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Basic Notions Presentation: 
AdS/CFT



What is a duality?

Some countries have (more than) two official languages

“Genève” “Genf”

A duality in theoretical physics involves two (or more) different 
mathematical descriptions of the same phenomena

“metric” “state”
Like in the linguistic analogy there exists a dictionary to help 

translate from one side to the other



AdS/CFT

Dualities are found in many areas of physics and mathematics (e.g. 
particle - vortex duality in condensed matter)

 What is special about AdS/CFT duality is that it involves gravity

Duality:

quantum gravity 
in aAdS = quantum field theory 

on fixed background

[Maldacena , GKP, Witten]



What is “AdS”?

Maximally symmetric pseudo-Riemannian manifold in d+1 dimensions with 
constant negative curvature — “Anti de-Sitter space”

[Escher, Circle Limit IV]

• Lorentzian version of hyperbolic space  

• Gravity: geometry is dynamical 

• Quantum gravity: string theory of aAdS 
spacetime 

• Symmetry: group of isometries is

SO(2, d)
<latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit>



What is “CFT”?

A quantum field theory in d dimensions equipped with ‘conformal’ symmetry

Conformal transformation (of flat space): such that

g ! g0 = ⌦2g
<latexit sha1_base64="DOByIcSo+at+hNlJQxB+fSNWdfw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovoqiRF0I1QdOPOCvYBTSyT6SQdOjMJMxOlhK7c+CtuXCji1m9w5984bbPQ1gMXDufcy733BAmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7QApwqggDU01I+1EEsQDRlrB4HLst+6JVDQWt3qYEJ+jSNCQYqSN1LX3I+hJGvU1kjJ+gNERPIfeNScRuqvCqGuXnYozAZwnbk7KIEe9a395vRinnAiNGVKq4zqJ9jMkNcWMjEpeqkiC8ABFpGOoQJwoP5u8MYKHRunBMJamhIYT9fdEhrhSQx6YTo50X816Y/E/r5Pq8MzPqEhSTQSeLgpTBnUMx5nAHpUEazY0BGFJza0Q95FEWJvkSiYEd/bledKsVlyn4t6clGsXeRxFsAcOwDFwwSmogStQBw2AwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnD/ijl4A=</latexit><latexit sha1_base64="DOByIcSo+at+hNlJQxB+fSNWdfw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovoqiRF0I1QdOPOCvYBTSyT6SQdOjMJMxOlhK7c+CtuXCji1m9w5984bbPQ1gMXDufcy733BAmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7QApwqggDU01I+1EEsQDRlrB4HLst+6JVDQWt3qYEJ+jSNCQYqSN1LX3I+hJGvU1kjJ+gNERPIfeNScRuqvCqGuXnYozAZwnbk7KIEe9a395vRinnAiNGVKq4zqJ9jMkNcWMjEpeqkiC8ABFpGOoQJwoP5u8MYKHRunBMJamhIYT9fdEhrhSQx6YTo50X816Y/E/r5Pq8MzPqEhSTQSeLgpTBnUMx5nAHpUEazY0BGFJza0Q95FEWJvkSiYEd/bledKsVlyn4t6clGsXeRxFsAcOwDFwwSmogStQBw2AwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnD/ijl4A=</latexit><latexit sha1_base64="DOByIcSo+at+hNlJQxB+fSNWdfw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovoqiRF0I1QdOPOCvYBTSyT6SQdOjMJMxOlhK7c+CtuXCji1m9w5984bbPQ1gMXDufcy733BAmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7QApwqggDU01I+1EEsQDRlrB4HLst+6JVDQWt3qYEJ+jSNCQYqSN1LX3I+hJGvU1kjJ+gNERPIfeNScRuqvCqGuXnYozAZwnbk7KIEe9a395vRinnAiNGVKq4zqJ9jMkNcWMjEpeqkiC8ABFpGOoQJwoP5u8MYKHRunBMJamhIYT9fdEhrhSQx6YTo50X816Y/E/r5Pq8MzPqEhSTQSeLgpTBnUMx5nAHpUEazY0BGFJza0Q95FEWJvkSiYEd/bledKsVlyn4t6clGsXeRxFsAcOwDFwwSmogStQBw2AwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnD/ijl4A=</latexit><latexit sha1_base64="DOByIcSo+at+hNlJQxB+fSNWdfw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovoqiRF0I1QdOPOCvYBTSyT6SQdOjMJMxOlhK7c+CtuXCji1m9w5984bbPQ1gMXDufcy733BAmjSjvOt1VYWFxaXimultbWNza37O2dpopTiUkDxyyW7QApwqggDU01I+1EEsQDRlrB4HLst+6JVDQWt3qYEJ+jSNCQYqSN1LX3I+hJGvU1kjJ+gNERPIfeNScRuqvCqGuXnYozAZwnbk7KIEe9a395vRinnAiNGVKq4zqJ9jMkNcWMjEpeqkiC8ABFpGOoQJwoP5u8MYKHRunBMJamhIYT9fdEhrhSQx6YTo50X816Y/E/r5Pq8MzPqEhSTQSeLgpTBnUMx5nAHpUEazY0BGFJza0Q95FEWJvkSiYEd/bledKsVlyn4t6clGsXeRxFsAcOwDFwwSmogStQBw2AwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnD/ijl4A=</latexit>

