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Motivation

Holography: geometric manifestation of CFT ingredients 
in 1-higher dimensional bulk AdS spacetime 
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Motivation

Holography: geometric manifestation of CFT ingredients 
in 1-higher dimensional bulk AdS spacetime 

Can be understood as saddle-point objects in the 
holographic limit: N ! 1, g � 1
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Motivation

Holography: geometric manifestation of CFT ingredients 
in 1-higher dimensional bulk AdS spacetime 

Simplest probe of geometry: entanglement entropy via 
the RT formula

Can be understood as saddle-point objects in the 
holographic limit: N ! 1, g � 1
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Motivation

Entanglement entropy: ⇢A = trĀ| ih |
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Motivation

Entanglement entropy:

Entanglement entropy via replica trick — Renyi entropies

⇢A = trĀ| ih |
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<latexit sha1_base64="XIZ+KAZ8iDV85nWJbNkiqVdPB9g=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjcsK9gFtKJPJpB06mQwzE6GE7l251a9wJ279DT/Cf3DSZqFtD1w4nHPv5d4TSM60cd1vp7SxubW9U96t7O0fHB5Vj086OkkVoW2S8ET1AqwpZ4K2DTOc9qSiOA447QaTu9zvPlGlWSIezVRSP8YjwSJGsMmlgdRsWK25dXcOtEq8gtSgQGtY/RmECUljKgzhWOu+50rjZ1gZRjidVQapphKTCR7RvqUCx1T72fzWGbqwSoiiRNkSBs3VvxMZjrWexoHtjLEZ62UvF9d6oc4XrrP6qYlu/IwJmRoqyOKGKOXIJCjPBIVMUWL41BJMFLNvIDLGChNjk6vYfLzlNFZJ56ruNeqNh0ateVskVYYzOIdL8OAamnAPLWgDgTG8wCu8Oc/Ou/PhfC5aS04xcwr/4Hz9Akz4mVo=</latexit>

SA = lim
n!1

Sn(A)

<latexit sha1_base64="8vAXgmvCR7XVmt1vOPAZtNNHL5E=">AAACHXicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JpKAbodWNy0rtBZoQJpNpO3QyCTMToYTio7hyq0/hTtyKD+E7OGmz0LYHBn7+/5zDnM+PGZXKsr6NldW19Y3NwlZxe2d3b988OGzLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx/dZnnnkQhJI/6gxjFxQzTgtE8xUtryzOOmV4fX0GE09FLuqAjak6bHy/VzzyxZFWtacFHYuSiBvBqe+eMEEU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPS05Col00+kJE3imnQD2I6EfV3Dq/p1IUSjlOPR1Z4jUUM5nmbk0C2S2cFnUS1T/yk0pjxNFOJ79oZ8wqCFkqGBABcGKjbVAWFB9BsRDJBBWGmhR87HnaSyK9kXFrlaq99VS7SYnVQAn4BSUgQ0uQQ3cgQZoAQyewAt4BW/Gs/FufBifs9YVI585Av/K+PoFnsygyg==</latexit>

Sn(A) =
1

1� n
ln

✓
Zn

Zn
1

◆
, Zn = tr⇢nA

<latexit sha1_base64="PLUXE1FXG9NjwH3ozrQDNeKbzXE="></latexit>

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

?
AdS/CFT

saddle-point 
approximation……

| i
<latexit sha1_base64="VvUewtVR1qPf+vKWtpBBjT65nbk=">AAACYXicdZHLSsNAFIYn8dbWW1uX3QSL4KokKujOghuXFewFmlAmk9N26GQmzEyEEgs+hVt9Lde+iJO2C2vjgYGf7z/DnPlPmDCqtOt+WfbO7t7+QalcOTw6Pjmt1uo9JVJJoEsEE3IQYgWMcuhqqhkMEgk4Dhn0w9lD7vdfQCoq+LOeJxDEeMLpmBKsDfJf/URRX2I+YTCqNt2WuyxnW3hr0UTr6oxq1r0fCZLGwDVhWKmh5yY6yLDUlDBYVPxUQYLJDE9gaCTHMaggWw69cC4MiZyxkOZw7Szp7xtZGMamK8Z6qjY4jpWax+F/Xg4LvUjlDxVaykw/hajQy4kWgqkid5jq8V2QUZ6kGjhZ/WqcMkcLJ4/biagEotncCEwkNcE4ZIolJtospWIi9/4GvC16Vy3vunX1dNNsd95W4ZdQA52jS+ShW9RGj6iDuoigBL2jD/Rpfdtlu2rXV622tV7YGdoou/EDBpW5+A==</latexit>

h |
<latexit sha1_base64="0gzEkB22FXqZzT8THItv2wdIncI=">AAACYXicdZHLTgIxFIY74w3wBrhk00hMXJEZNdGdJC50iYlcEoaQTucADZ120nZMCPIabvW1XPsidoCFyHiSJn++/5z09G+YcKaN53057s7u3v5BoVg6PDo+OS1Xqh0tU0WhTSWXqhcSDZwJaBtmOPQSBSQOOXTD6UPmd19BaSbFi5klMIjJWLARo8RYFASciDGHINHsbViuew1vWXhb+GtRR+tqDSvOfRBJmsYgDOVE677vJWYwJ8owymFRClINCaFTMoa+lYLEoAfz5dILfGFJhEdS2SMMXtLfE/MwjG1XTMxEb3ASaz2Lw/+8DOZ6kc4uyrW03X4CUa6XESMl13luPzWju8GciSQ1IOjqVaOUYyNxFjeOmAJq+MwKQhWzwWA6IYpQYz+lZCP3/wa8LTpXDf+6cfV8U28+rsMvoBo6R5fIR7eoiZ5QC7URRQl6Rx/o0/l2i27Zra5aXWc9c4Y2yq39ANDOuWk=</latexit>

A

A

A

{
<latexit sha1_base64="xqfRE3vn0mt34sVqmoFj7741wrc=">AAACXHicdZFPS8MwGMbTOnVuTjcFL16KQ/A0WhX05tCLxwnuD2xlpOm7LSxNSpIKo+xDeNVP5sXPYrr14Fx9IfDw/N6XvHkSxIwq7bpflr1T2t3bLx9Uqoe1o+N646SnRCIJdIlgQg4CrIBRDl1NNYNBLAFHAYN+MH/KeP8NpKKCv+pFDH6Ep5xOKMHaWP0RCyQmMK433Za7KmdbeLloorw644b1MAoFSSLgmjCs1NBzY+2nWGpKGCwro0RBjMkcT2FoJMcRKD9d7bt0Lo0TOhMhzeHaWbm/J9IgiExXhPVMbfg4UmoRBf+xzCxkocouKkTKbD+DsJBljhaCqSI6TPTk3k8pjxMNnKxfNUmYo4WTJe2EVALRbGEEJpKaYBwywyZubf6jYiL3/ga8LXrXLe+mdf1y22w/5uGX0Tm6QFfIQ3eojZ5RB3URQXP0jj7Qp/Vtl+yqXVu32lY+c4o2yj77AcR9twQ=</latexit>

n



Motivation

Entanglement entropy:

Entanglement entropy via replica trick — Renyi entropies

⇢A = trĀ| ih |

<latexit sha1_base64="4fUjxeSuQVH3smcHDBWYALmGOdA="></latexit>

SA = tr (⇢A ln ⇢A)

<latexit sha1_base64="TzWWJ2M/zo02LxObbfVb2M7SS04=">AAACM3icbZDLSgMxFIYzXmu9VV26CRZBN3VGCroRqm5cVrSt0Cklk55pg5nMkJwRy9DH8FFcudWHEHfitu9gell46YHAx/+fc8j5g0QKg6777szNLywuLedW8qtr6xubha3tuolTzaHGYxnru4AZkEJBDQVKuEs0sCiQ0AjuL0d+4wG0EbG6xX4CrYh1lQgFZ2ilduHopn1Oz6iP8IgZ6gH1JYR44OtebA1fqmyCA1+Lbg8P24WiW3LHRf+DN4UimVa1XRj6nZinESjkkhnT9NwEWxnTKLiEQd5PDSSM37MuNC0qFoFpZePDBnTfKh0axto+hXSs/pzIWGRMPwpsZ8SwZ/56I3Gm1zGjhbOsZorhaSsTKkkRFJ/8IUwlxZiOAqQdoYGj7FtgXAt7BuU9phlHG3Pe5uP9TeM/1I9LXrlUvi4XKxfTpHJkl+yRA+KRE1IhV6RKaoSTJ/JCXsmb8+x8OJ/O16R1zpnO7JBf5Qy/AcbDqso=</latexit>

A
 

<latexit sha1_base64="XIZ+KAZ8iDV85nWJbNkiqVdPB9g=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjcsK9gFtKJPJpB06mQwzE6GE7l251a9wJ279DT/Cf3DSZqFtD1w4nHPv5d4TSM60cd1vp7SxubW9U96t7O0fHB5Vj086OkkVoW2S8ET1AqwpZ4K2DTOc9qSiOA447QaTu9zvPlGlWSIezVRSP8YjwSJGsMmlgdRsWK25dXcOtEq8gtSgQGtY/RmECUljKgzhWOu+50rjZ1gZRjidVQapphKTCR7RvqUCx1T72fzWGbqwSoiiRNkSBs3VvxMZjrWexoHtjLEZ62UvF9d6oc4XrrP6qYlu/IwJmRoqyOKGKOXIJCjPBIVMUWL41BJMFLNvIDLGChNjk6vYfLzlNFZJ56ruNeqNh0ateVskVYYzOIdL8OAamnAPLWgDgTG8wCu8Oc/Ou/PhfC5aS04xcwr/4Hz9Akz4mVo=</latexit>

SA = lim
n!1

Sn(A)

<latexit sha1_base64="8vAXgmvCR7XVmt1vOPAZtNNHL5E=">AAACHXicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JpKAbodWNy0rtBZoQJpNpO3QyCTMToYTio7hyq0/hTtyKD+E7OGmz0LYHBn7+/5zDnM+PGZXKsr6NldW19Y3NwlZxe2d3b988OGzLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx/dZnnnkQhJI/6gxjFxQzTgtE8xUtryzOOmV4fX0GE09FLuqAjak6bHy/VzzyxZFWtacFHYuSiBvBqe+eMEEU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPS05Col00+kJE3imnQD2I6EfV3Dq/p1IUSjlOPR1Z4jUUM5nmbk0C2S2cFnUS1T/yk0pjxNFOJ79oZ8wqCFkqGBABcGKjbVAWFB9BsRDJBBWGmhR87HnaSyK9kXFrlaq99VS7SYnVQAn4BSUgQ0uQQ3cgQZoAQyewAt4BW/Gs/FufBifs9YVI585Av/K+PoFnsygyg==</latexit>

Sn(A) =
1

1� n
ln

✓
Zn

Zn
1

◆
, Zn = tr⇢nA

<latexit sha1_base64="PLUXE1FXG9NjwH3ozrQDNeKbzXE="></latexit>

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

?
AdS/CFT

saddle-point 
approximation……

| i
<latexit sha1_base64="VvUewtVR1qPf+vKWtpBBjT65nbk=">AAACYXicdZHLSsNAFIYn8dbWW1uX3QSL4KokKujOghuXFewFmlAmk9N26GQmzEyEEgs+hVt9Lde+iJO2C2vjgYGf7z/DnPlPmDCqtOt+WfbO7t7+QalcOTw6Pjmt1uo9JVJJoEsEE3IQYgWMcuhqqhkMEgk4Dhn0w9lD7vdfQCoq+LOeJxDEeMLpmBKsDfJf/URRX2I+YTCqNt2WuyxnW3hr0UTr6oxq1r0fCZLGwDVhWKmh5yY6yLDUlDBYVPxUQYLJDE9gaCTHMaggWw69cC4MiZyxkOZw7Szp7xtZGMamK8Z6qjY4jpWax+F/Xg4LvUjlDxVaykw/hajQy4kWgqkid5jq8V2QUZ6kGjhZ/WqcMkcLJ4/biagEotncCEwkNcE4ZIolJtospWIi9/4GvC16Vy3vunX1dNNsd95W4ZdQA52jS+ShW9RGj6iDuoigBL2jD/Rpfdtlu2rXV622tV7YGdoou/EDBpW5+A==</latexit>

h |
<latexit sha1_base64="0gzEkB22FXqZzT8THItv2wdIncI=">AAACYXicdZHLTgIxFIY74w3wBrhk00hMXJEZNdGdJC50iYlcEoaQTucADZ120nZMCPIabvW1XPsidoCFyHiSJn++/5z09G+YcKaN53057s7u3v5BoVg6PDo+OS1Xqh0tU0WhTSWXqhcSDZwJaBtmOPQSBSQOOXTD6UPmd19BaSbFi5klMIjJWLARo8RYFASciDGHINHsbViuew1vWXhb+GtRR+tqDSvOfRBJmsYgDOVE677vJWYwJ8owymFRClINCaFTMoa+lYLEoAfz5dILfGFJhEdS2SMMXtLfE/MwjG1XTMxEb3ASaz2Lw/+8DOZ6kc4uyrW03X4CUa6XESMl13luPzWju8GciSQ1IOjqVaOUYyNxFjeOmAJq+MwKQhWzwWA6IYpQYz+lZCP3/wa8LTpXDf+6cfV8U28+rsMvoBo6R5fIR7eoiZ5QC7URRQl6Rx/o0/l2i27Zra5aXWc9c4Y2yq39ANDOuWk=</latexit>

A

A

A

{
<latexit sha1_base64="xqfRE3vn0mt34sVqmoFj7741wrc=">AAACXHicdZFPS8MwGMbTOnVuTjcFL16KQ/A0WhX05tCLxwnuD2xlpOm7LSxNSpIKo+xDeNVP5sXPYrr14Fx9IfDw/N6XvHkSxIwq7bpflr1T2t3bLx9Uqoe1o+N646SnRCIJdIlgQg4CrIBRDl1NNYNBLAFHAYN+MH/KeP8NpKKCv+pFDH6Ep5xOKMHaWP0RCyQmMK433Za7KmdbeLloorw644b1MAoFSSLgmjCs1NBzY+2nWGpKGCwro0RBjMkcT2FoJMcRKD9d7bt0Lo0TOhMhzeHaWbm/J9IgiExXhPVMbfg4UmoRBf+xzCxkocouKkTKbD+DsJBljhaCqSI6TPTk3k8pjxMNnKxfNUmYo4WTJe2EVALRbGEEJpKaYBwywyZubf6jYiL3/ga8LXrXLe+mdf1y22w/5uGX0Tm6QFfIQ3eojZ5RB3URQXP0jj7Qp/Vtl+yqXVu32lY+c4o2yj77AcR9twQ=</latexit>

n

smooth bulk gravity solution



Motivation

“cosmic brane” prescription for constructing (quotient of) bulk


brane tension: 


can analytically continue n to real values


take replica limit, extract leading order in O(n-1)


RT formula emerges:   

T =
n� 1

4nGN

<latexit sha1_base64="C2Y73K/EQDB2eqROpNMcHjaZ540=">AAACGnicbZDLSsNAFIYnXmu9RQU3bgaL4MaSSEA3QtGFrqRCb9CGMJlO2qGTSZiZCCXmTVy51adwJ27d+BC+g5M2C217YODn/885nPn8mFGpLOvbWFpeWV1bL22UN7e2d3bNvf2WjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3RTZ63H4mQNOINNY6JG6IBpwHFSGnLMw8b8Ar2AoFwys/sLHU4vPXuM8+sWFVrUnBe2IWogKLqnvnT60c4CQlXmCEpu7YVKzdFQlHMSFbuJZLECI/QgHS15Cgk0k0n92fwRDt9GERCP67gxP07kaJQynHo684QqaGczXJzYdaX+cJFUTdRwaWbUh4ninA8vSFIGFQRzDnBPhUEKzbWAmFB9TcgHiLNSWmaZc3HnqUxL1rnVdupOg9OpXZdkCqBI3AMToENLkAN3IE6aAIMnsALeAVvxrPxbnwYn9PWJaOYOQD/yvj6BbSYn9I=</latexit>

SA =
Area(⌃A)

4GN

<latexit sha1_base64="Ig5S3gJ5gz/lJPX27kOMXEGjCAE=">AAACK3icbVDLSsNAFJ3Ud31VXboZLGLdlEQKuhGsLnQlilYLTQiT6aQdOnkwcyOWkE/wU1y51a9wpbh16T84bbPQtgcGDufcc5l7vFhwBab5YRRmZufmFxaXissrq2vrpY3NOxUlkrIGjUQkmx5RTPCQNYCDYM1YMhJ4gt17vbOBf//ApOJReAv9mDkB6YTc55SAltzS3o1bx8e2LwlNbWCPkNZ1PKvYN7wTELe+n6W1c/cyc0tls2oOgSeJlZMyynHlln7sdkSTgIVABVGqZZkxOCmRwKlgWdFOFIsJ7ZEOa2kakoApJx0elOFdrbSxH0n9QsBD9W8iJYFS/cDTkwGBrhr3BuJUr60GC6dZrQT8IyflYZwAC+noD34iMER4UBxuc8koiL4mhEquz8C0S3RvoOst6n6s8TYmyd1B1apVa9e18slp3tQi2kY7qIIsdIhO0AW6Qg1E0RN6Qa/ozXg23o1P42s0WjDyzBb6B+P7Fzr5p3E=</latexit>

X. Dong, 16

Lewkowycz & Maldacena 14



Motivation

2 underlying assumptions:



Motivation

1.  Only “replica symmetric” saddles are important 

2 underlying assumptions:

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

v.s.



Motivation

1.  Only “replica symmetric” saddles are important 

2 underlying assumptions:

2.  One particular saddle-point dominates the path-integral

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

…

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

⇢A

<latexit sha1_base64="Ff582vK1KHlERbJ4Kkalfys8buM=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4jmAckS5idnSRjZmeWmVkhLPkBT171K7yJV//Cj/AfnE32oEkKGoqq7qa7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FGzACDZWavXUSPav++WKW3VnQMvEy0kFcjT65Z9eKEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP51dO0VnVgnRQCpbwqCZ+ncixZHWkyiwnRE2I73oZeJKL9TZwlVWNzGDKz9lIk4MFWR+wyDhyEiUpYJCpigxfGIJJorZNxAZYYWJsdmVbD7eYhrLpHVR9WrV2n2tUr/JkyrCCZzCOXhwCXW4gwY0gcAjvMArvDnPzrvz4XzOWwtOPnMM/+B8/QKZOJoL</latexit>

v.s.

SA ⇠
Area (⌃A)

4GN
+O

⇣
e�O(1)/4GN

⌘

<latexit sha1_base64="XonJrrSoep9ILKvf6n2GxGCwmgU="></latexit>



Motivation

What happens when the assumptions break down?



Motivation

What happens when the assumptions break down?

