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G =

Z
d! e�i!(t�t0)g

<latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit>

Do initially small perturbations of a (Kerr) black hole evolve under Einstein’s vacuum 
equations to a nearby member of the (Kerr) black hole family of solutions?



Black Hole stability

!3

Perturbations on a fixed black hole spacetime background

Mode stability

Linear stability

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>

(⇤� µ2)G = �
<latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit>

G =

Z
d! e�i!(t�t0)g

<latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit>

Do initially small perturbations of a (Kerr) black hole evolve under Einstein’s vacuum 
equations to a nearby member of the (Kerr) black hole family of solutions?
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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>

stronger result, but harder

(⇤� µ2)G = �
<latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit>

G =

Z
d! e�i!(t�t0)g

<latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit>

Do initially small perturbations of a (Kerr) black hole evolve under Einstein’s vacuum 
equations to a nearby member of the (Kerr) black hole family of solutions?
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Perturbations on a fixed black hole spacetime background

Mode stability

Linear stability

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>

Historically, Mode stability => Linear stability

stronger result, but harder

(⇤� µ2)G = �
<latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit><latexit sha1_base64="ABKGBuWrMSYH9VNyNSEN34EI5c0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgarUBeGpBRqF0LRhS4r2FpoYplMJu3QyYOZiVhCN/6KGxeKuPUz3Pk3TtMIKnrgwuGce7n3HjdmVEjT/NAKc/MLi0vF5dLK6tr6hr651RFRwjFp44hFvOsiQRgNSVtSyUg35gQFLiPX7uhs6l/fEi5oFF7JcUycAA1C6lOMpJL6+k7FPo3u4JEdJDfVw3N4Am2PMIn6etk0GhngjNRrOWlY0DLMDGWQo9XX320vwklAQokZEqJnmbF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ4afbABB4oxYN+xFWFEmbq94kUBUKMA1d1BkgOxW9vKv7l9RLpHzspDeNEkhDPFvkJgzKC0zSgRznBko0VQZhTdSvEQ8QRliqzkgrh61P4P+lUDcs0rMtaubmfx1EEu2APVIAF6qAJLkALtAEGE/AAnsCzdq89ai/a66y1oOUz2+AHtLdPs1OVIQ==</latexit>

G =

Z
d! e�i!(t�t0)g

<latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit><latexit sha1_base64="GfB7aV+qBTTTNeHns4ujuRekeQI=">AAACFXicdVDLSgNBEJz1GeMr6tHLYBQjaNgVQXMQBA96VDAPyMYwO9uJg7MPZ3qFsOQnvPgrXjwo4lXw5t84SVZQ0YKGoqqb7i4vlkKjbX9YY+MTk1PTuZn87Nz8wmJhabmmo0RxqPJIRqrhMQ1ShFBFgRIasQIWeBLq3vXxwK/fgtIiCi+wF0MrYN1QdARnaKR2YfuEHlJXhEh9Nwqgy6h7kzCfwmW6IzKlhDu4udWn3XahaJcrQ9AR2d/LSMWhTtkeokgynLUL764f8SSAELlkWjcdO8ZWyhQKLqGfdxMNMePXrAtNQ0MWgG6lw6/6dMMoPu1EypS5b6h+n0hZoHUv8ExnwPBK//YG4l9eM8HOQSsVYZwghHy0qJNIihEdRER9oYCj7BnCuBLmVsqvmGIcTZB5E8LXp/R/UtstO3bZOd8rHq1nceTIKlkjJeKQfXJETskZqRJO7sgDeSLP1r31aL1Yr6PWMSubWSE/YL19Au2WnV0=</latexit>

Do initially small perturbations of a (Kerr) black hole evolve under Einstein’s vacuum 
equations to a nearby member of the (Kerr) black hole family of solutions?



