAO2kX7yEcnqIIu0TWqIooe0BN6Qa/Oo/PsvDnvP6Mzzjizjf7A+fgG2y+epw==</latexit>

<latexit sha1_base64="dWj9OSBzuW4qmob407ig4ejoWBE="></latexit>Z
[Du] =

1

N !

NY

i=1

Z 1

0
dui

<latexit sha1_base64="bx0jFdPIUz6Nw2aW5i5SA/odxXw=">AAACIXicbVDNS8MwHE39nPOr6tFLcAgexmiH4i7C0IsnmeA+YK0lzdItLGlLkgqj9F/x4r/ixYMiu4n/jOnWg24+CLy893skv+fHjEplWV/Gyura+sZmaau8vbO7t28eHHZklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek649vcr/7RISkUfigJjFxORqGNKAYKS15ZsPx6ZA5KUwdwSHJHtM6dGI6v9IMJh7N8hHhZF5Kr+yqM4iUrN5lnlmxatYMcJnYBamAAi3PnOooTjgJFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+piHiRLrpbMMMnmplAINI6BMqOFN/J1LEpZxwX09ypEZy0cvF/7x+ooKGm9IwThQJ8fyhIGFQRTCvCw6oIFixiSYIC6r/CvEICYSVLrWsS7AXV14mnXrNvqhZ9+eV5nVRRwkcgxNwBmxwCZrgFrRAG2DwDF7BO/gwXow349OYzkdXjCJzBP7A+P4B8vujYQ==</latexit>�
e2⇡iui

 
i=1,...,N

Eigen- 
values <latexit sha1_base64="H7ZA0xwaWtkd7Efml9j9tiO3bmU="></latexit>

f(x) =
3 x2 � 3 x4 � 2 x3 + 2x6

(1� x3)2

<latexit sha1_base64="nG3rDReFXhBkLRh9EBH6apMSTSI="></latexit>

IN (⌧) =

Z
[Du] exp

⇣
�

NX

i,j=1

V⌧ (ui � uj)
⌘



<latexit sha1_base64="FzuBj7gYjiaChXj7sHJyU0+PRds="></latexit>

�e(z; ⌧) =
1Y

n=1

(1� qn+1/⇣)n

(1� qn�1 ⇣)n

<latexit sha1_base64="9NFaOy63u+hY0Z+XAWrBR0XUFJs=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRF0Y1QdOOygn1AE8tkOm2HTiZxZiKUkK0bf8WNC0Xc+gfu/BunbRbaeuDCmXPuZe49QcyZ0o7zbRWWlldW14rrpY3Nre0de3evqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gdDXxWw9UKhaJWz2OqR/igWB9RrA2UtdG9+gCpZ4MEc3u0iryYjZ7sgx5GidZ1y47FWcKtEjcnJQhR71rf3m9iCQhFZpwrFTHdWLtp1hqRjjNSl6iaIzJCA9ox1CBQ6r8dHpJho6M0kP9SJoSGk3V3xMpDpUah4HpDLEeqnlvIv7ndRLdP/dTJuJEU0FmH/UTjnSEJrGgHpOUaD42BBPJzK6IDLHERJvwSiYEd/7kRdKsVtzTinNzUq5d5nEU4QAO4RhcOIMaXEMdGkDgEZ7hFd6sJ+vFerc+Zq0FK5/Zhz+wPn8AsJmZFA==</latexit>

q = e2⇡i⌧

<latexit sha1_base64="myJs2wBfKcQZwy2Q0621Mh3/uhU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZKi6EYounFZwT6giWUyvWmHTh7MTIQ2ZO3GX3HjQhG3foE7/8Zpm4W2Hrhw5px7mXuPF3MmlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuK3HkBIFoV3ahSDG5B+yHxGidJS1zx0xqAIvsSpIwIM2X1axU7MZk+W4XHWNctWxZoCLxI7J2WUo941v5xeRJMAQkU5kbJjW7FyUyIUoxyykpNIiAkdkj50NA1JANJNp6dk+FgrPexHQleo8FT9PZGSQMpR4OnOgKiBnPcm4n9eJ1H+hZuyME4UhHT2kZ9wrCI8yQX3mACq+EgTQgXTu2I6IIJQpdMr6RDs+ZMXSbNasc8q1u1puXaVx1FEB+gInSAbnaMaukF11EAUPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+AJcmmZE=</latexit>

⇣ = e2⇡iz

<latexit sha1_base64="ttuvlo/BW044fK3Mwg1UkUBTEeU=">AAAB/HicbVBNS8NAFHypX7V+RXv0slgETyURRY9FLz1WsLXQhLLZbtqlm03Y3Qgh1L/ixYMiXv0h3vw3btoctHVgYZh5jzc7QcKZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Cop+JUEtolMY9lP8CKciZoVzPNaT+RFEcBpw/B9LbwHx6pVCwW9zpLqB/hsWAhI1gbaWjXPY1T5DGBvAjrSRDk7dnQbjhNZw60StySNKBEZ2h/eaOYpBEVmnCs1MB1Eu3nWGpGOJ3VvFTRBJMpHtOBoQJHVPn5PPwMnRplhMJYmic0mqu/N3IcKZVFgZksEqplrxD/8wapDq/9nIkk1VSQxaEw5UjHqGgCjZikRPPMEEwkM1kRmWCJiTZ91UwJ7vKXV0nvvOleNp27i0brpqyjCsdwAmfgwhW0oA0d6AKBDJ7hFd6sJ+vFerc+FqMVq9ypwx9Ynz9TVJSQ</latexit>

⌧ 2 H

[Dolan-Osborn ’08 ]

<latexit sha1_base64="LabkbA08S5BEIyDz2SziO6sluhU="></latexit>

exp
�
�V⌧ (z)

�
= �e(z + 2⌧ ; ⌧) �e

�
z + 2

3⌧ ; ⌧
�3

The potential is governed by the elliptic 
gamma function



Comparison for N=4 SYM (Cardy-like limit)

N=2 N=3

N=4 N=10

 [related numerical work in Agarwal, Choi, Kim, Kim, Nahmgoong ’20]

� log|d3(n)| SBH(3,n)
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� log|d2(n)| SBH(2,n)
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[S.M. ’20]      



[Witten ’98]

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

<latexit sha1_base64="tmaGL4oxUPK9iI7enFD9zkijHq8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjRfkgby2Y7aZduNmF3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmEyrNY3lvRgn6Ee1LHnJGjZUe7h69bidAQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTg8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPvSY8rZEaMLKFMcXsrYQOqKDM2o6INwZt/eZE0TiveecW9PStXr/I4CnAIR3ACHlxAFW6gBnVgEMEzvMKbo5wX5935mLUuOfnMAfyB8/kDR8CQEQ==</latexit>

S1
�

S3

<latexit sha1_base64="PdfFJCXqKQZJytbTNFKGscvjL2g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMxDwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81iPXRsTqHscJ9yM6UCIUjKKV6vWH816x5JbdOchf4mWkBBlqveJntx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolJ1bpkzDWthSSufpzYkIjY8ZRYDsjikOz7M3E/7xOiuGlPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt++S9pnpW9SvnqrlKqXmdx5OEIjuEUPLiAKtxCDRrAYABP8AKvjnSenTfnfdGac7KZQ/gF5+Mb2KaNiA==</latexit>

<latexit sha1_base64="tmaGL4oxUPK9iI7enFD9zkijHq8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjRfkgby2Y7aZduNmF3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmEyrNY3lvRgn6Ee1LHnJGjZUe7h69bidAQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTg8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPvSY8rZEaMLKFMcXsrYQOqKDM2o6INwZt/eZE0TiveecW9PStXr/I4CnAIR3ACHlxAFW6gBnVgEMEzvMKbo5wX5935mLUuOfnMAfyB8/kDR8CQEQ==</latexit>

S1
�

AdS boundary conditions lead to the 
canonical ensemble         phase structure

<latexit sha1_base64="EgU/84YIidNqbdHSzuKEK+McnEE=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIsgCGVGFF0W3bisYB/QDiWTZtrQTGZM7ghl6E+4caGIW3/HnX9j2s5CWw8EDufcQ+49QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKV2uSMdPsxml654lbdGcgy8XJSgRz1XvnL5lgacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7N9J+TEKn0Sxto+hWSm/k5kNDJmHAV2MqI4NIveVPzP66QYXvuZUEmKXLH5R2EqCcZkejzpC80ZyrEllGlhdyVsSDVlaCsq2RK8xZOXSfO86l1W3fuLSu0mr6MIR3AMp+DBFdTgDurQAAYSnuEV3pxH58V5dz7mowUnzxzCHzifPwZQj08=</latexit>

+ . . .