Two competing saddle points having comparable contribution

bulk

A

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>

⌃2

<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

Area (⌃2) ⇡ Area (⌃2)

<latexit sha1_base64="6bDPDD9pn12U5P0oD4tMqw2BL3E=">AAACTHichVDJSgNBFOyJW4xb1KOXxiDoJcyEgB6jXnKMaBbIhNDTeZM06VnofiMJQ37JT/HkxYP+gTdvIthZDi4BCxqKqnqPfuXFUmi07Wcrs7K6tr6R3cxtbe/s7uX3Dxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfvMelBZReIfjGDoB64fCF5yhkbr5qoswwvTSzExcCT6eureiH7BuyVWiP8Azl8Wxikb0v1w3X7CL9gz0L3EWpEAWqHXzb24v4kkAIXLJtG47doydlCkUXMIk5yYaYsaHrA9tQ0MWgO6ks4sn9MQoPepHyrwQ6Uz9PpGyQOtx4JlkwHCgf3tTcanX09OFy6x2gv5FJxVhnCCEfP4HP5EUIzptlvaEAo5ybAjjSpgzKB8wxTia/nOmH+d3G39Jo1R0ysXyTblQuVo0lSVH5JicEoeckwqpkhqpE04eyBN5Ia/Wo/VufVif82jGWswckh/IrH8Bppy1Jg==</latexit>

“entanglement phase transition”



Motivation

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>

⌃2

<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

A A

v.s.

A prototype:  entanglement entropy of a black hole micro-state (chaotic)
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Goal:  how do saddle-points participate at the transition?

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>

⌃2

<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

A A

v.s.

A prototype:  entanglement entropy of a black hole micro-state (chaotic)



Motivation

Goal:  how do saddle-points participate at the transition?

Replica-symmetric saddle-points switching dominance

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>

⌃2

<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

A A

v.s.

A prototype:  entanglement entropy of a black hole micro-state (chaotic)



Motivation

Goal:  how do saddle-points participate at the transition?

Replica-symmetric saddle-points switching dominance


Effects of replica non-symmetric saddle-points?

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>

⌃2

<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

A A

v.s.

A prototype:  entanglement entropy of a black hole micro-state (chaotic)



Motivation

Goal:  how do saddle-points participate at the transition?

Replica-symmetric saddle-points switching dominance


Effects of replica non-symmetric saddle-points?


Focus on a particular aspect of the transition: enhanced correction

⌃1

<latexit sha1_base64="GovCLTvuzOkBwYw5mIjrvvTzJwU=">AAACCnicbVDLSsNAFL3xWeur6tLNYBFclUQKuiy6cVnRPqANZTKZtENnJmFmIpTQP3DlVr/Cnbj1J/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs39zhNVmsXy0UwS6gs8lCxiBBsrdfsPbCjwwBtUqm7NnQEtE68gVSjQHFR++mFMUkGlIRxr3fPcxPgZVoYRTqflfqppgskYD2nPUokF1X42u3eKzq0SoihWtqRBM/XvRIaF1hMR2E6BzUgverm40gt1vnCV1UtNdO1nTCapoZLMb4hSjkyM8lxQyBQlhk8swUQx+wYiI6wwMTa9ss3HW0xjmbQva169Vr+vVxs3RVIlOIUzuAAPrqABd9CEFhDg8AKv8OY8O+/Oh/M5b11zipkT+Afn6xfeQZq3</latexit>
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<latexit sha1_base64="IAwr20YEm1xbXmxnUqwT2hDbm0U=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgB6DXjxGNA9IljA7O5sMmZldZmaFsOQPPHnVr/AmXv0JP8J/cDbJQZMUNBRV3U13BQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8W3ud56o0iyWj2aSUF/goWQRI9hYqdt/YEOBB7VBueJW3RnQKvEWpAILNAfln34Yk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfze6dogurhCiKlS1p0Ez9O5FhofVEBLZTYDPSy14urvVCnS9cZ/VSE137GZNJaqgk8xuilCMTozwXFDJFieETSzBRzL6ByAgrTIxNr2Tz8ZbTWCXtWtWrV+v39UrjZpFUEc7gHC7BgytowB00oQUEOLzAK7w5z8678+F8zlsLzmLmFP7B+foF3+CauA==</latexit>

A A

v.s.

A prototype:  entanglement entropy of a black hole micro-state (chaotic)



Enhanced correction at the transition



Enhanced correction at the transition

Has been shown for chaotic high energy eigenstates

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>
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<latexit sha1_base64="Wb4alaQymleB1BQ7J50YQo7ZAWI=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjbiqYB/QhjKZTNqxk0mYmQgl9AdcudWvcCdu/Qs/wn9wkmahbQ9cOJxz7+Xe48WcKW3b31ZpbX1jc6u8XdnZ3ds/qB4edVSUSELbJOKR7HlYUc4EbWumOe3FkuLQ47TrTW4yv/tEpWKReNDTmLohHgkWMIK1kTpkmLK72bBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5tTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QlgrymaRE86khmEhm3kBkjCUm2mRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThFlrQBgKP8AKv8GY9W+/Wh/U5by1Zxcwx/IP19QvZ/5oz</latexit>

          are independent Gaussian random variables, an ansatz based on eigenstate 
thermalization hypothesis (ETH), i.e. small subsystems look thermal

C. Murthy and M. Srednicki, 2019



Enhanced correction at the transition

Has been shown for chaotic high energy eigenstates

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>

ciJ

<latexit sha1_base64="Wb4alaQymleB1BQ7J50YQo7ZAWI=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjbiqYB/QhjKZTNqxk0mYmQgl9AdcudWvcCdu/Qs/wn9wkmahbQ9cOJxz7+Xe48WcKW3b31ZpbX1jc6u8XdnZ3ds/qB4edVSUSELbJOKR7HlYUc4EbWumOe3FkuLQ47TrTW4yv/tEpWKReNDTmLohHgkWMIK1kTpkmLK72bBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5tTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QlgrymaRE86khmEhm3kBkjCUm2mRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThFlrQBgKP8AKv8GY9W+/Wh/U5by1Zxcwx/IP19QvZ/5oz</latexit>

          are independent Gaussian random variables, an ansatz based on eigenstate 
thermalization hypothesis (ETH), i.e. small subsystems look thermal

f = VA/V

<latexit sha1_base64="dDHEVx5BXje4zUrQ0MPSumIRytc=">AAACCXicbVDLSsNAFL2pr1pfVZduBovgqiZS0I1QdeOygk0LbSiTyaQdOpmEmYlQQr/AlVv9Cnfi1q/wI/wHJ20WWnvgwuGcey/3Hj/hTGnb/rJKK6tr6xvlzcrW9s7uXnX/wFVxKgltk5jHsutjRTkTtK2Z5rSbSIojn9OOP77N/c4jlYrF4kFPEupFeChYyAjWRuqEV+7g+swdVGt23Z4B/SdOQWpQoDWofveDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystm5U3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLi71ApUvXGb1Uh1eehkTSaqpIPMbwpQjHaM8FhQwSYnmE0Mwkcy8gcgIS0y0Ca9i8nEW0/hP3PO606g37hu15k2RVBmO4BhOwYELaMIdtKANBMbwDC/waj1Zb9a79TFvLVnFzCH8gfX5A3+6me4=</latexit>
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<latexit sha1_base64="N4KlXmRlsLNzpiCq168oq6Hu7E0=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialUJdFNy4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLG5tb2TnG3tLd/cHhUPj7pqCiRhLZJxCPZ87CinAna1kxz2oslxaHHadeb3GZ+94lKxSLxqKcxdUM8EixgBGsjPThXtWG5YlftOdAqcXJSgRytYfln4EckCanQhGOl+o4dazfFUjPC6aw0SBSNMZngEe0bKnBIlZvOT52hC6P4KIikKaHRXP07keJQqWnomc4Q67Fa9jJxreerbOE6q5/o4NpNmYgTTQVZ3BAkHOkIZZEgn0lKNJ8agolk5g1Exlhiok1wJZOPs5zGKunUqk69Wr+vV5o3eVJFOINzuAQHGtCEO2hBGwiM4AVe4c16tt6tD+tz0Vqw8plT+Afr6xdjV5g6</latexit>
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<latexit sha1_base64="EkwB6bJUjui6huZU1JMtuVLQs3I=">AAACE3icbVDLSsNAFL2pr1ofjbp0EyyCq5JIQZdVEVxWtA9oY5hMJ+3QySTMTIQS+xmu3OpXuBO3foAf4T84abPQtgcuHM6593Lv8WNGpbLtb6Owsrq2vlHcLG1t7+yWzb39lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90VXmtx+JkDTi92ocEzdEA04DipHSkmeW7x7Sp+ueQHzAyMS78MyKXbWnsBaJk5MK5Gh45k+vH+EkJFxhhqTsOnas3BQJRbHeWOolksQIj9CAdDXlKCTSTaeHT6xjrfStIBK6uLKm6t+JFIVSjkNfd4ZIDeW8l4lLvb7MFi6zuokKzt2U8jhRhOPZDUHCLBVZWUBWnwqCFRtrgrCg+g0LD5FAWOkYSzofZz6NRdI6rTq1au22Vqlf5kkV4RCO4AQcOIM63EADmoAhgRd4hTfj2Xg3PozPWWvByGcO4B+Mr19cPJ4w</latexit>
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<latexit sha1_base64="GOX9t0np/4NiS28+PPqdHiUC0eU=">AAACHXicbZDLSsNAFIYn9VbrLepK3ASL4EJKIgVdtrpxWdFeoIllMpm0QycXZk7EEoKP4sqtPoU7cSs+hO/gpO1C2x4Y+Pj/cw5zfjfmTIJpfmuFpeWV1bXiemljc2t7R9/da8koEYQ2ScQj0XGxpJyFtAkMOO3EguLA5bTtDq9yv/1AhWRReAejmDoB7ofMZwSDknr6we19agN9hBQGWdZL66e2i0VaV6yXzYo5LmMerCmU0bQaPf3H9iKSBDQEwrGUXcuMwUmxAEY4zUp2ImmMyRD3aVdhiAMqnXR8QmYcK8Uz/EioF4IxVv9OpDiQchS4qjPAMJCzXi4u9DyZL1xkdRPwL5yUhXECNCSTP/gJNyAy8qgMjwlKgI8UYCKYOsMgAywwARVoSeVjzaYxD62zilWtVG+q5drlNKkiOkRH6ARZ6BzV0DVqoCYi6Am9oFf0pj1r79qH9jlpLWjTmX30r7SvXxu9ouE=</latexit>
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<latexit sha1_base64="FFC53rLDIj/oCKcyirjwCqwfQhA=">AAACH3icbZDLTsJAFIaneEO8oS7ZTCQmrkhrSHSJl4VLjHJJKGmm0wEmTKd15tSENCx8FFdu9SncGbc8hO/gAF0ocJJJ/vz/OSdzPj8WXINtT6zc2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byhzfTvPXMlOaRfIRRzLoh6Uve45SAsbxiyb1lAgh+8K6wG6sohgi7+klB2hx7xbJdsWeFl4WTiTLKqu4Vf9wgoknIJFBBtO44dgzdlCjgVLBxwU00iwkdkj7rGClJyHQ3nR0xxqfGCXAvUuZJwDP370RKQq1HoW86QwIDvZhNzZVZoKcLV0WdBHqX3ZTLOAEm6fwPvURgA2EKCwdcMQpiZAShipszMB0QRSgYpAXDx1mksSya5xWnWqneV8u164xUHpXQCTpDDrpANXSH6qiBKHpBb+gdfViv1qf1ZX3PW3NWNnOM/pU1+QU0jqLW</latexit>
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Enhanced correction at the transition

Has been shown for chaotic high energy eigenstates

We would like to understand this in the context of AdS/CFT, via RT formula

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>
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<latexit sha1_base64="Wb4alaQymleB1BQ7J50YQo7ZAWI=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjbiqYB/QhjKZTNqxk0mYmQgl9AdcudWvcCdu/Qs/wn9wkmahbQ9cOJxz7+Xe48WcKW3b31ZpbX1jc6u8XdnZ3ds/qB4edVSUSELbJOKR7HlYUc4EbWumOe3FkuLQ47TrTW4yv/tEpWKReNDTmLohHgkWMIK1kTpkmLK72bBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5tTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QlgrymaRE86khmEhm3kBkjCUm2mRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThFlrQBgKP8AKv8GY9W+/Wh/U5by1Zxcwx/IP19QvZ/5oz</latexit>

          are independent Gaussian random variables, an ansatz based on eigenstate 
thermalization hypothesis (ETH), i.e. small subsystems look thermal

f = VA/V

<latexit sha1_base64="dDHEVx5BXje4zUrQ0MPSumIRytc=">AAACCXicbVDLSsNAFL2pr1pfVZduBovgqiZS0I1QdeOygk0LbSiTyaQdOpmEmYlQQr/AlVv9Cnfi1q/wI/wHJ20WWnvgwuGcey/3Hj/hTGnb/rJKK6tr6xvlzcrW9s7uXnX/wFVxKgltk5jHsutjRTkTtK2Z5rSbSIojn9OOP77N/c4jlYrF4kFPEupFeChYyAjWRuqEV+7g+swdVGt23Z4B/SdOQWpQoDWofveDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystm5U3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLi71ApUvXGb1Uh1eehkTSaqpIPMbwpQjHaM8FhQwSYnmE0Mwkcy8gcgIS0y0Ca9i8nEW0/hP3PO606g37hu15k2RVBmO4BhOwYELaMIdtKANBMbwDC/waj1Zb9a79TFvLVnFzCH8gfX5A3+6me4=</latexit>

1/2

<latexit sha1_base64="N4KlXmRlsLNzpiCq168oq6Hu7E0=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialUJdFNy4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLG5tb2TnG3tLd/cHhUPj7pqCiRhLZJxCPZ87CinAna1kxz2oslxaHHadeb3GZ+94lKxSLxqKcxdUM8EixgBGsjPThXtWG5YlftOdAqcXJSgRytYfln4EckCanQhGOl+o4dazfFUjPC6aw0SBSNMZngEe0bKnBIlZvOT52hC6P4KIikKaHRXP07keJQqWnomc4Q67Fa9jJxreerbOE6q5/o4NpNmYgTTQVZ3BAkHOkIZZEgn0lKNJ8agolk5g1Exlhiok1wJZOPs5zGKunUqk69Wr+vV5o3eVJFOINzuAQHGtCEO2hBGwiM4AVe4c16tt6tD+tz0Vqw8plT+Afr6xdjV5g6</latexit>

S|Ei
A

<latexit sha1_base64="EkwB6bJUjui6huZU1JMtuVLQs3I=">AAACE3icbVDLSsNAFL2pr1ofjbp0EyyCq5JIQZdVEVxWtA9oY5hMJ+3QySTMTIQS+xmu3OpXuBO3foAf4T84abPQtgcuHM6593Lv8WNGpbLtb6Owsrq2vlHcLG1t7+yWzb39lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90VXmtx+JkDTi92ocEzdEA04DipHSkmeW7x7Sp+ueQHzAyMS78MyKXbWnsBaJk5MK5Gh45k+vH+EkJFxhhqTsOnas3BQJRbHeWOolksQIj9CAdDXlKCTSTaeHT6xjrfStIBK6uLKm6t+JFIVSjkNfd4ZIDeW8l4lLvb7MFi6zuokKzt2U8jhRhOPZDUHCLBVZWUBWnwqCFRtrgrCg+g0LD5FAWOkYSzofZz6NRdI6rTq1au22Vqlf5kkV4RCO4AQcOIM63EADmoAhgRd4hTfj2Xg3PozPWWvByGcO4B+Mr19cPJ4w</latexit>
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<latexit sha1_base64="GOX9t0np/4NiS28+PPqdHiUC0eU=">AAACHXicbZDLSsNAFIYn9VbrLepK3ASL4EJKIgVdtrpxWdFeoIllMpm0QycXZk7EEoKP4sqtPoU7cSs+hO/gpO1C2x4Y+Pj/cw5zfjfmTIJpfmuFpeWV1bXiemljc2t7R9/da8koEYQ2ScQj0XGxpJyFtAkMOO3EguLA5bTtDq9yv/1AhWRReAejmDoB7ofMZwSDknr6we19agN9hBQGWdZL66e2i0VaV6yXzYo5LmMerCmU0bQaPf3H9iKSBDQEwrGUXcuMwUmxAEY4zUp2ImmMyRD3aVdhiAMqnXR8QmYcK8Uz/EioF4IxVv9OpDiQchS4qjPAMJCzXi4u9DyZL1xkdRPwL5yUhXECNCSTP/gJNyAy8qgMjwlKgI8UYCKYOsMgAywwARVoSeVjzaYxD62zilWtVG+q5drlNKkiOkRH6ARZ6BzV0DVqoCYi6Am9oFf0pj1r79qH9jlpLWjTmX30r7SvXxu9ouE=</latexit>
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V

<latexit sha1_base64="FFC53rLDIj/oCKcyirjwCqwfQhA=">AAACH3icbZDLTsJAFIaneEO8oS7ZTCQmrkhrSHSJl4VLjHJJKGmm0wEmTKd15tSENCx8FFdu9SncGbc8hO/gAF0ocJJJ/vz/OSdzPj8WXINtT6zc2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byhzfTvPXMlOaRfIRRzLoh6Uve45SAsbxiyb1lAgh+8K6wG6sohgi7+klB2hx7xbJdsWeFl4WTiTLKqu4Vf9wgoknIJFBBtO44dgzdlCjgVLBxwU00iwkdkj7rGClJyHQ3nR0xxqfGCXAvUuZJwDP370RKQq1HoW86QwIDvZhNzZVZoKcLV0WdBHqX3ZTLOAEm6fwPvURgA2EKCwdcMQpiZAShipszMB0QRSgYpAXDx1mksSya5xWnWqneV8u164xUHpXQCTpDDrpANXSH6qiBKHpBb+gdfViv1qf1ZX3PW3NWNnOM/pU1+QU0jqLW</latexit>