x ! x0
<latexit sha1_base64="24sL38MjgvnplT99cHivYFYPuAc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbRU9kVQY9FLx4r2A9ol5JNs21oNlmS2dqy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be3jUMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh3cxvjpg2XMlHmCQsiElf8ohTAlbquu4YdzTvD4BorZ7w+Lzrlr2KNwdeJX5OyihHret+dXqKpjGTQAUxpu17CQQZ0cCpYNNSJzUsIXRI+qxtqSQxM0E2v3yKz6zSw5HStiTgufp7IiOxMZM4tJ0xgYFZ9mbif147hegmyLhMUmCSLhZFqcCg8CwG3OOaURATSwjV3N6K6YBoQsGGVbIh+Msvr5LGZcX3Kv7DVbl6m8dRRCfoFF0gH12jKrpHNVRHFI3QM3pFb07mvDjvzseiteDkM8foD5zPHxMCk0c=</latexit><latexit sha1_base64="24sL38MjgvnplT99cHivYFYPuAc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbRU9kVQY9FLx4r2A9ol5JNs21oNlmS2dqy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be3jUMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh3cxvjpg2XMlHmCQsiElf8ohTAlbquu4YdzTvD4BorZ7w+Lzrlr2KNwdeJX5OyihHret+dXqKpjGTQAUxpu17CQQZ0cCpYNNSJzUsIXRI+qxtqSQxM0E2v3yKz6zSw5HStiTgufp7IiOxMZM4tJ0xgYFZ9mbif147hegmyLhMUmCSLhZFqcCg8CwG3OOaURATSwjV3N6K6YBoQsGGVbIh+Msvr5LGZcX3Kv7DVbl6m8dRRCfoFF0gH12jKrpHNVRHFI3QM3pFb07mvDjvzseiteDkM8foD5zPHxMCk0c=</latexit><latexit sha1_base64="24sL38MjgvnplT99cHivYFYPuAc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbRU9kVQY9FLx4r2A9ol5JNs21oNlmS2dqy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be3jUMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh3cxvjpg2XMlHmCQsiElf8ohTAlbquu4YdzTvD4BorZ7w+Lzrlr2KNwdeJX5OyihHret+dXqKpjGTQAUxpu17CQQZ0cCpYNNSJzUsIXRI+qxtqSQxM0E2v3yKz6zSw5HStiTgufp7IiOxMZM4tJ0xgYFZ9mbif147hegmyLhMUmCSLhZFqcCg8CwG3OOaURATSwjV3N6K6YBoQsGGVbIh+Msvr5LGZcX3Kv7DVbl6m8dRRCfoFF0gH12jKrpHNVRHFI3QM3pFb07mvDjvzseiteDkM8foD5zPHxMCk0c=</latexit><latexit sha1_base64="24sL38MjgvnplT99cHivYFYPuAc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbRU9kVQY9FLx4r2A9ol5JNs21oNlmS2dqy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be3jUMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh3cxvjpg2XMlHmCQsiElf8ohTAlbquu4YdzTvD4BorZ7w+Lzrlr2KNwdeJX5OyihHret+dXqKpjGTQAUxpu17CQQZ0cCpYNNSJzUsIXRI+qxtqSQxM0E2v3yKz6zSw5HStiTgufp7IiOxMZM4tJ0xgYFZ9mbif147hegmyLhMUmCSLhZFqcCg8CwG3OOaURATSwjV3N6K6YBoQsGGVbIh+Msvr5LGZcX3Kv7DVbl6m8dRRCfoFF0gH12jKrpHNVRHFI3QM3pFb07mvDjvzseiteDkM8foD5zPHxMCk0c=</latexit>

Group of all such transformations: SO(2, d)
<latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit>

First entry in the dictionary:

