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Work to appear with Gustavo-Joaquin Turiaci and Sameer Murthy as 
well as references to a number of past works also involving Matthew 

Heydeman, Wenli Zhao, Jan Boruch and Murat Koloğlu. 
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The gravitational path 
integral 

for black hole 
observables

=
Conventional 

quantum mechanical 
system

?

3



3 related questions for the special case of  extremal and near-extremal black holes
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Q1: What is the energy gap between extremal black hole states and the lightest near-extremal states?

Q2: Are extremal black holes states truly degenerate (                             )?
<latexit sha1_base64="ITyBIfNw7Vj7cCwkh7e5odIRBao=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KomU6rHqwZ6kglWhqWGzneji5oPdiVhC/okX/4oXD4qIt/4btzUHbX0w8HhvZnbn+YkUGm17aM3Mzs0vLJaWyssrq2vrlY3NSx2nikOHxzJW1z7TIEUEHRQo4TpRwEJfwpV/fzLyrx5AaRFHFzhIoBey20gEgjM0kldp9L3MRXjEzBQ9btXynLpahBRuMjdQjBfukVma51n91DvL83LZq1Ttmj0GnSZOQaqkQNurfLn9mKchRMgl07rr2An2MqZQcAl52U01JIzfs1voGhqxEHQvG9+X012j9GkQK1MR0rH6eyJjodaD0DedIcM7PemNxP+8borBYS8TUZIiRPznoSCVFGM6Cov2hQKOcmAI40qYv1J+x0wqaCIdheBMnjxNLvdrTqPmnNerzXoRR4lskx2yRxxyQJqkRdqkQzh5Ii/kjbxbz9ar9WF9/rTOWMXMFvkDa/gNURCjEg==</latexit>

dext BH. ⇠ e
Area
4GN
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3 related questions for the special case of  extremal and near-extremal black holes

Q3: If  there truly is a degeneracy, we should have                       .
Can the gravitational path integral reproduce a microstate count, including the integerness of  such a count?                       

<latexit sha1_base64="NjmM7RcJ8dDfBdnZCbonSyeVdRs=">AAACCHicbVBNS8NAEN34WetX1aMHF4vgqSRS1GPRS48V7Ac2IWy223bpZhN2J2IJPXrxr3jxoIhXf4I3/42bNgdtfTDweG+GmXlBLLgG2/62lpZXVtfWCxvFza3tnd3S3n5LR4mirEkjEalOQDQTXLImcBCsEytGwkCwdjC6zvz2PVOaR/IWxjHzQjKQvM8pASP5paOen7rAHiA1ha/qlcnE5RK7IYFhEOA7v1S2K/YUeJE4OSmjHA2/9OX2IpqETAIVROuuY8fgpUQBp4JNim6iWUzoiAxY11BJQqa9dPrIBJ8YpYf7kTIlAU/V3xMpCbUeh4HpzA7U814m/ud1E+hfeimXcQJM0tmifiIwRDhLBfe4YhTE2BBCFTe3YjokilAw2RVNCM78y4ukdVZxzivOTbVcq+ZxFNAhOkanyEEXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Ao5lt</latexit>

dext BH. 2 Z



Q1: What is the energy gap between extremal black hole states and the lightest near-extremal states?

<latexit sha1_base64="Ap58PpZ/QhzGEqezQzWtktgyN5c=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCp5JIUS9CQQSPFewHtCFstpt26WYTdidqif0pXjwo4tVf4s1/Y9LmoK0PBh7vzTAzz48F12Db30ZpZXVtfaO8aW5t7+zuWZX9to4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJX7nXumNI/kHUxi5oZkKHnAKYFM8qzKtdcH9gjpkMRTfIlN07Oqds2eAS8TpyBVVKDpWV/9QUSTkEmggmjdc+wY3JQo4FSwqdlPNIsJHZMh62VUkpBpN52dPsXHmTLAQaSykoBn6u+JlIRaT0I/6wwJjPSil4v/eb0Eggs35TJOgEk6XxQkAkOE8xzwgCtGQUwyQqji2a2YjogiFLK08hCcxZeXSfu05pzVnNt6tVEv4iijQ3SETpCDzlED3aAmaiGKHtAzekVvxpPxYrwbH/PWklHMHKA/MD5/AIj4ktM=</latexit>

Egap = energy scale at which there is a breakdown of  black hole thermodynamics?

[Preskill et al `91, Maldacena and Susskind `96, Maldacena and Strominger `97]
<latexit sha1_base64="RHK4V5MoHU3jbV+inp+YObjwKyo=">AAACB3icbVBNS8NAEN3U7/oV9SjIYhE8lURFvQiCF48VrC00MWy2E126+WB3IpaQmxf/ihcPinj1L3jz37itPWjrg4HHezPMzAszKTQ6zpdVmZqemZ2bX6guLi2vrNpr61c6zRWHJk9lqtoh0yBFAk0UKKGdKWBxKKEV9s4GfusOlBZpcon9DPyY3SQiEpyhkQJ764R6kWK8cMvi4nqfeiBl4CHcY9GQZRnYNafuDEEniTsiNTJCI7A/vW7K8xgS5JJp3XGdDP2CKRRcQln1cg0Z4z12Ax1DExaD9ovhHyXdMUqXRqkylSAdqr8nChZr3Y9D0xkzvNXj3kD8z+vkGB37hUiyHCHhP4uiXFJM6SAU2hUKOMq+IYwrYW6l/JaZWNBEVzUhuOMvT5Krvbp7WHcvDmqnB6M45skm2Sa7xCVH5JSckwZpEk4eyBN5Ia/Wo/VsvVnvP60VazSzQf7A+vgGhwqZFA==</latexit>

=
1

Q3`Pl
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Q2: Are extremal black holes states truly degenerate (                             )?
<latexit sha1_base64="ITyBIfNw7Vj7cCwkh7e5odIRBao=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KomU6rHqwZ6kglWhqWGzneji5oPdiVhC/okX/4oXD4qIt/4btzUHbX0w8HhvZnbn+YkUGm17aM3Mzs0vLJaWyssrq2vrlY3NSx2nikOHxzJW1z7TIEUEHRQo4TpRwEJfwpV/fzLyrx5AaRFHFzhIoBey20gEgjM0kldp9L3MRXjEzBQ9btXynLpahBRuMjdQjBfukVma51n91DvL83LZq1Ttmj0GnSZOQaqkQNurfLn9mKchRMgl07rr2An2MqZQcAl52U01JIzfs1voGhqxEHQvG9+X012j9GkQK1MR0rH6eyJjodaD0DedIcM7PemNxP+8borBYS8TUZIiRPznoSCVFGM6Cov2hQKOcmAI40qYv1J+x0wqaCIdheBMnjxNLvdrTqPmnNerzXoRR4lskx2yRxxyQJqkRdqkQzh5Ii/kjbxbz9ar9WF9/rTOWMXMFvkDa/gNURCjEg==</latexit>

dext BH. ⇠ e
Area
4GN

3 related questions for the special case of  extremal and near-extremal black holes

?

?

Q3: If  there truly is a degeneracy, we should have                       .
Can the gravitational path integral reproduce a microstate count, including the integerness of  such a count?                       

<latexit sha1_base64="NjmM7RcJ8dDfBdnZCbonSyeVdRs=">AAACCHicbVBNS8NAEN34WetX1aMHF4vgqSRS1GPRS48V7Ac2IWy223bpZhN2J2IJPXrxr3jxoIhXf4I3/42bNgdtfTDweG+GmXlBLLgG2/62lpZXVtfWCxvFza3tnd3S3n5LR4mirEkjEalOQDQTXLImcBCsEytGwkCwdjC6zvz2PVOaR/IWxjHzQjKQvM8pASP5paOen7rAHiA1ha/qlcnE5RK7IYFhEOA7v1S2K/YUeJE4OSmjHA2/9OX2IpqETAIVROuuY8fgpUQBp4JNim6iWUzoiAxY11BJQqa9dPrIBJ8YpYf7kTIlAU/V3xMpCbUeh4HpzA7U814m/ud1E+hfeimXcQJM0tmifiIwRDhLBfe4YhTE2BBCFTe3YjokilAw2RVNCM78y4ukdVZxzivOTbVcq+ZxFNAhOkanyEEXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Ao5lt</latexit>

dext BH. 2 Z



Q1: What is the energy gap between extremal black hole states and the lightest near-extremal states?

<latexit sha1_base64="NmGKy8MhSF6Hhr5PhJVLedqVITo=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEFyUkUtRlwY3LCvYCTSiTyUk7dDIJMxOhhC7d+CpuXCji1kdw59s4abPQ1h8GPv5zDmfOH6SMSuU438bK6tr6xmZlq7q9s7u3bx4cdmSSCQJtkrBE9AIsgVEObUUVg14qAMcBg24wvinq3QcQkib8Xk1S8GM85DSiBCttDcwTL+MhiEBgArlX90YyLci1HRJPvfp0YNYc25nJWga3hBoq1RqYX16YkCwGrgjDUvZdJ1V+joWihMG06mUS9IoxHkJfI8cxSD+fHTK1zrQTWlEi9OPKmrm/J3IcSzmJA90ZYzWSi7XC/K/Wz1R07eeUp5kCTuaLooxZKrGKVKyQCiCKTTRgIqj+q0VGWIeidHZVHYK7ePIydC5s99J27xq1ZqOMo4KO0Sk6Ry66Qk10i1qojQh6RM/oFb0ZT8aL8W58zFtXjHLmCP2R8fkDW+iZfw==</latexit>| {z }
Protected by what 

symmetry?
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Q2: Are extremal black holes states truly degenerate (                             )?
<latexit sha1_base64="ITyBIfNw7Vj7cCwkh7e5odIRBao=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KomU6rHqwZ6kglWhqWGzneji5oPdiVhC/okX/4oXD4qIt/4btzUHbX0w8HhvZnbn+YkUGm17aM3Mzs0vLJaWyssrq2vrlY3NSx2nikOHxzJW1z7TIEUEHRQo4TpRwEJfwpV/fzLyrx5AaRFHFzhIoBey20gEgjM0kldp9L3MRXjEzBQ9btXynLpahBRuMjdQjBfukVma51n91DvL83LZq1Ttmj0GnSZOQaqkQNurfLn9mKchRMgl07rr2An2MqZQcAl52U01JIzfs1voGhqxEHQvG9+X012j9GkQK1MR0rH6eyJjodaD0DedIcM7PemNxP+8borBYS8TUZIiRPznoSCVFGM6Cov2hQKOcmAI40qYv1J+x0wqaCIdheBMnjxNLvdrTqPmnNerzXoRR4lskx2yRxxyQJqkRdqkQzh5Ii/kjbxbz9ar9WF9/rTOWMXMFvkDa/gNURCjEg==</latexit>

dext BH. ⇠ e
Area
4GN

3 related questions for the special case of  extremal and near-extremal black holes

Q3: If  there truly is a degeneracy, we should have                       .
Can the gravitational path integral reproduce a microstate count, including the integerness of  such a count?                       

<latexit sha1_base64="NjmM7RcJ8dDfBdnZCbonSyeVdRs=">AAACCHicbVBNS8NAEN34WetX1aMHF4vgqSRS1GPRS48V7Ac2IWy223bpZhN2J2IJPXrxr3jxoIhXf4I3/42bNgdtfTDweG+GmXlBLLgG2/62lpZXVtfWCxvFza3tnd3S3n5LR4mirEkjEalOQDQTXLImcBCsEytGwkCwdjC6zvz2PVOaR/IWxjHzQjKQvM8pASP5paOen7rAHiA1ha/qlcnE5RK7IYFhEOA7v1S2K/YUeJE4OSmjHA2/9OX2IpqETAIVROuuY8fgpUQBp4JNim6iWUzoiAxY11BJQqa9dPrIBJ8YpYf7kTIlAU/V3xMpCbUeh4HpzA7U814m/ud1E+hfeimXcQJM0tmifiIwRDhLBfe4YhTE2BBCFTe3YjokilAw2RVNCM78y4ukdVZxzivOTbVcq+ZxFNAhOkanyEEXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Ao5lt</latexit>

dext BH. 2 Z



Q3: If  there truly is a degeneracy, we should have                       .
Can the gravitational path integral reproduce a microstate count, including the integerness of  such a count?                       

Q1: What is the energy gap between extremal black hole states and the lightest near-extremal states?

<latexit sha1_base64="NjmM7RcJ8dDfBdnZCbonSyeVdRs=">AAACCHicbVBNS8NAEN34WetX1aMHF4vgqSRS1GPRS48V7Ac2IWy223bpZhN2J2IJPXrxr3jxoIhXf4I3/42bNgdtfTDweG+GmXlBLLgG2/62lpZXVtfWCxvFza3tnd3S3n5LR4mirEkjEalOQDQTXLImcBCsEytGwkCwdjC6zvz2PVOaR/IWxjHzQjKQvM8pASP5paOen7rAHiA1ha/qlcnE5RK7IYFhEOA7v1S2K/YUeJE4OSmjHA2/9OX2IpqETAIVROuuY8fgpUQBp4JNim6iWUzoiAxY11BJQqa9dPrIBJ8YpYf7kTIlAU/V3xMpCbUeh4HpzA7U814m/ud1E+hfeimXcQJM0tmifiIwRDhLBfe4YhTE2BBCFTe3YjokilAw2RVNCM78y4ukdVZxzivOTbVcq+ZxFNAhOkanyEEXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Ao5lt</latexit>

dext BH. 2 Z
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Q2: Are extremal black holes states truly degenerate (                             )?
<latexit sha1_base64="ITyBIfNw7Vj7cCwkh7e5odIRBao=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KomU6rHqwZ6kglWhqWGzneji5oPdiVhC/okX/4oXD4qIt/4btzUHbX0w8HhvZnbn+YkUGm17aM3Mzs0vLJaWyssrq2vrlY3NSx2nikOHxzJW1z7TIEUEHRQo4TpRwEJfwpV/fzLyrx5AaRFHFzhIoBey20gEgjM0kldp9L3MRXjEzBQ9btXynLpahBRuMjdQjBfukVma51n91DvL83LZq1Ttmj0GnSZOQaqkQNurfLn9mKchRMgl07rr2An2MqZQcAl52U01JIzfs1voGhqxEHQvG9+X012j9GkQK1MR0rH6eyJjodaD0DedIcM7PemNxP+8borBYS8TUZIiRPznoSCVFGM6Cov2hQKOcmAI40qYv1J+x0wqaCIdheBMnjxNLvdrTqPmnNerzXoRR4lskx2yRxxyQJqkRdqkQzh5Ii/kjbxbz9ar9WF9/rTOWMXMFvkDa/gNURCjEg==</latexit>

dext BH. ⇠ e
Area
4GN

3 related questions for the special case of  extremal and near-extremal black holes



[Cardoso, de Wit, Kappeli, Mohaupt `04, Sen `08, `09, Banerjee, Gupta, Sen `10, Banerjee, Gupta, Mandal, Sen `11,  Sen `11, …]

What the gravitational path integral seemingly tell us for extremal black holes

9

The extremal entropy including quantum corrections

where
<latexit sha1_base64="4Arc/8KGFu817c3ZPKoPfwy665Q="></latexit>

dext BH. = #exp
⇥
S0 + c logS0

⇤
S0 =

Area

4GN



An unexplicably large 
degeneracy

To answer Q1 and Q2 for both non-supersymmetric and supersymmetric extremal black holes, 
I want to quickly revisit this computation.

