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Black Hole

• Classically, absolute zero temperature due to strong aSracTon force. 
• Proper thermodynamic system with finite temperature and entropy: 

• Thermodynamic entropy has staTsTcal, microscopic interpretaTon. 
• Boltzmann interpretaTon of Bekenstein-Hawking entropy? 

• Yes, for many black hole soluTons engineered in string theory.
[Strominger, Vafa][Breckenridge, Myers, Peet, Vafa][Dijkgraaf, Verlinde, Verlinde] … 

• In this talk, I want to answer the quesTon for some AdS black holes.  
[Benini, Hristov, Zaffaroni][Azzurli et al.][Hosseini, Hristov, Passias][Hosseini, Yaakov, Zaffaroni] … 
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AdS-Schwarzschild Black Hole

• Example: AdS-Schwarzschild soluTon. [Hawking, Page] 

• Smooth and complete iff the t-coordinate has the periodicity: 

• Two disTnct branches: 

• Hawking-Page transiTon 
• T < THP:  thermal graviton in the global AdS.  
• T > THP:  large AdS-Schwarzschild black hole.  F ~ 1/GN ~ N2.
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Small BH: thermodynamically unfavored 
(positive free energy & negative specific heat)

Large BH: dominates at high temperature



Deconfinement Phase TransiAon

• In the large N gauge theory, the Hawking-Page transiTon is realized 
as the deconfinement phase transiTon.  [Witten ’98] 

• Even in the weakly coupled regime of some large N gauge theory, 
the phase diagram looks analogous to that of AdS black hole. 
[Aharony, Marsano, Minwalla, Papadodimas, Van Raamsdonk] 

• This talk: 1/16 BPS black hole in AdS5(7). 
AdS5 [Gutowski, Reall] [Kunduri, Lucietti, Reall] [Chong, Cvetic, Lu, Pope] [Wu],   AdS7 [Chong, Cvetic, Lu, Pope] [Chow] 

• U(1)2 ⊂ SO(4) angular momenta,  U(1)3 ⊂ SO(6) electric charges. 
• Preserves 2 supercharges. 

• Exhibits O(N2) entropy at O(N2) angular momenta and charges.
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Plan

• IntroducTon 

• Large AdS5 black holes from N=4 SYM 

• Deconfinement phase transiTon in N=4 SYM 

• Conclusion



• Enumerate all BPS microstates preserving supercharges 
• Index of N=4 Yang-Mills on S3 X R1 : [Romelsberger] [Kinney, Maldacena, Minwalla, Raju] 

• Chemical potenTals for SO(4) isometry and SO(6) R-symmetry. 

• Independent of the regulator β, so formally take  β → 0. 
• SUSY protecTon. Can be evaluated from the free QFT calculus. 

• Agrees with the BPS graviton index at low “temperature”.
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• Does the index see the deconfinement at high “temperature”? 
• Consider the asymptoTc free energy in the Cardy limit 

where large angular momentum (“energy”) states dominate. 

• Saddle point approximaTon: is most important. 

• Respects the 4πi periodicity of chemical potenTals.

AsymptoAc Free Energy
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AsymptoAc Free Energy

• AlternaTve derivaTon: the background field acTon in  
• β corresponds to the circumference of the temporal circle. 
• S3 effecTve acTon of background fields. [Di Pietro, Komargodski] 

• Most terms are suppressed. Only contribuTon comes from  

• Gauge non-invariant CS terms: needed to match ’t Hoov anomaly 
• Generalizable to non-Lagrangian QFTs, e.g., 6d (2,0) SCFT.
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gauge field



Large AdS Black Hole

• Having obtained the large N superconformal index, take an inverse 
Laplace transformaTon to extract the degeneracy at given charges.  

• AsymptoTc degeneracy at macroscopic charges can be evaluated by 
the saddle point approximaTon, i.e., the Legendre transformaTon of 
the asymptoTc free energy in the Cardy limit. [Hosseini, Hristov, Zaffaroni] 
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Large AdS Black Hole

• Further imposing the charge relaTon of known BPS black holes,   
it matches the known entropy formula of BPS black holes! 