“conformal 
symmetry”SO(2, d)

<latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit>

“AdS 
isometries”



The holographic principle

AdS boundary

(@AdS)d
<latexit sha1_base64="9Wf5fXuEFnHhfriuzZP2dIAxoLw=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIdTNk2mrrrurGZUX7gE4pmUzahmYeJBmhDOPGX3HjQhG3/oU7/8ZMW0FFD1w4nHNvcu9xQs6kQujDyCwsLi2vZFdza+sbm1v57Z2WDCJBaJMEPBAdB0vKmU+biilOO6Gg2HM4bTvji9Rv31IhWeDfqElIex4e+mzACFZa6uf3inaIhWKYw9gWHjxzr5Ojfuwm/XwBmdWyVS2dQmSik1qlWklJuWYdI2iZaIoCmKPRz7/bbkAij/qKcCxl10Kh6sXp44TTJGdHkoaYjPGQdjX1sUdlL55ekMBDrbhwEAhdvoJT9ftEjD0pJ56jOz2sRvK3l4p/ed1IDWq9mPlhpKhPZh8NIg5VANM4oMsEJYpPNMFEML0rJCMsMFE6tJwO4etS+D9plUwLmdZVpVA/n8eRBfvgABSBBaqgDi5BAzQBAXfgATyBZ+PeeDRejNdZa8aYz+yCHzDePgEPqZam</latexit><latexit sha1_base64="9Wf5fXuEFnHhfriuzZP2dIAxoLw=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIdTNk2mrrrurGZUX7gE4pmUzahmYeJBmhDOPGX3HjQhG3/oU7/8ZMW0FFD1w4nHNvcu9xQs6kQujDyCwsLi2vZFdza+sbm1v57Z2WDCJBaJMEPBAdB0vKmU+biilOO6Gg2HM4bTvji9Rv31IhWeDfqElIex4e+mzACFZa6uf3inaIhWKYw9gWHjxzr5Ojfuwm/XwBmdWyVS2dQmSik1qlWklJuWYdI2iZaIoCmKPRz7/bbkAij/qKcCxl10Kh6sXp44TTJGdHkoaYjPGQdjX1sUdlL55ekMBDrbhwEAhdvoJT9ftEjD0pJ56jOz2sRvK3l4p/ed1IDWq9mPlhpKhPZh8NIg5VANM4oMsEJYpPNMFEML0rJCMsMFE6tJwO4etS+D9plUwLmdZVpVA/n8eRBfvgABSBBaqgDi5BAzQBAXfgATyBZ+PeeDRejNdZa8aYz+yCHzDePgEPqZam</latexit><latexit sha1_base64="9Wf5fXuEFnHhfriuzZP2dIAxoLw=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIdTNk2mrrrurGZUX7gE4pmUzahmYeJBmhDOPGX3HjQhG3/oU7/8ZMW0FFD1w4nHNvcu9xQs6kQujDyCwsLi2vZFdza+sbm1v57Z2WDCJBaJMEPBAdB0vKmU+biilOO6Gg2HM4bTvji9Rv31IhWeDfqElIex4e+mzACFZa6uf3inaIhWKYw9gWHjxzr5Ojfuwm/XwBmdWyVS2dQmSik1qlWklJuWYdI2iZaIoCmKPRz7/bbkAij/qKcCxl10Kh6sXp44TTJGdHkoaYjPGQdjX1sUdlL55ekMBDrbhwEAhdvoJT9ftEjD0pJ56jOz2sRvK3l4p/ed1IDWq9mPlhpKhPZh8NIg5VANM4oMsEJYpPNMFEML0rJCMsMFE6tJwO4etS+D9plUwLmdZVpVA/n8eRBfvgABSBBaqgDi5BAzQBAXfgATyBZ+PeeDRejNdZa8aYz+yCHzDePgEPqZam</latexit><latexit sha1_base64="9Wf5fXuEFnHhfriuzZP2dIAxoLw=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIdTNk2mrrrurGZUX7gE4pmUzahmYeJBmhDOPGX3HjQhG3/oU7/8ZMW0FFD1w4nHNvcu9xQs6kQujDyCwsLi2vZFdza+sbm1v57Z2WDCJBaJMEPBAdB0vKmU+biilOO6Gg2HM4bTvji9Rv31IhWeDfqElIex4e+mzACFZa6uf3inaIhWKYw9gWHjxzr5Ojfuwm/XwBmdWyVS2dQmSik1qlWklJuWYdI2iZaIoCmKPRz7/bbkAij/qKcCxl10Kh6sXp44TTJGdHkoaYjPGQdjX1sUdlL55ekMBDrbhwEAhdvoJT9ftEjD0pJ56jOz2sRvK3l4p/ed1IDWq9mPlhpKhPZh8NIg5VANM4oMsEJYpPNMFEML0rJCMsMFE6tJwO4etS+D9plUwLmdZVpVA/n8eRBfvgABSBBaqgDi5BAzQBAXfgATyBZ+PeeDRejNdZa8aYz+yCHzDePgEPqZam</latexit>

