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Traditional QFT interested in correlation functions:

From which we derive, S-matrix, response functions, etc.

Inherently quantum aspects are often hidden: such as Entanglement, scrambling … 

TRADITIONAL QFT
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ENTANGLEMENT IN QFT

Two parties entangled if wave function:

In QFT locality of interactions implies the most interesting split is spatial:

Divergent entanglement! Due to short distance correlations, adiabatic vacuum

 AB 6=  A ⌦  B
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<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit>

SEE(A) = SvN (⇢A)
<latexit sha1_base64="AC/4O0m4WqgDmQJX6o2WPlF2IrI=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAI7aYkIuhGaJWCK6loL9CGMJlO2qGTTJiZFEoIuPFV3LhQxK0v4c63cdpmoa0/DHz85xzOnN+LGJXKsr6NpeWV1bX13EZ+c2t7Z9fc229KHgtMGpgzLtoekoTRkDQUVYy0I0FQ4DHS8obXk3prRISkPHxQ44g4AeqH1KcYKW255uG9m9RqabFagpdQ8+g2LXbFgLvVkmsWrLI1FVwEO4MCyFR3za9uj+M4IKHCDEnZsa1IOQkSimJG0nw3liRCeIj6pKMxRAGRTjK9IYUn2ulBnwv9QgWn7u+JBAVSjgNPdwZIDeR8bWL+V+vEyr9wEhpGsSIhni3yYwYVh5NAYI8KghUba0BYUP1XiAdIIKx0bHkdgj1/8iI0T8u2VbbvzgqVqyyOHDgCx6AIbHAOKuAG1EEDYPAInsEreDOejBfj3fiYtS4Z2cwB+CPj8wc4N5X2</latexit><latexit sha1_base64="AC/4O0m4WqgDmQJX6o2WPlF2IrI=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAI7aYkIuhGaJWCK6loL9CGMJlO2qGTTJiZFEoIuPFV3LhQxK0v4c63cdpmoa0/DHz85xzOnN+LGJXKsr6NpeWV1bX13EZ+c2t7Z9fc229KHgtMGpgzLtoekoTRkDQUVYy0I0FQ4DHS8obXk3prRISkPHxQ44g4AeqH1KcYKW255uG9m9RqabFagpdQ8+g2LXbFgLvVkmsWrLI1FVwEO4MCyFR3za9uj+M4IKHCDEnZsa1IOQkSimJG0nw3liRCeIj6pKMxRAGRTjK9IYUn2ulBnwv9QgWn7u+JBAVSjgNPdwZIDeR8bWL+V+vEyr9wEhpGsSIhni3yYwYVh5NAYI8KghUba0BYUP1XiAdIIKx0bHkdgj1/8iI0T8u2VbbvzgqVqyyOHDgCx6AIbHAOKuAG1EEDYPAInsEreDOejBfj3fiYtS4Z2cwB+CPj8wc4N5X2</latexit><latexit sha1_base64="AC/4O0m4WqgDmQJX6o2WPlF2IrI=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAI7aYkIuhGaJWCK6loL9CGMJlO2qGTTJiZFEoIuPFV3LhQxK0v4c63cdpmoa0/DHz85xzOnN+LGJXKsr6NpeWV1bX13EZ+c2t7Z9fc229KHgtMGpgzLtoekoTRkDQUVYy0I0FQ4DHS8obXk3prRISkPHxQ44g4AeqH1KcYKW255uG9m9RqabFagpdQ8+g2LXbFgLvVkmsWrLI1FVwEO4MCyFR3za9uj+M4IKHCDEnZsa1IOQkSimJG0nw3liRCeIj6pKMxRAGRTjK9IYUn2ulBnwv9QgWn7u+JBAVSjgNPdwZIDeR8bWL+V+vEyr9wEhpGsSIhni3yYwYVh5NAYI8KghUba0BYUP1XiAdIIKx0bHkdgj1/8iI0T8u2VbbvzgqVqyyOHDgCx6AIbHAOKuAG1EEDYPAInsEreDOejBfj3fiYtS4Z2cwB+CPj8wc4N5X2</latexit><latexit sha1_base64="AC/4O0m4WqgDmQJX6o2WPlF2IrI=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAI7aYkIuhGaJWCK6loL9CGMJlO2qGTTJiZFEoIuPFV3LhQxK0v4c63cdpmoa0/DHz85xzOnN+LGJXKsr6NpeWV1bX13EZ+c2t7Z9fc229KHgtMGpgzLtoekoTRkDQUVYy0I0FQ4DHS8obXk3prRISkPHxQ44g4AeqH1KcYKW255uG9m9RqabFagpdQ8+g2LXbFgLvVkmsWrLI1FVwEO4MCyFR3za9uj+M4IKHCDEnZsa1IOQkSimJG0nw3liRCeIj6pKMxRAGRTjK9IYUn2ulBnwv9QgWn7u+JBAVSjgNPdwZIDeR8bWL+V+vEyr9wEhpGsSIhni3yYwYVh5NAYI8KghUba0BYUP1XiAdIIKx0bHkdgj1/8iI0T8u2VbbvzgqVqyyOHDgCx6AIbHAOKuAG1EEDYPAInsEreDOejBfj3fiYtS4Z2cwB+CPj8wc4N5X2</latexit>

SEE(A) ⇠
Area(@A)

✏d�2
<latexit sha1_base64="yvpCHqrWAKVELy3qXbjMnrRgIVM="></latexit><latexit sha1_base64="yvpCHqrWAKVELy3qXbjMnrRgIVM="></latexit><latexit sha1_base64="yvpCHqrWAKVELy3qXbjMnrRgIVM="></latexit><latexit sha1_base64="yvpCHqrWAKVELy3qXbjMnrRgIVM="></latexit>

[Sorkin, Bombelli et al. , Srednicki, Holzhey et al.]



UV FINITE QUANTITIES

Two UV finite quantities have played significant role in the theory:

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit>Two regions:

Two states:

Srel(⇢A|�A) = Tr⇢A(ln ⇢A � ln�A)
<latexit sha1_base64="uSMWK7bc6TANtbyAUeCnDUuiz7Q="></latexit><latexit sha1_base64="uSMWK7bc6TANtbyAUeCnDUuiz7Q="></latexit><latexit sha1_base64="uSMWK7bc6TANtbyAUeCnDUuiz7Q="></latexit><latexit sha1_base64="uSMWK7bc6TANtbyAUeCnDUuiz7Q="></latexit>

I(AC : B) � I(A : B)
<latexit sha1_base64="gA9rL76bPWdK9BNkAtiE5RPVoA4=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEuikzIiiuarvRXQV7gXYomfS0Dc1kxiQjDEN9FTcuFHHrg7jzbUzbWWjrD4Ev/zmHnPx+xJnSjvNtrayurW9s5rby2zu7e/v2wWFThbGk0KAhD2XbJwo4E9DQTHNoRxJI4HNo+ePatN56BKlYKO51EoEXkKFgA0aJNlbPLtyWrmtX1VPcHcIDNhfDPbvolJ2Z8DK4GRRRpnrP/ur2QxoHIDTlRKmO60TaS4nUjHKY5LuxgojQMRlCx6AgASgvnS0/wSfG6eNBKM0RGs/c3xMpCZRKAt90BkSP1GJtav5X68R6cOmlTESxBkHnDw1ijnWIp0ngPpNANU8MECqZ2RXTEZGEapNX3oTgLn55GZpnZdcpu3fnxUo1iyOHjtAxKiEXXaAKukF11EAUJegZvaI368l6sd6tj3nripXNFNAfWZ8/r9eSMw==</latexit><latexit sha1_base64="gA9rL76bPWdK9BNkAtiE5RPVoA4=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEuikzIiiuarvRXQV7gXYomfS0Dc1kxiQjDEN9FTcuFHHrg7jzbUzbWWjrD4Ev/zmHnPx+xJnSjvNtrayurW9s5rby2zu7e/v2wWFThbGk0KAhD2XbJwo4E9DQTHNoRxJI4HNo+ePatN56BKlYKO51EoEXkKFgA0aJNlbPLtyWrmtX1VPcHcIDNhfDPbvolJ2Z8DK4GRRRpnrP/ur2QxoHIDTlRKmO60TaS4nUjHKY5LuxgojQMRlCx6AgASgvnS0/wSfG6eNBKM0RGs/c3xMpCZRKAt90BkSP1GJtav5X68R6cOmlTESxBkHnDw1ijnWIp0ngPpNANU8MECqZ2RXTEZGEapNX3oTgLn55GZpnZdcpu3fnxUo1iyOHjtAxKiEXXaAKukF11EAUJegZvaI368l6sd6tj3nripXNFNAfWZ8/r9eSMw==</latexit><latexit sha1_base64="gA9rL76bPWdK9BNkAtiE5RPVoA4=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEuikzIiiuarvRXQV7gXYomfS0Dc1kxiQjDEN9FTcuFHHrg7jzbUzbWWjrD4Ev/zmHnPx+xJnSjvNtrayurW9s5rby2zu7e/v2wWFThbGk0KAhD2XbJwo4E9DQTHNoRxJI4HNo+ePatN56BKlYKO51EoEXkKFgA0aJNlbPLtyWrmtX1VPcHcIDNhfDPbvolJ2Z8DK4GRRRpnrP/ur2QxoHIDTlRKmO60TaS4nUjHKY5LuxgojQMRlCx6AgASgvnS0/wSfG6eNBKM0RGs/c3xMpCZRKAt90BkSP1GJtav5X68R6cOmlTESxBkHnDw1ijnWIp0ngPpNANU8MECqZ2RXTEZGEapNX3oTgLn55GZpnZdcpu3fnxUo1iyOHjtAxKiEXXaAKukF11EAUJegZvaI368l6sd6tj3nripXNFNAfWZ8/r9eSMw==</latexit><latexit sha1_base64="gA9rL76bPWdK9BNkAtiE5RPVoA4=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEuikzIiiuarvRXQV7gXYomfS0Dc1kxiQjDEN9FTcuFHHrg7jzbUzbWWjrD4Ev/zmHnPx+xJnSjvNtrayurW9s5rby2zu7e/v2wWFThbGk0KAhD2XbJwo4E9DQTHNoRxJI4HNo+ePatN56BKlYKO51EoEXkKFgA0aJNlbPLtyWrmtX1VPcHcIDNhfDPbvolJ2Z8DK4GRRRpnrP/ur2QxoHIDTlRKmO60TaS4nUjHKY5LuxgojQMRlCx6AgASgvnS0/wSfG6eNBKM0RGs/c3xMpCZRKAt90BkSP1GJtav5X68R6cOmlTESxBkHnDw1ijnWIp0ngPpNANU8MECqZ2RXTEZGEapNX3oTgLn55GZpnZdcpu3fnxUo1iyOHjtAxKiEXXaAKukF11EAUJegZvaI368l6sd6tj3nripXNFNAfWZ8/r9eSMw==</latexit>

Srel(⇢AB |�AB) � Srel(⇢A|�A)
<latexit sha1_base64="XNRM5nstdyWz1hpF0ABwnBg0bgU=">AAACMnicbVDLSgMxFM34rPVVdekmWIS6KTMi6LLWje4q2gd0ypBJb9vQZGZMMkIZ+01u/BLBhS4UcetHmLazqG0PBA7nnMvNPX7EmdK2/W4tLa+srq1nNrKbW9s7u7m9/ZoKY0mhSkMeyoZPFHAWQFUzzaERSSDC51D3+1cjv/4IUrEwuNeDCFqCdAPWYZRoI3m5mzsvcaXAEviw4Mpe6CWX5eGTq1hXkDE/wW4XHvCC3FTMpLxc3i7aY+B54qQkj1JUvNyr2w5pLCDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC01DAyJAtZLxyUN8bJQ27oTSvEDjsTo9kRCh1ED4JimI7qlZbyQu8pqx7ly0EhZEsYaAThZ1Yo51iEf94TaTQDUfGEKoZOavmPaIJFSblrOmBGf25HlSOy06dtG5PcuXymkdGXSIjlABOegcldA1qqAqougZvaFP9GW9WB/Wt/UziS5Z6cwB+gfr9w8smKqw</latexit><latexit sha1_base64="XNRM5nstdyWz1hpF0ABwnBg0bgU=">AAACMnicbVDLSgMxFM34rPVVdekmWIS6KTMi6LLWje4q2gd0ypBJb9vQZGZMMkIZ+01u/BLBhS4UcetHmLazqG0PBA7nnMvNPX7EmdK2/W4tLa+srq1nNrKbW9s7u7m9/ZoKY0mhSkMeyoZPFHAWQFUzzaERSSDC51D3+1cjv/4IUrEwuNeDCFqCdAPWYZRoI3m5mzsvcaXAEviw4Mpe6CWX5eGTq1hXkDE/wW4XHvCC3FTMpLxc3i7aY+B54qQkj1JUvNyr2w5pLCDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC01DAyJAtZLxyUN8bJQ27oTSvEDjsTo9kRCh1ED4JimI7qlZbyQu8pqx7ly0EhZEsYaAThZ1Yo51iEf94TaTQDUfGEKoZOavmPaIJFSblrOmBGf25HlSOy06dtG5PcuXymkdGXSIjlABOegcldA1qqAqougZvaFP9GW9WB/Wt/UziS5Z6cwB+gfr9w8smKqw</latexit><latexit sha1_base64="XNRM5nstdyWz1hpF0ABwnBg0bgU=">AAACMnicbVDLSgMxFM34rPVVdekmWIS6KTMi6LLWje4q2gd0ypBJb9vQZGZMMkIZ+01u/BLBhS4UcetHmLazqG0PBA7nnMvNPX7EmdK2/W4tLa+srq1nNrKbW9s7u7m9/ZoKY0mhSkMeyoZPFHAWQFUzzaERSSDC51D3+1cjv/4IUrEwuNeDCFqCdAPWYZRoI3m5mzsvcaXAEviw4Mpe6CWX5eGTq1hXkDE/wW4XHvCC3FTMpLxc3i7aY+B54qQkj1JUvNyr2w5pLCDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC01DAyJAtZLxyUN8bJQ27oTSvEDjsTo9kRCh1ED4JimI7qlZbyQu8pqx7ly0EhZEsYaAThZ1Yo51iEf94TaTQDUfGEKoZOavmPaIJFSblrOmBGf25HlSOy06dtG5PcuXymkdGXSIjlABOegcldA1qqAqougZvaFP9GW9WB/Wt/UziS5Z6cwB+gfr9w8smKqw</latexit><latexit sha1_base64="XNRM5nstdyWz1hpF0ABwnBg0bgU=">AAACMnicbVDLSgMxFM34rPVVdekmWIS6KTMi6LLWje4q2gd0ypBJb9vQZGZMMkIZ+01u/BLBhS4UcetHmLazqG0PBA7nnMvNPX7EmdK2/W4tLa+srq1nNrKbW9s7u7m9/ZoKY0mhSkMeyoZPFHAWQFUzzaERSSDC51D3+1cjv/4IUrEwuNeDCFqCdAPWYZRoI3m5mzsvcaXAEviw4Mpe6CWX5eGTq1hXkDE/wW4XHvCC3FTMpLxc3i7aY+B54qQkj1JUvNyr2w5pLCDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC01DAyJAtZLxyUN8bJQ27oTSvEDjsTo9kRCh1ED4JimI7qlZbyQu8pqx7ly0EhZEsYaAThZ1Yo51iEf94TaTQDUfGEKoZOavmPaIJFSblrOmBGf25HlSOy06dtG5PcuXymkdGXSIjlABOegcldA1qqAqougZvaFP9GW9WB/Wt/UziS5Z6cwB+gfr9w8smKqw</latexit>

Strong-Subadditivity:

Data processing:

I(A : B) = SEE(A) + SEE(B)� SEE(AB)
<latexit sha1_base64="ShrXd6mVIDw5YjyGtVSHE49yWVQ=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARWoplRgRFENpKQXcV7QXaYcikmTY0cyHJCGXoQ7jxVdy4UMStC3e+jWk7irb+EPj5zjmcnN8JGRXSMD611MLi0vJKejWztr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcjOvNO8IFDfxbOQyJ5aGeT12KkVTI1gtXufJZJQ/P4Y0dV6ujXDkPC99e8cMfXsnbetYoGhPBeWMmJgsS1Wz9o9MNcOQRX2KGhGibRiitGHFJMSOjTCcSJER4gHqkrayPPCKseHLUCB4o0oVuwNXzJZzQ3xMx8oQYeo7q9JDsi9naGP5Xa0fSPbVi6oeRJD6eLnIjBmUAxwnBLuUESzZUBmFO1V8h7iOOsFQ5ZlQI5uzJ86ZxVDSNonl9nC1VkjjSYA/sgxwwwQkogUtQA3WAwT14BM/gRXvQnrRX7W3amtKSmV3wR9r7F7XlmZo=</latexit><latexit sha1_base64="ShrXd6mVIDw5YjyGtVSHE49yWVQ=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARWoplRgRFENpKQXcV7QXaYcikmTY0cyHJCGXoQ7jxVdy4UMStC3e+jWk7irb+EPj5zjmcnN8JGRXSMD611MLi0vJKejWztr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcjOvNO8IFDfxbOQyJ5aGeT12KkVTI1gtXufJZJQ/P4Y0dV6ujXDkPC99e8cMfXsnbetYoGhPBeWMmJgsS1Wz9o9MNcOQRX2KGhGibRiitGHFJMSOjTCcSJER4gHqkrayPPCKseHLUCB4o0oVuwNXzJZzQ3xMx8oQYeo7q9JDsi9naGP5Xa0fSPbVi6oeRJD6eLnIjBmUAxwnBLuUESzZUBmFO1V8h7iOOsFQ5ZlQI5uzJ86ZxVDSNonl9nC1VkjjSYA/sgxwwwQkogUtQA3WAwT14BM/gRXvQnrRX7W3amtKSmV3wR9r7F7XlmZo=</latexit><latexit sha1_base64="ShrXd6mVIDw5YjyGtVSHE49yWVQ=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARWoplRgRFENpKQXcV7QXaYcikmTY0cyHJCGXoQ7jxVdy4UMStC3e+jWk7irb+EPj5zjmcnN8JGRXSMD611MLi0vJKejWztr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcjOvNO8IFDfxbOQyJ5aGeT12KkVTI1gtXufJZJQ/P4Y0dV6ujXDkPC99e8cMfXsnbetYoGhPBeWMmJgsS1Wz9o9MNcOQRX2KGhGibRiitGHFJMSOjTCcSJER4gHqkrayPPCKseHLUCB4o0oVuwNXzJZzQ3xMx8oQYeo7q9JDsi9naGP5Xa0fSPbVi6oeRJD6eLnIjBmUAxwnBLuUESzZUBmFO1V8h7iOOsFQ5ZlQI5uzJ86ZxVDSNonl9nC1VkjjSYA/sgxwwwQkogUtQA3WAwT14BM/gRXvQnrRX7W3amtKSmV3wR9r7F7XlmZo=</latexit><latexit sha1_base64="ShrXd6mVIDw5YjyGtVSHE49yWVQ=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARWoplRgRFENpKQXcV7QXaYcikmTY0cyHJCGXoQ7jxVdy4UMStC3e+jWk7irb+EPj5zjmcnN8JGRXSMD611MLi0vJKejWztr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcjOvNO8IFDfxbOQyJ5aGeT12KkVTI1gtXufJZJQ/P4Y0dV6ujXDkPC99e8cMfXsnbetYoGhPBeWMmJgsS1Wz9o9MNcOQRX2KGhGibRiitGHFJMSOjTCcSJER4gHqkrayPPCKseHLUCB4o0oVuwNXzJZzQ3xMx8oQYeo7q9JDsi9naGP5Xa0fSPbVi6oeRJD6eLnIjBmUAxwnBLuUESzZUBmFO1V8h7iOOsFQ5ZlQI5uzJ86ZxVDSNonl9nC1VkjjSYA/sgxwwwQkogUtQA3WAwT14BM/gRXvQnrRX7W3amtKSmV3wR9r7F7XlmZo=</latexit>



CHANGE OF PERSPECTIVE

Information perspective, characterizes instead total correlations:

Eschews specific field content: field redefinition invariant, duality frame invariant, 

Opens up new constraints on QFT - Q.I. bounds, such as SSA, data processing etc.

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit> 2I(A : B) �

✓
hOAOBic
kOAkkOBk

◆2

<latexit sha1_base64="2lXO+onSz/JHWQjk42S3pQbCXhY="></latexit><latexit sha1_base64="2lXO+onSz/JHWQjk42S3pQbCXhY="></latexit><latexit sha1_base64="2lXO+onSz/JHWQjk42S3pQbCXhY="></latexit><latexit sha1_base64="2lXO+onSz/JHWQjk42S3pQbCXhY="></latexit>

[Wolf et al.]



CHANGE OF PERSPECTIVE - BLACK HOLES

Forced on us by black hole thermodynamics:

What are the microscopic UV degrees of freedom? QI doesn’t care, gives IR constraint on 
UV theory

Area divergence and black hole area related: 

SBH =
Area(H)

4GN
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Sgen = SBH + SEE(out)
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DEVELOPING TOOLS FOR 
CHARACTERIZING ENTANGLEMENT IN QFT



DEVELOPING TOOLS

Much progress over last 10 years on developing and refining toolkit for QI in QFT

Broadly speaking:

Path integral methods (replica trick)

Symmetries (spacetime, CFT)

Free theories (correlation matrix technique)

AdS/CFT

Algebraic QFT

One goal: relate to more traditional QFT correlation functions (new constraints?)



DEVELOPING TOOLS

Path integrals and the replica trick:

CFT twist operators:

TrA⇢
n
A
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<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

SEE(A) = lim
n!1

(n� 1)�1 lnTr⇢nA
<latexit sha1_base64="R8j1cwOojFOs8+Ze3fK1X4iyUds="></latexit><latexit sha1_base64="R8j1cwOojFOs8+Ze3fK1X4iyUds="></latexit><latexit sha1_base64="R8j1cwOojFOs8+Ze3fK1X4iyUds="></latexit><latexit sha1_base64="R8j1cwOojFOs8+Ze3fK1X4iyUds="></latexit>

Z(Mn) =
⌦
�†
n(a1)�n(a2)

↵
CFT⌦n
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Applications: 2d CFTs,  gravitational entropy,
replica wormholes …

[Larsen et al. , Cardy, Calabrese]

[Headrick; TF; Lewkowycz, Maldacena .. ]



DEVELOPING TOOLS

Bisagnano-Wichmann, Unruh, Rindler and spacetime symmetries:
t

x1A
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In some cases can write down full density matrix:

Applications: black hole thermo, 
 perturbation theory, ANEC, Einstein’s equation from entanglement … 

= gen. half sided boost� ln ⇢A =

Z

A
x1T00

<latexit sha1_base64="m08XL0V3rUrabxd7d1a10YYkqVo=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCG0tGBN0IVTcuK/QGnXHIpJk2NJMMSUYsQ7dufBU3LhRx6xu4821MLwtt/SHw8Z9zODl/lHKmDULfzsLi0vLKamGtuL6xubXt7uw2tMwUoXUiuVStCGvKmaB1wwynrVRRnEScNqP+9ajevKdKMylqZpDSIMFdwWJGsLFW6MJj6HMBfdWT4SW8gD4TxsLDnQdrYY7QMHRLqIzGgvPgTaEEpqqG7pffkSRLqDCEY63bHkpNkGNlGOF0WPQzTVNM+rhL2xYFTqgO8vElQ3honQ6MpbJPGDh2f0/kONF6kES2M8Gmp2drI/O/Wjsz8XmQM5FmhgoyWRRnHBoJR7HADlOUGD6wgIli9q+Q9LDCxNjwijYEb/bkeWiclD1U9m5PS5WraRwFsA8OwBHwwBmogBtQBXVAwCN4Bq/gzXlyXpx352PSuuBMZ/bAHzmfP+Stl+k=</latexit><latexit sha1_base64="m08XL0V3rUrabxd7d1a10YYkqVo=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCG0tGBN0IVTcuK/QGnXHIpJk2NJMMSUYsQ7dufBU3LhRx6xu4821MLwtt/SHw8Z9zODl/lHKmDULfzsLi0vLKamGtuL6xubXt7uw2tMwUoXUiuVStCGvKmaB1wwynrVRRnEScNqP+9ajevKdKMylqZpDSIMFdwWJGsLFW6MJj6HMBfdWT4SW8gD4TxsLDnQdrYY7QMHRLqIzGgvPgTaEEpqqG7pffkSRLqDCEY63bHkpNkGNlGOF0WPQzTVNM+rhL2xYFTqgO8vElQ3honQ6MpbJPGDh2f0/kONF6kES2M8Gmp2drI/O/Wjsz8XmQM5FmhgoyWRRnHBoJR7HADlOUGD6wgIli9q+Q9LDCxNjwijYEb/bkeWiclD1U9m5PS5WraRwFsA8OwBHwwBmogBtQBXVAwCN4Bq/gzXlyXpx352PSuuBMZ/bAHzmfP+Stl+k=</latexit><latexit sha1_base64="m08XL0V3rUrabxd7d1a10YYkqVo=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCG0tGBN0IVTcuK/QGnXHIpJk2NJMMSUYsQ7dufBU3LhRx6xu4821MLwtt/SHw8Z9zODl/lHKmDULfzsLi0vLKamGtuL6xubXt7uw2tMwUoXUiuVStCGvKmaB1wwynrVRRnEScNqP+9ajevKdKMylqZpDSIMFdwWJGsLFW6MJj6HMBfdWT4SW8gD4TxsLDnQdrYY7QMHRLqIzGgvPgTaEEpqqG7pffkSRLqDCEY63bHkpNkGNlGOF0WPQzTVNM+rhL2xYFTqgO8vElQ3honQ6MpbJPGDh2f0/kONF6kES2M8Gmp2drI/O/Wjsz8XmQM5FmhgoyWRRnHBoJR7HADlOUGD6wgIli9q+Q9LDCxNjwijYEb/bkeWiclD1U9m5PS5WraRwFsA8OwBHwwBmogBtQBXVAwCN4Bq/gzXlyXpx352PSuuBMZ/bAHzmfP+Stl+k=</latexit><latexit sha1_base64="m08XL0V3rUrabxd7d1a10YYkqVo=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCG0tGBN0IVTcuK/QGnXHIpJk2NJMMSUYsQ7dufBU3LhRx6xu4821MLwtt/SHw8Z9zODl/lHKmDULfzsLi0vLKamGtuL6xubXt7uw2tMwUoXUiuVStCGvKmaB1wwynrVRRnEScNqP+9ajevKdKMylqZpDSIMFdwWJGsLFW6MJj6HMBfdWT4SW8gD4TxsLDnQdrYY7QMHRLqIzGgvPgTaEEpqqG7pffkSRLqDCEY63bHkpNkGNlGOF0WPQzTVNM+rhL2xYFTqgO8vElQ3honQ6MpbJPGDh2f0/kONF6kES2M8Gmp2drI/O/Wjsz8XmQM5FmhgoyWRRnHBoJR7HADlOUGD6wgIli9q+Q9LDCxNjwijYEb/bkeWiclD1U9m5PS5WraRwFsA8OwBHwwBmogBtQBXVAwCN4Bq/gzXlyXpx352PSuuBMZ/bAHzmfP+Stl+k=</latexit>

Full boost, less singular = full modular Hamiltonian

[Wall; Rosenhaus et al, TF, Parrikar, Leigh; van Raamsdonk et al. … ]



AdS/CFT:

DEVELOPING TOOLS

A
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SSA:

SEE(A) = min extm⇠A
Area(m)

4GN
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Applications: too many to mention

Dynamical setting: SSA requires Einstein’s equations
+ NEC. Partial converse: Einstein’s equations from entanglement constraints

[Ryu-Takayanagi; Hubeny, Rangamani, Takayanagi]

[Headrick, Takayanagi; Wall]

[van Raamsdonk et al.]



Algebraic QFT, redux:  algebraic QFT is in some sense the correct language to discuss QI in 
QFT:

Von Neumann algebra:                          compared to:                     standard type for QM

Quantum Info: modular theory, defining continuum limit: 

DEVELOPING TOOLS

O ! A(O)
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A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

O = D(A)
<latexit sha1_base64="PJA2AlULCnvm329QY+G711ZjavA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QHwt3VrAPaEOZTKft0MkkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOX7EmdKO820tLa+srq0XNoqbW9s7u/ZeqanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3yd+a1HKhULxYOeRNQL8FCwASNYG6lnl+7QBeoGWI8I5slNWrk87tllp+pMgRaJm5My5Kj37K9uPyRxQIUmHCvVcZ1IewmWmhFO02I3VjTCZIyHtGOowAFVXjLNnqIjo/TRIJTmCY2m6u+NBAdKTQLfTGYp1byXif95nVgPzr2EiSjWVJDZoUHMkQ5RVgTqM0mJ5hNDMJHMZEVkhCUm2tRVNCW4819eJM2TqutU3fvTcu0qr6MAB3AIFXDhDGpwC3VoAIEneIZXeLNS68V6tz5mo0tWvrMPf2B9/gAdDpMv</latexit><latexit sha1_base64="PJA2AlULCnvm329QY+G711ZjavA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QHwt3VrAPaEOZTKft0MkkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOX7EmdKO820tLa+srq0XNoqbW9s7u/ZeqanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3yd+a1HKhULxYOeRNQL8FCwASNYG6lnl+7QBeoGWI8I5slNWrk87tllp+pMgRaJm5My5Kj37K9uPyRxQIUmHCvVcZ1IewmWmhFO02I3VjTCZIyHtGOowAFVXjLNnqIjo/TRIJTmCY2m6u+NBAdKTQLfTGYp1byXif95nVgPzr2EiSjWVJDZoUHMkQ5RVgTqM0mJ5hNDMJHMZEVkhCUm2tRVNCW4819eJM2TqutU3fvTcu0qr6MAB3AIFXDhDGpwC3VoAIEneIZXeLNS68V6tz5mo0tWvrMPf2B9/gAdDpMv</latexit><latexit sha1_base64="PJA2AlULCnvm329QY+G711ZjavA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QHwt3VrAPaEOZTKft0MkkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOX7EmdKO820tLa+srq0XNoqbW9s7u/ZeqanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3yd+a1HKhULxYOeRNQL8FCwASNYG6lnl+7QBeoGWI8I5slNWrk87tllp+pMgRaJm5My5Kj37K9uPyRxQIUmHCvVcZ1IewmWmhFO02I3VjTCZIyHtGOowAFVXjLNnqIjo/TRIJTmCY2m6u+NBAdKTQLfTGYp1byXif95nVgPzr2EiSjWVJDZoUHMkQ5RVgTqM0mJ5hNDMJHMZEVkhCUm2tRVNCW4819eJM2TqutU3fvTcu0qr6MAB3AIFXDhDGpwC3VoAIEneIZXeLNS68V6tz5mo0tWvrMPf2B9/gAdDpMv</latexit><latexit sha1_base64="PJA2AlULCnvm329QY+G711ZjavA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QHwt3VrAPaEOZTKft0MkkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOX7EmdKO820tLa+srq0XNoqbW9s7u/ZeqanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3yd+a1HKhULxYOeRNQL8FCwASNYG6lnl+7QBeoGWI8I5slNWrk87tllp+pMgRaJm5My5Kj37K9uPyRxQIUmHCvVcZ1IewmWmhFO02I3VjTCZIyHtGOowAFVXjLNnqIjo/TRIJTmCY2m6u+NBAdKTQLfTGYp1byXif95nVgPzr2EiSjWVJDZoUHMkQ5RVgTqM0mJ5hNDMJHMZEVkhCUm2tRVNCW4819eJM2TqutU3fvTcu0qr6MAB3AIFXDhDGpwC3VoAIEneIZXeLNS68V6tz5mo0tWvrMPf2B9/gAdDpMv</latexit>

type� III1
<latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit>

type� I
<latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit>

� = ⇢A ⌦ ⇢�1
Ac

<latexit sha1_base64="Xgf6N2JvLdCx98H5pfsl4q7Pyuc=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDaGHZF0EZI1MIygnlAdl1mJ5NkyOzOMnNXCEs+wcZfsbFQxNbSzr9xkmyhiQcGzj3nXu7cE8SCa7Dtbyu3sLi0vJJfLaytb2xuFbd3GlomirI6lUKqVkA0EzxideAgWCtWjISBYM1gcDX2mw9MaS6jOxjGzAtJL+JdTgkYyS8eutdMAMEX2FV96VexK4GHTE/LtOrT0X167Iz8Ysku2xPgeeJkpIQy1Pzil9uRNAlZBFQQrduOHYOXEgWcCjYquIlmMaED0mNtQyNilnrp5KARPjBKB3elMi8CPFF/T6Qk1HoYBqYzJNDXs95Y/M9rJ9A991IexQmwiE4XdROBQeJxOrjDFaMghoYQqrj5K6Z9oggFk2HBhODMnjxPGidlxy47t6elymUWRx7toX10hBx0hiroBtVQHVH0iJ7RK3qznqwX6936mLbmrGxmF/2B9fkDQRacGQ==</latexit><latexit sha1_base64="Xgf6N2JvLdCx98H5pfsl4q7Pyuc=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDaGHZF0EZI1MIygnlAdl1mJ5NkyOzOMnNXCEs+wcZfsbFQxNbSzr9xkmyhiQcGzj3nXu7cE8SCa7Dtbyu3sLi0vJJfLaytb2xuFbd3GlomirI6lUKqVkA0EzxideAgWCtWjISBYM1gcDX2mw9MaS6jOxjGzAtJL+JdTgkYyS8eutdMAMEX2FV96VexK4GHTE/LtOrT0X167Iz8Ysku2xPgeeJkpIQy1Pzil9uRNAlZBFQQrduOHYOXEgWcCjYquIlmMaED0mNtQyNilnrp5KARPjBKB3elMi8CPFF/T6Qk1HoYBqYzJNDXs95Y/M9rJ9A991IexQmwiE4XdROBQeJxOrjDFaMghoYQqrj5K6Z9oggFk2HBhODMnjxPGidlxy47t6elymUWRx7toX10hBx0hiroBtVQHVH0iJ7RK3qznqwX6936mLbmrGxmF/2B9fkDQRacGQ==</latexit><latexit sha1_base64="Xgf6N2JvLdCx98H5pfsl4q7Pyuc=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDaGHZF0EZI1MIygnlAdl1mJ5NkyOzOMnNXCEs+wcZfsbFQxNbSzr9xkmyhiQcGzj3nXu7cE8SCa7Dtbyu3sLi0vJJfLaytb2xuFbd3GlomirI6lUKqVkA0EzxideAgWCtWjISBYM1gcDX2mw9MaS6jOxjGzAtJL+JdTgkYyS8eutdMAMEX2FV96VexK4GHTE/LtOrT0X167Iz8Ysku2xPgeeJkpIQy1Pzil9uRNAlZBFQQrduOHYOXEgWcCjYquIlmMaED0mNtQyNilnrp5KARPjBKB3elMi8CPFF/T6Qk1HoYBqYzJNDXs95Y/M9rJ9A991IexQmwiE4XdROBQeJxOrjDFaMghoYQqrj5K6Z9oggFk2HBhODMnjxPGidlxy47t6elymUWRx7toX10hBx0hiroBtVQHVH0iJ7RK3qznqwX6936mLbmrGxmF/2B9fkDQRacGQ==</latexit><latexit sha1_base64="Xgf6N2JvLdCx98H5pfsl4q7Pyuc=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDaGHZF0EZI1MIygnlAdl1mJ5NkyOzOMnNXCEs+wcZfsbFQxNbSzr9xkmyhiQcGzj3nXu7cE8SCa7Dtbyu3sLi0vJJfLaytb2xuFbd3GlomirI6lUKqVkA0EzxideAgWCtWjISBYM1gcDX2mw9MaS6jOxjGzAtJL+JdTgkYyS8eutdMAMEX2FV96VexK4GHTE/LtOrT0X167Iz8Ysku2xPgeeJkpIQy1Pzil9uRNAlZBFQQrduOHYOXEgWcCjYquIlmMaED0mNtQyNilnrp5KARPjBKB3elMi8CPFF/T6Qk1HoYBqYzJNDXs95Y/M9rJ9A991IexQmwiE4XdROBQeJxOrjDFaMghoYQqrj5K6Z9oggFk2HBhODMnjxPGidlxy47t6elymUWRx7toX10hBx0hiroBtVQHVH0iJ7RK3qznqwX6936mLbmrGxmF/2B9fkDQRacGQ==</latexit>