What the gravitational path integral seemingly tell us for extremal black holes

10

<latexit sha1_base64="LIehbxUDxIViR474O6xMdV/EgJw=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mkqBeh4MVjRfsBbSib7aRdutmE3Y1QSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u47e7s7u0flA6PmjrJFMMGS0Si2iHVKLjEhuFGYDtVSONQYCsc3c781hMqzRP5aMYpBjEdSB5xRo2VHlz3plcqexVvDrJK/JyUIUe9V/rq9hOWxSgNE1Trju+lJphQZTgTOHW7mcaUshEdYMdSSWPUwWR+6pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroOJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbjmtD8JdfXiXNi4p/WfHvq+VaNY+jCCdwCufgwxXU4A7q0AAGA3iGV3hzhPPivDsfi9aCk88cwx84nz/yx4zh</latexit>=

The extremal entropy including quantum corrections

where
<latexit sha1_base64="4Arc/8KGFu817c3ZPKoPfwy665Q="></latexit>

dext BH. = #exp
⇥
S0 + c logS0

⇤
S0 =

Area

4GN

(in the non-supersymmetric cases)



The background

<latexit sha1_base64="/TPFLfBopM4mhZ7G+GCCLJqU3Co=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9RjQg8cI5gHJEmYns8mY2ZllplcIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpVJY9P1vb2V1bX1js7BV3N7Z3dsvHRw2rM4M43WmpTatiFouheJ1FCh5KzWcJpHkzWh4M/WbT9xYodUDjlIeJrSvRCwYRSc1OigSbrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qqhbEo5n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1No+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4AuL2PPA==</latexit>⇥<latexit sha1_base64="F7hoshKKc9MpYRb00cMovAK77qA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSlqMeKF48V7Qc0oWw223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6zhVlLVoLGLVDYhmgkvWQo6CdRPFSBQI1gnGNzO/88iU5rF8wEnC/IgMJR9wStBInofsCbPr8H7ar/XLFafqzGGvEjcnFcjR7Je/vDCmacQkUkG07rlOgn5GFHIq2LTkpZolhI7JkPUMlSRi2s/mN0/tM6OE9iBWpiTac/X3REYirSdRYDojgiO97M3E/7xeioMrP+MySZFJulg0SIWNsT0LwA65YhTFxBBCFTe32nREFKFoYiqZENzll1dJu1Z1L6ruXb3SqOdxFOEETuEcXLiEBtxCE1pAIYFneIU3K7VerHfrY9FasPKZY/gD6/MH5VORjA==</latexit>

AdS2
<latexit sha1_base64="rBbUz/xl7+9X6m9OiuyQFIit+Sk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxikEcCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnIbm1vbO/ndwt7+weFR8fikZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38799hPXRsTqAScJ9yM6VCIUjKKVGo3HSr9YcsvuAmSdeBkpQYZ6v/jVG8QsjbhCJqkxXc9N0J9SjYJJPiv0UsMTysZ0yLuWKhpx408Xp87IhVUGJIy1LYVkof6emNLImEkU2M6I4sisenPxP6+bYnjjT4VKUuSKLReFqSQYk/nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStm7Knv31VKtmsWRhzM4h0vw4BpqcAd1aAKDITzDK7w50nlx3p2PZWvOyWZO4Q+czx/RBI1z</latexit>

S2
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The types of  modes that we have to include

• Modes with non-zero eigenvalues in the quadratic expansion action

<latexit sha1_base64="gEkncqedmlt08w60G6xx5orWhHg="></latexit>

gµ⌫ = gAdS2⇥S2

µ⌫ + hµ⌫ , Aµ = AAdS2⇥S2

µ + aµ , . . .
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<latexit sha1_base64="XZ81LK+GV6RUykj6f2sTInpKtiE=">AAACJHicbVDLSgMxFM34tr6qLt0Ei+DGMiOiggiCG5cVbRXbOmTSWw1mkiG5I9ZhPsaNv+LGhQ9cuPFbTB8LrR64cHLOveTeEyVSWPT9T29kdGx8YnJqujAzOze/UFxcqlmdGg5VrqU25xGzIIWCKgqUcJ4YYHEk4Sy6Oez6Z7dgrNDqFDsJNGN2pURbcIZOCot7F2HWQLjDLNiQWid5ftl/Kq027sHonO7Tk9C/zHg4ZORhseSX/R7oXxIMSIkMUAmLb42W5mkMCrlk1tYDP8FmxgwKLiEvNFILCeM37ArqjioWg21mvSNzuuaUFm1r40oh7ak/JzIWW9uJI9cZM7y2w15X/M+rp9jebWZCJSmC4v2P2qmkqGk3MdoSBjjKjiOMG+F2pfyaGcbR5VpwIQTDJ/8ltc1ysF0OjrdKB1uDOKbIClkl6yQgO+SAHJEKqRJOHsgTeSGv3qP37L17H/3WEW8ws0x+wfv6Bhx3pko=</latexit>

Znon-zero
1-loop = Scnon-zero

0



The types of  modes that we have to include

• Modes with non-zero eigenvalues in the quadratic expansion action

• Zero modes of  the action

Large diffeomorphisms &
large gauge transformations

<latexit sha1_base64="e0Vp9YFxM5BKYgxQHX995Jd5bSI="></latexit>

Zzero-modes =

Z
Dhzero-modes

µ⌫ DAzero-modes
µ| {z }

<latexit sha1_base64="gEkncqedmlt08w60G6xx5orWhHg="></latexit>

gµ⌫ = gAdS2⇥S2

µ⌫ + hµ⌫ , Aµ = AAdS2⇥S2

µ + aµ , . . .
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<latexit sha1_base64="XZ81LK+GV6RUykj6f2sTInpKtiE=">AAACJHicbVDLSgMxFM34tr6qLt0Ei+DGMiOiggiCG5cVbRXbOmTSWw1mkiG5I9ZhPsaNv+LGhQ9cuPFbTB8LrR64cHLOveTeEyVSWPT9T29kdGx8YnJqujAzOze/UFxcqlmdGg5VrqU25xGzIIWCKgqUcJ4YYHEk4Sy6Oez6Z7dgrNDqFDsJNGN2pURbcIZOCot7F2HWQLjDLNiQWid5ftl/Kq027sHonO7Tk9C/zHg4ZORhseSX/R7oXxIMSIkMUAmLb42W5mkMCrlk1tYDP8FmxgwKLiEvNFILCeM37ArqjioWg21mvSNzuuaUFm1r40oh7ak/JzIWW9uJI9cZM7y2w15X/M+rp9jebWZCJSmC4v2P2qmkqGk3MdoSBjjKjiOMG+F2pfyaGcbR5VpwIQTDJ/8ltc1ysF0OjrdKB1uDOKbIClkl6yQgO+SAHJEKqRJOHsgTeSGv3qP37L17H/3WEW8ws0x+wfv6Bhx3pko=</latexit>

Znon-zero
1-loop = Scnon-zero

0



An example of  a boundary zero mode: Reissner-Nordstrom black holes
[Sen and collaborators]

A 
bridge between 

two communities

<latexit sha1_base64="r5FoXviwdRulYxoyUf11GSMR9oc="></latexit>

gµ⌫ = gclassicalµ⌫ + hzero-mode
µ⌫
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The one-loop determinant 

0, finite or      ?<latexit sha1_base64="L5JcEpm0FvTubpqCQRcxOdjqLyY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMMbPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3Xvqu7dX9Yal0UcZTiBUzgHD66hAXfQhBYweIRneIU3J3ZenHfnY9FacoqZY/gD5/MHv/GPNA==</latexit>1
Regularized to

<latexit sha1_base64="JVD47jCU1ctaiqJKLrTBlGSwQBI=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0iZkaJuikU3XbbQG23HIZNm2tDMhSQjlGEewY2v4saFIm5duvNtTNtZaOsPgS//OYfk/E7IqJCG8a1lVlbX1jeym7mt7Z3dPX3/oCWCiGPSxAELeMdBgjDqk6akkpFOyAnyHEbazvhuWm8/EC5o4DfkJCSWh4Y+dSlGUlm2ftp3OcJx9z5ulI3Ejm+rSaF+lsTdOTbO1QWW4Y2t542iMRNcBjOFPEhVs/Wv/iDAkUd8iRkSomcaobRixCXFjCS5fiRIiPAYDUlPoY88Iqx4tlACT5QzgG7A1fElnLm/J2LkCTHxHNXpITkSi7Wp+V+tF0n32oqpH0aS+Hj+kBsxKAM4TQcOKCdYsokChDlVf4V4hFRCUmWYUyGYiysvQ+uiaF4WzXopXymlcWTBETgGBWCCK1ABVVADTYDBI3gGr+BNe9JetHftY96a0dKZQ/BH2ucP2G6bHg==</latexit>

ZT=0
BH

(Q)

ZBH(T,Q)
=?

Massless 4D field content

[Sen and collaborators]

<latexit sha1_base64="hWXoMLmb3YcqZtNnISNyAVchKYc="></latexit>

Z1-loop = S#massive

0

Z
Dhzero-modes

µ⌫ =

= S
� 1

180

z }| {
(964 + ns + 62nv + 11nF )

0

Z

Large-diffeos
Isometries

15

<latexit sha1_base64="GiqfXgOnHvzCQTZSmhY5PEyNSQ4=">AAACAHicbVA9SwNBEN3zM8avqIWFzWEQbAx3EtQyYGMZ0XxAEo+9zcQs2ds9dufEeFzjX7GxUMTWn2Hnv3HzUajxwcDjvRlm5oWx4AY978uZm19YXFrOreRX19Y3Ngtb23WjEs2gxpRQuhlSA4JLqCFHAc1YA41CAY1wcD7yG3egDVfyGocxdCJ6K3mPM4pWCgq7V4F3k7KgjXCPqVTy6AG0yrKgUPRK3hjuLPGnpEimqAaFz3ZXsSQCiUxQY1q+F2MnpRo5E5Dl24mBmLIBvYWWpZJGYDrp+IHMPbBK1+0pbUuiO1Z/TqQ0MmYYhbYzotg3f72R+J/XSrB31km5jBMEySaLeolwUbmjNNwu18BQDC2hTHN7q8v6VFOGNrO8DcH/+/IsqR+X/JOSf1kuVsrTOHJkj+yTQ+KTU1IhF6RKaoSRjDyRF/LqPDrPzpvzPmmdc6YzO+QXnI9vTAyW1A==</latexit>

Scnon-zero
0

<latexit sha1_base64="amLTp3Sw0+XbLSJLOAppw2UwALA=">AAACEXicbVBNSwMxEM36WevXqkcvwSIUxLIrRb0IghePFWwrtKVk06kGs8mSzIp16V/w4l/x4kERr968+W9MPxCtPhh4eW+GzLwokcJiEHx6U9Mzs3PzuYX84tLyyqq/tl6zOjUcqlxLbS4iZkEKBVUUKOEiMcDiSEI9uj4Z+PUbMFZodY69BFoxu1SiKzhDJ7X9IqdHlLebCLeYKa1278DoPt351kbvI9r2C0EpGIL+JeGYFMgYlbb/0exonsagkEtmbSMMEmxlzKDgEvr5ZmohYfyaXULDUcVisK1seFGfbjulQ7vauFJIh+rPiYzF1vbiyHXGDK/spDcQ//MaKXYPW5lQSYqg+OijbiopajqIh3aEAY6y5wjjRrhdKb9ihnF0IeZdCOHkyX9Jba8U7pfCs3LhuDyOI0c2yRYpkpAckGNySiqkSji5J4/kmbx4D96T9+q9jVqnvPHMBvkF7/0LUgKcqQ==</latexit>

c = cnon-zero + czero =



How to regulate the zero modes: going to finite temperature

Gives a non-zero weight to the
zero-modes that were present at            .

<latexit sha1_base64="DcQDcq/VrtzZylPexkIgLdigy+A="></latexit>

gµ⌫ = gextremal
µ⌫ + gT corr.

µ⌫| {z }
+hµ⌫

<latexit sha1_base64="OXj6WJCKJwT5A87NcPGy7SX+oXo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxYr+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYhVAycJ9yM6VCIUjKKVHhu3br9ccavuHGSVeDmpQI56v/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpXVe/hslK7zOMowgmcwjl4cA01uIc6NIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+dXY1R</latexit>

T = 0

“Would-be” zero modes

16



<latexit sha1_base64="ssk6V2UK5qiwS5GMoJ5498474nE="></latexit>

ZBH(T,Q) = e
S0� 1

180 (964+ns+62nv+11nF ) log S0

⇥
Z

Diff(S1)
SL(2,R)

z}|{
D" exp


Q

3
`Pl| {z }

Z
1/T

0

du{"(u), u}
�
(1 +O(1/S0)).

How to regulate the zero modes: going to finite temperature

<latexit sha1_base64="XMCNqUuKHNccNOWb1vBFHZI0U8U=">AAACCHicbZDLSsNAFIYn9VbrrerShcEiuCgh0XpZFty4rGBboQllMjlph04mYWYilJClG1/FjQtF3PoI7nwbJ20X2vrDwMd/zuHM+f2EUals+9soLS2vrK6V1ysbm1vbO9XdvY6MU0GgTWIWi3sfS2CUQ1tRxeA+EYAjn0HXH10X9e4DCEljfqfGCXgRHnAaUoKVtvrVQzflAQhfYAKZW3eHMinozDonUe7W8361Zlv2ROYiODOooZla/eqXG8QkjYArwrCUPcdOlJdhoShhkFfcVIJeMcID6GnkOALpZZNDcvNYO4EZxkI/rsyJ+3siw5GU48jXnRFWQzlfK8z/ar1UhVdeRnmSKuBkuihMmalis0jFDKgAothYAyaC6r+aZIh1KEpnV9EhOPMnL0Ln1HIuLOe2UWs2ZnGU0QE6QifIQZeoiW5QC7URQY/oGb2iN+PJeDHejY9pa8mYzeyjPzI+fwBmspmG</latexit>

| {z }
The old

For Reissner-Nordstrom black holes at fixed charge and angular momentum:

The new:

<latexit sha1_base64="9BZYELYlpSG9ILdkgXOS/k36Ke8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwFRIp1WXBjcsK9gFtKJPJTTt0MgkzE6GELNz4K25cKOLWj3Dn3zhps9DWA8MczrmXe+/xE0alcpxvo7KxubW9U92t7e0fHB6Zxyc9GaeCQJfELBYDH0tglENXUcVgkAjAkc+g789uCr//AELSmN+reQJehCechpRgpaWxWR+lPADhC0wgG01lUvwt2yFRno/NhmM7C1jrxC1JA5XojM2vURCTNAKuCMNSDl0nUV6GhaKEQV4bpRL0gBmewFBTjiOQXrY4IrfOtRJYYSz048paqL87MhxJOY98XRlhNZWrXiH+5w1TFV57GeVJqoCT5aAwZZaKrSIRK6ACiGJzTTARVO9qkSnWgSidW02H4K6evE56l7bbst27ZqPdLOOoojo6QxfIRVeojW5RB3URQY/oGb2iN+PJeDHejY9lacUoe07RHxifPwn2mEw=</latexit>| {z }

A strongly coupled theory of  “would-be” zero-modes
=

A failure of  semiclassics

[connections to Almheiri, Polchinski`15,  Maldacena, Stanford, Yang `16, Almheiri, Kang `16, 
Moitra, Trivedi and coll. `18, Larsen, Zeng `19, LVI and Turiaci `20, LVI, Turiaci and Murthy `22 and numerous other papers]

17



The partition function of  non-supersymmetric near-extremal black holes

[putting together computations of  Sen and collaborators together with Stanford, Witten `17]

<latexit sha1_base64="36J1PEseV0JDf5l1ewPZYUN4o5Y=">AAACBnicbZDNSsNAFIUn9a/Wv6hLEYJFcCEhkVJdFty4rGBroQllMrlph04mYWYilNCVG1/FjQtF3PoM7nwbJ20W2npg4OPce7lzT5AyKpXjfBuVldW19Y3qZm1re2d3z9w/6MokEwQ6JGGJ6AVYAqMcOooqBr1UAI4DBvfB+Lqo3z+AkDThd2qSgh/jIacRJVhpa2AeexkPQQQCE8i9c28k04KatkPi6XRg1h3bmclaBreEOirVHphfXpiQLAauCMNS9l0nVX6OhaKEwbTmZRL0gjEeQl8jxzFIP5+dMbVOtRNaUSL048qaub8nchxLOYkD3RljNZKLtcL8r9bPVHTl55SnmQJO5ouijFkqsYpMrJAKIIpNNGAiqP6rRUZYR6J0cjUdgrt48jJ0L2y3abu3jXqrUcZRRUfoBJ0hF12iFrpBbdRBBD2iZ/SK3own48V4Nz7mrRWjnDlEf2R8/gA0zZjo</latexit>| {z }

The old

The new:
Large quantum correction at small temperature

<latexit sha1_base64="zfUdFEyFQ3qcmHNPKzNc9wUvJwQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdVlw47KCfUATymQ6aYfOI8xMhBICbvwVNy4UcetPuPNvnLRZaOuBYQ7n3Mu990QJo9p43rezsrq2vrFZ2apu7+zu7bsHhx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLkp/O4DUZpKcW+mCQk5GgkaU4yMlQbucSCtHSmESRaMdVL8jbqHeZ4P3JpX92aAy8QvSQ2UaA3cr2AoccqJMJghrfu+l5gwQ8pQzEheDVJN7IAJGpG+pQJxosNsdkMOz6wyhLFU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmvg6zKhIUkMEng+KUwaNhEUgcEgVwYZNLUFYUbsrxGNkAzE2tqoNwV88eZl0Lur+Zd2/a9SajTKOCjgBp+Ac+OAKNMEtaIE2wOARPINX8OY8OS/Ou/MxL11xyp4j8AfO5w9DA5fe</latexit>z }| {

18

<latexit sha1_base64="rWRman1lTZd6OjWsLbn6IRjq5j4="></latexit>

ZBH(T,Q) = e
S0� 1

180 (964+ns+62nv+11nF ) log S0

⇥
�
Q

3
`PlT

�3/2
e
2⇡2Q3`PlT (1 +O(1/S0)) .