Black Hole stability

!3

Perturbations on a fixed black hole spacetime background

Mode stability

Linear stability

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>

Historically, Mode stability => Linear stability

Aretakis!
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Do initially small perturbations of a (Kerr) black hole evolve under Einstein’s vacuum 
equations to a nearby member of the (Kerr) black hole family of solutions?
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Aretakis instability

!4

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
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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)
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Branch point on complex       plane
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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>



Understanding today

!6

Branch point on complex       plane

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

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>



Understanding today

!6

Branch point on complex       plane

Radial coordinate

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

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>



Understanding today

!6

Branch point on complex       plane

Ingoing timeRadial coordinate

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

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>



Understanding today

!6

Branch point on complex       plane

Ingoing timeRadial coordinate

Horizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

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>



Understanding today

!6

Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

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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 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

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>

(Gralla, Zimmerman 2018)

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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 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

Re h � 1/2
<latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit>

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>

(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>



Understanding today
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Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

@nx ⇠ v�h+nf1(vx) x ! 0 , v ! 1
<latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit>

Re h � 1/2
<latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit>

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>

(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>



Understanding today

!6

Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

@nx ⇠ v�h+nf1(vx) x ! 0 , v ! 1
<latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit>

Re h � 1/2
<latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit>

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

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>

(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>



Understanding today

!6

Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

@nx ⇠ v�h+nf1(vx) x ! 0 , v ! 1
<latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit>

Re h � 1/2
<latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit>

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>



Understanding today
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Branch point on complex       plane

Ingoing timeRadial coordinate

Late timesHorizon

 ⇠ v�hf0(vx) x ! 0 , v ! 1
<latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit><latexit sha1_base64="yGxJumdyE8xIZDnEwwChISmz5Lk="></latexit>

@nx ⇠ v�h+nf1(vx) x ! 0 , v ! 1
<latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit><latexit sha1_base64="i3lgzLRNv/S0xsA3GvACf0T5YD0="></latexit>

Re h � 1/2
<latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit><latexit sha1_base64="Gs/FpmDaCVlsJlNr/Tu3X8aM02Q=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aYyCpzgTAjG3gBePUcwCmSH0dCpJY89id40YhoC/4sWDIl79Dm/+jZ1FUNEHBY/3qqiq58dSaLTtDyuzsLi0vJJdza2tb2xu5bd3mjpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeVfn0381i0oLaLwCkcxeAEbhKIvOEMjdfN7LsIdppdAx3RI3QHcUOek1M0X7GJ1CjojlfKcVB3qFO0pCmSOejf/7vYingQQIpdM645jx+ilTKHgEsY5N9EQM37NBtAxNGQBaC+dnj+mR0bp0X6kTIVIp+r3iZQFWo8C33QGDIf6tzcR//I6CfZPvVSEcYIQ8tmifiIpRnSSBe0JBRzlyBDGlTC3Uj5kinE0ieVMCF+f0v9Js1R07KJzUS7UDudxZMk+OSDHxCEVUiPnpE4ahJOUPJAn8mzdW4/Wi/U6a81Y85ld8gPW2ycWeZTV</latexit>

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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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>

decays

Field strength 
invariant
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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>

Rµ⌫⇢�Rµ⌫⇢�
<latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit>

decays decays

Field strength 
invariant

Kretschmann 
invariant
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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>

Rµ⌫⇢�Rµ⌫⇢�
<latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit>

decays decays grows

Field strength 
invariant

Kretschmann 
invariant

Squared electric field strength 
observed by infalling observer
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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>