<latexit sha1_base64="CwQYnbhBhYjcNZEQwpLreTdAYNA=">AAACOXicfVDLSgNBEJyN7/iKevQyGARBDbuiKIgQI4jHiMYI2STMTjo6OPtgplcMy/6WF//Cm+DFgyJe/QEnj4MasaChqOqmu8uLpNBo209WZmR0bHxicio7PTM7N59bWLzQYaw4VHgoQ3XpMQ1SBFBBgRIuIwXM9yRUvZujrl+9BaVFGJxjJ4K6z64C0RacoZGaufIBdfepi3CHCaSNZJO6PsNrziQ9bvTlw9ZZmlJ3Y93U/52lkzRt5vJ2we6BDhNnQPJkgHIz9+i2Qh77ECCXTOuaY0dYT5hCwSWkWTfWEDF+w66gZmjAfND1pPd5SleN0qLtUJkKkPbU7xMJ87Xu+J7p7B6rf3td8S+vFmN7r56IIIoRAt5f1I4lxZB2Y6QtoYCj7BjCuBLmVsqvmWIcTdhZE4Lz++VhcrFVcHYK9ul2vlgaxDFJlskKWSMO2SVFckLKpEI4uSfP5JW8WQ/Wi/VuffRbM9ZgZon8gPX5BdewrGg=</latexit>

= e�FAdS

+ e�FBH

<latexit sha1_base64="3HckLwt1i6WOO5RyK1jAlxb/vBE="></latexit>

=
X

↵2Saddles

exp
�
�F↵

�<latexit sha1_base64="fVPN9lvTLiP9YkH5xIgqoK91nPU=">AAACDXicbVC7SgNBFJ31bXytWtoMRsFCw64o2giiTcoI5gHZNcxObnTI7IOZu2JY9gds/BUbC0Vs7e38GydxC40euHDmnHuZe0+QSKHRcT6ticmp6ZnZufnSwuLS8oq9utbQcao41HksY9UKmAYpIqijQAmtRAELAwnNoH8+9Ju3oLSIo0scJOCH7DoSPcEZGqljb51QD+EOs0uVU2+XFi/Ir7I96gWAjFbzjl12Ks4I9C9xC1ImBWod+8PrxjwNIUIumdZt10nQz5hCwSXkJS/VkDDeZ9fQNjRiIWg/G12T022jdGkvVqYipCP150TGQq0HYWA6Q4Y3etwbiv957RR7x34moiRFiPj3R71UUozpMBraFQo4yoEhjCthdqX8hinG0QRYMiG44yf/JY39intYcS4OyqdnRRxzZINskh3ikiNySqqkRuqEk3vySJ7Ji/VgPVmv1tt364RVzKyTX7DevwDDVJq8</latexit>

= Tr e��H

<latexit sha1_base64="jODIDECcohTkaAmjZ8Q0Vn8OMp0=">AAACIXicbZDLSgMxFIYz3q23qks3wSLowjIjioIIogguK1gVOnXIpKcaTDJDckYsw7yKG1/FjQtFuhNfxvSy8PZD4Oc753By/jiVwqLvf3gjo2PjE5NT06WZ2bn5hfLi0oVNMsOhzhOZmKuYWZBCQx0FSrhKDTAVS7iM74579ct7MFYk+hw7KTQVu9GiLThDh6Ly3gENbaYiTcN92opChAfMleAmKei63ujRAYPiOt+kYQzI6Emki6hc8at+X/SvCYamQoaqReVu2Ep4pkAjl8zaRuCn2MyZQcElFKUws5AyfsduoOGsZgpsM+9fWNA1R1q0nRj3NNI+/T6RM2VtR8WuUzG8tb9rPfhfrZFhe6+ZC51mCJoPFrUzSTGhvbhoSxjgKDvOMG6E+yvlt8wwji7Ukgsh+H3yX3OxVQ12qv7ZduXwaBjHFFkhq2SdBGSXHJJTUiN1wskjeSav5M178l68d687aB3xhjPL5Ie8zy+L8KKI</latexit>

=
X

n

dmicro(n) e
��En

<latexit sha1_base64="iICVnc76IzpU731c6jv5nRME1O4=">AAACCHicbVDJSgNBFOxxjXEb9ejBxiAoSJgRRcGLKIgnUTALZobQ03kxTXoWut+IYcjRi7/ixYMiXv0Eb/6NnWQObgUNRdUrXr8KEik0Os6nNTY+MTk1XZgpzs7NLyzaS8tVHaeKQ4XHMlb1gGmQIoIKCpRQTxSwMJBQC7onA792C0qLOLrCXgJ+yG4i0RacoZGa9tp100O4w+zk9Kq/6UmTbLFten5IvQCQbTXtklN2hqB/iZuTEslx0bQ/vFbM0xAi5JJp3XCdBP2MKRRcQr/opRoSxrvsBhqGRiwE7WfDQ/p0wygt2o6VeRHSofo9kbFQ614YmMmQYUf/9gbif14jxfaBn4koSREiPlrUTiXFmA5aoS2hgKPsGcK4EuavlHeYYhxNd0VTgvv75L+kulN298rO5W7p6Divo0BWyTrZJC7ZJ0fkjFyQCuHknjySZ/JiPVhP1qv1Nhods/LMCvkB6/0L1cGYjw==</latexit>

ZCFT(�, N ;�) <latexit sha1_base64="QlOMBTKOur25Mt1/Fd0Azq1GMrY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buouvfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDjwIzv</latexit>=
<latexit sha1_base64="C7gPtn9TVqnlrWolfidYY6cH+4Q=">AAACEnicbVDLSgNBEJyNrxhfUY9eBoOgIGFXFAUvUQ96kogmEbNhmZ10dMjsg5leMSz5Bi/+ihcPinj15M2/cfI4xGhBQ01VN9NdfiyFRtv+tjITk1PTM9nZ3Nz8wuJSfnmlqqNEcajwSEbq2mcapAihggIlXMcKWOBLqPntk55fuwelRRReYSeGRsBuQ9ESnKGRvPzWjeciPGB61Lzsbrog5ch7m55654fU9QHZlpcv2EW7D/qXOENSIEOUvfyX24x4EkCIXDKt644dYyNlCgWX0M25iYaY8Ta7hbqhIQtAN9L+SV26YZQmbUXKVIi0r45OpCzQuhP4pjNgeKfHvZ74n1dPsHXQSEUYJwghH3zUSiTFiPbyoU2hgKPsGMK4EmZXyu+YYhxNijkTgjN+8l9S3Sk6e0X7YrdQOh7GkSVrZJ1sEofskxI5I2VSIZw8kmfySt6sJ+vFerc+Bq0ZazizSn7B+vwB+0udAA==</latexit>

ZAdS(`AdS, GN ;�)

[Gibbons-Hawking-Page ’80s]

<latexit sha1_base64="CXktzaXBSOKp8hGKu3dv89OSHdY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpioIIRRe6KhXsA5pYJtNJO3QyCTMToYTgxl9x40IRt36FO//GSZuFth64l8M59zJzjxcxKpVlfRuFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11lfvuBCElDfqfGEXEDNODUpxgpLfXMPccXCCd2mtTvqyl0zuFF1q579Z5ZtirWBHCe2DkpgxyNnvnl9EMcB4QrzJCUXduKlJsgoShmJC05sSQRwiM0IF1NOQqIdJPJCSk81Eof+qHQxRWcqL83EhRIOQ48PRkgNZSzXib+53Vj5Z+5CeVRrAjH04f8mEEVwiwP2KeCYMXGmiAsqP4rxEOkM1E6tZIOwZ49eZ60qhX7pGLdHpdrl3kcRbAPDsARsMEpqIEb0ABNgMEjeAav4M14Ml6Md+NjOlow8p1d8AfG5w9r1JV/</latexit>

1

N2
= GN

<latexit sha1_base64="TitZwAgpXB/K75Lx8jlArW7xOz8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCruiaCNEbSwjmgdkY5idvUmGzD6YuSuGJYWNv2JjoYitH2Hn3zh5FJp4YOBwzrncuceLpdBo299WZmFxaXklu5pbW9/Y3Mpv79R0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+O/Po9KC2i8BYHMbQC1g1FR3CGRmrnC640YZ/RMxekbLsID5ie+zfDuyPazhftkj0GnSfOlBTJFJV2/sv1I54EECKXTOumY8fYSplCwSUMc26iIWa8z7rQNDRkAehWOj5iSPeN4tNOpMwLkY7V3xMpC7QeBJ5JBgx7etYbif95zQQ7p61UhHGCEPLJok4iKUZ01Aj1hQKOcmAI40qYv1LeY4pxNL3lTAnO7MnzpHZYco5L9vVRsXwxrSNLCmSPHBCHnJAyuSIVUiWcPJJn8krerCfrxXq3PibRjDWd2SV/YH3+ANc3l5I=</latexit>

