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Interesting phenomenon in the study of Black hole perturbations

• Instability of extreme black holes

• Planar horizon topology for black 
holes in Anti-de-Sitter space 
relevant for holography

• Theorem confirms instability for 
spacetimes with a compact horizon

• No explicit example with a 
non-compact horizon studied!

Planar Reissner-Nordström Anti-de-
Sitter (pRNAdS) black hole in 5 D

Bañados-Teitelboim-Zanelli 
black hole in 3D

Max spin/
charge for a 
given M of BH

Constant negative 
curvature

Aretakis instability

• What consequences does the Aretakis 
instability have for holography?



Black Hole stability
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Perturbations on black hole spacetime background

Mode stability

Linear stability

Im !
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Historically, Mode stability => Linear stability

Aretakis!

stronger result
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Aretakis
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Axisymmetric/uncoupled massless scalar field perturbations 
to extreme Kerr/Reissner-Nordström

First order transverse derivatives of field on horizon don’t decay

Higher order derivatives grow

Conservation law on the horizon

Depends only on local geometry of horizon and not global geometry

(Aretakis 2012)

spinning BH charged BH

along radial direction



What followed
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Other fields? Scalar, electromagnetic, gravitational perturbations

Non-axisymmetric massless 
scalar on extreme Kerr

Enhanced growth rate

Charged massless 
scalar on extreme RN

Same as above result

Only extremal? Transient growth at intermediate times

(Lucietti, Murata, Reall, Tanahashi 2013)

(Casals, Gralla, Zimmerman 2016)

(Zimmerman 2016)

(Gralla, Zimmerman, Zimmerman 2016)

(Lucietti, Reall 2012)

General extreme horizons Compact horizon topology

Non-linear end state? Generically non-extreme, fine-tuned initial 
perturbations - extreme BH (instability persists)

(Murata, Reall, Tanahashi 2013)



Understanding today
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Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v

�h
f0(vx) x ! 0 , v ! 1
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Im !
<latexit sha1_base64="pTWLvrQISjrlVD9F1mgFMgRlcsI=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvOgtgnlAEsLspJMMmdldZnqDYcmfePGgiFf/xJt/42QTQUULGoqqbrq7glgKg5734aysrq1vbOa28ts7u3v77sFhw0SJ5lDnkYx0K2AGpAihjgIltGINTAUSmsH4au43J6CNiMI7nMbQVWwYioHgDK3Uc90Owj2mN4rOOpGCIeu5Ba9YyUAXpFxakopP/aKXoUCWqPXc904/4omCELlkxrR9L8ZuyjQKLmGW7yQGYsbHbAhtS0OmwHTT7PIZPbNKnw4ibStEmqnfJ1KmjJmqwHYqhiPz25uLf3ntBAeX3VSEcYIQ8sWiQSIpRnQeA+0LDRzl1BLGtbC3Uj5imnG0YeVtCF+f0v9J46Loe0X/tlSoni7jyJFjckLOiU/KpEquSY3UCScT8kCeyLOTOo/Oi/O6aF1xljNH5Aect09moZQU</latexit><latexit sha1_base64="pTWLvrQISjrlVD9F1mgFMgRlcsI=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvOgtgnlAEsLspJMMmdldZnqDYcmfePGgiFf/xJt/42QTQUULGoqqbrq7glgKg5734aysrq1vbOa28ts7u3v77sFhw0SJ5lDnkYx0K2AGpAihjgIltGINTAUSmsH4au43J6CNiMI7nMbQVWwYioHgDK3Uc90Owj2mN4rOOpGCIeu5Ba9YyUAXpFxakopP/aKXoUCWqPXc904/4omCELlkxrR9L8ZuyjQKLmGW7yQGYsbHbAhtS0OmwHTT7PIZPbNKnw4ibStEmqnfJ1KmjJmqwHYqhiPz25uLf3ntBAeX3VSEcYIQ8sWiQSIpRnQeA+0LDRzl1BLGtbC3Uj5imnG0YeVtCF+f0v9J46Loe0X/tlSoni7jyJFjckLOiU/KpEquSY3UCScT8kCeyLOTOo/Oi/O6aF1xljNH5Aect09moZQU</latexit><latexit sha1_base64="pTWLvrQISjrlVD9F1mgFMgRlcsI=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvOgtgnlAEsLspJMMmdldZnqDYcmfePGgiFf/xJt/42QTQUULGoqqbrq7glgKg5734aysrq1vbOa28ts7u3v77sFhw0SJ5lDnkYx0K2AGpAihjgIltGINTAUSmsH4au43J6CNiMI7nMbQVWwYioHgDK3Uc90Owj2mN4rOOpGCIeu5Ba9YyUAXpFxakopP/aKXoUCWqPXc904/4omCELlkxrR9L8ZuyjQKLmGW7yQGYsbHbAhtS0OmwHTT7PIZPbNKnw4ibStEmqnfJ1KmjJmqwHYqhiPz25uLf3ntBAeX3VSEcYIQ8sWiQSIpRnQeA+0LDRzl1BLGtbC3Uj5imnG0YeVtCF+f0v9J46Loe0X/tlSoni7jyJFjckLOiU/KpEquSY3UCScT8kCeyLOTOo/Oi/O6aF1xljNH5Aect09moZQU</latexit><latexit sha1_base64="pTWLvrQISjrlVD9F1mgFMgRlcsI=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvOgtgnlAEsLspJMMmdldZnqDYcmfePGgiFf/xJt/42QTQUULGoqqbrq7glgKg5734aysrq1vbOa28ts7u3v77sFhw0SJ5lDnkYx0K2AGpAihjgIltGINTAUSmsH4au43J6CNiMI7nMbQVWwYioHgDK3Uc90Owj2mN4rOOpGCIeu5Ba9YyUAXpFxakopP/aKXoUCWqPXc904/4omCELlkxrR9L8ZuyjQKLmGW7yQGYsbHbAhtS0OmwHTT7PIZPbNKnw4ibStEmqnfJ1KmjJmqwHYqhiPz25uLf3ntBAeX3VSEcYIQ8sWiQSIpRnQeA+0LDRzl1BLGtbC3Uj5imnG0YeVtCF+f0v9J46Loe0X/tlSoni7jyJFjckLOiU/KpEquSY3UCScT8kCeyLOTOo/Oi/O6aF1xljNH5Aect09moZQU</latexit>

Re !
<latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit>

On Horizon decay rate Off Horizon decay rate

v�h
<latexit sha1_base64="8Ldu7EF9Hs9idRXcKFK1mjqKgoM=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LFbBiyGRQu2t4MVjBfsBbSyb7aZdu8mG3U2hhP4HLx4U8er/8ea/cZtGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJKEtIriQXR8ryllEW5ppTruxpDj0Oe34k6uF35lSqZiIbvUspl6IRxELGMHaSO3pXXo+ng/KFceuZ0BLUqvmpO4i13YyVCBHc1B+7w8FSUIaacKxUj3XibWXYqkZ4XRe6ieKxphM8Ij2DI1wSJWXZtfO0alRhigQ0lSkUaZ+n0hxqNQs9E1niPVY/fYW4l9eL9HBpZeyKE40jchyUZBwpAVavI6GTFKi+cwQTCQztyIyxhITbQIqmRC+PkX/k/aF7Tq2e1OtNE7yOIpwBMdwBi7UoAHX0IQWELiHB3iCZ0tYj9aL9bpsLVj5zCH8gPX2CVZOj4w=</latexit><latexit sha1_base64="8Ldu7EF9Hs9idRXcKFK1mjqKgoM=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LFbBiyGRQu2t4MVjBfsBbSyb7aZdu8mG3U2hhP4HLx4U8er/8ea/cZtGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJKEtIriQXR8ryllEW5ppTruxpDj0Oe34k6uF35lSqZiIbvUspl6IRxELGMHaSO3pXXo+ng/KFceuZ0BLUqvmpO4i13YyVCBHc1B+7w8FSUIaacKxUj3XibWXYqkZ4XRe6ieKxphM8Ij2DI1wSJWXZtfO0alRhigQ0lSkUaZ+n0hxqNQs9E1niPVY/fYW4l9eL9HBpZeyKE40jchyUZBwpAVavI6GTFKi+cwQTCQztyIyxhITbQIqmRC+PkX/k/aF7Tq2e1OtNE7yOIpwBMdwBi7UoAHX0IQWELiHB3iCZ0tYj9aL9bpsLVj5zCH8gPX2CVZOj4w=</latexit><latexit sha1_base64="8Ldu7EF9Hs9idRXcKFK1mjqKgoM=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LFbBiyGRQu2t4MVjBfsBbSyb7aZdu8mG3U2hhP4HLx4U8er/8ea/cZtGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJKEtIriQXR8ryllEW5ppTruxpDj0Oe34k6uF35lSqZiIbvUspl6IRxELGMHaSO3pXXo+ng/KFceuZ0BLUqvmpO4i13YyVCBHc1B+7w8FSUIaacKxUj3XibWXYqkZ4XRe6ieKxphM8Ij2DI1wSJWXZtfO0alRhigQ0lSkUaZ+n0hxqNQs9E1niPVY/fYW4l9eL9HBpZeyKE40jchyUZBwpAVavI6GTFKi+cwQTCQztyIyxhITbQIqmRC+PkX/k/aF7Tq2e1OtNE7yOIpwBMdwBi7UoAHX0IQWELiHB3iCZ0tYj9aL9bpsLVj5zCH8gPX2CVZOj4w=</latexit><latexit sha1_base64="8Ldu7EF9Hs9idRXcKFK1mjqKgoM=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LFbBiyGRQu2t4MVjBfsBbSyb7aZdu8mG3U2hhP4HLx4U8er/8ea/cZtGUNEHA4/3ZpiZ58ecKe04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJKEtIriQXR8ryllEW5ppTruxpDj0Oe34k6uF35lSqZiIbvUspl6IRxELGMHaSO3pXXo+ng/KFceuZ0BLUqvmpO4i13YyVCBHc1B+7w8FSUIaacKxUj3XibWXYqkZ4XRe6ieKxphM8Ij2DI1wSJWXZtfO0alRhigQ0lSkUaZ+n0hxqNQs9E1niPVY/fYW4l9eL9HBpZeyKE40jchyUZBwpAVavI6GTFKi+cwQTCQztyIyxhITbQIqmRC+PkX/k/aF7Tq2e1OtNE7yOIpwBMdwBi7UoAHX0IQWELiHB3iCZ0tYj9aL9bpsLVj5zCH8gPX2CVZOj4w=</latexit>

v�2h
<latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="NTFt6AmlCiu4/Yx+1bNGvy+Qwws=">AAAB43icbZBLSwMxFIXv+Ky1anXrJlgEN5aZbnQpuHFZwT6gHUsmvW1DM5khuVMoQ3+EGxeK+J/c+W9MHwttPRD4OCch954oVdKS7397W9s7u3v7hYPiYeno+KR8WmraJDMCGyJRiWlH3KKSGhskSWE7NcjjSGErGt/P89YEjZWJfqJpimHMh1oOpODkrNbkOb+ujWa9csWv+guxTQhWUIGV6r3yV7efiCxGTUJxazuBn1KYc0NSKJwVu5nFlIsxH2LHoeYx2jBfjDtjl87ps0Fi3NHEFu7vFzmPrZ3GkbsZcxrZ9Wxu/pd1MhrchrnUaUaoxfKjQaYYJWy+O+tLg4LU1AEXRrpZmRhxwwW5hoquhGB95U1o1qqBXw0efSjAOVzAFQRwA3fwAHVogIAxvMAbvHup9+p9LOva8la9ncEfeZ8/z2GN+g==</latexit><latexit sha1_base64="4MG4in9ciDiHBOxQdjjkzNYzcNc=">AAAB43icdZDNSgMxFIXv1L9aq1a3boJFcOMwU4TaneDGZQX7A+1YMmnahmYyQ3KnUIY+hBsXivhO7nwb02kFFT0Q+DgnIfeeMJHCoOd9OIWNza3tneJuaa+8f3BYOSq3TZxqxlsslrHuhtRwKRRvoUDJu4nmNAol74TTm2XemXFtRKzucZ7wIKJjJUaCUbRWZ/aQXdQmi0Gl6rmNXGQF9cs1NHziu16uKqzVHFTe+8OYpRFXyCQ1pud7CQYZ1SiY5ItSPzU8oWxKx7xnUdGImyDLx12QM+sMySjW9igkufv9RUYjY+ZRaG9GFCfmd7Y0/8p6KY6ugkyoJEWu2OqjUSoJxmS5OxkKzRnKuQXKtLCzEjahmjK0DZVsCV+bkv+hXXN9z/XvPCjCCZzCOfhQh2u4hSa0gMEUHuEZXpzEeXJeV3UVnHVvx/BDztsnnkqOjQ==</latexit><latexit sha1_base64="4mFtu8xFKChgdtiCMEkhhB1pfEA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d46leZZHkcRTuAULsCFOjThBlrQBgJTeIAneLZi69F6sV5XrQUrnzmGH7DePgHHpI/E</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit><latexit sha1_base64="hz8eFEIXd/Z/kWQ5LlEvw4stOfM=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LFbBiyEphdpbwYvHCvYD2lg22027dLMJu5tCCf0RXjwo4tXf481/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7d/UD486qgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn14v/e6MSsUicafnMfVCPBYsYARrI3Vn9+lldbIYliuO3ciAVqRey0nDRa7tZKhAjtaw/D4YRSQJqdCEY6X6rhNrL8VSM8LpojRIFI0xmeIx7RsqcEiVl2bnLtC5UUYoiKQpoVGmfp9IcajUPPRNZ4j1RP32luJfXj/RwZWXMhEnmgqyWhQkHOkILX9HIyYp0XxuCCaSmVsRmWCJiTYJlUwIX5+i/0mnaruO7d7WKs2zPI4inMApXIALdWjCDbSgDQSm8ABP8GzF1qP1Yr2uWgtWPnMMP2C9fQLI5I/I</latexit>

(Gralla, Zimmerman 2018)

h ⌘ h(µ, q)
<latexit sha1_base64="ekPZxo3MgZQBJDQtIx6Nb1CXcqE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBqtQQUoihdpdwY3LCvYBTSiT6aQZOnl0HsUS+ituXCji1h9x5984TSOo6IELh3Pu5d57vIRRIS3rwyisrW9sbhW3Szu7e/sH5mG5K2LFMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcr30ezPCBY2jOzlPiBuicUR9ipHU0tAsB9AhU0VnMKg6obqA0/OhWbFqzQxwRRr1nDRtaNesDBWQoz00351RjFVIIokZEmJgW4l0U8QlxYwsSo4SJEF4gsZkoGmEQiLcNLt9Ac+0MoJ+zHVFEmbq94kUhULMQ093hkgG4re3FP/yBkr6V25Ko0RJEuHVIl8xKGO4DAKOKCdYsrkmCHOqb4U4QBxhqeMq6RC+PoX/k+5lzbZq9m290jrN4yiCY3ACqsAGDdACN6ANOgCDe/AAnsCzsTAejRfjddVaMPKZI/ADxtsnCQOTtg==</latexit><latexit sha1_base64="ekPZxo3MgZQBJDQtIx6Nb1CXcqE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBqtQQUoihdpdwY3LCvYBTSiT6aQZOnl0HsUS+ituXCji1h9x5984TSOo6IELh3Pu5d57vIRRIS3rwyisrW9sbhW3Szu7e/sH5mG5K2LFMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcr30ezPCBY2jOzlPiBuicUR9ipHU0tAsB9AhU0VnMKg6obqA0/OhWbFqzQxwRRr1nDRtaNesDBWQoz00351RjFVIIokZEmJgW4l0U8QlxYwsSo4SJEF4gsZkoGmEQiLcNLt9Ac+0MoJ+zHVFEmbq94kUhULMQ093hkgG4re3FP/yBkr6V25Ko0RJEuHVIl8xKGO4DAKOKCdYsrkmCHOqb4U4QBxhqeMq6RC+PoX/k+5lzbZq9m290jrN4yiCY3ACqsAGDdACN6ANOgCDe/AAnsCzsTAejRfjddVaMPKZI/ADxtsnCQOTtg==</latexit><latexit sha1_base64="ekPZxo3MgZQBJDQtIx6Nb1CXcqE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBqtQQUoihdpdwY3LCvYBTSiT6aQZOnl0HsUS+ituXCji1h9x5984TSOo6IELh3Pu5d57vIRRIS3rwyisrW9sbhW3Szu7e/sH5mG5K2LFMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcr30ezPCBY2jOzlPiBuicUR9ipHU0tAsB9AhU0VnMKg6obqA0/OhWbFqzQxwRRr1nDRtaNesDBWQoz00351RjFVIIokZEmJgW4l0U8QlxYwsSo4SJEF4gsZkoGmEQiLcNLt9Ac+0MoJ+zHVFEmbq94kUhULMQ093hkgG4re3FP/yBkr6V25Ko0RJEuHVIl8xKGO4DAKOKCdYsrkmCHOqb4U4QBxhqeMq6RC+PoX/k+5lzbZq9m290jrN4yiCY3ACqsAGDdACN6ANOgCDe/AAnsCzsTAejRfjddVaMPKZI/ADxtsnCQOTtg==</latexit><latexit sha1_base64="ekPZxo3MgZQBJDQtIx6Nb1CXcqE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBqtQQUoihdpdwY3LCvYBTSiT6aQZOnl0HsUS+ituXCji1h9x5984TSOo6IELh3Pu5d57vIRRIS3rwyisrW9sbhW3Szu7e/sH5mG5K2LFMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcr30ezPCBY2jOzlPiBuicUR9ipHU0tAsB9AhU0VnMKg6obqA0/OhWbFqzQxwRRr1nDRtaNesDBWQoz00351RjFVIIokZEmJgW4l0U8QlxYwsSo4SJEF4gsZkoGmEQiLcNLt9Ac+0MoJ+zHVFEmbq94kUhULMQ093hkgG4re3FP/yBkr6V25Ko0RJEuHVIl8xKGO4DAKOKCdYsrkmCHOqb4U4QBxhqeMq6RC+PoX/k+5lzbZq9m290jrN4yiCY3ACqsAGDdACN6ANOgCDe/AAnsCzsTAejRfjddVaMPKZI/ADxtsnCQOTtg==</latexit>

Re !
<latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit><latexit sha1_base64="KxGY4CqmGJuWKymCOqRbs0KcCR8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSh4CrsSiLkFvHiMYh6QDWF20kmGzD6Y6Q2GJX/ixYMiXv0Tb/6Nk80KKlrQUFR1093lx1JodJwPa2V1bX1js7BV3N7Z3du3Dw5bOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7U+uFn57CkqLKLzDWQy9gI1CMRScoZH6tu0h3GN6C3TuRQGMWN8uOeVaBrok1UpOai51y06GEsnR6Nvv3iDiSQAhcsm07rpOjL2UKRRcwrzoJRpixidsBF1DQxaA7qXZ5XN6ZpQBHUbKVIg0U79PpCzQehb4pjNgONa/vYX4l9dNcHjZS0UYJwghXy4aJpJiRBcx0IFQwFHODGFcCXMr5WOmGEcTVtGE8PUp/Z+0LsquU3ZvKqX6aR5HgRyTE3JOXFIldXJNGqRJOJmSB/JEnq3UerRerNdl64qVzxyRH7DePgFoNpQV</latexit>
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Consequences?
Aretakis - only on the future horizon