Defining entanglement entropy not an option …

A(O)0 = A(O0)
<latexit sha1_base64="XYbKQV6IS5j6UkKRbEJzBSGiwwQ=">AAACCnicbVA9SwNBEJ2LXzF+nVrarAZJ0oQ7EbQRojZ2RjAxkBxhb7OXLNn7YHdPCEdqG/+KjYUitv4CO/+Ne8kVJvHBwOO9GWbmuRFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwULRdLyllAG4opTluRoNh3OX1wh9ep//BIhWRhcK9GEXV83A+YxwhWWuqahx0fqwHBPLkcl28rJXSBZpRSpWsWrao1AVokdkaKkKHeNb87vZDEPg0U4VjKtm1FykmwUIxwOi50YkkjTIa4T9uaBtin0kkmr4zRsVZ6yAuFrkChifp3IsG+lCPf1Z3pmXLeS8X/vHasvHMnYUEUKxqQ6SIv5kiFKM0F9ZigRPGRJpgIpm9FZIAFJkqnV9Ah2PMvL5LmSdW2qvbdabF2lcWRhwM4gjLYcAY1uIE6NIDAE7zAG7wbz8ar8WF8TltzRjazDzMwvn4BjJiY3g==</latexit><latexit sha1_base64="XYbKQV6IS5j6UkKRbEJzBSGiwwQ=">AAACCnicbVA9SwNBEJ2LXzF+nVrarAZJ0oQ7EbQRojZ2RjAxkBxhb7OXLNn7YHdPCEdqG/+KjYUitv4CO/+Ne8kVJvHBwOO9GWbmuRFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwULRdLyllAG4opTluRoNh3OX1wh9ep//BIhWRhcK9GEXV83A+YxwhWWuqahx0fqwHBPLkcl28rJXSBZpRSpWsWrao1AVokdkaKkKHeNb87vZDEPg0U4VjKtm1FykmwUIxwOi50YkkjTIa4T9uaBtin0kkmr4zRsVZ6yAuFrkChifp3IsG+lCPf1Z3pmXLeS8X/vHasvHMnYUEUKxqQ6SIv5kiFKM0F9ZigRPGRJpgIpm9FZIAFJkqnV9Ah2PMvL5LmSdW2qvbdabF2lcWRhwM4gjLYcAY1uIE6NIDAE7zAG7wbz8ar8WF8TltzRjazDzMwvn4BjJiY3g==</latexit><latexit sha1_base64="XYbKQV6IS5j6UkKRbEJzBSGiwwQ=">AAACCnicbVA9SwNBEJ2LXzF+nVrarAZJ0oQ7EbQRojZ2RjAxkBxhb7OXLNn7YHdPCEdqG/+KjYUitv4CO/+Ne8kVJvHBwOO9GWbmuRFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwULRdLyllAG4opTluRoNh3OX1wh9ep//BIhWRhcK9GEXV83A+YxwhWWuqahx0fqwHBPLkcl28rJXSBZpRSpWsWrao1AVokdkaKkKHeNb87vZDEPg0U4VjKtm1FykmwUIxwOi50YkkjTIa4T9uaBtin0kkmr4zRsVZ6yAuFrkChifp3IsG+lCPf1Z3pmXLeS8X/vHasvHMnYUEUKxqQ6SIv5kiFKM0F9ZigRPGRJpgIpm9FZIAFJkqnV9Ah2PMvL5LmSdW2qvbdabF2lcWRhwM4gjLYcAY1uIE6NIDAE7zAG7wbz8ar8WF8TltzRjazDzMwvn4BjJiY3g==</latexit><latexit sha1_base64="XYbKQV6IS5j6UkKRbEJzBSGiwwQ=">AAACCnicbVA9SwNBEJ2LXzF+nVrarAZJ0oQ7EbQRojZ2RjAxkBxhb7OXLNn7YHdPCEdqG/+KjYUitv4CO/+Ne8kVJvHBwOO9GWbmuRFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwULRdLyllAG4opTluRoNh3OX1wh9ep//BIhWRhcK9GEXV83A+YxwhWWuqahx0fqwHBPLkcl28rJXSBZpRSpWsWrao1AVokdkaKkKHeNb87vZDEPg0U4VjKtm1FykmwUIxwOi50YkkjTIa4T9uaBtin0kkmr4zRsVZ6yAuFrkChifp3IsG+lCPf1Z3pmXLeS8X/vHasvHMnYUEUKxqQ6SIv5kiFKM0F9ZigRPGRJpgIpm9FZIAFJkqnV9Ah2PMvL5LmSdW2qvbdabF2lcWRhwM4gjLYcAY1uIE6NIDAE7zAG7wbz8ar8WF8TltzRjazDzMwvn4BjJiY3g==</latexit>

O
0 = D(Ac)

<latexit sha1_base64="OH26+36deRQVckdpRi4L679wEAI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrCIdVMSEXQj1MfCnRXsA9oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HSZqGtBwYO59zLPXO8mDOpLOvbKCwsLi2vFFdLa+sbm1vm9k5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhdea3HqmQLAof1CimToD7IfMZwUpLrrl3d4QuUDfAakAwT2/GlUuXHLtm2apaE6B5YuekDDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE03Gpm0gaYzLEfdrRNMQBlU46iT9Gh1rpIT8S+oUKTdTfGykOpBwFnp7McspZLxP/8zqJ8s+dlIVxomhIpof8hCMVoawL1GOCEsVHmmAimM6KyAALTJRurKRLsGe/PE+aJ1Xbqtr3p+XaVV5HEfbhACpgwxnU4Bbq0AACKTzDK7wZT8aL8W58TEcLRr6zC39gfP4A/VmUNg==</latexit><latexit sha1_base64="OH26+36deRQVckdpRi4L679wEAI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrCIdVMSEXQj1MfCnRXsA9oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HSZqGtBwYO59zLPXO8mDOpLOvbKCwsLi2vFFdLa+sbm1vm9k5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhdea3HqmQLAof1CimToD7IfMZwUpLrrl3d4QuUDfAakAwT2/GlUuXHLtm2apaE6B5YuekDDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE03Gpm0gaYzLEfdrRNMQBlU46iT9Gh1rpIT8S+oUKTdTfGykOpBwFnp7McspZLxP/8zqJ8s+dlIVxomhIpof8hCMVoawL1GOCEsVHmmAimM6KyAALTJRurKRLsGe/PE+aJ1Xbqtr3p+XaVV5HEfbhACpgwxnU4Bbq0AACKTzDK7wZT8aL8W58TEcLRr6zC39gfP4A/VmUNg==</latexit><latexit sha1_base64="OH26+36deRQVckdpRi4L679wEAI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrCIdVMSEXQj1MfCnRXsA9oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HSZqGtBwYO59zLPXO8mDOpLOvbKCwsLi2vFFdLa+sbm1vm9k5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhdea3HqmQLAof1CimToD7IfMZwUpLrrl3d4QuUDfAakAwT2/GlUuXHLtm2apaE6B5YuekDDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE03Gpm0gaYzLEfdrRNMQBlU46iT9Gh1rpIT8S+oUKTdTfGykOpBwFnp7McspZLxP/8zqJ8s+dlIVxomhIpof8hCMVoawL1GOCEsVHmmAimM6KyAALTJRurKRLsGe/PE+aJ1Xbqtr3p+XaVV5HEfbhACpgwxnU4Bbq0AACKTzDK7wZT8aL8W58TEcLRr6zC39gfP4A/VmUNg==</latexit><latexit sha1_base64="OH26+36deRQVckdpRi4L679wEAI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrCIdVMSEXQj1MfCnRXsA9oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HSZqGtBwYO59zLPXO8mDOpLOvbKCwsLi2vFFdLa+sbm1vm9k5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhdea3HqmQLAof1CimToD7IfMZwUpLrrl3d4QuUDfAakAwT2/GlUuXHLtm2apaE6B5YuekDDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE03Gpm0gaYzLEfdrRNMQBlU46iT9Gh1rpIT8S+oUKTdTfGykOpBwFnp7McspZLxP/8zqJ8s+dlIVxomhIpof8hCMVoawL1GOCEsVHmmAimM6KyAALTJRurKRLsGe/PE+aJ1Xbqtr3p+XaVV5HEfbhACpgwxnU4Bbq0AACKTzDK7wZT8aL8W58TEcLRr6zC39gfP4A/VmUNg==</latexit>Ac
<latexit sha1_base64="XtetYv4B+0P+JtwNjVZHKu0ZI7Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cN1n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwOujZs=</latexit><latexit sha1_base64="XtetYv4B+0P+JtwNjVZHKu0ZI7Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cN1n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwOujZs=</latexit><latexit sha1_base64="XtetYv4B+0P+JtwNjVZHKu0ZI7Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cN1n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwOujZs=</latexit><latexit sha1_base64="XtetYv4B+0P+JtwNjVZHKu0ZI7Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cN1n/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwOujZs=</latexit>

= A(A)
<latexit sha1_base64="074d/mE/oYjqWcmfFkZumndLh9w=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EVjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCeZpY15pXA7sslN1FkDrxM1JGXI0B/ZXfxiRJKRCE46V6rlOrL0US80Ip/NSP1E0xmSCR7RnqMAhVV66SD5HF0YZoiCS5gmNFurvjRSHSs1C30xmKdWql4n/eb1EBzdeykScaCrI8lCQcKQjlNWAhkxSovnMEEwkM1kRGWOJiTZllUwJ7uqX10n7quo6VfexVq7f5XUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wceqJKp</latexit><latexit sha1_base64="074d/mE/oYjqWcmfFkZumndLh9w=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EVjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCeZpY15pXA7sslN1FkDrxM1JGXI0B/ZXfxiRJKRCE46V6rlOrL0US80Ip/NSP1E0xmSCR7RnqMAhVV66SD5HF0YZoiCS5gmNFurvjRSHSs1C30xmKdWql4n/eb1EBzdeykScaCrI8lCQcKQjlNWAhkxSovnMEEwkM1kRGWOJiTZllUwJ7uqX10n7quo6VfexVq7f5XUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wceqJKp</latexit><latexit sha1_base64="074d/mE/oYjqWcmfFkZumndLh9w=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EVjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCeZpY15pXA7sslN1FkDrxM1JGXI0B/ZXfxiRJKRCE46V6rlOrL0US80Ip/NSP1E0xmSCR7RnqMAhVV66SD5HF0YZoiCS5gmNFurvjRSHSs1C30xmKdWql4n/eb1EBzdeykScaCrI8lCQcKQjlNWAhkxSovnMEEwkM1kRGWOJiTZllUwJ7uqX10n7quo6VfexVq7f5XUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wceqJKp</latexit><latexit sha1_base64="074d/mE/oYjqWcmfFkZumndLh9w=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EVjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCeZpY15pXA7sslN1FkDrxM1JGXI0B/ZXfxiRJKRCE46V6rlOrL0US80Ip/NSP1E0xmSCR7RnqMAhVV66SD5HF0YZoiCS5gmNFurvjRSHSs1C30xmKdWql4n/eb1EBzdeykScaCrI8lCQcKQjlNWAhkxSovnMEEwkM1kRGWOJiTZllUwJ7uqX10n7quo6VfexVq7f5XUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wceqJKp</latexit>

[Haag, Kastler]

[Araki]

[Witten]



DEVELOPING TOOLS

Half-sided modular inclusion:

Applications: Proofs of energy conditions. Emergence of spacetime from entanglement

�is
AA(B)��is

A ⇢ A(B) s � 0
<latexit sha1_base64="zcymAQDkBKeqhswl5wydAbagllw="></latexit><latexit sha1_base64="zcymAQDkBKeqhswl5wydAbagllw="></latexit><latexit sha1_base64="zcymAQDkBKeqhswl5wydAbagllw="></latexit><latexit sha1_base64="zcymAQDkBKeqhswl5wydAbagllw="></latexit>

Basic causality constraint gives: �is
AU+(a)�

�is
A = U+(ae

2⇡s)
<latexit sha1_base64="X1mTYINhE47zTAi7hFGoG9ZdsHw=">AAACI3icbZDJSgNBEIZ74h63qEcvjUFIEMOMCIoguB08KhgTyDLUdCpJk56F7h4hDPMuXnwVLx4U8eLBd7ET56CJPzT8fFVFdf1eJLjStv1p5WZm5+YXFpfyyyura+uFjc17FcaSYZWFIpR1DxQKHmBVcy2wHkkE3xNY8waXo3rtAaXiYXCnhxG2fOgFvMsZaIPcwknzCoUGNzlP2wlXKa26eyUo0wyft5P9ET0dcwoU28lBM+JUpWW3ULQr9lh02jiZKZJMN27hvdkJWexjoJkApRqOHelWAlJzJjDNN2OFEbAB9LBhbAA+qlYyvjGlu4Z0aDeU5gWajunviQR8pYa+Zzp90H01WRvB/2qNWHePWwkPolhjwH4WdWNBdUhHgdEOl8i0GBoDTHLzV8r6IIFpE2vehOBMnjxt7g8qjl1xbg+LZxdZHItkm+yQEnHIETkj1+SGVAkjj+SZvJI368l6sd6tj5/WnJXNbJE/sr6+ATV8ohg=</latexit><latexit sha1_base64="X1mTYINhE47zTAi7hFGoG9ZdsHw=">AAACI3icbZDJSgNBEIZ74h63qEcvjUFIEMOMCIoguB08KhgTyDLUdCpJk56F7h4hDPMuXnwVLx4U8eLBd7ET56CJPzT8fFVFdf1eJLjStv1p5WZm5+YXFpfyyyura+uFjc17FcaSYZWFIpR1DxQKHmBVcy2wHkkE3xNY8waXo3rtAaXiYXCnhxG2fOgFvMsZaIPcwknzCoUGNzlP2wlXKa26eyUo0wyft5P9ET0dcwoU28lBM+JUpWW3ULQr9lh02jiZKZJMN27hvdkJWexjoJkApRqOHelWAlJzJjDNN2OFEbAB9LBhbAA+qlYyvjGlu4Z0aDeU5gWajunviQR8pYa+Zzp90H01WRvB/2qNWHePWwkPolhjwH4WdWNBdUhHgdEOl8i0GBoDTHLzV8r6IIFpE2vehOBMnjxt7g8qjl1xbg+LZxdZHItkm+yQEnHIETkj1+SGVAkjj+SZvJI368l6sd6tj5/WnJXNbJE/sr6+ATV8ohg=</latexit><latexit sha1_base64="X1mTYINhE47zTAi7hFGoG9ZdsHw=">AAACI3icbZDJSgNBEIZ74h63qEcvjUFIEMOMCIoguB08KhgTyDLUdCpJk56F7h4hDPMuXnwVLx4U8eLBd7ET56CJPzT8fFVFdf1eJLjStv1p5WZm5+YXFpfyyyura+uFjc17FcaSYZWFIpR1DxQKHmBVcy2wHkkE3xNY8waXo3rtAaXiYXCnhxG2fOgFvMsZaIPcwknzCoUGNzlP2wlXKa26eyUo0wyft5P9ET0dcwoU28lBM+JUpWW3ULQr9lh02jiZKZJMN27hvdkJWexjoJkApRqOHelWAlJzJjDNN2OFEbAB9LBhbAA+qlYyvjGlu4Z0aDeU5gWajunviQR8pYa+Zzp90H01WRvB/2qNWHePWwkPolhjwH4WdWNBdUhHgdEOl8i0GBoDTHLzV8r6IIFpE2vehOBMnjxt7g8qjl1xbg+LZxdZHItkm+yQEnHIETkj1+SGVAkjj+SZvJI368l6sd6tj5/WnJXNbJE/sr6+ATV8ohg=</latexit><latexit sha1_base64="X1mTYINhE47zTAi7hFGoG9ZdsHw=">AAACI3icbZDJSgNBEIZ74h63qEcvjUFIEMOMCIoguB08KhgTyDLUdCpJk56F7h4hDPMuXnwVLx4U8eLBd7ET56CJPzT8fFVFdf1eJLjStv1p5WZm5+YXFpfyyyura+uFjc17FcaSYZWFIpR1DxQKHmBVcy2wHkkE3xNY8waXo3rtAaXiYXCnhxG2fOgFvMsZaIPcwknzCoUGNzlP2wlXKa26eyUo0wyft5P9ET0dcwoU28lBM+JUpWW3ULQr9lh02jiZKZJMN27hvdkJWexjoJkApRqOHelWAlJzJjDNN2OFEbAB9LBhbAA+qlYyvjGlu4Z0aDeU5gWajunviQR8pYa+Zzp90H01WRvB/2qNWHePWwkPolhjwH4WdWNBdUhHgdEOl8i0GBoDTHLzV8r6IIFpE2vehOBMnjxt7g8qjl1xbg+LZxdZHItkm+yQEnHIETkj1+SGVAkjj+SZvJI368l6sd6tj5/WnJXNbJE/sr6+ATV8ohg=</latexit>