Rµ⌫⇢�Rµ⌫⇢�
<latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit><latexit sha1_base64="HTFE3GC5+QUjJRqvpB2qaT6oafA=">AAACGHicdVDLSsNAFJ34rPUVdelmsAquYiKF2l3Bjcta7AOaGibTSTt0ZhJmJkIJ/Qw3/oobF4q47c6/cZpWUKkHLhzOuZd77wkTRpV23U9rZXVtfWOzsFXc3tnd27cPDlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prmd9+IFLRWNzpcUJ6HA0EjShG2kiBfdG4z3yeQl+YksMY+ooOOJrARrBUD+yS61RzwDmplBek6kHPcXOUwAL1wJ76/RinnAiNGVKq67mJ7mVIaooZmRT9VJEE4REakK6hAnGieln+2ASeGaUPo1iaEhrm6s+JDHGlxjw0nRzpofrrzcRlXjfV0VUvoyJJNRF4vihKGdQxnKUE+1QSrNnYEIQlNbdCPEQSYW2yLJoQvj+F/5PWpeO5jndbLtVOF3EUwDE4AefAAxVQAzegDpoAg0fwDF7Bm/VkvVjv1se8dcVazByBX7CmX+jBoEU=</latexit>

decays decays grows

Field strength 
invariant

Kretschmann 
invariant

Squared electric field strength 
observed by infalling observer

(Gralla, Zimmerman 
2018)
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Open questions

Theorem ensures horizon instability for extremal horizons with compact topology 

No explicit example with non-compact horizon topology studied

Holographic signature to the horizon instability of asymptotically AdS black holes?

2 Non-overlapping techniques

Conserved quantity on extremal horizons

Initial data must extend to the horizon

`Discrete’ case only (eg. massless, axisymmetric scalar in Kerr)

Mode sum approach using matched asymptotics

Initial data is supported entirely outside the horizon

`Non-discrete’ case only generally (eg. non-axisymmetric scalar in Kerr)

Unify?

Aretakis, Lucietti, Murata, Reall, 
Tanahashi, Virmani…

Casals, Gralla, AR, A.Zimmerman, 
P.Zimmerman
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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>

Planar Reissner-Nordström 
Anti-de-Sitter in 5d
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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>
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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, AR, 
Zimmerman 2018)

Maxwell field coupled to AdS gravity in 5 dimensions



!9

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, AR, 
Zimmerman 2018)

Maxwell field coupled to AdS gravity in 5 dimensions



Framework of Calculations

!10



(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>

Framework of Calculations

!10



(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

Framework of Calculations

!10



(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>

Framework of Calculations
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(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 G =

Z
d!d3k

(2⇡)4
e�i!t+i~k.~yg(~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

!10



(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 G =

Z
d!d3k

(2⇡)4
e�i!t+i~k.~yg(~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>
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(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!d3k

(2⇡)4
e�i!t+i~k.~yg(~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

!10



(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!d3k

(2⇡)4
e�i!t+i~k.~yg(~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
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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>
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Usually not tractable analyticallyÔg = �
<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>
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Usually not tractable analyticallyÔg = �
<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
<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>



Framework of Calculations

!11

Usually not tractable analyticallyÔg = �
<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
<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



Framework of Calculations
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Usually not tractable analytically

Matched asymptotic expansions

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
<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



Framework of Calculations

!11

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>

! ⌧ 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



Framework of Calculations

!11

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>

! ⌧ 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>

Overlap region

! ⌧ 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



Framework of Calculations
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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
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Overlap region

Far region

! ⌧ 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



Framework of Calculations

!11

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>

Overlap region

Far region

BoundaryHorizon

FarOverlapNear

! ⌧ 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



Framework of Calculations

!11

Usually not tractable analytically

Matched asymptotic expansions
Near region 

Ôg = �
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<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>

Overlap region

Far region

BoundaryHorizon

FarOverlapNear

g =
Rin(x<)Rfar(x>)