Not typical instability - scalar field itself decays

Only transverse derivatives of scalar field on the horizon grow at late times

Only Ingoing observers on the horizon see this effect

General covariance prevents observer independent quantities 
from becoming large 

F↵�F↵�
<latexit sha1_base64="88TcEOyVfWqc0oRkR4GQKDeCcMQ=">AAACCnicdVDLSsNAFJ34rPUVdelmtAquQiKF2l1BKC4r2Ac0MdxMp+3QyYOZiVBC1278FTcuFHHrF7jzb5ymFazogQuHc+7l3nuChDOpbPvTWFpeWV1bL2wUN7e2d3bNvf2WjFNBaJPEPBadACTlLKJNxRSnnURQCANO28Hocuq376iQLI5u1DihXgiDiPUZAaUl3zyq32Yu8GQI2A2oggmu+4uCb5Zsq5oDz0ilPCdVBzuWnaOE5mj45ofbi0ka0kgRDlJ2HTtRXgZCMcLppOimkiZARjCgXU0jCKn0svyVCT7VSg/3Y6ErUjhXf05kEEo5DgPdGYIayt/eVPzL66aqf+FlLEpSRSMyW9RPOVYxnuaCe0xQovhYEyCC6VsxGYIAonR6RR3C96f4f9I6txzbcq7LpdrJPI4COkTH6Aw5qIJq6Ao1UBMRdI8e0TN6MR6MJ+PVeJu1LhnzmQO0AOP9C3+Wmrc=</latexit><latexit sha1_base64="88TcEOyVfWqc0oRkR4GQKDeCcMQ=">AAACCnicdVDLSsNAFJ34rPUVdelmtAquQiKF2l1BKC4r2Ac0MdxMp+3QyYOZiVBC1278FTcuFHHrF7jzb5ymFazogQuHc+7l3nuChDOpbPvTWFpeWV1bL2wUN7e2d3bNvf2WjFNBaJPEPBadACTlLKJNxRSnnURQCANO28Hocuq376iQLI5u1DihXgiDiPUZAaUl3zyq32Yu8GQI2A2oggmu+4uCb5Zsq5oDz0ilPCdVBzuWnaOE5mj45ofbi0ka0kgRDlJ2HTtRXgZCMcLppOimkiZARjCgXU0jCKn0svyVCT7VSg/3Y6ErUjhXf05kEEo5DgPdGYIayt/eVPzL66aqf+FlLEpSRSMyW9RPOVYxnuaCe0xQovhYEyCC6VsxGYIAonR6RR3C96f4f9I6txzbcq7LpdrJPI4COkTH6Aw5qIJq6Ao1UBMRdI8e0TN6MR6MJ+PVeJu1LhnzmQO0AOP9C3+Wmrc=</latexit><latexit sha1_base64="88TcEOyVfWqc0oRkR4GQKDeCcMQ=">AAACCnicdVDLSsNAFJ34rPUVdelmtAquQiKF2l1BKC4r2Ac0MdxMp+3QyYOZiVBC1278FTcuFHHrF7jzb5ymFazogQuHc+7l3nuChDOpbPvTWFpeWV1bL2wUN7e2d3bNvf2WjFNBaJPEPBadACTlLKJNxRSnnURQCANO28Hocuq376iQLI5u1DihXgiDiPUZAaUl3zyq32Yu8GQI2A2oggmu+4uCb5Zsq5oDz0ilPCdVBzuWnaOE5mj45ofbi0ka0kgRDlJ2HTtRXgZCMcLppOimkiZARjCgXU0jCKn0svyVCT7VSg/3Y6ErUjhXf05kEEo5DgPdGYIayt/eVPzL66aqf+FlLEpSRSMyW9RPOVYxnuaCe0xQovhYEyCC6VsxGYIAonR6RR3C96f4f9I6txzbcq7LpdrJPI4COkTH6Aw5qIJq6Ao1UBMRdI8e0TN6MR6MJ+PVeJu1LhnzmQO0AOP9C3+Wmrc=</latexit><latexit sha1_base64="88TcEOyVfWqc0oRkR4GQKDeCcMQ=">AAACCnicdVDLSsNAFJ34rPUVdelmtAquQiKF2l1BKC4r2Ac0MdxMp+3QyYOZiVBC1278FTcuFHHrF7jzb5ymFazogQuHc+7l3nuChDOpbPvTWFpeWV1bL2wUN7e2d3bNvf2WjFNBaJPEPBadACTlLKJNxRSnnURQCANO28Hocuq376iQLI5u1DihXgiDiPUZAaUl3zyq32Yu8GQI2A2oggmu+4uCb5Zsq5oDz0ilPCdVBzuWnaOE5mj45ofbi0ka0kgRDlJ2HTtRXgZCMcLppOimkiZARjCgXU0jCKn0svyVCT7VSg/3Y6ErUjhXf05kEEo5DgPdGYIayt/eVPzL66aqf+FlLEpSRSMyW9RPOVYxnuaCe0xQovhYEyCC6VsxGYIAonR6RR3C96f4f9I6txzbcq7LpdrJPI4COkTH6Aw5qIJq6Ao1UBMRdI8e0TN6MR6MJ+PVeJu1LhnzmQO0AOP9C3+Wmrc=</latexit>

E2 = Fµ↵u
↵Fµ�u�

<latexit sha1_base64="RnIfKiJueIgwRwKdClunrdyEMJM=">AAACIHicdZDLSgMxGIUz9VbrbdSlm2AVXJWZUqhdCAWxuKxgL9CZDpk0bUMzF3IRytBHceOruHGhiO70aUxnWlDRA4GPc/6Q/MePGRXSsj6M3Mrq2vpGfrOwtb2zu2fuH7RFpDgmLRyxiHd9JAijIWlJKhnpxpygwGek408u53nnjnBBo/BWTmPiBmgU0iHFSGrLM6tX/TK8gA0vcQIFHcTiMZpB1U+W2OhniU/kPNBzKXlm0SrVUsEMqpUF1Gxol6xURbBQ0zPfnUGEVUBCiRkSomdbsXQTxCXFjMwKjhIkRniCRqSnMUQBEW6SLjiDp9oZwGHE9QklTN3vNxIUCDENfD0ZIDkWv7O5+VfWU3J47iY0jJUkIc4eGioGZQTnbcEB5QRLNtWAMKf6rxCPEUdY6k4LuoTlpvB/aJdLtlWybyrF+smijjw4AsfgDNigCurgGjRBC2BwDx7BM3gxHown49V4y0ZzxuLOIfgh4/MLh1GjOA==</latexit><latexit sha1_base64="RnIfKiJueIgwRwKdClunrdyEMJM=">AAACIHicdZDLSgMxGIUz9VbrbdSlm2AVXJWZUqhdCAWxuKxgL9CZDpk0bUMzF3IRytBHceOruHGhiO70aUxnWlDRA4GPc/6Q/MePGRXSsj6M3Mrq2vpGfrOwtb2zu2fuH7RFpDgmLRyxiHd9JAijIWlJKhnpxpygwGek408u53nnjnBBo/BWTmPiBmgU0iHFSGrLM6tX/TK8gA0vcQIFHcTiMZpB1U+W2OhniU/kPNBzKXlm0SrVUsEMqpUF1Gxol6xURbBQ0zPfnUGEVUBCiRkSomdbsXQTxCXFjMwKjhIkRniCRqSnMUQBEW6SLjiDp9oZwGHE9QklTN3vNxIUCDENfD0ZIDkWv7O5+VfWU3J47iY0jJUkIc4eGioGZQTnbcEB5QRLNtWAMKf6rxCPEUdY6k4LuoTlpvB/aJdLtlWybyrF+smijjw4AsfgDNigCurgGjRBC2BwDx7BM3gxHown49V4y0ZzxuLOIfgh4/MLh1GjOA==</latexit><latexit sha1_base64="RnIfKiJueIgwRwKdClunrdyEMJM=">AAACIHicdZDLSgMxGIUz9VbrbdSlm2AVXJWZUqhdCAWxuKxgL9CZDpk0bUMzF3IRytBHceOruHGhiO70aUxnWlDRA4GPc/6Q/MePGRXSsj6M3Mrq2vpGfrOwtb2zu2fuH7RFpDgmLRyxiHd9JAijIWlJKhnpxpygwGek408u53nnjnBBo/BWTmPiBmgU0iHFSGrLM6tX/TK8gA0vcQIFHcTiMZpB1U+W2OhniU/kPNBzKXlm0SrVUsEMqpUF1Gxol6xURbBQ0zPfnUGEVUBCiRkSomdbsXQTxCXFjMwKjhIkRniCRqSnMUQBEW6SLjiDp9oZwGHE9QklTN3vNxIUCDENfD0ZIDkWv7O5+VfWU3J47iY0jJUkIc4eGioGZQTnbcEB5QRLNtWAMKf6rxCPEUdY6k4LuoTlpvB/aJdLtlWybyrF+smijjw4AsfgDNigCurgGjRBC2BwDx7BM3gxHown49V4y0ZzxuLOIfgh4/MLh1GjOA==</latexit><latexit sha1_base64="RnIfKiJueIgwRwKdClunrdyEMJM=">AAACIHicdZDLSgMxGIUz9VbrbdSlm2AVXJWZUqhdCAWxuKxgL9CZDpk0bUMzF3IRytBHceOruHGhiO70aUxnWlDRA4GPc/6Q/MePGRXSsj6M3Mrq2vpGfrOwtb2zu2fuH7RFpDgmLRyxiHd9JAijIWlJKhnpxpygwGek408u53nnjnBBo/BWTmPiBmgU0iHFSGrLM6tX/TK8gA0vcQIFHcTiMZpB1U+W2OhniU/kPNBzKXlm0SrVUsEMqpUF1Gxol6xURbBQ0zPfnUGEVUBCiRkSomdbsXQTxCXFjMwKjhIkRniCRqSnMUQBEW6SLjiDp9oZwGHE9QklTN3vNxIUCDENfD0ZIDkWv7O5+VfWU3J47iY0jJUkIc4eGioGZQTnbcEB5QRLNtWAMKf6rxCPEUdY6k4LuoTlpvB/aJdLtlWybyrF+smijjw4AsfgDNigCurgGjRBC2BwDx7BM3gxHown49V4y0ZzxuLOIfgh4/MLh1GjOA==</latexit>
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decays decays grows

Field strength 
invariant

Kretschmann 
invariant

Squared electric field strength 
observed by infalling observer

(Gralla, Zimmerman 
2018)



Universal framework for Aretakis exists

What consequences does the Aretakis instability have for holography?

No proof for non-compact horizon topologies

Going forward
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Never studied in asymptotically Anti-de-Sitter spacetimes

Theorem confirms instability for spacetimes with a compact horizon

No explicit example with a non-compact horizon studied

A field of research that is interested in asymptotically AdS spacetimes - Holography



Holography (Gauge-Gravity duality)
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4d strongly coupled Super Yang MillsN = 4
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=<latexit sha1_base64="k/nkS0ybwx+b5rHpB7MmoZdFNng=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBQ8LbsSiDkIAS8eEzAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42SzgooWNBRV3XR3+YngSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJcMWi0Usuz5VKHiELc21wG4ikYa+wI4/uV74nXuUisfRrZ4m6IV0FPGAM6qN1LwalMqOXctAlqRayUnNJa7tZChDjsag9N4fxiwNMdJMUKV6rpNob0al5kzgvNhPFSaUTegIe4ZGNETlzbJD5+TMKEMSxNJUpEmmfp+Y0VCpaeibzpDqsfrtLcS/vF6qg0tvxqMk1Rix5aIgFUTHZPE1GXKJTIupIZRJbm4lbEwlZdpkUzQhfH1K/iftC9t1bLdZKddP8zgKcAwncA4uVKEON9CAFjBAeIAneLburEfrxXpdtq5Y+cwR/ID19glZAY02</latexit><latexit sha1_base64="k/nkS0ybwx+b5rHpB7MmoZdFNng=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBQ8LbsSiDkIAS8eEzAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42SzgooWNBRV3XR3+YngSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJcMWi0Usuz5VKHiELc21wG4ikYa+wI4/uV74nXuUisfRrZ4m6IV0FPGAM6qN1LwalMqOXctAlqRayUnNJa7tZChDjsag9N4fxiwNMdJMUKV6rpNob0al5kzgvNhPFSaUTegIe4ZGNETlzbJD5+TMKEMSxNJUpEmmfp+Y0VCpaeibzpDqsfrtLcS/vF6qg0tvxqMk1Rix5aIgFUTHZPE1GXKJTIupIZRJbm4lbEwlZdpkUzQhfH1K/iftC9t1bLdZKddP8zgKcAwncA4uVKEON9CAFjBAeIAneLburEfrxXpdtq5Y+cwR/ID19glZAY02</latexit><latexit sha1_base64="k/nkS0ybwx+b5rHpB7MmoZdFNng=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBQ8LbsSiDkIAS8eEzAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42SzgooWNBRV3XR3+YngSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJcMWi0Usuz5VKHiELc21wG4ikYa+wI4/uV74nXuUisfRrZ4m6IV0FPGAM6qN1LwalMqOXctAlqRayUnNJa7tZChDjsag9N4fxiwNMdJMUKV6rpNob0al5kzgvNhPFSaUTegIe4ZGNETlzbJD5+TMKEMSxNJUpEmmfp+Y0VCpaeibzpDqsfrtLcS/vF6qg0tvxqMk1Rix5aIgFUTHZPE1GXKJTIupIZRJbm4lbEwlZdpkUzQhfH1K/iftC9t1bLdZKddP8zgKcAwncA4uVKEON9CAFjBAeIAneLburEfrxXpdtq5Y+cwR/ID19glZAY02</latexit><latexit sha1_base64="k/nkS0ybwx+b5rHpB7MmoZdFNng=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBQ8LbsSiDkIAS8eEzAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42SzgooWNBRV3XR3+YngSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJcMWi0Usuz5VKHiELc21wG4ikYa+wI4/uV74nXuUisfRrZ4m6IV0FPGAM6qN1LwalMqOXctAlqRayUnNJa7tZChDjsag9N4fxiwNMdJMUKV6rpNob0al5kzgvNhPFSaUTegIe4ZGNETlzbJD5+TMKEMSxNJUpEmmfp+Y0VCpaeibzpDqsfrtLcS/vF6qg0tvxqMk1Rix5aIgFUTHZPE1GXKJTIupIZRJbm4lbEwlZdpkUzQhfH1K/iftC9t1bLdZKddP8zgKcAwncA4uVKEON9CAFjBAeIAneLburEfrxXpdtq5Y+cwR/ID19glZAY02</latexit>

IIB strings on AdS5 ⇥ S5
<latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit>

Theories of quantum gravity in 
d + 1 dimensions

Non-gravitational conformal QFTs 
on the d-dimensional boundary$

<latexit sha1_base64="jV82m9GMcXhqmf3dYAaDkku9XBA=">AAAB+HicdVBNS8NAEN34WetHox69LFbBU0ikUHsrePFYwX5AG8pmu2mXbjZhd6LU0F/ixYMiXv0p3vw3btMIKvpg4PHeDDPzgkRwDa77Ya2srq1vbJa2yts7u3sVe/+go+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXi787i1TmsfyBmYJ8yMyljzklICRhnZlIFgIio8nQJSK74Z21XUaOfCS1GsFaXjYc9wcVVSgNbTfB6OYphGTQAXRuu+5CfgZUcCpYPPyINUsIXRKxqxvqCQR036WHz7Hp0YZ4TBWpiTgXP0+kZFI61kUmM6IwET/9hbiX14/hfDCz7hMUmCSLheFqcAQ40UKeMQVoyBmhhCquLkV0wlRhILJqmxC+PoU/086547nOt51rdo8KeIooSN0jM6Qh+qoia5QC7URRSl6QE/o2bq3Hq0X63XZumIVM4foB6y3TzaKlAY=</latexit><latexit sha1_base64="jV82m9GMcXhqmf3dYAaDkku9XBA=">AAAB+HicdVBNS8NAEN34WetHox69LFbBU0ikUHsrePFYwX5AG8pmu2mXbjZhd6LU0F/ixYMiXv0p3vw3btMIKvpg4PHeDDPzgkRwDa77Ya2srq1vbJa2yts7u3sVe/+go+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXi787i1TmsfyBmYJ8yMyljzklICRhnZlIFgIio8nQJSK74Z21XUaOfCS1GsFaXjYc9wcVVSgNbTfB6OYphGTQAXRuu+5CfgZUcCpYPPyINUsIXRKxqxvqCQR036WHz7Hp0YZ4TBWpiTgXP0+kZFI61kUmM6IwET/9hbiX14/hfDCz7hMUmCSLheFqcAQ40UKeMQVoyBmhhCquLkV0wlRhILJqmxC+PoU/086547nOt51rdo8KeIooSN0jM6Qh+qoia5QC7URRSl6QE/o2bq3Hq0X63XZumIVM4foB6y3TzaKlAY=</latexit><latexit sha1_base64="jV82m9GMcXhqmf3dYAaDkku9XBA=">AAAB+HicdVBNS8NAEN34WetHox69LFbBU0ikUHsrePFYwX5AG8pmu2mXbjZhd6LU0F/ixYMiXv0p3vw3btMIKvpg4PHeDDPzgkRwDa77Ya2srq1vbJa2yts7u3sVe/+go+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXi787i1TmsfyBmYJ8yMyljzklICRhnZlIFgIio8nQJSK74Z21XUaOfCS1GsFaXjYc9wcVVSgNbTfB6OYphGTQAXRuu+5CfgZUcCpYPPyINUsIXRKxqxvqCQR036WHz7Hp0YZ4TBWpiTgXP0+kZFI61kUmM6IwET/9hbiX14/hfDCz7hMUmCSLheFqcAQ40UKeMQVoyBmhhCquLkV0wlRhILJqmxC+PoU/086547nOt51rdo8KeIooSN0jM6Qh+qoia5QC7URRSl6QE/o2bq3Hq0X63XZumIVM4foB6y3TzaKlAY=</latexit><latexit sha1_base64="jV82m9GMcXhqmf3dYAaDkku9XBA=">AAAB+HicdVBNS8NAEN34WetHox69LFbBU0ikUHsrePFYwX5AG8pmu2mXbjZhd6LU0F/ixYMiXv0p3vw3btMIKvpg4PHeDDPzgkRwDa77Ya2srq1vbJa2yts7u3sVe/+go+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXi787i1TmsfyBmYJ8yMyljzklICRhnZlIFgIio8nQJSK74Z21XUaOfCS1GsFaXjYc9wcVVSgNbTfB6OYphGTQAXRuu+5CfgZUcCpYPPyINUsIXRKxqxvqCQR036WHz7Hp0YZ4TBWpiTgXP0+kZFI61kUmM6IwET/9hbiX14/hfDCz7hMUmCSLheFqcAQ40UKeMQVoyBmhhCquLkV0wlRhILJqmxC+PoU/086547nOt51rdo8KeIooSN0jM6Qh+qoia5QC7URRSl6QE/o2bq3Hq0X63XZumIVM4foB6y3TzaKlAY=</latexit>

Field on boundary of gravitational system is related to operator of a CFT

Enough for us to work with to see what consequences Aretakis might have for holography