The partition function of  non-supersymmetric near-extremal black holes

<latexit sha1_base64="eti/D/2qRztKoeI+RvMpXfz9css=">AAACHnicbVDJSgNBFOyJW4xb1KOXxiBEkDAjcbkIQS85JpANMzH0dHqSJj0L3W/EMMyXePFXvHhQRPCkf2NnOcRoQUNR9R6vq5xQcAWm+W2klpZXVtfS65mNza3tnezuXkMFkaSsTgMRyJZDFBPcZ3XgIFgrlIx4jmBNZ3gz9pv3TCoe+DUYhazjkb7PXU4JaKmbPbNdSWh827WBPUB8XU7u4tqVmeSrx8m8mq+dYC1hGwJs4m42ZxbMCfBfYs1IDs1Q6WY/7V5AI4/5QAVRqm2ZIXRiIoFTwZKMHSkWEjokfdbW1CceU514Ei/BR1rpYTeQ+vmAJ+r8Rkw8pUaeoyc9AgO16I3F/7x2BO5lJ+Z+GAHz6fSQGwmsM467wj0uGQUx0oRQyfVfMR0Q3RfoRjO6BGsx8l/SOC1Y5wWrWsyVirM60ugAHaI8stAFKqEyqqA6ougRPaNX9GY8GS/Gu/ExHU0Zs5199AvG1w8hh6Ef</latexit>

ZT=0

BH
(Q)

ZBH(T,Q)
! 0

<latexit sha1_base64="bdPOO0rTaUL+XITzk6cocm4tCdc=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEF6UkpWiXBTcuK9gLNKVMJift0JlJmJkIJXTpxldx40IRtz6CO9/GSduFtv4w8PGfczhz/iBhVGnX/bbW1jc2t7YLO8Xdvf2DQ/vouK3iVBJokZjFshtgBYwKaGmqGXQTCZgHDDrB+Cavdx5AKhqLez1JoM/xUNCIEqyNNbDP/FSEIAOJCWR+2R+pJKdqpU741C9PB3bJrbgzOavgLaCEFmoO7C8/jEnKQWjCsFI9z010P8NSU8JgWvRTBWbFGA+hZ1BgDqqfzQ6ZOhfGCZ0oluYJ7czc3xMZ5kpNeGA6OdYjtVzLzf9qvVRH9X5GRZJqEGS+KEqZo2MnT8UJqQSi2cQAJpKavzpkhE0o2mRXNCF4yyevQrta8a4q3l2t1Kgt4iigU3SOLpGHrlED3aImaiGCHtEzekVv1pP1Yr1bH/PWNWsxc4L+yPr8AWnEmYg=</latexit>| {z }
At least non-perturbatively smaller 

degeneracy 
for extremal non-supersymmetric
black holes than naively predicted.
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The density of  states

<latexit sha1_base64="D8bvrkdo/DinftnJFEYlQp/YAg8=">AAACC3icbVDJSgNBEO1xjXGLevTSJAiewowG9Rjw4jEBs0Amhp5OTdKkZ6G7RgzD3L34K148KOLVH/Dm39hZDpr4oODxXhVV9bxYCo22/W2trK6tb2zmtvLbO7t7+4WDw6aOEsWhwSMZqbbHNEgRQgMFSmjHCljgSWh5o+uJ37oHpUUU3uI4hm7ABqHwBWdopF6h6GoRUNdXjKdOlrogZS91ER4wrcksq9+dZ71CyS7bU9Bl4sxJicxR6xW+3H7EkwBC5JJp3XHsGLspUyi4hCzvJhpixkdsAB1DQxaA7qbTXzJ6YpQ+9SNlKkQ6VX9PpCzQehx4pjNgONSL3kT8z+sk6F91UxHGCULIZ4v8RFKM6CQY2hcKOMqxIYwrYW6lfMhMLmjiy5sQnMWXl0nzrOxclJ16pVStzOPIkWNSJKfEIZekSm5IjTQIJ4/kmbySN+vJerHerY9Z64o1nzkif2B9/gDIjpt8</latexit>

⇠ 1

`PlQ3

<latexit sha1_base64="fY8681JsOVsm+piinGjjsVzhmAg=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EguCqJFHVZcOOyor1Am4bJdNIOnUzCzKRQQt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+cOUM6Vd99sqbWxube+Udyt7+weHR/bxSUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fhuXm9PqFQsEU96mlI/xkPBIkawNlZg24+B2897zgzRfm54FtiOW3UXQuvgFeBAoUZgf/UGCcliKjThWKmu56baz7HUjHA6q/QyRVNMxnhIuwYFjqny88XlM3RhnAGKEmme0Gjh/p7IcazUNA5NZ4z1SK3W5uZ/tW6mo1s/ZyLNNBVkuSjKONIJmseABkxSovnUACaSmVsRGWGJiTZhVUwI3uqX16F1VfWuq95DzanXijjKcAbncAke3EAd7qEBTSAwgWd4hTcrt16sd+tj2VqyiplT+CPr8wc8ZJK3</latexit>

S#
0 eS0

<latexit sha1_base64="/uxor3Zm+8MyAkwazYPJLGk/mIs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQkILHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8etXWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE47uZ35kwpXksH2GaMC8iQ8lDTgkYybftxm3Dz/rAniAzlee+XXVqzhx4lbgFqaICTd/+6g9imkZMAhVE657rJOBlRAGnguWVfqpZQuiYDFnPUEkipr1sfnmOz4wywGGsTEnAc/X3REYiradRYDojAiO97M3E/7xeCuGNl3GZpMAkXSwKU4EhxrMY8IArRkFMDSFUcXMrpiOiCAUTVsWE4C6/vEraFzX3quY+XFbrl0UcZXSCTtE5ctE1qqN71EQtRNEEPaNX9GZl1ov1bn0sWktWMXOM/sD6/AHjLJPL</latexit>

E = Eext

[LVI and Turiaci `20, LVI, Turiaci and Murthy `22]

20

<latexit sha1_base64="SeTN+fYQX0cz0VA47YBoC1xYqeU=">AAACEHicbVDJSgNBEO2JW4zbqEcvjUFMDoYZCepFCEjAYwSzYGYMPT2VpEnPQnePEIZ8ghd/xYsHRbx69Obf2FkOmvig4PFeFVX1vJgzqSzr28gsLa+srmXXcxubW9s75u5eQ0aJoFCnEY9EyyMSOAuhrpji0IoFkMDj0PQGV2O/+QBCsii8VcMY3ID0QtZllCgtdczju4LjgSJFfIkdFirsV7Ej+lGhWsRwn55MTFwddcy8VbImwIvEnpE8mqHWMb8cP6JJAKGinEjZtq1YuSkRilEOo5yTSIgJHZAetDUNSQDSTScPjfCRVnzcjYQufdNE/T2RkkDKYeDpzoCovpz3xuJ/XjtR3Qs3ZWGcKAjpdFE34VhFeJwO9pkAqvhQE0IF07di2ieCUKUzzOkQ7PmXF0njtGSfleybcr5SnsWRRQfoEBWQjc5RBV2jGqojih7RM3pFb8aT8WK8Gx/T1owxm9lHf2B8/gC33Jp5</latexit>

Z(�) =

Z
dE⇢(E)e��E



Summary: Q1 and Q2 answered (no supersymmetry)

<latexit sha1_base64="D8bvrkdo/DinftnJFEYlQp/YAg8=">AAACC3icbVDJSgNBEO1xjXGLevTSJAiewowG9Rjw4jEBs0Amhp5OTdKkZ6G7RgzD3L34K148KOLVH/Dm39hZDpr4oODxXhVV9bxYCo22/W2trK6tb2zmtvLbO7t7+4WDw6aOEsWhwSMZqbbHNEgRQgMFSmjHCljgSWh5o+uJ37oHpUUU3uI4hm7ABqHwBWdopF6h6GoRUNdXjKdOlrogZS91ER4wrcksq9+dZ71CyS7bU9Bl4sxJicxR6xW+3H7EkwBC5JJp3XHsGLspUyi4hCzvJhpixkdsAB1DQxaA7qbTXzJ6YpQ+9SNlKkQ6VX9PpCzQehx4pjNgONSL3kT8z+sk6F91UxHGCULIZ4v8RFKM6CQY2hcKOMqxIYwrYW6lfMhMLmjiy5sQnMWXl0nzrOxclJ16pVStzOPIkWNSJKfEIZekSm5IjTQIJ4/kmbySN+vJerHerY9Z64o1nzkif2B9/gDIjpt8</latexit>

⇠ 1

`PlQ3

<latexit sha1_base64="fY8681JsOVsm+piinGjjsVzhmAg=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EguCqJFHVZcOOyor1Am4bJdNIOnUzCzKRQQt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+cOUM6Vd99sqbWxube+Udyt7+weHR/bxSUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fhuXm9PqFQsEU96mlI/xkPBIkawNlZg24+B2897zgzRfm54FtiOW3UXQuvgFeBAoUZgf/UGCcliKjThWKmu56baz7HUjHA6q/QyRVNMxnhIuwYFjqny88XlM3RhnAGKEmme0Gjh/p7IcazUNA5NZ4z1SK3W5uZ/tW6mo1s/ZyLNNBVkuSjKONIJmseABkxSovnUACaSmVsRGWGJiTZhVUwI3uqX16F1VfWuq95DzanXijjKcAbncAke3EAd7qEBTSAwgWd4hTcrt16sd+tj2VqyiplT+CPr8wc8ZJK3</latexit>

S#
0 eS0

<latexit sha1_base64="/uxor3Zm+8MyAkwazYPJLGk/mIs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQkILHCvYD2hA22027dLMJu5NiCfknXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8etXWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE47uZ35kwpXksH2GaMC8iQ8lDTgkYybftxm3Dz/rAniAzlee+XXVqzhx4lbgFqaICTd/+6g9imkZMAhVE657rJOBlRAGnguWVfqpZQuiYDFnPUEkipr1sfnmOz4wywGGsTEnAc/X3REYiradRYDojAiO97M3E/7xeCuGNl3GZpMAkXSwKU4EhxrMY8IArRkFMDSFUcXMrpiOiCAUTVsWE4C6/vEraFzX3quY+XFbrl0UcZXSCTtE5ctE1qqN71EQtRNEEPaNX9GZl1ov1bn0sWktWMXOM/sD6/AHjLJPL</latexit>

E = Eext

[LVI and Turiaci `20, LVI, Turiaci and Murthy `22]

21 Answer to Q1 and Q2: In Einstein-Maxwell theory, no gap and no degeneracy



How about black holes that preserve supersymmetry at extremality?

22



Supersymmetric black holes

For supersymmetric black holes in AdS or flatspace the same one-loop computation 
and accounting for the ”would-be” zero-modes, leads to wildly different conclusions. 
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The density of  states

Example: for black holes in 4D flatspace in                supergravity
<latexit sha1_base64="lZSHfzJG3K+vLKKxr/S/yzxF/+Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlqMuCG1dSwT6gCWUynbRDJ5M4MymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk9vc706pVCwWj3qWUD/CI8FCRrA20sC2vQjrMcEc3Xsj+oTqA7vq1JwF0DpxC1KFAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0XvFSRRNMJnhE+4YKHFHlZ4vkc3RhlCEKY2me0Gih/t7IcKTULArMZJ5TrXq5+J/XT3V442dMJKmmgiwPhSlHOkZ5DWjIJCWazwzBRDKTFZExlphoU1bFlOCufnmddOo196rmPjSqzUZRRxnO4BwuwYVraMIdtKANBKbwDK/wZmXWi/VufSxHS1axcwp/YH3+AGqhktI=</latexit>

N � 2

<latexit sha1_base64="fY8681JsOVsm+piinGjjsVzhmAg=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EguCqJFHVZcOOyor1Am4bJdNIOnUzCzKRQQt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+cOUM6Vd99sqbWxube+Udyt7+weHR/bxSUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fhuXm9PqFQsEU96mlI/xkPBIkawNlZg24+B2897zgzRfm54FtiOW3UXQuvgFeBAoUZgf/UGCcliKjThWKmu56baz7HUjHA6q/QyRVNMxnhIuwYFjqny88XlM3RhnAGKEmme0Gjh/p7IcazUNA5NZ4z1SK3W5uZ/tW6mo1s/ZyLNNBVkuSjKONIJmseABkxSovnUACaSmVsRGWGJiTZhVUwI3uqX16F1VfWuq95DzanXijjKcAbncAke3EAd7qEBTSAwgWd4hTcrt16sd+tj2VqyiplT+CPr8wc8ZJK3</latexit>

S#
0 eS0

<latexit sha1_base64="28IY4YVTHYh5QUL8iUZZAAiw6yE=">AAACFnicbVDLSgNBEJz1bXxFPXoZDIIXw64G9SIIInhMwMRANi6zk95kyOyDmV4xLPsVXvwVLx4U8Sre/Bsnj4NGCxqKqm66u/xECo22/WXNzM7NLywuLRdWVtfWN4qbWw0dp4pDnccyVk2faZAigjoKlNBMFLDQl3Dj9y+G/s0dKC3i6BoHCbRD1o1EIDhDI3nFg0svcxHuMeuyJM/pGXUDxXjm5JkLUnpjrypzWrs9yr1iyS7bI9C/xJmQEpmg6hU/3U7M0xAi5JJp3XLsBNsZUyi4hLzgphoSxvusCy1DIxaCbmejt3K6Z5QODWJlKkI6Un9OZCzUehD6pjNk2NPT3lD8z2ulGJy2MxElKULEx4uCVFKM6TAj2hEKOMqBIYwrYW6lvMdMLGiSLJgQnOmX/5LGYdk5Lju1Sum8MoljieyQXbJPHHJCzskVqZI64eSBPJEX8mo9Ws/Wm/U+bp2xJjPb5Besj2/LdZ+3</latexit>

Egap =
1

`PlQ3

[LVI, Heydeman, Turiaci and Zhao `20]

24



Summary: Q1 & Q2 answered (with supersymmetry)