� = `4AdS



<latexit sha1_base64="JwShcU3/ttPCOVblY+OaP1M4Qi0=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDLjA90IVTcuK7UP6Iwlk6ZtaOZBckcsw/yEG3/FjQtF3Aru/BvTdhbaeiFw7jn3cnKPGwquwDS/jczc/MLiUnY5t7K6tr6R39yqqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOrkZ6455JxQP/FoYhczzS83mXUwKaaucPYjskEjgRRRvYA8QXnWqyj89x9e4I28A9pto2kEj3VtLOF8ySOS48C6wUFFBalXb+y+4ENPKYD1QQpVqWGYITjwypYEnOjhQLCR2QHmtp6BNt58TjqxK8p5kO7gZSPx/wmP29ERNPqaHn6kmPQF9NayPyP60VQffMibkfRsB8OjHqRgJDgEcR4Q6XjIIYakCo5PqvmPaJJBR0kDkdgjV98iyoH5ask5J5c1woX6ZxZNEO2kVFZKFTVEbXqIJqiKJH9Ixe0ZvxZLwY78bHZDRjpDvb6E8Znz8AHJ4Q</latexit>

@(AdS) = S3 ⇥⌧ S1

<latexit sha1_base64="vPRJ2zslRqgheChg8V02EjvMY5c="></latexit>

=

Z
Dgµ⌫D µ exp

�
�Sgrav(gµ⌫ , µ)

�

Does susy BH contribute to the gravitational 
path integral w/ susy boundary conditions?

•  Euclidean BH: infinite throat (in the interior of AdS)

       Gibbons-Hawking procedure is singular
Temperature and chemical potentials all frozen!

<latexit sha1_base64="meGk1OCoxre3JYT9fNjWifMWQ7Q="></latexit>

=

Z

S3⇥⌧S1

DAµD� exp
�
�SSYM(Aµ,�)

�

<latexit sha1_base64="EQmMpLyum6Bj+XZGZDY/LuzE/Jo="></latexit>

IN (⌧) = TrHSYM (�1)F e2⇡i⌧n e��H
susy



<latexit sha1_base64="AvWDGKIOOEIOUOVV1yUCdhJM2y0=">AAACEnicbVDLSgMxFM34rPU16tJNsAi6sMyIoiBC0Y3LCvYBnVIyaaYNzWNIMoUy9Bvc+CtuXCji1pU7/8ZMOwttPZBwcs693NwTxoxq43nfzsLi0vLKamGtuL6xubXt7uzWtUwUJjUsmVTNEGnCqCA1Qw0jzVgRxENGGuHgNvMbQ6I0leLBjGLS5qgnaEQxMlbquMeB5KSH4AkMhkjFfQphcAWvs8tKsX2mgeKQjosdt+SVvQngPPFzUgI5qh33K+hKnHAiDGZI65bvxaadImUoZmRcDBJNYoQHqEdalgrEiW6nk5XG8NAqXRhJZY8wcKL+7kgR13rEQ1vJkenrWS8T//NaiYku2ykVcWKIwNNBUcKgkTDLB3apItiwkSUIK2r/CnEfKYSNTTELwZ9deZ7UT8v+edm7PytVbvI4CmAfHIAj4IMLUAF3oApqAINH8AxewZvz5Lw4787HtHTByXv2wB84nz8YfpqU</latexit>

! � ' = �⇡i

' := �(�� �⇤)

<latexit sha1_base64="fZv4mOUQ9cW+zlutBlsu5BKw7p4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WogiWRgi+EohuXFewDmlgm00k7dDIJM5NCCf0BN/6KGxeKuHXvzr9x0mah1gNzOZxzL3fu8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6g+vUbw6JkDTkd2oUETdAPU59ipHSUsfcc4ZIRH0KnQt4fplWxyMKlZya1o7Sen940DGLVtmaAM4SOyNFkKHWMT+dbojjgHCFGZKybVuRchMkFMWMjAtOLEmE8AD1SFtTjgIi3WRyzRjua6UL/VDoxxWcqD8nEhRIOQo83Rkg1Zd/vVT8z2vHyj91E8qjWBGOp4v8mEEVwjQa2KWCYMVGmiAsqP4rxH0kEFY6wIIOwf578ixpHJftSvnstlKsXmVx5MEO2AUlYIMTUAU3oAbqAIMH8ARewKvxaDwbb8b7tDVnZDPb4BeMj29qfJlC</latexit>

<latexit sha1_base64="S0+9X+t+yRkdeeImWQ/l/CBfrwM=">AAACEHicbVDLSgMxFM3UV62vqks3wSJWwTIjiqIIRTfurGAf0Kklk95pQzMPkoxQSj/Bjb/ixoUibl2682/MTGehrQeSezjnXpJ7nJAzqUzz28jMzM7NL2QXc0vLK6tr+fWNmgwiQaFKAx6IhkMkcOZDVTHFoREKIJ7Doe70r2K//gBCssC/U4MQWh7p+sxllCgttfO7duBBl2D7HJ9dxLftgCJF+yZRD8b1fn+vnS+YJTMBniZWSgooRaWd/7I7AY088BXlRMqmZYaqNSRCMcphlLMjCSGhfdKFpqY+8UC2hslCI7yjlQ52A6GPr3Ci/p4YEk/KgefoTo+onpz0YvE/rxkp97Q1ZH4YKfDp+CE34lgFOE4Hd5gAqvhAE0IF03/FtEcEoUpnmNMhWJMrT5PaYck6Lpm3R4XyZRpHFm2hbVREFjpBZXSNKqiKKHpEz+gVvRlPxovxbnyMWzNGOrOJ/sD4/AGRaJpn</latexit>

! := �(⌦� ⌦⇤)

[cf Silva ’06.]

• Four-parameter family of BH solutions:
<latexit sha1_base64="nZu1a3csVsWDxPZvbu6oArkB9D8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahQim7ouhFKHrxWMF+wHYp2TRtQ5PNmmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6xppxFtGGY4bQdK4pFyGkrHN1O/dYTVZrJ6MGMYxoIPIhYnxFsrOSXMbpGYUVUHk+7xZJbdWdAy8TLSAky1LvFr05PkkTQyBCOtfY9NzZBipVhhNNJoZNoGmMywgPqWxphQXWQzk6eoBOr9FBfKluRQTP190SKhdZjEdpOgc1QL3pT8T/PT0z/KkhZFCeGRmS+qJ9wZCSa/o96TFFi+NgSTBSztyIyxAoTY1Mq2BC8xZeXSfOs6l1U3fvzUu0miyMPR3AMZfDgEmpwB3VoAAEJz/AKb45xXpx352PemnOymUP4A+fzB+Xij7M=</latexit>

(a = b,m, q)

• Minimal 5d sugra
<latexit sha1_base64="nnuSs6a7ZFkUUj31FJWQyiWCcO4=">AAACGnicbVDLSgMxFM3Ud31VXbq5WARBLDNF0Y1QFcRFF1WsCp1aMpnbNjTzIMkoZeh3uPFX3LhQxJ248W9MawW1Hgg5nHMPyT1eLLjStv1hZcbGJyanpmeys3PzC4u5peULFSWSYZVFIpJXHlUoeIhVzbXAq1giDTyBl17nqO9f3qBUPArPdTfGekBbIW9yRrWRGjkndRkVUO7BPpxtgls2UZ/CFhxfF2ETDsC9Rb+FcPx9Zxu5vF2wB4BR4gxJngxRaeTeXD9iSYChZoIqVXPsWNdTKjVnAntZN1EYU9ahLawZGtIAVT0drNaDdaP40IykOaGGgfozkdJAqW7gmcmA6rb66/XF/7xaopt79ZSHcaIxZF8PNRMBOoJ+T+BziUyLriGUSW7+CqxNJWXatNkvwfm78ii5KBacnYJ9up0vHQ7rmCarZI1sEIfskhI5IRVSJYzckQfyRJ6te+vRerFev0Yz1jCzQn7Bev8EwvKc9Q==</latexit>

L = R+ ⇤� F 2 +A ^ F ^ F

[Chong, Cvetic, Lu, Pope, ’05;  Kunduri, Lucietti, Reall, ’06][Gutowski, Reall, ’04]