The CFT ‘lives’ 
here

AdS interior

AdSd+1
<latexit sha1_base64="2pIHuhZmrCkDTLkosM5NG6WVA24=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIISkVtLuqm5cVrS10IYwmUzaoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hi9hVEjT/NBKS8srq2vl9crG5tZ2Vd/Z7Yk45Zh0ccxi3veQIIxGpCupZKSfcIJCj5Fbb3JR+Ld3hAsaRzdymhAnRKOIBhQjqSRXr2ZDHsIz/zp3M//Yyl29Zhr102bdPoGK2KbVahSk1bTNBrQMc4YaWKDj6u9DP8ZpSCKJGRJiYJmJdDLEJcWM5JVhKkiC8ASNyEDRCIVEONns8BweKsWHQcxVRRLO1O8TGQqFmIae6gyRHIvfXiH+5Q1SGTSdjEZJKkmE54uClEEZwyIF6FNOsGRTRRDmVN0K8RhxhKXKqqJC+PoU/k96dcMyDeuqUWufL+Iog31wAI6ABWzQBpegA7oAgxQ8gCfwrN1rj9qL9jpvLWmLmT3wA9rbJ3DXkvM=</latexit><latexit sha1_base64="2pIHuhZmrCkDTLkosM5NG6WVA24=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIISkVtLuqm5cVrS10IYwmUzaoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hi9hVEjT/NBKS8srq2vl9crG5tZ2Vd/Z7Yk45Zh0ccxi3veQIIxGpCupZKSfcIJCj5Fbb3JR+Ld3hAsaRzdymhAnRKOIBhQjqSRXr2ZDHsIz/zp3M//Yyl29Zhr102bdPoGK2KbVahSk1bTNBrQMc4YaWKDj6u9DP8ZpSCKJGRJiYJmJdDLEJcWM5JVhKkiC8ASNyEDRCIVEONns8BweKsWHQcxVRRLO1O8TGQqFmIae6gyRHIvfXiH+5Q1SGTSdjEZJKkmE54uClEEZwyIF6FNOsGRTRRDmVN0K8RhxhKXKqqJC+PoU/k96dcMyDeuqUWufL+Iog31wAI6ABWzQBpegA7oAgxQ8gCfwrN1rj9qL9jpvLWmLmT3wA9rbJ3DXkvM=</latexit><latexit sha1_base64="2pIHuhZmrCkDTLkosM5NG6WVA24=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIISkVtLuqm5cVrS10IYwmUzaoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hi9hVEjT/NBKS8srq2vl9crG5tZ2Vd/Z7Yk45Zh0ccxi3veQIIxGpCupZKSfcIJCj5Fbb3JR+Ld3hAsaRzdymhAnRKOIBhQjqSRXr2ZDHsIz/zp3M//Yyl29Zhr102bdPoGK2KbVahSk1bTNBrQMc4YaWKDj6u9DP8ZpSCKJGRJiYJmJdDLEJcWM5JVhKkiC8ASNyEDRCIVEONns8BweKsWHQcxVRRLO1O8TGQqFmIae6gyRHIvfXiH+5Q1SGTSdjEZJKkmE54uClEEZwyIF6FNOsGRTRRDmVN0K8RhxhKXKqqJC+PoU/k96dcMyDeuqUWufL+Iog31wAI6ABWzQBpegA7oAgxQ8gCfwrN1rj9qL9jpvLWmLmT3wA9rbJ3DXkvM=</latexit><latexit sha1_base64="2pIHuhZmrCkDTLkosM5NG6WVA24=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIISkVtLuqm5cVrS10IYwmUzaoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hi9hVEjT/NBKS8srq2vl9crG5tZ2Vd/Z7Yk45Zh0ccxi3veQIIxGpCupZKSfcIJCj5Fbb3JR+Ld3hAsaRzdymhAnRKOIBhQjqSRXr2ZDHsIz/zp3M//Yyl29Zhr102bdPoGK2KbVahSk1bTNBrQMc4YaWKDj6u9DP8ZpSCKJGRJiYJmJdDLEJcWM5JVhKkiC8ASNyEDRCIVEONns8BweKsWHQcxVRRLO1O8TGQqFmIae6gyRHIvfXiH+5Q1SGTSdjEZJKkmE54uClEEZwyIF6FNOsGRTRRDmVN0K8RhxhKXKqqJC+PoU/k96dcMyDeuqUWufL+Iog31wAI6ABWzQBpegA7oAgxQ8gCfwrN1rj9qL9jpvLWmLmT3wA9rbJ3DXkvM=</latexit>