C. Murthy and M. Srednicki, 2019



Enhanced correction at the transition

Has been shown for chaotic high energy eigenstates

We would like to understand this in the context of AdS/CFT, via RT formula

Via replica-trick: revisit renyi entropy calculation in AdS/CFT

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>
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<latexit sha1_base64="Wb4alaQymleB1BQ7J50YQo7ZAWI=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXRjbiqYB/QhjKZTNqxk0mYmQgl9AdcudWvcCdu/Qs/wn9wkmahbQ9cOJxz7+Xe48WcKW3b31ZpbX1jc6u8XdnZ3ds/qB4edVSUSELbJOKR7HlYUc4EbWumOe3FkuLQ47TrTW4yv/tEpWKReNDTmLohHgkWMIK1kTpkmLK72bBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5tTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QlgrymaRE86khmEhm3kBkjCUm2mRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThFlrQBgKP8AKv8GY9W+/Wh/U5by1Zxcwx/IP19QvZ/5oz</latexit>

          are independent Gaussian random variables, an ansatz based on eigenstate 
thermalization hypothesis (ETH), i.e. small subsystems look thermal

f = VA/V

<latexit sha1_base64="dDHEVx5BXje4zUrQ0MPSumIRytc=">AAACCXicbVDLSsNAFL2pr1pfVZduBovgqiZS0I1QdeOygk0LbSiTyaQdOpmEmYlQQr/AlVv9Cnfi1q/wI/wHJ20WWnvgwuGcey/3Hj/hTGnb/rJKK6tr6xvlzcrW9s7uXnX/wFVxKgltk5jHsutjRTkTtK2Z5rSbSIojn9OOP77N/c4jlYrF4kFPEupFeChYyAjWRuqEV+7g+swdVGt23Z4B/SdOQWpQoDWofveDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystm5U3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLi71ApUvXGb1Uh1eehkTSaqpIPMbwpQjHaM8FhQwSYnmE0Mwkcy8gcgIS0y0Ca9i8nEW0/hP3PO606g37hu15k2RVBmO4BhOwYELaMIdtKANBMbwDC/waj1Zb9a79TFvLVnFzCH8gfX5A3+6me4=</latexit>
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<latexit sha1_base64="N4KlXmRlsLNzpiCq168oq6Hu7E0=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialUJdFNy4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLG5tb2TnG3tLd/cHhUPj7pqCiRhLZJxCPZ87CinAna1kxz2oslxaHHadeb3GZ+94lKxSLxqKcxdUM8EixgBGsjPThXtWG5YlftOdAqcXJSgRytYfln4EckCanQhGOl+o4dazfFUjPC6aw0SBSNMZngEe0bKnBIlZvOT52hC6P4KIikKaHRXP07keJQqWnomc4Q67Fa9jJxreerbOE6q5/o4NpNmYgTTQVZ3BAkHOkIZZEgn0lKNJ8agolk5g1Exlhiok1wJZOPs5zGKunUqk69Wr+vV5o3eVJFOINzuAQHGtCEO2hBGwiM4AVe4c16tt6tD+tz0Vqw8plT+Afr6xdjV5g6</latexit>
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<latexit sha1_base64="EkwB6bJUjui6huZU1JMtuVLQs3I=">AAACE3icbVDLSsNAFL2pr1ofjbp0EyyCq5JIQZdVEVxWtA9oY5hMJ+3QySTMTIQS+xmu3OpXuBO3foAf4T84abPQtgcuHM6593Lv8WNGpbLtb6Owsrq2vlHcLG1t7+yWzb39lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90VXmtx+JkDTi92ocEzdEA04DipHSkmeW7x7Sp+ueQHzAyMS78MyKXbWnsBaJk5MK5Gh45k+vH+EkJFxhhqTsOnas3BQJRbHeWOolksQIj9CAdDXlKCTSTaeHT6xjrfStIBK6uLKm6t+JFIVSjkNfd4ZIDeW8l4lLvb7MFi6zuokKzt2U8jhRhOPZDUHCLBVZWUBWnwqCFRtrgrCg+g0LD5FAWOkYSzofZz6NRdI6rTq1au22Vqlf5kkV4RCO4AQcOIM63EADmoAhgRd4hTfj2Xg3PozPWWvByGcO4B+Mr19cPJ4w</latexit>

Sth
A,Ā

<latexit sha1_base64="GOX9t0np/4NiS28+PPqdHiUC0eU=">AAACHXicbZDLSsNAFIYn9VbrLepK3ASL4EJKIgVdtrpxWdFeoIllMpm0QycXZk7EEoKP4sqtPoU7cSs+hO/gpO1C2x4Y+Pj/cw5zfjfmTIJpfmuFpeWV1bXiemljc2t7R9/da8koEYQ2ScQj0XGxpJyFtAkMOO3EguLA5bTtDq9yv/1AhWRReAejmDoB7ofMZwSDknr6we19agN9hBQGWdZL66e2i0VaV6yXzYo5LmMerCmU0bQaPf3H9iKSBDQEwrGUXcuMwUmxAEY4zUp2ImmMyRD3aVdhiAMqnXR8QmYcK8Uz/EioF4IxVv9OpDiQchS4qjPAMJCzXi4u9DyZL1xkdRPwL5yUhXECNCSTP/gJNyAy8qgMjwlKgI8UYCKYOsMgAywwARVoSeVjzaYxD62zilWtVG+q5drlNKkiOkRH6ARZ6BzV0DVqoCYi6Am9oFf0pj1r79qH9jlpLWjTmX30r7SvXxu9ouE=</latexit>

�SA /
p
V

<latexit sha1_base64="FFC53rLDIj/oCKcyirjwCqwfQhA=">AAACH3icbZDLTsJAFIaneEO8oS7ZTCQmrkhrSHSJl4VLjHJJKGmm0wEmTKd15tSENCx8FFdu9SncGbc8hO/gAF0ocJJJ/vz/OSdzPj8WXINtT6zc2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byhzfTvPXMlOaRfIRRzLoh6Uve45SAsbxiyb1lAgh+8K6wG6sohgi7+klB2hx7xbJdsWeFl4WTiTLKqu4Vf9wgoknIJFBBtO44dgzdlCjgVLBxwU00iwkdkj7rGClJyHQ3nR0xxqfGCXAvUuZJwDP370RKQq1HoW86QwIDvZhNzZVZoKcLV0WdBHqX3ZTLOAEm6fwPvURgA2EKCwdcMQpiZAShipszMB0QRSgYpAXDx1mksSya5xWnWqneV8u164xUHpXQCTpDDrpANXSH6qiBKHpBb+gdfViv1qf1ZX3PW3NWNnOM/pU1+QU0jqLW</latexit>

C. Murthy and M. Srednicki, 2019
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Outline:



Renyi entropy for Chaotic Black hole micro-states

In terms of Euclidean path-integral, how does a chaotic energy 
eigenstate differ from a true canonical ensemble? 

⇢th =
X

e��E |EihE|

<latexit sha1_base64="kT/7+ZmC/g6IQYIz4FF3IweESJ0="></latexit>

⇢E = |EihE|

<latexit sha1_base64="SK6znQBnmrM3aR7dSLoFvfkYjbQ=">AAACInicbVDLSsNAFJ34rPUVdSnIYBFclUQKuhGKUnBZwT6gCWEymbRDJ5MwMxFK2p2f4sqtfoU7cSX4C/6DkzYLbXvgcg/n3DvMPX7CqFSW9WWsrK6tb2yWtsrbO7t7++bBYVvGqcCkhWMWi66PJGGUk5aiipFuIgiKfEY6/vA29zuPREga8wc1SogboT6nIcVIackzTxwxiL0GvIZj2HAE4n1GoMNmvTH2zIpVtaaAi8QuSAUUaHrmjxPEOI0IV5ghKXu2lSg3Q0JRzMik7KSSJAgPUZ/0NOUoItLNpndM4JlWAhjGQhdXcKr+3chQJOUo8vVkhNRAznu5uNQLZP7gMquXqvDKzShPUkU4nv0hTBlUMczzggEVBCs20gRhQfUZEA+QQFjpVMs6H3s+jUXSvqjatWrtvlap3xRJlcAxOAXnwAaXoA7uQBO0AAZP4AW8gjfj2Xg3PozP2eiKUewcgX8wvn8BIfmjMw==</latexit>

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>

v.s.



Renyi entropy for Chaotic Black hole micro-states

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

Black hole geometry = canonical ensemble |EihE|

<latexit sha1_base64="jNzeWBs+SrPG1QPAG5U3Agsu6hw=">AAACGHicbVDLSgMxFL1TX7W+xsfOTbAIrsqMFHRZlILLCvYB7VAyadqGZjJDkhHqtD/iyq1+hTtx686P8B/MtLPQtgcu93DOveHm+BFnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjhgpjSWidhDyULR8rypmgdc00p61IUhz4nDb90W3qNx+pVCwUD3ocUS/AA8H6jGBtpK59Mql2JBYDTlGHz3t10rWLTsmZAS0TNyNFyFDr2j+dXkjigApNOFaq7TqR9hIsNSOcTgudWNEIkxEe0LahAgdUecns+ik6N0oP9UNpSmg0U/9uJDhQahz4ZjLAeqgWvVRc6fVU+uAqqx3r/rWXMBHFmgoyv6Efc6RDlKaEekxSovnYEEwkM99AZIglJtpkWTD5uItpLJPGZcktl8r35WLlJksqD6dwBhfgwhVU4A5qUAcCT/ACr/BmPVvv1of1OR/NWdnOMfyD9fULrzmf6Q==</latexit>

Black hole micro-state = 

v.s.

In terms of Euclidean path-integral, how does a chaotic energy 
eigenstate differ from a true canonical ensemble? 

⇢th =
X

e��E |EihE|

<latexit sha1_base64="kT/7+ZmC/g6IQYIz4FF3IweESJ0="></latexit>

⇢E = |EihE|

<latexit sha1_base64="SK6znQBnmrM3aR7dSLoFvfkYjbQ=">AAACInicbVDLSsNAFJ34rPUVdSnIYBFclUQKuhGKUnBZwT6gCWEymbRDJ5MwMxFK2p2f4sqtfoU7cSX4C/6DkzYLbXvgcg/n3DvMPX7CqFSW9WWsrK6tb2yWtsrbO7t7++bBYVvGqcCkhWMWi66PJGGUk5aiipFuIgiKfEY6/vA29zuPREga8wc1SogboT6nIcVIackzTxwxiL0GvIZj2HAE4n1GoMNmvTH2zIpVtaaAi8QuSAUUaHrmjxPEOI0IV5ghKXu2lSg3Q0JRzMik7KSSJAgPUZ/0NOUoItLNpndM4JlWAhjGQhdXcKr+3chQJOUo8vVkhNRAznu5uNQLZP7gMquXqvDKzShPUkU4nv0hTBlUMczzggEVBCs20gRhQfUZEA+QQFjpVMs6H3s+jUXSvqjatWrtvlap3xRJlcAxOAXnwAaXoA7uQBO0AAZP4AW8gjfj2Xg3PozP2eiKUewcgX8wvn8BIfmjMw==</latexit>

|Ei =
X

|Ei+EJ�E|<�

ciJ |EiiA ⌦ |EJiĀ

<latexit sha1_base64="piFwYqnQJvxv9ywbvsk4JcoU8Cc="></latexit>

v.s.



Reduced density matrix: ⇢A = TrĀ⇢E

<latexit sha1_base64="j1NJf748lGjfPJdGLSjYTUjvB9Q=">AAACJnicbVDJSgNBEO2JW4xb1KOXJkHwFGYkoBchUQSPEbJBZhh6ejpJk56F7hoxDHP3Uzx51a/wJuLNH/Af7CwHTfKg4PFeVVH1vFhwBab5ZeTW1jc2t/LbhZ3dvf2D4uFRW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vdDPxOw9MKh6FTRjHzAnIIOR9TgloyS2WbDmM3Dq+wjawR0ibMnNT2yMyrWfZ1Lt1i2WzYk6Bl4k1J2U0R8Mt/th+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraRqSgCknnf6S4VOt+LgfSV0h4Kn6dyIlgVLjwNOdAYGhWvQm4krPV5OFq6xeAv1LJ+VhnAAL6eyGfiIwRHiSGfa5ZBTEWBNCJddvYDokklDQyRZ0PtZiGsukfV6xqpXqfbVcu54nlUcnqITOkIUuUA3doQZqIYqe0At6RW/Gs/FufBifs9acMZ85Rv9gfP8CaPimGg==</latexit>

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

A

<latexit sha1_base64="VQbdcMapgOw9MxiXe/6qTWJGAq4=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4TMA9IljA720mGzD6YmRXCkqMnr/oV3sSrH+JH+A/OJnvQJAUNRVV3011eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3md95Qql4FD7qaYxuQEchH3JGtZGat4Nyxa7ac5BV4uSkAjkag/JP349YEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHuGhjRA5abzQ2fkwig+GUbSVKjJXP07kdJAqWngmc6A6rFa9jJxreerbOE6q5fo4Y2b8jBONIZsccMwEURHJAuE+Fwi02JqCGWSmzcIG1NJmTaxlUw+znIaq6R9VXVq1VqzVqnf5UkV4QzO4RIcuIY6PEADWsAA4QVe4c16tt6tD+tz0Vqw8plT+Afr6xeVaJfV</latexit>

Renyi entropy for Chaotic Black hole micro-states



Perform disorder average: (⇢A)
n

<latexit sha1_base64="nDiadc0V6HI69HhCeypivHq04CM=">AAACJHicbVC7TsMwFHV4lvIqMLJYVEhlqRJUCcYCC2OR6ENqQuW4TmvViSP7BqmKuvIpTKzwFWyIgYU/4B9w2gzQ9kiWjs4598r3+LHgGmz7y1pZXVvf2CxsFbd3dvf2SweHLS0TRVmTSiFVxyeaCR6xJnAQrBMrRkJfsLY/usn89iNTmsvoHsYx80IyiHjAKQEj9UrYFSyAiitNKNuRumooe1cTV/HBEM4eTKRsV+0p8CJxclJGORq90o/blzQJWQRUEK27jh2DlxIFnAo2KbqJZjGhIzJgXUMjEjLtpdNLJvjUKH0cSGVeBHiq/p1ISaj1OPRNMiQw1PNeJi71+jpbuMzqJhBceimP4gRYRGd/CBKBQeKsMdznilEQY0MIVdycgemQKELB9Fo0/TjzbSyS1nnVqVVrd7Vy/TpvqoCO0QmqIAddoDq6RQ3URBQ9oRf0it6sZ+vd+rA+Z9EVK585Qv9gff8CXLallg==</latexit>

(⇢nA)

<latexit sha1_base64="9Rv4UgS3fPi5yNw+miOyzLq5j9E=">AAACJHicbVDLSgMxFM34rPVVdekmWIS6KTNS0GXVjcsK9gGdWjJppg3NJENyRyhDt36KK7f6Fe7EhRv/wH8w03ahbQ8EDufcc8k9QSy4Adf9clZW19Y3NnNb+e2d3b39wsFhw6hEU1anSijdCohhgktWBw6CtWLNSBQI1gyGN5nffGTacCXvYRSzTkT6koecErBSt4B9Ze0snfqChVDy9UB1rx6kr3l/AGfjbqHolt0J8CLxZqSIZqh1Cz9+T9EkYhKoIMa0PTeGTko0cCrYOO8nhsWEDkmftS2VJGKmk04uGeNTq/RwqLR9EvBE/ZtISWTMKArsZERgYOa9TFzq9Uy2cJnVTiC87KRcxgkwSad/CBOBQeGsMdzjmlEQI0sI1dyegemAaELB9pq3/XjzbSySxnnZq5Qrd5Vi9XrWVA4doxNUQh66QFV0i2qojih6Qi/oFb05z8678+F8TkdXnFnmCP2D8/0LX5qllg==</latexit>

vs

Reduced density matrix: ⇢A = TrĀ⇢E

<latexit sha1_base64="j1NJf748lGjfPJdGLSjYTUjvB9Q=">AAACJnicbVDJSgNBEO2JW4xb1KOXJkHwFGYkoBchUQSPEbJBZhh6ejpJk56F7hoxDHP3Uzx51a/wJuLNH/Af7CwHTfKg4PFeVVH1vFhwBab5ZeTW1jc2t/LbhZ3dvf2D4uFRW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vdDPxOw9MKh6FTRjHzAnIIOR9TgloyS2WbDmM3Dq+wjawR0ibMnNT2yMyrWfZ1Lt1i2WzYk6Bl4k1J2U0R8Mt/th+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraRqSgCknnf6S4VOt+LgfSV0h4Kn6dyIlgVLjwNOdAYGhWvQm4krPV5OFq6xeAv1LJ+VhnAAL6eyGfiIwRHiSGfa5ZBTEWBNCJddvYDokklDQyRZ0PtZiGsukfV6xqpXqfbVcu54nlUcnqITOkIUuUA3doQZqIYqe0At6RW/Gs/FufBifs9acMZ85Rv9gfP8CaPimGg==</latexit>

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

A

<latexit sha1_base64="VQbdcMapgOw9MxiXe/6qTWJGAq4=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4TMA9IljA720mGzD6YmRXCkqMnr/oV3sSrH+JH+A/OJnvQJAUNRVV3011eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3md95Qql4FD7qaYxuQEchH3JGtZGat4Nyxa7ac5BV4uSkAjkag/JP349YEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHuGhjRA5abzQ2fkwig+GUbSVKjJXP07kdJAqWngmc6A6rFa9jJxreerbOE6q5fo4Y2b8jBONIZsccMwEURHJAuE+Fwi02JqCGWSmzcIG1NJmTaxlUw+znIaq6R9VXVq1VqzVqnf5UkV4QzO4RIcuIY6PEADWsAA4QVe4c16tt6tD+tz0Vqw8plT+Afr6xeVaJfV</latexit>

Renyi entropy for Chaotic Black hole micro-states



Perform disorder average: (⇢A)
n

<latexit sha1_base64="nDiadc0V6HI69HhCeypivHq04CM=">AAACJHicbVC7TsMwFHV4lvIqMLJYVEhlqRJUCcYCC2OR6ENqQuW4TmvViSP7BqmKuvIpTKzwFWyIgYU/4B9w2gzQ9kiWjs4598r3+LHgGmz7y1pZXVvf2CxsFbd3dvf2SweHLS0TRVmTSiFVxyeaCR6xJnAQrBMrRkJfsLY/usn89iNTmsvoHsYx80IyiHjAKQEj9UrYFSyAiitNKNuRumooe1cTV/HBEM4eTKRsV+0p8CJxclJGORq90o/blzQJWQRUEK27jh2DlxIFnAo2KbqJZjGhIzJgXUMjEjLtpdNLJvjUKH0cSGVeBHiq/p1ISaj1OPRNMiQw1PNeJi71+jpbuMzqJhBceimP4gRYRGd/CBKBQeKsMdznilEQY0MIVdycgemQKELB9Fo0/TjzbSyS1nnVqVVrd7Vy/TpvqoCO0QmqIAddoDq6RQ3URBQ9oRf0it6sZ+vd+rA+Z9EVK585Qv9gff8CXLallg==</latexit>

(⇢nA)

<latexit sha1_base64="9Rv4UgS3fPi5yNw+miOyzLq5j9E=">AAACJHicbVDLSgMxFM34rPVVdekmWIS6KTNS0GXVjcsK9gGdWjJppg3NJENyRyhDt36KK7f6Fe7EhRv/wH8w03ahbQ8EDufcc8k9QSy4Adf9clZW19Y3NnNb+e2d3b39wsFhw6hEU1anSijdCohhgktWBw6CtWLNSBQI1gyGN5nffGTacCXvYRSzTkT6koecErBSt4B9Ze0snfqChVDy9UB1rx6kr3l/AGfjbqHolt0J8CLxZqSIZqh1Cz9+T9EkYhKoIMa0PTeGTko0cCrYOO8nhsWEDkmftS2VJGKmk04uGeNTq/RwqLR9EvBE/ZtISWTMKArsZERgYOa9TFzq9Uy2cJnVTiC87KRcxgkwSad/CBOBQeGsMdzjmlEQI0sI1dyegemAaELB9pq3/XjzbSySxnnZq5Qrd5Vi9XrWVA4doxNUQh66QFV0i2qojih6Qi/oFb05z8678+F8TkdXnFnmCP2D8/0LX5qllg==</latexit>

vs

Independent Gaussian random variables:  wick contractions

Reduced density matrix: ⇢A = TrĀ⇢E

<latexit sha1_base64="j1NJf748lGjfPJdGLSjYTUjvB9Q=">AAACJnicbVDJSgNBEO2JW4xb1KOXJkHwFGYkoBchUQSPEbJBZhh6ejpJk56F7hoxDHP3Uzx51a/wJuLNH/Af7CwHTfKg4PFeVVH1vFhwBab5ZeTW1jc2t/LbhZ3dvf2D4uFRW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vdDPxOw9MKh6FTRjHzAnIIOR9TgloyS2WbDmM3Dq+wjawR0ibMnNT2yMyrWfZ1Lt1i2WzYk6Bl4k1J2U0R8Mt/th+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraRqSgCknnf6S4VOt+LgfSV0h4Kn6dyIlgVLjwNOdAYGhWvQm4krPV5OFq6xeAv1LJ+VhnAAL6eyGfiIwRHiSGfa5ZBTEWBNCJddvYDokklDQyRZ0PtZiGsukfV6xqpXqfbVcu54nlUcnqITOkIUuUA3doQZqIYqe0At6RW/Gs/FufBifs9acMZ85Rv9gfP8CaPimGg==</latexit>