<latexit sha1_base64="fY8681JsOVsm+piinGjjsVzhmAg=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EguCqJFHVZcOOyor1Am4bJdNIOnUzCzKRQQt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+cOUM6Vd99sqbWxube+Udyt7+weHR/bxSUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fhuXm9PqFQsEU96mlI/xkPBIkawNlZg24+B2897zgzRfm54FtiOW3UXQuvgFeBAoUZgf/UGCcliKjThWKmu56baz7HUjHA6q/QyRVNMxnhIuwYFjqny88XlM3RhnAGKEmme0Gjh/p7IcazUNA5NZ4z1SK3W5uZ/tW6mo1s/ZyLNNBVkuSjKONIJmseABkxSovnUACaSmVsRGWGJiTZhVUwI3uqX16F1VfWuq95DzanXijjKcAbncAke3EAd7qEBTSAwgWd4hTcrt16sd+tj2VqyiplT+CPr8wc8ZJK3</latexit>

S#
0 eS0

<latexit sha1_base64="28IY4YVTHYh5QUL8iUZZAAiw6yE=">AAACFnicbVDLSgNBEJz1bXxFPXoZDIIXw64G9SIIInhMwMRANi6zk95kyOyDmV4xLPsVXvwVLx4U8Sre/Bsnj4NGCxqKqm66u/xECo22/WXNzM7NLywuLRdWVtfWN4qbWw0dp4pDnccyVk2faZAigjoKlNBMFLDQl3Dj9y+G/s0dKC3i6BoHCbRD1o1EIDhDI3nFg0svcxHuMeuyJM/pGXUDxXjm5JkLUnpjrypzWrs9yr1iyS7bI9C/xJmQEpmg6hU/3U7M0xAi5JJp3XLsBNsZUyi4hLzgphoSxvusCy1DIxaCbmejt3K6Z5QODWJlKkI6Un9OZCzUehD6pjNk2NPT3lD8z2ulGJy2MxElKULEx4uCVFKM6TAj2hEKOMqBIYwrYW6lvMdMLGiSLJgQnOmX/5LGYdk5Lju1Sum8MoljieyQXbJPHHJCzskVqZI64eSBPJEX8mo9Ws/Wm/U+bp2xJjPb5Besj2/LdZ+3</latexit>

Egap =
1

`PlQ3

[LVI, Heydeman, Turiaci and Zhao `20]

25

Answer to Q1 and Q2: Thus, in supergravity in flat space, there is a gap and a massive degeneracy, 
consistent with expectation from microstate counting and with the stringy constructions of  the gap.
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Summary: non-SUSY vs SUSY at zero temperature 

<latexit sha1_base64="OyAYK8vbCCClUij3u6CmLKGnteY=">AAACHnicbZDLSsNAFIYnXmu9VV26CRbBVUnE27LgRsFFBVuFppTJ9KQdOpkJMydiCXkSN76KGxeKCK70bZy2WXj7YeDnO+dw5vxhIrhBz/t0Zmbn5hcWS0vl5ZXVtfXKxmbLqFQzaDIllL4JqQHBJTSRo4CbRAONQwHX4fB0XL++BW24klc4SqAT077kEWcULepWDgMusZsFkaYsCxDuMLugug9uj0cRKJPnBT03KgbUHCzKu5WqV/Mmcv8avzBVUqjRrbwHPcXSGCQyQY1p+16CnYxq5ExAXg5SAwllQ9qHtrWSxmA62eS83N21pOdGStsn0Z3Q7xMZjY0ZxaHtjCkOzO/aGP5Xa6cYnXQyLpMUQbLpoigVLip3nJXNQANDMbKGMs3tX102oDYptImWbQj+75P/mtZ+zT+q+ZcH1fpBEUeJbJMdskd8ckzq5Iw0SJMwck8eyTN5cR6cJ+fVeZu2zjjFzBb5IefjC/3epNw=</latexit>Z

Large diffeos
Isometries

<latexit sha1_base64="zo4D/qQhyX8w4tS3yeuZ0txVUKA=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIIXw66IelS8ePCgaB6QDWF20hsHZ2eWmV4xLPs9XvwVLx4U8eqHOEn24KugoajqprsrSqWw6Pvv3tT0zOzc/MJiZWl5ZXWtur7RtDozHBpcS23aEbMghYIGCpTQTg2wJJLQiu7ORn7rHowVWt3gMIVuwgZKxIIzdFKvehoKhb08jA3jeYjwgPkFMwOgNkvB7PVFHIO2RVF612NVWJ0AGgHOKHrVml/3x6B/SVCSGilx2au+hH3NswQUcsms7QR+it2cGRRcQlEJMwsp43dsAB1HFUvAdvPxqwXdcUqfxtq4UkjH6veJnCXWDpPIdSYMb+1vbyT+53UyjI+7uVBphqD4ZFGcSYqajnKjfWGAoxw6wrgR7lbKb5lLDV26FRdC8Pvlv6S5Xw8O68HVQe3koIxjgWyRbbJLAnJETsg5uSQNwskjeSav5M178l68d+9j0jrllTOb5Ae8zy8Bk6oM</latexit>Z

Large super-diffeos
Super-isometries

<latexit sha1_base64="lVzF7C/ee/r+8RSIx6ToIKn0Jro=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh4MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPdy4/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mlU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2dtkwBUyIyaWUKa4vZWwEVWUGRtOyYbgLb+8SloXVe+y6t3XKvVaHkcRTuAUzsGDK6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD4cIzz</latexit>

= 0
<latexit sha1_base64="x4o+8+4Kg2WdTiMWbAuo+vDAvIA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh4MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPdx4/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mlU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2dtkwBUyIyaWUKa4vZWwEVWUGRtOyYbgLb+8SloXVe+y6t3XKvVaHkcRTuAUzsGDK6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD59Iz0</latexit>

= 1

Action = 0 when T = 0



Can we however do better for extremal supersymmetric black holes
and reproduce the degeneracy in a microscopic model?

<latexit sha1_base64="fY8681JsOVsm+piinGjjsVzhmAg=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EguCqJFHVZcOOyor1Am4bJdNIOnUzCzKRQQt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+cOUM6Vd99sqbWxube+Udyt7+weHR/bxSUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fhuXm9PqFQsEU96mlI/xkPBIkawNlZg24+B2897zgzRfm54FtiOW3UXQuvgFeBAoUZgf/UGCcliKjThWKmu56baz7HUjHA6q/QyRVNMxnhIuwYFjqny88XlM3RhnAGKEmme0Gjh/p7IcazUNA5NZ4z1SK3W5uZ/tW6mo1s/ZyLNNBVkuSjKONIJmseABkxSovnUACaSmVsRGWGJiTZhVUwI3uqX16F1VfWuq95DzanXijjKcAbncAke3EAd7qEBTSAwgWd4hTcrt16sd+tj2VqyiplT+CPr8wc8ZJK3</latexit>

S#
0 eS0

degeneracy
<latexit sha1_base64="uUM/vkuBN8K+KuU0+9MHCYa1UpU=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzIjoi4LblxWsA/sDCWTZtrQTDIkGbGU/oobF4q49Ufc+Tdm2llo64HA4Zx7uScnSjnTxvO+ndLa+sbmVnm7srO7t3/gHlbbWmaK0BaRXKpuhDXlTNCWYYbTbqooTiJOO9H4Jvc7j1RpJsW9maQ0TPBQsJgRbKzUd6uBkAYFTKAgwWYUReih79a8ujcHWiV+QWpQoNl3v4KBJFlChSEca93zvdSEU6wMI5zOKkGmaYrJGA9pz1KBE6rD6Tz7DJ1aZYBiqewTBs3V3xtTnGg9SSI7mQfUy14u/uf1MhNfh1Mm0sxQQRaH4owjI1FeBBowRYnhE0swUcxmRWSEFSbG1lWxJfjLX14l7fO6f1n37y5qjYuijjIcwwmcgQ9X0IBbaEILCDzBM7zCmzNzXpx352MxWnKKnSP4A+fzBwJ3k7s=</latexit>

62 Z
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A non-integer degeneracy

[see Juan Maldacena’s 
talk tomorrow]



1/8-BPS black holes in               supergravity in
4D flatspace

<latexit sha1_base64="/iSsnhAwiOz/rIQtBtct7F87dEQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaDdKwY0rqWAf0A4lk2ba0CQzJplCGfodblwo4taPceffmGlnodUDgcM593JPThBzpo3rfjmFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9kfntClWaRfDDTmPoCDyULGcHGSn5PYDMimKd3s6tav1xxq+4c6C/xclKBHI1++bM3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT+ehZ+jEKgMURso+adBc/bmRYqH1VAR2Mgupl71M/M/rJias+SmTcWKoJItDYcKRiVDWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdV76Lq3Z9X6td5HUU4gmM4BQ8uoQ630IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN4ldke8=</latexit>

N = 8
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The basis of  our comparison:



[5D black holes degeneracies obtained by Maldacena, Moore, Strominger `99,
related through a 4D/5D lift to 4D degeneracies in Gaiotto, Strominger, Yin `05, Shih, Strominger, Yin `05]

The microscopic degeneracy in a D1/D5 construction 

29

Charges of  the black hole
<latexit sha1_base64="cOoNdt8bmKbwVjlpCSJchs16IBw="></latexit>

c�2,1(
z}|{
n, ` ) = dmicro(�)| {z }

�=4n�`2



Hardy-Ramanujan-Rademacher expansion for the microscopic degeneracy: 

Convergent sum with 
successively smaller 
exponential terms

Kloosterman sum 
over exponential 

phases

[Maldacena, Moore, Strominger `99, Gaiotto, Strominger, Yin `05, Shih, Strominger, Yin `05]
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The microscopic degeneracy in a D1/D5 construction 

Charges of  the black hole
<latexit sha1_base64="cOoNdt8bmKbwVjlpCSJchs16IBw="></latexit>

c�2,1(
z}|{
n, ` ) = dmicro(�)| {z }

�=4n�`2

<latexit sha1_base64="L89jjHVX9PK0owUs++nk/6ZAv2I="></latexit>

dmicro(�) =
1X

c=1

c�9/2 Ĩ7/2
⇣⇡

p
�

c

⌘

| {z }

z }| {
Kc(�)



Addressing Q3:  Can we reproduce this formula exactly by using the gravitational path integral?

[a lot of  progress has been made using localization in supergravity by Dabholkar, Gomes, Gupta, Jeon, Reys, Murthy.]

Close, but was not completed.
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[Banerjee, Banerjee, Gupta, Mandal, Sen `09, Dabholkar, Gomes, Murthy `10, `11 and `14, de Wit, Reys, Murthy `18]

<latexit sha1_base64="NkoruMrSVJ+bFko+Vpg9iaq+CGk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3d9t1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nroupdVr37WqVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/By41p</latexit>

J0

<latexit sha1_base64="PAZmI7/1MAV+I/ztdeKuXoylsVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGu7/bLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ippXVS9y6p3X6vUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBxNeNaw==</latexit>

L0

<latexit sha1_base64="irLmZMw29sQjteNHZPHjNyJZGCE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KUoi4rblxWah/QxjCZTNqhkwczN2KJXfgrblwo4tbfcOffOG2z0NYDFw7n3Mu993iJ4Aos69tYWl5ZXVsvbBQ3t7Z3ds29/ZaKU0lZk8Yilh2PKCZ4xJrAQbBOIhkJPcHa3vBq4rfvmVQ8jm5hlDAnJP2IB5wS0JJrHvaAPUB26TfGbqUHPGQKN+4qrlmyytYUeJHYOSmhHHXX/Or5MU1DFgEVRKmubSXgZEQCp4KNi71UsYTQIemzrqYR0YucbHr/GJ9oxcdBLHVFgKfq74mMhEqNQk93hgQGat6biP953RSCCyfjUZICi+hsUZAKDDGehIF9LhkFMdKEUMn1rZgOiCQUdGRFHYI9//IiaVXK9lnZvqmWatU8jgI6QsfoFNnoHNXQNaqjJqLoET2jV/RmPBkvxrvxMWtdMvKZA/QHxucPX8GVog==</latexit>

AdS2 ⇥ S2

Asymptotically 
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<latexit sha1_base64="QD5TpGk0fpdGUdLAE9e7XtjZ2Sc=">AAAB/nicbVDJSgNBEO1xjXGLiicvg0HwYpgJQb0IAS8iHhIwCyTj0NOpSZr0LHbXiGEI+CtePCji1e/w5t/YWQ6a+KDg8V4VVfW8WHCFlvVtLCwuLa+sZtay6xubW9u5nd26ihLJoMYiEcmmRxUIHkINOQpoxhJo4AloeP3Lkd94AKl4FN7iIAYnoN2Q+5xR1JKb26+6bYRHTOF+eFe8uHGtk2vXcnN5q2CNYc4Te0ryZIqKm/tqdyKWBBAiE1Splm3F6KRUImcChtl2oiCmrE+70NI0pAEoJx2fPzSPtNIx/UjqCtEcq78nUhooNQg83RlQ7KlZbyT+57US9M+dlIdxghCyySI/ESZG5igLs8MlMBQDTSiTXN9qsh6VlKFOLKtDsGdfnif1YsE+LdjVUr5cmsaRIQfkkBwTm5yRMrkiFVIjjKTkmbySN+PJeDHejY9J64Ixndkjf2B8/gDrt5TC</latexit>

Q2
eq = L0 � J0

<latexit sha1_base64="usZKw3XZbX1hO7U9gEXNuGPIcr4=">AAACJnicbVDLSgNBEJyNrxhfqx69DAZBEcKuiHoRFA96TNREIRuW2UnHDM4+nOkVw5Kv8eKvePEQEfHmpziJi/gqGCiqupjuChIpNDrOm1UYG5+YnCpOl2Zm5+YX7MWlho5TxaHOYxmry4BpkCKCOgqUcJkoYGEg4SK4Phr6F7egtIijc+wl0ArZVSQ6gjM0km/vn/nZWf349LC/7kkTa7MNuk+/xM1cpDXfQ7jDDG761AsZdjmTtOHbZafijED/EjcnZZKj6tsDrx3zNIQIuWRaN10nwVbGFAouoV/yUg0J49fsCpqGRiwE3cpGZ/bpmlHatBMr8yKkI/V7ImOh1r0wMJPDDfVvbyj+5zVT7Oy1MhElKULEPz/qpJJiTIed0bZQwFH2DGFcCbMr5V2mGEfTbMmU4P4++S9pbFXcnYpb2y4fbOd1FMkKWSXrxCW75ICckCqpE07uySMZkGfrwXqyXqzXz9GClWeWyQ9Y7x8ma6Rb</latexit>

SSUGRA(�) = SSUGRA + �QeqV
<latexit sha1_base64="xYlyUIWc7OEg7IqqrdavbINvrDQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkTdiVoDZCwMYygnlgdgmzk9lkyOzsMnM3GJZ8g42/YmOhiK2VnX/j5FGYxAMXDufcy733+LHgGmz7x8qsrW9sbmW3czu7e/sH+cOjho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/cDPxm0OmNI/kPYxi5oWkJ3nAKQEjdfKlh44L7BHSniLDcdHlMoBRCV/jRd0u4U6+YJftKfAqceakgOaodfLfbjeiScgkUEG0bjt2DF5KFHAq2DjnJprFhA5Ij7UNlSRk2kunL43xmVG6OIiUKQl4qv6dSEmo9Sj0TWdIoK+XvYn4n9dOILjyUi7jBJiks0VBIjBEeJIP7nLFKIiRIYQqbm7FtE8UoWBSzJkQnOWXV0njvOxclJ27SqFamceRRSfoFBWRgy5RFd2iGqojip7QC3pD79az9Wp9WJ+z1ow1nzlGC7C+fgFhp502</latexit>

Zgrav(1) = Zgrav(0)

with  
<latexit sha1_base64="nZEeVa1BJfOHTL1vuT0Vwp8UBeI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIpRT0WvHis6LbFdinZNNuGZrNLkhVK7b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgkRwbVz321lZXVvf2Mxt5bd3dvf2CweHDR2nijKPxiJWrYBoJrhknuFGsFaiGIkCwZrB8HrqNx+Z0jyW92aUMD8ifclDTomx0kP9zivhc/xUOesWim7ZnQEtE5yRImSodwtfnV5M04hJQwXRuo3dxPhjogyngk3ynVSzhNAh6bO2pZJETPvj2cUTdGqVHgpjZUsaNFN/T4xJpPUoCmxnRMxAL3pT8T+vnZrwyh9zmaSGSTpfFKYCmRhN30c9rhg1YmQJoYrbWxEdEEWosSHlbQh48eVl0qiU8UUZ31aLtWoWRw6O4QRKgOESanADdfCAgoRneIU3RzsvzrvzMW9dcbKZI/gD5/MHWFOPWw==</latexit>

PSU(1, 1|2)



The path integral localizes to   
<latexit sha1_base64="VxR1zRwLyP7anUsjRpe8OtxDuEg=">AAACFHicbVDJSsRAEO24O26jHr00DoIgDImIy0EQvHicAWeByRA6nRpt7HQy3RVxCPkIL/6KFw+KePXgzb+xZzm4PSh4vFdFVb0wlcKg6346U9Mzs3PzC4ulpeWV1bXy+kbTJJnm0OCJTHQ7ZAakUNBAgRLaqQYWhxJa4c350G/dgjYiUZc4SKEbsysleoIztFJQ3qsHPsId5tAvqN/PWET9TEWgQ8045H5qRBHkBT2lLg3KFbfqjkD/Em9CKmSCWlD+8KOEZzEo5JIZ0/HcFLs50yi4hKLkZwZSxm/YFXQsVSwG081HTxV0xyoR7SXalkI6Ur9P5Cw2ZhCHtjNmeG1+e0PxP6+TYe+4mwuVZgiKjxf1MkkxocOEaCQ0cJQDSxjXwt5K+TWzcaDNsWRD8H6//Jc096veYdWrH1TOTiZxLJAtsk12iUeOyBm5IDXSIJzck0fyTF6cB+fJeXXexq1TzmRmk/yA8/4FliWedw==</latexit>

Qeq  |{z} = 0

all physical fermions 
in the theory

33



The path integral localizes to                                     . 