U+(a) = exp(iaP+)
<latexit sha1_base64="rv+i5ZZXLsxpNVhTlrk+3f54hio=">AAACAXicbVBNS8NAEN34WetX1IvgZbEILYWSiKAXoejFYwXTFtoQNttJu3Tzwe5GLKFe/CtePCji1X/hzX/jts1BWx8MPN6bYWaen3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqKDg05rFo+0QCZxE4iikO7UQACX0OLX94PfFb9yAki6M7NUrADUk/YgGjRGnJMw8dr1omFXyJu/CQlDHDBDe8Kq54ZsmqWVPgRWLnpIRyNDzzq9uLaRpCpCgnUnZsK1FuRoRilMO42E0lJIQOSR86mkYkBOlm0w/G+EQrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBhZuxKEkVRHS2KEg5VjGexIF7TABVfKQJoYLpWzEdEEGo0qEVdQj2/MuLpHlas62afXtWql/lcRTQETpGZWSjc1RHN6iBHETRI3pGr+jNeDJejHfjY9a6ZOQzB+gPjM8foJGTxw==</latexit><latexit sha1_base64="rv+i5ZZXLsxpNVhTlrk+3f54hio=">AAACAXicbVBNS8NAEN34WetX1IvgZbEILYWSiKAXoejFYwXTFtoQNttJu3Tzwe5GLKFe/CtePCji1X/hzX/jts1BWx8MPN6bYWaen3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqKDg05rFo+0QCZxE4iikO7UQACX0OLX94PfFb9yAki6M7NUrADUk/YgGjRGnJMw8dr1omFXyJu/CQlDHDBDe8Kq54ZsmqWVPgRWLnpIRyNDzzq9uLaRpCpCgnUnZsK1FuRoRilMO42E0lJIQOSR86mkYkBOlm0w/G+EQrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBhZuxKEkVRHS2KEg5VjGexIF7TABVfKQJoYLpWzEdEEGo0qEVdQj2/MuLpHlas62afXtWql/lcRTQETpGZWSjc1RHN6iBHETRI3pGr+jNeDJejHfjY9a6ZOQzB+gPjM8foJGTxw==</latexit><latexit sha1_base64="rv+i5ZZXLsxpNVhTlrk+3f54hio=">AAACAXicbVBNS8NAEN34WetX1IvgZbEILYWSiKAXoejFYwXTFtoQNttJu3Tzwe5GLKFe/CtePCji1X/hzX/jts1BWx8MPN6bYWaen3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqKDg05rFo+0QCZxE4iikO7UQACX0OLX94PfFb9yAki6M7NUrADUk/YgGjRGnJMw8dr1omFXyJu/CQlDHDBDe8Kq54ZsmqWVPgRWLnpIRyNDzzq9uLaRpCpCgnUnZsK1FuRoRilMO42E0lJIQOSR86mkYkBOlm0w/G+EQrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBhZuxKEkVRHS2KEg5VjGexIF7TABVfKQJoYLpWzEdEEGo0qEVdQj2/MuLpHlas62afXtWql/lcRTQETpGZWSjc1RHN6iBHETRI3pGr+jNeDJejHfjY9a6ZOQzB+gPjM8foJGTxw==</latexit><latexit sha1_base64="rv+i5ZZXLsxpNVhTlrk+3f54hio=">AAACAXicbVBNS8NAEN34WetX1IvgZbEILYWSiKAXoejFYwXTFtoQNttJu3Tzwe5GLKFe/CtePCji1X/hzX/jts1BWx8MPN6bYWaen3AmlWV9G0vLK6tr64WN4ubW9s6uubfflHEqKDg05rFo+0QCZxE4iikO7UQACX0OLX94PfFb9yAki6M7NUrADUk/YgGjRGnJMw8dr1omFXyJu/CQlDHDBDe8Kq54ZsmqWVPgRWLnpIRyNDzzq9uLaRpCpCgnUnZsK1FuRoRilMO42E0lJIQOSR86mkYkBOlm0w/G+EQrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBhZuxKEkVRHS2KEg5VjGexIF7TABVfKQJoYLpWzEdEEGo0qEVdQj2/MuLpHlas62afXtWql/lcRTQETpGZWSjc1RHN6iBHETRI3pGr+jNeDJejHfjY9a6ZOQzB+gPjM8foJGTxw==</latexit>

P+ � 0
<latexit sha1_base64="BNj5PTHAit3EquAW3LcJYaz6iuI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YhrLZTtqlm03c3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSQ713RroDfCRur1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB+pKj8E=</latexit><latexit sha1_base64="BNj5PTHAit3EquAW3LcJYaz6iuI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YhrLZTtqlm03c3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSQ713RroDfCRur1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB+pKj8E=</latexit><latexit sha1_base64="BNj5PTHAit3EquAW3LcJYaz6iuI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YhrLZTtqlm03c3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSQ713RroDfCRur1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB+pKj8E=</latexit><latexit sha1_base64="BNj5PTHAit3EquAW3LcJYaz6iuI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YhrLZTtqlm03c3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSQ713RroDfCRur1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB+pKj8E=</latexit>

Reconstruct relativistic symmetries from QI 

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit> Aa

<latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit>

ae2⇡s
<latexit sha1_base64="4RsLNzTLZMhgKDI0S+Mgf61jQnA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YAmls120i7dbMLuRiihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LBTFIMYjqUPOKMGiv5lOBjXvdTTvS0X6m6NXcOskq8glShQLNf+fIHCctilIYJqnXPc1MT5FQZzgROy36mMaVsTIfYs1TSGHWQz2+eknOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8Xmai6yDnMs0MSrZYFGWCmITMAiADrpAZMbGEMsXtrYSNqKLM2JjKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0rjnFzAn8gfP5Az7OkSg=</latexit><latexit sha1_base64="4RsLNzTLZMhgKDI0S+Mgf61jQnA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YAmls120i7dbMLuRiihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LBTFIMYjqUPOKMGiv5lOBjXvdTTvS0X6m6NXcOskq8glShQLNf+fIHCctilIYJqnXPc1MT5FQZzgROy36mMaVsTIfYs1TSGHWQz2+eknOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8Xmai6yDnMs0MSrZYFGWCmITMAiADrpAZMbGEMsXtrYSNqKLM2JjKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0rjnFzAn8gfP5Az7OkSg=</latexit><latexit sha1_base64="4RsLNzTLZMhgKDI0S+Mgf61jQnA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YAmls120i7dbMLuRiihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LBTFIMYjqUPOKMGiv5lOBjXvdTTvS0X6m6NXcOskq8glShQLNf+fIHCctilIYJqnXPc1MT5FQZzgROy36mMaVsTIfYs1TSGHWQz2+eknOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8Xmai6yDnMs0MSrZYFGWCmITMAiADrpAZMbGEMsXtrYSNqKLM2JjKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0rjnFzAn8gfP5Az7OkSg=</latexit><latexit sha1_base64="4RsLNzTLZMhgKDI0S+Mgf61jQnA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YAmls120i7dbMLuRiihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LBTFIMYjqUPOKMGiv5lOBjXvdTTvS0X6m6NXcOskq8glShQLNf+fIHCctilIYJqnXPc1MT5FQZzgROy36mMaVsTIfYs1TSGHWQz2+eknOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8Xmai6yDnMs0MSrZYFGWCmITMAiADrpAZMbGEMsXtrYSNqKLM2JjKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0rjnFzAn8gfP5Az7OkSg=</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

= A(B)
<latexit sha1_base64="lOwMZgPt5+mBzSpoqPbJZxkvwZA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EWjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCebp3bzSuBzYZafqLIDWiZuTMuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTuelfqJojMkEj2jPUIFDqrx0kXyOLowyREEkzRMaLdTfGykOlZqFvpnMUqpVLxP/83qJDm68lIk40VSQ5aEg4UhHKKsBDZmkRPOZIZhIZrIiMsYSE23KKpkS3NUvr5P2VdV1qu5jrVxv5HUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wcgLZKq</latexit><latexit sha1_base64="lOwMZgPt5+mBzSpoqPbJZxkvwZA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EWjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCebp3bzSuBzYZafqLIDWiZuTMuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTuelfqJojMkEj2jPUIFDqrx0kXyOLowyREEkzRMaLdTfGykOlZqFvpnMUqpVLxP/83qJDm68lIk40VSQ5aEg4UhHKKsBDZmkRPOZIZhIZrIiMsYSE23KKpkS3NUvr5P2VdV1qu5jrVxv5HUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wcgLZKq</latexit><latexit sha1_base64="lOwMZgPt5+mBzSpoqPbJZxkvwZA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EWjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCebp3bzSuBzYZafqLIDWiZuTMuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTuelfqJojMkEj2jPUIFDqrx0kXyOLowyREEkzRMaLdTfGykOlZqFvpnMUqpVLxP/83qJDm68lIk40VSQ5aEg4UhHKKsBDZmkRPOZIZhIZrIiMsYSE23KKpkS3NUvr5P2VdV1qu5jrVxv5HUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wcgLZKq</latexit><latexit sha1_base64="lOwMZgPt5+mBzSpoqPbJZxkvwZA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgm6EWjcuK9gHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDI/v4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Kf+Z0plYpF4knPYuqFeCRYwAjWRhrY9i3qh1iPCebp3bzSuBzYZafqLIDWiZuTMuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTuelfqJojMkEj2jPUIFDqrx0kXyOLowyREEkzRMaLdTfGykOlZqFvpnMUqpVLxP/83qJDm68lIk40VSQ5aEg4UhHKKsBDZmkRPOZIZhIZrIiMsYSE23KKpkS3NUvr5P2VdV1qu5jrVxv5HUU4QzOoQIuXEMdHqAJLSAwhWd4hTcrtV6sd+tjOVqw8p1T+APr8wcgLZKq</latexit>

Aa
<latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit><latexit sha1_base64="x4Us4gRzymDpQffn7IS4xmjgOWA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APaodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWM7zK/NWFK80g+mmnM/BCHkg84RWMlvxuiGVEU6c2sh71yxa26c5BV4uWkAjnqvfJXtx/RJGTSUIFadzw3Nn6KynAq2KzUTTSLkY5xyDqWSgyZ9tN56Bk5s0qfDCJlnzRkrv7eSDHUehoGdjILqZe9TPzP6yRmcO2nXMaJYZIuDg0SQUxEsgZInytGjZhaglRxm5XQESqkxvZUsiV4y19eJc2LqudWvYfLSu02r6MIJ3AK5+DBFdTgHurQAApP8Ayv8OZMnBfn3flYjBacfOcY/sD5/AHmjJIr</latexit>

x+
<latexit sha1_base64="K5ZZUKNwTpsHZcP7YnJCfL/EFuw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w8BE42Z</latexit><latexit sha1_base64="K5ZZUKNwTpsHZcP7YnJCfL/EFuw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w8BE42Z</latexit><latexit sha1_base64="K5ZZUKNwTpsHZcP7YnJCfL/EFuw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w8BE42Z</latexit><latexit sha1_base64="K5ZZUKNwTpsHZcP7YnJCfL/EFuw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8eK9gPaWDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+ci1EbG6x1HC/Yj2lQgFo2ilu6eH026p7FbcKcgi8XJShhy1bumr04tZGnGFTFJj2p6boJ9RjYJJPi52UsMTyoa0z9uWKhpx42fTU8fk2Co9EsbalkIyVX9PZDQyZhQFtjOiODDz3kT8z2unGF76mVBJilyx2aIwlQRjMvmb9ITmDOXIEsq0sLcSNqCaMrTpFG0I3vzLi6RxVvHcind7Xq5e5XEU4BCO4AQ8uIAq3EAN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w8BE42Z</latexit>

x�
<latexit sha1_base64="UbwL7DJ48gFcMlafbnNEQqCsc2o=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbTS3dPDabdUdivuFGSReDkpQ45at/TV6cUsjbhCJqkxbc9N0M+oRsEkHxc7qeEJZUPa521LFY248bPpqWNybJUeCWNtSyGZqr8nMhoZM4oC2xlRHJh5byL+57VTDC/9TKgkRa7YbFGYSoIxmfxNekJzhnJkCWVa2FsJG1BNGdp0ijYEb/7lRdI4q3huxbs9L1ev8jgKcAhHcAIeXEAVbqAGdWDQh2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcEG42b</latexit><latexit sha1_base64="UbwL7DJ48gFcMlafbnNEQqCsc2o=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbTS3dPDabdUdivuFGSReDkpQ45at/TV6cUsjbhCJqkxbc9N0M+oRsEkHxc7qeEJZUPa521LFY248bPpqWNybJUeCWNtSyGZqr8nMhoZM4oC2xlRHJh5byL+57VTDC/9TKgkRa7YbFGYSoIxmfxNekJzhnJkCWVa2FsJG1BNGdp0ijYEb/7lRdI4q3huxbs9L1ev8jgKcAhHcAIeXEAVbqAGdWDQh2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcEG42b</latexit><latexit sha1_base64="UbwL7DJ48gFcMlafbnNEQqCsc2o=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbTS3dPDabdUdivuFGSReDkpQ45at/TV6cUsjbhCJqkxbc9N0M+oRsEkHxc7qeEJZUPa521LFY248bPpqWNybJUeCWNtSyGZqr8nMhoZM4oC2xlRHJh5byL+57VTDC/9TKgkRa7YbFGYSoIxmfxNekJzhnJkCWVa2FsJG1BNGdp0ijYEb/7lRdI4q3huxbs9L1ev8jgKcAhHcAIeXEAVbqAGdWDQh2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcEG42b</latexit><latexit sha1_base64="UbwL7DJ48gFcMlafbnNEQqCsc2o=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWNF+wFtLJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbTS3dPDabdUdivuFGSReDkpQ45at/TV6cUsjbhCJqkxbc9N0M+oRsEkHxc7qeEJZUPa521LFY248bPpqWNybJUeCWNtSyGZqr8nMhoZM4oC2xlRHJh5byL+57VTDC/9TKgkRa7YbFGYSoIxmfxNekJzhnJkCWVa2FsJG1BNGdp0ijYEb/7lRdI4q3huxbs9L1ev8jgKcAhHcAIeXEAVbqAGdWDQh2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcEG42b</latexit>

[Wiesbroch]

[Casini et al; Ceyhan, TF] [Min, TF,  Wang; Leutheusser, Liu]



Split property:

Used to define: mutual information (split state) 

Entropy of type-I factor well defined - Reflected entropy, proxy for EE:

DEVELOPING TOOLS

Applications: rigorous computations of relative entropy, mutual information. 
Reflected entropy: a new QI measure (tripartite), EW cross section in AdS/CFT