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

A

<latexit sha1_base64="VQbdcMapgOw9MxiXe/6qTWJGAq4=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4TMA9IljA720mGzD6YmRXCkqMnr/oV3sSrH+JH+A/OJnvQJAUNRVV3011eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3md95Qql4FD7qaYxuQEchH3JGtZGat4Nyxa7ac5BV4uSkAjkag/JP349YEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHuGhjRA5abzQ2fkwig+GUbSVKjJXP07kdJAqWngmc6A6rFa9jJxreerbOE6q5fo4Y2b8jBONIZsccMwEURHJAuE+Fwi02JqCGWSmzcIG1NJmTaxlUw+znIaq6R9VXVq1VqzVqnf5UkV4QzO4RIcuIY6PEADWsAA4QVe4c16tt6tD+tz0Vqw8plT+Afr6xeVaJfV</latexit>

cc⇤ / 1

<latexit sha1_base64="KsMfbALHTB6SUbs5x2cobKjug3c=">AAACJXicbVDLSgMxFM3UV62vUZduRosgLsqMFHRZdOOygn1AZyyZTKYNzSQhyQhl6NpPceVWv8KdCK78Av/BTDsLbXsgcDjnnnDvCQUlSrvul1VaWV1b3yhvVra2d3b37P2DtuKpRLiFOOWyG0KFKWG4pYmmuCskhklIcScc3eR+5xFLRTi712OBgwQOGIkJgtpIffvY58bO0xlCD+cTX0guNHf8BOphpDJv0rerbs2dwlkkXkGqoECzb//4EUdpgplGFCrV81yhgwxKTRDFk4qfKiwgGsEB7hnKYIJVkE1PmTinRomcmEvzmHam6t9EBhOlxkloJvMN1byXi0u9SOUfLrN6qY6vgowwkWrM0GyHOKWOqSGvzImIxEjTsSEQSWLOcNAQSoi0KbZi+vHm21gk7YuaV6/V7+rVxnXRVBkcgRNwBjxwCRrgFjRBCyDwBF7AK3iznq1368P6nI2WrCJzCP7B+v4FfdamMQ==</latexit>

Renyi entropy for Chaotic Black hole micro-states



Perform disorder average: (⇢A)
n

<latexit sha1_base64="nDiadc0V6HI69HhCeypivHq04CM=">AAACJHicbVC7TsMwFHV4lvIqMLJYVEhlqRJUCcYCC2OR6ENqQuW4TmvViSP7BqmKuvIpTKzwFWyIgYU/4B9w2gzQ9kiWjs4598r3+LHgGmz7y1pZXVvf2CxsFbd3dvf2SweHLS0TRVmTSiFVxyeaCR6xJnAQrBMrRkJfsLY/usn89iNTmsvoHsYx80IyiHjAKQEj9UrYFSyAiitNKNuRumooe1cTV/HBEM4eTKRsV+0p8CJxclJGORq90o/blzQJWQRUEK27jh2DlxIFnAo2KbqJZjGhIzJgXUMjEjLtpdNLJvjUKH0cSGVeBHiq/p1ISaj1OPRNMiQw1PNeJi71+jpbuMzqJhBceimP4gRYRGd/CBKBQeKsMdznilEQY0MIVdycgemQKELB9Fo0/TjzbSyS1nnVqVVrd7Vy/TpvqoCO0QmqIAddoDq6RQ3URBQ9oRf0it6sZ+vd+rA+Z9EVK585Qv9gff8CXLallg==</latexit>

(⇢nA)

<latexit sha1_base64="9Rv4UgS3fPi5yNw+miOyzLq5j9E=">AAACJHicbVDLSgMxFM34rPVVdekmWIS6KTNS0GXVjcsK9gGdWjJppg3NJENyRyhDt36KK7f6Fe7EhRv/wH8w03ahbQ8EDufcc8k9QSy4Adf9clZW19Y3NnNb+e2d3b39wsFhw6hEU1anSijdCohhgktWBw6CtWLNSBQI1gyGN5nffGTacCXvYRSzTkT6koecErBSt4B9Ze0snfqChVDy9UB1rx6kr3l/AGfjbqHolt0J8CLxZqSIZqh1Cz9+T9EkYhKoIMa0PTeGTko0cCrYOO8nhsWEDkmftS2VJGKmk04uGeNTq/RwqLR9EvBE/ZtISWTMKArsZERgYOa9TFzq9Uy2cJnVTiC87KRcxgkwSad/CBOBQeGsMdzjmlEQI0sI1dyegemAaELB9pq3/XjzbSySxnnZq5Qrd5Vi9XrWVA4doxNUQh66QFV0i2qojih6Qi/oFb05z8678+F8TkdXnFnmCP2D8/0LX5qllg==</latexit>

vs

Independent Gaussian random variables:  wick contractions

… …{

<latexit sha1_base64="+nBtkVSANKTMkFlNiViVyZsA2zU=">AAACCnicbZBLSgNBEIZr4ivGV9Slm8YguAozEtBl0I3LCOYByRB6emqSJj0PunuEMOQGrtzqKdyJWy/hIbyDPcksNElBw8//VxXVn5cIrrRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKhm2WSxi2fOoQsEjbGuuBfYSiTT0BHa9yV2ed59QKh5Hj3qaoBvSUcQDzqg2Vm8gPEkZkmG1ZtfteZFV4RSiBkW1htWfgR+zNMRIM0GV6jt2ot2MSs2ZwFllkCpMKJvQEfaNjGiIys3m987IhXF8EsTSvEiTuft3IqOhUtPQM50h1WO1nOXm2sxX+cJ1UT/VwY2b8ShJNUZscUOQCqJjknMhPpfItJgaQZnk5huEjamBow29iuHjLNNYFZ2rutOoNx4ateZtQaoMZ3AOl+DANTThHlrQBgYCXuAV3qxn6936sD4XrSWrmDmFf2V9/QLrvpq/</latexit>

n

cc⇤ / 1

<latexit sha1_base64="KsMfbALHTB6SUbs5x2cobKjug3c=">AAACJXicbVDLSgMxFM3UV62vUZduRosgLsqMFHRZdOOygn1AZyyZTKYNzSQhyQhl6NpPceVWv8KdCK78Av/BTDsLbXsgcDjnnnDvCQUlSrvul1VaWV1b3yhvVra2d3b37P2DtuKpRLiFOOWyG0KFKWG4pYmmuCskhklIcScc3eR+5xFLRTi712OBgwQOGIkJgtpIffvY58bO0xlCD+cTX0guNHf8BOphpDJv0rerbs2dwlkkXkGqoECzb//4EUdpgplGFCrV81yhgwxKTRDFk4qfKiwgGsEB7hnKYIJVkE1PmTinRomcmEvzmHam6t9EBhOlxkloJvMN1byXi0u9SOUfLrN6qY6vgowwkWrM0GyHOKWOqSGvzImIxEjTsSEQSWLOcNAQSoi0KbZi+vHm21gk7YuaV6/V7+rVxnXRVBkcgRNwBjxwCRrgFjRBCyDwBF7AK3iznq1368P6nI2WrCJzCP7B+v4FfdamMQ==</latexit>

Reduced density matrix: ⇢A = TrĀ⇢E

<latexit sha1_base64="j1NJf748lGjfPJdGLSjYTUjvB9Q=">AAACJnicbVDJSgNBEO2JW4xb1KOXJkHwFGYkoBchUQSPEbJBZhh6ejpJk56F7hoxDHP3Uzx51a/wJuLNH/Af7CwHTfKg4PFeVVH1vFhwBab5ZeTW1jc2t/LbhZ3dvf2D4uFRW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vdDPxOw9MKh6FTRjHzAnIIOR9TgloyS2WbDmM3Dq+wjawR0ibMnNT2yMyrWfZ1Lt1i2WzYk6Bl4k1J2U0R8Mt/th+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraRqSgCknnf6S4VOt+LgfSV0h4Kn6dyIlgVLjwNOdAYGhWvQm4krPV5OFq6xeAv1LJ+VhnAAL6eyGfiIwRHiSGfa5ZBTEWBNCJddvYDokklDQyRZ0PtZiGsukfV6xqpXqfbVcu54nlUcnqITOkIUuUA3doQZqIYqe0At6RW/Gs/FufBifs9acMZ85Rv9gfP8CaPimGg==</latexit>

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

A

<latexit sha1_base64="VQbdcMapgOw9MxiXe/6qTWJGAq4=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4TMA9IljA720mGzD6YmRXCkqMnr/oV3sSrH+JH+A/OJnvQJAUNRVV3011eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3md95Qql4FD7qaYxuQEchH3JGtZGat4Nyxa7ac5BV4uSkAjkag/JP349YEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHuGhjRA5abzQ2fkwig+GUbSVKjJXP07kdJAqWngmc6A6rFa9jJxreerbOE6q5fo4Y2b8jBONIZsccMwEURHJAuE+Fwi02JqCGWSmzcIG1NJmTaxlUw+znIaq6R9VXVq1VqzVqnf5UkV4QzO4RIcuIY6PEADWsAA4QVe4c16tt6tD+tz0Vqw8plT+Afr6xeVaJfV</latexit>

cc⇤ / 1

<latexit sha1_base64="KsMfbALHTB6SUbs5x2cobKjug3c=">AAACJXicbVDLSgMxFM3UV62vUZduRosgLsqMFHRZdOOygn1AZyyZTKYNzSQhyQhl6NpPceVWv8KdCK78Av/BTDsLbXsgcDjnnnDvCQUlSrvul1VaWV1b3yhvVra2d3b37P2DtuKpRLiFOOWyG0KFKWG4pYmmuCskhklIcScc3eR+5xFLRTi712OBgwQOGIkJgtpIffvY58bO0xlCD+cTX0guNHf8BOphpDJv0rerbs2dwlkkXkGqoECzb//4EUdpgplGFCrV81yhgwxKTRDFk4qfKiwgGsEB7hnKYIJVkE1PmTinRomcmEvzmHam6t9EBhOlxkloJvMN1byXi0u9SOUfLrN6qY6vgowwkWrM0GyHOKWOqSGvzImIxEjTsSEQSWLOcNAQSoi0KbZi+vHm21gk7YuaV6/V7+rVxnXRVBkcgRNwBjxwCRrgFjRBCyDwBF7AK3iznq1368P6nI2WrCJzCP7B+v4FfdamMQ==</latexit>

Renyi entropy for Chaotic Black hole micro-states



Perform disorder average: (⇢A)
n

<latexit sha1_base64="nDiadc0V6HI69HhCeypivHq04CM=">AAACJHicbVC7TsMwFHV4lvIqMLJYVEhlqRJUCcYCC2OR6ENqQuW4TmvViSP7BqmKuvIpTKzwFWyIgYU/4B9w2gzQ9kiWjs4598r3+LHgGmz7y1pZXVvf2CxsFbd3dvf2SweHLS0TRVmTSiFVxyeaCR6xJnAQrBMrRkJfsLY/usn89iNTmsvoHsYx80IyiHjAKQEj9UrYFSyAiitNKNuRumooe1cTV/HBEM4eTKRsV+0p8CJxclJGORq90o/blzQJWQRUEK27jh2DlxIFnAo2KbqJZjGhIzJgXUMjEjLtpdNLJvjUKH0cSGVeBHiq/p1ISaj1OPRNMiQw1PNeJi71+jpbuMzqJhBceimP4gRYRGd/CBKBQeKsMdznilEQY0MIVdycgemQKELB9Fo0/TjzbSyS1nnVqVVrd7Vy/TpvqoCO0QmqIAddoDq6RQ3URBQ9oRf0it6sZ+vd+rA+Z9EVK585Qv9gff8CXLallg==</latexit>

(⇢nA)

<latexit sha1_base64="9Rv4UgS3fPi5yNw+miOyzLq5j9E=">AAACJHicbVDLSgMxFM34rPVVdekmWIS6KTNS0GXVjcsK9gGdWjJppg3NJENyRyhDt36KK7f6Fe7EhRv/wH8w03ahbQ8EDufcc8k9QSy4Adf9clZW19Y3NnNb+e2d3b39wsFhw6hEU1anSijdCohhgktWBw6CtWLNSBQI1gyGN5nffGTacCXvYRSzTkT6koecErBSt4B9Ze0snfqChVDy9UB1rx6kr3l/AGfjbqHolt0J8CLxZqSIZqh1Cz9+T9EkYhKoIMa0PTeGTko0cCrYOO8nhsWEDkmftS2VJGKmk04uGeNTq/RwqLR9EvBE/ZtISWTMKArsZERgYOa9TFzq9Uy2cJnVTiC87KRcxgkwSad/CBOBQeGsMdzjmlEQI0sI1dyegemAaELB9pq3/XjzbSySxnnZq5Qrd5Vi9XrWVA4doxNUQh66QFV0i2qojih6Qi/oFb05z8678+F8TkdXnFnmCP2D8/0LX5qllg==</latexit>

vs

Independent Gaussian random variables:  wick contractions

… …{

<latexit sha1_base64="+nBtkVSANKTMkFlNiViVyZsA2zU=">AAACCnicbZBLSgNBEIZr4ivGV9Slm8YguAozEtBl0I3LCOYByRB6emqSJj0PunuEMOQGrtzqKdyJWy/hIbyDPcksNElBw8//VxXVn5cIrrRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKhm2WSxi2fOoQsEjbGuuBfYSiTT0BHa9yV2ed59QKh5Hj3qaoBvSUcQDzqg2Vm8gPEkZkmG1ZtfteZFV4RSiBkW1htWfgR+zNMRIM0GV6jt2ot2MSs2ZwFllkCpMKJvQEfaNjGiIys3m987IhXF8EsTSvEiTuft3IqOhUtPQM50h1WO1nOXm2sxX+cJ1UT/VwY2b8ShJNUZscUOQCqJjknMhPpfItJgaQZnk5huEjamBow29iuHjLNNYFZ2rutOoNx4ateZtQaoMZ3AOl+DANTThHlrQBgYCXuAV3qxn6936sD4XrSWrmDmFf2V9/QLrvpq/</latexit>

n

cc⇤ / 1

<latexit sha1_base64="KsMfbALHTB6SUbs5x2cobKjug3c=">AAACJXicbVDLSgMxFM3UV62vUZduRosgLsqMFHRZdOOygn1AZyyZTKYNzSQhyQhl6NpPceVWv8KdCK78Av/BTDsLbXsgcDjnnnDvCQUlSrvul1VaWV1b3yhvVra2d3b37P2DtuKpRLiFOOWyG0KFKWG4pYmmuCskhklIcScc3eR+5xFLRTi712OBgwQOGIkJgtpIffvY58bO0xlCD+cTX0guNHf8BOphpDJv0rerbs2dwlkkXkGqoECzb//4EUdpgplGFCrV81yhgwxKTRDFk4qfKiwgGsEB7hnKYIJVkE1PmTinRomcmEvzmHam6t9EBhOlxkloJvMN1byXi0u9SOUfLrN6qY6vgowwkWrM0GyHOKWOqSGvzImIxEjTsSEQSWLOcNAQSoi0KbZi+vHm21gk7YuaV6/V7+rVxnXRVBkcgRNwBjxwCRrgFjRBCyDwBF7AK3iznq1368P6nI2WrCJzCP7B+v4FfdamMQ==</latexit>

Reduced density matrix: ⇢A = TrĀ⇢E

<latexit sha1_base64="j1NJf748lGjfPJdGLSjYTUjvB9Q=">AAACJnicbVDJSgNBEO2JW4xb1KOXJkHwFGYkoBchUQSPEbJBZhh6ejpJk56F7hoxDHP3Uzx51a/wJuLNH/Af7CwHTfKg4PFeVVH1vFhwBab5ZeTW1jc2t/LbhZ3dvf2D4uFRW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vdDPxOw9MKh6FTRjHzAnIIOR9TgloyS2WbDmM3Dq+wjawR0ibMnNT2yMyrWfZ1Lt1i2WzYk6Bl4k1J2U0R8Mt/th+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraRqSgCknnf6S4VOt+LgfSV0h4Kn6dyIlgVLjwNOdAYGhWvQm4krPV5OFq6xeAv1LJ+VhnAAL6eyGfiIwRHiSGfa5ZBTEWBNCJddvYDokklDQyRZ0PtZiGsukfV6xqpXqfbVcu54nlUcnqITOkIUuUA3doQZqIYqe0At6RW/Gs/FufBifs9acMZ85Rv9gfP8CaPimGg==</latexit>

{c}

<latexit sha1_base64="S/oS3QVMA+yZv5b5hvW1ewJZgsg=">AAACFHicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRgi6LblxWsBdoQ5lMJu3QySTMTAol9DVcudWncCdu3fsQvoOTNAtte2Dg5//POZz5/IQzpR3n29rY3Nre2a3sVfcPDo+O7ZPTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX2ed6dUKhaLJz1LqBfhkWAhI1gba2jbA+5LTCgiA1mIoV1z6k5RaFW4pahBWa2h/TMIYpJGVGjCsVJ910m0l2GpGeF0Xh2kiiaYTPCI9o0UOKLKy4rL5+jSOAEKY2me0Khw/05kOFJqFvmmM8J6rJaz3FybBSpfuC7qpzq89TImklRTQRY3hClHOkY5IRQwSYnmMyMwkcx8A5ExNmy04Vg1fNxlGquic113G/XGY6PWvCtJVeAcLuAKXLiBJjxAC9pAYAov8Apv1rP1bn1Yn4vWDaucOYN/ZX39Atm0nm4=</latexit>

{c⇤}

<latexit sha1_base64="wFgKMOJn8ht+vDPUwRsY8PoYZaw=">AAACFnicbZDLSsNAFIZP6q3WW6xLN4NFEBclkYIui25cVrAXaGKZTCbt0MmFmYlYSt/DlVt9Cnfi1q0P4Ts4SbPQtgcGfv7/nMOZz0s4k8qyvo3S2vrG5lZ5u7Kzu7d/YB5WOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+yvPtIhWRxdK8mCXVDPIxYwAhW2hqYVYd7AhOKyMO5I3I5MGtW3coLLQu7EDUoqjUwfxw/JmlII0U4lrJvW4lyp1goRjidVZxU0gSTMR7SvpYRDql0p/ntM3SqHR8FsdAvUih3/05McSjlJPR0Z4jVSC5mmbky82W2cFXUT1Vw5U5ZlKSKRmR+Q5BypGKUMUI+E5QoPtECE8H0NxAZYc1GaZIVzcdepLEsOhd1u1Fv3DVqzeuCVBmO4QTOwIZLaMIttKANBJ7gBV7hzXg23o0P43PeWjKKmSP4V8bXLwtqnwo=</latexit>