• AsymptoTc free energy = the free energy of the known BH soluTon. 

AdS5 :  

AdS7 :
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Small BH: thermodynamically unfavored 
(positive free energy, negative specific heat) 

Large BH: dominates at high “temperature” 

Analogous to AdS-Schwarzschild solution.

Re(!i)
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free energy / N2

Hawking-Page transition point  
of the large black hole branch.
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Complex Fugacity

• Superconformal index clearly sees the deconfining phase at high 
“temperature,” in contrast to what had been commonly believed: 

Massive boson/fermion cancela1on prevents the index  
from seeing the O(N2) free energy of deconfining phase. 

• B/F cancelaTon reduces the asymptoTc degeneracy at two levels. 
• Case 1. the actual microstate degeneracy can be O(N0). 
• Case 2. the degeneracy grows quickly but with alternaTng signs. 
 
 
 
Macroscopic charge approximaTon is insensiTve to the change by 
1 or 2 charge units. Nearby terms are effecTvely smeared out.  
The asymptoTc degeneracy becomes O(N0) aver “cancelaTon”.

1 + 3x2 � 2x3 + 9x4 � 6x5 + 11x6 � 6x7 + 9x8 + 14x9 � 21x10 + 36x11 � 17x12 � 18x13 + 114x14 � 194x15

+ 258x16 � 168x17 � 112x18 + 630x19 � 1089x20 + 1130x21 � 273x22 � 1632x23 + 4104x24 � 5364x25 + 3426x26+

+ 3152x27 � 13233x28 + 21336x29 � 18319x30 � 2994x31 + 40752x32 � 76884x33 + 78012x34 � 11808x35 + · · ·
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Complex Fugacity

• The macroscopic B/F cancelaTon can be obstructed by introducing 
(relaTve) phase factors between nearby terms. 

• Legendre transformaTon chooses an opTmal value to maximize the 
asymptoTc degeneracy. 

• Allowing the chemical potenTals to be complex-valued, I want to 
trace how the deconfinement phase transiTon happens in the index. 

[Aharony, Marsano, Minwalla, Papadodimas, Van Raamsdonk] [Kinney, Maldacena, Minwalla, Raju]
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Confining Saddle Point

• Introducing the large N eigenvalue distribuTon, the index becomes 

• Polyakov loop: an order parameter for (de)confinement transiTon. 

• Confining saddle point: 
• Most dominant saddle point at real-valued chemical potenTals. 
• Gaussian integral = the supergraviton spectrum on AdS5 X S5. 

• Becomes unstable if   with complex .
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Confining Saddle Point

• At equal charges and angular momenta,  
the confining saddle point becomes unstable on the red line. 

• Since true deconfinement should happen before/at the instability 
point, this implies the existence of new black hole saddle point!