W
<latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ILiR9a0aX95m/8DK5y794imLPP8=">AAACHXicbZBLSwMxFIXv+Kz1Vd26CRah3ZQZN7rwBW5cVrFW6JQhk2ZqMPMguSMtQ36OG/+KGxFF+m9MaxG1XggcvpOQe06YSaHRdUfO3PzC4tJyaaW8ura+sVnZWrvRaa4Yb7FUpuo2pJpLkfAWCpT8NlOcxqHk7fD+fOy3H7jSIk2ucZjxbkz7iYgEo2hRUDntk2PiR4qy4ioofOQDLERiDKkNgqM6+WYRVcZYdlI3hR9TvGNUFm1jgkrVbbiTIbPCm4oqTKcZVF79XsrymCfIJNW647kZdguqUDDJTdnPNc8ou6d93rEyoTHX3WIS1JA9S3okSpU9CZIJ/fmioLHWwzi0N8c76r/eGP7ndXKMDrs2eJYjT9jXR1EuCaZk3BrpCcUZyqEVlClhdyXsjtrW0HZbtiV4fyPPipv9huc2vEsXSrADu1ADDw7gDC6gCS1g8AjP8AbvzpPz4nx81TXnTHvbhl/jjD4BmhGlfQ==</latexit><latexit sha1_base64="Y85pksUaPm3JHCmmHPNz61GcaOY=">AAACHXicdZBLSwMxFIXv+LZWrW7dBEWwmzIjggq+wI1LFWuFThkyaaYNzTxI7ohlyM9x419xI6KI/8b0oajogcDhuwm554SZFBpd992ZmJyanpmdmy8tlBeXlisr5Wud5orxOktlqm5CqrkUCa+jQMlvMsVpHEreCHung3njlist0uQK+xlvxbSTiEgwihYFleMOOSR+pCgrLoPCR36HhUiMIVt3wUGVfLGIKmMsO6qawo8pdhmVRcOYoLLh1vaHIiOzuzM2+x7xau5QGzDWeVB59tspy2OeIJNU66bnZtgqqELBJDclP9c8o6xHO7xpbUJjrlvFMKghm5a0SZQqexIkQ/r9RUFjrftxaG8OdtS/ZwP416yZY7TXssGzHHnCRh9FuSSYkkFrpC0UZyj71lCmhN2VsC61raHttmRL+ExK/jfX2zXPrXkXLszBGqzDFniwCydwBudQBwb38Agv8Oo8OE/O26iuCWfc2yr8kPP+AWj6phA=</latexit><latexit sha1_base64="sHLk0UkDg1M+Aw7Pel5Lv6Zo3JM="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></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



Framework of Calculations

!11

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
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Overlap region

Far region

BoundaryHorizon

FarOverlapNear

Wronskian

g =
Rin(x<)Rfar(x>)

W
<latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ILiR9a0aX95m/8DK5y794imLPP8=">AAACHXicbZBLSwMxFIXv+Kz1Vd26CRah3ZQZN7rwBW5cVrFW6JQhk2ZqMPMguSMtQ36OG/+KGxFF+m9MaxG1XggcvpOQe06YSaHRdUfO3PzC4tJyaaW8ura+sVnZWrvRaa4Yb7FUpuo2pJpLkfAWCpT8NlOcxqHk7fD+fOy3H7jSIk2ucZjxbkz7iYgEo2hRUDntk2PiR4qy4ioofOQDLERiDKkNgqM6+WYRVcZYdlI3hR9TvGNUFm1jgkrVbbiTIbPCm4oqTKcZVF79XsrymCfIJNW647kZdguqUDDJTdnPNc8ou6d93rEyoTHX3WIS1JA9S3okSpU9CZIJ/fmioLHWwzi0N8c76r/eGP7ndXKMDrs2eJYjT9jXR1EuCaZk3BrpCcUZyqEVlClhdyXsjtrW0HZbtiV4fyPPipv9huc2vEsXSrADu1ADDw7gDC6gCS1g8AjP8AbvzpPz4nx81TXnTHvbhl/jjD4BmhGlfQ==</latexit><latexit sha1_base64="Y85pksUaPm3JHCmmHPNz61GcaOY=">AAACHXicdZBLSwMxFIXv+LZWrW7dBEWwmzIjggq+wI1LFWuFThkyaaYNzTxI7ohlyM9x419xI6KI/8b0oajogcDhuwm554SZFBpd992ZmJyanpmdmy8tlBeXlisr5Wud5orxOktlqm5CqrkUCa+jQMlvMsVpHEreCHung3njlist0uQK+xlvxbSTiEgwihYFleMOOSR+pCgrLoPCR36HhUiMIVt3wUGVfLGIKmMsO6qawo8pdhmVRcOYoLLh1vaHIiOzuzM2+x7xau5QGzDWeVB59tspy2OeIJNU66bnZtgqqELBJDclP9c8o6xHO7xpbUJjrlvFMKghm5a0SZQqexIkQ/r9RUFjrftxaG8OdtS/ZwP416yZY7TXssGzHHnCRh9FuSSYkkFrpC0UZyj71lCmhN2VsC61raHttmRL+ExK/jfX2zXPrXkXLszBGqzDFniwCydwBudQBwb38Agv8Oo8OE/O26iuCWfc2yr8kPP+AWj6phA=</latexit><latexit sha1_base64="sHLk0UkDg1M+Aw7Pel5Lv6Zo3JM="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></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