!10

pRNAdS5
<latexit sha1_base64="lUsImZV9347x4YyF8C12nHAInAs=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCp2FGIjG3iBdPEpcskITQ09NJmvT0DN01YhzyJV48KOLVT/Hm39hZBBV9UPB4r4qqen4suAbX/bAyC4tLyyvZ1dza+sZm3t7arusoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwh2cTv3HLlOaRvIFRzDoh6Uve45SAkbp2vg3sDtL46uI0uB53j7t2wXXKU+AZKRXnpOxhz3GnKKA5ql37vR1ENAmZBCqI1i3PjaGTEgWcCjbOtRPNYkKHpM9ahkoSMt1Jp4eP8YFRAtyLlCkJeKp+n0hJqPUo9E1nSGCgf3sT8S+vlUDvpJNyGSfAJJ0t6iUCQ4QnKeCAK0ZBjAwhVHFzK6YDoggFk1XOhPD1Kf6f1I8cz3W8y2Khsj+PI4t20R46RB4qoQo6R1VUQxQl6AE9oWfr3nq0XqzXWWvGms/soB+w3j4BSs2Taw==</latexit><latexit sha1_base64="lUsImZV9347x4YyF8C12nHAInAs=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCp2FGIjG3iBdPEpcskITQ09NJmvT0DN01YhzyJV48KOLVT/Hm39hZBBV9UPB4r4qqen4suAbX/bAyC4tLyyvZ1dza+sZm3t7arusoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwh2cTv3HLlOaRvIFRzDoh6Uve45SAkbp2vg3sDtL46uI0uB53j7t2wXXKU+AZKRXnpOxhz3GnKKA5ql37vR1ENAmZBCqI1i3PjaGTEgWcCjbOtRPNYkKHpM9ahkoSMt1Jp4eP8YFRAtyLlCkJeKp+n0hJqPUo9E1nSGCgf3sT8S+vlUDvpJNyGSfAJJ0t6iUCQ4QnKeCAK0ZBjAwhVHFzK6YDoggFk1XOhPD1Kf6f1I8cz3W8y2Khsj+PI4t20R46RB4qoQo6R1VUQxQl6AE9oWfr3nq0XqzXWWvGms/soB+w3j4BSs2Taw==</latexit><latexit sha1_base64="lUsImZV9347x4YyF8C12nHAInAs=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCp2FGIjG3iBdPEpcskITQ09NJmvT0DN01YhzyJV48KOLVT/Hm39hZBBV9UPB4r4qqen4suAbX/bAyC4tLyyvZ1dza+sZm3t7arusoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwh2cTv3HLlOaRvIFRzDoh6Uve45SAkbp2vg3sDtL46uI0uB53j7t2wXXKU+AZKRXnpOxhz3GnKKA5ql37vR1ENAmZBCqI1i3PjaGTEgWcCjbOtRPNYkKHpM9ahkoSMt1Jp4eP8YFRAtyLlCkJeKp+n0hJqPUo9E1nSGCgf3sT8S+vlUDvpJNyGSfAJJ0t6iUCQ4QnKeCAK0ZBjAwhVHFzK6YDoggFk1XOhPD1Kf6f1I8cz3W8y2Khsj+PI4t20R46RB4qoQo6R1VUQxQl6AE9oWfr3nq0XqzXWWvGms/soB+w3j4BSs2Taw==</latexit><latexit sha1_base64="lUsImZV9347x4YyF8C12nHAInAs=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCp2FGIjG3iBdPEpcskITQ09NJmvT0DN01YhzyJV48KOLVT/Hm39hZBBV9UPB4r4qqen4suAbX/bAyC4tLyyvZ1dza+sZm3t7arusoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwh2cTv3HLlOaRvIFRzDoh6Uve45SAkbp2vg3sDtL46uI0uB53j7t2wXXKU+AZKRXnpOxhz3GnKKA5ql37vR1ENAmZBCqI1i3PjaGTEgWcCjbOtRPNYkKHpM9ahkoSMt1Jp4eP8YFRAtyLlCkJeKp+n0hJqPUo9E1nSGCgf3sT8S+vlUDvpJNyGSfAJJ0t6iUCQ4QnKeCAK0ZBjAwhVHFzK6YDoggFk1XOhPD1Kf6f1I8cz3W8y2Khsj+PI4t20R46RB4qoQo6R1VUQxQl6AE9oWfr3nq0XqzXWWvGms/soB+w3j4BSs2Taw==</latexit>

ds2 =
`2

z2

✓
�fd⌧2 +

dz2

f
+ d~y2

◆

<latexit sha1_base64="4C3+PVsGH0e3M0aq0stkKh6EJG0="></latexit><latexit sha1_base64="4C3+PVsGH0e3M0aq0stkKh6EJG0="></latexit><latexit sha1_base64="4C3+PVsGH0e3M0aq0stkKh6EJG0="></latexit><latexit sha1_base64="4C3+PVsGH0e3M0aq0stkKh6EJG0="></latexit>

z ! 0
<latexit sha1_base64="k8UmSR7W4CdqlyIlpoMyEJaGj+A=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j52hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08PG5NF</latexit><latexit sha1_base64="k8UmSR7W4CdqlyIlpoMyEJaGj+A=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j52hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08PG5NF</latexit><latexit sha1_base64="k8UmSR7W4CdqlyIlpoMyEJaGj+A=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j52hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08PG5NF</latexit><latexit sha1_base64="k8UmSR7W4CdqlyIlpoMyEJaGj+A=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j52hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08PG5NF</latexit>

z ! 1
<latexit sha1_base64="sX3U7ngnw3jh/ipD24RIOTbO/IM=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j92hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08Qn5NG</latexit><latexit sha1_base64="sX3U7ngnw3jh/ipD24RIOTbO/IM=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j92hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08Qn5NG</latexit><latexit sha1_base64="sX3U7ngnw3jh/ipD24RIOTbO/IM=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j92hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08Qn5NG</latexit><latexit sha1_base64="sX3U7ngnw3jh/ipD24RIOTbO/IM=">AAAB+HicdVBNS8NAEN3Ur1o/GvXoZbEKnkoihdpbwYvHCvYD2lA22027dLMJuxOlDf0lXjwo4tWf4s1/4zaNoKIPBh7vzTAzz48F1+A4H1ZhbX1jc6u4XdrZ3dsv2weHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Grpd++Y0jyStzCLmReSseQBpwSMNLTLczxQfDwBolR0j92hXXGqjQx4Req1nDRc7FadDBWUozW03wejiCYhk0AF0brvOjF4KVHAqWCL0iDRLCZ0Ssasb6gkIdNemh2+wGdGGeEgUqYk4Ez9PpGSUOtZ6JvOkMBE//aW4l9eP4Hg0ku5jBNgkq4WBYnAEOFlCnjEFaMgZoYQqri5FdMJUYSCyapkQvj6FP9POhdV16m6N7VK8zSPo4iO0Qk6Ry6qoya6Ri3URhQl6AE9oWdrbj1aL9brqrVg5TNH6Aest08Qn5NG</latexit>

Boundary Horizon

1� z ⇠ x x ⌧ 1
<latexit sha1_base64="jFUmvnfTGzusk73eWlhnZSPIEqk=">AAACAnicdZDLSsNAFIYn9VbrLepK3AxWwY0hkULtruDGZQV7gSaUyWTSDp1cOjMRayhufBU3LhRx61O4822cpBFU9IeBj/+cw5nzuzGjQprmh1ZaWFxaXimvVtbWNza39O2djogSjkkbRyziPRcJwmhI2pJKRnoxJyhwGem64/Os3r0mXNAovJLTmDgBGobUpxhJZQ30PevkFtqCBvAG2pNJgrwMGIPWQK+aRiMXnEO9VkDDgpZh5qqCQq2B/m57EU4CEkrMkBB9y4ylkyIuKWZkVrETQWKEx2hI+gpDFBDhpPkJM3ikHA/6EVcvlDB3v0+kKBBiGriqM0ByJH7XMvOvWj+R/pmT0jBOJAnxfJGfMCgjmOUBPcoJlmyqAGFO1V8hHiGOsFSpVVQIX5fC/6FzalimYV3Wqs3DIo4y2AcH4BhYoA6a4AK0QBtgcAcewBN41u61R+1Fe523lrRiZhf8kPb2CX3hliQ=</latexit><latexit sha1_base64="jFUmvnfTGzusk73eWlhnZSPIEqk=">AAACAnicdZDLSsNAFIYn9VbrLepK3AxWwY0hkULtruDGZQV7gSaUyWTSDp1cOjMRayhufBU3LhRx61O4822cpBFU9IeBj/+cw5nzuzGjQprmh1ZaWFxaXimvVtbWNza39O2djogSjkkbRyziPRcJwmhI2pJKRnoxJyhwGem64/Os3r0mXNAovJLTmDgBGobUpxhJZQ30PevkFtqCBvAG2pNJgrwMGIPWQK+aRiMXnEO9VkDDgpZh5qqCQq2B/m57EU4CEkrMkBB9y4ylkyIuKWZkVrETQWKEx2hI+gpDFBDhpPkJM3ikHA/6EVcvlDB3v0+kKBBiGriqM0ByJH7XMvOvWj+R/pmT0jBOJAnxfJGfMCgjmOUBPcoJlmyqAGFO1V8hHiGOsFSpVVQIX5fC/6FzalimYV3Wqs3DIo4y2AcH4BhYoA6a4AK0QBtgcAcewBN41u61R+1Fe523lrRiZhf8kPb2CX3hliQ=</latexit><latexit sha1_base64="jFUmvnfTGzusk73eWlhnZSPIEqk=">AAACAnicdZDLSsNAFIYn9VbrLepK3AxWwY0hkULtruDGZQV7gSaUyWTSDp1cOjMRayhufBU3LhRx61O4822cpBFU9IeBj/+cw5nzuzGjQprmh1ZaWFxaXimvVtbWNza39O2djogSjkkbRyziPRcJwmhI2pJKRnoxJyhwGem64/Os3r0mXNAovJLTmDgBGobUpxhJZQ30PevkFtqCBvAG2pNJgrwMGIPWQK+aRiMXnEO9VkDDgpZh5qqCQq2B/m57EU4CEkrMkBB9y4ylkyIuKWZkVrETQWKEx2hI+gpDFBDhpPkJM3ikHA/6EVcvlDB3v0+kKBBiGriqM0ByJH7XMvOvWj+R/pmT0jBOJAnxfJGfMCgjmOUBPcoJlmyqAGFO1V8hHiGOsFSpVVQIX5fC/6FzalimYV3Wqs3DIo4y2AcH4BhYoA6a4AK0QBtgcAcewBN41u61R+1Fe523lrRiZhf8kPb2CX3hliQ=</latexit><latexit sha1_base64="jFUmvnfTGzusk73eWlhnZSPIEqk=">AAACAnicdZDLSsNAFIYn9VbrLepK3AxWwY0hkULtruDGZQV7gSaUyWTSDp1cOjMRayhufBU3LhRx61O4822cpBFU9IeBj/+cw5nzuzGjQprmh1ZaWFxaXimvVtbWNza39O2djogSjkkbRyziPRcJwmhI2pJKRnoxJyhwGem64/Os3r0mXNAovJLTmDgBGobUpxhJZQ30PevkFtqCBvAG2pNJgrwMGIPWQK+aRiMXnEO9VkDDgpZh5qqCQq2B/m57EU4CEkrMkBB9y4ylkyIuKWZkVrETQWKEx2hI+gpDFBDhpPkJM3ikHA/6EVcvlDB3v0+kKBBiGriqM0ByJH7XMvOvWj+R/pmT0jBOJAnxfJGfMCgjmOUBPcoJlmyqAGFO1V8hHiGOsFSpVVQIX5fC/6FzalimYV3Wqs3DIo4y2AcH4BhYoA6a4AK0QBtgcAcewBN41u61R+1Fe523lrRiZhf8kPb2CX3hliQ=</latexit>

Extremal limit

f = 1� 3z4(1� 2�) + 2z6(1� 3�)
<latexit sha1_base64="2R9BvjW01xV8Mt2ssaYCsh+fg1M="></latexit><latexit sha1_base64="2R9BvjW01xV8Mt2ssaYCsh+fg1M="></latexit><latexit sha1_base64="2R9BvjW01xV8Mt2ssaYCsh+fg1M="></latexit><latexit sha1_base64="2R9BvjW01xV8Mt2ssaYCsh+fg1M="></latexit>

Parameters of black hole -  
charge density and AdS length

Re-parameterize to make 
temperature a parameter

T / � ! 0
<latexit sha1_base64="kL86JAXYCM5tueXo6hPwUcnCVPU=">AAACB3icdVDLSgMxFM34rPU16lKQYBVclRkp1O4KblxW6As6Q8mkmWloMhmSjFKG7tz4K25cKOLWX3Dn35hOR1DRA4HDOfdyc06QMKq043xYS8srq2vrpY3y5tb2zq69t99VIpWYdLBgQvYDpAijMeloqhnpJ5IgHjDSCyaXc793Q6SiIm7raUJ8jqKYhhQjbaShfdSGXiJFogX0FI04gp6k0VgjKcUtdIZ2xak2csAFqdcK0nChW3VyVECB1tB+90YCp5zEGjOk1MB1Eu1nSGqKGZmVvVSRBOEJisjA0BhxovwszzGDp0YZwVBI82INc/X7Roa4UlMemEmO9Fj99ubiX94g1eGFn9E4STWJ8eJQmDJoUs9LgSMqCdZsagjCkpq/QjxGEmFtqiubEr6Swv9J97zqOlX3ulZpnhR1lMAhOAZnwAV10ARXoAU6AIM78ACewLN1bz1aL9brYnTJKnYOwA9Yb58WnJli</latexit><latexit sha1_base64="kL86JAXYCM5tueXo6hPwUcnCVPU=">AAACB3icdVDLSgMxFM34rPU16lKQYBVclRkp1O4KblxW6As6Q8mkmWloMhmSjFKG7tz4K25cKOLWX3Dn35hOR1DRA4HDOfdyc06QMKq043xYS8srq2vrpY3y5tb2zq69t99VIpWYdLBgQvYDpAijMeloqhnpJ5IgHjDSCyaXc793Q6SiIm7raUJ8jqKYhhQjbaShfdSGXiJFogX0FI04gp6k0VgjKcUtdIZ2xak2csAFqdcK0nChW3VyVECB1tB+90YCp5zEGjOk1MB1Eu1nSGqKGZmVvVSRBOEJisjA0BhxovwszzGDp0YZwVBI82INc/X7Roa4UlMemEmO9Fj99ubiX94g1eGFn9E4STWJ8eJQmDJoUs9LgSMqCdZsagjCkpq/QjxGEmFtqiubEr6Swv9J97zqOlX3ulZpnhR1lMAhOAZnwAV10ARXoAU6AIM78ACewLN1bz1aL9brYnTJKnYOwA9Yb58WnJli</latexit><latexit sha1_base64="kL86JAXYCM5tueXo6hPwUcnCVPU=">AAACB3icdVDLSgMxFM34rPU16lKQYBVclRkp1O4KblxW6As6Q8mkmWloMhmSjFKG7tz4K25cKOLWX3Dn35hOR1DRA4HDOfdyc06QMKq043xYS8srq2vrpY3y5tb2zq69t99VIpWYdLBgQvYDpAijMeloqhnpJ5IgHjDSCyaXc793Q6SiIm7raUJ8jqKYhhQjbaShfdSGXiJFogX0FI04gp6k0VgjKcUtdIZ2xak2csAFqdcK0nChW3VyVECB1tB+90YCp5zEGjOk1MB1Eu1nSGqKGZmVvVSRBOEJisjA0BhxovwszzGDp0YZwVBI82INc/X7Roa4UlMemEmO9Fj99ubiX94g1eGFn9E4STWJ8eJQmDJoUs9LgSMqCdZsagjCkpq/QjxGEmFtqiubEr6Swv9J97zqOlX3ulZpnhR1lMAhOAZnwAV10ARXoAU6AIM78ACewLN1bz1aL9brYnTJKnYOwA9Yb58WnJli</latexit><latexit sha1_base64="kL86JAXYCM5tueXo6hPwUcnCVPU=">AAACB3icdVDLSgMxFM34rPU16lKQYBVclRkp1O4KblxW6As6Q8mkmWloMhmSjFKG7tz4K25cKOLWX3Dn35hOR1DRA4HDOfdyc06QMKq043xYS8srq2vrpY3y5tb2zq69t99VIpWYdLBgQvYDpAijMeloqhnpJ5IgHjDSCyaXc793Q6SiIm7raUJ8jqKYhhQjbaShfdSGXiJFogX0FI04gp6k0VgjKcUtdIZ2xak2csAFqdcK0nChW3VyVECB1tB+90YCp5zEGjOk1MB1Eu1nSGqKGZmVvVSRBOEJisjA0BhxovwszzGDp0YZwVBI82INc/X7Roa4UlMemEmO9Fj99ubiX94g1eGFn9E4STWJ8eJQmDJoUs9LgSMqCdZsagjCkpq/QjxGEmFtqiubEr6Swv9J97zqOlX3ulZpnhR1lMAhOAZnwAV10ARXoAU6AIM78ACewLN1bz1aL9brYnTJKnYOwA9Yb58WnJli</latexit>

Planar Reissner-Nordström 
Anti-de-Sitter in 5d

(Gralla, Ravishankar, 
Zimmerman 2018)

Maxwell field coupled to AdS gravity in 5 dimensions



(D2 � µ2) = 0
<latexit sha1_base64="0Y2IBl8VJiubaQV94bw+ZOJmNZo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iFurAkpVC7EAq6cFnBPqBJy2Q6aYdOJmFmIpRQ8FfcuFDErd/hzr9xmkZQ0QMXDufcy733eBGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yeXc79wRIWnIb9U0Im6ARpz6FCOlpYF5ULrqV+AZdIK4Xzl1IknhBbQGZtEq11PABalVM1K3oV22UhRBhubAfHeGIY4DwhVmSMqebUXKTZBQFDMyKzixJBHCEzQiPU05Coh0k/T8GTzRyhD6odDFFUzV7xMJCqScBp7uDJAay9/eXPzL68XKP3cTyqNYEY4Xi/yYQRXCeRZwSAXBik01QVhQfSvEYyQQVjqxgg7h61P4P2lXyrZVtm+qxcZxFkceHIIjUAI2qIEGuAZN0AIYJOABPIFn4954NF6M10Vrzshm9sEPGG+fN1OTpw==</latexit><latexit sha1_base64="0Y2IBl8VJiubaQV94bw+ZOJmNZo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iFurAkpVC7EAq6cFnBPqBJy2Q6aYdOJmFmIpRQ8FfcuFDErd/hzr9xmkZQ0QMXDufcy733eBGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yeXc79wRIWnIb9U0Im6ARpz6FCOlpYF5ULrqV+AZdIK4Xzl1IknhBbQGZtEq11PABalVM1K3oV22UhRBhubAfHeGIY4DwhVmSMqebUXKTZBQFDMyKzixJBHCEzQiPU05Coh0k/T8GTzRyhD6odDFFUzV7xMJCqScBp7uDJAay9/eXPzL68XKP3cTyqNYEY4Xi/yYQRXCeRZwSAXBik01QVhQfSvEYyQQVjqxgg7h61P4P2lXyrZVtm+qxcZxFkceHIIjUAI2qIEGuAZN0AIYJOABPIFn4954NF6M10Vrzshm9sEPGG+fN1OTpw==</latexit><latexit sha1_base64="0Y2IBl8VJiubaQV94bw+ZOJmNZo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iFurAkpVC7EAq6cFnBPqBJy2Q6aYdOJmFmIpRQ8FfcuFDErd/hzr9xmkZQ0QMXDufcy733eBGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yeXc79wRIWnIb9U0Im6ARpz6FCOlpYF5ULrqV+AZdIK4Xzl1IknhBbQGZtEq11PABalVM1K3oV22UhRBhubAfHeGIY4DwhVmSMqebUXKTZBQFDMyKzixJBHCEzQiPU05Coh0k/T8GTzRyhD6odDFFUzV7xMJCqScBp7uDJAay9/eXPzL68XKP3cTyqNYEY4Xi/yYQRXCeRZwSAXBik01QVhQfSvEYyQQVjqxgg7h61P4P2lXyrZVtm+qxcZxFkceHIIjUAI2qIEGuAZN0AIYJOABPIFn4954NF6M10Vrzshm9sEPGG+fN1OTpw==</latexit><latexit sha1_base64="0Y2IBl8VJiubaQV94bw+ZOJmNZo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iFurAkpVC7EAq6cFnBPqBJy2Q6aYdOJmFmIpRQ8FfcuFDErd/hzr9xmkZQ0QMXDufcy733eBGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yeXc79wRIWnIb9U0Im6ARpz6FCOlpYF5ULrqV+AZdIK4Xzl1IknhBbQGZtEq11PABalVM1K3oV22UhRBhubAfHeGIY4DwhVmSMqebUXKTZBQFDMyKzixJBHCEzQiPU05Coh0k/T8GTzRyhD6odDFFUzV7xMJCqScBp7uDJAay9/eXPzL68XKP3cTyqNYEY4Xi/yYQRXCeRZwSAXBik01QVhQfSvEYyQQVjqxgg7h61P4P2lXyrZVtm+qxcZxFkceHIIjUAI2qIEGuAZN0AIYJOABPIFn4954NF6M10Vrzshm9sEPGG+fN1OTpw==</latexit>