The earliest instability point: 
Earlier than the Hawking-Page transiTon point 
of known AdS5 black hole
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<latexit sha1_base64="JI8lHYDZSbUnHGZNJ/efqH1X05A=">AAACDXicbZC7SwNBEMbnfBtfUTttFh+gheFOQcVKsLFUMSrkYtjbTOKS3btjd04MR0obG/8VGwtFbO3t/G/cJBa+Plj48c0Ms/NFqZKWfP/DGxgcGh4ZHRsvTExOTc8UZ+fObJIZgWWRqMRcRNyikjGWSZLCi9Qg15HC86h10K2fX6OxMolPqZ1iVfNmLBtScHJWrbgSEt5QfoKdtTDR2OQ1uX6ZbwQdxkIrNfNL29tbteKyX/J7Yn8h+ILl/YXbFXA6qhXfw3oiMo0xCcWtrQR+StWcG5JCYacQZhZTLlq8iRWHMddoq3nvmg5bdU6dNRLjXkys536fyLm2tq0j16k5Xdnfta75X62SUWO3mss4zQhj0V/UyBSjhHWjYXVpUJBqO+DCSPdXJq644YJcgAUXQvD75L9wtlkKHB+7NPagrzFYhCVYgwB2YB8O4QjKIOAOHuAJnr1779F78V77rQPe18w8/JD39gk3SJsO</latexit><latexit sha1_base64="3hYyKsDeEJ2qxFSb1ud2EGwaF08=">AAACDXicbZC7SwNBEMb3fBtfUTttFqOgheFOIYqVYGMjqJgo5GLY20ySJbt3x+6cGI5gZWPjv2JjoYitvZ3/iLWbR+Hrg4Uf38wwO18QS2HQdT+coeGR0bHxicnM1PTM7Fx2fqFkokRzKPJIRvoiYAakCKGIAiVcxBqYCiScB62Dbv38CrQRUXiG7RgqijVCURecobWq2VUf4RrTU+is+5GCBquKjct00+tQ6huhqJsvFLar2Zybd3uif8EbQG5/6Tb3eXP0elzNvvu1iCcKQuSSGVP23BgrKdMouIROxk8MxIy3WAPKFkOmwFTS3jUdumadGq1H2r4Qac/9PpEyZUxbBbZTMWya37Wu+V+tnGB9t5KKME4QQt5fVE8kxYh2o6E1oYGjbFtgXAv7V8qbTDOONsCMDcH7ffJfKG3lPcsnNo090tcEWSYrZJ14ZIfsk0NyTIqEkzvyQJ7Is3PvPDovzmu/dcgZzCySH3LevgCOyZ2N</latexit><latexit sha1_base64="3hYyKsDeEJ2qxFSb1ud2EGwaF08=">AAACDXicbZC7SwNBEMb3fBtfUTttFqOgheFOIYqVYGMjqJgo5GLY20ySJbt3x+6cGI5gZWPjv2JjoYitvZ3/iLWbR+Hrg4Uf38wwO18QS2HQdT+coeGR0bHxicnM1PTM7Fx2fqFkokRzKPJIRvoiYAakCKGIAiVcxBqYCiScB62Dbv38CrQRUXiG7RgqijVCURecobWq2VUf4RrTU+is+5GCBquKjct00+tQ6huhqJsvFLar2Zybd3uif8EbQG5/6Tb3eXP0elzNvvu1iCcKQuSSGVP23BgrKdMouIROxk8MxIy3WAPKFkOmwFTS3jUdumadGq1H2r4Qac/9PpEyZUxbBbZTMWya37Wu+V+tnGB9t5KKME4QQt5fVE8kxYh2o6E1oYGjbFtgXAv7V8qbTDOONsCMDcH7ffJfKG3lPcsnNo090tcEWSYrZJ14ZIfsk0NyTIqEkzvyQJ7Is3PvPDovzmu/dcgZzCySH3LevgCOyZ2N</latexit><latexit sha1_base64="ufTCxM7hlXCrrm+cEFSgGNSJWjo=">AAACDXicbZA9SwNBEIb34leMX1FLm8UoxMJwp6BiFbCxjGJiIBfD3maSLO7eHbtzYjjyB2z8KzYWitja2/lv3HwUanxh4eGdGWbnDWIpDLrul5OZmZ2bX8gu5paWV1bX8usbNRMlmkOVRzLS9YAZkCKEKgqUUI81MBVIuA5uz4b16zvQRkThFfZjaCrWDUVHcIbWauV3fIR7TC9hUPQjBV3WEns36b43oNQ3QlG3dHR02MoX3JI7Ep0GbwIFMlGllf/02xFPFITIJTOm4bkxNlOmUXAJg5yfGIgZv2VdaFgMmQLTTEfXDOiuddq0E2n7QqQj9+dEypQxfRXYTsWwZ/7WhuZ/tUaCnZNmKsI4QQj5eFEnkRQjOoyGtoUGjrJvgXEt7F8p7zHNONoAczYE7+/J01A7KHmWL9xC+XQSR5ZskW1SJB45JmVyTiqkSjh5IE/khbw6j86z8+a8j1szzmRmk/yS8/EN2KaaCw==</latexit>

Instability arises only at suitably chosen 
imaginary value of chemical potenTals.