Deform susy extremal BHs to susy non-
extremal solutions, …

Extremal
r0  � r+

<latexit sha1_base64="yHwBRcdeCf3MMuRuqyI53Lly74A=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgCELYlYB6C3rxGME8IFmW2clsMmR2ZpnpVcKag7/ixYMiXv0Nb/6Nk8dBEwsaiqpuurvCRHADrvvt5JaWV1bX8uuFjc2t7Z3i7l7DqFRTVqdKKN0KiWGCS1YHDoK1Es1IHArWDAfXY795z7ThSt7BMGF+THqSR5wSsFJQPNCBiztCyZ5gERCt1QPWwWlQLLlldwK8SLwZKaEZakHxq9NVNI2ZBCqIMW3PTcDPiAZOBRsVOqlhCaED0mNtSyWJmfGzyf0jfGyVLo6UtiUBT9TfExmJjRnGoe2MCfTNvDcW//PaKUQXfsZlkgKTdLooSgUGhcdh4C7XjIIYWkKo5vZWTPtEEwo2soINwZt/eZE0zspepXx5WylVr2Zx5NEhOkInyEPnqIpuUA3VEUWP6Bm9ojfnyXlx3p2PaWvOmc3soz9wPn8AWjCVsg==</latexit>

Susy
q =

m

1 + a+ b

<latexit sha1_base64="+L4sjnTyGZbFnfHa+HpWKNPWq0Q=">AAACAnicbVDLSgMxFM34rPU16krcBIsgVMqMFNSFUHTjsoJ9QGcomTTThiaZMckIZRjc+CtuXCji1q9w59+YabvQ1gP3cjjnXpJ7gphRpR3n21pYXFpeWS2sFdc3Nre27Z3dpooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8Dr3Ww9EKhqJOz2Kic9RX9CQYqSN1LX376F3Ai/z5oUS4ZRnqVtG5SDr2iWn4owB54k7JSUwRb1rf3m9CCecCI0ZUqrjOrH2UyQ1xYxkRS9RJEZ4iPqkY6hAnCg/HZ+QwSOj9GAYSVNCw7H6eyNFXKkRD8wkR3qgZr1c/M/rJDo891Mq4kQTgScPhQmDOoJ5HrBHJcGajQxBWFLzV4gHyCShTWpFE4I7e/I8aZ5W3Grl4rZaql1N4yiAA3AIjoELzkAN3IA6aAAMHsEzeAVv1pP1Yr1bH5PRBWu6swf+wPr8AWaqlY4=</latexit>

[Cabo-Bizet, Cassani, Martelli, S.M. ’18]

<latexit sha1_base64="xJl1hJmdzjD8cDmPWx1uFOWmmc8=">AAACD3icbVA9SwNBEN3zM8avqKXNYlDEItxFRRshaGMZwXxALoa9zV6yZG/32J1TQsg/sPGv2FgoYmtr579xc0mhiQ8GHu/NMDMviAU34Lrfztz8wuLScmYlu7q2vrGZ29quGpVoyipUCaXrATFMcMkqwEGweqwZiQLBakHvauTX7pk2XMlb6MesGZGO5CGnBKzUyh34EGpCj4v4AvvlLr87wtgXSnYEC4ForR5SuZXLuwU3BZ4l3oTk0QTlVu7LbyuaREwCFcSYhufG0BwQDZwKNsz6iWExoT3SYQ1LJYmYaQ7Sf4Z43yptHCptSwJO1d8TAxIZ048C2xkR6JppbyT+5zUSCM+bAy7jBJik40VhIjAoPAoHt7lmFETfEkI1t7di2iU2H7ARZm0I3vTLs6RaLHinBffmJF+6nMSRQbtoDx0iD52hErpGZVRBFD2iZ/SK3pwn58V5dz7GrXPOZGYH/YHz+QO+jps9</latexit>

3
2 = �⇤  � �

<latexit sha1_base64="priMBps+EcUvoHJrJ0bnAMz4lvk=">AAACDHicbVDLSgMxFM34rPVVdekmWARxUWZE0Y1QdOPOCvYBnbFk0jttaCYZkoxSSj/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3hAln2rjutzM3v7C4tJxbya+urW9sFra2a1qmikKVSi5VIyQaOBNQNcxwaCQKSBxyqIe9y5FfvwelmRS3pp9AEJOOYBGjxFipVSh6+Bz71zF0yN0hxj6XosMhMkQp+ZAZNuWW3DHwLPEyUkQZKq3Cl9+WNI1BGMqJ1k3PTUwwIMowymGY91MNCaE90oGmpYLEoIPB+Jgh3rdKG0dS2ScMHqu/JwYk1rofhzYZE9PV095I/M9rpiY6CwZMJKkBQSeLopRjI/GoGdxmCqjhfUsIVcz+FdMuUYQa219+VNX0ybOkdlTyTkruzXGxfJHVkUO7aA8dIA+dojK6QhVURRQ9omf0it6cJ+fFeXc+JtE5J5vZQX/gfP4Ahg2aDw==</latexit>

1 = ⌦⇤  � ⌦

<latexit sha1_base64="eVY8IescxF4BgP+Tl6wD/yZyPXE=">AAACDnicbVA9SwNBEN3zM8avqKXNYhDEItyJoo0g2lhGMImQO8PeZi4u7u0eu3PKEfwFNv4VGwtFbK3t/DduPgq/Hgw83pthZl6cSWHR9z+9icmp6ZnZ0lx5fmFxabmystq0OjccGlxLbS5iZkEKBQ0UKOEiM8DSWEIrvj4Z+K0bMFZodY5FBlHKekokgjN0UqeyGQqVYEEPaRgDssttGkqtehISZMbo25HcqVT9mj8E/UuCMamSMeqdykfY1TxPQSGXzNp24GcY9ZlBwSXclcPcQsb4NetB21HFUrBRf/jOHd10Spcm2rhSSIfq94k+S60t0th1pgyv7G9vIP7ntXNMDqK+UFmOoPhoUZJLipoOsqFdYYCjLBxh3Ah3K+VXzDCOLsGyCyH4/fJf0typBXs1/2y3enQ8jqNE1skG2SIB2SdH5JTUSYNwck8eyTN58R68J+/Vexu1TnjjmTXyA977F3Mym74=</latexit>

1 = �⇤  � �



… then take a limit towards the susy BH

• Smooth Euclidean 
geometry (complex!) <latexit sha1_base64="O0X/gCe/l5ZHCf87be2LgNZDr7M=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7omgjRG0so5gHZNcwO5lNhsxjmZkVwrKNv2JjoYitn2Hn3zh5FJp44MLhnHu5954oYVQbz/t2CguLS8srxdXS2vrG5pa7vdPQMlWY1LFkUrUipAmjgtQNNYy0EkUQjxhpRoPrkd98JEpTKe7NMCEhRz1BY4qRsVLH3QskFQZePtzBCxgkFGaB4pDmHbfsVbwx4Dzxp6QMpqh13K+gK3HKiTCYIa3bvpeYMEPKUMxIXgpSTRKEB6hH2pYKxIkOs/EDOTy0ShfGUtmy14zV3xMZ4loPeWQ7OTJ9PeuNxP+8dmri8zCjIkkNEXiyKE4ZNBKO0oBdqgg2bGgJworaWyHuI4WwsZmVbAj+7MvzpHFc8U8r3u1JuXo1jaMI9sEBOAI+OANVcANqoA4wyMEzeAVvzpPz4rw7H5PWgjOd2QV/4Hz+ANqclUo=</latexit>I

AR = ⇡i

• Killing spinor (with R-charge = 1)        
susy preserved in bulk and on boundary

• Gibbons-Hawking procedure now well-defined.  
BH contribution to index = (limit of) on-shell action.

Note: rules for complex solutions not 
clear, but this clarifies a bit why index 
is compared to BH entropy.