Dµ = rµ � iqAµ
<latexit sha1_base64="oVy/wXTbxzvTAg4DDi506wFYLhM=">AAACCHicdZBNS8MwGMfT+Tbn29SjB4NT8GJpZTB3ECZ68DjBvcDajTRLt7A0rUkqjLKjF7+KFw+KePUjePPbmK0VVPQPgV/+z/OQPH8vYlQqy/owcnPzC4tL+eXCyura+kZxc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90Pq23bomQNOTXahwRN0ADTn2KkdJWr7h70XWCGJ5ChyOPoW6ibxN4RG/OUuwVS5ZZnQmmUClnULWhbVozlUCmeq/47vRDHAeEK8yQlB3bipSbIKEoZmRScGJJIoRHaEA6GjkKiHST2SITeKCdPvRDoQ9XcOZ+n0hQIOU48HRngNRQ/q5Nzb9qnVj5J25CeRQrwnH6kB8zqEI4TQX2qSBYsbEGhAXVf4V4iATCSmdX0CF8bQr/h+axaVumfVUu1fazOPJgB+yBQ2CDCqiBS1AHDYDBHXgAT+DZuDcejRfjNW3NGdnMNvgh4+0Thi6ZnQ==</latexit><latexit sha1_base64="oVy/wXTbxzvTAg4DDi506wFYLhM=">AAACCHicdZBNS8MwGMfT+Tbn29SjB4NT8GJpZTB3ECZ68DjBvcDajTRLt7A0rUkqjLKjF7+KFw+KePUjePPbmK0VVPQPgV/+z/OQPH8vYlQqy/owcnPzC4tL+eXCyura+kZxc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90Pq23bomQNOTXahwRN0ADTn2KkdJWr7h70XWCGJ5ChyOPoW6ibxN4RG/OUuwVS5ZZnQmmUClnULWhbVozlUCmeq/47vRDHAeEK8yQlB3bipSbIKEoZmRScGJJIoRHaEA6GjkKiHST2SITeKCdPvRDoQ9XcOZ+n0hQIOU48HRngNRQ/q5Nzb9qnVj5J25CeRQrwnH6kB8zqEI4TQX2qSBYsbEGhAXVf4V4iATCSmdX0CF8bQr/h+axaVumfVUu1fazOPJgB+yBQ2CDCqiBS1AHDYDBHXgAT+DZuDcejRfjNW3NGdnMNvgh4+0Thi6ZnQ==</latexit><latexit sha1_base64="oVy/wXTbxzvTAg4DDi506wFYLhM=">AAACCHicdZBNS8MwGMfT+Tbn29SjB4NT8GJpZTB3ECZ68DjBvcDajTRLt7A0rUkqjLKjF7+KFw+KePUjePPbmK0VVPQPgV/+z/OQPH8vYlQqy/owcnPzC4tL+eXCyura+kZxc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90Pq23bomQNOTXahwRN0ADTn2KkdJWr7h70XWCGJ5ChyOPoW6ibxN4RG/OUuwVS5ZZnQmmUClnULWhbVozlUCmeq/47vRDHAeEK8yQlB3bipSbIKEoZmRScGJJIoRHaEA6GjkKiHST2SITeKCdPvRDoQ9XcOZ+n0hQIOU48HRngNRQ/q5Nzb9qnVj5J25CeRQrwnH6kB8zqEI4TQX2qSBYsbEGhAXVf4V4iATCSmdX0CF8bQr/h+axaVumfVUu1fazOPJgB+yBQ2CDCqiBS1AHDYDBHXgAT+DZuDcejRfjNW3NGdnMNvgh4+0Thi6ZnQ==</latexit><latexit sha1_base64="oVy/wXTbxzvTAg4DDi506wFYLhM=">AAACCHicdZBNS8MwGMfT+Tbn29SjB4NT8GJpZTB3ECZ68DjBvcDajTRLt7A0rUkqjLKjF7+KFw+KePUjePPbmK0VVPQPgV/+z/OQPH8vYlQqy/owcnPzC4tL+eXCyura+kZxc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90Pq23bomQNOTXahwRN0ADTn2KkdJWr7h70XWCGJ5ChyOPoW6ibxN4RG/OUuwVS5ZZnQmmUClnULWhbVozlUCmeq/47vRDHAeEK8yQlB3bipSbIKEoZmRScGJJIoRHaEA6GjkKiHST2SITeKCdPvRDoQ9XcOZ+n0hQIOU48HRngNRQ/q5Nzb9qnVj5J25CeRQrwnH6kB8zqEI4TQX2qSBYsbEGhAXVf4V4iATCSmdX0CF8bQr/h+axaVumfVUu1fazOPJgB+yBQ2CDCqiBS1AHDYDBHXgAT+DZuDcejRfjNW3NGdnMNvgh4+0Thi6ZnQ==</latexit>

details of geometry

coupled to gauge field
(D2 � µ2)G = �

<latexit sha1_base64="EvAmi0vvcN/BJAMOlUv4mZ4VU7Q=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0JBQZcV7AOatEwmEzt08mBmIpTQjb/ixoUibv0Md/6N0zSCih64cDjnXu69x40ZFdI0P7TCwuLS8kpxtbS2vrG5pW/vdESUcEzaOGIR77lIEEZD0pZUMtKLOUGBy0jXHZ/P/O4d4YJG4Y2cxMQJ0G1IfYqRVNJQ36tcDKrwBNpBMqgeX8IzaHuESTTUy6bRyADnpF7LScOClmFmKIMcraH+bnsRTgISSsyQEH3LjKWTIi4pZmRashNBYoTH6Jb0FQ1RQISTZg9M4ZFSPOhHXFUoYaZ+n0hRIMQkcFVngORI/PZm4l9eP5H+qZPSME4kCfF8kZ8wKCM4SwN6lBMs2UQRhDlVt0I8QhxhqTIrqRC+PoX/k07VsEzDuq6Vm4d5HEWwDw5ABVigDprgCrRAG2AwBQ/gCTxr99qj9qK9zlsLWj6zC35Ae/sEzQ6UkA==</latexit><latexit sha1_base64="EvAmi0vvcN/BJAMOlUv4mZ4VU7Q=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0JBQZcV7AOatEwmEzt08mBmIpTQjb/ixoUibv0Md/6N0zSCih64cDjnXu69x40ZFdI0P7TCwuLS8kpxtbS2vrG5pW/vdESUcEzaOGIR77lIEEZD0pZUMtKLOUGBy0jXHZ/P/O4d4YJG4Y2cxMQJ0G1IfYqRVNJQ36tcDKrwBNpBMqgeX8IzaHuESTTUy6bRyADnpF7LScOClmFmKIMcraH+bnsRTgISSsyQEH3LjKWTIi4pZmRashNBYoTH6Jb0FQ1RQISTZg9M4ZFSPOhHXFUoYaZ+n0hRIMQkcFVngORI/PZm4l9eP5H+qZPSME4kCfF8kZ8wKCM4SwN6lBMs2UQRhDlVt0I8QhxhqTIrqRC+PoX/k07VsEzDuq6Vm4d5HEWwDw5ABVigDprgCrRAG2AwBQ/gCTxr99qj9qK9zlsLWj6zC35Ae/sEzQ6UkA==</latexit><latexit sha1_base64="EvAmi0vvcN/BJAMOlUv4mZ4VU7Q=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0JBQZcV7AOatEwmEzt08mBmIpTQjb/ixoUibv0Md/6N0zSCih64cDjnXu69x40ZFdI0P7TCwuLS8kpxtbS2vrG5pW/vdESUcEzaOGIR77lIEEZD0pZUMtKLOUGBy0jXHZ/P/O4d4YJG4Y2cxMQJ0G1IfYqRVNJQ36tcDKrwBNpBMqgeX8IzaHuESTTUy6bRyADnpF7LScOClmFmKIMcraH+bnsRTgISSsyQEH3LjKWTIi4pZmRashNBYoTH6Jb0FQ1RQISTZg9M4ZFSPOhHXFUoYaZ+n0hRIMQkcFVngORI/PZm4l9eP5H+qZPSME4kCfF8kZ8wKCM4SwN6lBMs2UQRhDlVt0I8QhxhqTIrqRC+PoX/k07VsEzDuq6Vm4d5HEWwDw5ABVigDprgCrRAG2AwBQ/gCTxr99qj9qK9zlsLWj6zC35Ae/sEzQ6UkA==</latexit><latexit sha1_base64="EvAmi0vvcN/BJAMOlUv4mZ4VU7Q=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0JBQZcV7AOatEwmEzt08mBmIpTQjb/ixoUibv0Md/6N0zSCih64cDjnXu69x40ZFdI0P7TCwuLS8kpxtbS2vrG5pW/vdESUcEzaOGIR77lIEEZD0pZUMtKLOUGBy0jXHZ/P/O4d4YJG4Y2cxMQJ0G1IfYqRVNJQ36tcDKrwBNpBMqgeX8IzaHuESTTUy6bRyADnpF7LScOClmFmKIMcraH+bnsRTgISSsyQEH3LjKWTIi4pZmRashNBYoTH6Jb0FQ1RQISTZg9M4ZFSPOhHXFUoYaZ+n0hRIMQkcFVngORI/PZm4l9eP5H+qZPSME4kCfF8kZ8wKCM4SwN6lBMs2UQRhDlVt0I8QhxhqTIrqRC+PoX/k07VsEzDuq6Vm4d5HEWwDw5ABVigDprgCrRAG2AwBQ/gCTxr99qj9qK9zlsLWj6zC35Ae/sEzQ6UkA==</latexit>

Ansatz

Ôg = �
<latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit>

ODE for g

G =

Z
d!d

3
k

(2⇡)4
e

�i!t+i~k.~y
g(~k,!, x)

<latexit sha1_base64="845hCDXdyHErnDT2WZotuKr/AYA="></latexit><latexit sha1_base64="845hCDXdyHErnDT2WZotuKr/AYA="></latexit><latexit sha1_base64="845hCDXdyHErnDT2WZotuKr/AYA="></latexit><latexit sha1_base64="845hCDXdyHErnDT2WZotuKr/AYA="></latexit>

Framework of Calculations
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Ingoing waves on horizon Appropriate decay at boundary of AdS

Rin ⇠ e

�i!r⇤
x ! 0

<latexit sha1_base64="DNIDaSO/bAI7MqwWb9XkraooZkg="></latexit><latexit sha1_base64="DNIDaSO/bAI7MqwWb9XkraooZkg="></latexit><latexit sha1_base64="DNIDaSO/bAI7MqwWb9XkraooZkg="></latexit><latexit sha1_base64="DNIDaSO/bAI7MqwWb9XkraooZkg="></latexit>

Rfar ⇠ x

��+
x ! 1

<latexit sha1_base64="OR5VmC+VOY2ahnD+5v0Iogn1ecw="></latexit><latexit sha1_base64="OR5VmC+VOY2ahnD+5v0Iogn1ecw="></latexit><latexit sha1_base64="OR5VmC+VOY2ahnD+5v0Iogn1ecw="></latexit><latexit sha1_base64="OR5VmC+VOY2ahnD+5v0Iogn1ecw="></latexit>

BoundaryHorizon



Framework of Calculations

!12

Usually not tractable analytically

Matched asymptotic expansions
Near region 

Ôg = �
<latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit><latexit sha1_base64="VBBUd2iB3yvKPFSvCNRTJEkldH8=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WayCp5JIofYgFLx4s4L9gCaUzWbbLt1swu5ELKF/xYsHRbz6R7z5b9y2EVT0wcDjvRlm5gWJ4Boc58MqrKyurW8UN0tb2zu7e/Z+uaPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mFzO/e4dU5rH8hamCfMjMpJ8yCkBIw3ssjcmkF3P8AhfYC9kAsjArjjVxgJ4Seq1nDRc7FadBSooR2tgv3thTNOISaCCaN13nQT8jCjgVLBZyUs1SwidkBHrGypJxLSfLW6f4ROjhHgYK1MS8EL9PpGRSOtpFJjOiMBY//bm4l9eP4XhuZ9xmaTAJF0uGqYCQ4znQeCQK0ZBTA0hVHFzK6ZjoggFE1fJhPD1Kf6fdM6qrlN1b2qV5nEeRxEdoiN0ilxUR010hVqojSi6Rw/oCT1bM+vRerFel60FK585QD9gvX0Cp8WUHg==</latexit>

1� z ⌧ 1
<latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LlkgnW95OBX6uNX1gbCDRwjOnok=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuLFM3OhScOOygn1IO5RMmmlDk8yQ3BFq6a9w40IR/5I7/43pY6GtBwIf5yTk3hNnSjoMw++gsLG5tb1T3C3tlfcPDitH5aZLc8tFg6cqte2YOaGkEQ2UqEQ7s4LpWIlWPLqd5a0nYZ1MzQOOMxFpNjAykZyhtx7pxTPpKkVor1INa+FcZB3oEqqwVL1X+er2U55rYZAr5lyHhhlGE2ZRciWmpW7uRMb4iA1Ex6NhWrhoMh94Ss680ydJav0xSObu7xcTpp0b69jf1AyHbjWbmf9lnRyT62giTZajMHzxUZIrgimZbU/60gqOauyBcSv9rIQPmWUcfUclXwJdXXkdmpc1GtbofQhFOIFTOAcKV3ADd1CHBnDQ8AJv8B7Y4DX4WNRVCJa9HcMfBZ8/+m+N9g==</latexit><latexit sha1_base64="m3FkrJFcLARgGbx0xw9Gv4sov+8=">AAAB5XicdZDNSgMxFIXv+Ftr1erWTbAIbhwmItTuBDcuK9gfaYeSSTNtaJIZkoxQhz6FGxeK+ErufBvTaQUVPRD4OCch954oFdzYIPjwVlbX1jc2S1vl7crO7l51v9I2SaYpa9FEJLobEcMEV6xluRWsm2pGZCRYJ5pczfPOPdOGJ+rWTlMWSjJSPOaUWGfd4dMH1BcC4UG1FviNQmgB9fMlNDDCflCoBks1B9X3/jChmWTKUkGM6eEgtWFOtOVUsFm5nxmWEjohI9ZzqIhkJsyLgWfo2DlDFCfaHWVR4X5/kRNpzFRG7qYkdmx+Z3Pzr6yX2fgizLlKM8sUXXwUZwLZBM23R0OuGbVi6oBQzd2siI6JJtS6jsquhK9N0f/QPvNx4OObAEpwCEdwAhjqcAnX0IQWUJDwCM/w4mnvyXtd1LXiLXs7gB/y3j4ByViOiQ==</latexit><latexit sha1_base64="M2AD/ZQKmE7C6kZDYUQPdXEWohg=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CVbBi2VXhNpbwYvHCvZD2qVk02wbmmSXJCvUpb/CiwdFvPpzvPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtLyyulZcL21sbm3vlHf32jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek8u537mjSrNI3phpTH2BR5KFjGBjpVvv9B71OUfeoFxxq/UMaEFq5zmpe8iruhkqkKM5KL/3hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU+2l28AwdW2WIwkjZkgZl6veJFAutpyKwnQKbsf7tzcW/vF5iwgs/ZTJODJVksShMODIRmn+PhkxRYvjUEkwUs7ciMsYKE2MzKtkQvj5F/5P2WdVzq961W2kc5XEU4QAO4QQ8qEEDrqAJLSAg4AGe4NlRzqPz4rwuWgtOPrMPP+C8fQLyQI/C</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit><latexit sha1_base64="0xlz0Y+H+Ek1N1elI1PejLFG+oM=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSp4sexKofZW8OKxgv2QdinZNNuGJtklyQp16a/w4kERr/4cb/4b0+0KKvpg4PHeDDPzgpgzbVz3w1laXlldWy9sFDe3tnd2S3v7bR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xRpVkkb8w0pr7AI8lCRrCx0q13do/6nCNvUCq7lXoGtCC1ak7qHvIqboYy5GgOSu/9YUQSQaUhHGvd89zY+ClWhhFOZ8V+ommMyQSPaM9SiQXVfpodPEMnVhmiMFK2pEGZ+n0ixULrqQhsp8BmrH97c/Evr5eY8MJPmYwTQyVZLAoTjkyE5t+jIVOUGD61BBPF7K2IjLHCxNiMijaEr0/R/6R9XvHcinddLTeO8zgKcAhHcAoe1KABV9CEFhAQ8ABP8Owo59F5cV4XrUtOPnMAP+C8fQLzgI/G</latexit>
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! ⌧ 1� z ⌧ 1
<latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="qM29msTXMxDnnmTdQx5Do4dLM10=">AAAB8nicbZDLSgMxGIX/qbdaq47izk2wCG4sM250KbhxWcFeoDOUTJppQ3MZkozQDsVXceNCER/GnW9jello64GQj3MS8uckGWfGBsG3V9rY3NreKe9W9qr7B4f+UbVlVK4JbRLFle4k2FDOJG1aZjntZJpikXDaTkZ3s7z9RLVhSj7acUZjgQeSpYxg66yefxIpQQcYRZyj8HKy2Ht+LagHc6F1CJdQg6UaPf8r6iuSCyot4diYbhhkNi6wtoxwOq1EuaEZJiM8oF2HEgtq4mI+/RSdO6ePUqXdkhbN3d83CiyMGYvEnRTYDs1qNjP/y7q5TW/igskst1SSxUNpzpFVaFYF6jNNieVjB5ho5mZFZIg1JtYVVnElhKtfXofWVT0M6uFDAGU4hTO4gBCu4RbuoQFNIDCBF3iDd+/Ze/U+FnWVvGVvx/BH3ucP56WSYQ==</latexit><latexit sha1_base64="IQ4QuZY6gQ6AepYFzUQmB2RTogc=">AAAB8nicdZBNS8MwHMb/9XXOqVW8eQkOwYulFWHuJnjxOMG9wFpGmqVbWJqWJBW2MvwqXjwo4ofx5rcxayeo6AMhP54nIf88YcqZ0q77Ya2srq1vbFa2qtu1nd09e7/WUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0244uV7k3XsqFUvEnZ6mNIjxSLCIEayNNbAP/SSmI4x8zpF3Niv3gV13nWYhVELjYglND3mOW6gOS7UG9rs/TEgWU6EJx0r1PTfVQY6lZoTTedXPFE0xmeAR7RsUOKYqyIvp5+jEOEMUJdIsoVHhfr+R41ipaRyakzHWY/U7W5h/Zf1MR5dBzkSaaSpI+VCUcaQTtKgCDZmkRPOpAUwkM7MiMsYSE20Kq5oSvn6K/ofOueO5jnfrQgWO4BhOwYMGXMENtKANBGbwCM/wYj1YT9ZrWdeKteztAH7IevsEto6S9A==</latexit><latexit sha1_base64="++wa2XZ2I1cl5iSFwHQaNJo2eDY=">AAAB/XicdVDLSgMxFM3UV62v8bFzE6yCG4cZEWp3BTcuK9gHdIaSSTNtaJIZkozQluKvuHGhiFv/w51/YzozgooeuNzDOfeSmxMmjCrtuh9WaWl5ZXWtvF7Z2Nza3rF399oqTiUmLRyzWHZDpAijgrQ01Yx0E0kQDxnphOOrhd+5I1LRWNzqSUICjoaCRhQjbaS+feDHnAwR9BmD3tk073276jr1DDAntYuC1D3oOW6GKijQ7Nvv/iDGKSdCY4aU6nluooMZkppiRuYVP1UkQXiMhqRnqECcqGCWXT+HJ0YZwCiWpoSGmfp9Y4a4UhMemkmO9Ej99hbiX14v1dFlMKMiSTUROH8oShnUMVxEAQdUEqzZxBCEJTW3QjxCEmFtAquYEL5+Cv8n7XPHcx3vxq02jos4yuAQHIFT4IEaaIBr0AQtgMEUPIAn8GzdW4/Wi/Waj5asYmcf/ID19gkOV5Q6</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit><latexit sha1_base64="/X+vks9E6dxYDA2th4gWF6NAN/o=">AAAB/XicdVDLSgMxFM34rPU1PnZuglVwY5mRQu2u4MZlBfuAzlAyaaYNTTJDkhHaofgrblwo4tb/cOffmM6MoKIHLvdwzr3k5gQxo0o7zoe1tLyyurZe2ihvbm3v7Np7+x0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8nVwu/eEaloJG71NCY+RyNBQ4qRNtLAPvQiTkYIeoxB93yW94FdcaqNDDAn9VpBGi50q06GCijQGtjv3jDCCSdCY4aU6rtOrP0USU0xI/OylygSIzxBI9I3VCBOlJ9m18/hqVGGMIykKaFhpn7fSBFXasoDM8mRHqvf3kL8y+snOrz0UyriRBOB84fChEEdwUUUcEglwZpNDUFYUnMrxGMkEdYmsLIJ4eun8H/Suai6TtW9qVWaJ0UcJXAEjsEZcEEdNME1aIE2wGAGHsATeLburUfrxXrNR5esYucA/ID19gkPl5Q+</latexit>
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Aretakis pops out!