�1 = �2 = �3 and !1 = !2 ⌧ 1
<latexit sha1_base64="6VPrp7wr/zTnYo7YaNQDGtX4ZDw=">AAACMXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZKiiCUNCFSwVrC52hZNLTGsxkhuSMWIa+khvfRNy4UMStL2HaDnj9IfDlP+eQnD9KpTDoec9OaWZ2bn6hvFhZWl5ZXXPXN65MkmkOTZ7IRLcjZkAKBU0UKKGdamBxJKEV3ZyM661b0EYk6hKHKYQxGyjRF5yhtbruWXAKElnXp8e0wPoX7tGABgh3mFOmenRkb0kMg6J9inUaSEn9rlv1at5E9C/4BVRJofOu+xj0Ep7FoJBLZkzH91IMc6ZRcAmjSpAZSBm/YQPoWFQsBhPmk41HdMc6PdpPtD0K6cT9PpGz2JhhHNnOmOG1+V0bm//VOhn2D8NcqDRDUHz6UD+TFBM6jo/2hAaOcmiBcS3sXym/ZppxtCFXbAj+75X/wlW95lu+2K82joo4ymSLbJNd4pMD0iBn5Jw0CSf35Im8kFfnwXl23pz3aWvJKWY2yQ85H59b/aaj</latexit><latexit sha1_base64="6VPrp7wr/zTnYo7YaNQDGtX4ZDw=">AAACMXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZKiiCUNCFSwVrC52hZNLTGsxkhuSMWIa+khvfRNy4UMStL2HaDnj9IfDlP+eQnD9KpTDoec9OaWZ2bn6hvFhZWl5ZXXPXN65MkmkOTZ7IRLcjZkAKBU0UKKGdamBxJKEV3ZyM661b0EYk6hKHKYQxGyjRF5yhtbruWXAKElnXp8e0wPoX7tGABgh3mFOmenRkb0kMg6J9inUaSEn9rlv1at5E9C/4BVRJofOu+xj0Ep7FoJBLZkzH91IMc6ZRcAmjSpAZSBm/YQPoWFQsBhPmk41HdMc6PdpPtD0K6cT9PpGz2JhhHNnOmOG1+V0bm//VOhn2D8NcqDRDUHz6UD+TFBM6jo/2hAaOcmiBcS3sXym/ZppxtCFXbAj+75X/wlW95lu+2K82joo4ymSLbJNd4pMD0iBn5Jw0CSf35Im8kFfnwXl23pz3aWvJKWY2yQ85H59b/aaj</latexit><latexit sha1_base64="6VPrp7wr/zTnYo7YaNQDGtX4ZDw=">AAACMXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZKiiCUNCFSwVrC52hZNLTGsxkhuSMWIa+khvfRNy4UMStL2HaDnj9IfDlP+eQnD9KpTDoec9OaWZ2bn6hvFhZWl5ZXXPXN65MkmkOTZ7IRLcjZkAKBU0UKKGdamBxJKEV3ZyM661b0EYk6hKHKYQxGyjRF5yhtbruWXAKElnXp8e0wPoX7tGABgh3mFOmenRkb0kMg6J9inUaSEn9rlv1at5E9C/4BVRJofOu+xj0Ep7FoJBLZkzH91IMc6ZRcAmjSpAZSBm/YQPoWFQsBhPmk41HdMc6PdpPtD0K6cT9PpGz2JhhHNnOmOG1+V0bm//VOhn2D8NcqDRDUHz6UD+TFBM6jo/2hAaOcmiBcS3sXym/ZppxtCFXbAj+75X/wlW95lu+2K82joo4ymSLbJNd4pMD0iBn5Jw0CSf35Im8kFfnwXl23pz3aWvJKWY2yQ85H59b/aaj</latexit><latexit sha1_base64="6VPrp7wr/zTnYo7YaNQDGtX4ZDw=">AAACMXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZKiiCUNCFSwVrC52hZNLTGsxkhuSMWIa+khvfRNy4UMStL2HaDnj9IfDlP+eQnD9KpTDoec9OaWZ2bn6hvFhZWl5ZXXPXN65MkmkOTZ7IRLcjZkAKBU0UKKGdamBxJKEV3ZyM661b0EYk6hKHKYQxGyjRF5yhtbruWXAKElnXp8e0wPoX7tGABgh3mFOmenRkb0kMg6J9inUaSEn9rlv1at5E9C/4BVRJofOu+xj0Ep7FoJBLZkzH91IMc6ZRcAmjSpAZSBm/YQPoWFQsBhPmk41HdMc6PdpPtD0K6cT9PpGz2JhhHNnOmOG1+V0bm//VOhn2D8NcqDRDUHz6UD+TFBM6jo/2hAaOcmiBcS3sXym/ZppxtCFXbAj+75X/wlW95lu+2K82joo4ymSLbJNd4pMD0iBn5Jw0CSf35Im8kFfnwXl23pz3aWvJKWY2yQ85H59b/aaj</latexit>