A

<latexit sha1_base64="VQbdcMapgOw9MxiXe/6qTWJGAq4=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9RLx4TMA9IljA720mGzD6YmRXCkqMnr/oV3sSrH+JH+A/OJnvQJAUNRVV3011eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3md95Qql4FD7qaYxuQEchH3JGtZGat4Nyxa7ac5BV4uSkAjkag/JP349YEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHuGhjRA5abzQ2fkwig+GUbSVKjJXP07kdJAqWngmc6A6rFa9jJxreerbOE6q5fo4Y2b8jBONIZsccMwEURHJAuE+Fwi02JqCGWSmzcIG1NJmTaxlUw+znIaq6R9VXVq1VqzVqnf5UkV4QzO4RIcuIY6PEADWsAA4QVe4c16tt6tD+tz0Vqw8plT+Afr6xeVaJfV</latexit>

cc⇤ / 1

<latexit sha1_base64="KsMfbALHTB6SUbs5x2cobKjug3c=">AAACJXicbVDLSgMxFM3UV62vUZduRosgLsqMFHRZdOOygn1AZyyZTKYNzSQhyQhl6NpPceVWv8KdCK78Av/BTDsLbXsgcDjnnnDvCQUlSrvul1VaWV1b3yhvVra2d3b37P2DtuKpRLiFOOWyG0KFKWG4pYmmuCskhklIcScc3eR+5xFLRTi712OBgwQOGIkJgtpIffvY58bO0xlCD+cTX0guNHf8BOphpDJv0rerbs2dwlkkXkGqoECzb//4EUdpgplGFCrV81yhgwxKTRDFk4qfKiwgGsEB7hnKYIJVkE1PmTinRomcmEvzmHam6t9EBhOlxkloJvMN1byXi0u9SOUfLrN6qY6vgowwkWrM0GyHOKWOqSGvzImIxEjTsSEQSWLOcNAQSoi0KbZi+vHm21gk7YuaV6/V7+rVxnXRVBkcgRNwBjxwCRrgFjRBCyDwBF7AK3iznq1368P6nI2WrCJzCP7B+v4FfdamMQ==</latexit>

Renyi entropy for Chaotic Black hole micro-states



Renyi entropy for Chaotic Black hole micro-states

Can show: only wick-contraction of planar type dominates in holographic 

limit, e.g.  planar:                              ; non-planar: c1 c⇤1c2c⇤2 ... cnc⇤n

<latexit sha1_base64="tg9tBFOV4yRvwCsVY4fqoqgjTVk="></latexit>

c1 c
⇤
1c2 c

⇤
3 ... cnc

⇤
n

<latexit sha1_base64="tb5PBWxh90VLZycVObjahL8RQts="></latexit>



Renyi entropy for Chaotic Black hole micro-states

Can show: only wick-contraction of planar type dominates in holographic 

limit, e.g.  planar:                              ; non-planar:  

Re-order the segments of path-integral, so that the wick contraction takes 

uniform form:                                      (canonical representation) c1c⇤1 c2c⇤2 ... cnc⇤n

<latexit sha1_base64="LIH0B/8zy1p2RMAqbRl9d2NWrGM=">AAACSXicbZDLSgMxFIYzrZdab6Mu3QSLIC6GmVJQcFMUwWUFe4F2LJk0bUMzyZBkhDL0iXwUVy7VZ3DhTlyZaWfR24EDP/93Tsj5g4hRpV33w8rlNza3tgs7xd29/YND++i4oUQsMaljwYRsBUgRRjmpa6oZaUWSoDBgpBmM7lLefCFSUcGf9DgifogGnPYpRtpYXfu+IwxOtxPc9aDp58tJ52beLRu3PHUdx1lE3CBuUNcuuY47LbgqvEyUQFa1rv3d6Qkch4RrzJBSbc+NtJ8gqSlmZFLsxIpECI/QgLSN5Cgkyk+m507guXF6sC+kaa7h1J3fSFCo1DgMzGSI9FAts9Rcy3oqfXAdase6f+0nlEexJhzP/tCPGdQCprHCHpUEazY2AmFJzRkQD5FEWJvwiyYfbzmNVdEoO17FqTxWStXbLKkCOAVn4AJ44ApUwQOogTrA4BW8g0/wZb1ZP9av9TcbzVnZzglYqFz+H8onsgs=</latexit>

c1 c
⇤
1c2c

⇤
2 ... cnc

⇤
n

<latexit sha1_base64="tg9tBFOV4yRvwCsVY4fqoqgjTVk="></latexit>

c1 c
⇤
1c2 c

⇤
3 ... cnc

⇤
n

<latexit sha1_base64="tb5PBWxh90VLZycVObjahL8RQts="></latexit>



e.g. n=3e.g. n=3

Renyi entropy for Chaotic Black hole micro-states

Can show: only wick-contraction of planar type dominates in holographic 

limit, e.g.  planar:                              ; non-planar:  

Re-order the segments of path-integral, so that the wick contraction takes 

uniform form:                                      (canonical representation) c1c⇤1 c2c⇤2 ... cnc⇤n

<latexit sha1_base64="LIH0B/8zy1p2RMAqbRl9d2NWrGM=">AAACSXicbZDLSgMxFIYzrZdab6Mu3QSLIC6GmVJQcFMUwWUFe4F2LJk0bUMzyZBkhDL0iXwUVy7VZ3DhTlyZaWfR24EDP/93Tsj5g4hRpV33w8rlNza3tgs7xd29/YND++i4oUQsMaljwYRsBUgRRjmpa6oZaUWSoDBgpBmM7lLefCFSUcGf9DgifogGnPYpRtpYXfu+IwxOtxPc9aDp58tJ52beLRu3PHUdx1lE3CBuUNcuuY47LbgqvEyUQFa1rv3d6Qkch4RrzJBSbc+NtJ8gqSlmZFLsxIpECI/QgLSN5Cgkyk+m507guXF6sC+kaa7h1J3fSFCo1DgMzGSI9FAts9Rcy3oqfXAdase6f+0nlEexJhzP/tCPGdQCprHCHpUEazY2AmFJzRkQD5FEWJvwiyYfbzmNVdEoO17FqTxWStXbLKkCOAVn4AJ44ApUwQOogTrA4BW8g0/wZb1ZP9av9TcbzVnZzglYqFz+H8onsgs=</latexit>

c1 c
⇤
1c2c

⇤
2 ... cnc

⇤
n

<latexit sha1_base64="tg9tBFOV4yRvwCsVY4fqoqgjTVk="></latexit>

c1 c
⇤
1c2 c

⇤
3 ... cnc

⇤
n

<latexit sha1_base64="tb5PBWxh90VLZycVObjahL8RQts="></latexit>

e.g. n=3



Renyi entropy for Chaotic Black hole micro-states

Can show: only wick-contraction of planar type dominates in holographic 

limit, e.g.  planar:                              ; non-planar:  

Re-order the segments of path-integral, so that the wick contraction takes 

uniform form:                                      (canonical representation) c1c⇤1 c2c⇤2 ... cnc⇤n

<latexit sha1_base64="LIH0B/8zy1p2RMAqbRl9d2NWrGM=">AAACSXicbZDLSgMxFIYzrZdab6Mu3QSLIC6GmVJQcFMUwWUFe4F2LJk0bUMzyZBkhDL0iXwUVy7VZ3DhTlyZaWfR24EDP/93Tsj5g4hRpV33w8rlNza3tgs7xd29/YND++i4oUQsMaljwYRsBUgRRjmpa6oZaUWSoDBgpBmM7lLefCFSUcGf9DgifogGnPYpRtpYXfu+IwxOtxPc9aDp58tJ52beLRu3PHUdx1lE3CBuUNcuuY47LbgqvEyUQFa1rv3d6Qkch4RrzJBSbc+NtJ8gqSlmZFLsxIpECI/QgLSN5Cgkyk+m507guXF6sC+kaa7h1J3fSFCo1DgMzGSI9FAts9Rcy3oqfXAdase6f+0nlEexJhzP/tCPGdQCprHCHpUEazY2AmFJzRkQD5FEWJvwiyYfbzmNVdEoO17FqTxWStXbLKkCOAVn4AJ44ApUwQOogTrA4BW8g0/wZb1ZP9av9TcbzVnZzglYqFz+H8onsgs=</latexit>

c1 c
⇤
1c2c

⇤
2 ... cnc

⇤
n

<latexit sha1_base64="tg9tBFOV4yRvwCsVY4fqoqgjTVk="></latexit>

c1 c
⇤
1c2 c

⇤
3 ... cnc

⇤
n

<latexit sha1_base64="tb5PBWxh90VLZycVObjahL8RQts="></latexit>

e.g. n=3



Renyi entropy for Chaotic Black hole micro-states

Can show: only wick-contraction of planar type dominates in holographic 

limit, e.g.  planar:                              ; non-planar:  

Re-order the segments of path-integral, so that the wick contraction takes 

uniform form:                                      (canonical representation) 

Different branch structures along A and A complement (to maintain topology)

c1c⇤1 c2c⇤2 ... cnc⇤n

<latexit sha1_base64="LIH0B/8zy1p2RMAqbRl9d2NWrGM=">AAACSXicbZDLSgMxFIYzrZdab6Mu3QSLIC6GmVJQcFMUwWUFe4F2LJk0bUMzyZBkhDL0iXwUVy7VZ3DhTlyZaWfR24EDP/93Tsj5g4hRpV33w8rlNza3tgs7xd29/YND++i4oUQsMaljwYRsBUgRRjmpa6oZaUWSoDBgpBmM7lLefCFSUcGf9DgifogGnPYpRtpYXfu+IwxOtxPc9aDp58tJ52beLRu3PHUdx1lE3CBuUNcuuY47LbgqvEyUQFa1rv3d6Qkch4RrzJBSbc+NtJ8gqSlmZFLsxIpECI/QgLSN5Cgkyk+m507guXF6sC+kaa7h1J3fSFCo1DgMzGSI9FAts9Rcy3oqfXAdase6f+0nlEexJhzP/tCPGdQCprHCHpUEazY2AmFJzRkQD5FEWJvwiyYfbzmNVdEoO17FqTxWStXbLKkCOAVn4AJ44ApUwQOogTrA4BW8g0/wZb1ZP9av9TcbzVnZzglYqFz+H8onsgs=</latexit>

c1 c
⇤
1c2c

⇤
2 ... cnc

⇤
n

<latexit sha1_base64="tg9tBFOV4yRvwCsVY4fqoqgjTVk="></latexit>

c1 c
⇤
1c2 c

⇤
3 ... cnc

⇤
n

<latexit sha1_base64="tb5PBWxh90VLZycVObjahL8RQts="></latexit>



Different (planar) wick-contractions give rise to different closed 
boundary branched manifolds             for computing  

Need to fill them into bulk solutions         , corresponding to different 
bulk saddles for computing 

{Mi}

<latexit sha1_base64="2S2ctyAiwtx3mh9z+m9pGJpxX9w=">AAACIXicbZDLSsNAFIZPvNZ6i7oUYbAIrkoiBV0W3bgRKtgLNCFMJpN26OTCzEQooSsfxZVbfQp34k58Bt/BSZuFtj0w8PP/5wznfH7KmVSW9WWsrK6tb2xWtqrbO7t7++bBYUcmmSC0TRKeiJ6PJeUspm3FFKe9VFAc+Zx2/dFNkXcfqZAsiR/UOKVuhAcxCxnBSlueeeJwX2BCkRNhNSSY53cTjyFHTF3PrFl1a1poUdilqEFZLc/8cYKEZBGNFeFYyr5tpcrNsVCMcDqpOpmkKSYjPKB9LWMcUenm0zMm6Ew7AQoToV+s0NT9O5HjSMpx5OvOYlk5nxXm0iyQxYfLon6mwis3Z3GaKRqT2Q5hxpFKUIELBUxQovhYC0wE02cgMsSajdJQq5qPPU9jUXQu6naj3rhv1JrXJakKHMMpnIMNl9CEW2hBGwg8wQu8wpvxbLwbH8bnrHXFKGeO4F8Z379HRaPw</latexit>

Zn

<latexit sha1_base64="5miw2C1fAWoVXtyBYPqqNmwZhBM=">AAACE3icbVDLSsNAFL2pr1ofjbp0M1gEVyWRgi6LblxWsA9sQ5hMpu3QySTMTIQS+hmu3OpXuBO3foAf4T84abPQtgcGDufcc7lzgoQzpR3n2yptbG5t75R3K3v7B4dV++i4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcpv73ScqFYvFg54m1IvwSLAhI1gbyberg9jYeTp79MUM+XbNqTtzoFXiFqQGBVq+/TMIY5JGVGjCsVJ910m0l2GpGeF0VhmkiiaYTPCI9g0VOKLKy+aHz9C5UUI0jKV5QqO5+jeR4UipaRSYyQjrsVr2cnGtF6p84Tqrn+rhtZcxkaSaCrK4YZhypGOUF4RCJinRfGoIJpKZbyAyxhITbWqsmH7c5TZWSeey7jbqjftGrXlTNFWGUziDC3DhCppwBy1oA4EUXuAV3qxn6936sD4XoyWryJzAP1hfv5J3nlA=</latexit>

Sn(A)

<latexit sha1_base64="vPnFsLpDAQLGjGul2+xK2BWnASQ=">AAACFnicbVC7TsMwFHXKq5RXKCOLRYVUlipBlWAssDAWQR9SG0WO47RWHTuyHUQV9T+YWOEr2BArKx/BP+C0HaDtkSwdnXPP1fUJEkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh+W2EqnEpIUFE7IbIEUY5aSlqWakm0iC4oCRTjC6yf3OI5GKCv6gxwnxYjTgNKIYaSP5drkvjJ2ns3ufV6/OJtC3K07NmQIuE3dOKmCOpm//9EOB05hwjRlSquc6ifYyJDXFjExK/VSRBOERGpCeoRzFRHnZ9PYJPDVKCCMhzeMaTtW/iQzFSo3jwEzGSA/VopeLK71Q5QtXWb1UR5deRnmSasLx7IYoZVALmHcEQyoJ1mxsCMKSmm9APEQSYW2aLJl+3MU2lkn7vObWa/W7eqVxPW+qCI7BCagCF1yABrgFTdACGDyBF/AK3qxn6936sD5nowVrnjkC/2B9/QL1OZ75</latexit>

{Bi}

<latexit sha1_base64="SnBLl0zriXnSdVcviaDoN7exppc=">AAACIXicbZDLSsNAFIZPvNZ6i7oUYbAIrkoiBV2WunFZwV6gCWEymbRDJxdmJkIJXfkortzqU7gTd+Iz+A5O2iy07YGBn/8/Zzjn81POpLKsL2NtfWNza7uyU93d2z84NI+OuzLJBKEdkvBE9H0sKWcx7SimOO2nguLI57Tnj2+LvPdIhWRJ/KAmKXUjPIxZyAhW2vLMM4f7AhOKnAirEcE8b0095oi56Zk1q27NCi0LuxQ1KKvtmT9OkJAsorEiHEs5sK1UuTkWihFOp1UnkzTFZIyHdKBljCMq3Xx2xhRdaCdAYSL0ixWauX8nchxJOYl83VksKxezwlyZBbL4cFU0yFR44+YsTjNFYzLfIcw4UgkqcKGACUoUn2iBiWD6DERGWMNRGmpV87EXaSyL7lXdbtQb941as1WSqsApnMMl2HANTbiDNnSAwBO8wCu8Gc/Gu/FhfM5b14xy5gT+lfH9Czbio+U=</latexit>

Renyi entropy for Chaotic Black hole micro-states



Renyi entropy for (chaotic) black hole micro-states 


Construct and re-sum bulk saddles: effective action


Enhanced correction from effective action


Discussions and outlooks

Outline:



Constructing bulk saddle-points

Example: n=3

In canonical representation, need to fill the following boundary manifolds:



Constructing bulk saddle-points

Example: n=3

In canonical representation, need to fill the following boundary manifolds:

A

<latexit sha1_base64="azWwvZmj/aQHJ8/0GdsfbOclpmk=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXVjcsq9gFtKJPJpB06mYSZiVBCt67c6le4E7f+hx/hPzhJs9C2By4czrn3cu/xYs6Utu1vq7S2vrG5Vd6u7Ozu7R9UD486KkokoW0S8Uj2PKwoZ4K2NdOc9mJJcehx2vUmt5nffaJSsUg86mlM3RCPBAsYwdpID9doWK3ZdTsHWiZOQWpQoDWs/gz8iCQhFZpwrFTfsWPtplhqRjidVQaJojEmEzyifUMFDqly0/zSGTozio+CSJoSGuXq34kUh0pNQ890hliP1aKXiSs9X2ULV1n9RAdXbspEnGgqyPyGIOFIRyhLBPlMUqL51BBMJDNvIDLGEhNtcquYfJzFNJZJ56LuNOqN+0ateVMkVYYTOIVzcOASmnAHLWgDgQBe4BXerGfr3fqwPuetJauYOYZ/sL5+Ae6Il/8=</latexit>

Ā

<latexit sha1_base64="INVtdPEnmJZX2VZus1GA5jfOkRw=">AAACCXicbVDLSsNAFL3js9ZX1aWbwSK4KokUdFl147KCfUAbymQyaYdOJmFmIpTQL3DlVr/Cnbj1K/wI/8FJm4W2PXDhcM69l3uPnwiujeN8o7X1jc2t7dJOeXdv/+CwcnTc1nGqKGvRWMSq6xPNBJesZbgRrJsoRiJfsI4/vsv9zhNTmsfy0UwS5kVkKHnIKTFW6vR9orKb6aBSdWrODHiZuAWpQoHmoPLTD2KaRkwaKojWPddJjJcRZTgVbFrup5olhI7JkPUslSRi2stm507xuVUCHMbKljR4pv6dyEik9STybWdEzEgverm40gt0vnCV1UtNeO1lXCapYZLObwhTgU2M81hwwBWjRkwsIVRx+wamI6IINTa8ss3HXUxjmbQva269Vn+oVxu3RVIlOIUzuAAXrqAB99CEFlAYwwu8wht6Ru/oA33OW9dQMXMC/4C+fgGYBZqa</latexit>

Black hole geometry



Constructing bulk saddle-points

Example: n=3

In general, breaks replica symmetry
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Difficult to construct such bulk geometries