Gravitational physics emerges from a lower-dimensional ‘hologram’

SBH =
A

4GN<latexit sha1_base64="Mo8CJLQqRoSXM5xR98qNF6byAx8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS0I1Q68KupKJ9QBPCZDpph84kYWYilJCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JFRIjBp44hFoucjSRgNSVtRxUgvFgRxn5GuP76a+t0HIiSNwns1iYnL0TCkAcVIackzy3de6ggOG80MXkAnEAinl1lau/ZuMs+sWFVrBrhM7JxUQI6WZ345gwgnnIQKMyRl37Zi5aZIKIoZyUpOIkmM8BgNSV/TEHEi3XT2RAaPtTKAQSR0hQrO1N8TKeJSTrivOzlSI7noTcX/vH6ignM3pWGcKBLi+aIgYVBFcJoIHFBBsGITTRAWVN8K8QjpIJTOraRDsBdfXiad06ptVe3bWqXeyOMogjI4AifABmegDpqgBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPHxTdlxY=</latexit><latexit sha1_base64="Mo8CJLQqRoSXM5xR98qNF6byAx8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS0I1Q68KupKJ9QBPCZDpph84kYWYilJCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JFRIjBp44hFoucjSRgNSVtRxUgvFgRxn5GuP76a+t0HIiSNwns1iYnL0TCkAcVIackzy3de6ggOG80MXkAnEAinl1lau/ZuMs+sWFVrBrhM7JxUQI6WZ345gwgnnIQKMyRl37Zi5aZIKIoZyUpOIkmM8BgNSV/TEHEi3XT2RAaPtTKAQSR0hQrO1N8TKeJSTrivOzlSI7noTcX/vH6ignM3pWGcKBLi+aIgYVBFcJoIHFBBsGITTRAWVN8K8QjpIJTOraRDsBdfXiad06ptVe3bWqXeyOMogjI4AifABmegDpqgBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPHxTdlxY=</latexit><latexit sha1_base64="Mo8CJLQqRoSXM5xR98qNF6byAx8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS0I1Q68KupKJ9QBPCZDpph84kYWYilJCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JFRIjBp44hFoucjSRgNSVtRxUgvFgRxn5GuP76a+t0HIiSNwns1iYnL0TCkAcVIackzy3de6ggOG80MXkAnEAinl1lau/ZuMs+sWFVrBrhM7JxUQI6WZ345gwgnnIQKMyRl37Zi5aZIKIoZyUpOIkmM8BgNSV/TEHEi3XT2RAaPtTKAQSR0hQrO1N8TKeJSTrivOzlSI7noTcX/vH6ignM3pWGcKBLi+aIgYVBFcJoIHFBBsGITTRAWVN8K8QjpIJTOraRDsBdfXiad06ptVe3bWqXeyOMogjI4AifABmegDpqgBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPHxTdlxY=</latexit><latexit sha1_base64="Mo8CJLQqRoSXM5xR98qNF6byAx8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS0I1Q68KupKJ9QBPCZDpph84kYWYilJCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JFRIjBp44hFoucjSRgNSVtRxUgvFgRxn5GuP76a+t0HIiSNwns1iYnL0TCkAcVIackzy3de6ggOG80MXkAnEAinl1lau/ZuMs+sWFVrBrhM7JxUQI6WZ345gwgnnIQKMyRl37Zi5aZIKIoZyUpOIkmM8BgNSV/TEHEi3XT2RAaPtTKAQSR0hQrO1N8TKeJSTrivOzlSI7noTcX/vH6ignM3pWGcKBLi+aIgYVBFcJoIHFBBsGITTRAWVN8K8QjpIJTOraRDsBdfXiad06ptVe3bWqXeyOMogjI4AifABmegDpqgBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPHxTdlxY=</latexit>

[Bekenstein; Hawking]

[’t Hooft; Susskind]



More entries in the dictionary

“conformal 
symmetry”SO(2, d)

<latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit><latexit sha1_base64="kq826fKcZtj9BAOQaU9O5TCJ/UY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkLJbBD0WvXizov2AdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7Oyura+sZnbym/v7O7tFw4OGzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5up3xxRpVkkH804pr7AfclCRrCxkp92lEAPd5NS5bx31i0U3bI7A1omXkaKkKHWLXx1ehFJBJWGcKx123Nj46dYGUY4neQ7iaYxJkPcp21LJRZU++ns6Ak6tUoPhZGyJQ2aqb8nUiy0HovAdgpsBnrRm4r/ee3EhFd+ymScGCrJfFGYcGQiNE0A9ZiixPCxJZgoZm9FZIAVJsbmlLcheIsvL5NGpey5Ze/+oli9zuLIwTGcQAk8uIQq3EIN6kDgCZ7hFd6ckfPivDsf89YVJ5s5gj9wPn8AI6iRBA==</latexit>

“AdS  
isometries”

“metric” “energy-
momentum”

“extremal surfaces” “entanglement”

“ripples” 
(perturbations)

“correlation 
functions”W [J ]

<latexit sha1_base64="XgNjIHzq6BS5GkuWeUAZkIwV0VY=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0HwFHZF0GPQi3iKYB6QXcLsZDYZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprsrSKXQ6Djf1srq2vrGZmmrvL2zu7dvVw5aOskU402WyER1Aqq5FDFvokDJO6niNAokbwej66nffuBKiyS+x3HK/YgOYhEKRtFIPbvS9iQPsUtuiafEYIh+z646NWcGskzcglShQKNnf3n9hGURj5FJqnXXdVL0c6pQMMknZS/TPKVsRAe8a2hMI679fHb6hJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGl34u4jRDHrP5ojCTBBMyzYH0heIM5dgQypQwtxI2pIoyNGmVTQju4svLpHVWc52ae3derV8VcZTgCI7hFFy4gDrcQAOawOARnuEV3qwn68V6tz7mrStWMXMIf2B9/gBnlpNv</latexit><latexit sha1_base64="XgNjIHzq6BS5GkuWeUAZkIwV0VY=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0HwFHZF0GPQi3iKYB6QXcLsZDYZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprsrSKXQ6Djf1srq2vrGZmmrvL2zu7dvVw5aOskU402WyER1Aqq5FDFvokDJO6niNAokbwej66nffuBKiyS+x3HK/YgOYhEKRtFIPbvS9iQPsUtuiafEYIh+z646NWcGskzcglShQKNnf3n9hGURj5FJqnXXdVL0c6pQMMknZS/TPKVsRAe8a2hMI679fHb6hJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGl34u4jRDHrP5ojCTBBMyzYH0heIM5dgQypQwtxI2pIoyNGmVTQju4svLpHVWc52ae3derV8VcZTgCI7hFFy4gDrcQAOawOARnuEV3qwn68V6tz7mrStWMXMIf2B9/gBnlpNv</latexit><latexit sha1_base64="XgNjIHzq6BS5GkuWeUAZkIwV0VY=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0HwFHZF0GPQi3iKYB6QXcLsZDYZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprsrSKXQ6Djf1srq2vrGZmmrvL2zu7dvVw5aOskU402WyER1Aqq5FDFvokDJO6niNAokbwej66nffuBKiyS+x3HK/YgOYhEKRtFIPbvS9iQPsUtuiafEYIh+z646NWcGskzcglShQKNnf3n9hGURj5FJqnXXdVL0c6pQMMknZS/TPKVsRAe8a2hMI679fHb6hJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGl34u4jRDHrP5ojCTBBMyzYH0heIM5dgQypQwtxI2pIoyNGmVTQju4svLpHVWc52ae3derV8VcZTgCI7hFFy4gDrcQAOawOARnuEV3qwn68V6tz7mrStWMXMIf2B9/gBnlpNv</latexit><latexit sha1_base64="XgNjIHzq6BS5GkuWeUAZkIwV0VY=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0HwFHZF0GPQi3iKYB6QXcLsZDYZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprsrSKXQ6Djf1srq2vrGZmmrvL2zu7dvVw5aOskU402WyER1Aqq5FDFvokDJO6niNAokbwej66nffuBKiyS+x3HK/YgOYhEKRtFIPbvS9iQPsUtuiafEYIh+z646NWcGskzcglShQKNnf3n9hGURj5FJqnXXdVL0c6pQMMknZS/TPKVsRAe8a2hMI679fHb6hJwYpU/CRJmKkczU3xM5jbQeR4HpjCgO9aI3Ff/zuhmGl34u4jRDHrP5ojCTBBMyzYH0heIM5dgQypQwtxI2pIoyNGmVTQju4svLpHVWc52ae3derV8VcZTgCI7hFFy4gDrcQAOawOARnuEV3qwn68V6tz7mrStWMXMIf2B9/gBnlpNv</latexit>