[See Aharony, Benini, Mamroud, Milan, ’21]

• Action is -independent
<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�
<latexit sha1_base64="vBGmnRqx9YfIguxC7MYguceYRgE=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCndB0UYI2lhGMB+QO8LeZpMs2b09dueEcKSw8a/YWChi64+w89+4Sa7QxAcDj/dmmJkXJYIb8LxvZ2V1bX1js7BV3N7Z3dt3Dw6bRqWasgZVQul2RAwTPGYN4CBYO9GMyEiwVjS6mfqtB6YNV/E9jBMWSjKIeZ9TAlbquqVASTYg+ApXcZBwnAVaYj7BAZC065a9ijcDXiZ+TsooR73rfgU9RVPJYqCCGNPxvQTCjGjgVLBJMUgNSwgdkQHrWBoTyUyYzZ6Y4BOr9HBfaVsx4Jn6eyIj0pixjGynJDA0i95U/M/rpNC/DDMeJymwmM4X9VOBQeFpIrjHNaMgxpYQqrm9FdMh0YSCza1oQ/AXX14mzWrFP694d2fl2nUeRwGV0DE6RT66QDV0i+qogSh6RM/oFb05T86L8+58zFtXnHzmCP2B8/kDlGqWyA==</latexit>

! = 2⇡i⌧

<latexit sha1_base64="YMENek6fKAeSnDjcAnJ4JpTq7zc="></latexit>

FBH =
⇡iN2

27

(2⌧ + 1)3

⌧2

[cf Hosseini, Hristov, Zaffaroni ’17 where this function was noted to be the 
Legendre transform of the BH entropy]



Cardy-
like limit

fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

N

<latexit sha1_base64="TuI4H4uSJQt41qP5CqwsvE8ICww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiSBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6pxjN4=</latexit>

⌧ ! 0

<latexit sha1_base64="yJHsDMBgw8g5LYNGOGBysHn4w4w=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7IrBfVW9OKxgv2A7lKyabYNzSZLMquW0r/ixYMiXv0j3vw3pu0etPXBwOO9GWbmRangBjzv2ymsrW9sbhW3Szu7e/sH7mG5ZVSmKWtSJZTuRMQwwSVrAgfBOqlmJIkEa0ejm5nffmDacCXvYZyyMCEDyWNOCVip55YDIBkONB8MgWitHrHXcyte1ZsDrxI/JxWUo9Fzv4K+olnCJFBBjOn6XgrhhGjgVLBpKcgMSwkdkQHrWipJwkw4md8+xadW6eNYaVsS8Fz9PTEhiTHjJLKdCYGhWfZm4n9eN4P4MpxwmWbAJF0sijOBQeFZELjPNaMgxpYQqrm9FdMh0YSCjatkQ/CXX14lrfOqX6te3dUq9es8jiI6RifoDPnoAtXRLWqgJqLoCT2jV/TmTJ0X5935WLQWnHzmCP2B8/kDj72UJg==</latexit>

Large-N 
limit

N ! 1

<latexit sha1_base64="zBRck14xCUDWt8U6CUbTWfMYU7A=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQd0V3biSCvYBTSmT6aQdOpmEmRslhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHgmtwnG+rsLS8srpWXC9tbG5t79i7e00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/uhq4rfumdI8kneQxqwbkoHkAacEjNSzD26wp/hgCESp6AF7XAaQ9uyyU3GmwIvEzUkZ5aj37C+vH9EkZBKoIFp3XCeGbkYUcCrYuOQlmsWEjsiAdQyVJGS6m02vH+Njo/RxEClTEvBU/T2RkVDrNPRNZ0hgqOe9ifif10kgOO9mXMYJMElni4JEYIjwJArc54pREKkhhCpubsV0SBShYAIrmRDc+ZcXSfO04lYrF7fVcu0yj6OIDtEROkEuOkM1dI3qqIEoekTP6BW9WU/Wi/VufcxaC1Y+s4/+wPr8AWXrlTg=</latexit>

fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

<latexit sha1_base64="ITmexvCMCwq/XMTQDn6zSQQZuy8="></latexit>

log IN (⌧)
?⇠ ⇡iN2

27

(2⌧ + 1)3

⌧2

On-shell action of AdS BH = Free energy of  
matrix model?

n ! 1

<latexit sha1_base64="pZ2Tp7U8bBjZDfYxpoR4T0MWkJA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQtlsN+3SzSbsToRQ+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBOO72Z+54lrIxL1iHnKg5gOlYgEo2glXxEfE+ILFWHer9bcujsHWSVeQWpQoNmvfvmDhGUxV8gkNabnuSkGE6pRMMmnFT8zPKVsTIe8Z6miMTfBZH7zlJxZZUCiRNtSSObq74kJjY3J49B2xhRHZtmbif95vQyj62AiVJohV2yxKMoksX/OAiADoTlDmVtCmRb2VsJGVFOGNqaKDcFbfnmVtC/q3mX95uGy1rgt4ijDCZzCOXhwBQ24hya0gEEKz/AKb07mvDjvzseiteQUM8fwB87nD5/QkXE=</latexit>

fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

N

<latexit sha1_base64="TuI4H4uSJQt41qP5CqwsvE8ICww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiSBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6pxjN4=</latexit>

n,N ! 1

<latexit sha1_base64="4X2qXIlhOZxTQaqHldxY95lxgCQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MWTVLAf0ISy2W7apZtN2N0UQug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KEM6Ud59sqra1vbG6Vtys7u3v7B/bhUVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47wfhu5ncmVCoWiyedJdSP8FCwkBGsjdS3bXGBHpCnY+QxEeoM9e2qU3PmQKvELUgVCjT79pc3iEkaUaEJx0r1XCfRfo6lZoTTacVLFU0wGeMh7RkqcESVn88vn6IzowxQGEtTQqO5+nsix5FSWRSYzgjrkVr2ZuJ/Xi/V4bWfM5GkmgqyWBSmHJlHZzGgAZOUaJ4Zgolk5lZERlhiok1YFROCu/zyKmlf1tx67eaxXm3cFnGU4QRO4RxcuIIG3EMTWkBgAs/wCm9Wbr1Y79bHorVkFTPH8AfW5w/TC5KE</latexit>

fixed

<latexit sha1_base64="b2qeB7wnLZLmwpTYGIebxX67IE4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IljA725sMmX040xsSlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXl0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6jhVHBo8lrFqe0yDFBE0UKCEdqKAhZ6Elje8m/mtESgt4ugRJwm4IetHIhCcoZHcLsIYs0CMwZ/SXrliV+056CpxclIhOeq98lfXj3kaQoRcMq07jp2gmzGFgkuYlrqphoTxIetDx9CIhaDdbH70lJ4ZxadBrExFSOfq74mMhVpPQs90hgwHetmbif95nRSDazcTUZIiRHyxKEglxZjOEqC+UMBRTgxhXAlzK+UDphhHk1PJhOAsv7xKmhdV57J683BZqd3mcRTJCTkl58QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx6K1YOUzx+QPrM8fE9+SUQ==</latexit>

j =
n

N2

<latexit sha1_base64="YTzbWHx3/CToFgMhvYpqAmoZ1hg=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJJSUA9C0YsnqWA/oK1ls920azebsLtRSsxP8eJBEa/+Em/+G7dtDtr6YODx3gwz87yIM6Ud59taWl5ZXVvPbeQ3t7Z3du3CXkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3uhy4jcfqFQsFLd6HNFugAeC+YxgbaSeXbg/Rx1fYpKINLm+K6eoZxedkjMFWiRuRoqQodazvzr9kMQBFZpwrFTbdSLdTbDUjHCa5juxohEmIzygbUMFDqjqJtPTU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif1461f9pNmIhiTQWZLfJjjnSIJjmgPpOUaD42BBPJzK2IDLEJQpu08iYEd/7lRdIol9xK6eymUqxeZHHk4AAO4RhcOIEqXEEN6kDgEZ7hFd6sJ+vFerc+Zq1LVjazD39gff4AbfCTfA==</latexit>

<latexit sha1_base64="JkwLYaPTwk5I1OEUP6CgNIxNFWw="></latexit>

IN (⌧) =
X

n2Z
dN (n) e2⇡i ⌧ n/3

<latexit sha1_base64="OBPVfKRFs7qTDtrMGGFF91Wj9YU="></latexit>

log |dN (n)| ?⇠ N2 s(n/N2)

Other 
singularities?

Other phases?



<latexit sha1_base64="0/tjkoY/bAkE8ZDOrDLp+qW1eas="></latexit>

IN (⌧) '
X

↵2 {Saddles}

e�Seff(↵ ; ⌧)

<latexit sha1_base64="h9U9GbYOM1m/jysYDrO+Cd6991k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe++MuQ==</latexit>

1

<latexit sha1_base64="D87wE7M8JHy/r4ZHDlFpaOzpfUw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxoJIUECxIFSyMRaIPqQmV47qtVdsJtoNURfkBFn6FhQGEWNnZ+BvcNgO0HOlKx+fcK997gohRpR3n28rNzS8sLuWXCyura+sb9uZWXYWxxKSGQxbKZoAUYVSQmqaakWYkCeIBI41gcDXyGw9EKhqKWz2MiM9RT9AuxUgbqW3v3V/AxJMckvQuKUMvopMnTaF3CD2N4qPjtG0XnZIzBpwlbkaKIEO1bX95nRDHnAiNGVKq5TqR9hMkNcWMpAUvViRCeIB6pGWoQJwoPxlfk8J9o3RgN5SmhIZj9fdEgrhSQx6YTo50X017I/E/rxXr7rmfUBHFmgg8+agbM6hDOIoGdqgkWLOhIQhLanaFuI8kwtoEWDAhuNMnz5J6ueSelpybk2LlMosjD3bALjgALjgDFXANqqAGMHgEz+AVvFlP1ov1bn1MWnNWNrMN/sD6/AHaAZom</latexit>

q = e2⇡i ⌧/3

No growth!