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit>

A(B) ⇢ N ⇢ A(A)0
<latexit sha1_base64="dvGst0j9MsVA2jgFp0aCobqbI2I=">AAACI3icbVDLSsNAFJ34rPUVdelmsIjtpiQiKK7aunElFewDmlAm00k7dDIJMxOhhPyLG3/FjQuluHHhvzhpg2jrgYHDOecy9x4vYlQqy/o0VlbX1jc2C1vF7Z3dvX3z4LAtw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW98k/mdRyIkDfmDmkTEDdCQU59ipLTUN6+dAKkRRiypp+VGBToy9iRR8Ee+S5c1Ha1XzvpmyapaM8BlYuekBHI0++bUGYQ4DghXmCEpe7YVKTdBQlHMSFp0YkkihMdoSHqachQQ6SazG1N4qpUB9EOhH1dwpv6eSFAg5STwdDJbUy56mfif14uVf+UmlEexIhzPP/JjBlUIs8LggAqCFZtogrCgeleIR0ggrHStRV2CvXjyMmmfV22rat9flGqNvI4COAYnoAxscAlq4BY0QQtg8ARewBt4N56NV2NqfMyjK0Y+cwT+wPj6Bjnso/k=</latexit><latexit sha1_base64="dvGst0j9MsVA2jgFp0aCobqbI2I=">AAACI3icbVDLSsNAFJ34rPUVdelmsIjtpiQiKK7aunElFewDmlAm00k7dDIJMxOhhPyLG3/FjQuluHHhvzhpg2jrgYHDOecy9x4vYlQqy/o0VlbX1jc2C1vF7Z3dvX3z4LAtw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW98k/mdRyIkDfmDmkTEDdCQU59ipLTUN6+dAKkRRiypp+VGBToy9iRR8Ee+S5c1Ha1XzvpmyapaM8BlYuekBHI0++bUGYQ4DghXmCEpe7YVKTdBQlHMSFp0YkkihMdoSHqachQQ6SazG1N4qpUB9EOhH1dwpv6eSFAg5STwdDJbUy56mfif14uVf+UmlEexIhzPP/JjBlUIs8LggAqCFZtogrCgeleIR0ggrHStRV2CvXjyMmmfV22rat9flGqNvI4COAYnoAxscAlq4BY0QQtg8ARewBt4N56NV2NqfMyjK0Y+cwT+wPj6Bjnso/k=</latexit><latexit sha1_base64="dvGst0j9MsVA2jgFp0aCobqbI2I=">AAACI3icbVDLSsNAFJ34rPUVdelmsIjtpiQiKK7aunElFewDmlAm00k7dDIJMxOhhPyLG3/FjQuluHHhvzhpg2jrgYHDOecy9x4vYlQqy/o0VlbX1jc2C1vF7Z3dvX3z4LAtw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW98k/mdRyIkDfmDmkTEDdCQU59ipLTUN6+dAKkRRiypp+VGBToy9iRR8Ee+S5c1Ha1XzvpmyapaM8BlYuekBHI0++bUGYQ4DghXmCEpe7YVKTdBQlHMSFp0YkkihMdoSHqachQQ6SazG1N4qpUB9EOhH1dwpv6eSFAg5STwdDJbUy56mfif14uVf+UmlEexIhzPP/JjBlUIs8LggAqCFZtogrCgeleIR0ggrHStRV2CvXjyMmmfV22rat9flGqNvI4COAYnoAxscAlq4BY0QQtg8ARewBt4N56NV2NqfMyjK0Y+cwT+wPj6Bjnso/k=</latexit><latexit sha1_base64="dvGst0j9MsVA2jgFp0aCobqbI2I=">AAACI3icbVDLSsNAFJ34rPUVdelmsIjtpiQiKK7aunElFewDmlAm00k7dDIJMxOhhPyLG3/FjQuluHHhvzhpg2jrgYHDOecy9x4vYlQqy/o0VlbX1jc2C1vF7Z3dvX3z4LAtw1hg0sIhC0XXQ5IwyklLUcVINxIEBR4jHW98k/mdRyIkDfmDmkTEDdCQU59ipLTUN6+dAKkRRiypp+VGBToy9iRR8Ee+S5c1Ha1XzvpmyapaM8BlYuekBHI0++bUGYQ4DghXmCEpe7YVKTdBQlHMSFp0YkkihMdoSHqachQQ6SazG1N4qpUB9EOhH1dwpv6eSFAg5STwdDJbUy56mfif14uVf+UmlEexIhzPP/JjBlUIs8LggAqCFZtogrCgeleIR0ggrHStRV2CvXjyMmmfV22rat9flGqNvI4COAYnoAxscAlq4BY0QQtg8ARewBt4N56NV2NqfMyjK0Y+cwT+wPj6Bjnso/k=</latexit>

type� I
<latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit><latexit sha1_base64="AyyjmP+syZpz3rcrxQVMAu5Y06U=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXvRWwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPpppQgOBR5JFjGBjJT/zlUBz/eJ+NqjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxPnj6IhU5QYPrUEE8XsrYiMscLE2JgqNgRv+eVV0rmse27de2jUmjdFHGU4gVM4Bw+uoAl30II2EEjgGV7hzUmdF+fd+Vi0lpxi5hj+wPn8AcOJkX0=</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit>

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

[Haag; Doplicher-Longo]

[Longo et al., Casini et al., Hollands et al. …. ]

[Dutta, TF]



DEVELOPING TOOLS - OPEN QUESTIONS

Didn’t mention: Mixed state entanglement, negativity

Entanglement in string theory

Beyond von Neumann entropy - one shot entropies,  non-asymptotic quantities, 
entanglement measures

What is the replica trick computing in gravitational theories? [regularized entropy?]

Approximate half-sided modular inclusions? Beyond the chaos bound? 

[Calabrese, Cardy, Tonni; Hollands, Sanders; … ]

[Chandrasekaran, TF, Levine]

[Susskind, Uglum; Dabholker; He et al; Balasubramanian et al.; Hubeny et al; Witten]

[ … Akers, Penington]

[Renner, Wang]



RENORMALIZATION GROUP FLOWS



RG FLOWS

Flows between fixed points in QFT,  ``degrees of freedom’’ lost in the IR

Can’t reverse the flow.  Why? C-theorems: now proven using entanglement entropy

IR

UV
• c-theorem in 2d 

• F-theorem in 3d  

• a-theorem in 4d

Proofs in 2d,4d using ``traditional QFT’’ correlation
functions.  Also AdS/CFT proofs

[Zamolodchikov] 

[Komargodski, Schwimmer]



RG FLOWS 

Input: relativistically invariant vacuum, SSA. In 2d:

Higher dimensions (3d,4d) trickier

Intriguing underpinning: vacuum of CFT is a Markov state on a lightcone, connections to QEC 
codes?

SEE(XY ) + SEE(Y Z) � SEE(Y ) + SEE(XY Z)
<latexit sha1_base64="GzkcKSqMNA9WRB6ljYRXf6gkq24=">AAACHXicbVDLSgMxFM3UV62vUZdugkVoEcqMFHRZlILLivZlOwyZNNOGZjJjkhHK0B9x46+4caGICzfi35i2g9TqgcC559zLzT1exKhUlvVlZJaWV1bXsuu5jc2t7R1zd68hw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94MfGb90RIGvIbNYqIE6A+pz7FSGnJNcvXblKtjgutdhEew7Ro3xZht0/ufuo5r6VN18xbJWsK+JfYKcmDFDXX/Oj2QhwHhCvMkJQd24qUkyChKGZknOvGkkQID1GfdDTlKCDSSabXjeGRVnrQD4V+XMGpOj+RoEDKUeDpzgCpgVz0JuJ/XidW/pmTUB7FinA8W+THDKoQTqKCPSoIVmykCcKC6r9CPEACYaUDzekQ7MWT/5LGScm2SvZVOV85T+PIggNwCArABqegAi5BDdQBBg/gCbyAV+PReDbejPdZa8ZIZ/bBLxif3zCnnj4=</latexit><latexit sha1_base64="GzkcKSqMNA9WRB6ljYRXf6gkq24=">AAACHXicbVDLSgMxFM3UV62vUZdugkVoEcqMFHRZlILLivZlOwyZNNOGZjJjkhHK0B9x46+4caGICzfi35i2g9TqgcC559zLzT1exKhUlvVlZJaWV1bXsuu5jc2t7R1zd68hw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94MfGb90RIGvIbNYqIE6A+pz7FSGnJNcvXblKtjgutdhEew7Ro3xZht0/ufuo5r6VN18xbJWsK+JfYKcmDFDXX/Oj2QhwHhCvMkJQd24qUkyChKGZknOvGkkQID1GfdDTlKCDSSabXjeGRVnrQD4V+XMGpOj+RoEDKUeDpzgCpgVz0JuJ/XidW/pmTUB7FinA8W+THDKoQTqKCPSoIVmykCcKC6r9CPEACYaUDzekQ7MWT/5LGScm2SvZVOV85T+PIggNwCArABqegAi5BDdQBBg/gCbyAV+PReDbejPdZa8ZIZ/bBLxif3zCnnj4=</latexit><latexit sha1_base64="GzkcKSqMNA9WRB6ljYRXf6gkq24=">AAACHXicbVDLSgMxFM3UV62vUZdugkVoEcqMFHRZlILLivZlOwyZNNOGZjJjkhHK0B9x46+4caGICzfi35i2g9TqgcC559zLzT1exKhUlvVlZJaWV1bXsuu5jc2t7R1zd68hw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94MfGb90RIGvIbNYqIE6A+pz7FSGnJNcvXblKtjgutdhEew7Ro3xZht0/ufuo5r6VN18xbJWsK+JfYKcmDFDXX/Oj2QhwHhCvMkJQd24qUkyChKGZknOvGkkQID1GfdDTlKCDSSabXjeGRVnrQD4V+XMGpOj+RoEDKUeDpzgCpgVz0JuJ/XidW/pmTUB7FinA8W+THDKoQTqKCPSoIVmykCcKC6r9CPEACYaUDzekQ7MWT/5LGScm2SvZVOV85T+PIggNwCArABqegAi5BDdQBBg/gCbyAV+PReDbejPdZa8ZIZ/bBLxif3zCnnj4=</latexit><latexit sha1_base64="GzkcKSqMNA9WRB6ljYRXf6gkq24=">AAACHXicbVDLSgMxFM3UV62vUZdugkVoEcqMFHRZlILLivZlOwyZNNOGZjJjkhHK0B9x46+4caGICzfi35i2g9TqgcC559zLzT1exKhUlvVlZJaWV1bXsuu5jc2t7R1zd68hw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94MfGb90RIGvIbNYqIE6A+pz7FSGnJNcvXblKtjgutdhEew7Ro3xZht0/ufuo5r6VN18xbJWsK+JfYKcmDFDXX/Oj2QhwHhCvMkJQd24qUkyChKGZknOvGkkQID1GfdDTlKCDSSabXjeGRVnrQD4V+XMGpOj+RoEDKUeDpzgCpgVz0JuJ/XidW/pmTUB7FinA8W+THDKoQTqKCPSoIVmykCcKC6r9CPEACYaUDzekQ7MWT/5LGScm2SvZVOV85T+PIggNwCArABqegAi5BDdQBBg/gCbyAV+PReDbejPdZa8ZIZ/bBLxif3zCnnj4=</latexit>

C(r) = rS0(r)
<latexit sha1_base64="6eh1p+c0VT25kachRjt2Wgk0uG8=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1k1JRNCNUOzGZUV7gTaUyXTSDp1MwsxEqKFP4saFIm59FHe+jZM2C239YeDjP+dwzvx+zJnSjvNtrayurW9sFraK2zu7eyV7/6ClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX9cz+rtRyoVi8SDnsTUC/FQsIARrI3Vt0v1ijxD10ii+9OM+nbZqTozoWVwcyhDrkbf/uoNIpKEVGjCsVJd14m1l2KpGeF0WuwlisaYjPGQdg0KHFLlpbPDp+jEOAMURNI8odHM/T2R4lCpSeibzhDrkVqsZeZ/tW6igysvZSJONBVkvihIONIRylJAAyYp0XxiABPJzK2IjLDERJusiiYEd/HLy9A6r7pO1b27KNdu8jgKcATHUAEXLqEGt9CAJhBI4Ble4c16sl6sd+tj3rpi5TOH8EfW5w//PZCz</latexit><latexit sha1_base64="6eh1p+c0VT25kachRjt2Wgk0uG8=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1k1JRNCNUOzGZUV7gTaUyXTSDp1MwsxEqKFP4saFIm59FHe+jZM2C239YeDjP+dwzvx+zJnSjvNtrayurW9sFraK2zu7eyV7/6ClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX9cz+rtRyoVi8SDnsTUC/FQsIARrI3Vt0v1ijxD10ii+9OM+nbZqTozoWVwcyhDrkbf/uoNIpKEVGjCsVJd14m1l2KpGeF0WuwlisaYjPGQdg0KHFLlpbPDp+jEOAMURNI8odHM/T2R4lCpSeibzhDrkVqsZeZ/tW6igysvZSJONBVkvihIONIRylJAAyYp0XxiABPJzK2IjLDERJusiiYEd/HLy9A6r7pO1b27KNdu8jgKcATHUAEXLqEGt9CAJhBI4Ble4c16sl6sd+tj3rpi5TOH8EfW5w//PZCz</latexit><latexit sha1_base64="6eh1p+c0VT25kachRjt2Wgk0uG8=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1k1JRNCNUOzGZUV7gTaUyXTSDp1MwsxEqKFP4saFIm59FHe+jZM2C239YeDjP+dwzvx+zJnSjvNtrayurW9sFraK2zu7eyV7/6ClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX9cz+rtRyoVi8SDnsTUC/FQsIARrI3Vt0v1ijxD10ii+9OM+nbZqTozoWVwcyhDrkbf/uoNIpKEVGjCsVJd14m1l2KpGeF0WuwlisaYjPGQdg0KHFLlpbPDp+jEOAMURNI8odHM/T2R4lCpSeibzhDrkVqsZeZ/tW6igysvZSJONBVkvihIONIRylJAAyYp0XxiABPJzK2IjLDERJusiiYEd/HLy9A6r7pO1b27KNdu8jgKcATHUAEXLqEGt9CAJhBI4Ble4c16sl6sd+tj3rpi5TOH8EfW5w//PZCz</latexit><latexit sha1_base64="6eh1p+c0VT25kachRjt2Wgk0uG8=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1k1JRNCNUOzGZUV7gTaUyXTSDp1MwsxEqKFP4saFIm59FHe+jZM2C239YeDjP+dwzvx+zJnSjvNtrayurW9sFraK2zu7eyV7/6ClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX9cz+rtRyoVi8SDnsTUC/FQsIARrI3Vt0v1ijxD10ii+9OM+nbZqTozoWVwcyhDrkbf/uoNIpKEVGjCsVJd14m1l2KpGeF0WuwlisaYjPGQdg0KHFLlpbPDp+jEOAMURNI8odHM/T2R4lCpSeibzhDrkVqsZeZ/tW6igysvZSJONBVkvihIONIRylJAAyYp0XxiABPJzK2IjLDERJusiiYEd/HLy9A6r7pO1b27KNdu8jgKcATHUAEXLqEGt9CAJhBI4Ble4c16sl6sd+tj3rpi5TOH8EfW5w//PZCz</latexit>

C 0(r)  0
<latexit sha1_base64="H9PDLF+omr1xJu6kzdAbSB4z1r4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMYL2FXBD0Gc/EYwTwgu4TZSW8yZPbhzKwQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUVnEqGbZYLGLZ9alCwSNsaa4FdhOJNPQFdvxxY+Z3nlAqHkcPepKgF9JhxAPOqDaS2zivygviCnwkdr9csWv2HGSVODmpQI5mv/zlDmKWhhhpJqhSPcdOtJdRqTkTOC25qcKEsjEdYs/QiIaovGx+85ScGWVAgliaijSZq78nMhoqNQl90xlSPVLL3kz8z+ulOrjxMh4lqcaILRYFqSA6JrMAyIBLZFpMDKFMcnMrYSMqKdMmppIJwVl+eZW0L2uOXXPuryr12zyOIpzAKVTBgWuowx00oQUMEniGV3izUuvFerc+Fq0FK585hj+wPn8AvUSQLQ==</latexit><latexit sha1_base64="H9PDLF+omr1xJu6kzdAbSB4z1r4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMYL2FXBD0Gc/EYwTwgu4TZSW8yZPbhzKwQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUVnEqGbZYLGLZ9alCwSNsaa4FdhOJNPQFdvxxY+Z3nlAqHkcPepKgF9JhxAPOqDaS2zivygviCnwkdr9csWv2HGSVODmpQI5mv/zlDmKWhhhpJqhSPcdOtJdRqTkTOC25qcKEsjEdYs/QiIaovGx+85ScGWVAgliaijSZq78nMhoqNQl90xlSPVLL3kz8z+ulOrjxMh4lqcaILRYFqSA6JrMAyIBLZFpMDKFMcnMrYSMqKdMmppIJwVl+eZW0L2uOXXPuryr12zyOIpzAKVTBgWuowx00oQUMEniGV3izUuvFerc+Fq0FK585hj+wPn8AvUSQLQ==</latexit><latexit sha1_base64="H9PDLF+omr1xJu6kzdAbSB4z1r4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMYL2FXBD0Gc/EYwTwgu4TZSW8yZPbhzKwQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUVnEqGbZYLGLZ9alCwSNsaa4FdhOJNPQFdvxxY+Z3nlAqHkcPepKgF9JhxAPOqDaS2zivygviCnwkdr9csWv2HGSVODmpQI5mv/zlDmKWhhhpJqhSPcdOtJdRqTkTOC25qcKEsjEdYs/QiIaovGx+85ScGWVAgliaijSZq78nMhoqNQl90xlSPVLL3kz8z+ulOrjxMh4lqcaILRYFqSA6JrMAyIBLZFpMDKFMcnMrYSMqKdMmppIJwVl+eZW0L2uOXXPuryr12zyOIpzAKVTBgWuowx00oQUMEniGV3izUuvFerc+Fq0FK585hj+wPn8AvUSQLQ==</latexit><latexit sha1_base64="H9PDLF+omr1xJu6kzdAbSB4z1r4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMYL2FXBD0Gc/EYwTwgu4TZSW8yZPbhzKwQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUVnEqGbZYLGLZ9alCwSNsaa4FdhOJNPQFdvxxY+Z3nlAqHkcPepKgF9JhxAPOqDaS2zivygviCnwkdr9csWv2HGSVODmpQI5mv/zlDmKWhhhpJqhSPcdOtJdRqTkTOC25qcKEsjEdYs/QiIaovGx+85ScGWVAgliaijSZq78nMhoqNQl90xlSPVLL3kz8z+ulOrjxMh4lqcaILRYFqSA6JrMAyIBLZFpMDKFMcnMrYSMqKdMmppIJwVl+eZW0L2uOXXPuryr12zyOIpzAKVTBgWuowx00oQUMEniGV3izUuvFerc+Fq0FK585hj+wPn8AvUSQLQ==</latexit>