Re(!i)
�1

<latexit sha1_base64="KIpYwt853kDmTi6YnsToGd94hyw=">AAACAXicbZC/SgNBEMbn/Btj1FMbweYwCBFU7my0DNhYqphESOKxt5mLi3t/2J0TwxEbH8BXsLCxUMTWt7DzbdwkFmr8YOHHNzPMzhekUmhy3U9rYnJqema2MFecLy0sLtnLK3WdZIpjjScyUecB0yhFjDUSJPE8VciiQGIjuDoc1BvXqLRI4jPqpdiOWDcWoeCMjOXbay3CG8pPsV9pJRF2mS+2LvIdr+/bZXfXHcoZB+8bytXS/ckDABz79kerk/Aswpi4ZFo3PTelds4UCS6xX2xlGlPGr1gXmwZjFqFu58ML+s6mcTpOmCjzYnKG7s+JnEVa96LAdEaMLvXf2sD8r9bMKDxo5yJOM8KYjxaFmXQocQZxOB2hkJPsGWBcCfNXh18yxTiZ0IomBO/vyeNQ39v1DJ+YNLZhpAKswwZUwIN9qMIRHEMNONzCIzzDi3VnPVmv1tuodcL6nlmFX7LevwB1iphP</latexit><latexit sha1_base64="zWBGVmuoHCIgRzyY5K5cSbhquNw=">AAACAXicbZC7SgNBFIZn4y3GqKs2giCLQYigYddGy4CNZSLmAkkMs5OTZMjshZmzYlhi4wPYW9sIKmLrW9j5MuLkUmjiDwMf/zmHM+d3Q8EV2vaXkZibX1hcSi6nVtKra+vmxmZZBZFkUGKBCGTVpQoE96GEHAVUQwnUcwVU3N7ZsF65Bql44F9iP4SGRzs+b3NGUVtNc7uOcIPxBQyy9cCDDm3yg6v4yBk0zYyds0eyZsGZQCafvi8+P3zvFprmZ70VsMgDH5mgStUcO8RGTCVyJmCQqkcKQsp6tAM1jT71QDXi0QUDa187LasdSP18tEbu74mYekr1PVd3ehS7aro2NP+r1SJsnzZi7ocRgs/Gi9qRsDCwhnFYLS6BoehroExy/VeLdamkDHVoKR2CM33yLJSPc47mok7jkIyVJDtkj2SJQ05InpyTAikRRm7JI3khr8ad8WS8Ge/j1oQxmdkif2R8/ADPaJoR</latexit><latexit sha1_base64="zWBGVmuoHCIgRzyY5K5cSbhquNw=">AAACAXicbZC7SgNBFIZn4y3GqKs2giCLQYigYddGy4CNZSLmAkkMs5OTZMjshZmzYlhi4wPYW9sIKmLrW9j5MuLkUmjiDwMf/zmHM+d3Q8EV2vaXkZibX1hcSi6nVtKra+vmxmZZBZFkUGKBCGTVpQoE96GEHAVUQwnUcwVU3N7ZsF65Bql44F9iP4SGRzs+b3NGUVtNc7uOcIPxBQyy9cCDDm3yg6v4yBk0zYyds0eyZsGZQCafvi8+P3zvFprmZ70VsMgDH5mgStUcO8RGTCVyJmCQqkcKQsp6tAM1jT71QDXi0QUDa187LasdSP18tEbu74mYekr1PVd3ehS7aro2NP+r1SJsnzZi7ocRgs/Gi9qRsDCwhnFYLS6BoehroExy/VeLdamkDHVoKR2CM33yLJSPc47mok7jkIyVJDtkj2SJQ05InpyTAikRRm7JI3khr8ad8WS8Ge/j1oQxmdkif2R8/ADPaJoR</latexit><latexit sha1_base64="qZ0K6qOIHpBKaac7jWngM9KDWsQ=">AAACAXicbZDLSsNAFIYn9VbrLepGcBMsQgWVxI0uC25cVrEXaGqZTE/aoZMLMydiCXHjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/Fwuu0La/jcLC4tLySnG1tLa+sbllbu80VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xtejuvNe5CKR+EtjmLoBLQfcp8zitrqmnsuwgOmN5BV3CiAPu3yo7v0xMm6Ztk+tSey5sHJoUxy1brml9uLWBJAiExQpdqOHWMnpRI5E5CV3ERBTNmQ9qGtMaQBqE46uSCzDrXTs/xI6heiNXF/T6Q0UGoUeLozoDhQs7Wx+V+tnaB/0Ul5GCcIIZsu8hNhYWSN47B6XAJDMdJAmeT6rxYbUEkZ6tBKOgRn9uR5aJydOpqv7XL1OI+jSPbJAakQh5yTKrkiNVInjDySZ/JK3own48V4Nz6mrQUjn9klf2R8/gAIuZaD</latexit>