<latexit sha1_base64="whld0eD6jqv8Mj0CyJ2A9ZGXrhY=">AAACAnicbVC7TsMwFHV4lvIKMCEWiwqJqSQFBGMFC2OR6ENqQuW4TmvVdiLbQaqiiIVfYWEAIVa+go2/wU0zQMuRrnR8zr3yvSeIGVXacb6thcWl5ZXV0lp5fWNza9ve2W2pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyuJ377gUhFI3GnxzHxORoIGlKMtJF69n7qSQ5Jdp/WoBdTmD9pdnKa9eyKU3VywHniFqQCCjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvYSRWKER2hAuoYKxIny0/yEDB4ZpQ/DSJoSGubq74kUcaXGPDCdHOmhmvUm4n9eN9HhpZ9SESeaCDz9KEwY1BGc5AH7VBKs2dgQhCU1u0I8RBJhbVIrmxDc2ZPnSatWdc+rzu1ZpX5VxFECB+AQHAMXXIA6uAEN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8Ae+xlnw=</latexit>

e2⇡i/3
(Black hole 

growth)

BH

<latexit sha1_base64="w3SC2QWGJA8tMqTRWpZAgjpKk5A=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqJhZIUEIwVLIxFog+pCZXjuq1V24lsB6mKIrHwKywMIMTKT7DxN7hpBmg50pWOz7lXvvcEEaNKO863VVhYXFpeKa6W1tY3Nrfs7Z2mCmOJSQOHLJTtACnCqCANTTUj7UgSxANGWsHoeuK3HohUNBR3ehwRn6OBoH2KkTZS195LPMkhSe+T4yr0IgqzN01PTtOuXXYqTgY4T9yclEGOetf+8nohjjkRGjOkVMd1Iu0nSGqKGUlLXqxIhPAIDUjHUIE4UX6S3ZDCQ6P0YD+UpoSGmfp7IkFcqTEPTCdHeqhmvYn4n9eJdf/ST6iIYk0Enn7UjxnUIZwEAntUEqzZ2BCEJTW7QjxEEmFtYiuZENzZk+dJs1pxzyvO7Vm5dpXHUQT74AAcARdcgBq4AXXQABg8gmfwCt6sJ+vFerc+pq0FK5/ZBX9gff4AX4iWsw==</latexit>

e�2⇡i/3

BH (Black hole growth)

Saddles lie close to singularities of the index

<latexit sha1_base64="WMAYNBWOOukTVlI0v44dF2uORO8=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHdF0YsQ9OIxgnnAJoTZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXlAhuwfe/vaXlldW19cJGcXNre2e3tLffsDo1lNWpFtq0ImKZ4IrVgYNgrcQwIiPBmtHwbuI3n5ixXKtHGCWsI0lf8ZhTAk4K20BSfINP1Znslsp+xZ8CL5IgJ2WUo9YtfbV7mqaSKaCCWBsGfgKdjBjgVLBxsZ1alhA6JH0WOqqIZLaTTU8e42On9HCsjSsFeKr+nsiItHYkI9cpCQzsvDcR//PCFOLrTsZVkgJTdLYoTgUGjSf/4x43jIIYOUKo4e5WTAfEEAoupaILIZh/eZE0zivBZcV/uChXb/M4CugQHaETFKArVEX3qIbqiCKNntErevPAe/HevY9Z65KXzxygP/A+fwDJmZBG</latexit>

⌧ = �n/m
<latexit sha1_base64="WQ+awDPH7hDP8nKxw0vHzPovL1k=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5L4QDdC0Y0LFxXsA9pYJtNJO3QyiTM3Sgl146+4caGIW//CnX/jtM1CWw9cOJxzL/fe48eCa3Ccb2tmdm5+YTG3lF9eWV1btzc2qzpKFGUVGolI1X2imeCSVYCDYPVYMRL6gtX83sXQr90zpXkkb6AfMy8kHckDTgkYqWVvN69YAIp3ukCUih7w3W16GA7O3JZdcIrOCHiauBkpoAzllv3VbEc0CZkEKojWDdeJwUuJAk4FG+SbiWYxoT3SYQ1DJQmZ9tLRBwO8Z5Q2DiJlSgIeqb8nUhJq3Q990xkS6OpJbyj+5zUSCE69lMs4ASbpeFGQCAwRHsaB21wxCqJvCKGKm1sx7RJFKJjQ8iYEd/LlaVI9KLrHRef6qFA6z+LIoR20i/aRi05QCV2iMqogih7RM3pFb9aT9WK9Wx/j1hkrm9lCf2B9/gBHQZbE</latexit>

, q3m = 1

Sub-leading 
exponential 
growth at 

rational points

labelled by rational points/roots of unity!

(Consistent w/ 
bulk-bndry 
dictionary)

<latexit sha1_base64="qI+IAa2YVgzss+cCeDHcR6L1rmo=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjARrMKuKFoGbSwjmAdkQ5id3CRDZmeXmbtiWGLjr9hYKGLrX9j5N04ehSYeGDiccy93zgliKQy67reTWVpeWV3Lruc2Nre2d/K7ezUTJZpDlUcy0o2AGZBCQRUFSmjEGlgYSKgHg+uxX78HbUSk7nAYQytkPSW6gjO0Ujt/4CM8YIp9ULToI0uojxF1i6N2vuCW3AnoIvFmpEBmqLTzX34n4kkICrlkxjQ9N8ZWyjQKLmGU8xMDMeMD1oOmpYqFYFrpJMGIHlulQ7uRtk8hnai/N1IWGjMMAzsZMuybeW8s/uc1E+xetlKh4gRB8emhbiKpDTmug3aEBo5yaAnjWti/Ut5nmnG0peVsCd585EVSOy155yX39qxQvprVkSWH5IicEI9ckDK5IRVSJZw8kmfySt6cJ+fFeXc+pqMZZ7azT/7A+fwBUZOWJA==</latexit>

then ⌧ ! 0

<latexit sha1_base64="b4qGE9PxcPh76ijmtZVkX8g7Xdc=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEQSmJKLosunFZwV6gCWUynbRDJ5Mwc6KU2Edx40IRtz6JO9/GaZqFtv4w8PGfc5hz/iARXIPjfFtLyyura+uljfLm1vbOrl3Za+k4VZQ1aSxi1QmIZoJL1gQOgnUSxUgUCNYORjfTevuBKc1jeQ/jhPkRGUgeckrAWD274gFJsQcxzuHEPe3ZVafm5MKL4BZQRYUaPfvL68c0jZgEKojWXddJwM+IAk4Fm5S9VLOE0BEZsK5BSSKm/SxffYKPjNPHYazMk4Bz9/dERiKtx1FgOiMCQz1fm5r/1bophFd+xmWSApN09lGYCmwuneaA+1wxCmJsgFDFza6YDokiFExaZROCO3/yIrTOau5Fzbk7r9avizhK6AAdomPkoktUR7eogZqIokf0jF7Rm/VkvVjv1sesdckqZvbRH1mfP2xJksw=</latexit>

⌧ ! ⌧ + 1,

[Cabo-Bizet, 
Cassani, Mar-
telli, S.M. ’18]



1. Perturbation theory around each saddle 
is calculated from asymptotic analysis

<latexit sha1_base64="nG3rDReFXhBkLRh9EBH6apMSTSI="></latexit>

IN (⌧) =

Z
[Du] exp

⇣
�

NX

i,j=1

V⌧ (ui � uj)
⌘

<latexit sha1_base64="PlHThEX5KSlmsx07ur+S+KqDDx8=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYkBVgkAwFlgYi0QfUhNVjuu2Vh0nsm8QVZSFX2FhACFWPoONv8FtM0DhSJaOzrlX1+cEseAaHOfLKiwsLi2vFFdLa+sbm1v29k5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6nvite6Y0j+QdjGPmh2QgeZ9TAkbq2nsesAdILzWueEAS7EGEncpx1rXLTtWZAv8lbk7KKEe9a396vYgmIZNABdG64zox+ClRwKlgWclLNIsJHZEB6xgqSci0n04DZPjQKD3cj5R5EvBU/bmRklDrcRiYyZDAUM97E/E/r5NA/8JPuYwTYJLODvUTgU3KSRu4xxWjIMaGEKq4+SumQ6IIBdNZyZTgzkf+S5onVfes6tyelmtXeR1FtI8O0BFy0TmqoRtURw1EUYae0At6tR6tZ+vNep+NFqx8Zxf9gvXxDeSBlUs=</latexit>