We will take the perspective that the gravitational path integral requires a sum over topologies.                            

all physical fermions 
in the theory

<latexit sha1_base64="irLmZMw29sQjteNHZPHjNyJZGCE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KUoi4rblxWah/QxjCZTNqhkwczN2KJXfgrblwo4tbfcOffOG2z0NYDFw7n3Mu993iJ4Aos69tYWl5ZXVsvbBQ3t7Z3ds29/ZaKU0lZk8Yilh2PKCZ4xJrAQbBOIhkJPcHa3vBq4rfvmVQ8jm5hlDAnJP2IB5wS0JJrHvaAPUB26TfGbqUHPGQKN+4qrlmyytYUeJHYOSmhHHXX/Or5MU1DFgEVRKmubSXgZEQCp4KNi71UsYTQIemzrqYR0YucbHr/GJ9oxcdBLHVFgKfq74mMhEqNQk93hgQGat6biP953RSCCyfjUZICi+hsUZAKDDGehIF9LhkFMdKEUMn1rZgOiCQUdGRFHYI9//IiaVXK9lnZvqmWatU8jgI6QsfoFNnoHNXQNaqjJqLoET2jV/RmPBkvxrvxMWtdMvKZA/QHxucPX8GVog==</latexit>

AdS2 ⇥ S2
<latexit sha1_base64="9sgXjv4uExjFooeCkWKNm68ILUk=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7AbglpGbCwjMQ/MxmV2MpsMmX0wc1cMy/6Djb9iY6GIrY2df+PkUWjigQuHc+7l3nu8WHAFlvVt5JaWV1bX8uuFjc2t7R1zd6+pokRS1qCRiGTbI4oJHrIGcBCsHUtGAk+wlje8HPuteyYVj8IbGMWsG5B+yH1OCWjJNU8cXxKaOsAeIL3o1TO37AAPmML1u3KWOgGBgefhW5dmrlm0StYEeJHYM1JEM9Rc88vpRTQJWAhUEKU6thVDNyUSOBUsKziJYjGhQ9JnHU1Dotd208lPGT7SSg/7kdQVAp6ovydSEig1CjzdOb5RzXtj8T+vk4B/3k15GCfAQjpd5CcCQ4THAeEel4yCGGlCqOT6VkwHRIcEOsaCDsGef3mRNMsl+7RkX1eK1cosjjw6QIfoGNnoDFXRFaqhBqLoET2jV/RmPBkvxrvxMW3NGbOZffQHxucPQ3eeWA==</latexit>

AdS2 ⇥ S2

Zc

[Dabholkar, Gomes, Murthy `10, `11 and `14]34

<latexit sha1_base64="2FUeNXbfJBwVde6Q5GDYyjFAMio=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVe8RrVcq+ZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPb0eMpw==</latexit>

+

<latexit sha1_base64="VxR1zRwLyP7anUsjRpe8OtxDuEg=">AAACFHicbVDJSsRAEO24O26jHr00DoIgDImIy0EQvHicAWeByRA6nRpt7HQy3RVxCPkIL/6KFw+KePXgzb+xZzm4PSh4vFdFVb0wlcKg6346U9Mzs3PzC4ulpeWV1bXy+kbTJJnm0OCJTHQ7ZAakUNBAgRLaqQYWhxJa4c350G/dgjYiUZc4SKEbsysleoIztFJQ3qsHPsId5tAvqN/PWET9TEWgQ8045H5qRBHkBT2lLg3KFbfqjkD/Em9CKmSCWlD+8KOEZzEo5JIZ0/HcFLs50yi4hKLkZwZSxm/YFXQsVSwG081HTxV0xyoR7SXalkI6Ur9P5Cw2ZhCHtjNmeG1+e0PxP6+TYe+4mwuVZgiKjxf1MkkxocOEaCQ0cJQDSxjXwt5K+TWzcaDNsWRD8H6//Jc096veYdWrH1TOTiZxLJAtsk12iUeOyBm5IDXSIJzck0fyTF6cB+fJeXXexq1TzmRmk/yA8/4FliWedw==</latexit>

Qeq  |{z} = 0



The path integral localizes to   
<latexit sha1_base64="VxR1zRwLyP7anUsjRpe8OtxDuEg=">AAACFHicbVDJSsRAEO24O26jHr00DoIgDImIy0EQvHicAWeByRA6nRpt7HQy3RVxCPkIL/6KFw+KePXgzb+xZzm4PSh4vFdFVb0wlcKg6346U9Mzs3PzC4ulpeWV1bXy+kbTJJnm0OCJTHQ7ZAakUNBAgRLaqQYWhxJa4c350G/dgjYiUZc4SKEbsysleoIztFJQ3qsHPsId5tAvqN/PWET9TEWgQ8045H5qRBHkBT2lLg3KFbfqjkD/Em9CKmSCWlD+8KOEZzEo5JIZ0/HcFLs50yi4hKLkZwZSxm/YFXQsVSwG081HTxV0xyoR7SXalkI6Ur9P5Cw2ZhCHtjNmeG1+e0PxP6+TYe+4mwuVZgiKjxf1MkkxocOEaCQ0cJQDSxjXwt5K+TWzcaDNsWRD8H6//Jc096veYdWrH1TOTiZxLJAtsk12iUeOyBm5IDXSIJzck0fyTF6cB+fJeXXexq1TzmRmk/yA8/4FliWedw==</latexit>

Qeq  |{z} = 0

all physical fermions 
in the theory

The scalars in the vector supermultiplets have an entire localization locus which we parametrize by
with  

<latexit sha1_base64="gdpXHsgl52rw1Z9FIzdEPM2jbv0=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRkRH7uCG91VsA9ox5JJM21sJglJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeSHFmrO9/e0vLK6tr64WN4ubW9s5uaW+/YWSqCa0TyaVuRdhQzgStW2Y5bSlNcRJx2oyG1xO/+US1YVLc25GiYYL7gsWMYOukRkcN2MNtt1T2K/4UaJEEOSlDjlq39NXpSZImVFjCsTHtwFc2zLC2jHA6LnZSQxUmQ9ynbUcFTqgJs+m1Y3TslB6KpXYlLJqqvycynBgzSiLXmWA7MPPeRPzPa6c2vgwzJlRqqSCzRXHKkZVo8jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSnBeCe7OytWrPI4CHMIRnEAAF1CFG6hBHQg8wjO8wpsnvRfv3fuYtS55+cwB/IH3+QNdZI73</latexit>

�I

<latexit sha1_base64="irLmZMw29sQjteNHZPHjNyJZGCE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KUoi4rblxWah/QxjCZTNqhkwczN2KJXfgrblwo4tbfcOffOG2z0NYDFw7n3Mu993iJ4Aos69tYWl5ZXVsvbBQ3t7Z3ds29/ZaKU0lZk8Yilh2PKCZ4xJrAQbBOIhkJPcHa3vBq4rfvmVQ8jm5hlDAnJP2IB5wS0JJrHvaAPUB26TfGbqUHPGQKN+4qrlmyytYUeJHYOSmhHHXX/Or5MU1DFgEVRKmubSXgZEQCp4KNi71UsYTQIemzrqYR0YucbHr/GJ9oxcdBLHVFgKfq74mMhEqNQk93hgQGat6biP953RSCCyfjUZICi+hsUZAKDDGehIF9LhkFMdKEUMn1rZgOiCQUdGRFHYI9//IiaVXK9lnZvqmWatU8jgI6QsfoFNnoHNXQNaqjJqLoET2jV/RmPBkvxrvxMWtdMvKZA/QHxucPX8GVog==</latexit>

AdS2 ⇥ S2
<latexit sha1_base64="9sgXjv4uExjFooeCkWKNm68ILUk=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7AbglpGbCwjMQ/MxmV2MpsMmX0wc1cMy/6Djb9iY6GIrY2df+PkUWjigQuHc+7l3nu8WHAFlvVt5JaWV1bX8uuFjc2t7R1zd6+pokRS1qCRiGTbI4oJHrIGcBCsHUtGAk+wlje8HPuteyYVj8IbGMWsG5B+yH1OCWjJNU8cXxKaOsAeIL3o1TO37AAPmML1u3KWOgGBgefhW5dmrlm0StYEeJHYM1JEM9Rc88vpRTQJWAhUEKU6thVDNyUSOBUsKziJYjGhQ9JnHU1Dotd208lPGT7SSg/7kdQVAp6ovydSEig1CjzdOb5RzXtj8T+vk4B/3k15GCfAQjpd5CcCQ4THAeEel4yCGGlCqOT6VkwHRIcEOsaCDsGef3mRNMsl+7RkX1eK1cosjjw6QIfoGNnoDFXRFaqhBqLoET2jV/RmPBkvxrvxMW3NGbOZffQHxucPQ3eeWA==</latexit>

AdS2 ⇥ S2

Zc

<latexit sha1_base64="O5HbXKSiK7kKYYwGhg6wD52nZQY=">AAACF3icbVDLSgMxFM34rPU16tJNsAguSpmRom6EghvdVbAP6Awlk962oZnMkGQKZehfuPFX3LhQxK3u/Bsz7Sy09UDC4Zx7b3JPEHOmtON8Wyura+sbm4Wt4vbO7t6+fXDYVFEiKTRoxCPZDogCzgQ0NNMc2rEEEgYcWsHoJvNbY5CKReJBT2LwQzIQrM8o0Ubq2pU7fI29RPRABpJQSJ1pGXtlr+yWsxt7vUirORXdcbFrl5yKMwNeJm5OSihHvWt/mQk0CUFoyolSHdeJtZ8SqRnlMC16iYKY0BEZQMdQQUJQfjrba4pPjdLD/UiaIzSeqb87UhIqNQkDUxkSPVSLXib+53US3b/yUybiRIOg84f6Ccc6wllIuMckUM0nhhAqmfkrpkNi8tEmyiwEd3HlZdI8r7gXFfe+WqpV8zgK6BidoDPkoktUQ7eojhqIokf0jF7Rm/VkvVjv1se8dMXKe47QH1ifP8CcnHw=</latexit>

I = 0|{z}, 1, . . . , nv

scalar of  graviphoton
[Dabholkar, Gomes, Murthy `10, Gupta, Murthy `12]35

<latexit sha1_base64="2FUeNXbfJBwVde6Q5GDYyjFAMio=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVe8RrVcq+ZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPb0eMpw==</latexit>

+



<latexit sha1_base64="+AOKh6CalW2bn+CUMcQHFfSknX0="></latexit>

=

Z nvY

I=0

[D�I ] exp
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Z
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The on-shell localizing action

EM bdy. 
term prepotential

<latexit sha1_base64="/iSsnhAwiOz/rIQtBtct7F87dEQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaDdKwY0rqWAf0A4lk2ba0CQzJplCGfodblwo4taPceffmGlnodUDgcM593JPThBzpo3rfjmFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9kfntClWaRfDDTmPoCDyULGcHGSn5PYDMimKd3s6tav1xxq+4c6C/xclKBHI1++bM3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT+ehZ+jEKgMURso+adBc/bmRYqH1VAR2Mgupl71M/M/rJias+SmTcWKoJItDYcKRiVDWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdV76Lq3Z9X6td5HUU4gmM4BQ8uoQ630IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN4ldke8=</latexit>

N = 8

[Dabholkar, Gomes, Murthy `10, `11 and `14, Murthy and Reys `13]

Evaluating the localized gravitational path integral

36

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

<latexit sha1_base64="gCQgJqsx5J5iIjXRhYNfeFe2CLI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdVlw47KCfUATymQ6aYfOI8xMhBICbvwVNy4UcetPuPNvnLRZaOuBYQ7n3Mu990QJo9p43rezsrq2vrFZ2apu7+zu7bsHhx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLkp/O4DUZpKcW+mCQk5GgkaU4yMlQbucSCtHSmESRaMdVL8ft3DPM8Hbs2rezPAZeKXpAZKtAbuVzCUOOVEGMyQ1n3fS0yYIWUoZiSvBqkmdsAEjUjfUoE40WE2uyGHZ1YZwlgq+4SBM/V3R4a41lMe2UqOzFgveoX4n9dPTXwdZlQkqSECzwfFKYNGwiIQOKSKYMOmliCsqN0V4jGygRgbW9WG4C+evEw6F3X/su7fNWrNRhlHBZyAU3AOfHAFmuAWtEAbYPAInsEreHOenBfn3fmYl644Zc8R+APn8wc+ZZfb</latexit>z }| {

Related to 
scale of

<latexit sha1_base64="ZuAa1kw+v+KQ7O5Xcd4lJoG58yg=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKUY8VLx4rtR/QxrDZbNulm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR3S3v7B4dH9vFJW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+G7udyZUKhaLRz1NqBfhoWADRrA2km/bt2HTr6K+ZhFVqPlU9e2yU3EWQOvEzUkZcjR8+6sfxiSNqNCEY6V6rpNoL8NSM8LprNRPFU0wGeMh7RkqsFnkZYvLZ+jCKCEaxNKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fqwY2XMZGkmgqyXDRIOdIxmseAQiYp0XxqCCaSmVsRGWGJiTZhlUwI7urL66RdrbhXFfehVq7X8jiKcAbncAkuXEMd7qEBLSAwgWd4hTcrs16sd+tj2Vqw8plT+APr8wfLJZJt</latexit>