 Re(!i)
�1 ⇠ 0.862

<latexit sha1_base64="zu2IxEeFcemcIvXkFI6+zp2Y25M=">AAACDXicbZC7SwNBEMbnfMb4itpps/gALQx3FipWgo1lFKNCLoa9zSQu7t4du3NiOFLa2Piv2FgoYmtv53/jJrHw9cHCj29mmJ0vSpW05Psf3tDwyOjYeGGiODk1PTNbmps/tUlmBFZFohJzHnGLSsZYJUkKz1ODXEcKz6Krg1797BqNlUl8Qp0U65q3Y9mSgpOzGqXVkPCG8mPsroeJxjZvyI2LfDPoMhZaqZlf3t3eapRW/LLfF/sLwRes7C/eroJTpVF6D5uJyDTGJBS3thb4KdVzbkgKhd1imFlMubjibaw5jLlGW8/713TZmnOarJUY92Jifff7RM61tR0duU7N6dL+rvXM/2q1jFq79VzGaUYYi8GiVqYYJawXDWtKg4JUxwEXRrq/MnHJDRfkAiy6EILfJ/+F061y4PjIpbEHAxVgCZZhHQLYgX04hApUQcAdPMATPHv33qP34r0OWoe8r5kF+CHv7RM40JsP</latexit><latexit sha1_base64="F1VWD2f9esdd013YMfHRNO5XFM4=">AAACDXicbZA9SwNBEIb3/DZ+ndppsxgFLQx3KVSsAjY2QhSjQi6Gvc0kLtm9O3bnxHAEKxsb/4qNhSK29nb+EWs3iYVfLyw8vDPD7LxhIoVBz3t3hoZHRsfGJyZzU9Mzs3Pu/MKJiVPNocJjGeuzkBmQIoIKCpRwlmhgKpRwGrb3evXTS9BGxNExdhKoKdaKRFNwhtaqu6sBwhVmR9BdD2IFLVYXG+fZpt+lNDBCUa+ws1Wsu3mv4PVF/4L/BfnS0k3+4/rgpVx334JGzFMFEXLJjKn6XoK1jGkUXEI3F6QGEsbbrAVVixFTYGpZ/5ouXbNOgzZjbV+EtO9+n8iYMqajQtupGF6Y37We+V+tmmJzp5aJKEkRIj5Y1EwlxZj2oqENoYGj7FhgXAv7V8ovmGYcbYA5G4L/++S/cFIs+JYPbRq7ZKAJskxWyDrxyTYpkX1SJhXCyS25J4/kyblzHpxn52XQOuR8zSySH3JePwGQUZ2O</latexit><latexit sha1_base64="F1VWD2f9esdd013YMfHRNO5XFM4=">AAACDXicbZA9SwNBEIb3/DZ+ndppsxgFLQx3KVSsAjY2QhSjQi6Gvc0kLtm9O3bnxHAEKxsb/4qNhSK29nb+EWs3iYVfLyw8vDPD7LxhIoVBz3t3hoZHRsfGJyZzU9Mzs3Pu/MKJiVPNocJjGeuzkBmQIoIKCpRwlmhgKpRwGrb3evXTS9BGxNExdhKoKdaKRFNwhtaqu6sBwhVmR9BdD2IFLVYXG+fZpt+lNDBCUa+ws1Wsu3mv4PVF/4L/BfnS0k3+4/rgpVx334JGzFMFEXLJjKn6XoK1jGkUXEI3F6QGEsbbrAVVixFTYGpZ/5ouXbNOgzZjbV+EtO9+n8iYMqajQtupGF6Y37We+V+tmmJzp5aJKEkRIj5Y1EwlxZj2oqENoYGj7FhgXAv7V8ovmGYcbYA5G4L/++S/cFIs+JYPbRq7ZKAJskxWyDrxyTYpkX1SJhXCyS25J4/kyblzHpxn52XQOuR8zSySH3JePwGQUZ2O</latexit><latexit sha1_base64="7VVnA12sDXDyI5xbpBRPySdlUqM=">AAACDXicbZA9SwNBEIb3/IzxK2ppsxiFWBjuUmiwCthYRjGJkIthbzNJFnfvjt05MRz5Azb+FRsLRWzt7fw3bj4KNb6w8PDODLPzBrEUBl33y5mbX1hcWs6sZFfX1jc2c1vbdRMlmkONRzLS1wEzIEUINRQo4TrWwFQgoRHcno3qjTvQRkThFQ5iaCnWC0VXcIbWauf2fYR7TC9hWPAjBT3WFoc36ZE3pNQ3QlG3WD4utXN5t+iORWfBm0KeTFVt5z79TsQTBSFyyYxpem6MrZRpFFzCMOsnBmLGb1kPmhZDpsC00vE1Q3pgnQ7tRtq+EOnY/TmRMmXMQAW2UzHsm7+1kflfrZlgt9xKRRgnCCGfLOomkmJER9HQjtDAUQ4sMK6F/SvlfaYZRxtg1obg/T15Fuqlomf5ws1XTqdxZMgu2SMF4pETUiHnpEpqhJMH8kReyKvz6Dw7b877pHXOmc7skF9yPr4B2i6aDA==</latexit>



Conclusion

• Superconformal index sees the BPS black holes in AdS5/7. 
• The microstate degeneracy of known BPS black hole soluTon was 

obtained from the superconformal index at the Cardy limit. 

• Imaginary chemical potenTals obstructs the massive B/F cancelaTon. 
• Confining saddle point, dominant at low “temperature,” becomes 

unstable at high “temperature” with imaginary chemical potenTals. 

• The earliest deconfining saddle point is not of the known black hole, 
thereby predicTng a new BPS black hole in asymptoTc AdS5. 

• Many other saddle points showing O(N2) degeneracy was found. 
Can we idenTfy them with some hairy BPS black hole soluTons?