Constructing bulk saddle-points

Example: n=3

In general, breaks replica symmetry


Difficult to construct such bulk geometries


We are interested in high temperature BH micro-states



Constructing bulk saddle-points

Example: n=3

@A

<latexit sha1_base64="TYgIe/n1f70Pr4gCl3GvKkjWemc=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclUQKuqy6cVnBPqANZTKZtEMnM2FmIpTQb3DlVr/Cnbj1G/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWqCG0RyaXqBlhTzgRtGWY47SaK4jjgtBOM73K/80SVZlI8mklC/RgPBYsYwcZKvX6ClWGYZzfTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn+ULCafTcj/VNMFkjIe0Z6nAMdV+Njt5is6tEqJIKlvCoJn6dyLDsdaTOLCdMTYjvejl4kov1PnCVVYvNdG1nzGRpIYKMr8hSjkyEuXRoJApSgyfWIKJYvYNREZYYWJsgGWbj7eYxjJpX9a8eq3+UK82boukSnAKZ3ABHlxBA+6hCS0gIOEFXuHNeXbenQ/nc9665hQzJ/APztcvBBCceg==</latexit>

In general, breaks replica symmetry


Difficult to construct such bulk geometries


We are interested in high temperature BH micro-states


In this case, we can neglect features along the thermal 

circles and boundary phenomena near  



In general, breaks replica symmetry


Difficult to construct such bulk geometries


We are interested in high temperature BH micro-states


In this case, we can neglect features along the thermal 

circles and boundary phenomena near  


bulk solutions can be approximately constructed by 

simply gluing “segments” of black hole geometries, 

subject to matching conditions

Constructing bulk saddle-points

Example: n=3

@A

<latexit sha1_base64="TYgIe/n1f70Pr4gCl3GvKkjWemc=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclUQKuqy6cVnBPqANZTKZtEMnM2FmIpTQb3DlVr/Cnbj1G/wI/8FJm4W2PXDhcM69l3tPkHCmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWqCG0RyaXqBlhTzgRtGWY47SaK4jjgtBOM73K/80SVZlI8mklC/RgPBYsYwcZKvX6ClWGYZzfTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn+ULCafTcj/VNMFkjIe0Z6nAMdV+Njt5is6tEqJIKlvCoJn6dyLDsdaTOLCdMTYjvejl4kov1PnCVVYvNdG1nzGRpIYKMr8hSjkyEuXRoJApSgyfWIKJYvYNREZYYWJsgGWbj7eYxjJpX9a8eq3+UK82boukSnAKZ3ABHlxBA+6hCS0gIOEFXuHNeXbenQ/nc9665hQzJ/APztcvBBCceg==</latexit>



Recipe for a generic saddle-point for general      :n

<latexit sha1_base64="uTUkAKkCk4WDp3mS25AQDS9e0hM=">AAACA3icbVBNS8NAEJ34WetX1aOXYBE8lUQKeix68diC/YA2lM1m0i7dbMLuRiihR09e9Vd4E6/+EH+E/8FNm4O2fTDweG9mmHl+wpnSjvNtbWxube/slvbK+weHR8eVk9OOilNJsU1jHsueTxRyJrCtmebYSySSyOfY9Sf3ud99QqlYLB71NEEvIiPBQkaJNlJLDCtVp+bMYa8StyBVKNAcVn4GQUzTCIWmnCjVd51EexmRmlGOs/IgVZgQOiEj7BsqSITKy+aHzuxLowR2GEtTQttz9e9ERiKlppFvOiOix2rZy8W1XqDyheusfqrDWy9jIkk1Crq4IUy5rWM7D8QOmESq+dQQQiUzb9h0TCSh2sRWNvm4y2msks51za3X6q16tXFXJFWCc7iAK3DhBhrwAE1oAwWEF3iFN+vZerc+rM9F64ZVzJzBP1hfv95bmAI=</latexit>

Constructing bulk saddle-points



Recipe for a generic saddle-point for general      :n

<latexit sha1_base64="uTUkAKkCk4WDp3mS25AQDS9e0hM=">AAACA3icbVBNS8NAEJ34WetX1aOXYBE8lUQKeix68diC/YA2lM1m0i7dbMLuRiihR09e9Vd4E6/+EH+E/8FNm4O2fTDweG9mmHl+wpnSjvNtbWxube/slvbK+weHR8eVk9OOilNJsU1jHsueTxRyJrCtmebYSySSyOfY9Sf3ud99QqlYLB71NEEvIiPBQkaJNlJLDCtVp+bMYa8StyBVKNAcVn4GQUzTCIWmnCjVd51EexmRmlGOs/IgVZgQOiEj7BsqSITKy+aHzuxLowR2GEtTQttz9e9ERiKlppFvOiOix2rZy8W1XqDyheusfqrDWy9jIkk1Crq4IUy5rWM7D8QOmESq+dQQQiUzb9h0TCSh2sRWNvm4y2msks51za3X6q16tXFXJFWCc7iAK3DhBhrwAE1oAwWEF3iFN+vZerc+rM9F64ZVzJzBP1hfv95bmAI=</latexit>

BH with temperature �A

<latexit sha1_base64="YRUcDtG/gggQWC36EeBGBo0oiUs=">AAACCXicbVDLSsNAFJ34rPVVdekmWARXJZGCLqtuXFawD2hDmUxu2qGTSZi5EUroF7hyq1/hTtz6FX6E/+CkzULbHrhwOOfey73HTwTX6Djf1tr6xubWdmmnvLu3f3BYOTpu6zhVDFosFrHq+lSD4BJayFFAN1FAI19Axx/f5X7nCZTmsXzESQJeRIeSh5xRNFKn7wPSwc2gUnVqzgz2MnELUiUFmoPKTz+IWRqBRCao1j3XSdDLqELOBEzL/VRDQtmYDqFnqKQRaC+bnTu1z40S2GGsTEm0Z+rfiYxGWk8i33RGFEd60cvFlV6g84WrrF6K4bWXcZmkCJLNbwhTYWNs57HYAVfAUEwMoUxx84bNRlRRhia8ssnHXUxjmbQva269Vn+oVxu3RVIlckrOyAVxyRVpkHvSJC3CyJi8kFfyZj1b79aH9TlvXbOKmRPyD9bXL0b3mmg=</latexit>

⇥(n+ 1�m)

<latexit sha1_base64="dtVa4VR0OQX7D3kD1mn/HR7cBJs=">AAACEHicbVDLSsNAFJ3UV62vqks3g0WoiCWRgi6LblxWsA9oY5lMJu3QySTM3Agl9CdcudWvcCdu/QM/wn9w0mahtQcuHM65d+be48WCa7DtL6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdT2imeCStYCDYN1YMRJ6gnW88U3mdx6Z0jyS9zCJmRuSoeQBpwSM9NAHHjKNq/LMOQ9PB+WKXbNnwP+Jk5MKytEclL/7fkSTkEmggmjdc+wY3JQo4FSwaamfaBYTOiZD1jNUEvOZm862nuITo/g4iJQpCXim/p5ISaj1JPRMZ0hgpBe9TFzq+Tp7cJnVSyC4clMu4wSYpPMdgkRgiHCWDva5YhTExBBCFTdnYDoiilAwGZZMPs5iGv9J+6Lm1Gv1u3qlcZ0nVURH6BhVkYMuUQPdoiZqIYoUekYv6NV6st6sd+tj3lqw8plD9AfW5w8wrpxp</latexit>

BH with temperature �Ā

<latexit sha1_base64="EUi0vYUaGt82wIYWFmJhGRMRElk=">AAACE3icbVDLSsNAFJ3UV62PRl26CRbBVUmkoMuqG5cV7AOaEG4mk3boZBJmJkIJ/QxXbvUr3IlbP8CP8B+ctFlo2wMXDufce7n3BCmjUtn2t1HZ2Nza3qnu1vb2Dw7r5tFxTyaZwKSLE5aIQQCSMMpJV1HFyCAVBOKAkX4wuSv8/hMRkib8UU1T4sUw4jSiGJSWfLPuBkSBn7sBiPxmNvPNht2057BWiVOSBirR8c0fN0xwFhOuMAMph46dKi8HoShmZFZzM0lSwBMYkaGmHGIivXx++Mw610poRYnQxZU1V/9O5BBLOY0D3RmDGstlrxDXeqEsFq6zhpmKrr2c8jRThOPFDVHGLJVYRUBWSAXBik01ASyofsPCYxCAlY6xpvNxltNYJb3LptNqth5ajfZtmVQVnaIzdIEcdIXa6B51UBdhlKEX9IrejGfj3fgwPhetFaOcOUH/YHz9ArqGnmo=</latexit>

⇥m

<latexit sha1_base64="0OuSKuP1SWsSZAeU3JAxS6Xg9PE=">AAACCnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZdFNy4r2Ae0Q8lkMm1okhmSjFCG/oErt/oV7sStP+FH+A9m2llo2wMXDufcm9x7goQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wSLKIEWys1BsYJqhGYlituXV3DrRKvILUoEBrWP0ZhDFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8on1LJbbf+Nl83xm6sEqIoljZkgbN1b8TGRZaT0VgOwU2Y73s5eJaL9T5g+usfmqiGz9jMkkNlWSxQ5RyZGKU54JCpigxfGoJJorZMxAZY4WJselVbD7echqrpHNV9xr1xkOj1rwtkirDGZzDJXhwDU24hxa0gQCHF3iFN+fZeXc+nM9Fa8kpZk7hH5yvXymNmuU=</latexit>

fE�A + (1� f)E�Ā
= E

<latexit sha1_base64="G0nsbObDszwYaSYGejaQggSk22Q=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoEUsiBd0IrVJwWcE+oA1hMpm0QycPZiZCCfkGP8WVW/0KF4K4deU/OGmLaNsDl3s4595h7nEiRoU0jHctt7K6tr6R3yxsbe/s7un7B20RxhyTFg5ZyLsOEoTRgLQklYx0I06Q7zDScUY3md95IFzQMLiX44hYPhoE1KMYSSXZetlr2EnfIRLZ9fS0ZJ555V9BNcSTepqm8Ao2bL1oVIwJ4CIxZ6QIZmja+nffDXHsk0BihoTomUYkrQRxSTEjaaEfCxIhPEID0lM0QD4RVjI5KYUnSnGhF3JVgYQT9e9Ggnwhxr6jJn0kh2Ley8SlniuyB5dZvVh6l1ZCgyiWJMDTP3gxgzKEWXTQpZxgycaKIMypOgPiIeIISxVwQeVjzqexSNrnFbNaqd5Vi7XrWVJ5cASOQQmY4ALUwC1oghbA4BE8gxfwqj1pb9qH9jkdzWmznUPwD9rXD8+Ep6Y=</latexit>

f

<latexit sha1_base64="KIoA4Ka06A7yUAN+QBoCgYXEj3Q=">AAACA3icbVBNS8NAEJ34WetX1aOXYBE8lUQKeix68diC/YA2lM1m0i7dbMLuRiihR09e9Vd4E6/+EH+E/8FNm4O2fTDweG9mmHl+wpnSjvNtbWxube/slvbK+weHR8eVk9OOilNJsU1jHsueTxRyJrCtmebYSySSyOfY9Sf3ud99QqlYLB71NEEvIiPBQkaJNlIrHFaqTs2Zw14lbkGqUKA5rPwMgpimEQpNOVGq7zqJ9jIiNaMcZ+VBqjAhdEJG2DdUkAiVl80PndmXRgnsMJamhLbn6t+JjERKTSPfdEZEj9Wyl4trvUDlC9dZ/VSHt17GRJJqFHRxQ5hyW8d2HogdMIlU86khhEpm3rDpmEhCtYmtbPJxl9NYJZ3rmluv1Vv1auOuSKoE53ABV+DCDTTgAZrQBgoIL/AKb9az9W59WJ+L1g2rmDmDf7C+fgHRY5f6</latexit>

1� f

<latexit sha1_base64="2mMqNfpV2Q9MjTPGnSTNxLkGkOA=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgxpJIQJdFNy4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HTzhT2ra/rdLa+sbmVnm7srO7t39QPTxqqziVhLZIzGPZ9bGinAna0kxz2k0kxZHPaccf3+Z+54lKxWLxqCcJ9SI8FCxkBGsjPTgX4aBas+v2DGiZOAWpQYHmoPrTD2KSRlRowrFSPcdOtJdhqRnhdFrpp4ommIzxkPYMFTiiystmp07RmVECFMbSlNBopv6dyHCk1CTyTWeE9Ugterm40gtUvnCV1Ut1eO1lTCSppoLMbwhTjnSM8khQwCQlmk8MwUQy8wYiIywx0Sa4isnHWUxjmbQv645bd+/dWuOmSKoMJ3AK5+DAFTTgDprQAgJDeIFXeLOerXfrw/qct5asYuYY/sH6+gW0Y5hs</latexit>

Constructing bulk saddle-points



Recipe for a generic saddle-point for general      :n

<latexit sha1_base64="uTUkAKkCk4WDp3mS25AQDS9e0hM=">AAACA3icbVBNS8NAEJ34WetX1aOXYBE8lUQKeix68diC/YA2lM1m0i7dbMLuRiihR09e9Vd4E6/+EH+E/8FNm4O2fTDweG9mmHl+wpnSjvNtbWxube/slvbK+weHR8eVk9OOilNJsU1jHsueTxRyJrCtmebYSySSyOfY9Sf3ud99QqlYLB71NEEvIiPBQkaJNlJLDCtVp+bMYa8StyBVKNAcVn4GQUzTCIWmnCjVd51EexmRmlGOs/IgVZgQOiEj7BsqSITKy+aHzuxLowR2GEtTQttz9e9ERiKlppFvOiOix2rZy8W1XqDyheusfqrDWy9jIkk1Crq4IUy5rWM7D8QOmESq+dQQQiUzb9h0TCSh2sRWNvm4y2msks51za3X6q16tXFXJFWCc7iAK3DhBhrwAE1oAwWEF3iFN+vZerc+rM9F64ZVzJzBP1hfv95bmAI=</latexit>

Alternatively, the quotient of such a geometry can be obtained by double defect construction, 
similar to the cosmic brane construction

=

TA =
n�m

4nGN
, TĀ =

m� 1

4nGM

<latexit sha1_base64="BexioTeFo/7AGWyekoNcca28Rl0="></latexit>

B̃m

<latexit sha1_base64="MwVnyzq6Rp8bTd0ULsw7ut3j0Jc=">AAACGXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRgi5L3bisYB/QhDCZTNuhM5MwMxFKyJe4cqtf4U7cuvIj/AcnbRba9sDA4Zx7L2dOmDCqtON8W5WNza3tnepubW//4PDIPj7pqTiVmHRxzGI5CJEijArS1VQzMkgkQTxkpB9O7wq//0SkorF41LOE+ByNBR1RjLSRAvvM05RFJPM40hOMWNbO84AHdt1pOHPAVeKWpA5KdAL7x4tinHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsHj+Hl0aJ4CiW5gkN5+rfjQxxpWY8NJNFSrXsFeJaL1LFwXXWMNWjWz+jIkk1EXiRYZQyqGNY1AQjKgnWbGYIwpKab0A8QRJhbcqsmX7c5TZWSe+64TYbzYdmvdUum6qCc3ABroALbkAL3IMO6AIMMvACXsGb9Wy9Wx/W52K0YpU7p+AfrK9f4qqhLw==</latexit>

Bm

<latexit sha1_base64="Qcdu/P/1eTCW4/iOhv1JolrhfYY=">AAACD3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZelblxWsA9oh5LJpG1okhmTjFCGfoQrt/oV7sStn+BH+A9m2llo2wOBwzn3Xk5OEHOmjet+O4WNza3tneJuaW//4PCofHzS1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeY3GZ+54kqzSL5YKYx9QUeSTZkBBsr+X2BzZhgnjZmAzEoV9yqOwdaJV5OKpCjOSj/9MOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10HnqGLqwSomGk7JMGzdW/GykWWk9FYCezkHrZy8S1Xqizg+usXmKGN37KZJwYKskiwzDhyEQoKweFTFFi+NQSTBSz30BkjBUmxlZYsv14y22skvZV1atVa/e1Sr2RN1WEMziHS/DgGupwB01oAYFHeIFXeHOenXfnw/lcjBacfOcU/sH5+gWEmp1I</latexit>

Constructing bulk saddle-points



Zn =

Z
Dg,⌃A,Ā

e�nSbulk

nX

m=1

d(m) e�
n�m
4GN

Sbrane(⌃A)�m�1
4GN

Sbrane(⌃Ā)

<latexit sha1_base64="dABzPcJYmPcdC41ogbXzaE7zfko="></latexit>

=

Z
Dg,⌃A,Ā

e�n(Sbulk+Seff(⌃A,Ā))

<latexit sha1_base64="IzLlDGUmNQM/uhHOrzc+3Tsm52k="></latexit>

effective action for the cosmic branes

Re-summing saddles: effective action for cosmic brane

Zn =
nX

m=1

d(m) Zn (Bm)

<latexit sha1_base64="NLIawY5KtQozGBxgmKAstMQ7quI="></latexit>

Zn(B̃m) =

Z
Dg D⌃A,Ā e�Sbulk�

P
i=A,Ā TiSbrane(⌃i)

<latexit sha1_base64="rZBmdYs9HuJ47mBeno2xGZr4q0E="></latexit>

Can re-sum over m explicitly:

TA =
n�m

4nGN
, TĀ =

m� 1

4nGM

<latexit sha1_base64="BexioTeFo/7AGWyekoNcca28Rl0="></latexit>

Sbrane(⌃) =

Z

⌃
dy

p
g

<latexit sha1_base64="v03ZyXk9J1WWYkRfL4JX+e2RzbU="></latexit>

“double defects"

degeneracy from different gluing choices



Effective action from re-summation:

Se↵ =

8
>><

>>:

n�1
4GN

Sbrane(⌃A)� ln

✓
2F1


1� n,�n; 2; e

�Ibrane
4GN

�◆
, �Ibrane < 0

n�1
4GN

Sbrane(⌃Ā)� ln

✓
2F1


1� n,�n; 2; e�

�Ibrane
4GN

�◆
, �Ibrane > 0

<latexit sha1_base64="oiq2oR0O+bSWoLGePhC3weSGO4g="></latexit>

“non-local” effective brane action from re-summing all saddles


can analytically continue to non-integer n, and take replica limit.


solve the dynamics of this effective brane action (in fixed-area basis)


in high T limit, path-integral reduces to 1-dimensional:   

Re-summing saddles: effective action for cosmic brane

Zn =

Z
dE enSA(E)+nSĀ(E�E)�Ieff(SA(E),SĀ(E�E),n)

<latexit sha1_base64="QJ19MKUWtpjbs8zJ2YjYgXl/C2M="></latexit>

F1 (E)

<latexit sha1_base64="3rZPi+rNp5+WUx71ohIXV3Oinpo=">AAACH3icbVDLSsNAFJ3UV62vqMtugkWom5JIQZdFUVxWsA9oQphMJu3QyYOZG6GELvwUV271K9yJ236E/+CkzULbHrhwOOfey73HSziTYJozrbSxubW9U96t7O0fHB7pxyddGaeC0A6JeSz6HpaUs4h2gAGn/URQHHqc9rzxbe73nqmQLI6eYJJQJ8TDiAWMYFCSq1fvXcvmNIC6HWIYEcyzu6kt2HAEF65eMxvmHMYqsQpSQwXarv5j+zFJQxoB4VjKgWUm4GRYACOcTit2KmmCyRgP6UDRCIdUOtn8ialxrhTfCGKhKgJjrv6dyHAo5ST0VGd+qVz2cnGt58t84TprkEJw7WQsSlKgEVncEKTcgNjIwzJ8JigBPlEEE8HUGwYZYYEJqEgrKh9rOY1V0r1sWM1G87FZa90USZVRFZ2hOrLQFWqhB9RGHUTQC3pD7+hDe9U+tS/te9Fa0oqZU/QP2uwXT8Ki5A==</latexit>

eSA,Ā(x)