r
<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

r ! 1
<latexit sha1_base64="QPRbeOcxc/wCb1EuLxZIiSE3aIQ=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6LEUvwrXjwo4tX/4c1/47bNQVsfDDzem2FmXpQKbsDzvp3S0vLK6lp5vbKxubW94+7utYzKNGVNqoTSdxExTHDJmsBBsLtUM5JEgrWj4dXEb98zbbiSt5CnLExIX/KYUwJW6roHGgea9wdAtFYPOOAyhrzrVr2aNwVeJH5BqqhAo+t+BT1Fs4RJoIIY0/G9FMIR0cCpYONKkBmWEjokfdaxVJKEmXA0vX6Mj63Sw7HStiTgqfp7YkQSY/Iksp0JgYGZ9ybif14ng/giHHGZZsAknS2KM4FB4UkUuMc1oyBySwjV3N6K6YBoQsEGVrEh+PMvL5LWac33av7NWbV+WcRRRofoCJ0gH52jOrpGDdREFD2iZ/SK3pwn58V5dz5mrSWnmNlHf+B8/gCbR5VQ</latexit><latexit sha1_base64="QPRbeOcxc/wCb1EuLxZIiSE3aIQ=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6LEUvwrXjwo4tX/4c1/47bNQVsfDDzem2FmXpQKbsDzvp3S0vLK6lp5vbKxubW94+7utYzKNGVNqoTSdxExTHDJmsBBsLtUM5JEgrWj4dXEb98zbbiSt5CnLExIX/KYUwJW6roHGgea9wdAtFYPOOAyhrzrVr2aNwVeJH5BqqhAo+t+BT1Fs4RJoIIY0/G9FMIR0cCpYONKkBmWEjokfdaxVJKEmXA0vX6Mj63Sw7HStiTgqfp7YkQSY/Iksp0JgYGZ9ybif14ng/giHHGZZsAknS2KM4FB4UkUuMc1oyBySwjV3N6K6YBoQsEGVrEh+PMvL5LWac33av7NWbV+WcRRRofoCJ0gH52jOrpGDdREFD2iZ/SK3pwn58V5dz5mrSWnmNlHf+B8/gCbR5VQ</latexit><latexit sha1_base64="QPRbeOcxc/wCb1EuLxZIiSE3aIQ=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6LEUvwrXjwo4tX/4c1/47bNQVsfDDzem2FmXpQKbsDzvp3S0vLK6lp5vbKxubW94+7utYzKNGVNqoTSdxExTHDJmsBBsLtUM5JEgrWj4dXEb98zbbiSt5CnLExIX/KYUwJW6roHGgea9wdAtFYPOOAyhrzrVr2aNwVeJH5BqqhAo+t+BT1Fs4RJoIIY0/G9FMIR0cCpYONKkBmWEjokfdaxVJKEmXA0vX6Mj63Sw7HStiTgqfp7YkQSY/Iksp0JgYGZ9ybif14ng/giHHGZZsAknS2KM4FB4UkUuMc1oyBySwjV3N6K6YBoQsEGVrEh+PMvL5LWac33av7NWbV+WcRRRofoCJ0gH52jOrpGDdREFD2iZ/SK3pwn58V5dz5mrSWnmNlHf+B8/gCbR5VQ</latexit><latexit sha1_base64="QPRbeOcxc/wCb1EuLxZIiSE3aIQ=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6LEUvwrXjwo4tX/4c1/47bNQVsfDDzem2FmXpQKbsDzvp3S0vLK6lp5vbKxubW94+7utYzKNGVNqoTSdxExTHDJmsBBsLtUM5JEgrWj4dXEb98zbbiSt5CnLExIX/KYUwJW6roHGgea9wdAtFYPOOAyhrzrVr2aNwVeJH5BqqhAo+t+BT1Fs4RJoIIY0/G9FMIR0cCpYONKkBmWEjokfdaxVJKEmXA0vX6Mj63Sw7HStiTgqfp7YkQSY/Iksp0JgYGZ9ybif14ng/giHHGZZsAknS2KM4FB4UkUuMc1oyBySwjV3N6K6YBoQsEGVrEh+PMvL5LWac33av7NWbV+WcRRRofoCJ0gH52jOrpGDdREFD2iZ/SK3pwn58V5dz5mrSWnmNlHf+B8/gCbR5VQ</latexit>IR

UV r ! 0
<latexit sha1_base64="wt7Rx4hmlwsrUg7pHFLjX89C1eo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtqlm03YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3n7ZPThsmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHNzO/9cC1EYm6x3HKg5gOlIgEo2ilnlvWpKvFYIhU6+SReD234lW9Ocgq8XNSgRz1nvvV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmh0/JqVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkFkKpC80ZyjHllCmhb2VsCHVlKHNqmRD8JdfXiXN86rvVf27i0rtOo+jCMdwAmfgwyXU4Bbq0AAGGTzDK7w5T86L8+58LFoLTj5zBH/gfP4ANleSyA==</latexit><latexit sha1_base64="wt7Rx4hmlwsrUg7pHFLjX89C1eo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtqlm03YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3n7ZPThsmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHNzO/9cC1EYm6x3HKg5gOlIgEo2ilnlvWpKvFYIhU6+SReD234lW9Ocgq8XNSgRz1nvvV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmh0/JqVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkFkKpC80ZyjHllCmhb2VsCHVlKHNqmRD8JdfXiXN86rvVf27i0rtOo+jCMdwAmfgwyXU4Bbq0AAGGTzDK7w5T86L8+58LFoLTj5zBH/gfP4ANleSyA==</latexit><latexit sha1_base64="wt7Rx4hmlwsrUg7pHFLjX89C1eo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtqlm03YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3n7ZPThsmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHNzO/9cC1EYm6x3HKg5gOlIgEo2ilnlvWpKvFYIhU6+SReD234lW9Ocgq8XNSgRz1nvvV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmh0/JqVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkFkKpC80ZyjHllCmhb2VsCHVlKHNqmRD8JdfXiXN86rvVf27i0rtOo+jCMdwAmfgwyXU4Bbq0AAGGTzDK7w5T86L8+58LFoLTj5zBH/gfP4ANleSyA==</latexit><latexit sha1_base64="wt7Rx4hmlwsrUg7pHFLjX89C1eo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtqlm03YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3n7ZPThsmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHNzO/9cC1EYm6x3HKg5gOlIgEo2ilnlvWpKvFYIhU6+SReD234lW9Ocgq8XNSgRz1nvvV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmh0/JqVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkFkKpC80ZyjHllCmhb2VsCHVlKHNqmRD8JdfXiXN86rvVf27i0rtOo+jCMdwAmfgwyXU4Bbq0AAGGTzDK7w5T86L8+58LFoLTj5zBH/gfP4ANleSyA==</latexit>

[Casini, Heurta; Casini, Test, Torroba]

[Casini, Heurta]

[Lashkari] 



DYNAMICS



SCRAMBLING AND CHAOS

Based on Hayden-Preskill thought experiment to extract information efficiently from an old 
Black hole, Sekino-Susskind conjectured a bound on time scale for scrambling of QI:

Growth of thermal commutators:  determined by OTOC: 

ts =
�

2⇡
lnS

<latexit sha1_base64="pzyxLyMbE1lqWOrAlcqPgDmZtr4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6EUoevFY0X5AE8Jmu2mXbjZhdyKU0JsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbOskUZU2aiER1QqKZ4JI1gYNgnVQxEoeCtcPh9cRvPzCleSLvYZQyPyZ9ySNOCRgpsI8g0PgSe5EiNPdCBmSc17yUj7EnJL4L7IpTdabAi8QtSAUVaAT2l9dLaBYzCVQQrbuuk4KfEwWcCjYue5lmKaFD0mddQyWJmfbz6R9jfGKUHo4SZUoCnqq/J3ISaz2KQ9MZExjoeW8i/ud1M4gu/JzLNAMm6WxRlAkMCZ6EgntcMQpiZAihiptbMR0QEwmY6MomBHf+5UXSqlVdp+renlXqV0UcJXSIjtEpctE5qqMb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx/hF5iq</latexit><latexit sha1_base64="pzyxLyMbE1lqWOrAlcqPgDmZtr4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6EUoevFY0X5AE8Jmu2mXbjZhdyKU0JsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbOskUZU2aiER1QqKZ4JI1gYNgnVQxEoeCtcPh9cRvPzCleSLvYZQyPyZ9ySNOCRgpsI8g0PgSe5EiNPdCBmSc17yUj7EnJL4L7IpTdabAi8QtSAUVaAT2l9dLaBYzCVQQrbuuk4KfEwWcCjYue5lmKaFD0mddQyWJmfbz6R9jfGKUHo4SZUoCnqq/J3ISaz2KQ9MZExjoeW8i/ud1M4gu/JzLNAMm6WxRlAkMCZ6EgntcMQpiZAihiptbMR0QEwmY6MomBHf+5UXSqlVdp+renlXqV0UcJXSIjtEpctE5qqMb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx/hF5iq</latexit><latexit sha1_base64="pzyxLyMbE1lqWOrAlcqPgDmZtr4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6EUoevFY0X5AE8Jmu2mXbjZhdyKU0JsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbOskUZU2aiER1QqKZ4JI1gYNgnVQxEoeCtcPh9cRvPzCleSLvYZQyPyZ9ySNOCRgpsI8g0PgSe5EiNPdCBmSc17yUj7EnJL4L7IpTdabAi8QtSAUVaAT2l9dLaBYzCVQQrbuuk4KfEwWcCjYue5lmKaFD0mddQyWJmfbz6R9jfGKUHo4SZUoCnqq/J3ISaz2KQ9MZExjoeW8i/ud1M4gu/JzLNAMm6WxRlAkMCZ6EgntcMQpiZAihiptbMR0QEwmY6MomBHf+5UXSqlVdp+renlXqV0UcJXSIjtEpctE5qqMb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx/hF5iq</latexit><latexit sha1_base64="pzyxLyMbE1lqWOrAlcqPgDmZtr4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6EUoevFY0X5AE8Jmu2mXbjZhdyKU0JsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJkXpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbOskUZU2aiER1QqKZ4JI1gYNgnVQxEoeCtcPh9cRvPzCleSLvYZQyPyZ9ySNOCRgpsI8g0PgSe5EiNPdCBmSc17yUj7EnJL4L7IpTdabAi8QtSAUVaAT2l9dLaBYzCVQQrbuuk4KfEwWcCjYue5lmKaFD0mddQyWJmfbz6R9jfGKUHo4SZUoCnqq/J3ISaz2KQ9MZExjoeW8i/ud1M4gu/JzLNAMm6WxRlAkMCZ6EgntcMQpiZAihiptbMR0QEwmY6MomBHf+5UXSqlVdp+renlXqV0UcJXSIjtEpctE5qqMb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx/hF5iq</latexit>

Scrambling time: perturbation to system delocalized over 
entire systemt >

<latexit sha1_base64="6HZMpO/VWfExfHzrYTErppsU5eU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesBr0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5oI1q</latexit><latexit sha1_base64="6HZMpO/VWfExfHzrYTErppsU5eU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesBr0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5oI1q</latexit><latexit sha1_base64="6HZMpO/VWfExfHzrYTErppsU5eU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesBr0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5oI1q</latexit><latexit sha1_base64="6HZMpO/VWfExfHzrYTErppsU5eU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesBr0i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC5oI1q</latexit>

Saturated in SYK model at
large J and holographic theories

�L  2⇡

�
<latexit sha1_base64="bFcFTZvXWNnm95FDj6h5qgkBcoY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIEXRbduHBRwT6gCWEyuWmHTh7OTIQSsnbjr7hxoYhbv8Cdf+O0zUJbDwwczjmXO/f4KWdSWda3sbS8srq2Xtmobm5t7+yae/sdmWSCQpsmPBE9n0jgLIa2YopDLxVAIp9D1x9dTfzuAwjJkvhOjVNwIzKIWcgoUVryzCOH63BAvBvscLjHTigIzRtOyorc8UGRwjNrVt2aAi8SuyQ1VKLlmV9OkNAsglhRTqTs21aq3JwIxSiHoupkElJCR2QAfU1jEoF08+kpBT7RSoDDROgXKzxVf0/kJJJyHPk6GRE1lPPeRPzP62cqvHBzFqeZgpjOFoUZxyrBk15wwARQxceaECqY/iumQ6LLULq9qi7Bnj95kXQadduq27dnteZlWUcFHaJjdIpsdI6a6Bq1UBtR9Iie0St6M56MF+Pd+JhFl4xy5gD9gfH5AxQUmoI=</latexit><latexit sha1_base64="bFcFTZvXWNnm95FDj6h5qgkBcoY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIEXRbduHBRwT6gCWEyuWmHTh7OTIQSsnbjr7hxoYhbv8Cdf+O0zUJbDwwczjmXO/f4KWdSWda3sbS8srq2Xtmobm5t7+yae/sdmWSCQpsmPBE9n0jgLIa2YopDLxVAIp9D1x9dTfzuAwjJkvhOjVNwIzKIWcgoUVryzCOH63BAvBvscLjHTigIzRtOyorc8UGRwjNrVt2aAi8SuyQ1VKLlmV9OkNAsglhRTqTs21aq3JwIxSiHoupkElJCR2QAfU1jEoF08+kpBT7RSoDDROgXKzxVf0/kJJJyHPk6GRE1lPPeRPzP62cqvHBzFqeZgpjOFoUZxyrBk15wwARQxceaECqY/iumQ6LLULq9qi7Bnj95kXQadduq27dnteZlWUcFHaJjdIpsdI6a6Bq1UBtR9Iie0St6M56MF+Pd+JhFl4xy5gD9gfH5AxQUmoI=</latexit><latexit sha1_base64="bFcFTZvXWNnm95FDj6h5qgkBcoY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIEXRbduHBRwT6gCWEyuWmHTh7OTIQSsnbjr7hxoYhbv8Cdf+O0zUJbDwwczjmXO/f4KWdSWda3sbS8srq2Xtmobm5t7+yae/sdmWSCQpsmPBE9n0jgLIa2YopDLxVAIp9D1x9dTfzuAwjJkvhOjVNwIzKIWcgoUVryzCOH63BAvBvscLjHTigIzRtOyorc8UGRwjNrVt2aAi8SuyQ1VKLlmV9OkNAsglhRTqTs21aq3JwIxSiHoupkElJCR2QAfU1jEoF08+kpBT7RSoDDROgXKzxVf0/kJJJyHPk6GRE1lPPeRPzP62cqvHBzFqeZgpjOFoUZxyrBk15wwARQxceaECqY/iumQ6LLULq9qi7Bnj95kXQadduq27dnteZlWUcFHaJjdIpsdI6a6Bq1UBtR9Iie0St6M56MF+Pd+JhFl4xy5gD9gfH5AxQUmoI=</latexit><latexit sha1_base64="bFcFTZvXWNnm95FDj6h5qgkBcoY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIEXRbduHBRwT6gCWEyuWmHTh7OTIQSsnbjr7hxoYhbv8Cdf+O0zUJbDwwczjmXO/f4KWdSWda3sbS8srq2Xtmobm5t7+yae/sdmWSCQpsmPBE9n0jgLIa2YopDLxVAIp9D1x9dTfzuAwjJkvhOjVNwIzKIWcgoUVryzCOH63BAvBvscLjHTigIzRtOyorc8UGRwjNrVt2aAi8SuyQ1VKLlmV9OkNAsglhRTqTs21aq3JwIxSiHoupkElJCR2QAfU1jEoF08+kpBT7RSoDDROgXKzxVf0/kJJJyHPk6GRE1lPPeRPzP62cqvHBzFqeZgpjOFoUZxyrBk15wwARQxceaECqY/iumQ6LLULq9qi7Bnj95kXQadduq27dnteZlWUcFHaJjdIpsdI6a6Bq1UBtR9Iie0St6M56MF+Pd+JhFl4xy5gD9gfH5AxQUmoI=</latexit>

Analyticity + Cauchy-Schwarz

[Maldacena, Shenker, Stanford] 

�

D
[ (0),O(t)]2

E

�
<latexit sha1_base64="TTibC3rW1fFZARqYOyzScRKeVHI="></latexit><latexit sha1_base64="TTibC3rW1fFZARqYOyzScRKeVHI="></latexit><latexit sha1_base64="TTibC3rW1fFZARqYOyzScRKeVHI="></latexit><latexit sha1_base64="TTibC3rW1fFZARqYOyzScRKeVHI="></latexit>