As ⌧ ! 0,

<latexit sha1_base64="mNCTDMFlMlgdL0k97w3uZ6J1Yvc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUsiim6EohuXFewDmhgm00k7dCYJMxOhhizc+CtuXCji1o9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwmhImooqRjqxIIj7jLT94dXYb98TIWkU3qpRTFyO+iENKEZKS55ZTh3BIcnu0qOWlzoKJVn14SBzDuEF9MyKVbMmgPPEzkkF5Gh45pfTi3DCSagwQ1J2bStWboqEopiRrOQkksQID1GfdDUNESfSTSdPZHBfKz0YREJXqOBE/T2RIi7liPu6kyM1kLPeWPzP6yYqOHdTGsaJIiGeLgoSBlUEx4nAHhUEKzbSBGFB9a0QD5BAWOncSjoEe/bledI6rtmnNevmpFK/zOMogjLYA1VggzNQB9egAZoAg0fwDF7Bm/FkvBjvxse0tWDkM7vgD4zPHyTRlxs=</latexit>

e�V⌧ (z) =
<latexit sha1_base64="NjAArSVNgH8v6tloyOhIHz8sTEw=">AAACFnicbVBBSxtBFJ61VtPY6lqPvQyGgtI27AaLhV5ELx4VTCJkQ3g7eYmDM7vLzNtiXPIrvPhXvHhQxGvpzX/jbJKDxn4ww8f3vcd774szJS0FwZO38G7x/dJy5UN15eOn1TV//XPLprkR2BSpSs1pDBaVTLBJkhSeZgZBxwrb8flB6bf/oLEyTU5olGFXwzCRAymAnNTzf0TfOY+GoDX0IsILKnC8dfmNNyKC/Dcv/20elURqtD2/FtSDCfhbEs5Ijc1w1PP/Rf1U5BoTEgqs7YRBRt0CDEmhcFyNcosZiHMYYsfRBNyQbjE5a8y/OqXPB6lxLyE+UV92FKCtHenYVWqgMzvvleL/vE5Og1/dQiZZTpiI6aBBrjilvMyI96VBQWrkCAgj3a5cnIEBQS7JqgshnD/5LWk16uHPenC8U9vbn8VRYV/YJttiIdtle+yQHbEmE+yK3bA7du9de7feg/c4LV3wZj0b7BW8v8+Erp25</latexit>

�e(z + 2⌧ ; ⌧) ⇥
<latexit sha1_base64="ycvVK8uYOMJh//1EiKHVuynpeI8="></latexit>

�e
�
z + 2

3⌧ ; ⌧
�3

-1.0 -0.5 0.5 1.0
x

0.2

0.4

0.6

0.8

1.0

f(x)

<latexit sha1_base64="/qyUuzsMcu2U2E9Ksy+BJkkYXDs="></latexit>

� 1

2⇡i
Log �e(z + r⌧) ⇠ 1

6⌧2
B3(z) +

1

6⌧
(r � 1)B2(z) + · · ·

Periodic Bernoulli polynomials
[Kim, Kim, Song ’19]
[Cabo-Bizet, Cassani, Martelli, S.M. ’19]

[Ardehali, Hong, Liu, ’19], [Goldstein + 
Jejjala, Lei, van Leuven, Li ’20, ’21], … 

[Flavor: Honda ’19;  Ardehali, ’19]

[Gonzalez-Lezcano, Hong, Liu, Pando-
Zayas ’21]
[Ardehali, S.M. ’21]

All-orders



2. Relation to number-theoretic function 
allows for control at large-N

(1, 1)

(1, 0)

(0, 1)

0.2 0.4 0.6 0.8 1.0 1.2 1.4
Re u

0.1

0.2

0.3

0.4

0.5
Im u

Family of saddles labelled by lattice points
m⌧ + n 2 Z⌧ + Z

<latexit sha1_base64="TaiHAAjxyh7LmySHC2oRbf2oeqM=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCpcyooMuiG5cV7AM7Q8mkmTY0yQxJRihD/8KNv+LGhSJudeffmJkOqK0HQg7n3Mu99wQxo0o7zpe1sLi0vLJaWiuvb2xubds7uy0VJRKTJo5YJDsBUoRRQZqaakY6sSSIB4y0g9FV5rfviVQ0Erd6HBOfo4GgIcVIG6ln1zj0NEqqAnrH0KPTjyM9DIL0bpJ7sPoj9OyKU3NywHniFqQCCjR69qfXj3DCidCYIaW6rhNrP0VSU8zIpOwlisQIj9CAdA0ViBPlp/ldE3holD4MI2me0DBXf3ekiCs15oGpzDZUs14m/ud1Ex1e+CkVcaKJwNNBYcKgjmAWEuxTSbBmY0MQltTsCvEQSYS1ibJsQnBnT54nrZOae1pzbs4q9csijhLYBwfgCLjgHNTBNWiAJsDgATyBF/BqPVrP1pv1Pi1dsIqePfAH1sc3hv+eUQ==</latexit>

(m,n)
<latexit sha1_base64="OZ1d0u3G+YiM9OUC0lpjktClIeg=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix6MVjBbcttEvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8d3Mbz9RpVksH80koYHAQ8kiRrCxkl8VF/K8X664NXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJboKMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa16zbusuQ9XlcZtHkcRTuAUquDBNTTgHprgAwEGz/AKb450Xpx352PRWnDymWP4A+fzB9DKjgY=</latexit>

gcd(m,n) = 1
<latexit sha1_base64="aS4sLBQBiK37mK8t5wc327ROv7k=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhiECCHsqqAXIejFYwTzgGQJs7OTZMjM7DLTK4YlXvwVLx4U8epfePNvnDwOmljQUFR1090VxIIbcN1vZ2FxaXllNbOWXd/Y3NrO7ezWTJRoyqo0EpFuBMQwwRWrAgfBGrFmRAaC1YP+9civ3zNteKTuYBAzX5Ku4h1OCVipndtvAXuAtEvDYUEW1TFuFfGlLa+dy7sldww8T7wpyaMpKu3cVyuMaCKZAiqIMU3PjcFPiQZOBRtmW4lhMaF90mVNSxWRzPjp+IMhPrJKiDuRtqUAj9XfEymRxgxkYDslgZ6Z9Ubif14zgc6Fn3IVJ8AUnSzqJAJDhEdx4JBrRkEMLCFUc3srpj2iCQUbWtaG4M2+PE9qJyXvtOTenuXLV9M4MugAHaIC8tA5KqMbVEFVRNEjekav6M15cl6cd+dj0rrgTGf20B84nz+765Ua</latexit>

<latexit sha1_base64="3pbg5r6nD2hUBXAleqQSINcU2L0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB4v+M/Q==</latexit>u
<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="h9U9GbYOM1m/jysYDrO+Cd6991k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe++MuQ==</latexit>

1

<latexit sha1_base64="LKzNUVkH7uNh7xjulCHYOFs39OE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBemuMuA==</latexit>

0

• Doubly-periodic extension of            
to complex plane (torus) allows us to 
easily find saddle-point solutions. 

<latexit sha1_base64="3SSWjIg2SXDiuDa9g+CB425yT+w=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzEOSJcxOZpMhM7PLPISw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1ldW9/YLGwVt3d29/ZLB4dNnVhFaIMkPFHtCGvKmaQNwwyn7VRRLCJOW9Hoduq3nqjSLJEPZpzSUOCBZDEj2DjpsdnrGmwr9qxXKvtVfwa0TIKclCFHvVf66vYTYgWVhnCsdSfwUxNmWBlGOJ0Uu1bTFJMRHtCOoxILqsNsdvAEnTqlj+JEuZIGzdTfExkWWo9F5DoFNkO96E3F/7yONfF1mDGZWkMlmS+KLUcmQdPvUZ8pSgwfO4KJYu5WRIZYYWJcRkUXQrD48jJpnleDy6p/f1Gu3eRxFOAYTqACAVxBDe6gDg0gIOAZXuHNU96L9+59zFtXvHzmCP7A+/wBJL6P+Q==</latexit>

V⌧ (u)

[Cabo-Bizet, S.M. ’19]

• Action of saddle calculated as the integral along a given 
direction is easy — use Fourier series (Bloch formula)!

[S. Bloch, D. Wigner ’78]

• Meromorphic (multi-valued) version and doubly-periodic 
(single-valued) version [S. Garoufalidis, S.M., D. Zagier, in progress]

[cf Method 3 (Bethe ansatz) Benini-Milan’18,…]. Answers agree when valid.