Gk ⌘ L

�1[g] ⇠ v

�h
f(vx,~k) v ! 1 , x ! 0

<latexit sha1_base64="v1gqmrDtj6j71wJD2lnQMgDNg5M="></latexit><latexit sha1_base64="v1gqmrDtj6j71wJD2lnQMgDNg5M="></latexit><latexit sha1_base64="v1gqmrDtj6j71wJD2lnQMgDNg5M="></latexit><latexit sha1_base64="v1gqmrDtj6j71wJD2lnQMgDNg5M="></latexit>

if tractableG =

Z
d3k Gk

<latexit sha1_base64="3Uxex5ZTMum4JuHkY3DtciGpi6o=">AAACA3icdVDLSsNAFJ34rPUVdaebwSq4CokWahdCwUVdVrAPaGKYTKbtkMnDmYlQQsGNv+LGhSJu/Ql3/o3TNIKKHrhwOOde7r3HSxgV0jQ/tLn5hcWl5dJKeXVtfWNT39ruiDjlmLRxzGLe85AgjEakLalkpJdwgkKPka4XnE/97i3hgsbRlRwnxAnRMKIDipFUkqvvNuEZtGkkoX99AgNo36TIh003CyauXjGNeg44I7VqQeoWtAwzRwUUaLn6u+3HOA1JJDFDQvQtM5FOhrikmJFJ2U4FSRAO0JD0FY1QSIST5T9M4KFSfDiIuSp1Ta5+n8hQKMQ49FRniORI/Pam4l9eP5WDUyejUZJKEuHZokHKoIzhNBDoU06wZGNFEOZU3QrxCHGEpYqtrEL4+hT+TzrHhmUa1mW10jgo4iiBPbAPjoAFaqABLkALtAEGd+ABPIFn7V571F6011nrnFbM7IAf0N4+ARx8ln8=</latexit><latexit sha1_base64="3Uxex5ZTMum4JuHkY3DtciGpi6o=">AAACA3icdVDLSsNAFJ34rPUVdaebwSq4CokWahdCwUVdVrAPaGKYTKbtkMnDmYlQQsGNv+LGhSJu/Ql3/o3TNIKKHrhwOOde7r3HSxgV0jQ/tLn5hcWl5dJKeXVtfWNT39ruiDjlmLRxzGLe85AgjEakLalkpJdwgkKPka4XnE/97i3hgsbRlRwnxAnRMKIDipFUkqvvNuEZtGkkoX99AgNo36TIh003CyauXjGNeg44I7VqQeoWtAwzRwUUaLn6u+3HOA1JJDFDQvQtM5FOhrikmJFJ2U4FSRAO0JD0FY1QSIST5T9M4KFSfDiIuSp1Ta5+n8hQKMQ49FRniORI/Pam4l9eP5WDUyejUZJKEuHZokHKoIzhNBDoU06wZGNFEOZU3QrxCHGEpYqtrEL4+hT+TzrHhmUa1mW10jgo4iiBPbAPjoAFaqABLkALtAEGd+ABPIFn7V571F6011nrnFbM7IAf0N4+ARx8ln8=</latexit><latexit sha1_base64="3Uxex5ZTMum4JuHkY3DtciGpi6o=">AAACA3icdVDLSsNAFJ34rPUVdaebwSq4CokWahdCwUVdVrAPaGKYTKbtkMnDmYlQQsGNv+LGhSJu/Ql3/o3TNIKKHrhwOOde7r3HSxgV0jQ/tLn5hcWl5dJKeXVtfWNT39ruiDjlmLRxzGLe85AgjEakLalkpJdwgkKPka4XnE/97i3hgsbRlRwnxAnRMKIDipFUkqvvNuEZtGkkoX99AgNo36TIh003CyauXjGNeg44I7VqQeoWtAwzRwUUaLn6u+3HOA1JJDFDQvQtM5FOhrikmJFJ2U4FSRAO0JD0FY1QSIST5T9M4KFSfDiIuSp1Ta5+n8hQKMQ49FRniORI/Pam4l9eP5WDUyejUZJKEuHZokHKoIzhNBDoU06wZGNFEOZU3QrxCHGEpYqtrEL4+hT+TzrHhmUa1mW10jgo4iiBPbAPjoAFaqABLkALtAEGd+ABPIFn7V571F6011nrnFbM7IAf0N4+ARx8ln8=</latexit><latexit sha1_base64="3Uxex5ZTMum4JuHkY3DtciGpi6o=">AAACA3icdVDLSsNAFJ34rPUVdaebwSq4CokWahdCwUVdVrAPaGKYTKbtkMnDmYlQQsGNv+LGhSJu/Ql3/o3TNIKKHrhwOOde7r3HSxgV0jQ/tLn5hcWl5dJKeXVtfWNT39ruiDjlmLRxzGLe85AgjEakLalkpJdwgkKPka4XnE/97i3hgsbRlRwnxAnRMKIDipFUkqvvNuEZtGkkoX99AgNo36TIh003CyauXjGNeg44I7VqQeoWtAwzRwUUaLn6u+3HOA1JJDFDQvQtM5FOhrikmJFJ2U4FSRAO0JD0FY1QSIST5T9M4KFSfDiIuSp1Ta5+n8hQKMQ49FRniORI/Pam4l9eP5WDUyejUZJKEuHZokHKoIzhNBDoU06wZGNFEOZU3QrxCHGEpYqtrEL4+hT+TzrHhmUa1mW10jgo4iiBPbAPjoAFaqABLkALtAEGd+ABPIFn7V571F6011nrnFbM7IAf0N4+ARx8ln8=</latexit>

! ⌧ 1
<latexit sha1_base64="WAppAEWd9LYrJLKRsUqaMbjiiwI=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LFbBU0mkUHsrePFYwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KYRVPTBwOO9GWbmhQln2rjuh1NaW9/Y3CpvV3Z29/YPqodHPR2nitAuiXmsBiHWlDNJu4YZTgeJoliEnPbD2fXS799TpVks78w8oYHAE8kiRrCxku/Hgk4w8jlH3qhac+utHGhFmo2CtDzk1d0cNSjQGVXf/XFMUkGlIRxrPfTcxAQZVoYRThcVP9U0wWSGJ3RoqcSC6iDLb16gc6uMURQrW9KgXP0+kWGh9VyEtlNgM9W/vaX4lzdMTXQVZEwmqaGSrBZFKUcmRssA0JgpSgyfW4KJYvZWRKZYYWJsTBUbwten6H/Su6x7bt27bdTaZ0UcZTiBU7gAD5rQhhvoQBcIJPAAT/DspM6j8+K8rlpLTjFzDD/gvH0CywKRcQ==</latexit><latexit sha1_base64="WAppAEWd9LYrJLKRsUqaMbjiiwI=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LFbBU0mkUHsrePFYwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KYRVPTBwOO9GWbmhQln2rjuh1NaW9/Y3CpvV3Z29/YPqodHPR2nitAuiXmsBiHWlDNJu4YZTgeJoliEnPbD2fXS799TpVks78w8oYHAE8kiRrCxku/Hgk4w8jlH3qhac+utHGhFmo2CtDzk1d0cNSjQGVXf/XFMUkGlIRxrPfTcxAQZVoYRThcVP9U0wWSGJ3RoqcSC6iDLb16gc6uMURQrW9KgXP0+kWGh9VyEtlNgM9W/vaX4lzdMTXQVZEwmqaGSrBZFKUcmRssA0JgpSgyfW4KJYvZWRKZYYWJsTBUbwten6H/Su6x7bt27bdTaZ0UcZTiBU7gAD5rQhhvoQBcIJPAAT/DspM6j8+K8rlpLTjFzDD/gvH0CywKRcQ==</latexit><latexit sha1_base64="WAppAEWd9LYrJLKRsUqaMbjiiwI=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LFbBU0mkUHsrePFYwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KYRVPTBwOO9GWbmhQln2rjuh1NaW9/Y3CpvV3Z29/YPqodHPR2nitAuiXmsBiHWlDNJu4YZTgeJoliEnPbD2fXS799TpVks78w8oYHAE8kiRrCxku/Hgk4w8jlH3qhac+utHGhFmo2CtDzk1d0cNSjQGVXf/XFMUkGlIRxrPfTcxAQZVoYRThcVP9U0wWSGJ3RoqcSC6iDLb16gc6uMURQrW9KgXP0+kWGh9VyEtlNgM9W/vaX4lzdMTXQVZEwmqaGSrBZFKUcmRssA0JgpSgyfW4KJYvZWRKZYYWJsTBUbwten6H/Su6x7bt27bdTaZ0UcZTiBU7gAD5rQhhvoQBcIJPAAT/DspM6j8+K8rlpLTjFzDD/gvH0CywKRcQ==</latexit><latexit sha1_base64="WAppAEWd9LYrJLKRsUqaMbjiiwI=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LFbBU0mkUHsrePFYwX5AE8pmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KYRVPTBwOO9GWbmhQln2rjuh1NaW9/Y3CpvV3Z29/YPqodHPR2nitAuiXmsBiHWlDNJu4YZTgeJoliEnPbD2fXS799TpVks78w8oYHAE8kiRrCxku/Hgk4w8jlH3qhac+utHGhFmo2CtDzk1d0cNSjQGVXf/XFMUkGlIRxrPfTcxAQZVoYRThcVP9U0wWSGJ3RoqcSC6iDLb16gc6uMURQrW9KgXP0+kWGh9VyEtlNgM9W/vaX4lzdMTXQVZEwmqaGSrBZFKUcmRssA0JgpSgyfW4KJYvZWRKZYYWJsTBUbwten6H/Su6x7bt27bdTaZ0UcZTiBU7gAD5rQhhvoQBcIJPAAT/DspM6j8+K8rlpLTjFzDD/gvH0CywKRcQ==</latexit>

Late times



Boundary propagators

!13

where

Boundary

Horizon
B Bulk

Bulk-Boundary propagator

G@B(⌧, y, z) = `3/2 lim
z0!0

(z0)��+G
<latexit sha1_base64="4FNT97KMO27ZN+RAk4xCuW+bUoA=">AAACPnicdVBNaxRBEO2JH4nr10aPXgpXSYJxM5MEYg5CMEI8RnCTwM5mqOmt3W3S80F3jbLbzC/z4m/w5tGLh4h49Wjvh6CiDxoe79Wjq15aamU5DD8FS1euXru+vHKjcfPW7Tt3m6v3TmxRGUkdWejCnKVoSaucOqxY01lpCLNU02l6cTj1T9+SsarI3/C4pF6Gw1wNlET2UtLsHCUuLtGwQg0valiPGatNGG/CZAOeQ0xan7udre0aYq2yxE3WIDZqOGI0pngHoU9M1jbO3dP4JWnGxD2pazhKmq2wvT8DzMne7oLsRxC1wxlaYoHjpPkx7heyyihnqdHabhSW3HPTvaSmuhFXlkqUFzikrqc5ZmR7bnZ+DY+90odBYfzLGWbq7wmHmbXjLPWTGfLI/u1NxX953YoHz3pO5WXF lMv5R4NKAxcw7RL6ypBkPfYEpVF+V5AjNCjZN97wJfy6FP5PTrbbUdiOXu+2Dh4t6lgRD8RDsS4isScOxCtxLDpCivfis7gUX4MPwZfgW/B9ProULDL3xR8IfvwEhzGs7A==</latexit><latexit sha1_base64="4FNT97KMO27ZN+RAk4xCuW+bUoA=">AAACPnicdVBNaxRBEO2JH4nr10aPXgpXSYJxM5MEYg5CMEI8RnCTwM5mqOmt3W3S80F3jbLbzC/z4m/w5tGLh4h49Wjvh6CiDxoe79Wjq15aamU5DD8FS1euXru+vHKjcfPW7Tt3m6v3TmxRGUkdWejCnKVoSaucOqxY01lpCLNU02l6cTj1T9+SsarI3/C4pF6Gw1wNlET2UtLsHCUuLtGwQg0valiPGatNGG/CZAOeQ0xan7udre0aYq2yxE3WIDZqOGI0pngHoU9M1jbO3dP4JWnGxD2pazhKmq2wvT8DzMne7oLsRxC1wxlaYoHjpPkx7heyyihnqdHabhSW3HPTvaSmuhFXlkqUFzikrqc5ZmR7bnZ+DY+90odBYfzLGWbq7wmHmbXjLPWTGfLI/u1NxX953YoHz3pO5WXF lMv5R4NKAxcw7RL6ypBkPfYEpVF+V5AjNCjZN97wJfy6FP5PTrbbUdiOXu+2Dh4t6lgRD8RDsS4isScOxCtxLDpCivfis7gUX4MPwZfgW/B9ProULDL3xR8IfvwEhzGs7A==</latexit><latexit sha1_base64="4FNT97KMO27ZN+RAk4xCuW+bUoA=">AAACPnicdVBNaxRBEO2JH4nr10aPXgpXSYJxM5MEYg5CMEI8RnCTwM5mqOmt3W3S80F3jbLbzC/z4m/w5tGLh4h49Wjvh6CiDxoe79Wjq15aamU5DD8FS1euXru+vHKjcfPW7Tt3m6v3TmxRGUkdWejCnKVoSaucOqxY01lpCLNU02l6cTj1T9+SsarI3/C4pF6Gw1wNlET2UtLsHCUuLtGwQg0valiPGatNGG/CZAOeQ0xan7udre0aYq2yxE3WIDZqOGI0pngHoU9M1jbO3dP4JWnGxD2pazhKmq2wvT8DzMne7oLsRxC1wxlaYoHjpPkx7heyyihnqdHabhSW3HPTvaSmuhFXlkqUFzikrqc5ZmR7bnZ+DY+90odBYfzLGWbq7wmHmbXjLPWTGfLI/u1NxX953YoHz3pO5WXF lMv5R4NKAxcw7RL6ypBkPfYEpVF+V5AjNCjZN97wJfy6FP5PTrbbUdiOXu+2Dh4t6lgRD8RDsS4isScOxCtxLDpCivfis7gUX4MPwZfgW/B9ProULDL3xR8IfvwEhzGs7A==</latexit><latexit sha1_base64="4FNT97KMO27ZN+RAk4xCuW+bUoA=">AAACPnicdVBNaxRBEO2JH4nr10aPXgpXSYJxM5MEYg5CMEI8RnCTwM5mqOmt3W3S80F3jbLbzC/z4m/w5tGLh4h49Wjvh6CiDxoe79Wjq15aamU5DD8FS1euXru+vHKjcfPW7Tt3m6v3TmxRGUkdWejCnKVoSaucOqxY01lpCLNU02l6cTj1T9+SsarI3/C4pF6Gw1wNlET2UtLsHCUuLtGwQg0valiPGatNGG/CZAOeQ0xan7udre0aYq2yxE3WIDZqOGI0pngHoU9M1jbO3dP4JWnGxD2pazhKmq2wvT8DzMne7oLsRxC1wxlaYoHjpPkx7heyyihnqdHabhSW3HPTvaSmuhFXlkqUFzikrqc5ZmR7bnZ+DY+90odBYfzLGWbq7wmHmbXjLPWTGfLI/u1NxX953YoHz3pO5WXF lMv5R4NKAxcw7RL6ypBkPfYEpVF+V5AjNCjZN97wJfy6FP5PTrbbUdiOXu+2Dh4t6lgRD8RDsS4isScOxCtxLDpCivfis7gUX4MPwZfgW/B9ProULDL3xR8IfvwEhzGs7A==</latexit>

Boundary-Boundary propagator

G@@(⌧, y) = `3 lim
z!0

lim
z0!0

(zz0)��+G
<latexit sha1_base64="AlRiviXecAAhxgD8hcITQjGbxX8="></latexit><latexit sha1_base64="AlRiviXecAAhxgD8hcITQjGbxX8="></latexit><latexit sha1_base64="AlRiviXecAAhxgD8hcITQjGbxX8="></latexit><latexit sha1_base64="AlRiviXecAAhxgD8hcITQjGbxX8="></latexit>

�± = 2±
p

4 + `2µ2
<latexit sha1_base64="kkKjcCED3f+hMdaoiTOiBLYBmVE="></latexit><latexit sha1_base64="kkKjcCED3f+hMdaoiTOiBLYBmVE="></latexit><latexit sha1_base64="kkKjcCED3f+hMdaoiTOiBLYBmVE="></latexit><latexit sha1_base64="kkKjcCED3f+hMdaoiTOiBLYBmVE="></latexit>



Green’s function

!14

Branch points at 

This range - no poles in kParameter range - BH is mode stable ⌫ > 0
<latexit sha1_base64="6F5HCcQgGz0RS39g2LRc9qYJoGI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEKnkIihdqLFLx4rGDaQhvKZrtpl242YXcjlNDf4MWDIl79Qd78N27TCCr6YODx3gwz84KEM6Ud58Mqra1vbG6Vtys7u3v71drBYVfFqSTUIzGPZT/AinImqKeZ5rSfSIqjgNNeMLte+r17KhWLxZ2eJ9SP8ESwkBGsjeQNRXrljGp1x27lQCvSbBSk5SLXdnLUoUBnVHsfjmOSRlRowrFSA9dJtJ9hqRnhdFEZpoommMzwhA4MFTiiys/yYxfozChjFMbSlNAoV79PZDhSah4FpjPCeqp+e0vxL2+Q6vDSz5hIUk0FWS0KU450jJafozGTlGg+NwQTycytiEyxxESbfComhK9P0f+ke2G7ju3eNurt0yKOMhzDCZyDC01oww10wAMCDB7gCZ4tYT1aL9brqrVkFTNH8APW2ycebI7O</latexit><latexit sha1_base64="6F5HCcQgGz0RS39g2LRc9qYJoGI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEKnkIihdqLFLx4rGDaQhvKZrtpl242YXcjlNDf4MWDIl79Qd78N27TCCr6YODx3gwz84KEM6Ud58Mqra1vbG6Vtys7u3v71drBYVfFqSTUIzGPZT/AinImqKeZ5rSfSIqjgNNeMLte+r17KhWLxZ2eJ9SP8ESwkBGsjeQNRXrljGp1x27lQCvSbBSk5SLXdnLUoUBnVHsfjmOSRlRowrFSA9dJtJ9hqRnhdFEZpoommMzwhA4MFTiiys/yYxfozChjFMbSlNAoV79PZDhSah4FpjPCeqp+e0vxL2+Q6vDSz5hIUk0FWS0KU450jJafozGTlGg+NwQTycytiEyxxESbfComhK9P0f+ke2G7ju3eNurt0yKOMhzDCZyDC01oww10wAMCDB7gCZ4tYT1aL9brqrVkFTNH8APW2ycebI7O</latexit><latexit sha1_base64="6F5HCcQgGz0RS39g2LRc9qYJoGI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEKnkIihdqLFLx4rGDaQhvKZrtpl242YXcjlNDf4MWDIl79Qd78N27TCCr6YODx3gwz84KEM6Ud58Mqra1vbG6Vtys7u3v71drBYVfFqSTUIzGPZT/AinImqKeZ5rSfSIqjgNNeMLte+r17KhWLxZ2eJ9SP8ESwkBGsjeQNRXrljGp1x27lQCvSbBSk5SLXdnLUoUBnVHsfjmOSRlRowrFSA9dJtJ9hqRnhdFEZpoommMzwhA4MFTiiys/yYxfozChjFMbSlNAoV79PZDhSah4FpjPCeqp+e0vxL2+Q6vDSz5hIUk0FWS0KU450jJafozGTlGg+NwQTycytiEyxxESbfComhK9P0f+ke2G7ju3eNurt0yKOMhzDCZyDC01oww10wAMCDB7gCZ4tYT1aL9brqrVkFTNH8APW2ycebI7O</latexit><latexit sha1_base64="6F5HCcQgGz0RS39g2LRc9qYJoGI=">AAAB7HicdVBNS8NAEJ3Ur1o/WvXoZbEKnkIihdqLFLx4rGDaQhvKZrtpl242YXcjlNDf4MWDIl79Qd78N27TCCr6YODx3gwz84KEM6Ud58Mqra1vbG6Vtys7u3v71drBYVfFqSTUIzGPZT/AinImqKeZ5rSfSIqjgNNeMLte+r17KhWLxZ2eJ9SP8ESwkBGsjeQNRXrljGp1x27lQCvSbBSk5SLXdnLUoUBnVHsfjmOSRlRowrFSA9dJtJ9hqRnhdFEZpoommMzwhA4MFTiiys/yYxfozChjFMbSlNAoV79PZDhSah4FpjPCeqp+e0vxL2+Q6vDSz5hIUk0FWS0KU450jJafozGTlGg+NwQTycytiEyxxESbfComhK9P0f+ke2G7ju3eNurt0yKOMhzDCZyDC01oww10wAMCDB7gCZ4tYT1aL9brqrVkFTNH8APW2ycebI7O</latexit>

h =
1

2
, ⌫ = ⌫(k, `, µ, q)

<latexit sha1_base64="Sy2RBAGbnKBFqMKTWz39IZ0fjdY="></latexit><latexit sha1_base64="Sy2RBAGbnKBFqMKTWz39IZ0fjdY="></latexit><latexit sha1_base64="Sy2RBAGbnKBFqMKTWz39IZ0fjdY="></latexit><latexit sha1_base64="Sy2RBAGbnKBFqMKTWz39IZ0fjdY="></latexit>