F (t) = 1�#N�1e�Lt
<latexit sha1_base64="447tPcLdM+YSGGnrWKxDL3LNxFc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSjEImFXBG2EoCAWIhHMA5LNMjs7mwyZfTBzVwhLfsDGX7GxUMTW3s6/cfIoNPHAhcM5987ce9xYcAWm+W1kFhaXlleyq7m19Y3Nrfz2Tl1FiaSsRiMRyaZLFBM8ZDXgIFgzlowErmANt3858hsPTCoehfcwiJkdkG7IfU4JaMnJH1wV4QifYwuXcLuAbztpyRpi1knbQj/iEecGw9DJF8yyOQaeJ9aUFNAUVSf/1fYimgQsBCqIUi3LjMFOiQROBRvm2oliMaF90mUtTUMSMGWn42uG+FArHvYjqSsEPFZ/T6QkUGoQuLozINBTs95I/M9rJeCf2SkP4wRYSCcf+YnAEOFRNNjjklEQA00IlVzvimmPSEJBB5jTIVizJ8+T+nHZMsvW3UmhcjGNI4v20D4qIgudogq6RlVUQxQ9omf0it6MJ+PFeDc+Jq0ZYzqzi/7A+PwBc8KYsQ==</latexit><latexit sha1_base64="447tPcLdM+YSGGnrWKxDL3LNxFc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSjEImFXBG2EoCAWIhHMA5LNMjs7mwyZfTBzVwhLfsDGX7GxUMTW3s6/cfIoNPHAhcM5987ce9xYcAWm+W1kFhaXlleyq7m19Y3Nrfz2Tl1FiaSsRiMRyaZLFBM8ZDXgIFgzlowErmANt3858hsPTCoehfcwiJkdkG7IfU4JaMnJH1wV4QifYwuXcLuAbztpyRpi1knbQj/iEecGw9DJF8yyOQaeJ9aUFNAUVSf/1fYimgQsBCqIUi3LjMFOiQROBRvm2oliMaF90mUtTUMSMGWn42uG+FArHvYjqSsEPFZ/T6QkUGoQuLozINBTs95I/M9rJeCf2SkP4wRYSCcf+YnAEOFRNNjjklEQA00IlVzvimmPSEJBB5jTIVizJ8+T+nHZMsvW3UmhcjGNI4v20D4qIgudogq6RlVUQxQ9omf0it6MJ+PFeDc+Jq0ZYzqzi/7A+PwBc8KYsQ==</latexit><latexit sha1_base64="447tPcLdM+YSGGnrWKxDL3LNxFc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSjEImFXBG2EoCAWIhHMA5LNMjs7mwyZfTBzVwhLfsDGX7GxUMTW3s6/cfIoNPHAhcM5987ce9xYcAWm+W1kFhaXlleyq7m19Y3Nrfz2Tl1FiaSsRiMRyaZLFBM8ZDXgIFgzlowErmANt3858hsPTCoehfcwiJkdkG7IfU4JaMnJH1wV4QifYwuXcLuAbztpyRpi1knbQj/iEecGw9DJF8yyOQaeJ9aUFNAUVSf/1fYimgQsBCqIUi3LjMFOiQROBRvm2oliMaF90mUtTUMSMGWn42uG+FArHvYjqSsEPFZ/T6QkUGoQuLozINBTs95I/M9rJeCf2SkP4wRYSCcf+YnAEOFRNNjjklEQA00IlVzvimmPSEJBB5jTIVizJ8+T+nHZMsvW3UmhcjGNI4v20D4qIgudogq6RlVUQxQ9omf0it6MJ+PFeDc+Jq0ZYzqzi/7A+PwBc8KYsQ==</latexit><latexit sha1_base64="447tPcLdM+YSGGnrWKxDL3LNxFc=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSjEImFXBG2EoCAWIhHMA5LNMjs7mwyZfTBzVwhLfsDGX7GxUMTW3s6/cfIoNPHAhcM5987ce9xYcAWm+W1kFhaXlleyq7m19Y3Nrfz2Tl1FiaSsRiMRyaZLFBM8ZDXgIFgzlowErmANt3858hsPTCoehfcwiJkdkG7IfU4JaMnJH1wV4QifYwuXcLuAbztpyRpi1knbQj/iEecGw9DJF8yyOQaeJ9aUFNAUVSf/1fYimgQsBCqIUi3LjMFOiQROBRvm2oliMaF90mUtTUMSMGWn42uG+FArHvYjqSsEPFZ/T6QkUGoQuLozINBTs95I/M9rJeCf2SkP4wRYSCcf+YnAEOFRNNjjklEQA00IlVzvimmPSEJBB5jTIVizJ8+T+nHZMsvW3UmhcjGNI4v20D4qIgudogq6RlVUQxQ9omf0it6MJ+PFeDc+Jq0ZYzqzi/7A+PwBc8KYsQ==</latexit>

# > 0
<latexit sha1_base64="1QIsktDJKEccDU0ePMsL/e2JY+I=">AAAB7XicbVBNSwMxEJ31s9avqkcvwUXwVLIi6EmKXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZelApuLMbf3srq2vrGZmmrvL2zu7dfOThsGpVpyhpUCaXbETFMcMkallvB2qlmJIkEa0Wj26nfemLacCUf7DhlYUIGksecEuukZtdH1wj3Kj6u4hnQMgkK4kOBeq/y1e0rmiVMWiqIMZ0ApzbMibacCjYpdzPDUkJHZMA6jkqSMBPms2sn6NQpfRQr7UpaNFN/T+QkMWacRK4zIXZoFr2p+J/XyWx8FeZcppllks4XxZlAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCyCyFYfHmZNM+rAa4G9xd+7aaIowTHcAJnEMAl1OAO6tAACo/wDK/w5invxXv3PuatK14xcwR/4H3+ALSHjeM=</latexit><latexit sha1_base64="1QIsktDJKEccDU0ePMsL/e2JY+I=">AAAB7XicbVBNSwMxEJ31s9avqkcvwUXwVLIi6EmKXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZelApuLMbf3srq2vrGZmmrvL2zu7dfOThsGpVpyhpUCaXbETFMcMkallvB2qlmJIkEa0Wj26nfemLacCUf7DhlYUIGksecEuukZtdH1wj3Kj6u4hnQMgkK4kOBeq/y1e0rmiVMWiqIMZ0ApzbMibacCjYpdzPDUkJHZMA6jkqSMBPms2sn6NQpfRQr7UpaNFN/T+QkMWacRK4zIXZoFr2p+J/XyWx8FeZcppllks4XxZlAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCyCyFYfHmZNM+rAa4G9xd+7aaIowTHcAJnEMAl1OAO6tAACo/wDK/w5invxXv3PuatK14xcwR/4H3+ALSHjeM=</latexit><latexit sha1_base64="1QIsktDJKEccDU0ePMsL/e2JY+I=">AAAB7XicbVBNSwMxEJ31s9avqkcvwUXwVLIi6EmKXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZelApuLMbf3srq2vrGZmmrvL2zu7dfOThsGpVpyhpUCaXbETFMcMkallvB2qlmJIkEa0Wj26nfemLacCUf7DhlYUIGksecEuukZtdH1wj3Kj6u4hnQMgkK4kOBeq/y1e0rmiVMWiqIMZ0ApzbMibacCjYpdzPDUkJHZMA6jkqSMBPms2sn6NQpfRQr7UpaNFN/T+QkMWacRK4zIXZoFr2p+J/XyWx8FeZcppllks4XxZlAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCyCyFYfHmZNM+rAa4G9xd+7aaIowTHcAJnEMAl1OAO6tAACo/wDK/w5invxXv3PuatK14xcwR/4H3+ALSHjeM=</latexit><latexit sha1_base64="1QIsktDJKEccDU0ePMsL/e2JY+I=">AAAB7XicbVBNSwMxEJ31s9avqkcvwUXwVLIi6EmKXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZelApuLMbf3srq2vrGZmmrvL2zu7dfOThsGpVpyhpUCaXbETFMcMkallvB2qlmJIkEa0Wj26nfemLacCUf7DhlYUIGksecEuukZtdH1wj3Kj6u4hnQMgkK4kOBeq/y1e0rmiVMWiqIMZ0ApzbMibacCjYpdzPDUkJHZMA6jkqSMBPms2sn6NQpfRQr7UpaNFN/T+QkMWacRK4zIXZoFr2p+J/XyWx8FeZcppllks4XxZlAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCyCyFYfHmZNM+rAa4G9xd+7aaIowTHcAJnEMAl1OAO6tAACo/wDK/w5invxXv3PuatK14xcwR/4H3+ALSHjeM=</latexit>



If we take the time evolution to be determined by Rindler time (boosts) then same 
argument constraints vacuum correlation functions

NEC,                 violated quantum mechanically.  Averaged over null line in Minkowski space

OTOC’S AND THE ANEC

 

 †
f(u) / h | O(u, v)O(�u,�v) | i

| i =  |⌦i
<latexit sha1_base64="JheSFmL02VUD36guFbrY4O4tdEc=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9K0Is3I5gHZEOYnfQmQ2YfzPQKIeY3vPgrXjwo4lFP/o2TZAVNLGioqepmustPpNDoOF9WbmFxaXklv1pYW9/Y3LK3d2o6ThWHKo9lrBo+0yBFBFUUKKGRKGChL6Hu9y/Hfv0OlBZxdIuDBFoh60YiEJyhkdq240kI8J56iRbUU6Lbw3N6lj0z6zqELvsx23bRKTkT0HniZqRIMlTa9ofXiXkaQoRcMq2brpNga8gUCi5hVPBSDQnjfdaFpqERC0G3hpPLRvTAKB0axMpUhHSi/p4YslDrQeibzpBhT896Y/E/r5licNoaiihJESI+/ShIJcWYjmOiHaGAoxwYwrgSZlfKe0wxjibMggnBnT15ntSOSq5Tcm+Oi+WLLI482SP75JC45ISUyRWpkCrh5IE8kRfyaj1az9ab9T5tzVnZzC75A+vzGxIcn7M=</latexit><latexit sha1_base64="JheSFmL02VUD36guFbrY4O4tdEc=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9K0Is3I5gHZEOYnfQmQ2YfzPQKIeY3vPgrXjwo4lFP/o2TZAVNLGioqepmustPpNDoOF9WbmFxaXklv1pYW9/Y3LK3d2o6ThWHKo9lrBo+0yBFBFUUKKGRKGChL6Hu9y/Hfv0OlBZxdIuDBFoh60YiEJyhkdq240kI8J56iRbUU6Lbw3N6lj0z6zqELvsx23bRKTkT0HniZqRIMlTa9ofXiXkaQoRcMq2brpNga8gUCi5hVPBSDQnjfdaFpqERC0G3hpPLRvTAKB0axMpUhHSi/p4YslDrQeibzpBhT896Y/E/r5licNoaiihJESI+/ShIJcWYjmOiHaGAoxwYwrgSZlfKe0wxjibMggnBnT15ntSOSq5Tcm+Oi+WLLI482SP75JC45ISUyRWpkCrh5IE8kRfyaj1az9ab9T5tzVnZzC75A+vzGxIcn7M=</latexit><latexit sha1_base64="JheSFmL02VUD36guFbrY4O4tdEc=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9K0Is3I5gHZEOYnfQmQ2YfzPQKIeY3vPgrXjwo4lFP/o2TZAVNLGioqepmustPpNDoOF9WbmFxaXklv1pYW9/Y3LK3d2o6ThWHKo9lrBo+0yBFBFUUKKGRKGChL6Hu9y/Hfv0OlBZxdIuDBFoh60YiEJyhkdq240kI8J56iRbUU6Lbw3N6lj0z6zqELvsx23bRKTkT0HniZqRIMlTa9ofXiXkaQoRcMq2brpNga8gUCi5hVPBSDQnjfdaFpqERC0G3hpPLRvTAKB0axMpUhHSi/p4YslDrQeibzpBhT896Y/E/r5licNoaiihJESI+/ShIJcWYjmOiHaGAoxwYwrgSZlfKe0wxjibMggnBnT15ntSOSq5Tcm+Oi+WLLI482SP75JC45ISUyRWpkCrh5IE8kRfyaj1az9ab9T5tzVnZzC75A+vzGxIcn7M=</latexit><latexit sha1_base64="JheSFmL02VUD36guFbrY4O4tdEc=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9K0Is3I5gHZEOYnfQmQ2YfzPQKIeY3vPgrXjwo4lFP/o2TZAVNLGioqepmustPpNDoOF9WbmFxaXklv1pYW9/Y3LK3d2o6ThWHKo9lrBo+0yBFBFUUKKGRKGChL6Hu9y/Hfv0OlBZxdIuDBFoh60YiEJyhkdq240kI8J56iRbUU6Lbw3N6lj0z6zqELvsx23bRKTkT0HniZqRIMlTa9ofXiXkaQoRcMq2brpNga8gUCi5hVPBSDQnjfdaFpqERC0G3hpPLRvTAKB0axMpUhHSi/p4YslDrQeibzpBhT896Y/E/r5licNoaiihJESI+/ShIJcWYjmOiHaGAoxwYwrgSZlfKe0wxjibMggnBnT15ntSOSq5Tcm+Oi+WLLI482SP75JC45ISUyRWpkCrh5IE8kRfyaj1az9ab9T5tzVnZzC75A+vzGxIcn7M=</latexit>

O
<latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit>

O
<latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit><latexit sha1_base64="m1zCFXeFmUx6ehG3dT0b77LjCc4=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0484K9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdj8bVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxBE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AhZSRZQ==</latexit>

Kinematic limit: lightcone OPE:

f = 1�#e2⇡t h |
Z

T++dx
+ | i

<latexit sha1_base64="1Y1ikeaUwxsl4zpSTYwSyKwsRfM="></latexit><latexit sha1_base64="1Y1ikeaUwxsl4zpSTYwSyKwsRfM="></latexit><latexit sha1_base64="1Y1ikeaUwxsl4zpSTYwSyKwsRfM="></latexit><latexit sha1_base64="1Y1ikeaUwxsl4zpSTYwSyKwsRfM="></latexit>

hT++i � 0
<latexit sha1_base64="3AG+NXUecPs28RaQ6zjRUPQTyJ4=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMgBMKMCHoQCXrxGCEbZELo6dQkTXoWu2uEMOTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnxVJotO1vK7O0vLK6ll3PbWxube/kd/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q1uxn7jAZQWUVjFYQztgPVC4QvO0Eid/KErwcdLWu2kxeKIukr0+nhF3R7cU7uTL9glewK6SJwZKZAZKp38l9uNeBJAiFwyrVuOHWM7ZQoFlzDKuYmGmPEB60HL0JAFoNvp5IsRPTZKl/qRMhUinai/J1IWaD0MPNMZMOzreW8s/ue1EvQv2qkI4wQh5NNFfiIpRnQcCe0KBRzl0BDGlTC3Ut5ninE0weVMCM78y4ukflpy7JJzd1YoX8/iyJIDckROiEPOSZnckgqpEU4eyTN5JW/Wk/VivVsf09aMNZvZJ39gff4AHyqXCA==</latexit><latexit sha1_base64="3AG+NXUecPs28RaQ6zjRUPQTyJ4=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMgBMKMCHoQCXrxGCEbZELo6dQkTXoWu2uEMOTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnxVJotO1vK7O0vLK6ll3PbWxube/kd/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q1uxn7jAZQWUVjFYQztgPVC4QvO0Eid/KErwcdLWu2kxeKIukr0+nhF3R7cU7uTL9glewK6SJwZKZAZKp38l9uNeBJAiFwyrVuOHWM7ZQoFlzDKuYmGmPEB60HL0JAFoNvp5IsRPTZKl/qRMhUinai/J1IWaD0MPNMZMOzreW8s/ue1EvQv2qkI4wQh5NNFfiIpRnQcCe0KBRzl0BDGlTC3Ut5ninE0weVMCM78y4ukflpy7JJzd1YoX8/iyJIDckROiEPOSZnckgqpEU4eyTN5JW/Wk/VivVsf09aMNZvZJ39gff4AHyqXCA==</latexit><latexit sha1_base64="3AG+NXUecPs28RaQ6zjRUPQTyJ4=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMgBMKMCHoQCXrxGCEbZELo6dQkTXoWu2uEMOTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnxVJotO1vK7O0vLK6ll3PbWxube/kd/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q1uxn7jAZQWUVjFYQztgPVC4QvO0Eid/KErwcdLWu2kxeKIukr0+nhF3R7cU7uTL9glewK6SJwZKZAZKp38l9uNeBJAiFwyrVuOHWM7ZQoFlzDKuYmGmPEB60HL0JAFoNvp5IsRPTZKl/qRMhUinai/J1IWaD0MPNMZMOzreW8s/ue1EvQv2qkI4wQh5NNFfiIpRnQcCe0KBRzl0BDGlTC3Ut5ninE0weVMCM78y4ukflpy7JJzd1YoX8/iyJIDckROiEPOSZnckgqpEU4eyTN5JW/Wk/VivVsf09aMNZvZJ39gff4AHyqXCA==</latexit><latexit sha1_base64="3AG+NXUecPs28RaQ6zjRUPQTyJ4=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMgBMKMCHoQCXrxGCEbZELo6dQkTXoWu2uEMOTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnxVJotO1vK7O0vLK6ll3PbWxube/kd/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q1uxn7jAZQWUVjFYQztgPVC4QvO0Eid/KErwcdLWu2kxeKIukr0+nhF3R7cU7uTL9glewK6SJwZKZAZKp38l9uNeBJAiFwyrVuOHWM7ZQoFlzDKuYmGmPEB60HL0JAFoNvp5IsRPTZKl/qRMhUinai/J1IWaD0MPNMZMOzreW8s/ue1EvQv2qkI4wQh5NNFfiIpRnQcCe0KBRzl0BDGlTC3Ut5ninE0weVMCM78y4ukflpy7JJzd1YoX8/iyJIDckROiEPOSZnckgqpEU4eyTN5JW/Wk/VivVsf09aMNZvZJ39gff4AHyqXCA==</latexit>

[Hartman, Kundu, Tajdini]



There is another way to prove the ANEC, using directly quantum information: 

ANEC follows then from data processing

Now understand as a consequence of half-sided modular inclusion algebra

ANEC AND RELATIVE ENTROPY

Z
dx+ h |T++ | i = �Srel( |⌦)��S0

rel( |⌦)
<latexit sha1_base64="ExjXP8TlZg67Vr9Md4psOX9MLWo="></latexit><latexit sha1_base64="ExjXP8TlZg67Vr9Md4psOX9MLWo="></latexit><latexit sha1_base64="ExjXP8TlZg67Vr9Md4psOX9MLWo="></latexit><latexit sha1_base64="ExjXP8TlZg67Vr9Md4psOX9MLWo="></latexit>

[Faulkner, Leigh, Parrikar, Wang] 

[Casini, Test, Torroba]



QNEC AND BEYOND

In gravity focusing of light by matter:              . But violated quantum mechanically

Quantum focusing considers focusing of a null hyper surface but replaces the area by

Conjectured property of quantum gravity, implies a new bound on QFT without gravity: 
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General proof: relative entropy
and half sided modular inclusions

[Bousso, Fisher, Leichenauer, Wall]

[Balakrishnan et al; Ceyhan, TF]
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Ryu-Takayanagi - biggest revolution in our understanding of QGravity in past 20 years

Really a statement about quantum error correction and what regions of the bulk are 
reconstructable from the boundary:

New developments in QEC codes due to gravity (state-dependent entanglement wedges)
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a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

Entanglement wedge

Ac
<latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit>

Ac
<latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit>

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

Two candidates

Ac
<latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit>

Ac
<latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit><latexit sha1_base64="+D7Rxj76fCZks2HHzfOOi2qbrQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/dUj65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVc+tenfnldp1HkcRjuAYTsGDC6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwACKY2a</latexit>

Ref

Alpha-bits, state-specific
unitary reconstruction, …  

[Almheiri et al., Dong, et al., Harlow]

SEE(A) =
Area(@a)

4GN
+ SEE(a) + . . .