AdS2 ⇥ S2

<latexit sha1_base64="kQkRICj8wn1HuDbhicR5aSPp9+I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94q2A9JY9lsNu3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wdD31O09UaZbIezNOaSDwQLKYEWys9OBHvXTIHm+DfrXm1t0Z0DLxClKDAs1+9asXJSQTVBrCsda+56YmyLEyjHA6qfQyTVNMRnhAfUslFlQH+ezgCTqxSoTiRNmSBs3U3xM5FlqPRWg7BTZDvehNxf88PzPxVZAzmWaGSjJfFGccmQRNv0cRU5QYPrYEE8XsrYgMscLE2IwqNgRv8eVl0j6rexd17+681jgv4ijDERzDKXhwCQ24gSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A4EZkCw=</latexit>

[d�I ]



<latexit sha1_base64="+AOKh6CalW2bn+CUMcQHFfSknX0="></latexit>
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<latexit sha1_base64="HJoI4KgX7serMVRjbzl4PfBBX9g="></latexit>

=

Z nvY

I=0

[D�I ]c exp
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EM bdy. 
term prepotential

<latexit sha1_base64="/iSsnhAwiOz/rIQtBtct7F87dEQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaDdKwY0rqWAf0A4lk2ba0CQzJplCGfodblwo4taPceffmGlnodUDgcM593JPThBzpo3rfjmFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9kfntClWaRfDDTmPoCDyULGcHGSn5PYDMimKd3s6tav1xxq+4c6C/xclKBHI1++bM3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT+ehZ+jEKgMURso+adBc/bmRYqH1VAR2Mgupl71M/M/rJias+SmTcWKoJItDYcKRiVDWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdV76Lq3Z9X6td5HUU4gmM4BQ8uoQ630IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN4ldke8=</latexit>

N = 8

non-trivial 
c-dependence

Topological 
term

[Dabholkar, Gomes, Murthy `14]
<latexit sha1_base64="JlUdXbA3+A8ZtSzD65bJX5/7mxA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJFHUjFHQhuKlgH9CEMJlO2qGThzM3QgkFf8WNC0Xc+h3u/BunbRbaeuDC4Zx7ufcePxFcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqTiVlDVpLGLZ8YligkesCRwE6ySSkdAXrO0PryZ++5FJxePoHkYJc0PSj3jAKQEteebBpaMeJGR0jG89WnGumQBy4pllq2pNgReJnZMyytHwzC+nF9M0ZBFQQZTq2lYCbkYkcCrYuOSkiiWEDkmfdTWNSMiUm03PH+NjrfRwEEtdEeCp+nsiI6FSo9DXnSGBgZr3JuJ/XjeF4MLNeJSkwCI6WxSkAkOMJ1ngHpeMghhpQqjk+lZMB0QSCjqxkg7Bnn95kbROq/ZZ1b6rleu1PI4iOkRHqIJsdI7q6AY1UBNRlKFn9IrejCfjxXg3PmatBSOf2Ud/YHz+ADnplPc=</latexit>

=
p
cKc(�)

Evaluating the localized gravitational path integral
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c > 1

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

The on-shell localizing action
<latexit sha1_base64="gCQgJqsx5J5iIjXRhYNfeFe2CLI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdVlw47KCfUATymQ6aYfOI8xMhBICbvwVNy4UcetPuPNvnLRZaOuBYQ7n3Mu990QJo9p43rezsrq2vrFZ2apu7+zu7bsHhx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLkp/O4DUZpKcW+mCQk5GgkaU4yMlQbucSCtHSmESRaMdVL8ft3DPM8Hbs2rezPAZeKXpAZKtAbuVzCUOOVEGMyQ1n3fS0yYIWUoZiSvBqkmdsAEjUjfUoE40WE2uyGHZ1YZwlgq+4SBM/V3R4a41lMe2UqOzFgveoX4n9dPTXwdZlQkqSECzwfFKYNGwiIQOKSKYMOmliCsqN0V4jGygRgbW9WG4C+evEw6F3X/su7fNWrNRhlHBZyAU3AOfHAFmuAWtEAbYPAInsEreHOenBfn3fmYl644Zc8R+APn8wc+ZZfb</latexit>z }| {

Related to 
scale of

<latexit sha1_base64="ZuAa1kw+v+KQ7O5Xcd4lJoG58yg=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKUY8VLx4rtR/QxrDZbNulm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR3S3v7B4dH9vFJW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+G7udyZUKhaLRz1NqBfhoWADRrA2km/bt2HTr6K+ZhFVqPlU9e2yU3EWQOvEzUkZcjR8+6sfxiSNqNCEY6V6rpNoL8NSM8LprNRPFU0wGeMh7RkqsFnkZYvLZ+jCKCEaxNKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fqwY2XMZGkmgqyXDRIOdIxmseAQiYp0XxqCCaSmVsRGWGJiTZhlUwI7urL66RdrbhXFfehVq7X8jiKcAbncAkuXEMd7qEBLSAwgWd4hTcrs16sd+tj2Vqw8plT+APr8wfLJZJt</latexit>

AdS2 ⇥ S2

<latexit sha1_base64="kQkRICj8wn1HuDbhicR5aSPp9+I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94q2A9JY9lsNu3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wdD31O09UaZbIezNOaSDwQLKYEWys9OBHvXTIHm+DfrXm1t0Z0DLxClKDAs1+9asXJSQTVBrCsda+56YmyLEyjHA6qfQyTVNMRnhAfUslFlQH+ezgCTqxSoTiRNmSBs3U3xM5FlqPRWg7BTZDvehNxf88PzPxVZAzmWaGSjJfFGccmQRNv0cRU5QYPrYEE8XsrYgMscLE2IwqNgRv8eVl0j6rexd17+681jgv4ijDERzDKXhwCQ24gSa0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5A4EZkCw=</latexit>

[d�I ]

<latexit sha1_base64="PN20VjR3fRLZnqBAbomqEXrEK4I=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB+QxrLZbNqlm92wuxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244vpn53SeqNJPiwUxSGiR4KFjMCDZW8v2on47Y410wIINqza27c6BV4hWkBgVag+pXP5IkS6gwhGOtfc9NTZBjZRjhdFrpZ5qmmIzxkPqWCpxQHeTzk6fozCoRiqWyJQyaq78ncpxoPUlC25lgM9LL3kz8z/MzE18HORNpZqggi0VxxpGRaPY/ipiixPCJJZgoZm9FZIQVJsamVLEheMsvr5LORd27rHv3jVqzUcRRhhM4hXPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wf4OZEC</latexit>

[d�I ]c



In                 supergravity the prepotential is quadratic in 
<latexit sha1_base64="Vp/+Pd04huHuJAAlvKOImhJLuP0=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVFGCKmCsxMJYJPqQmhA5rtNadZzIdipVUUcWfoWFAYRY+QQ2/gYnzQAtR7J8dM69174nSBiVyra/jZXVtfWNzcpWdXtnd2/fPDjsyDgVmLRxzGLRC5AkjHLSVlQx0ksEQVHASDcY3+R+d0KEpDG/V9OEeBEachpSjJSWfPPETUb0wam7dXcQK6lvWCgZ9yczC1Z9s2ZbdgG4TJyS1ECJlm9+6UE4jQhXmCEp+46dKC9DQlHMyKzqppIkCI/RkPQ15Sgi0suKRWbwTCsDGMZCH65gof7uyFAk5TQKdGWE1Eguern4n9dPVXjtZZQnqSIczx8KUwZVDPNU4IAKghWbaoKwoPqvEI+QQFjp7PIQnMWVl0nnwnIuLeeuUWs2yjgq4BicgnPggCvQBLegBdoAg0fwDF7Bm/FkvBjvxse8dMUoe47AHxifP0vdmDE=</latexit>

�1, . . . , �nv .
<latexit sha1_base64="/iSsnhAwiOz/rIQtBtct7F87dEQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaDdKwY0rqWAf0A4lk2ba0CQzJplCGfodblwo4taPceffmGlnodUDgcM593JPThBzpo3rfjmFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9kfntClWaRfDDTmPoCDyULGcHGSn5PYDMimKd3s6tav1xxq+4c6C/xclKBHI1++bM3iEgiqDSEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqsaDaT+ehZ+jEKgMURso+adBc/bmRYqH1VAR2Mgupl71M/M/rJias+SmTcWKoJItDYcKRiVDWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdV76Lq3Z9X6td5HUU4gmM4BQ8uoQ630IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN4ldke8=</latexit>

N = 8

<latexit sha1_base64="vmUId8OcLWPTrRHfHDqRpsGik1s="></latexit>

ZT=0

BH
(�) =

1X

c=1

Kc(�)

Z
d�0

�3/2
0

Z
QeqV
1-loop, c(�

0)e
�⇡��0

4c � ⇡
c�0

<latexit sha1_base64="NmGKy8MhSF6Hhr5PhJVLedqVITo=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEFyUkUtRlwY3LCvYCTSiTyUk7dDIJMxOhhC7d+CpuXCji1kdw59s4abPQ1h8GPv5zDmfOH6SMSuU438bK6tr6xmZlq7q9s7u3bx4cdmSSCQJtkrBE9AIsgVEObUUVg14qAMcBg24wvinq3QcQkib8Xk1S8GM85DSiBCttDcwTL+MhiEBgArlX90YyLci1HRJPvfp0YNYc25nJWga3hBoq1RqYX16YkCwGrgjDUvZdJ1V+joWihMG06mUS9IoxHkJfI8cxSD+fHTK1zrQTWlEi9OPKmrm/J3IcSzmJA90ZYzWSi7XC/K/Wz1R07eeUp5kCTuaLooxZKrGKVKyQCiCKTTRgIqj+q0VGWIeidHZVHYK7ePIydC5s99J27xq1ZqOMo4KO0Sk6Ry66Qk10i1qojQh6RM/oFb0ZT8aL8W58zFtXjHLmCP2R8fkDW+iZfw==</latexit>| {z }
The missing 
ingredient

scalar of  
graviphoton

<latexit sha1_base64="gCQgJqsx5J5iIjXRhYNfeFe2CLI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdVlw47KCfUATymQ6aYfOI8xMhBICbvwVNy4UcetPuPNvnLRZaOuBYQ7n3Mu990QJo9p43rezsrq2vrFZ2apu7+zu7bsHhx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLkp/O4DUZpKcW+mCQk5GgkaU4yMlQbucSCtHSmESRaMdVL8ft3DPM8Hbs2rezPAZeKXpAZKtAbuVzCUOOVEGMyQ1n3fS0yYIWUoZiSvBqkmdsAEjUjfUoE40WE2uyGHZ1YZwlgq+4SBM/V3R4a41lMe2UqOzFgveoX4n9dPTXwdZlQkqSECzwfFKYNGwiIQOKSKYMOmliCsqN0V4jGygRgbW9WG4C+evEw6F3X/su7fNWrNRhlHBZyAU3AOfHAFmuAWtEAbYPAInsEreHOenBfn3fmYl644Zc8R+APn8wc+ZZfb</latexit>z }| {

38

[progress was made but the contribution of  all supermultiplets had not been computed
by Gupta, Ito and Jeon `15, Murthy and Reys `15, Murthy and Jeon `18]



Once again, 
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<latexit sha1_base64="OYRq0CL/12tmcF0CL9vHyZMeOKo="></latexit>

Z1-loop, c(⇢
0) = Zbulk

1-loop, c(⇢
0)Zzero-modes(⇢

0)



Once again, 

Beautifully 
computed using 

Atiyah-Bott
fixed-point formula.

Complicated expression
in       and      .

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0 <latexit sha1_base64="kDxqVzm2sT4jKfIsGmwAqz/8XQQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reddVr1ir1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxCeM3w==</latexit>c

[LVI, Murthy, Turiaci `22]

40

<latexit sha1_base64="OYRq0CL/12tmcF0CL9vHyZMeOKo="></latexit>

Z1-loop, c(⇢
0) = Zbulk

1-loop, c(⇢
0)Zzero-modes(⇢

0)

<latexit sha1_base64="YfUQ+LHabH4DgTNLgzRq4eIzqiE="></latexit>

Z bulk
1-loop, c(�

0) =
Y

M2N=2 multiplets

ZM
1-loop, c(�

0)
| {z }

(Weyl, spin-3/2, 
vector, hyper, chiral) ⏰😥



Simple    -dependence and 
completely c-independent! 

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

Once again, 

[LVI, Murthy, Turiaci `22]
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<latexit sha1_base64="IkPUxmpDCd6p7iFyHB9B5hNonbo="></latexit>

Z bulk
1-loop, c(�

0) =
Y

M2N=2 multiplets

ZM
1-loop, c(�

0) =
z }| {
(�0)5

<latexit sha1_base64="OYRq0CL/12tmcF0CL9vHyZMeOKo="></latexit>

Z1-loop, c(⇢
0) = Zbulk

1-loop, c(⇢
0)Zzero-modes(⇢

0)

(Weyl, spin-3/2, 
vector, hyper, chiral)



Once again, 

<latexit sha1_base64="vWSVrH38BViOCzd+cs6DCUrXo0g=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqBeh4MVjBfsBTQib7aZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXphyprTjfFuVtfWNza3qdm1nd2//wD486qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNzO/N4jlYol4kHnKfVjPBIsYgRrIwV2/QZ5kcSkcKcF8dIxC5xpYDecpjMHWiVuSRpQoh3YX94wIVlMhSYcKzVwnVT7BZaaEU6nNS9TNMVkgkd0YKjAMVV+MT9+ik6NMkRRIk0Jjebq74kCx0rlcWg6Y6zHatmbif95g0xH137BRJppKshiUZRxpBM0SwINmaRE89wQTCQztyIyxiYLbfKqmRDc5ZdXSfe86V423fuLRuuijKMKx3ACZ+DCFbTgDtrQAQI5PMMrvFlP1ov1bn0sWitWOVOHP7A+fwAgI5Rm</latexit>

=
1

c�0

<latexit sha1_base64="uR3YcW8X9Izpc9bBTKoaxujMrOk="></latexit>

Zzero-modes, c(�
0) =

Z

Large superdiffeos
Superisometries

[LVI, Kologlu, Turiaci `21, LVI, Murthy, Turiaci `22]42

<latexit sha1_base64="OYRq0CL/12tmcF0CL9vHyZMeOKo="></latexit>

Z1-loop, c(⇢
0) = Zbulk

1-loop, c(⇢
0)Zzero-modes(⇢

0)

Simple    -dependence and 
completely c-independent! 