B+ = B+(k, q, `, µ)
<latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="aWzIRgwaQUXbpUWp5Udk8JotCzo=">AAAB+XicbVBNS8NAEJ3Ur1qrRq+9LBahYimJF70IohePFewHtCFstpt26WYTdzdCCT148a948aCIf8Sb/8ZN24O2Ppjh8d4Mu/OChDOlHefbKqytb2xuFbdLO+XdvX37oNxWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+yf3OI5WKxeJeTxLqRXgoWMgI1kby7cq1f4ouUd5r4zp6qKM+5dz0KD3x7arTcGZAq8RdkCos0PTtr/4gJmlEhSYcK9VznUR7GZaaEU6npX6qaILJGA9pz1CBI6q8bHbEFB0bZYDCWJoSGs3U3xsZjpSaRIGZjLAeqWUvF//zeqkOL7yMiSTVVJD5Q2HKkY5RnggaMEmJ5hNDMJHM/BWREZaYaJNbyYTgLp+8StpnDddpuHcOFKECR1ADF87hCm6hCS0g8AQv8Abv1rP1an3M4ypYi9wO4Q+szx8jBZNn</latexit><latexit sha1_base64="V+Cv5megl4f81WNvN2uzLaltPf0=">AAAB+XicdVDLSsNAFL3xWWvV6LabwSJULCERoXYhiG5cVrAPaEOYTCft0MnDmYlQShdu/BU3LhTxR9z5N07SCip64F4O59zLzD1+wplUtv1hLC2vrK6tFzaKm6Wt7R1zt9SWcSoIbZGYx6LrY0k5i2hLMcVpNxEUhz6nHX98mfmdOyoki6MbNUmoG+JhxAJGsNKSZ5YvvCN0hrJeHdfQbQ31Kee6h+mhZ1Zsq5EDzUn9ZEEaDnIsO0cFFmh65nt/EJM0pJEiHEvZc+xEuVMsFCOczor9VNIEkzEe0p6mEQ6pdKf5ETN0oJUBCmKhK1IoV79vTHEo5ST09WSI1Uj+9jLxL6+XquDUnbIoSRWNyPyhIOVIxShLBA2YoETxiSaYCKb/isgIC0yUzq2oQ/i6FP1P2seWY1vOtQ0FKMM+VMGBOpzDFTShBQTu4RGe4cV4MJ6M13lcS8Yitz34AePtE/Hfk/o=</latexit><latexit sha1_base64="ZLQ8s/2q4GDUy0N+fqdQt3C0E/c=">AAACBHicdVDLSsNAFJ3UV62vqMtuBqtQsYREhNqFUHTjsoJ9QBvCZDpph04ezkyEErpw46+4caGIWz/CnX/jJI2gogfmcjjnXu7c40aMCmmaH1phYXFpeaW4Wlpb39jc0rd3OiKMOSZtHLKQ91wkCKMBaUsqGelFnCDfZaTrTi5Sv3tLuKBhcC2nEbF9NAqoRzGSSnL08rlzBM9gWquTGrypwQFhTFU/PnT0imk0MsA5qZ/kpGFByzAzVECOlqO/D4Yhjn0SSMyQEH3LjKSdIC4pZmRWGsSCRAhP0Ij0FQ2QT4SdZEfM4IFShtALuXqBhJn6fSJBvhBT31WdPpJj8dtLxb+8fiy9UzuhQRRLEuD5Ii9mUIYwTQQOKSdYsqkiCHOq/grxGHGEpcqtpEL4uhT+TzrHhmUa1pVZae7ncRRBGeyBKrBAHTTBJWiBNsDgDjyAJ/Cs3WuP2ov2Om8taPnMLvgB7e0TU/WVRw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit><latexit sha1_base64="hLdIF/xCLVfA8dR02XN7Qybltpw=">AAACBHicdVDLSsNAFJ34rPUVddnNYBUqlpBIoXYhFN24rGAf0IYwmU7aoZOHMxOhhC7c+CtuXCji1o9w5984SSOo6IG5HM65lzv3uBGjQprmh7awuLS8slpYK65vbG5t6zu7HRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1Jxep370lXNAwuJbTiNg+GgXUoxhJJTl66dw5hmcwrZVJFd5U4YAwpqofHzl62TQaGeCc1Gs5aVjQMswMZZCj5ejvg2GIY58EEjMkRN8yI2kniEuKGZkVB7EgEcITNCJ9RQPkE2En2REzeKiUIfRCrl4gYaZ+n0iQL8TUd1Wnj+RY/PZS8S+vH0vv1E5oEMWSBHi+yIsZlCFME4FDygmWbKoIwpyqv0I8RhxhqXIrqhC+LoX/k86JYZmGdVUrNw/yOAqgBPZBBVigDprgErRAG2BwBx7AE3jW7rVH7UV7nbcuaPnMHvgB7e0TVTWVSw==</latexit>

±kc
<latexit sha1_base64="ryKgn1ZaXh79+4ghW/7J9IJrt54=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSp4CokUam8FLx4r2A9pQ9lsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zSCij4YeLw3w8y8MOFMG8/7cFZW19Y3Nktb5e2d3b39ysFhR8epIrRNYh6rXog15UzStmGG016iKBYhp91werXwu/dUaRbLWzNLaCDwWLKIEWysdDdIBJoOMzIfVqqe28iBlqReK0jDR77r5ahCgdaw8j4YxSQVVBrCsdZ930tMkGFlGOF0Xh6kmiaYTPGY9i2VWFAdZPnBc3RmlRGKYmVLGpSr3ycyLLSeidB2Cmwm+re3EP/y+qmJLoOMySQ1VJLloijlyMRo8T0aMUWJ4TNLMFHM3orIBCtMjM2obEP4+hT9TzoXru+5/k2t2jwt4ijBMZzAOfhQhyZcQwvaQEDAAzzBs6OcR+fFeV22rjjFzBH8gPP2CXx3kMc=</latexit><latexit sha1_base64="ryKgn1ZaXh79+4ghW/7J9IJrt54=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSp4CokUam8FLx4r2A9pQ9lsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zSCij4YeLw3w8y8MOFMG8/7cFZW19Y3Nktb5e2d3b39ysFhR8epIrRNYh6rXog15UzStmGG016iKBYhp91werXwu/dUaRbLWzNLaCDwWLKIEWysdDdIBJoOMzIfVqqe28iBlqReK0jDR77r5ahCgdaw8j4YxSQVVBrCsdZ930tMkGFlGOF0Xh6kmiaYTPGY9i2VWFAdZPnBc3RmlRGKYmVLGpSr3ycyLLSeidB2Cmwm+re3EP/y+qmJLoOMySQ1VJLloijlyMRo8T0aMUWJ4TNLMFHM3orIBCtMjM2obEP4+hT9TzoXru+5/k2t2jwt4ijBMZzAOfhQhyZcQwvaQEDAAzzBs6OcR+fFeV22rjjFzBH8gPP2CXx3kMc=</latexit><latexit sha1_base64="ryKgn1ZaXh79+4ghW/7J9IJrt54=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSp4CokUam8FLx4r2A9pQ9lsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zSCij4YeLw3w8y8MOFMG8/7cFZW19Y3Nktb5e2d3b39ysFhR8epIrRNYh6rXog15UzStmGG016iKBYhp91werXwu/dUaRbLWzNLaCDwWLKIEWysdDdIBJoOMzIfVqqe28iBlqReK0jDR77r5ahCgdaw8j4YxSQVVBrCsdZ930tMkGFlGOF0Xh6kmiaYTPGY9i2VWFAdZPnBc3RmlRGKYmVLGpSr3ycyLLSeidB2Cmwm+re3EP/y+qmJLoOMySQ1VJLloijlyMRo8T0aMUWJ4TNLMFHM3orIBCtMjM2obEP4+hT9TzoXru+5/k2t2jwt4ijBMZzAOfhQhyZcQwvaQEDAAzzBs6OcR+fFeV22rjjFzBH8gPP2CXx3kMc=</latexit><latexit sha1_base64="ryKgn1ZaXh79+4ghW/7J9IJrt54=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSp4CokUam8FLx4r2A9pQ9lsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zSCij4YeLw3w8y8MOFMG8/7cFZW19Y3Nktb5e2d3b39ysFhR8epIrRNYh6rXog15UzStmGG016iKBYhp91werXwu/dUaRbLWzNLaCDwWLKIEWysdDdIBJoOMzIfVqqe28iBlqReK0jDR77r5ahCgdaw8j4YxSQVVBrCsdZ930tMkGFlGOF0Xh6kmiaYTPGY9i2VWFAdZPnBc3RmlRGKYmVLGpSr3ycyLLSeidB2Cmwm+re3EP/y+qmJLoOMySQ1VJLloijlyMRo8T0aMUWJ4TNLMFHM3orIBCtMjM2obEP4+hT9TzoXru+5/k2t2jwt4ijBMZzAOfhQhyZcQwvaQEDAAzzBs6OcR+fFeV22rjjFzBH8gPP2CXx3kMc=</latexit>

h =
1

2
+ ⌫

<latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ud+04x3bpz/b70AE3VTAsHFNdHc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEQShzHSjG0Fw47KCfUBnKJk004ZmMkNyRyhDwb/ixoUi/hd3/hvTx0JbDwQO5yTcmy/KpDDoed9OaWNza3unvFvZq+4fHLpH1bZJc814i6Uy1d2IGi6F4i0UKHk305wmkeSdaHw36ztPXBuRqkecZDxM6FCJWDCKNuq7JyNyQ4JYU1b406IxJZckUHnfrXl1by6ybvylqcFSzb77FQxSlidcIZPUmJ7vZRgWVKNgkk8rQW54RtmYDnnPWkUTbsJivv6UnNtkQOJU26OQzNPfLwqaGDNJInszoTgyq90s/K/r5Rhfh4VQWY5cscWgOJcEUzJjQQZCc4ZyYg1lWthdCRtRywItsYqF4K9+ed20G3Xfq/sPHpThFM7gAny4glu4hya0gEEBL/AG786z8+p8LHCVnCW3Y/gj5/MH0KOS7g==</latexit><latexit sha1_base64="nam8lnSWcd5AQEFkvEHNyqAJYTA=">AAAB83icdZBPS8MwGMbfzn9zTq2CJy/BIQhCaYcwdxAELx4nuDlYy0izdAtL05KkwigFv4oXD4r4Xbz5bcy6CSr6QODheRLeN78w5Uxp1/2wKiura+sb1c3aVn17Z9feq/dUkklCuyThieyHWFHOBO1qpjntp5LiOOT0Lpxezfu7eyoVS8StnqU0iPFYsIgRrE00tA8m6AL5kcQk94q8WaBT5ItsaDdcp10KLUzrbGnaHvIct1QDluoM7Xd/lJAspkITjpUaeG6qgxxLzQinRc3PFE0xmeIxHRgrcExVkJfrF+jYJCMUJdIcoVGZfn+R41ipWRyamzHWE/W7m4d/dYNMR+dBzkSaaSrIYlCUcaQTNGeBRkxSovnMGEwkM7siMsGGhTbEagbC10/R/6bXdDzX8W5cqMIhHMEJeNCCS7iGDnSBQA6P8Awv1oP1ZL0ucFWsJbd9+CHr7ROfjJOB</latexit><latexit sha1_base64="W9j3YJBLdig3LrIS0dF6lFS50Ig=">AAAB/nicdVBNS8NAEJ3Ur1q/quLJy2IVBKEkRag9CAUvHivYD2hC2Ww37dLNJuxuhBIK/hUvHhTx6u/w5r9xm0ZQ0QcDj/dmmJnnx5wpbdsfVmFpeWV1rbhe2tjc2t4p7+51VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPruZ+945KxSJxq6cx9UI8EixgBGsjDcoHY3SJ3EBikjqztDZDZ8gVyaBcsauNDGhB6uc5aTjIqdoZKpCjNSi/u8OIJCEVmnCsVN+xY+2lWGpGOJ2V3ETRGJMJHtG+oQKHVHlpdv4MnRhliIJImhIaZer3iRSHSk1D33SGWI/Vb28u/uX1Ex1ceCkTcaKpIItFQcKRjtA8CzRkkhLNp4ZgIpm5FZExNllok1jJhPD1KfqfdGpVx646N3aleZzHUYRDOIJTcKAOTbiGFrSBQAoP8ATP1r31aL1Yr4vWgpXP7MMPWG+f/TKUyA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit><latexit sha1_base64="XeL71CgAPPKJLOmLjAQBa90YCNk=">AAAB/nicdVBNS8NAEJ34WetXVDx5WayCIJSkFGoPQsGLxwr2A5pSNttNu3SzCbsboYSCf8WLB0W8+ju8+W/cphFU9MHA470ZZub5MWdKO86HtbS8srq2Xtgobm5t7+zae/ttFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiTq7nfuaNSsUjc6mlM+yEeCRYwgrWRBvbhGF0iL5CYpO4srczQOfJEMrBLTrmeAS1IrZqTuovcspOhBDmaA/vdG0YkCanQhGOleq4T636KpWaE01nRSxSNMZngEe0ZKnBIVT/Nzp+hU6MMURBJU0KjTP0+keJQqWnom84Q67H67c3Fv7xeooOLfspEnGgqyGJRkHCkIzTPAg2ZpETzqSGYSGZuRWSMTRbaJFY0IXx9iv4n7UrZdcruTbXUOMnjKMARHMMZuFCDBlxDE1pAIIUHeIJn6956tF6s10XrkpXPHMAPWG+f/nKUzA==</latexit>

Im k
<latexit sha1_base64="d6HAFrp4JD1z99U5rvMnNQNNjt0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LFbBU0ikUHsreNFbBfsBTSib7aZdupuE3YlYQv+GFw+KePXPePPfuE0jqOiDgcd7M8zMCxLBNTjOh1VaWV1b3yhvVra2d3b3qvsHXR2nirIOjUWs+gHRTPCIdYCDYP1EMSIDwXrB9HLh9+6Y0jyObmGWMF+SccRDTgkYyfOA3UN2LfEcT4fVmmM3c+AladQL0nSxazs5aqhAe1h990YxTSWLgAqi9cB1EvAzooBTweYVL9UsIXRKxmxgaEQk036W3zzHp0YZ4TBWpiLAufp9IiNS65kMTKckMNG/vYX4lzdIIbzwMx4lKbCILheFqcAQ40UAeMQVoyBmhhCquLkV0wlRhIKJqWJC+PoU/0+657br2O5NvdY6KeIooyN0jM6Qixqoha5QG3UQRQl6QE/o2UqtR+vFel22lqxi5hD9gPX2CXaZkeE=</latexit><latexit sha1_base64="d6HAFrp4JD1z99U5rvMnNQNNjt0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LFbBU0ikUHsreNFbBfsBTSib7aZdupuE3YlYQv+GFw+KePXPePPfuE0jqOiDgcd7M8zMCxLBNTjOh1VaWV1b3yhvVra2d3b3qvsHXR2nirIOjUWs+gHRTPCIdYCDYP1EMSIDwXrB9HLh9+6Y0jyObmGWMF+SccRDTgkYyfOA3UN2LfEcT4fVmmM3c+AladQL0nSxazs5aqhAe1h990YxTSWLgAqi9cB1EvAzooBTweYVL9UsIXRKxmxgaEQk036W3zzHp0YZ4TBWpiLAufp9IiNS65kMTKckMNG/vYX4lzdIIbzwMx4lKbCILheFqcAQ40UAeMQVoyBmhhCquLkV0wlRhIKJqWJC+PoU/0+657br2O5NvdY6KeIooyN0jM6Qixqoha5QG3UQRQl6QE/o2UqtR+vFel22lqxi5hD9gPX2CXaZkeE=</latexit><latexit sha1_base64="d6HAFrp4JD1z99U5rvMnNQNNjt0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LFbBU0ikUHsreNFbBfsBTSib7aZdupuE3YlYQv+GFw+KePXPePPfuE0jqOiDgcd7M8zMCxLBNTjOh1VaWV1b3yhvVra2d3b3qvsHXR2nirIOjUWs+gHRTPCIdYCDYP1EMSIDwXrB9HLh9+6Y0jyObmGWMF+SccRDTgkYyfOA3UN2LfEcT4fVmmM3c+AladQL0nSxazs5aqhAe1h990YxTSWLgAqi9cB1EvAzooBTweYVL9UsIXRKxmxgaEQk036W3zzHp0YZ4TBWpiLAufp9IiNS65kMTKckMNG/vYX4lzdIIbzwMx4lKbCILheFqcAQ40UAeMQVoyBmhhCquLkV0wlRhIKJqWJC+PoU/0+657br2O5NvdY6KeIooyN0jM6Qixqoha5QG3UQRQl6QE/o2UqtR+vFel22lqxi5hD9gPX2CXaZkeE=</latexit><latexit sha1_base64="d6HAFrp4JD1z99U5rvMnNQNNjt0=">AAAB83icdVBNS8NAEN3Ur1q/qh69LFbBU0ikUHsreNFbBfsBTSib7aZdupuE3YlYQv+GFw+KePXPePPfuE0jqOiDgcd7M8zMCxLBNTjOh1VaWV1b3yhvVra2d3b3qvsHXR2nirIOjUWs+gHRTPCIdYCDYP1EMSIDwXrB9HLh9+6Y0jyObmGWMF+SccRDTgkYyfOA3UN2LfEcT4fVmmM3c+AladQL0nSxazs5aqhAe1h990YxTSWLgAqi9cB1EvAzooBTweYVL9UsIXRKxmxgaEQk036W3zzHp0YZ4TBWpiLAufp9IiNS65kMTKckMNG/vYX4lzdIIbzwMx4lKbCILheFqcAQ40UAeMQVoyBmhhCquLkV0wlRhIKJqWJC+PoU/0+657br2O5NvdY6KeIooyN0jM6Qixqoha5QG3UQRQl6QE/o2UqtR+vFel22lqxi5hD9gPX2CXaZkeE=</latexit>

Re k
<latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="KcR9oclMBbMYhPjaS/blN8wSeqw=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyim2FdiiZ9E4bmskMyR2xDH0NNy4U8Ync+TamPwttPRD4OCfh3pwoU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWb0e4TMV98imbNyv1f2GPxdbh2AJdViq2a999QapyBPUJBS3thv4GYUFNySFwmmll1vMuBjzIXYdap6gDYv5zlN25pwBi1PjjiY2d3+/KHhi7SSJ3M2E08iuZjPzv6ybU3wVFlJnOaEWi0FxrhilbFYAG0iDgtTEARdGul2ZGHHDBbmaKq6EYPXL69C+aAR+I7jzoQwncArnEMAlXMMtNKEFAjJ4gTd493Lv1ftY1FXylr0dwx95nz9ob5AP</latexit><latexit sha1_base64="uNF5qCjTDz1AuTHiKv97RteNr/E=">AAAB6HicdZBLSwMxFIXv1FetVatbN8EiuCozItTuBDcuq9gHtEPJpLdtaOZBckcsQ/+GGxeK+Ivc+W9MpxVU9EDg45yEe3OCRElDrvvhFNbWNza3itulnfLu3n7loNw2caoFtkSsYt0NuEElI2yRJIXdRCMPA4WdYHq1yDv3qI2MozuaJeiHfBzJkRScrNXvEz5QdotszqaDStWtNXKxJdTPV9DwmFdzc1Vhpeag8t4fxiINMSKhuDE9z03Iz7gmKRTOS/3UYMLFlI+xZzHiIRo/y3eesxPrDNko1vZExHL3+4uMh8bMwsDeDDlNzO9sYf6V9VIaXfiZjJKUMBLLQaNUMYrZogA2lBoFqZkFLrS0uzIx4ZoLsjWVbAlfP2X/Q/us5rk178aFIhzBMZyCB3W4hGtoQgsEJPAIz/DipM6T87qsq+CsejuEH3LePgE3WJCi</latexit><latexit sha1_base64="/uQKWsAL9eqgElDQT/FVY1wh/M0=">AAAB83icdVDLSgNBEJz1GeMr6tHLYBQ8hV0RYm4BLx6jmAdklzA76U2GzD6Y6RXDkt/w4kERr/6MN//GyWYFFS1oKKq66e7yEyk02vaHtbS8srq2Xtoob25t7+xW9vY7Ok4VhzaPZax6PtMgRQRtFCihlyhgoS+h608u5373DpQWcXSL0wS8kI0iEQjO0Eiui3CP2Q3QGZ0MKlW71shBF6R+XpCGQ52anaNKCrQGlXd3GPM0hAi5ZFr3HTtBL2MKBZcwK7uphoTxCRtB39CIhaC9LL95Rk+MMqRBrExFSHP1+0TGQq2noW86Q4Zj/dubi395/RSDCy8TUZIiRHyxKEglxZjOA6BDoYCjnBrCuBLmVsrHTDGOJqayCeHrU/o/6ZzVHLvmXNvV5nERR4kckiNyShxSJ01yRVqkTThJyAN5Is9Waj1aL9bronXJKmYOyA9Yb5926pHe</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit><latexit sha1_base64="0Mr2P8P81H6EdEeAUhGNsbRAh9U=">AAAB83icdVDLSgNBEJyNrxhfUY9eBqPgKexKIOYW8OIxinlAsoTZSW8yZHZ2mekVw5Lf8OJBEa/+jDf/xslDUNGChqKqm+6uIJHCoOt+OLmV1bX1jfxmYWt7Z3evuH/QMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+nPntO9BGxOoWJwn4ERsqEQrO0Eq9HsI9ZjdAp3TcL5bccm0OuiDVypLUPOqV3TlKZIlGv/jeG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81vntJTqwxoGGtbCulc/T6RsciYSRTYzojhyPz2ZuJfXjfF8MLPhEpSBMUXi8JUUozpLAA6EBo4yokljGthb6V8xDTjaGMq2BC+PqX/k9Z52XPL3nWlVD9ZxpEnR+SYnBGPVEmdXJEGaRJOEvJAnsizkzqPzovzumjNOcuZQ/IDztsneCqR4g==</latexit>