Why this is exciting
What is hard to express in one language may be easy in another  
(extract from index of Landau & Lifshitz, Vol.3)

“Drehimpulswahrscheinlichkeitesdichteverteilungsfunktion”

AdS/CFT allows computations that seem impossible otherwise:

R
<latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit>

⌃
<latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit> R

<latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit><latexit sha1_base64="0olYr0/sJNTrSdCDpAUMThElouE=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKjbcdd0Y3LVuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpMZNv1hCtltxK54LkV32EDrzDLmoOuUKgo6N5iiBJer94ntvEJM0okITjpXqOijRfoalZoTTaaGXKppgMsZD2jVU4IgqP5sfOoUnRhnAMJamhIZz9ftEhiOlJlFgOiOsR+q3NxP/8rqpDj0/YyJJNRVksShMOdQxnH0NB0xSovnEEEwkM7dCMsISE22yKZgQvj6F/5OWazvIdhrnpdrlMo48OALH4BQ4oApq4BrUQRMQQMEDeALP1p31aL1Yr4vWnLWcOQQ/YL19Ah2SjSQ=</latexit>

S( ) =
area( )

4GN
<latexit sha1_base64="Ne5Vdn3He/vQl3YLDuY5LXEZPP0=">AAACKHicbVDLSgMxFM3UV62vUZdugkVoQcqMFHQjFl3oSiraB3SGkkkzbWgyMyQZoQzzOW78FTciinTrl5i2s6ithwQO59x7k3u8iFGpLGts5FZW19Y38puFre2d3T1z/6Apw1hg0sAhC0XbQ5IwGpCGooqRdiQI4h4jLW94M/Fbz0RIGgZPahQRl6N+QH2KkdJS17x6LDmncO6U4SV0fIFwkjiCQ6SHpXChBsJymlThbfc+7ZpFq2JNAZeJnZEiyFDvmh9OL8QxJ4HCDEnZsa1IuQkSimJG0oITSxIhPER90tE0QJxIN5kumsITrfSgHwp9AwWn6nxHgriUI+7pSo7UQC56E/E/rxMr/8JNaBDFigR49pAfM6hCOEkN9qggWLGRJggLqv8K8QDplJTOtqBDsBdXXibNs4ptVeyHarF2ncWRB0fgGJSADc5BDdyBOmgADF7AG/gEX8ar8W58G+NZac7Ieg7BHxg/v9vroF8=</latexit><latexit sha1_base64="Ne5Vdn3He/vQl3YLDuY5LXEZPP0=">AAACKHicbVDLSgMxFM3UV62vUZdugkVoQcqMFHQjFl3oSiraB3SGkkkzbWgyMyQZoQzzOW78FTciinTrl5i2s6ithwQO59x7k3u8iFGpLGts5FZW19Y38puFre2d3T1z/6Apw1hg0sAhC0XbQ5IwGpCGooqRdiQI4h4jLW94M/Fbz0RIGgZPahQRl6N+QH2KkdJS17x6LDmncO6U4SV0fIFwkjiCQ6SHpXChBsJymlThbfc+7ZpFq2JNAZeJnZEiyFDvmh9OL8QxJ4HCDEnZsa1IuQkSimJG0oITSxIhPER90tE0QJxIN5kumsITrfSgHwp9AwWn6nxHgriUI+7pSo7UQC56E/E/rxMr/8JNaBDFigR49pAfM6hCOEkN9qggWLGRJggLqv8K8QDplJTOtqBDsBdXXibNs4ptVeyHarF2ncWRB0fgGJSADc5BDdyBOmgADF7AG/gEX8ar8W58G+NZac7Ieg7BHxg/v9vroF8=</latexit><latexit sha1_base64="Ne5Vdn3He/vQl3YLDuY5LXEZPP0=">AAACKHicbVDLSgMxFM3UV62vUZdugkVoQcqMFHQjFl3oSiraB3SGkkkzbWgyMyQZoQzzOW78FTciinTrl5i2s6ithwQO59x7k3u8iFGpLGts5FZW19Y38puFre2d3T1z/6Apw1hg0sAhC0XbQ5IwGpCGooqRdiQI4h4jLW94M/Fbz0RIGgZPahQRl6N+QH2KkdJS17x6LDmncO6U4SV0fIFwkjiCQ6SHpXChBsJymlThbfc+7ZpFq2JNAZeJnZEiyFDvmh9OL8QxJ4HCDEnZsa1IuQkSimJG0oITSxIhPER90tE0QJxIN5kumsITrfSgHwp9AwWn6nxHgriUI+7pSo7UQC56E/E/rxMr/8JNaBDFigR49pAfM6hCOEkN9qggWLGRJggLqv8K8QDplJTOtqBDsBdXXibNs4ptVeyHarF2ncWRB0fgGJSADc5BDdyBOmgADF7AG/gEX8ar8W58G+NZac7Ieg7BHxg/v9vroF8=</latexit><latexit sha1_base64="Ne5Vdn3He/vQl3YLDuY5LXEZPP0=">AAACKHicbVDLSgMxFM3UV62vUZdugkVoQcqMFHQjFl3oSiraB3SGkkkzbWgyMyQZoQzzOW78FTciinTrl5i2s6ithwQO59x7k3u8iFGpLGts5FZW19Y38puFre2d3T1z/6Apw1hg0sAhC0XbQ5IwGpCGooqRdiQI4h4jLW94M/Fbz0RIGgZPahQRl6N+QH2KkdJS17x6LDmncO6U4SV0fIFwkjiCQ6SHpXChBsJymlThbfc+7ZpFq2JNAZeJnZEiyFDvmh9OL8QxJ4HCDEnZsa1IuQkSimJG0oITSxIhPER90tE0QJxIN5kumsITrfSgHwp9AwWn6nxHgriUI+7pSo7UQC56E/E/rxMr/8JNaBDFigR49pAfM6hCOEkN9qggWLGRJggLqv8K8QDplJTOtqBDsBdXXibNs4ptVeyHarF2ncWRB0fgGJSADc5BDdyBOmgADF7AG/gEX8ar8W58G+NZac7Ieg7BHxg/v9vroF8=</latexit>