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

<latexit sha1_base64="IkPUxmpDCd6p7iFyHB9B5hNonbo="></latexit>

Z bulk
1-loop, c(�

0) =
Y

M2N=2 multiplets

ZM
1-loop, c(�

0) =
z }| {
(�0)5

(Weyl, spin-3/2, 
vector, hyper, chiral)



Putting everything together we have,

[LVI, Murthy, Turiaci `22]

bulk one-loop
determinant 

boundary 
zero-modes
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<latexit sha1_base64="xpz53W1bNTXoIrC51yybpuGMbPs="></latexit>

ZT=0

BH
(�) =

1X

c=1

Kc(�)

Z
d�0

(�0)3/2
(�0)5| {z }

z}|{
1

c�0
e
�⇡��0

4c � ⇡
c�0



Putting everything together we have,

<latexit sha1_base64="jeCtG/cl6wdU0bomosJNlnPsmp0="></latexit>

=
1X

c=1

c�9/2 Kc(�) Ĩ7/2
⇣⇡

p
�

c

⌘

[LVI, Murthy, Turiaci `22]44

bulk one-loop
determinant 

boundary 
zero-modes

<latexit sha1_base64="xpz53W1bNTXoIrC51yybpuGMbPs="></latexit>

ZT=0

BH
(�) =

1X

c=1

Kc(�)

Z
d�0

(�0)3/2
(�0)5| {z }

z}|{
1

c�0
e
�⇡��0

4c � ⇡
c�0

<latexit sha1_base64="LamZMiZoc55ApqigCdMdyIjBtZk=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwFRIRdVlw47KCfUATymRy0w6dTMLMRCghCzf+ihsXirj1I9z5N07aLLT1wDCHc+7l3nuClFGpHOfbqK2tb2xu1bcbO7t7+wfm4VFPJpkg0CUJS8QgwBIY5dBVVDEYpAJwHDDoB9Ob0u8/gJA04fdqloIf4zGnESVYaWlkNr2MhyACgQnk3kSm5e/aDomLYmS2HNuZw1olbkVaqEJnZH55YUKyGLgiDEs5dJ1U+TkWihIGRcPLJOgBUzyGoaYcxyD9fH5EYZ1qJbSiROjHlTVXf3fkOJZyFge6MsZqIpe9UvzPG2YquvZzytNMASeLQVHGLJVYZSJWSAUQxWaaYCKo3tUiE6wDUTq3hg7BXT55lfTObffSdu8uWu2LKo46aqITdIZcdIXa6BZ1UBcR9Iie0St6M56MF+Pd+FiU1oyq5xj9gfH5AwJEmEc=</latexit>| {z }
Account

of  the “would-be” zero-modes
is crucial



An exact integer from the gravitational path integral

<latexit sha1_base64="hhieo63uIAjqoDjZ3Mko/4ev3dg=">AAACIHicbVBNS8NAEN34bfyKevSyWIR6KYkU60UQ9eBRwWqxrWGznbZLNx/sTsQS8lO8+Fe8eFBEb/prTNoi2vpg4PHeDDPzvEgKjbb9aUxNz8zOzS8smkvLK6tr1vrGlQ5jxaHKQxmqmsc0SBFAFQVKqEUKmO9JuPZ6J7l/fQdKizC4xH4ETZ91AtEWnGEmuVbFNG/cpIFwj8nxWZreJpeHdlpsnIJEtksPacsdmr7gKvwxTNcq2CV7ADpJnBEpkBHOXeuj0Qp57EOAXDKt644dYTNhCgWXkJqNWEPEeI91oJ7RgPmgm8ngwZTuZEqLtkOVVYB0oP6eSJivdd/3sk6fYVePe7n4n1ePsX3QTEQQxQgBHy5qx5JiSPO0aEso4Cj7GWFciexWyrtMMY5ZpnkIzvjLk+Rqr+Tsl5yLcuGoPIpjgWyRbVIkDqmQI3JGzkmVcPJAnsgLeTUejWfjzXgftk4Zo5lN8gfG1zePhaHz</latexit>

ZT=0

BH
(�) = dmicro(�)

45

Answer to Q3:



Concluding remarks and outlook:
AdS holography revisited

In AdS holography, there are two scales                                                  and   
2

46

2
In higher dimensional holography, the scale of  quantum gravity corrections is controlled by

<latexit sha1_base64="GUFsLJPQPdPVJhnFrOXqnUom4+E=">AAACC3icbVA9SwNBEN2LXzF+nVraHAmCVbyToJYRG8uI5gNyIextJsmSvQ9258RwXG/jX7GxUMTWP2Dnv3GTXBETHww83pthZp4XCa7Qtn+M3Mrq2vpGfrOwtb2zu2fuHzRUGEsGdRaKULY8qkDwAOrIUUArkkB9T0DTG11P/OYDSMXD4B7HEXR8Ogh4nzOKWuqaRReE6CYuwiMmV727ND2dV2oiTbtmyS7bU1jLxMlIiWSodc1vtxey2IcAmaBKtR07wk5CJXImIC24sYKIshEdQFvTgPqgOsn0l9Q61krP6odSV4DWVJ2fSKiv1Nj3dKdPcagWvYn4n9eOsX/ZSXgQxQgBmy3qx8LC0JoEY/W4BIZirAllkutbLTakkjLU8RV0CM7iy8ukcVZ2zsvObaVUrWRx5MkRKZIT4pALUiU3pEbqhJEn8kLeyLvxbLwaH8bnrDVnZDOH5A+Mr195Ipvs</latexit>

`AdS/`Pl

<latexit sha1_base64="6VBLxIU7rW7Rl8SCyN81qmLXusA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSZS1GNBBI8V+gVtLJvtpl262YTdiVpC/4cXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxvK7eyura+kd8sbG3v7O4V9w+aOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR9dRvPTCleSTrOI6ZF5KB5AGnBI10Xz+76XWRPWE6IPGkVyw5ZWcGe5m4GSlBhlqv+NXtRzQJmUQqiNYd14nRS4lCTgWbFLqJZjGhIzJgHUMlCZn20tnVE/vEKH07iJQpifZM/T2RklDrceibzpDgUC96U/E/r5NgcOWlXMYJMknni4JE2BjZ0wjsPleMohgbQqji5labDokiFE1QBROCu/jyMmmel92LsntXKVUrWRx5OIJjOAUXLqEKt1CDBlBQ8Ayv8GY9Wi/Wu/Uxb81Z2cwh/IH1+QN47JJ2</latexit>

T/Egap

<latexit sha1_base64="yLj8AitFvmpx9PD3cKw33TlSVJ4=">AAACNXicbVC7TsMwFHV4U14FRhaLCompJFUFjCAWBoai0oLUhMhxbqlV5yH7BlFF/SkW/oMJBgYQYuUXcB9DKRzJ0vE558q+J0il0Gjbr9bM7Nz8wuLScmFldW19o7i51dRJpjg0eCITdRMwDVLE0ECBEm5SBSwKJFwH3bOBf30PSoskvsJeCl7E7mLRFpyhkfziRd23b3PnoNKnrhYRdUFK30V4wPw0rPcPJu41OZnJ67eVadsvluyyPQT9S5wxKZExan7x2Q0TnkUQI5dM65Zjp+jlTKHgEvoFN9OQMt5ld9AyNGYRaC8fbt2ne0YJaTtR5sRIh+rkRM4irXtRYJIRw46e9gbif14rw/axl4s4zRBiPnqonUmKCR1USEOhgKPsGcK4EuavlHeYYhxN0QVTgjO98l/SrJSdw7JzWS2dVMd1LJEdskv2iUOOyAk5JzXSIJw8khfyTj6sJ+vN+rS+RtEZazyzTX7B+v4Bp5qsAw==</latexit>

S1/2
0 ⇠ `AdS/`Pl ⇠ `S2/`Pl



Concluding remarks and outlook:
AdS holography revisited

In higher dimensional holography, the scale of  quantum gravity corrections is controlled by
<latexit sha1_base64="GUFsLJPQPdPVJhnFrOXqnUom4+E=">AAACC3icbVA9SwNBEN2LXzF+nVraHAmCVbyToJYRG8uI5gNyIextJsmSvQ9258RwXG/jX7GxUMTWP2Dnv3GTXBETHww83pthZp4XCa7Qtn+M3Mrq2vpGfrOwtb2zu2fuHzRUGEsGdRaKULY8qkDwAOrIUUArkkB9T0DTG11P/OYDSMXD4B7HEXR8Ogh4nzOKWuqaRReE6CYuwiMmV727ND2dV2oiTbtmyS7bU1jLxMlIiWSodc1vtxey2IcAmaBKtR07wk5CJXImIC24sYKIshEdQFvTgPqgOsn0l9Q61krP6odSV4DWVJ2fSKiv1Nj3dKdPcagWvYn4n9eOsX/ZSXgQxQgBmy3qx8LC0JoEY/W4BIZirAllkutbLTakkjLU8RV0CM7iy8ukcVZ2zsvObaVUrWRx5MkRKZIT4pALUiU3pEbqhJEn8kLeyLvxbLwaH8bnrDVnZDOH5A+Mr195Ipvs</latexit>

`AdS/`Pl

The presence of  the “would-be” zero 
modes  = A non-perturbatively dense spectrum even at 

low-energies47

2

In AdS holography, there are two scales                                                  and   
2

<latexit sha1_base64="yLj8AitFvmpx9PD3cKw33TlSVJ4=">AAACNXicbVC7TsMwFHV4U14FRhaLCompJFUFjCAWBoai0oLUhMhxbqlV5yH7BlFF/SkW/oMJBgYQYuUXcB9DKRzJ0vE558q+J0il0Gjbr9bM7Nz8wuLScmFldW19o7i51dRJpjg0eCITdRMwDVLE0ECBEm5SBSwKJFwH3bOBf30PSoskvsJeCl7E7mLRFpyhkfziRd23b3PnoNKnrhYRdUFK30V4wPw0rPcPJu41OZnJ67eVadsvluyyPQT9S5wxKZExan7x2Q0TnkUQI5dM65Zjp+jlTKHgEvoFN9OQMt5ld9AyNGYRaC8fbt2ne0YJaTtR5sRIh+rkRM4irXtRYJIRw46e9gbif14rw/axl4s4zRBiPnqonUmKCR1USEOhgKPsGcK4EuavlHeYYhxN0QVTgjO98l/SrJSdw7JzWS2dVMd1LJEdskv2iUOOyAk5JzXSIJw8khfyTj6sJ+vN+rS+RtEZazyzTX7B+v4Bp5qsAw==</latexit>

S1/2
0 ⇠ `AdS/`Pl ⇠ `S2/`Pl

The statistical mechanics of  near-extremal black holes

<latexit sha1_base64="6VBLxIU7rW7Rl8SCyN81qmLXusA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSZS1GNBBI8V+gVtLJvtpl262YTdiVpC/4cXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxvK7eyura+kd8sbG3v7O4V9w+aOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR9dRvPTCleSTrOI6ZF5KB5AGnBI10Xz+76XWRPWE6IPGkVyw5ZWcGe5m4GSlBhlqv+NXtRzQJmUQqiNYd14nRS4lCTgWbFLqJZjGhIzJgHUMlCZn20tnVE/vEKH07iJQpifZM/T2RklDrceibzpDgUC96U/E/r5NgcOWlXMYJMknni4JE2BjZ0wjsPleMohgbQqji5labDokiFE1QBROCu/jyMmmel92LsntXKVUrWRx5OIJjOAUXLqEKt1CDBlBQ8Ayv8GY9Wi/Wu/Uxb81Z2cwh/IH1+QN47JJ2</latexit>

T/Egap



Concluding remarks and outlook:
The outstanding problem near-extremality 

To make this a conventional QM we’d like to make the spectrum discrete.



Concluding remarks and outlook:
The outstanding problem near-extremality 

While the sum over topologies might tell us information about the spectral statistics of  the 
theory [see Factorization and Ensembles panel tonight], without a full control over stringy and 

non-perturbative corrections there is no way to guess this discrete, and most likely chaotic, 
spectrum from the bulk perspective. 

<latexit sha1_base64="F1+FhHPI5DmfNV+/Yhic/pwRZkw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMiOAxgnlIsoTZyWwyZB7LzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzcxvPVFtmJIPdpzQUOCBZDEj2DrpsauHqnzbC857xZJf8edAqyTISAky1HvFr25fkVRQaQnHxnQCP7HhBGvLCKfTQjc1NMFkhAe046jEgppwMj94is6c0kex0q6kRXP198QEC2PGInKdAtuhWfZm4n9eJ7XxdThhMkktlWSxKE45sgrNvkd9pimxfOwIJpq5WxEZYo2JdRkVXAjB8surpHlRCS4rwX21VKtmceThBE6hDAFcQQ3uoA4NICDgGV7hzdPei/fufSxac142cwx/4H3+AJ5hj5c=</latexit>

⇢(E1)
<latexit sha1_base64="OmA+1/EXeLsPGskr5QUc57mKLEw=">AAAB8HicbVBNS0JBFL3Pvsy+rJZthiSwjbwnUi2FCFoapBn6kHnjPB2cj8fMvEDEX9GmRRFt+znt+jeN+halHbhwOOde7r0nSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGZVqQptEcaXbETaUM0mblllO24mmWEScPkSj65n/8ES1YUre23FCQ4EHksWMYOukx64eqvJNr3reK5b8ij8HWiVBRkqQodErfnX7iqSCSks4NqYT+IkNJ1hbRjidFrqpoQkmIzygHUclFtSEk/nBU3TmlD6KlXYlLZqrvycmWBgzFpHrFNgOzbI3E//zOqmNr8IJk0lqqSSLRXHKkVVo9j3qM02J5WNHMNHM3YrIEGtMrMuo4EIIll9eJa1qJbioBHe1Ur2WxZGHEziFMgRwCXW4hQY0gYCAZ3iFN097L96797FozXnZzDH8gff5A5/mj5g=</latexit>

⇢(E2)
<latexit sha1_base64="dnNhq2FvfaLKCbHo6KlGAtVaDYY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2k3btZhN3N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzU6kl8JG6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+S1kXVu6x6d7VKvZbHUYQTOIVz8OAK6nALDWgCgwd4hld4c2LnxXl3PhatBSefOYY/cD5/ANxFjp4=</latexit>

6= 0

To make this a conventional QM we’d like to make the spectrum discrete.



Concluding remarks and outlook:
All hope is not lost, the AdS groundstate is different
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2

<latexit sha1_base64="nP5Jycfqs6m/8FoTwWQTr3/jZPs=">AAACCXicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy4MZlBXuBTimZzJk2NMkMSUYow2zd+CpuXCji1jdw59uYabvQ1h8CH/85h5PzBwln2rjut7Oyura+sVnaKm/v7O7tVw4O2zpOFYUWjXmsugHRwJmElmGGQzdRQETAoROMb4p65wGUZrG8N5ME+oIMJYsYJcZagwr2UxmCChShkPnn/kgnBXk1l4o8H2T5oFJ1a+5UeBm8OVTRXM1B5csPY5oKkIZyonXPcxPTz4gyjHLIy36qwe4YkyH0LEoiQPez6SU5PrVOiKNY2ScNnrq/JzIitJ6IwHYKYkZ6sVaY/9V6qYmu+xmTSWpA0tmiKOXYxLiIBYdMATV8YoFQxexfMR0Rm4qx4ZVtCN7iycvQvqh5lzXvrl5t1OdxlNAxOkFnyENXqIFuURO1EEWP6Bm9ojfnyXlx3p2PWeuKM585Qn/kfP4Ax1+aWA==</latexit>| {z }
The sum over topologies is absolutely necessary,
but is nevertheless under control.