kc
<latexit sha1_base64="U2q7bFcX6jQukOptoICoar+Bwkc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LFbBU0ikUHsrePFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3KYRVPTBwOO9GWbmBQlnSjvOh1VZW9/Y3Kpu13Z29/YP6odHPRWnklCPxDyWgwArypmgnmaa00EiKY4CTvvB/Hrp9++pVCwWdzpLqB/hqWAhI1gbyZuPc7IY1xuO3S6AVqTVLEnbRa7tFGhAie64/j6axCSNqNCEY6WGrpNoP8dSM8LpojZKFU0wmeMpHRoqcESVnxfHLtC5USYojKUpoVGhfp/IcaRUFgWmM8J6pn57S/Evb5jq8MrPmUhSTQVZLQpTjnSMlp+jCZOUaJ4Zgolk5lZEZlhiok0+NRPC16fof9K7tF3Hdm+bjc5ZGUcVTuAULsCFFnTgBrrgAQEGD/AEz5awHq0X63XVWrHKmWP4AevtE9SMj0Y=</latexit><latexit sha1_base64="U2q7bFcX6jQukOptoICoar+Bwkc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LFbBU0ikUHsrePFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3KYRVPTBwOO9GWbmBQlnSjvOh1VZW9/Y3Kpu13Z29/YP6odHPRWnklCPxDyWgwArypmgnmaa00EiKY4CTvvB/Hrp9++pVCwWdzpLqB/hqWAhI1gbyZuPc7IY1xuO3S6AVqTVLEnbRa7tFGhAie64/j6axCSNqNCEY6WGrpNoP8dSM8LpojZKFU0wmeMpHRoqcESVnxfHLtC5USYojKUpoVGhfp/IcaRUFgWmM8J6pn57S/Evb5jq8MrPmUhSTQVZLQpTjnSMlp+jCZOUaJ4Zgolk5lZEZlhiok0+NRPC16fof9K7tF3Hdm+bjc5ZGUcVTuAULsCFFnTgBrrgAQEGD/AEz5awHq0X63XVWrHKmWP4AevtE9SMj0Y=</latexit><latexit sha1_base64="U2q7bFcX6jQukOptoICoar+Bwkc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LFbBU0ikUHsrePFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3KYRVPTBwOO9GWbmBQlnSjvOh1VZW9/Y3Kpu13Z29/YP6odHPRWnklCPxDyWgwArypmgnmaa00EiKY4CTvvB/Hrp9++pVCwWdzpLqB/hqWAhI1gbyZuPc7IY1xuO3S6AVqTVLEnbRa7tFGhAie64/j6axCSNqNCEY6WGrpNoP8dSM8LpojZKFU0wmeMpHRoqcESVnxfHLtC5USYojKUpoVGhfp/IcaRUFgWmM8J6pn57S/Evb5jq8MrPmUhSTQVZLQpTjnSMlp+jCZOUaJ4Zgolk5lZEZlhiok0+NRPC16fof9K7tF3Hdm+bjc5ZGUcVTuAULsCFFnTgBrrgAQEGD/AEz5awHq0X63XVWrHKmWP4AevtE9SMj0Y=</latexit><latexit sha1_base64="U2q7bFcX6jQukOptoICoar+Bwkc=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LFbBU0ikUHsrePFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3KYRVPTBwOO9GWbmBQlnSjvOh1VZW9/Y3Kpu13Z29/YP6odHPRWnklCPxDyWgwArypmgnmaa00EiKY4CTvvB/Hrp9++pVCwWdzpLqB/hqWAhI1gbyZuPc7IY1xuO3S6AVqTVLEnbRa7tFGhAie64/j6axCSNqNCEY6WGrpNoP8dSM8LpojZKFU0wmeMpHRoqcESVnxfHLtC5USYojKUpoVGhfp/IcaRUFgWmM8J6pn57S/Evb5jq8MrPmUhSTQVZLQpTjnSMlp+jCZOUaJ4Zgolk5lZEZlhiok0+NRPC16fof9K7tF3Hdm+bjc5ZGUcVTuAULsCFFnTgBrrgAQEGD/AEz5awHq0X63XVWrHKmWP4AevtE9SMj0Y=</latexit>

�kc
<latexit sha1_base64="yRp8E41IBsbt11Q82jDOB0nxHTo=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CVbBi2VXCrW3ghePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG5XUNEHA4/3ZpiZF8ScaeO6H05hZXVtfaO4Wdra3tndK+8fdLRMFKFtIrlUvQBrypmgbcMMp71YURwFnHaD6dXC795TpZkUt2YWUz/CY8FCRrCxUud8OkzJfFiuuNVGBrQk9VpOGh7yqm6GCuRoDcvvg5EkSUSFIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUoEjqv00u3aOTq0yQqFUtoRBmfp9IsWR1rMosJ0RNhP921uIf3n9xISXfspEnBgqyHJRmHBkJFq8jkZMUWL4zBJMFLO3IjLBChNjAyrZEL4+Rf+TzkXVc6veTa3SPMnjKMIRHMMZeFCHJlxDC9pA4A4e4AmeHek8Oi/O67K14OQzh/ADztsnPpyPfQ==</latexit><latexit sha1_base64="yRp8E41IBsbt11Q82jDOB0nxHTo=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CVbBi2VXCrW3ghePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG5XUNEHA4/3ZpiZF8ScaeO6H05hZXVtfaO4Wdra3tndK+8fdLRMFKFtIrlUvQBrypmgbcMMp71YURwFnHaD6dXC795TpZkUt2YWUz/CY8FCRrCxUud8OkzJfFiuuNVGBrQk9VpOGh7yqm6GCuRoDcvvg5EkSUSFIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUoEjqv00u3aOTq0yQqFUtoRBmfp9IsWR1rMosJ0RNhP921uIf3n9xISXfspEnBgqyHJRmHBkJFq8jkZMUWL4zBJMFLO3IjLBChNjAyrZEL4+Rf+TzkXVc6veTa3SPMnjKMIRHMMZeFCHJlxDC9pA4A4e4AmeHek8Oi/O67K14OQzh/ADztsnPpyPfQ==</latexit><latexit sha1_base64="yRp8E41IBsbt11Q82jDOB0nxHTo=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CVbBi2VXCrW3ghePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG5XUNEHA4/3ZpiZF8ScaeO6H05hZXVtfaO4Wdra3tndK+8fdLRMFKFtIrlUvQBrypmgbcMMp71YURwFnHaD6dXC795TpZkUt2YWUz/CY8FCRrCxUud8OkzJfFiuuNVGBrQk9VpOGh7yqm6GCuRoDcvvg5EkSUSFIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUoEjqv00u3aOTq0yQqFUtoRBmfp9IsWR1rMosJ0RNhP921uIf3n9xISXfspEnBgqyHJRmHBkJFq8jkZMUWL4zBJMFLO3IjLBChNjAyrZEL4+Rf+TzkXVc6veTa3SPMnjKMIRHMMZeFCHJlxDC9pA4A4e4AmeHek8Oi/O67K14OQzh/ADztsnPpyPfQ==</latexit><latexit sha1_base64="yRp8E41IBsbt11Q82jDOB0nxHTo=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CVbBi2VXCrW3ghePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG5XUNEHA4/3ZpiZF8ScaeO6H05hZXVtfaO4Wdra3tndK+8fdLRMFKFtIrlUvQBrypmgbcMMp71YURwFnHaD6dXC795TpZkUt2YWUz/CY8FCRrCxUud8OkzJfFiuuNVGBrQk9VpOGh7yqm6GCuRoDcvvg5EkSUSFIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUoEjqv00u3aOTq0yQqFUtoRBmfp9IsWR1rMosJ0RNhP921uIf3n9xISXfspEnBgqyHJRmHBkJFq8jkZMUWL4zBJMFLO3IjLBChNjAyrZEL4+Rf+TzkXVc6veTa3SPMnjKMIRHMMZeFCHJlxDC9pA4A4e4AmeHek8Oi/O67K14OQzh/ADztsnPpyPfQ==</latexit>

G@B =
1

`3/2

Z
d3k

(2⇡)3
�ei

~k.~y�(h� iê)
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Results

!15

Aretakis persists after k-integral in a spacetime with non-compact horizon topology!

As expected, asymptotic AdS space doesn’t affect Aretakis
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What is the CFT dual to Aretakis?



CFT dual?

!16

Don’t see anything in a 2 point function on 
the boundary

Aretakis is seen only on the 
Horizon of the black hole

Interacting theory - integrate through the 
bulk to include near-horizon effects

Do we see a signature for Aretakis for a CFT that lives on the boundary?

Boundary correlators grow or decay slower than expected?

On Horizon decay rate Off Horizon decay rate
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Scaling arguments

!17

Temporal conformal transformations

t ! ��1t, O ! �1/2O
<latexit sha1_base64="WB2I8ph82K0hCFp+BZQYhzP+Lcc="></latexit><latexit sha1_base64="WB2I8ph82K0hCFp+BZQYhzP+Lcc="></latexit><latexit sha1_base64="WB2I8ph82K0hCFp+BZQYhzP+Lcc="></latexit><latexit sha1_base64="WB2I8ph82K0hCFp+BZQYhzP+Lcc="></latexit>

hO1O2O3O4i ! �2hO1O2O3O4i under ti ! ��1ti
<latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WLgLN4WlCHi3Bjd4rQGiadSbuIA="></latexit><latexit sha1_base64="0b89iUNXFVLdWnSed9Dw7FLqagg="></latexit><latexit sha1_base64="kjLG9WwSeIbpLKM38i/n7c1OA3c="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit><latexit sha1_base64="qNx3RcmHdGNckSAd/V2snm3q8Eg="></latexit>

Given that the scaling of          is 
different, do we see a signature 

from near-horizon region?

G

near
@B

⇠ C
`

3/2
x

✓
k

c

x

◆3/2

e

�xkc(6v)�1/2�iê(1 + 6(1� z)v)�1/2+iê

x ! 1
<latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="tATquHgX/PvragMPOhVZXQLndnE="></latexit><latexit sha1_base64="0AkuMFvZSwDJLq7RZcEUBfayMQw="></latexit><latexit sha1_base64="E7z4IRE18O4g39P2MSC7f6xML4o="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit><latexit sha1_base64="1Ax7ZyNnvnR9z3EvPpOMrdbcHlk="></latexit>

late times

late times

Gnear
@B ⇠ v�1/2, 1� z ! 0 , v ! 1

<latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ynpdataOckL7MmMMiqaLcLXWZBk="></latexit><latexit sha1_base64="i3IcbT365WVkQr1SlN75QJl9YjQ="></latexit><latexit sha1_base64="9obODCve9V/QptsBrvUptQKbRR4="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit><latexit sha1_base64="tUx8pRHFb6JaiDPaNoQmPWyYds0="></latexit>

hO1O2i ! �hO1O2i
<latexit sha1_base64="ZsFRFUCxiV6MFPboL/OW+0T2Tk4="></latexit><latexit sha1_base64="ZsFRFUCxiV6MFPboL/OW+0T2Tk4="></latexit><latexit sha1_base64="ZsFRFUCxiV6MFPboL/OW+0T2Tk4="></latexit><latexit sha1_base64="ZsFRFUCxiV6MFPboL/OW+0T2Tk4="></latexit>

At tree level,

We argue that only the near 
region matters in leading order 
at late times on the boundary 

Temporal conformal symmetry 
of boundary operator 

preserved due to Aretakis!

hOOi ⇠ Gfar
@@ ⇠ t�1, t ! 1

<latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="v6xwGGK1hnCYwps1G8LOx8OhlGw="></latexit><latexit sha1_base64="tgKTLkNIxERJzKuCpV+aAGg9xyE="></latexit><latexit sha1_base64="kOgbv2m5363ip4s0HHmUQSX73Mc="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit><latexit sha1_base64="wCrM/RPIlOw1Hosce6weP7GtDLY="></latexit>



Generalization

!18

BoundaryHorizon

near far

⇤�4
<latexit sha1_base64="n/rBCGVOsserfMKLQ90nU54ZXjo=">AAAB+XicdVDLSsNAFL3xWesr6tLNYBVchUQKtbuCGxcuKtgHNLFMJpN26OTBzKRQQv/EjQtF3Pon7vwbp2kEFT0wcDjnXO6d46ecSWXbH8bK6tr6xmZlq7q9s7u3bx4cdmWSCUI7JOGJ6PtYUs5i2lFMcdpPBcWRz2nPn1wt/N6UCsmS+E7NUupFeBSzkBGstDQ0TfdGhwOM3PaY3ef1+dCs2VazAFqSRr0kTQc5ll2gBiXaQ/PdDRKSRTRWhGMpB46dKi/HQjHC6bzqZpKmmEzwiA40jXFEpZcXl8/RmVYCFCZCv1ihQv0+keNIylnk62SE1Vj+9hbiX94gU+Gll7M4zRSNyXJRmHGkErSoAQVMUKL4TBNMBNO3IjLGAhOly6rqEr5+iv4n3QvLsS3ntl5rnZZ1VOAYTuAcHGhAC66hDR0gMIUHeIJnIzcejRfjdRldMcqZI/gB4+0ThrSThA==</latexit><latexit sha1_base64="n/rBCGVOsserfMKLQ90nU54ZXjo=">AAAB+XicdVDLSsNAFL3xWesr6tLNYBVchUQKtbuCGxcuKtgHNLFMJpN26OTBzKRQQv/EjQtF3Pon7vwbp2kEFT0wcDjnXO6d46ecSWXbH8bK6tr6xmZlq7q9s7u3bx4cdmWSCUI7JOGJ6PtYUs5i2lFMcdpPBcWRz2nPn1wt/N6UCsmS+E7NUupFeBSzkBGstDQ0TfdGhwOM3PaY3ef1+dCs2VazAFqSRr0kTQc5ll2gBiXaQ/PdDRKSRTRWhGMpB46dKi/HQjHC6bzqZpKmmEzwiA40jXFEpZcXl8/RmVYCFCZCv1ihQv0+keNIylnk62SE1Vj+9hbiX94gU+Gll7M4zRSNyXJRmHGkErSoAQVMUKL4TBNMBNO3IjLGAhOly6rqEr5+iv4n3QvLsS3ntl5rnZZ1VOAYTuAcHGhAC66hDR0gMIUHeIJnIzcejRfjdRldMcqZI/gB4+0ThrSThA==</latexit><latexit sha1_base64="n/rBCGVOsserfMKLQ90nU54ZXjo=">AAAB+XicdVDLSsNAFL3xWesr6tLNYBVchUQKtbuCGxcuKtgHNLFMJpN26OTBzKRQQv/EjQtF3Pon7vwbp2kEFT0wcDjnXO6d46ecSWXbH8bK6tr6xmZlq7q9s7u3bx4cdmWSCUI7JOGJ6PtYUs5i2lFMcdpPBcWRz2nPn1wt/N6UCsmS+E7NUupFeBSzkBGstDQ0TfdGhwOM3PaY3ef1+dCs2VazAFqSRr0kTQc5ll2gBiXaQ/PdDRKSRTRWhGMpB46dKi/HQjHC6bzqZpKmmEzwiA40jXFEpZcXl8/RmVYCFCZCv1ihQv0+keNIylnk62SE1Vj+9hbiX94gU+Gll7M4zRSNyXJRmHGkErSoAQVMUKL4TBNMBNO3IjLGAhOly6rqEr5+iv4n3QvLsS3ntl5rnZZ1VOAYTuAcHGhAC66hDR0gMIUHeIJnIzcejRfjdRldMcqZI/gB4+0ThrSThA==</latexit><latexit sha1_base64="n/rBCGVOsserfMKLQ90nU54ZXjo=">AAAB+XicdVDLSsNAFL3xWesr6tLNYBVchUQKtbuCGxcuKtgHNLFMJpN26OTBzKRQQv/EjQtF3Pon7vwbp2kEFT0wcDjnXO6d46ecSWXbH8bK6tr6xmZlq7q9s7u3bx4cdmWSCUI7JOGJ6PtYUs5i2lFMcdpPBcWRz2nPn1wt/N6UCsmS+E7NUupFeBSzkBGstDQ0TfdGhwOM3PaY3ef1+dCs2VazAFqSRr0kTQc5ll2gBiXaQ/PdDRKSRTRWhGMpB46dKi/HQjHC6bzqZpKmmEzwiA40jXFEpZcXl8/RmVYCFCZCv1ihQv0+keNIylnk62SE1Vj+9hbiX94gU+Gll7M4zRSNyXJRmHGkErSoAQVMUKL4TBNMBNO3IjLGAhOly6rqEr5+iv4n3QvLsS3ntl5rnZZ1VOAYTuAcHGhAC66hDR0gMIUHeIJnIzcejRfjdRldMcqZI/gB4+0ThrSThA==</latexit>

⇤�3
<latexit sha1_base64="tEuPSaR8ERe5MPfAQpiD3JjJlgM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBqvgKiRaqN0V3LhwUcE+oIllMpm2QycPZiaFEvonblwo4tY/ceffOE0jqOiBgcM553LvHD/hTCrb/jBKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3K18LtTKiSLozs1S6gX4lHEhoxgpaWBabo3Ohxg5LbG7D67mA/Mqm01cqAlqdcK0nCQY9k5qlCgNTDf3SAmaUgjRTiWsu/YifIyLBQjnM4rbippgskEj2hf0wiHVHpZfvkcnWolQMNY6BcplKvfJzIcSjkLfZ0MsRrL395C/Mvrp2p46WUsSlJFI7JcNEw5UjFa1IACJihRfKYJJoLpWxEZY4GJ0mVVdAlfP0X/k8655diWc1urNk+KOspwBMdwBg7UoQnX0II2EJjCAzzBs5EZj8aL8bqMloxi5hB+wHj7BIUvk4M=</latexit><latexit sha1_base64="tEuPSaR8ERe5MPfAQpiD3JjJlgM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBqvgKiRaqN0V3LhwUcE+oIllMpm2QycPZiaFEvonblwo4tY/ceffOE0jqOiBgcM553LvHD/hTCrb/jBKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3K18LtTKiSLozs1S6gX4lHEhoxgpaWBabo3Ohxg5LbG7D67mA/Mqm01cqAlqdcK0nCQY9k5qlCgNTDf3SAmaUgjRTiWsu/YifIyLBQjnM4rbippgskEj2hf0wiHVHpZfvkcnWolQMNY6BcplKvfJzIcSjkLfZ0MsRrL395C/Mvrp2p46WUsSlJFI7JcNEw5UjFa1IACJihRfKYJJoLpWxEZY4GJ0mVVdAlfP0X/k8655diWc1urNk+KOspwBMdwBg7UoQnX0II2EJjCAzzBs5EZj8aL8bqMloxi5hB+wHj7BIUvk4M=</latexit><latexit sha1_base64="tEuPSaR8ERe5MPfAQpiD3JjJlgM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBqvgKiRaqN0V3LhwUcE+oIllMpm2QycPZiaFEvonblwo4tY/ceffOE0jqOiBgcM553LvHD/hTCrb/jBKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3K18LtTKiSLozs1S6gX4lHEhoxgpaWBabo3Ohxg5LbG7D67mA/Mqm01cqAlqdcK0nCQY9k5qlCgNTDf3SAmaUgjRTiWsu/YifIyLBQjnM4rbippgskEj2hf0wiHVHpZfvkcnWolQMNY6BcplKvfJzIcSjkLfZ0MsRrL395C/Mvrp2p46WUsSlJFI7JcNEw5UjFa1IACJihRfKYJJoLpWxEZY4GJ0mVVdAlfP0X/k8655diWc1urNk+KOspwBMdwBg7UoQnX0II2EJjCAzzBs5EZj8aL8bqMloxi5hB+wHj7BIUvk4M=</latexit><latexit sha1_base64="tEuPSaR8ERe5MPfAQpiD3JjJlgM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBqvgKiRaqN0V3LhwUcE+oIllMpm2QycPZiaFEvonblwo4tY/ceffOE0jqOiBgcM553LvHD/hTCrb/jBKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3K18LtTKiSLozs1S6gX4lHEhoxgpaWBabo3Ohxg5LbG7D67mA/Mqm01cqAlqdcK0nCQY9k5qlCgNTDf3SAmaUgjRTiWsu/YifIyLBQjnM4rbippgskEj2hf0wiHVHpZfvkcnWolQMNY6BcplKvfJzIcSjkLfZ0MsRrL395C/Mvrp2p46WUsSlJFI7JcNEw5UjFa1IACJihRfKYJJoLpWxEZY4GJ0mVVdAlfP0X/k8655diWc1urNk+KOspwBMdwBg7UoQnX0II2EJjCAzzBs5EZj8aL8bqMloxi5hB+wHj7BIUvk4M=</latexit>