<latexit sha1_base64="8EEhpYwixj16nH+jOob0oVVBivU="></latexit><latexit sha1_base64="8EEhpYwixj16nH+jOob0oVVBivU="></latexit><latexit sha1_base64="8EEhpYwixj16nH+jOob0oVVBivU="></latexit><latexit sha1_base64="8EEhpYwixj16nH+jOob0oVVBivU="></latexit>

[Hayden, Penington; Akers, Penington] 



New results on non-trivial von Neumann algebras emerging in the bulk of AdS/CFT from 
the large-N limit of boundary theory

Certainly should be related to QEC paradigm 
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<latexit sha1_base64="pH0CPArFil5YX7pH8ABs8Y8qRps="></latexit><latexit sha1_base64="pH0CPArFil5YX7pH8ABs8Y8qRps="></latexit><latexit sha1_base64="pH0CPArFil5YX7pH8ABs8Y8qRps="></latexit><latexit sha1_base64="pH0CPArFil5YX7pH8ABs8Y8qRps="></latexit>

N=4 SYM above Hawking-Page transition, N ! 1
<latexit sha1_base64="dhlJ4eyBdDcoGHQI/O2qM9+9r94=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG1dSwT6gCWUynbRDJ5Mwc6PEUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JEcA2O822VlpZXVtfK65WNza3tHXt3r6XjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GF1N/PY9U5rH8g6yhPkRGUgeckrASD374AZ7ig+GQJSKH7DHZQhZz646NWcKvEjcglRRgUbP/vL6MU0jJoEKonXXdRLwc6KAU8HGFS/VLCF0RAasa6gkEdN+Pr1+jI+N0sdhrExJwFP190ROIq2zKDCdEYGhnvcm4n9eN4Xwws+5TFJgks4WhanAEONJFLjPFaMgMkMIVdzciumQKELBBFYxIbjzLy+S1mnNdWru7Vm1flnEUUaH6AidIBedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0lq5jZR39gff4AYguVLA==</latexit><latexit sha1_base64="dhlJ4eyBdDcoGHQI/O2qM9+9r94=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG1dSwT6gCWUynbRDJ5Mwc6PEUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JEcA2O822VlpZXVtfK65WNza3tHXt3r6XjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GF1N/PY9U5rH8g6yhPkRGUgeckrASD374AZ7ig+GQJSKH7DHZQhZz646NWcKvEjcglRRgUbP/vL6MU0jJoEKonXXdRLwc6KAU8HGFS/VLCF0RAasa6gkEdN+Pr1+jI+N0sdhrExJwFP190ROIq2zKDCdEYGhnvcm4n9eN4Xwws+5TFJgks4WhanAEONJFLjPFaMgMkMIVdzciumQKELBBFYxIbjzLy+S1mnNdWru7Vm1flnEUUaH6AidIBedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0lq5jZR39gff4AYguVLA==</latexit><latexit sha1_base64="dhlJ4eyBdDcoGHQI/O2qM9+9r94=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG1dSwT6gCWUynbRDJ5Mwc6PEUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JEcA2O822VlpZXVtfK65WNza3tHXt3r6XjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GF1N/PY9U5rH8g6yhPkRGUgeckrASD374AZ7ig+GQJSKH7DHZQhZz646NWcKvEjcglRRgUbP/vL6MU0jJoEKonXXdRLwc6KAU8HGFS/VLCF0RAasa6gkEdN+Pr1+jI+N0sdhrExJwFP190ROIq2zKDCdEYGhnvcm4n9eN4Xwws+5TFJgks4WhanAEONJFLjPFaMgMkMIVdzciumQKELBBFYxIbjzLy+S1mnNdWru7Vm1flnEUUaH6AidIBedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0lq5jZR39gff4AYguVLA==</latexit><latexit sha1_base64="dhlJ4eyBdDcoGHQI/O2qM9+9r94=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG1dSwT6gCWUynbRDJ5Mwc6PEUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JEcA2O822VlpZXVtfK65WNza3tHXt3r6XjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GF1N/PY9U5rH8g6yhPkRGUgeckrASD374AZ7ig+GQJSKH7DHZQhZz646NWcKvEjcglRRgUbP/vL6MU0jJoEKonXXdRLwc6KAU8HGFS/VLCF0RAasa6gkEdN+Pr1+jI+N0sdhrExJwFP190ROIq2zKDCdEYGhnvcm4n9eN4Xwws+5TFJgks4WhanAEONJFLjPFaMgMkMIVdzciumQKELBBFYxIbjzLy+S1mnNdWru7Vm1flnEUUaH6AidIBedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0lq5jZR39gff4AYguVLA==</latexit>

type� III1
<latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit>

type� III1
<latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit><latexit sha1_base64="+L8ukG0llGmYfL0WzhZ1lFypm+s=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBiyURQY9FL/ZWwdpCG8Jmu22X7m7C7qZQQv+JFw+KePWfePPfuE1z0NYHA4/3ZpiZFyWcaeN5305pbX1jc6u8XdnZ3ds/cA+PnnScKkJbJOax6kRYU84kbRlmOO0kimIRcdqOxndzvz2hSrNYPpppQgOBh5INGMHGSqHrZj0l0Ny5aDQas9AP3apX83KgVeIXpAoFmqH71evHJBVUGsKx1l3fS0yQYWUY4XRW6aWaJpiM8ZB2LZVYUB1k+eUzdGaVPhrEypY0KFd/T2RYaD0Vke0U2Iz0sjcX//O6qRncBBmTSWqoJItFg5QjE+fPoj5TlBg+tQQTxeytiIywwsTYsCo2BH/55VXydFnzvZr/cFWt3xZxlOEETuEcfLiGOtxDE1pAYALP8ApvTua8OO/Ox6K15BQzx/AHzucPmpaS+A==</latexit>

Quantum corrected, energy fluctuations: 
type� II1

<latexit sha1_base64="ieeNImsko2xJutp0xHqoNdEXdNs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sigi6Lbuyugn1AE8JkOmmHzkzCzEQoMQt/xY0LRdz6G+78G6dpFtp64MLhnHu5954wYVRpx/m2lpZXVtfWKxvVza3tnV17b7+j4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfrdByIVjcW9niTE52goaEQx0kYK7MPMkxxOnbNmMw8yj4pIT/LArjl1pwBcJG5JaqBEK7C/vEGMU06Exgwp1XedRPsZkppiRvKqlyqSIDxGQ9I3VCBOlJ8V9+fwxCgDGMXSlNCwUH9PZIgrNeGh6eRIj9S8NxX/8/qpjq78jIok1UTg2aIoZVDHxctwQCXBmk0MQVhScyvEIyQR1iayqgnBnX95kXTO665Td+8uao3rMo4KOALH4BS44BI0wC1ogTbA4BE8g1fwZj1ZL9a79TFrXbLKmQPwB9bnDzb0ljg=</latexit><latexit sha1_base64="ieeNImsko2xJutp0xHqoNdEXdNs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sigi6Lbuyugn1AE8JkOmmHzkzCzEQoMQt/xY0LRdz6G+78G6dpFtp64MLhnHu5954wYVRpx/m2lpZXVtfWKxvVza3tnV17b7+j4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfrdByIVjcW9niTE52goaEQx0kYK7MPMkxxOnbNmMw8yj4pIT/LArjl1pwBcJG5JaqBEK7C/vEGMU06Exgwp1XedRPsZkppiRvKqlyqSIDxGQ9I3VCBOlJ8V9+fwxCgDGMXSlNCwUH9PZIgrNeGh6eRIj9S8NxX/8/qpjq78jIok1UTg2aIoZVDHxctwQCXBmk0MQVhScyvEIyQR1iayqgnBnX95kXTO665Td+8uao3rMo4KOALH4BS44BI0wC1ogTbA4BE8g1fwZj1ZL9a79TFrXbLKmQPwB9bnDzb0ljg=</latexit><latexit sha1_base64="ieeNImsko2xJutp0xHqoNdEXdNs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sigi6Lbuyugn1AE8JkOmmHzkzCzEQoMQt/xY0LRdz6G+78G6dpFtp64MLhnHu5954wYVRpx/m2lpZXVtfWKxvVza3tnV17b7+j4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfrdByIVjcW9niTE52goaEQx0kYK7MPMkxxOnbNmMw8yj4pIT/LArjl1pwBcJG5JaqBEK7C/vEGMU06Exgwp1XedRPsZkppiRvKqlyqSIDxGQ9I3VCBOlJ8V9+fwxCgDGMXSlNCwUH9PZIgrNeGh6eRIj9S8NxX/8/qpjq78jIok1UTg2aIoZVDHxctwQCXBmk0MQVhScyvEIyQR1iayqgnBnX95kXTO665Td+8uao3rMo4KOALH4BS44BI0wC1ogTbA4BE8g1fwZj1ZL9a79TFrXbLKmQPwB9bnDzb0ljg=</latexit><latexit sha1_base64="ieeNImsko2xJutp0xHqoNdEXdNs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sigi6Lbuyugn1AE8JkOmmHzkzCzEQoMQt/xY0LRdz6G+78G6dpFtp64MLhnHu5954wYVRpx/m2lpZXVtfWKxvVza3tnV17b7+j4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfrdByIVjcW9niTE52goaEQx0kYK7MPMkxxOnbNmMw8yj4pIT/LArjl1pwBcJG5JaqBEK7C/vEGMU06Exgwp1XedRPsZkppiRvKqlyqSIDxGQ9I3VCBOlJ8V9+fwxCgDGMXSlNCwUH9PZIgrNeGh6eRIj9S8NxX/8/qpjq78jIok1UTg2aIoZVDHxctwQCXBmk0MQVhScyvEIyQR1iayqgnBnX95kXTO665Td+8uao3rMo4KOALH4BS44BI0wC1ogTbA4BE8g1fwZj1ZL9a79TFrXbLKmQPwB9bnDzb0ljg=</latexit>

SEE =
A

4GN
! 1

<latexit sha1_base64="8sGlWanh6z+UXXs1BMVrB2KaLhU=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclEQKuhF8UHQlFa0KTQmT6aQdOpmEmRslhPyDG3/FjQtF3Lpx5984rVn4OnDhcM693HtPkAiuwXE+rLHxicmp6ZnZytz8wuKSvbxyqeNUUdaisYjVdUA0E1yyFnAQ7DpRjESBYFfB4GjoX90wpXksLyBLWCciPclDTgkYybe3zv280SjwHvZCRWh+UOT1Y/+0wJ7ivT4QpeJb7HEZQubbVafmjID/ErckVVSi6dvvXjemacQkUEG0brtOAp2cKOBUsKLipZolhA5Ij7UNlSRiupOPfirwhlG6OIyVKQl4pH6fyEmkdRYFpjMi0Ne/vaH4n9dOIdzt5FwmKTBJvxaFqcAQ42FAuMsVoyAyQwhV3NyKaZ+YbMDEWDEhuL9f/ksut2uuU3PP6tX9wzKOGbSG1tEmctEO2kcnqIlaiKI79ICe0LN1bz1aL9brV+uYVc6soh+w3j4BKuGdvA==</latexit><latexit sha1_base64="8sGlWanh6z+UXXs1BMVrB2KaLhU=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclEQKuhF8UHQlFa0KTQmT6aQdOpmEmRslhPyDG3/FjQtF3Lpx5984rVn4OnDhcM693HtPkAiuwXE+rLHxicmp6ZnZytz8wuKSvbxyqeNUUdaisYjVdUA0E1yyFnAQ7DpRjESBYFfB4GjoX90wpXksLyBLWCciPclDTgkYybe3zv280SjwHvZCRWh+UOT1Y/+0wJ7ivT4QpeJb7HEZQubbVafmjID/ErckVVSi6dvvXjemacQkUEG0brtOAp2cKOBUsKLipZolhA5Ij7UNlSRiupOPfirwhlG6OIyVKQl4pH6fyEmkdRYFpjMi0Ne/vaH4n9dOIdzt5FwmKTBJvxaFqcAQ42FAuMsVoyAyQwhV3NyKaZ+YbMDEWDEhuL9f/ksut2uuU3PP6tX9wzKOGbSG1tEmctEO2kcnqIlaiKI79ICe0LN1bz1aL9brV+uYVc6soh+w3j4BKuGdvA==</latexit><latexit sha1_base64="8sGlWanh6z+UXXs1BMVrB2KaLhU=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclEQKuhF8UHQlFa0KTQmT6aQdOpmEmRslhPyDG3/FjQtF3Lpx5984rVn4OnDhcM693HtPkAiuwXE+rLHxicmp6ZnZytz8wuKSvbxyqeNUUdaisYjVdUA0E1yyFnAQ7DpRjESBYFfB4GjoX90wpXksLyBLWCciPclDTgkYybe3zv280SjwHvZCRWh+UOT1Y/+0wJ7ivT4QpeJb7HEZQubbVafmjID/ErckVVSi6dvvXjemacQkUEG0brtOAp2cKOBUsKLipZolhA5Ij7UNlSRiupOPfirwhlG6OIyVKQl4pH6fyEmkdRYFpjMi0Ne/vaH4n9dOIdzt5FwmKTBJvxaFqcAQ42FAuMsVoyAyQwhV3NyKaZ+YbMDEWDEhuL9f/ksut2uuU3PP6tX9wzKOGbSG1tEmctEO2kcnqIlaiKI79ICe0LN1bz1aL9brV+uYVc6soh+w3j4BKuGdvA==</latexit><latexit sha1_base64="8sGlWanh6z+UXXs1BMVrB2KaLhU=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclEQKuhF8UHQlFa0KTQmT6aQdOpmEmRslhPyDG3/FjQtF3Lpx5984rVn4OnDhcM693HtPkAiuwXE+rLHxicmp6ZnZytz8wuKSvbxyqeNUUdaisYjVdUA0E1yyFnAQ7DpRjESBYFfB4GjoX90wpXksLyBLWCciPclDTgkYybe3zv280SjwHvZCRWh+UOT1Y/+0wJ7ivT4QpeJb7HEZQubbVafmjID/ErckVVSi6dvvXjemacQkUEG0brtOAp2cKOBUsKLipZolhA5Ij7UNlSRiupOPfirwhlG6OIyVKQl4pH6fyEmkdRYFpjMi0Ne/vaH4n9dOIdzt5FwmKTBJvxaFqcAQ42FAuMsVoyAyQwhV3NyKaZ+YbMDEWDEhuL9f/ksut2uuU3PP6tX9wzKOGbSG1tEmctEO2kcnqIlaiKI79ICe0LN1bz1aL9brV+uYVc6soh+w3j4BKuGdvA==</latexit>

[Witten]

[Leutheusser, Liu]



QI IN GRAVITY

Island rule, moves lessons of Ryu-Takayanagi beyond AdS/CFT:

Similarly, non-trivial von Neumann algebras appear in setups beyond AdS/CFT, notably de 
Sitter space static patch (type-II_1) and flat space black holes 

Ideas developed from AdS/CFT used for more general purposes. Opens up possibilities to 
study cosmology, entropy of de Sitter Horizons etc beyond AdS/CFT. Next SNOWMASS!

SEE(⇢R) = min extI

✓
Area(@I)

4GN
+ SEE(⇢̃R[I)

◆

<latexit sha1_base64="zXKCYd5utJb4rkKnpUABe2TnXZU="></latexit><latexit sha1_base64="zXKCYd5utJb4rkKnpUABe2TnXZU="></latexit><latexit sha1_base64="zXKCYd5utJb4rkKnpUABe2TnXZU="></latexit><latexit sha1_base64="zXKCYd5utJb4rkKnpUABe2TnXZU="></latexit>

[Pengington; Almheiri et al.]

[Chandrasekaran et al.]
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