<latexit sha1_base64="YjseqAFW7B6sYapUV9zgFjXA8vY=">AAACGHicbVDLSsNAFJ3UV62v+Ni5CRahgpRECrpsdeOyon1AG8NkMmmHTiZhZiLWkB9x5Va/wp24dedH+A9O2iy07YELh3Puvdx73IgSIU3zWyssLa+srhXXSxubW9s7+u5eW4QxR7iFQhryrgsFpoThliSS4m7EMQxcijvu6CrzOw+YCxKyOzmOsB3AASM+QVAqydEP8H1y6ySN074LedJI08rjSeroZbNqTmDMEysnZZCj6eg/fS9EcYCZRBQK0bPMSNoJ5JIgitNSPxY4gmgEB7inKIMBFnYyuT41jpXiGX7IVTFpTNS/EwkMhBgHruoMoByKWS8TF3qeyBYusnqx9C/shLAolpih6Q1+TA0ZGllKhkc4RpKOFYGIE/WGgYaQQyRVliWVjzWbxjxpn1WtWrV2UyvXL/OkiuAQHIEKsMA5qINr0AQtgMATeAGv4E171t61D+1z2lrQ8pl98A/a1y+sNZ/o</latexit>

              :subsystem density of 
states at subsystem energy x



Renyi entropy for (chaotic) black hole micro-states 


Construct and re-sum bulk saddles: effective action


Enhanced correction from effective action


Discussions and outlooks

Outline:



We can use compute the effective action approximately using stationary point


Enhanced correction from effective action

2 4 6 8 10

280

290

300

310

320

330

340

E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

Zn =

Z
dE eF1(E) / eF1(E⇤)

p
F 00
1 (E⇤)

, F 0
1 (E⇤) = 0

<latexit sha1_base64="7TaXnOUnH1c5JpxYfL9Qh8RUrvo="></latexit>

F1 / V Tc � 1

<latexit sha1_base64="movZWmrYos2PcHPVErqPMmyT+vk=">AAACGXicbZDLSsNAFIYnXmu9RcWVm8EiuCqJFHRZFMRlhd6gCWEymaZDJ5lhZiKU0Cdx5Vafwp24deVD+A5O2iy07YGBn/8/53DmCwWjSjvOt7W2vrG5tV3Zqe7u7R8c2kfHXcUziUkHc8ZlP0SKMJqSjqaakb6QBCUhI71wfFfkvSciFeVpW08E8RMUp3RIMdLGCuzT+8CFnpBcaA67bQy9OIZuYNecujMruCzcUtRAWa3A/vEijrOEpBozpNTAdYT2cyQ1xYxMq16miEB4jGIyMDJFCVF+Pjt/Ci+ME8Ehl+alGs7cvxM5SpSaJKHpTJAeqcWsMFdmkSoWrooGmR7e+DlNRaZJiuc3DDMGDYUCE4yoJFiziREIS2q+AfEISYS1gVk1fNxFGsuie1V3G/XGY6PWvC1JVcAZOAeXwAXXoAkeQAt0AAY5eAGv4M16tt6tD+tz3rpmlTMn4F9ZX7/Bcp9L</latexit>



Enhanced correction from effective action

2 4 6 8 10

235

240

245
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E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

E/2

<latexit sha1_base64="FvYhKBetfHh9ZQJ9GGdHWAT5W+8=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialoMuiCC4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLa+sbmVnG7tLO7t39QPjxqqyiRhLZIxCPZ9bCinAna0kxz2o0lxaHHaccb32R+54lKxSLxqCcxdUM8FCxgBGsjPdxe1Ablil21Z0DLxMlJBXI0B+Wfvh+RJKRCE46V6jl2rN0US80Ip9NSP1E0xmSMh7RnqMAhVW46O3WKzozioyCSpoRGM/XvRIpDpSahZzpDrEdq0cvElZ6vsoWrrF6igys3ZSJONBVkfkOQcKQjlEWCfCYp0XxiCCaSmTcQGWGJiTbBlUw+zmIay6Rdqzr1av2+Xmlc50kV4QRO4RwcuIQG3EETWkBgCC/wCm/Ws/VufVif89aClc8cwz9YX7+D65hO</latexit>

E⇤
�

<latexit sha1_base64="2NkXgUlDx2utzmH3Rk/E9gHUeQ4=">AAACE3icbVDLSsNAFL3xWeujUZduBosggiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9As3Fndg=</latexit>

E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>

We can use compute the effective action approximately using stationary point


At the transition                ,        is reflection symmetric aboutVA = VĀ

<latexit sha1_base64="vE4kcT0JDX2qu41wdsBp/obY360=">AAACFXicbVDLSsNAFJ34rPWV6tLNYBFclUQKuhFa3bisYNNCG8JkMmmHTiZhZqKUkO9w5Va/wp24de1H+A9O2iy07YELh3Puvdx7/IRRqSzr21hb39jc2q7sVHf39g8OzdqRI+NUYNLFMYtF30eSMMpJV1HFSD8RBEU+Iz1/clv4vUciJI35g5omxI3QiNOQYqS05Jk1x2vDa+h42dBHImvnuWfWrYY1A1wmdknqoETHM3+GQYzTiHCFGZJyYFuJcjMkFMWM5NVhKkmC8ASNyEBTjiIi3Wx2eg7PtBLAMBa6uIIz9e9EhiIpp5GvOyOkxnLRK8SVXiCLhausQarCKzejPEkV4Xh+Q5gyqGJYRAQDKghWbKoJwoLqNyAeI4Gw0kFWdT72YhrLxLlo2M1G875Zb92USVXACTgF58AGl6AF7kAHdAEGT+AFvII349l4Nz6Mz3nrmlHOHIN/ML5+Abj+nk8=</latexit>

E/2

<latexit sha1_base64="FvYhKBetfHh9ZQJ9GGdHWAT5W+8=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialoMuiCC4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLa+sbmVnG7tLO7t39QPjxqqyiRhLZIxCPZ9bCinAna0kxz2o0lxaHHaccb32R+54lKxSLxqCcxdUM8FCxgBGsjPdxe1Ablil21Z0DLxMlJBXI0B+Wfvh+RJKRCE46V6jl2rN0US80Ip9NSP1E0xmSMh7RnqMAhVW46O3WKzozioyCSpoRGM/XvRIpDpSahZzpDrEdq0cvElZ6vsoWrrF6igys3ZSJONBVkfkOQcKQjlEWCfCYp0XxiCCaSmTcQGWGJiTbBlUw+zmIay6Rdqzr1av2+Xmlc50kV4QRO4RwcuIQG3EETWkBgCC/wCm/Ws/VufVif89aClc8cwz9YX7+D65hO</latexit>

F1

<latexit sha1_base64="EvFn/VNU0ggAExxwZXByYaQ/JrY=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRS0GVREJcV7QPaUCaTSTt0MgkzE6GErl251a9wJ279Dj/Cf3CSZqFtD1w4nHPv5d7jxZwpbdvfVmltfWNzq7xd2dnd2z+oHh51VJRIQtsk4pHseVhRzgRta6Y57cWS4tDjtOtNbjK/+0SlYpF41NOYuiEeCRYwgrWRHm6HzrBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5qTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QFgnymaRE86khmEhm3kBkjCUm2gRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThDlrQBgIjeIFXeLOerXfrw/qct5asYuYY/sH6+gXR7Zh+</latexit>



Enhanced correction from effective action

We can use compute the effective action approximately using stationary point


At the transition                ,        is reflection symmetric about


For generic n>1, the integrand has two well-separated stationary points, can be 

approximated by two independent full Gaussian integrals

VA = VĀ

<latexit sha1_base64="vE4kcT0JDX2qu41wdsBp/obY360=">AAACFXicbVDLSsNAFJ34rPWV6tLNYBFclUQKuhFa3bisYNNCG8JkMmmHTiZhZqKUkO9w5Va/wp24de1H+A9O2iy07YELh3Puvdx7/IRRqSzr21hb39jc2q7sVHf39g8OzdqRI+NUYNLFMYtF30eSMMpJV1HFSD8RBEU+Iz1/clv4vUciJI35g5omxI3QiNOQYqS05Jk1x2vDa+h42dBHImvnuWfWrYY1A1wmdknqoETHM3+GQYzTiHCFGZJyYFuJcjMkFMWM5NVhKkmC8ASNyEBTjiIi3Wx2eg7PtBLAMBa6uIIz9e9EhiIpp5GvOyOkxnLRK8SVXiCLhausQarCKzejPEkV4Xh+Q5gyqGJYRAQDKghWbKoJwoLqNyAeI4Gw0kFWdT72YhrLxLlo2M1G875Zb92USVXACTgF58AGl6AF7kAHdAEGT+AFvII349l4Nz6Mz3nrmlHOHIN/ML5+Abj+nk8=</latexit>

E/2

<latexit sha1_base64="FvYhKBetfHh9ZQJ9GGdHWAT5W+8=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialoMuiCC4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLa+sbmVnG7tLO7t39QPjxqqyiRhLZIxCPZ9bCinAna0kxz2o0lxaHHaccb32R+54lKxSLxqCcxdUM8FCxgBGsjPdxe1Ablil21Z0DLxMlJBXI0B+Wfvh+RJKRCE46V6jl2rN0US80Ip9NSP1E0xmSMh7RnqMAhVW46O3WKzozioyCSpoRGM/XvRIpDpSahZzpDrEdq0cvElZ6vsoWrrF6igys3ZSJONBVkfkOQcKQjlEWCfCYp0XxiCCaSmTcQGWGJiTbBlUw+zmIay6Rdqzr1av2+Xmlc50kV4QRO4RwcuIQG3EETWkBgCC/wCm/Ws/VufVif89aClc8cwz9YX7+D65hO</latexit>

F1

<latexit sha1_base64="EvFn/VNU0ggAExxwZXByYaQ/JrY=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRS0GVREJcV7QPaUCaTSTt0MgkzE6GErl251a9wJ279Dj/Cf3CSZqFtD1w4nHPv5d7jxZwpbdvfVmltfWNzq7xd2dnd2z+oHh51VJRIQtsk4pHseVhRzgRta6Y57cWS4tDjtOtNbjK/+0SlYpF41NOYuiEeCRYwgrWRHm6HzrBas+t2DrRMnILUoEBrWP0Z+BFJQio04VipvmPH2k2x1IxwOqsMEkVjTCZ4RPuGChxS5ab5qTN0ZhQfBZE0JTTK1b8TKQ6Vmoae6QyxHqtFLxNXer7KFq6y+okOrtyUiTjRVJD5DUHCkY5QFgnymaRE86khmEhm3kBkjCUm2gRXMfk4i2ksk85F3WnUG/eNWvO6SKoMJ3AK5+DAJTThDlrQBgIjeIFXeLOerXfrw/qct5asYuYY/sH6+gXR7Zh+</latexit>

E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

E/2

<latexit sha1_base64="FvYhKBetfHh9ZQJ9GGdHWAT5W+8=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqialoMuiCC4r2ge0oUwmk3boZBJmJkIJXbtyq1/hTtz6HX6E/+CkzULbHrhwOOfey73HizlT2ra/rcLa+sbmVnG7tLO7t39QPjxqqyiRhLZIxCPZ9bCinAna0kxz2o0lxaHHaccb32R+54lKxSLxqCcxdUM8FCxgBGsjPdxe1Ablil21Z0DLxMlJBXI0B+Wfvh+RJKRCE46V6jl2rN0US80Ip9NSP1E0xmSMh7RnqMAhVW46O3WKzozioyCSpoRGM/XvRIpDpSahZzpDrEdq0cvElZ6vsoWrrF6igys3ZSJONBVkfkOQcKQjlEWCfCYp0XxiCCaSmTcQGWGJiTbBlUw+zmIay6Rdqzr1av2+Xmlc50kV4QRO4RwcuIQG3EETWkBgCC/wCm/Ws/VufVif89aClc8cwz9YX7+D65hO</latexit>

2 4 6 8 10

235

240
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Fth(E)

<latexit sha1_base64="BEYq8byZsp8mr0bXGpCXCAwN3us=">AAACHHicbVDLSsNAFJ34rPUVdSO4CRahbkoiBV0WRXFZwT6gCWEymbZDJw9mbsQS4qe4cqtf4U7cCn6E/+CkzULbHrhwOOfey73HizmTYJrf2tLyyuraemmjvLm1vbOr7+23ZZQIQlsk4pHoelhSzkLaAgacdmNBceBx2vFGV7nfeaBCsii8h3FMnQAPQtZnBIOSXP3wxrWBPkIKw6xqBxiGBPP0Ojt19YpZMycw5olVkAoq0HT1H9uPSBLQEAjHUvYsMwYnxQIY4TQr24mkMSYjPKA9RUMcUOmkkw8y40QpvtGPhKoQjIn6dyLFgZTjwFOd+Y1y1svFhZ4v84WLrF4C/QsnZWGcAA3J9IZ+wg2IjDwpw2eCEuBjRTARTL1hkCEWmIDKs6zysWbTmCfts5pVr9Xv6pXGZZFUCR2hY1RFFjpHDXSLmqiFCHpCL+gVvWnP2rv2oX1OW5e0YuYA/YP29QubCqIJ</latexit>

Zn =

Z
dE eF1(E) ⇡ 2⇥ eF1(E⇤

�)
q

F 00
1

�
E⇤
�
�

<latexit sha1_base64="FtKQ+i7SMR7BqfCUglPEg7yhrsI="></latexit>

E⇤
�

<latexit sha1_base64="2NkXgUlDx2utzmH3Rk/E9gHUeQ4=">AAACE3icbVDLSsNAFL3xWeujUZduBosggiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9As3Fndg=</latexit>

E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>

SE
n (A) ⇡ Sth

n (A) +
ln 2

1� n

<latexit sha1_base64="8Dpr90Uc+GVelHK21ZHYAS6bK6A="></latexit>



Enhanced correction from effective action

As n->1, the two stationary points collide, a “flat direction” emerges in-between
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E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

Fth(E)

<latexit sha1_base64="BEYq8byZsp8mr0bXGpCXCAwN3us=">AAACHHicbVDLSsNAFJ34rPUVdSO4CRahbkoiBV0WRXFZwT6gCWEymbZDJw9mbsQS4qe4cqtf4U7cCn6E/+CkzULbHrhwOOfey73HizmTYJrf2tLyyuraemmjvLm1vbOr7+23ZZQIQlsk4pHoelhSzkLaAgacdmNBceBx2vFGV7nfeaBCsii8h3FMnQAPQtZnBIOSXP3wxrWBPkIKw6xqBxiGBPP0Ojt19YpZMycw5olVkAoq0HT1H9uPSBLQEAjHUvYsMwYnxQIY4TQr24mkMSYjPKA9RUMcUOmkkw8y40QpvtGPhKoQjIn6dyLFgZTjwFOd+Y1y1svFhZ4v84WLrF4C/QsnZWGcAA3J9IZ+wg2IjDwpw2eCEuBjRTARTL1hkCEWmIDKs6zysWbTmCfts5pVr9Xv6pXGZZFUCR2hY1RFFjpHDXSLmqiFCHpCL+gVvWnP2rv2oX1OW5e0YuYA/YP29QubCqIJ</latexit>

E⇤
�

<latexit sha1_base64="2NkXgUlDx2utzmH3Rk/E9gHUeQ4=">AAACE3icbVDLSsNAFL3xWeujUZduBosggiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9As3Fndg=</latexit>

E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>

flat



Enhanced correction from effective action

As n->1, the two stationary points collide, a “flat direction” emerges in-between


Width of the flat segment                              proportional to
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183.50

183.55

183.60

183.65

E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

Fth(E)

<latexit sha1_base64="BEYq8byZsp8mr0bXGpCXCAwN3us=">AAACHHicbVDLSsNAFJ34rPUVdSO4CRahbkoiBV0WRXFZwT6gCWEymbZDJw9mbsQS4qe4cqtf4U7cCn6E/+CkzULbHrhwOOfey73HizmTYJrf2tLyyuraemmjvLm1vbOr7+23ZZQIQlsk4pHoelhSzkLaAgacdmNBceBx2vFGV7nfeaBCsii8h3FMnQAPQtZnBIOSXP3wxrWBPkIKw6xqBxiGBPP0Ojt19YpZMycw5olVkAoq0HT1H9uPSBLQEAjHUvYsMwYnxQIY4TQr24mkMSYjPKA9RUMcUOmkkw8y40QpvtGPhKoQjIn6dyLFgZTjwFOd+Y1y1svFhZ4v84WLrF4C/QsnZWGcAA3J9IZ+wg2IjDwpw2eCEuBjRTARTL1hkCEWmIDKs6zysWbTmCfts5pVr9Xv6pXGZZFUCR2hY1RFFjpHDXSLmqiFCHpCL+gVvWnP2rv2oX1OW5e0YuYA/YP29QubCqIJ</latexit>

E⇤
�

<latexit sha1_base64="2NkXgUlDx2utzmH3Rk/E9gHUeQ4=">AAACE3icbVDLSsNAFL3xWeujUZduBosggiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9As3Fndg=</latexit>

E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>

�E⇤ = E⇤
+ � E⇤

�

<latexit sha1_base64="gQZYvvGlz3grsmbZEwLtwMv/dUQ=">AAACOnicbVDLSsNAFJ34rPUVdelmsAiitCRS1I1QfIDLCvYBTQyTyaQdOnkwMxFK6J/4Ka7c6g+4dSfizg9w0mZhHwcGzj3n3uHe48aMCmkYH9rC4tLyymphrbi+sbm1re/sNkWUcEwaOGIRb7tIEEZD0pBUMtKOOUGBy0jL7V9nfuuJcEGj8EEOYmIHqBtSn2IkleToZ9YNYRJBK0CyhxFLb4ePx/BysnZOypN12dFLRsUYAc4SMyclkKPu6D+WF+EkIKHEDAnRMY1Y2inikmJGhkUrESRGuI+6pKNoiAIi7HR03xAeKsWDfsTVCyUcqf8nUhQIMQhc1ZmtKaa9TJzreSL7cJ7VSaR/Yac0jBNJQjzewU8YlBHMcoQe5QRLNlAEYU7VGRD3EEdYqrSLKh9zOo1Z0jytmNVK9b5aql3lSRXAPjgAR8AE56AG7kAdNAAGz+AVvIF37UX71L6073HrgpbP7IEJaL9/Urqs7g==</latexit>