near far

BoundaryHorizon

�0
<latexit sha1_base64="FBl7iHE8BiVCLGN/20l5FNZjEa0=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBVchUQKtbuCG5cV7APSWCaTSTt0MgkzE6GEfoYbF4q49Wvc+TdO0wgqemDgcM65zL0nSDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvVr4/XsqFUvErZ6l1I/xWLCIEayN5A25iYb4Lnfmo1rdsVsF0JI0GyVpuci1nQJ1KNEZ1d6HYUKymApNOFbKc51U+zmWmhFO59VhpmiKyRSPqWeowDFVfl6sPEdnRglRlEjzhEaF+n0ix7FSszgwyRjrifrtLcS/PC/T0aWfM5Fmmgqy/CjKONIJWtyPQiYp0XxmCCaSmV0RmWCJiTYtVU0JX5ei/0nvwnYd271p1NunZR0VOIYTOAcXmtCGa+hAFwgk8ABP8Gxp69F6sV6X0RWrnDmCH7DePgH5L5Gg</latexit><latexit sha1_base64="FBl7iHE8BiVCLGN/20l5FNZjEa0=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBVchUQKtbuCG5cV7APSWCaTSTt0MgkzE6GEfoYbF4q49Wvc+TdO0wgqemDgcM65zL0nSDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvVr4/XsqFUvErZ6l1I/xWLCIEayN5A25iYb4Lnfmo1rdsVsF0JI0GyVpuci1nQJ1KNEZ1d6HYUKymApNOFbKc51U+zmWmhFO59VhpmiKyRSPqWeowDFVfl6sPEdnRglRlEjzhEaF+n0ix7FSszgwyRjrifrtLcS/PC/T0aWfM5Fmmgqy/CjKONIJWtyPQiYp0XxmCCaSmV0RmWCJiTYtVU0JX5ei/0nvwnYd271p1NunZR0VOIYTOAcXmtCGa+hAFwgk8ABP8Gxp69F6sV6X0RWrnDmCH7DePgH5L5Gg</latexit><latexit sha1_base64="FBl7iHE8BiVCLGN/20l5FNZjEa0=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBVchUQKtbuCG5cV7APSWCaTSTt0MgkzE6GEfoYbF4q49Wvc+TdO0wgqemDgcM65zL0nSDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvVr4/XsqFUvErZ6l1I/xWLCIEayN5A25iYb4Lnfmo1rdsVsF0JI0GyVpuci1nQJ1KNEZ1d6HYUKymApNOFbKc51U+zmWmhFO59VhpmiKyRSPqWeowDFVfl6sPEdnRglRlEjzhEaF+n0ix7FSszgwyRjrifrtLcS/PC/T0aWfM5Fmmgqy/CjKONIJWtyPQiYp0XxmCCaSmV0RmWCJiTYtVU0JX5ei/0nvwnYd271p1NunZR0VOIYTOAcXmtCGa+hAFwgk8ABP8Gxp69F6sV6X0RWrnDmCH7DePgH5L5Gg</latexit><latexit sha1_base64="FBl7iHE8BiVCLGN/20l5FNZjEa0=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBVchUQKtbuCG5cV7APSWCaTSTt0MgkzE6GEfoYbF4q49Wvc+TdO0wgqemDgcM65zL0nSDlT2nE+rJXVtfWNzcpWdXtnd2+/dnDYU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvVr4/XsqFUvErZ6l1I/xWLCIEayN5A25iYb4Lnfmo1rdsVsF0JI0GyVpuci1nQJ1KNEZ1d6HYUKymApNOFbKc51U+zmWmhFO59VhpmiKyRSPqWeowDFVfl6sPEdnRglRlEjzhEaF+n0ix7FSszgwyRjrifrtLcS/PC/T0aWfM5Fmmgqy/CjKONIJWtyPQiYp0XxmCCaSmV0RmWCJiTYtVU0JX5ei/0nvwnYd271p1NunZR0VOIYTOAcXmtCGa+hAFwgk8ABP8Gxp69F6sV6X0RWrnDmCH7DePgH5L5Gg</latexit>

for each near-region vertex

for each far-region vertex

for each boundary-near propagator

for each boundary-far propagator

for each near-near propagator
��1

<latexit sha1_base64="gaFZz+c3S5PIB00IkQY/0NcebTQ=">AAAB83icdVDLSsNAFL2pr1pfVZduBqvgxpJIoXZXcOOygn1AE8tkMmmHTiZhZiKU0N9w40IRt/6MO//GaRpBRQ8MHM45l3vn+AlnStv2h1VaWV1b3yhvVra2d3b3qvsHPRWnktAuiXksBz5WlDNBu5ppTgeJpDjyOe3706uF37+nUrFY3OpZQr0IjwULGcHaSK7LTTTAd9m5Mx9Va3a9lQMtSbNRkJaDnLqdowYFOqPquxvEJI2o0IRjpYaOnWgvw1Izwum84qaKJphM8ZgODRU4osrL8pvn6NQoAQpjaZ7QKFe/T2Q4UmoW+SYZYT1Rv72F+Jc3THV46WVMJKmmgiwXhSlHOkaLAlDAJCWazwzBRDJzKyITLDHRpqaKKeHrp+h/0ruoO3bduWnU2idFHWU4gmM4Awea0IZr6EAXCCTwAE/wbKXWo/VivS6jJauYOYQfsN4+AWffkdg=</latexit><latexit sha1_base64="gaFZz+c3S5PIB00IkQY/0NcebTQ=">AAAB83icdVDLSsNAFL2pr1pfVZduBqvgxpJIoXZXcOOygn1AE8tkMmmHTiZhZiKU0N9w40IRt/6MO//GaRpBRQ8MHM45l3vn+AlnStv2h1VaWV1b3yhvVra2d3b3qvsHPRWnktAuiXksBz5WlDNBu5ppTgeJpDjyOe3706uF37+nUrFY3OpZQr0IjwULGcHaSK7LTTTAd9m5Mx9Va3a9lQMtSbNRkJaDnLqdowYFOqPquxvEJI2o0IRjpYaOnWgvw1Izwum84qaKJphM8ZgODRU4osrL8pvn6NQoAQpjaZ7QKFe/T2Q4UmoW+SYZYT1Rv72F+Jc3THV46WVMJKmmgiwXhSlHOkaLAlDAJCWazwzBRDJzKyITLDHRpqaKKeHrp+h/0ruoO3bduWnU2idFHWU4gmM4Awea0IZr6EAXCCTwAE/wbKXWo/VivS6jJauYOYQfsN4+AWffkdg=</latexit><latexit sha1_base64="gaFZz+c3S5PIB00IkQY/0NcebTQ=">AAAB83icdVDLSsNAFL2pr1pfVZduBqvgxpJIoXZXcOOygn1AE8tkMmmHTiZhZiKU0N9w40IRt/6MO//GaRpBRQ8MHM45l3vn+AlnStv2h1VaWV1b3yhvVra2d3b3qvsHPRWnktAuiXksBz5WlDNBu5ppTgeJpDjyOe3706uF37+nUrFY3OpZQr0IjwULGcHaSK7LTTTAd9m5Mx9Va3a9lQMtSbNRkJaDnLqdowYFOqPquxvEJI2o0IRjpYaOnWgvw1Izwum84qaKJphM8ZgODRU4osrL8pvn6NQoAQpjaZ7QKFe/T2Q4UmoW+SYZYT1Rv72F+Jc3THV46WVMJKmmgiwXhSlHOkaLAlDAJCWazwzBRDJzKyITLDHRpqaKKeHrp+h/0ruoO3bduWnU2idFHWU4gmM4Awea0IZr6EAXCCTwAE/wbKXWo/VivS6jJauYOYQfsN4+AWffkdg=</latexit><latexit sha1_base64="gaFZz+c3S5PIB00IkQY/0NcebTQ=">AAAB83icdVDLSsNAFL2pr1pfVZduBqvgxpJIoXZXcOOygn1AE8tkMmmHTiZhZiKU0N9w40IRt/6MO//GaRpBRQ8MHM45l3vn+AlnStv2h1VaWV1b3yhvVra2d3b3qvsHPRWnktAuiXksBz5WlDNBu5ppTgeJpDjyOe3706uF37+nUrFY3OpZQr0IjwULGcHaSK7LTTTAd9m5Mx9Va3a9lQMtSbNRkJaDnLqdowYFOqPquxvEJI2o0IRjpYaOnWgvw1Izwum84qaKJphM8ZgODRU4osrL8pvn6NQoAQpjaZ7QKFe/T2Q4UmoW+SYZYT1Rv72F+Jc3THV46WVMJKmmgiwXhSlHOkaLAlDAJCWazwzBRDJzKyITLDHRpqaKKeHrp+h/0ruoO3bduWnU2idFHWU4gmM4Awea0IZr6EAXCCTwAE/wbKXWo/VivS6jJauYOYQfsN4+AWffkdg=</latexit>

�1/2
<latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="RPCfeqfzfJkFT/YItGt9xwFWjQg=">AAAB6XicbZA7T8MwFIVvyquUAoWVxaJCYipJFxiRWBiLRB9SG6obx2mtOk6wnUpR1N/BwgBC/CE2/g3uY4CWI1n6dM61fH2CVHBtXPfbKW1t7+zulfcrB9XDo+PaSbWjk0xR1qaJSFQvQM0El6xtuBGslyqGcSBYN5jczfPulCnNE/lo8pT5MY4kjzhFYy1/IOxoiE+Fd9WcDWt1t+EuRDbBW0EdVmoNa1+DMKFZzKShArXue25q/AKV4VSwWWWQaZYineCI9S1KjJn2i8XSM3JhnZBEibJHGrJwf98oMNY6jwM7GaMZ6/Vsbv6X9TMT3fgFl2lmmKTLh6JMEJOQeQMk5IpRI3ILSBW3uxI6RoXU2J4qtgRv/cub0Gk2PLfhPbhQhjM4h0vw4Bpu4R5a0AYKz/ACb/DuTJ1X52NZV8lZ9XYKf+R8/gDODpBC</latexit><latexit sha1_base64="gjVAu2DvDZSUw9SYTo5LoBSV6p4=">AAAB6XicdZDNSgMxFIXv+Ftr1erWTbAIrsZJEWp3ghuXFewPtGPJZDJtaCYzJplCGfocblwo4gu5821MpxVU9EDgcM4NufmCVHBtPO/DWVvf2NzaLu2Udyt7+wfVw0pHJ5mirE0TkaheQDQTXLK24UawXqoYiQPBusHketF3p0xpnsg7M0uZH5OR5BGnxNjIHwg7GpL7HJ/X58NqzXObhdDSNC5WpokRdr1CNVipNay+D8KEZjGThgqidR97qfFzogyngs3Lg0yzlNAJGbG+tZLETPt5sfQcndokRFGi7JEGFen3GzmJtZ7FgZ2MiRnr390i/KvrZya69HMu08wwSZcPRZlAJkELAijkilEjZtYQqrjdFdExUYQay6lsIXz9FP1vOnUXey6+9aAEx3ACZ4ChAVdwAy1oA4UHeIRneHGmzpPzusS15qy4HcEPOW+fnPeQ1Q==</latexit><latexit sha1_base64="dlFo64kgsO3K6N5uhSnklHpvwIM=">AAAB9HicdVDLSsNAFL2pr1pfVZduBqvgqiZFqN0V3LisYB/QxjKZTNqhk0mcmRRK6He4caGIWz/GnX/jNI2gogcGDuecy71zvJgzpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSSWibRDySPQ8rypmgbc00p71YUhx6nHa9ydXC706pVCwSt3oWUzfEI8ECRrA2kjvgJurju9Q5r82H5YpdbWRAS1K/yEnDQU7VzlCBHK1h+X3gRyQJqdCEY6X6jh1rN8VSM8LpvDRIFI0xmeAR7RsqcEiVm2ZHz9GpUXwURNI8oVGmfp9IcajULPRMMsR6rH57C/Evr5/o4NJNmYgTTQVZLgoSjnSEFg0gn0lKNJ8Zgolk5lZExlhiok1PJVPC10/R/6RTqzp21bmxK82TvI4iHMExnIEDdWjCNbSgDQTu4QGe4NmaWo/Wi/W6jBasfOYQfsB6+wTel5IS</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit><latexit sha1_base64="BefESqlZ/C+159e4ezoocUN9jnc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBVc1aQUancFNy4r2Ae0sUwmk3boZBJnJoUS+h1uXCji1o9x5984TSOo6IGBwznncu8cL+ZMadv+sFZW19Y3Ngtbxe2d3b390sFhR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Grhd6dUKhaJWz2LqRvikWABI1gbyR1wE/XxXepcVOfDUtmuNDKgJanXctJwkFOxM5QhR2tYeh/4EUlCKjThWKm+Y8faTbHUjHA6Lw4SRWNMJnhE+4YKHFLlptnRc3RmFB8FkTRPaJSp3ydSHCo1Cz2TDLEeq9/eQvzL6yc6uHRTJuJEU0GWi4KEIx2hRQPIZ5ISzWeGYCKZuRWRMZaYaNNT0ZTw9VP0P+lUK45dcW5q5eZpXkcBjuEEzsGBOjThGlrQBgL38ABP8GxNrUfrxXpdRlesfOYIfsB6+wTf15IW</latexit>

�
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Summary
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Aretakis persists in spacetime with non-compact horizon topology

Aretakis helps preserve temporal conformal symmetry on the 
boundary in an interacting theory 

Holographic meaning of Aretakis instability remains a mystery

Aretakis persists in spacetime which is asymptotically AdS



Bañados Teitelboim Zanelli (BTZ)
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Rotating black hole in 3d - asymptotically AdS

Gravity in 3d special - All vacuum spacetimes have constant curvature, locally

Rotating black hole - similar properties to Kerr

Interestingly, we preliminarily see that if initial data is not sufficiently 
smooth, the field is either not absolutely integrable, not of bounded 
variation or has infinite discontinuities in a finite interval 

Periodically identify coordinates - different global geometries

(ongoing)

We observe that the Aretakis instability persists
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Near horizon region of an extremal black hole - AdS2
<latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit>

factor

AdS2 ⇥ S2
<latexit sha1_base64="+rOC9yuVzMnVZoFsieYpCUHq3L8=">AAACAnicdVDJSgNBEO1xjXEb9SReGqPgaZgJgZhbxIvHSMwCmTj09HSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7i6CiDwoe71VRVc9PBFdg2x/GwuLS8spqbi2/vrG5tW3u7DZVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8ofnE791w6TicXQFo4R1Q9KPeI9TAlryzH0X2C1kZ0F97GXFMXaBh0zh+nXRMwu2VZkCz0i5NCcVBzuWPUUBzVHzzHc3iGkasgioIEp1HDuBbkYkcCrYOO+miiWEDkmfdTSNiF7UzaYvjPGxVgLci6WuCPBU/T6RkVCpUejrzpDAQP32JuJfXieF3mk341GSAovobFEvFRhiPMkDB1wyCmKkCaGS61sxHRBJKOjU8jqEr0/x/6RZtBzbci5LherRPI4cOkCH6AQ5qIyq6ALVUANRdIce0BN6Nu6NR+PFeJ21LhjzmT30A8bbJ2DQl1U=</latexit><latexit sha1_base64="+rOC9yuVzMnVZoFsieYpCUHq3L8=">AAACAnicdVDJSgNBEO1xjXEb9SReGqPgaZgJgZhbxIvHSMwCmTj09HSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7i6CiDwoe71VRVc9PBFdg2x/GwuLS8spqbi2/vrG5tW3u7DZVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8ofnE791w6TicXQFo4R1Q9KPeI9TAlryzH0X2C1kZ0F97GXFMXaBh0zh+nXRMwu2VZkCz0i5NCcVBzuWPUUBzVHzzHc3iGkasgioIEp1HDuBbkYkcCrYOO+miiWEDkmfdTSNiF7UzaYvjPGxVgLci6WuCPBU/T6RkVCpUejrzpDAQP32JuJfXieF3mk341GSAovobFEvFRhiPMkDB1wyCmKkCaGS61sxHRBJKOjU8jqEr0/x/6RZtBzbci5LherRPI4cOkCH6AQ5qIyq6ALVUANRdIce0BN6Nu6NR+PFeJ21LhjzmT30A8bbJ2DQl1U=</latexit><latexit sha1_base64="+rOC9yuVzMnVZoFsieYpCUHq3L8=">AAACAnicdVDJSgNBEO1xjXEb9SReGqPgaZgJgZhbxIvHSMwCmTj09HSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7i6CiDwoe71VRVc9PBFdg2x/GwuLS8spqbi2/vrG5tW3u7DZVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8ofnE791w6TicXQFo4R1Q9KPeI9TAlryzH0X2C1kZ0F97GXFMXaBh0zh+nXRMwu2VZkCz0i5NCcVBzuWPUUBzVHzzHc3iGkasgioIEp1HDuBbkYkcCrYOO+miiWEDkmfdTSNiF7UzaYvjPGxVgLci6WuCPBU/T6RkVCpUejrzpDAQP32JuJfXieF3mk341GSAovobFEvFRhiPMkDB1wyCmKkCaGS61sxHRBJKOjU8jqEr0/x/6RZtBzbci5LherRPI4cOkCH6AQ5qIyq6ALVUANRdIce0BN6Nu6NR+PFeJ21LhjzmT30A8bbJ2DQl1U=</latexit><latexit sha1_base64="+rOC9yuVzMnVZoFsieYpCUHq3L8=">AAACAnicdVDJSgNBEO1xjXEb9SReGqPgaZgJgZhbxIvHSMwCmTj09HSSJj0L3TViGIIXf8WLB0W8+hXe/Bs7i6CiDwoe71VRVc9PBFdg2x/GwuLS8spqbi2/vrG5tW3u7DZVnErKGjQWsWz7RDHBI9YADoK1E8lI6AvW8ofnE791w6TicXQFo4R1Q9KPeI9TAlryzH0X2C1kZ0F97GXFMXaBh0zh+nXRMwu2VZkCz0i5NCcVBzuWPUUBzVHzzHc3iGkasgioIEp1HDuBbkYkcCrYOO+miiWEDkmfdTSNiF7UzaYvjPGxVgLci6WuCPBU/T6RkVCpUejrzpDAQP32JuJfXieF3mk341GSAovobFEvFRhiPMkDB1wyCmKkCaGS61sxHRBJKOjU8jqEr0/x/6RZtBzbci5LherRPI4cOkCH6AQ5qIyq6ALVUANRdIce0BN6Nu6NR+PFeJ21LhjzmT30A8bbJ2DQl1U=</latexit>

(Gralla, Zimmerman 2018)

(Kunduri, Lucietti, Reall 2007)

Going forward

Aretakis appears due to emergence of 
scaling symmetry in the near horizon 
region that appears due to the              factor AdS2

<latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit>

Universal framework for Aretakis now 
exists based on AdS2

<latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit>

(Gralla, Zimmerman 2018)

All extreme black holes studied have 
near horizon geometry of AdS2

<latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit><latexit sha1_base64="OmuuXvTtbvRbhRdKIplHGXd0Yw4=">AAAB83icdVDLSsNAFJ3UV62vqks3g1VwFZJSqN1V3LisaB/QhDKZTNqhkwczN2IJ/Q03LhRx68+482+cphFU9MCFwzn3cu89XiK4Asv6MEorq2vrG+XNytb2zu5edf+gp+JUUtalsYjlwCOKCR6xLnAQbJBIRkJPsL43vVz4/TsmFY+jW5glzA3JOOIBpwS05DjA7iG78G/mo/qoWrPMVg68JM1GQVo2tk0rRw0V6Iyq744f0zRkEVBBlBraVgJuRiRwKti84qSKJYROyZgNNY1IyJSb5TfP8alWfBzEUlcEOFe/T2QkVGoWerozJDBRv72F+Jc3TCE4dzMeJSmwiC4XBanAEONFANjnklEQM00IlVzfiumESEJBx1TRIXx9iv8nvbppW6Z93ai1T4o4yugIHaMzZKMmaqMr1EFdRFGCHtATejZS49F4MV6XrSWjmDlEP2C8fQKzxZIJ</latexit>



What next?

!22

D1-D3 brane has a near 
horizon limit of AdS5 ⇥ S5

<latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit><latexit sha1_base64="ruYVwN74yF1/sd3mMLQ9Ij3bQlo=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAKnsKuJMTcIl48RmIekMRldnaSDJl9MNMrhmXx4q948aCIV7/Cm3/jJFlBRQsaiqpuurucUHAFpvlhZBYWl5ZXsqu5tfWNza389k5LBZGkrEkDEciOQxQT3GdN4CBYJ5SMeI5gbWd8PvXbN0wqHvhXMAlZ3yNDnw84JaAlO7/XA3YL8ZnbSOwy7gH3mMKN67ic2PmCWazOgOekUkpJ1cJW0ZyhgFLU7fx7zw1o5DEfqCBKdS0zhH5MJHAqWJLrRYqFhI7JkHU19Yle1Y9nLyT4SCsuHgRSlw94pn6fiImn1MRzdKdHYKR+e1PxL68bweC0H3M/jID5dL5oEAkMAZ7mgV0uGQUx0YRQyfWtmI6IJBR0ajkdwten+H/SOilaZtG6LBVqh2kcWbSPDtAxslAF1dAFqqMmougOPaAn9GzcG4/Gi/E6b80Y6cwu+gHj7RNmrJdb</latexit>

D1-D3 brane - system in original 
statement of the correspondence

Does this system possess interesting late-time behavior? Does it have the 
Aretakis instability or something similar in a different limit?