Framework of Calculations

!11

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
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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>

Overlap region

Far region

BoundaryHorizon

FarOverlapNear

Wronskian

g =
Rin(x<)Rfar(x>)

W
<latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ILiR9a0aX95m/8DK5y794imLPP8=">AAACHXicbZBLSwMxFIXv+Kz1Vd26CRah3ZQZN7rwBW5cVrFW6JQhk2ZqMPMguSMtQ36OG/+KGxFF+m9MaxG1XggcvpOQe06YSaHRdUfO3PzC4tJyaaW8ura+sVnZWrvRaa4Yb7FUpuo2pJpLkfAWCpT8NlOcxqHk7fD+fOy3H7jSIk2ucZjxbkz7iYgEo2hRUDntk2PiR4qy4ioofOQDLERiDKkNgqM6+WYRVcZYdlI3hR9TvGNUFm1jgkrVbbiTIbPCm4oqTKcZVF79XsrymCfIJNW647kZdguqUDDJTdnPNc8ou6d93rEyoTHX3WIS1JA9S3okSpU9CZIJ/fmioLHWwzi0N8c76r/eGP7ndXKMDrs2eJYjT9jXR1EuCaZk3BrpCcUZyqEVlClhdyXsjtrW0HZbtiV4fyPPipv9huc2vEsXSrADu1ADDw7gDC6gCS1g8AjP8AbvzpPz4nx81TXnTHvbhl/jjD4BmhGlfQ==</latexit><latexit sha1_base64="Y85pksUaPm3JHCmmHPNz61GcaOY=">AAACHXicdZBLSwMxFIXv+LZWrW7dBEWwmzIjggq+wI1LFWuFThkyaaYNzTxI7ohlyM9x419xI6KI/8b0oajogcDhuwm554SZFBpd992ZmJyanpmdmy8tlBeXlisr5Wud5orxOktlqm5CqrkUCa+jQMlvMsVpHEreCHung3njlist0uQK+xlvxbSTiEgwihYFleMOOSR+pCgrLoPCR36HhUiMIVt3wUGVfLGIKmMsO6qawo8pdhmVRcOYoLLh1vaHIiOzuzM2+x7xau5QGzDWeVB59tspy2OeIJNU66bnZtgqqELBJDclP9c8o6xHO7xpbUJjrlvFMKghm5a0SZQqexIkQ/r9RUFjrftxaG8OdtS/ZwP416yZY7TXssGzHHnCRh9FuSSYkkFrpC0UZyj71lCmhN2VsC61raHttmRL+ExK/jfX2zXPrXkXLszBGqzDFniwCydwBudQBwb38Agv8Oo8OE/O26iuCWfc2yr8kPP+AWj6phA=</latexit><latexit sha1_base64="sHLk0UkDg1M+Aw7Pel5Lv6Zo3JM="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit>

Gk ⌘ L�1[g] ⇠ v�hf(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>

! ⌧ 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



Framework of Calculations

!11

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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Aretakis pops out!