�E⇤

<latexit sha1_base64="uxnYqyvOXWcAf9qe5HtOi2NwL3A=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSyCuCiJFHRZfIDLCvYBTSyTyW07dPJgZiLU0B9x5Va/wp24dedH+A9O2iy07YGBwzn3Xs4cL+ZMKsv6NgpLyyura8X10sbm1vaOubvXlFEiKDRoxCPR9ogEzkJoKKY4tGMBJPA4tLzhVea3HkFIFoX3ahSDG5B+yHqMEqWlrnngXANXBDsBUQNKeHozfjjtmmWrYk2A54mdkzLKUe+aP44f0SSAUFFOpOzYVqzclAjFKIdxyUkkxIQOSR86moYkAOmmk/RjfKwVH/cioV+o8ET9u5GSQMpR4OnJLKSc9TJxoefL7OAiq5Oo3oWbsjBOFIR0mqGXcKwinLWEfSaAKj7ShFDB9DcwHRBBqNJdlnQ/9mwb86R5VrGrlepdtVy7zJsqokN0hE6Qjc5RDd2iOmogip7QC3pFb8az8W58GJ/T0YKR7+yjfzC+fgGlE5/k</latexit>

�E
⇤ =

V

4

s0(E/V )

s00(E/V )
� +O(�2)

<latexit sha1_base64="aS7GNSWszMUlo0CNQ0D/pAmrjFY="></latexit>

� = n� 1

<latexit sha1_base64="sVjpkaEsbC9sVWf4UgOf/DsTX6U=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwY0mkoBuh6MZlBfuAJpTJ5KYdOpmEmYlQQv/BlVv9Cnfi1l/wI/wHJ20W2vbAhcM5917uPX7CmdK2/W2V1tY3NrfK25Wd3b39g+rhUUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j647vc7z6BVCwWj3qSgBeRoWAho0QbyXUD4JrgGywunEG1ZtftGfAycQpSQwVag+qPG8Q0jUBoyolSfcdOtJcRqRnlMK24qYKE0DEZQt9QQSJQXja7eYrPjBLgMJamhMYz9e9ERiKlJpFvOiOiR2rRy8WVXqDyhausfqrDay9jIkk1CDq/IUw51jHOs8EBk0A1nxhCqGTmDUxHRBKqTYIVk4+zmMYy6VzWnUa98dCoNW+LpMroBJ2ic+SgK9RE96iF2oiiBL2gV/RmPVvv1of1OW8tWcXMMfoH6+sX076bsQ==</latexit>



Enhanced correction from effective action

As n->1, the two stationary points collide, a “flat direction” emerges in-between


Width of the flat segment                              proportional to


The flat segment results in an enhancement compared to the Gaussian approximation

4.6 4.8 5.0 5.2 5.4 5.6

183.50

183.55

183.60

183.65

E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>

F1(E)

<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>

Fth(E)

<latexit sha1_base64="BEYq8byZsp8mr0bXGpCXCAwN3us=">AAACHHicbVDLSsNAFJ34rPUVdSO4CRahbkoiBV0WRXFZwT6gCWEymbZDJw9mbsQS4qe4cqtf4U7cCn6E/+CkzULbHrhwOOfey73HizmTYJrf2tLyyuraemmjvLm1vbOr7+23ZZQIQlsk4pHoelhSzkLaAgacdmNBceBx2vFGV7nfeaBCsii8h3FMnQAPQtZnBIOSXP3wxrWBPkIKw6xqBxiGBPP0Ojt19YpZMycw5olVkAoq0HT1H9uPSBLQEAjHUvYsMwYnxQIY4TQr24mkMSYjPKA9RUMcUOmkkw8y40QpvtGPhKoQjIn6dyLFgZTjwFOd+Y1y1svFhZ4v84WLrF4C/QsnZWGcAA3J9IZ+wg2IjDwpw2eCEuBjRTARTL1hkCEWmIDKs6zysWbTmCfts5pVr9Xv6pXGZZFUCR2hY1RFFjpHDXSLmqiFCHpCL+gVvWnP2rv2oX1OW5e0YuYA/YP29QubCqIJ</latexit>

E⇤
�

<latexit sha1_base64="2NkXgUlDx2utzmH3Rk/E9gHUeQ4=">AAACE3icbVDLSsNAFL3xWeujUZduBosggiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9As3Fndg=</latexit>

E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>

�E⇤ = E⇤
+ � E⇤

�

<latexit sha1_base64="gQZYvvGlz3grsmbZEwLtwMv/dUQ=">AAACOnicbVDLSsNAFJ34rPUVdelmsAiitCRS1I1QfIDLCvYBTQyTyaQdOnkwMxFK6J/4Ka7c6g+4dSfizg9w0mZhHwcGzj3n3uHe48aMCmkYH9rC4tLyymphrbi+sbm1re/sNkWUcEwaOGIRb7tIEEZD0pBUMtKOOUGBy0jL7V9nfuuJcEGj8EEOYmIHqBtSn2IkleToZ9YNYRJBK0CyhxFLb4ePx/BysnZOypN12dFLRsUYAc4SMyclkKPu6D+WF+EkIKHEDAnRMY1Y2inikmJGhkUrESRGuI+6pKNoiAIi7HR03xAeKsWDfsTVCyUcqf8nUhQIMQhc1ZmtKaa9TJzreSL7cJ7VSaR/Yac0jBNJQjzewU8YlBHMcoQe5QRLNlAEYU7VGRD3EEdYqrSLKh9zOo1Z0jytmNVK9b5aql3lSRXAPjgAR8AE56AG7kAdNAAGz+AVvIF37UX71L6073HrgpbP7IEJaL9/Urqs7g==</latexit>

�E⇤

<latexit sha1_base64="uxnYqyvOXWcAf9qe5HtOi2NwL3A=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSyCuCiJFHRZfIDLCvYBTSyTyW07dPJgZiLU0B9x5Va/wp24dedH+A9O2iy07YGBwzn3Xs4cL+ZMKsv6NgpLyyura8X10sbm1vaOubvXlFEiKDRoxCPR9ogEzkJoKKY4tGMBJPA4tLzhVea3HkFIFoX3ahSDG5B+yHqMEqWlrnngXANXBDsBUQNKeHozfjjtmmWrYk2A54mdkzLKUe+aP44f0SSAUFFOpOzYVqzclAjFKIdxyUkkxIQOSR86moYkAOmmk/RjfKwVH/cioV+o8ET9u5GSQMpR4OnJLKSc9TJxoefL7OAiq5Oo3oWbsjBOFIR0mqGXcKwinLWEfSaAKj7ShFDB9DcwHRBBqNJdlnQ/9mwb86R5VrGrlepdtVy7zJsqokN0hE6Qjc5RDd2iOmogip7QC3pFb8az8W58GJ/T0YKR7+yjfzC+fgGlE5/k</latexit>

� = n� 1

<latexit sha1_base64="sVjpkaEsbC9sVWf4UgOf/DsTX6U=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwY0mkoBuh6MZlBfuAJpTJ5KYdOpmEmYlQQv/BlVv9Cnfi1l/wI/wHJ20W2vbAhcM5917uPX7CmdK2/W2V1tY3NrfK25Wd3b39g+rhUUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j647vc7z6BVCwWj3qSgBeRoWAho0QbyXUD4JrgGywunEG1ZtftGfAycQpSQwVag+qPG8Q0jUBoyolSfcdOtJcRqRnlMK24qYKE0DEZQt9QQSJQXja7eYrPjBLgMJamhMYz9e9ERiKlJpFvOiOiR2rRy8WVXqDyhausfqrDay9jIkk1CDq/IUw51jHOs8EBk0A1nxhCqGTmDUxHRBKqTYIVk4+zmMYy6VzWnUa98dCoNW+LpMroBJ2ic+SgK9RE96iF2oiiBL2gV/RmPVvv1of1OW8tWcXMMfoH6+sX076bsQ==</latexit>

Zn ⇡ eF1(E⇤
�)

p
F 00
1 (E⇤

�)

⇣
1 +

q
F 00
1 (E⇤

�)�E⇤
⌘

<latexit sha1_base64="UdsTTCEgaUjbwNpzrBkzbn/lClc="></latexit>



Enhanced correction from effective action

As n->1, the two stationary points collide, a “flat direction” emerges in-between


Width of the flat segment                              proportional to


The flat segment results in an enhancement compared to the Gaussian approximation


In the replica limit n->1,                                  gives the enhanced correction to 

entanglement entropy

4.6 4.8 5.0 5.2 5.4 5.6

183.50

183.55

183.60

183.65

E

<latexit sha1_base64="yoUhPUi/xAvc05irkhIke1pIzEE=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LIogssK9gHtUDKZTBuaSYYkI5Sh3+DKrX6FO3HrN/gR/oOZdhba9kDgcM69l5MTJJxp47rfztr6xubWdmmnvLu3f3BYOTpua5kqQltEcqm6AdaUM0FbhhlOu4miOA447QTj29zvPFGlmRSPZpJQP8ZDwSJGsLFSrx9jMyKYZ3fTQaXq1twZ0DLxClKFAs1B5acfSpLGVBjCsdY9z02Mn2FlGOF0Wu6nmiaYjPGQ9iwVOKbaz2aRp+jcKiGKpLJPGDRT/25kONZ6Egd2Mo+oF71cXOmFOj+4yuqlJrr2MyaS1FBB5hmilCMjUV4NCpmixPCJJZgoZr+ByAgrTIwtsGz78RbbWCbty5pXr9Uf6tXGTdFUCU7hDC7AgytowD00oQUEJLzAK7w5z8678+F8zkfXnGLnBP7B+foF60Gcaw==</latexit>
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<latexit sha1_base64="hlO+TkZZ36kByZTLZEt4YqgOMrk=">AAACFHicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LIoissK9gFtCJPJpB06mYSZSaGE/oYrt/oV7sStez/Cf3DSZqFtDwwczrn3cub4CaNS2fa3sba+sbm1Xdop7+7tHxyaR8dtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fij29zvjImQNOZPapIQN0IDTkOKkdKSZ5r3nlPtR0gNMWLZ3fTCMyt2zZ7BWiZOQSpQoOmZP/0gxmlEuMIMSdlz7ES5GRKKYkam5X4qSYLwCA1IT1OOIiLdbJZ8ap1rJbDCWOjHlTVT/25kKJJyEvl6Ms8oF71cXOkFMj+4yuqlKrx2M8qTVBGO5xnClFkqtvKGrIAKghWbaIKwoPobFh4igbDSPZZ1P85iG8ukfVlz6rX6Y73SuCmaKsEpnEEVHLiCBjxAE1qAYQwv8ApvxrPxbnwYn/PRNaPYOYF/ML5+ARBenfU=</latexit>
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E⇤
+

<latexit sha1_base64="YvH9u1gJvcoRSWb6myDgSpK8fpY=">AAACE3icbVDLSsNAFL3xWeujUZduBosgCiWRgi6LIrisYB/QxjCZTNqhkwczE6GEfoYrt/oV7sStH+BH+A9O2iy07YGBwzn3Xs4cL+FMKsv6NlZW19Y3Nktb5e2d3b2KuX/QlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJP7nScqJIujBzVOqBPiQcQCRrDSkmtW+iFWQ4J5djt5PHPPXbNq1awp0CKxC1KFAk3X/On7MUlDGinCsZQ920qUk2GhGOF0Uu6nkiaYjPCA9jSNcEilk02DT9CJVnwUxEK/SKGp+ncjw6GU49DTk3lMOe/l4lLPl/nBZVYvVcGVk7EoSRWNyCxDkHKkYpQXhHwmKFF8rAkmgulvIDLEAhOlayzrfuz5NhZJ+6Jm12v1+3q1cV00VYIjOIZTsOESGnAHTWgBgRRe4BXejGfj3fgwPmejK0axcwj/YHz9AsqHndY=</latexit>
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�

<latexit sha1_base64="gQZYvvGlz3grsmbZEwLtwMv/dUQ=">AAACOnicbVDLSsNAFJ34rPUVdelmsAiitCRS1I1QfIDLCvYBTQyTyaQdOnkwMxFK6J/4Ka7c6g+4dSfizg9w0mZhHwcGzj3n3uHe48aMCmkYH9rC4tLyymphrbi+sbm1re/sNkWUcEwaOGIRb7tIEEZD0pBUMtKOOUGBy0jL7V9nfuuJcEGj8EEOYmIHqBtSn2IkleToZ9YNYRJBK0CyhxFLb4ePx/BysnZOypN12dFLRsUYAc4SMyclkKPu6D+WF+EkIKHEDAnRMY1Y2inikmJGhkUrESRGuI+6pKNoiAIi7HR03xAeKsWDfsTVCyUcqf8nUhQIMQhc1ZmtKaa9TJzreSL7cJ7VSaR/Yac0jBNJQjzewU8YlBHMcoQe5QRLNlAEYU7VGRD3EEdYqrSLKh9zOo1Z0jytmNVK9b5aql3lSRXAPjgAR8AE56AG7kAdNAAGz+AVvIF37UX71L6073HrgpbP7IEJaL9/Urqs7g==</latexit>

�E⇤

<latexit sha1_base64="uxnYqyvOXWcAf9qe5HtOi2NwL3A=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSyCuCiJFHRZfIDLCvYBTSyTyW07dPJgZiLU0B9x5Va/wp24dedH+A9O2iy07YGBwzn3Xs4cL+ZMKsv6NgpLyyura8X10sbm1vaOubvXlFEiKDRoxCPR9ogEzkJoKKY4tGMBJPA4tLzhVea3HkFIFoX3ahSDG5B+yHqMEqWlrnngXANXBDsBUQNKeHozfjjtmmWrYk2A54mdkzLKUe+aP44f0SSAUFFOpOzYVqzclAjFKIdxyUkkxIQOSR86moYkAOmmk/RjfKwVH/cioV+o8ET9u5GSQMpR4OnJLKSc9TJxoefL7OAiq5Oo3oWbsjBOFIR0mqGXcKwinLWEfSaAKj7ShFDB9DcwHRBBqNJdlnQ/9mwb86R5VrGrlepdtVy7zJsqokN0hE6Qjc5RDd2iOmogip7QC3pFb8az8W58GJ/T0YKR7+yjfzC+fgGlE5/k</latexit>

SA = lim
n!1

lnZn

1� n

<latexit sha1_base64="kMvyAmpM7ErwjO6KfEZAqmNfxUQ=">AAACK3icbZC7TsMwFIYdrqXcAowsFhWChSpBlWBBKrAwFkEvookix3Faq44T2Q5SFeUReBQmVngKJhArI++A03aAtkey9Ov/zzny+fyEUaks68NYWFxaXlktrZXXNza3ts2d3ZaMU4FJE8csFh0fScIoJ01FFSOdRBAU+Yy0/cF1kbcfiZA05vdqmBA3Qj1OQ4qR0pZnHt15l/ACOoxGXsYdFUM7d0KBcOYwnj14PM8z+4Tnnlmxqtao4KywJ6ICJtXwzB8niHEaEa4wQ1J2bStRboaEopiRvOykkiQID1CPdLXkKCLSzUYH5fBQOwEMY6EfV3Dk/p3IUCTlMPJ1Z4RUX05nhTk3C2SxcF7UTVV47maUJ6kiHI//EKYMaiQFOBhQQbBiQy0QFlSfAXEfaVJK4y1rPvY0jVnROq3atWrttlapX01IlcA+OADHwAZnoA5uQAM0AQZP4AW8gjfj2Xg3Po2vceuCMZnZA//K+P4Fkz2nrQ==</latexit>

SE
A = Sth

A �
r

CV

2⇡
, CV / V Tc

<latexit sha1_base64="7ukWhHJd6yDEGKAHGpDJR55w5ms="></latexit>

� = n� 1

<latexit sha1_base64="sVjpkaEsbC9sVWf4UgOf/DsTX6U=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwY0mkoBuh6MZlBfuAJpTJ5KYdOpmEmYlQQv/BlVv9Cnfi1l/wI/wHJ20W2vbAhcM5917uPX7CmdK2/W2V1tY3NrfK25Wd3b39g+rhUUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j647vc7z6BVCwWj3qSgBeRoWAho0QbyXUD4JrgGywunEG1ZtftGfAycQpSQwVag+qPG8Q0jUBoyolSfcdOtJcRqRnlMK24qYKE0DEZQt9QQSJQXja7eYrPjBLgMJamhMYz9e9ERiKlJpFvOiOiR2rRy8WVXqDyhausfqrDay9jIkk1CDq/IUw51jHOs8EBk0A1nxhCqGTmDUxHRBKqTYIVk4+zmMYy6VzWnUa98dCoNW+LpMroBJ2ic+SgK9RE96iF2oiiBL2gV/RmPVvv1of1OW8tWcXMMfoH6+sX076bsQ==</latexit>



Renyi entropy for (chaotic) black hole micro-states 


Construct and re-sum bulk saddles: effective action


Enhanced correction from effective action
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<latexit sha1_base64="HpgzzZUCsrjXyFhXzL1kB76FObQ=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiRS0GWpG5cV7APaUCaTSTt0MokzE6GEfoQrt/oV7sStn+BH+A9O0iy07YGBwzn3Xs4cL+ZMadv+tkobm1vbO+Xdyt7+weFR9fikq6JEEtohEY9k38OKciZoRzPNaT+WFIcepz1vepv5vScqFYvEg57F1A3xWLCAEayN5A5DrCcE87Q1H4lRtWbX7RxolTgFqUGB9qj6M/QjkoRUaMKxUgPHjrWbYqkZ4XReGSaKxphM8ZgODBU4pMpN89BzdGEUHwWRNE9olKt/N1IcKjULPTOZhVTLXiau9XyVHVxnDRId3LgpE3GiqSCLDEHCkY5QVg7ymaRE85khmEhmvoHIBEtMtKmwYvpxlttYJd2rutOoN+4btWaraKoMZ3AOl+DANTThDtrQAQKP8AKv8GY9W+/Wh/W5GC1Zxc4p/IP19QuGOZ1J</latexit>

could dynamically produce both sides of the transition, but would miss 
the important phenomena of enhanced correction at the transition. 

Zn ⇡
Z

dE
h
e�SE(B1,E) + e�SE(Bn,E)

i

<latexit sha1_base64="8DYVDcZ/Jc1v6Ml6HIOj3V8Gf+E="></latexit>
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It is shown that one can get the enhanced correction if imposing by hand 
the ansatz (D. Marolf, et al, 2020): 

Zn ⇡
Z

dE e�Min{SE(B1,E),SE(Bn,E)}

<latexit sha1_base64="+icndOrNlX2ONSjyJ35oYSm6P8k="></latexit>

which is different from      . Including the replica non-symmetric saddles 
dynamically implement this ansatz with small deviations.

could dynamically produce both sides of the transition, but would miss 
the important phenomena of enhanced correction at the transition. 

Zn ⇡
Z

dE
h
e�SE(B1,E) + e�SE(Bn,E)

i

<latexit sha1_base64="8DYVDcZ/Jc1v6Ml6HIOj3V8Gf+E="></latexit>

Ok, what exactly do they do at the transition?



Discussions and Outlooks

More dynamics of the non-local effective action: interaction between brane defects?


“flat segment”: exchanging soft modes between brane defects?


Are cosmic branes more than auxiliary tools? Do they have intrinsic dynamics, including 

non-perturbative effects?


How do these effects manifest without averaging over randomness?


Enhanced corrections at other entanglement transitions, e.g. two-interval entanglements in 

AdS3/CFT2.

Questions for the future:

Thank you!