<latexit sha1_base64="7KHsstuDxX85LOgNw9D8W56pRQ0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIelEKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI2RjMM=</latexit>=
<latexit sha1_base64="iuN8C9QQgnClhDcb2BVBAgkCQq8=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgoZRdEfWiFLx4rGA/oLuUbJptQ7PZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84JEcG0c5xsVVlbX1jeKm6Wt7Z3dvfL+QUvHqaKsSWMRq05ANBNcsqbhRrBOohiJAsHaweh26refmNI8lg9mnDA/IgPJQ06JsVLn2qt6VezgXrni1JwZ8DJxc1KBHI1e+cvrxzSNmDRUEK27rpMYPyPKcCrYpOSlmiWEjsiAdS2VJGLaz2b3TvCJVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjc14ZWfcZmkhkk6XxSmApsYT5/Hfa4YNWJsCaGK21sxHRJFqLERlWwI7uLLy6R1VnMvau79eaV+k8dRhCM4hlNw4RLqcAcNaAIFAc/wCm/oEb2gd/Qxby2gfOYQ/gB9/gDdN46J</latexit>

= 0
<latexit sha1_base64="hAzktGBfOdDwQu8ZRaJydqU9j6k=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4LblxW6AvaoWTSO21oJjMkGaEM/Qg3LhRx6/e4829M21lo64HA4Zx7yT0nSATXxnW/ncLW9s7uXnG/dHB4dHxSPj3r6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6v/C7T6g0j2XLzBL0IzqWPOSMGit1WwMTE5cMyxW36i5BNomXkwrkaA7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsWypphNrPlufOyZVVRiSMlX3SkKX6eyOjkdazKLCTETUTve4txP+8fmrCOz/jMkkNSrb6KEwFsRkX2cmIK2RGzCyhTHF7K2ETqigztqGSLcFbj7xJOjdVr171HmuVRi2vowgXcAnX4MEtNOABmtAGBlN4hld4cxLnxXl3PlajBSffOYc/cD5/AB+qjrs=</latexit>

T ! 0

<latexit sha1_base64="QB/TbPDT8y2x6KG9J/ccEzayRZA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6KXHCv3CNpbNdtMu3Wzi7qZQQn6HFw+KePXHePPfuG1z0NYHA4/3ZpiZ50WcKW3b31ZubX1jcyu/XdjZ3ds/KB4etVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttje9mfntCpWKhaOhpRN0ADwXzGcHaSO5DP7mtpY9J48ZOUb9Yssv2HGiVOBkpQYZ6v/jVG4QkDqjQhGOluo4daTfBUjPCaVroxYpGmIzxkHYNFTigyk3mR6fozCgD5IfSlNBorv6eSHCg1DTwTGeA9UgtezPxP68ba//aTZiIYk0FWSzyY450iGYJoAGTlGg+NQQTycytiIywxESbnAomBGf55VXSuig7l2XnvlKqVrI48nACp3AODlxBFWpQhyYQeIJneIU3a2K9WO/Wx6I1Z2Uzx/AH1ucPwyaRZg==</latexit>

ZT=0
BH

<latexit sha1_base64="QB/TbPDT8y2x6KG9J/ccEzayRZA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6KXHCv3CNpbNdtMu3Wzi7qZQQn6HFw+KePXHePPfuG1z0NYHA4/3ZpiZ50WcKW3b31ZubX1jcyu/XdjZ3ds/KB4etVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttje9mfntCpWKhaOhpRN0ADwXzGcHaSO5DP7mtpY9J48ZOUb9Yssv2HGiVOBkpQYZ6v/jVG4QkDqjQhGOluo4daTfBUjPCaVroxYpGmIzxkHYNFTigyk3mR6fozCgD5IfSlNBorv6eSHCg1DTwTGeA9UgtezPxP68ba//aTZiIYk0FWSzyY450iGYJoAGTlGg+NQQTycytiIywxESbnAomBGf55VXSuig7l2XnvlKqVrI48nACp3AODlxBFWpQhyYQeIJneIU3a2K9WO/Wx6I1Z2Uzx/AH1ucPwyaRZg==</latexit>

ZT=0
BH

<latexit sha1_base64="iuN8C9QQgnClhDcb2BVBAgkCQq8=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgoZRdEfWiFLx4rGA/oLuUbJptQ7PZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84JEcG0c5xsVVlbX1jeKm6Wt7Z3dvfL+QUvHqaKsSWMRq05ANBNcsqbhRrBOohiJAsHaweh26refmNI8lg9mnDA/IgPJQ06JsVLn2qt6VezgXrni1JwZ8DJxc1KBHI1e+cvrxzSNmDRUEK27rpMYPyPKcCrYpOSlmiWEjsiAdS2VJGLaz2b3TvCJVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xjc14ZWfcZmkhkk6XxSmApsYT5/Hfa4YNWJsCaGK21sxHRJFqLERlWwI7uLLy6R1VnMvau79eaV+k8dRhCM4hlNw4RLqcAcNaAIFAc/wCm/oEb2gd/Qxby2gfOYQ/gB9/gDdN46J</latexit>

= 0

[LVI, Koloğlu, Turiaci `21]

The topological expansion is under control for both the degeneracy and BPS 
index. In both cases, there is no factorization puzzle since we find that both the 

degeneracy and BPS index have no connected contributions.



Concluding remarks:
All hope is not lost, the AdS groundstate is different

<latexit sha1_base64="nP5Jycfqs6m/8FoTwWQTr3/jZPs=">AAACCXicbZDLSgMxFIYzXmu9VV26CRbBhZQZKeqy4MZlBXuBTimZzJk2NMkMSUYow2zd+CpuXCji1jdw59uYabvQ1h8CH/85h5PzBwln2rjut7Oyura+sVnaKm/v7O7tVw4O2zpOFYUWjXmsugHRwJmElmGGQzdRQETAoROMb4p65wGUZrG8N5ME+oIMJYsYJcZagwr2UxmCChShkPnn/kgnBXk1l4o8H2T5oFJ1a+5UeBm8OVTRXM1B5csPY5oKkIZyonXPcxPTz4gyjHLIy36qwe4YkyH0LEoiQPez6SU5PrVOiKNY2ScNnrq/JzIitJ6IwHYKYkZ6sVaY/9V6qYmu+xmTSWpA0tmiKOXYxLiIBYdMATV8YoFQxexfMR0Rm4qx4ZVtCN7iycvQvqh5lzXvrl5t1OdxlNAxOkFnyENXqIFuURO1EEWP6Bm9ojfnyXlx3p2PWeuKM585Qn/kfP4Ax1+aWA==</latexit>| {z }
Exact AdS
holography

2

52

2
Thank you!
Questions?

Many more examples 
to come



Appendix
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<latexit sha1_base64="1zWiQtxPFVPa/QOCbGDjbxCFktY="></latexit>

Z
bulk
1-loop =

r
detKf

detKb
=

r
det H

det�H

<latexit sha1_base64="3G1rbj4HsFdIbN05Fy9imqR9PY8="></latexit>

heat kernel of multiplet(t) = indD10(t) = TrKerD10e
tH � TrCokerD10e

tH
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<latexit sha1_base64="VGif3SkrxU+O+1lh0PV/9NzxHrw="></latexit>

indc(D10)(t) =
1

|Zc|
X

�2Zc

X

{x|x̃(�,t)=x}

Tr�
�
�etH

�
� Tr 

�
�etH

�

det (1� @x̃/@x)

<latexit sha1_base64="Z0iBrsN2ufCTWor2UaYCHD591V8="></latexit>

ind(D10)(t) =
X

{x|x̃(t)=x}

Tr�
�
etH

�
� Tr 

�
etH

�

det (1� @x̃/@x)
c=1:

c>1:

<latexit sha1_base64="Re5CR5lU12Xggklr1nOb9Rffz2s=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGYkqBch4MVjBLNAEkJPTyVp0rOku0YThly9+CtePCji1T/w5t/YWQ6a+KDg8V4VVfW8WAqNjvNtZVZW19Y3spu5re2d3T17/6Cqo0RxqPBIRqruMQ1ShFBBgRLqsQIWeBJqXv964tfuQWkRhXc4iqEVsG4oOoIzNFLbpk2EIab0oQcK6Lg5GCTMN6KQPtAhvaJtO+8UnCnoMnHnJE/mKLftr6Yf8SSAELlkWjdcJ8ZWyhQKLmGcayYaYsb7rAsNQ0MWgG6l00/G9MQoPu1EylSIdKr+nkhZoPUo8ExnwLCnF72J+J/XSLBz2UpFGCcIIZ8t6iSSYkQnsVBfKOAoR4YwroS5lfIeU4yjCS9nQnAXX14m1bOCe15wb4v5UnEeR5YckWNySlxyQUrkhpRJhXDySJ7JK3mznqwX6936mLVmrPnMIfkD6/MHabuZcg==</latexit>

where x̃ =

center of  AdS
&

N and S
poles of

<latexit sha1_base64="rBbUz/xl7+9X6m9OiuyQFIit+Sk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxikEcCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnIbm1vbO/ndwt7+weFR8fikZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38799hPXRsTqAScJ9yM6VCIUjKKVGo3HSr9YcsvuAmSdeBkpQYZ6v/jVG8QsjbhCJqkxXc9N0J9SjYJJPiv0UsMTysZ0yLuWKhpx408Xp87IhVUGJIy1LYVkof6emNLImEkU2M6I4sisenPxP6+bYnjjT4VKUuSKLReFqSQYk/nfZCA0ZygnllCmhb2VsBHVlKFNp2BD8FZfXietStm7Knv31VKtmsWRhzM4h0vw4BpqcAd1aAKDITzDK7w50nlx3p2PZWvOyWZO4Q+czx/RBI1z</latexit>

S2
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Near the fixed points, the space looks locally like       so we only need to look at irreps of        and        ,
including all fields and ghosts, under SO(4) in order to evaluate the indices using the appropriate characters. 

<latexit sha1_base64="OcpaxUZfz+MVr/7R9FysShPULok=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdC7q3mXdu2vUmo2ijjKcwCmcgwdX0IRbaEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/eOOQrg==</latexit>

R4 <latexit sha1_base64="njCXZfE8XtP7GG2J/38jQPSK97g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOFMG9f9diobm1vbO9Xd2t7+weFR/fikp+NUEdolMY/VIMCaciZp1zDD6SBRFIuA034wu8v9/hNVmsXy0cwT6gs8lSxkBJtcGnUiNq433KZbAK0TryQNKNEZ179Gk5ikgkpDONZ66LmJ8TOsDCOcLmqjVNMEkxme0qGlEguq/ay4dYEurDJBYaxsSYMK9fdEhoXWcxHYToFNpFe9XPzPG6YmvPUzJpPUUEmWi8KUIxOj/HE0YYoSw+eWYKKYvRWRCCtMjI2nZkPwVl9eJ72rpnfd9B5ajXarjKMKZ3AOl+DBDbThHjrQBQIRPMMrvDnCeXHenY9la8UpZ07hD5zPH+B7jhc=</latexit>

�
<latexit sha1_base64="JMZ+Znk/oMYJ/vC77wlXM5r+lsU=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o9LG5tb2Tnm3srd/cHhUPT7pmDjVlLVpLGLdC4lhgivWttwK1ks0IzIUrBtO73K/+8S04bF6tLOEBZKMFY84JTaXBi3Dh9WaV/cWwOvEL0gNCrSG1a/BKKapZMpSQYzp+15ig4xoy6lg88ogNSwhdErGrO+oIpKZIFvcOscXThnhKNaulMUL9fdERqQxMxm6TknsxKx6ufif109tdBtkXCWpZYouF0WpwDbG+eN4xDWjVswcIVRzdyumE6IJtS6eigvBX315nXSu6v513X9o1JqNIo4ynME5XIIPN9CEe2hBGyhM4Ble4Q1J9ILe0ceytYSKmVP4A/T5A/EyjiI=</latexit>

 

We first arrange all fields and ghosts into a cohomology complex, of  the form 
<latexit sha1_base64="hpNG4hOKrDGBLlw+yf/FoLMTPTs=">AAACHnicbVDLSgNBEJyN7/iKevQyGASFEHYlPo4BLx4jGBWyyzI76SRDZh/O9IphyZd48Ve8eFBE8KR/42zcg0YLmi6qupnpChIpNNr2p1WamZ2bX1hcKi+vrK6tVzY2L3WcKg5tHstYXQdMgxQRtFGghOtEAQsDCVfB8DT3r25BaRFHFzhKwAtZPxI9wRkaya8c7rmtgai5Nbel80bPfRfhDjO4GdPCmtK02PcrVbtuT0D/EqcgVVKg5Vfe3W7M0xAi5JJp3XHsBL2MKRRcwrjsphoSxoesDx1DIxaC9rLJeWO6a5Qu7cXKVIR0ov7cyFio9SgMzGTIcKCnvVz8z+uk2DvxMhElKULEvx/qpZJiTPOsaFco4ChHhjCuhPkr5QOmGEeTaNmE4Eyf/JdcHtSdo7pz3qg2G0Uci2Sb7JA94pBj0iRnpEXahJN78kieyYv1YD1Zr9bb92jJKna2yC9YH1+YOqDq</latexit>

(�,  , Qeq�, Qeq )
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<latexit sha1_base64="5nO/aN0o0Nc3n7IUbjHmz0YAU9o="></latexit>

Vector : indvect.(D10)(t) =
2(q + q�1

)� 4

(1� q)2 (1� q�1)2
,

Hyper : indhyper(D10)(t) = � 2(q + q�1
)� 4

(1� q)2 (1� q�1)2
,

Weyl : indWeyl(D10)(t) =
2(q2 + q�2

)� 6(q + q�1
) + 8

(1� q)2 (1� q�1)2
,

Spin-
3

2
: indspin 3/2(D10)(t) =

�2(q2 + q�2
) + 4(q + q�1

)� 4

(1� q)2 (1� q�1)2
,

Chiral : indchiral(D10)(t) = 0 .
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Putting the                 supergravity multiplets together into an                 supergravity Weyl 
multiplet, we have:

<latexit sha1_base64="ucB0EuO/PGiE6OQgMTr74K5iw0k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaDdCwY0rqWAf0A4lk2ba0EwyJplCGfodblwo4taPceffmGlnoa0HAodz7uWenCDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG8zvz2hSjMpHs00pn6Eh4KFjGBjJb8XYTMimKP7mxrqlytu1Z0DrRIvJxXI0eiXv3oDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1ZZYBCqewTBs3V3xspjrSeRoGdzELqZS8T//O6iQlrfspEnBgqyOJQmHBkJMoaQAOmKDF8agkmitmsiIywwsTYnkq2BG/5y6ukdVH1rqrew2WlfpnXUYQTOIVz8OAa6nAHDWgCgSd4hld4cybOi/PufCxGC06+cwx/4Hz+AG17kS0=</latexit>

N = 8
<latexit sha1_base64="CIeJZQ7LiMdPRY0aGu+D41b+ldo=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7JbinoRCl48SQVbC92lZNNsG5rNhiQrlKV/w4sHRbz6Z7z5b8y2e9DWgcAw8x5vMqHkTBvX/XZKa+sbm1vl7crO7t7+QfXwqKuTVBHaIQlPVC/EmnImaMcww2lPKorjkNPHcHKT+49PVGmWiAczlTSI8UiwiBFsrOT7MTZjgjm6u24MqjW37s6BVolXkBoUaA+qX/4wIWlMhSEca933XGmCDCvDCKezip9qKjGZ4BHtWypwTHWQzTPP0JlVhihKlH3CoLn6eyPDsdbTOLSTeUa97OXif14/NdFVkDEhU0MFWRyKUo5MgvIC0JApSgyfWoKJYjYrImOsMDG2pootwVv+8irpNureRd27b9ZazaKOMpzAKZyDB5fQgltoQwcISHiGV3hzUufFeXc+FqMlp9g5hj9wPn8ACtCQ/Q==</latexit>

N = 2

<latexit sha1_base64="DCAisWNUT9YJ6A9Lh8l2NijWAOE="></latexit>

N = 8 Weyl ⇠ Weyl + 6(spin-
3

2
+ vect.) + 15 vect. + 10 hyper : indN=8

Weyl(D10)(t) = �10 .

Simple    -dependence and 
completely c-independent! 

<latexit sha1_base64="+8JHie2damCxVOrNGN1OGbFJj9A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+IPXL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+y6t/VKvVaHkcRTuAUzsGHK6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AzX/jtk=</latexit>

�0

<latexit sha1_base64="IkPUxmpDCd6p7iFyHB9B5hNonbo="></latexit>

Z bulk
1-loop, c(�

0) =
Y

M2N=2 multiplets

ZM
1-loop, c(�

0) =
z }| {
(�0)5

(Weyl, spin-3/2, 
vector, hyper, chiral)

<latexit sha1_base64="gCQgJqsx5J5iIjXRhYNfeFe2CLI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdVlw47KCfUATymQ6aYfOI8xMhBICbvwVNy4UcetPuPNvnLRZaOuBYQ7n3Mu990QJo9p43rezsrq2vrFZ2apu7+zu7bsHhx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLkp/O4DUZpKcW+mCQk5GgkaU4yMlQbucSCtHSmESRaMdVL8ft3DPM8Hbs2rezPAZeKXpAZKtAbuVzCUOOVEGMyQ1n3fS0yYIWUoZiSvBqkmdsAEjUjfUoE40WE2uyGHZ1YZwlgq+4SBM/V3R4a41lMe2UqOzFgveoX4n9dPTXwdZlQkqSECzwfFKYNGwiIQOKSKYMOmliCsqN0V4jGygRgbW9WG4C+evEw6F3X/su7fNWrNRhlHBZyAU3AOfHAFmuAWtEAbYPAInsEreHOenBfn3fmYl644Zc8R+APn8wc+ZZfb</latexit>z }| {

Independent
of  t!