Gk ⌘ L�1[g] ⇠ v�hf(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>

! ⌧ 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



Framework of Calculations

!11

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>

Overlap region

Far region

BoundaryHorizon

FarOverlapNear

Wronskian

g =
Rin(x<)Rfar(x>)

W
<latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ILiR9a0aX95m/8DK5y794imLPP8=">AAACHXicbZBLSwMxFIXv+Kz1Vd26CRah3ZQZN7rwBW5cVrFW6JQhk2ZqMPMguSMtQ36OG/+KGxFF+m9MaxG1XggcvpOQe06YSaHRdUfO3PzC4tJyaaW8ura+sVnZWrvRaa4Yb7FUpuo2pJpLkfAWCpT8NlOcxqHk7fD+fOy3H7jSIk2ucZjxbkz7iYgEo2hRUDntk2PiR4qy4ioofOQDLERiDKkNgqM6+WYRVcZYdlI3hR9TvGNUFm1jgkrVbbiTIbPCm4oqTKcZVF79XsrymCfIJNW647kZdguqUDDJTdnPNc8ou6d93rEyoTHX3WIS1JA9S3okSpU9CZIJ/fmioLHWwzi0N8c76r/eGP7ndXKMDrs2eJYjT9jXR1EuCaZk3BrpCcUZyqEVlClhdyXsjtrW0HZbtiV4fyPPipv9huc2vEsXSrADu1ADDw7gDC6gCS1g8AjP8AbvzpPz4nx81TXnTHvbhl/jjD4BmhGlfQ==</latexit><latexit sha1_base64="Y85pksUaPm3JHCmmHPNz61GcaOY=">AAACHXicdZBLSwMxFIXv+LZWrW7dBEWwmzIjggq+wI1LFWuFThkyaaYNzTxI7ohlyM9x419xI6KI/8b0oajogcDhuwm554SZFBpd992ZmJyanpmdmy8tlBeXlisr5Wud5orxOktlqm5CqrkUCa+jQMlvMsVpHEreCHung3njlist0uQK+xlvxbSTiEgwihYFleMOOSR+pCgrLoPCR36HhUiMIVt3wUGVfLGIKmMsO6qawo8pdhmVRcOYoLLh1vaHIiOzuzM2+x7xau5QGzDWeVB59tspy2OeIJNU66bnZtgqqELBJDclP9c8o6xHO7xpbUJjrlvFMKghm5a0SZQqexIkQ/r9RUFjrftxaG8OdtS/ZwP416yZY7TXssGzHHnCRh9FuSSYkkFrpC0UZyj71lCmhN2VsC61raHttmRL+ExK/jfX2zXPrXkXLszBGqzDFniwCydwBudQBwb38Agv8Oo8OE/O26iuCWfc2yr8kPP+AWj6phA=</latexit><latexit sha1_base64="sHLk0UkDg1M+Aw7Pel5Lv6Zo3JM="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit><latexit sha1_base64="cUq8ANHQS+qatQLfF1Q0LL+sWFA="></latexit>

Aretakis pops out!

Gk ⌘ L�1[g] ⇠ v�hf(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
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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>
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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>
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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>
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z!0

lim
z0!0

(zz0)��+G
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�± = 2±
p

4 + `2µ2
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What is the CFT dual to the Aretakis instability?
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On Horizon decay rate
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CFT dual?

!14

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

The Aretakis instability is seen only 
on the horizon of the black hole

On Horizon decay rate Off Horizon decay rate
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CFT dual?

!14

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

The Aretakis instability is seen only 
on the horizon of the black hole

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

On Horizon decay rate Off Horizon decay rate
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CFT dual?

!14

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

The Aretakis instability 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 the Aretakis instability for a CFT that lives on the boundary?

On Horizon decay rate Off Horizon decay rate
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CFT dual?

!14

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

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

from near-horizon region?

Gnear
@B ⇠ C

`3/2x

✓
kc
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,

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>



Scaling arguments

!15

Temporal conformal transformations

t ! ��1t, O ! �1/2
O

<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 ! �2
hO1O2O3O4i 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?