⌃
<latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit><latexit sha1_base64="PUBkJ0CUwklZ3Lpf8khCdg0VFcE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtndZd0Y3LivYB7VAyaaaNTTJDkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc781j1VmsXy1owTGgg8kCxiBBsrNbs3bCBwL19Arl/yEfIgckuo4p1XLame+cWyDz0XzVEAS9R7+fduPyapoNIQjrXueCgxwQQrwwin01w31TTBZIQHtGOpxILqYDK/dgpPrNKHUaxsSQPn6veJCRZaj0VoOwU2Q/3bm4l/eZ3URNVgwmSSGirJYlGUcmhiOHsd9pmixPCxJZgoZm+FZIgVJsYGlLMhfH0K/yfNoush17suF2oXyziy4Agcg1PggQqogStQBw1AwB14AE/g2YmdR+fFeV20ZpzlzCH4AeftE9dpj04=</latexit>

[Ryu & Takayanagi]

R
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Some highlights

Quantum aspects of 
black holes

Strongly coupled 
gauge theory

Integrability
 

(e.g. in N=4 SYM)

Applications to QCD 
and condensed matter

The nature of spacetime 

singularities

Quantum information  
(It from Qubit)

Dynamics of 
Entanglement

Non-locality

Talk by Beisert!



Conclusions & Outlook

Can holography work for asymptotically flat or de Sitter 
gravity?

AdS/CFT or ‘holographic duality’ defines quantum gravity 
as an emergent phenomenon

Conversely it allows to geometrize quantum field theories  
(“it from qubit”)

Prove the duality, for example in the canonical case 
N=4 SU(N)        IIB string theory in AdS5xS5⇠=<latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit><latexit sha1_base64="CTarJdz05MZd8bMTxeHUL9044P0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubTbJkb/fYnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqWZ0ZxkOmpTbtmFouheIhCpS8nRpOk1jyx3h8O/Mfn7ixQqsHnKQ8SuhQiYFgFJ0UdplWw1615tf9OcgqCQpSgwLNXvWr29csS7hCJqm1ncBPMcqpQcEkn1a6meUpZWM65B1HFU24jfL5sVNy5pQ+GWjjSiGZq78ncppYO0li15lQHNllbyb+53UyHFxHuVBphlyxxaJBJglqMvuc9IXhDOXEEcqMcLcSNqKGMnT5VFwIwfLLq6R1UQ/8enB/WWvcFHGU4QRO4RwCuIIG3EETQmAg4Ble4c1T3ov37n0sWkteMXMMf+B9/gDUk46v</latexit>



thank you very much 
for your attention 