The perturbative action of the (m,n) saddle 
is a simple rational function of ⌧<latexit sha1_base64="YB3MtwlnJl8DLV4jLtlvepXwoHU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthabUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj7kfRsRHmk161Zpbd2cgy8QrSA0KNHvVL7+fsCzmCpmkxnQ9N8UgpxoFk3xS8TPDU8pGdMC7lioacxPks4sn5MQqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0i95U/M/rZhhdBblQaYZcsfmiKJMEEzJ9n/SF5gzl2BLKtLC3EjakmjK0IVVsCN7iy8ukfVb3zuvu3UWtcV3EUYYjOIZT8OASGnALTWgBAwXP8ApvjnFenHfnY95acoqZQ/gD5/MHcSiQwg==</latexit>

Dirichlet character  
mod 3.

Se↵(0, 1; ⌧) = 0

<latexit sha1_base64="Vl+DM0IXNRXpG3LYbcyObx8gmto=">AAACCHicbVDLSgNBEJyN7/ha9ejBwSAohLArgooIQS8eIxoTyC5hdtJrhsw+mOkVw5KjF3/FiwdFvPoJ3vwbJzEHXwUNRVU33V1BKoVGx/mwChOTU9Mzs3PF+YXFpWV7ZfVKJ5niUOeJTFQzYBqkiKGOAiU0UwUsCiQ0gt7p0G/cgNIiiS+xn4IfsetYhIIzNFLb3rhoewi3mEMYDradsntEPWTZDvXKx16ZOm275FScEehf4o5JiYxRa9vvXifhWQQxcsm0brlOin7OFAouYVD0Mg0p4z12DS1DYxaB9vPRIwO6ZZQODRNlKkY6Ur9P5CzSuh8FpjNi2NW/vaH4n9fKMDzwcxGnGULMvxaFmaSY0GEqtCMUcJR9QxhXwtxKeZcpxtFkVzQhuL9f/kuudivuXuXwfK9UPRnHMUvWySbZJi7ZJ1VyRmqkTji5Iw/kiTxb99aj9WK9frUWrPHMGvkB6+0TMduXhQ==</latexit>

<latexit sha1_base64="+38Ja1B3jAmLLkWOlNbn4eMZpM0=">AAACDXicbVDLSgMxFM34rPVVdekmWAVBKDOiKIhQdOOygn1AZyiZzJ02NPMguaOU0h9w46+4caGIW/fu/BvTx0JbDyQczjmX5B4/lUKjbX9bc/MLi0vLuZX86tr6xmZha7umk0xxqPJEJqrhMw1SxFBFgRIaqQIW+RLqfvd66NfvQWmRxHfYS8GLWDsWoeAMjdQq7LsPIgAUMgDqIssope4FvRxe0Vg4oiZWtEv2CHSWOBNSJBNUWoUvN0h4FkGMXDKtm46dotdnCgWXMMi7mYaU8S5rQ9PQmEWgvf5omwE9MEpAw0SZEyMdqb8n+izSuhf5Jhkx7Ohpbyj+5zUzDM+9vojTDCHm44fCTFJM6LAaGggFHGXPEMaVMH+lvMMU42gKzJsSnOmVZ0ntuOScluzbk2L5alJHjuySPXJIHHJGyuSGVEiVcPJInskrebOerBfr3foYR+esycwO+QPr8wdavZkr</latexit>

e⌧ = m⌧ + n

<latexit sha1_base64="Jhn9SkgxjvbTPZLjt6shGDckaOI="></latexit>

m+ n (mod 3) 0 1 2

�1 0 1 �1

<latexit sha1_base64="Jv+uORb5Re93IyushLMTWTpzsqY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHstHM0nQj+hA8pAzaqzUjkhX4pi4vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/m9U3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2fOkzxUyIyaWUKa4vZWwIVWUGRtRyYbgLb+8SpoXVe+q6j5cVmq3eRxFOIFTOAcPrqEG91CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AEDQI9L</latexit>

m 6= 0

In particular,
<latexit sha1_base64="87colEyej7m/nBGgxZn9p3S9hbA="></latexit>

Se↵(1, 0; ⌧) =
N2⇡i

27

�
2⌧ + 1

�3

⌧2
= FBH(⌧)

In other words, perturbation 
theory terminates!(1, 1)
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<latexit sha1_base64="3pbg5r6nD2hUBXAleqQSINcU2L0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB4v+M/Q==</latexit>u

<latexit sha1_base64="7+HJToi1P8J6qQVVLbdj9zbql/M="></latexit>

Se↵(m,n; ⌧) =
N2⇡i
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Phase structure: pure AdS dominates near     
         , black hole dominates near           , …

(1,0)(1,1)
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⌧ = 0
<latexit sha1_base64="F8QeYcrJ2EIPTD8O67ngjVnCjMI=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokKehGKXjxWsB/Q1LLZbtqlm03YnSgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S3oloX4lQMIpWesj8ICQ+0pRcEXfcLZXdijsFWSReTsqQo9Ytffm9mKURV8gkNabtuQl2MqpRMMnHRT81PKFsSPu8bamiETedbHr1mBxbpUfCWNtSSKbq74mMRsaMosB2RhQHZt6biP957RTDy04mVJIiV2y2KEwlwZhMIiA9oTlDObKEMi3srYQNqKYMbVBFG4I3//IiaZxWvLOKe3derl7ncRTgEI7gBDy4gCrcQg3qwEDDM7zCm/PkvDjvzsesdcnJZw7gD5zPHxqZkZc=</latexit>

[Cabo-Bizet, S.M. ’19]

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧ (0,1)

<latexit sha1_base64="xSeXYoCOB1hNCO5NZfekkZt/8bo=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBJR9CIUvXisYD+gCWWz3bRLdzdhdyKEUv+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6WCG/C8b2dldW19Y7O0Vd7e2d3bdw8OWybJNGVNmohEdyJimOCKNYGDYJ1UMyIjwdrR6Hbqtx+ZNjxRD5CnLJRkoHjMKQEr9dxKACTD1zjQEnMccBVD3nOrXs2bAS8TvyBVVKDRc7+CfkIzyRRQQYzp+l4K4Zho4FSwSTnIDEsJHZEB61qqiGQmHM+On+ATq/RxnGhbCvBM/T0xJtKYXEa2UxIYmkVvKv7ndTOIr8IxV2kGTNH5ojgTGBI8TQL3uWYURG4JoZrbWzEdEk0o2LzKNgR/8eVl0jqr+Rc17/68Wr8p4iihI3SMTpGPLlEd3aEGaiKKcvSMXtGb8+S8OO/Ox7x1xSlmKugPnM8fadOT+g==</latexit>

⌧ = i1



… and new phases appear near rational 
points

τ
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[Cabo-Bizet, S.M. ’19]

No growthBHBH



<latexit sha1_base64="C2ZhtnSGQe2KJl7hUzCqnHLHunQ="></latexit>
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�

Comments on formula for index
[Cabo-Bizet, S.M. ’19]

• Complete asymptotics (perturbation exp) around each 
saddle. Only chamber-dependence remains as <latexit sha1_base64="6qNJlUXQzn/d/D1Axh3AbND8/I4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRiyepYG2hCWWz3bRLN5uwOxFC6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDP1209cG5GoB8xTHsR0oEQkGEUr+XfEx4T4QkWY96o1t+7OQJaJV5AaFGj2ql9+P2FZzBUySY3pem6KwZhqFEzyScXPDE8pG9EB71qqaMxNMJ7dPCEnVumTKNG2FJKZ+ntiTGNj8ji0nTHFoVn0puJ/XjfD6CoYC5VmyBWbL4oySeyf0wBIX2jOUOaWUKaFvZWwIdWUoY2pYkPwFl9eJo9nde+i7t6f1xrXRRxlOIJjOAUPLqEBt9CEFjBI4Rle4c3JnBfn3fmYt5acYuYQ/sD5/AFrYpFJ</latexit>

N ! 1

[Cabo-Bizet ’20] 

[ ” + Cassani, Martelli ’20]

[cf AdS3 Maldacena-Strominger ’98 and Dijgraaf-Maldacena-Moore-Verlinde ’00] 

• Prediction for family of gravitational solns (orbifolds) 
[Aharony, Benini, Mamroud, Milan, ’21]See

• Each term can be derived completely from 3d effective 
CS field theory! [Ardehali, S.M. ’21 (m,n)] [Cassani, Komargodski ’21 (1,0)]

[cf. Choi, Kim, Kim, Nahmgoong ’18]



Things I said

Thank you very much!

• Complex saddles of matrix model and of gravity are 
important for full understanding of AdS/CFT. 

• BH states clearly present. Many phases.  
Full perturbative expansion understood.

• Finite-N index interpolates between gravitons and BHs! 
cf.                  .  
Index = sum over random partitions. cf.

[Chang, Yin ’13]

[Gross, Taylor ’93]

[I did not have time to discuss this point.]

• In each phase, perturbation theory explained by 3d 
effective Chern-Simons theory. [I could only touch upon this point.]

and would have liked to say