Gnear
@B ⇠ C

`3/2x

✓
kc
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 

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>



Scaling arguments

!15

Temporal conformal transformations

t ! ��1t, O ! �1/2
O

<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 ! �2
hO1O2O3O4i 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?

Gnear
@B ⇠ C

`3/2x

✓
kc
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 the Aretakis 
instability!

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>
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�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>

�
<latexit sha1_base64="SxVxHwOJz/jQxe6+0xQmzwfo5EY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBqvgKiRSqN0V3LisYB/QhjKZTNqhk0mYmQgl9CPcuFDErd/jzr9xkkZQ0QMDh3POZe49fsKZ0o7zYVXW1jc2t6rbtZ3dvf2D+uFRX8WpJLRHYh7LoY8V5UzQnmaa02EiKY58Tgf+/Dr3B/dUKhaLO71IqBfhqWAhI1gbaTDmJhrgSb3h2O0CaEVazZK0XeTaToEGlOhO6u/jICZpRIUmHCs1cp1EexmWmhFOl7VxqmiCyRxP6chQgSOqvKxYd4nOjRKgMJbmCY0K9ftEhiOlFpFvkhHWM/Xby8W/vFGqwysvYyJJNRVk9VGYcqRjlN+OAiYp0XxhCCaSmV0RmWGJiTYN1UwJX5ei/0n/0nYd271tNjpnZR1VOIFTuAAXWtCBG+hCDwjM4QGe4NlKrEfrxXpdRStWOXMMP2C9fQII+Y/y</latexit><latexit sha1_base64="SxVxHwOJz/jQxe6+0xQmzwfo5EY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBqvgKiRSqN0V3LisYB/QhjKZTNqhk0mYmQgl9CPcuFDErd/jzr9xkkZQ0QMDh3POZe49fsKZ0o7zYVXW1jc2t6rbtZ3dvf2D+uFRX8WpJLRHYh7LoY8V5UzQnmaa02EiKY58Tgf+/Dr3B/dUKhaLO71IqBfhqWAhI1gbaTDmJhrgSb3h2O0CaEVazZK0XeTaToEGlOhO6u/jICZpRIUmHCs1cp1EexmWmhFOl7VxqmiCyRxP6chQgSOqvKxYd4nOjRKgMJbmCY0K9ftEhiOlFpFvkhHWM/Xby8W/vFGqwysvYyJJNRVk9VGYcqRjlN+OAiYp0XxhCCaSmV0RmWGJiTYN1UwJX5ei/0n/0nYd271tNjpnZR1VOIFTuAAXWtCBG+hCDwjM4QGe4NlKrEfrxXpdRStWOXMMP2C9fQII+Y/y</latexit><latexit sha1_base64="SxVxHwOJz/jQxe6+0xQmzwfo5EY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBqvgKiRSqN0V3LisYB/QhjKZTNqhk0mYmQgl9CPcuFDErd/jzr9xkkZQ0QMDh3POZe49fsKZ0o7zYVXW1jc2t6rbtZ3dvf2D+uFRX8WpJLRHYh7LoY8V5UzQnmaa02EiKY58Tgf+/Dr3B/dUKhaLO71IqBfhqWAhI1gbaTDmJhrgSb3h2O0CaEVazZK0XeTaToEGlOhO6u/jICZpRIUmHCs1cp1EexmWmhFOl7VxqmiCyRxP6chQgSOqvKxYd4nOjRKgMJbmCY0K9ftEhiOlFpFvkhHWM/Xby8W/vFGqwysvYyJJNRVk9VGYcqRjlN+OAiYp0XxhCCaSmV0RmWGJiTYN1UwJX5ei/0n/0nYd271tNjpnZR1VOIFTuAAXWtCBG+hCDwjM4QGe4NlKrEfrxXpdRStWOXMMP2C9fQII+Y/y</latexit><latexit sha1_base64="SxVxHwOJz/jQxe6+0xQmzwfo5EY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBqvgKiRSqN0V3LisYB/QhjKZTNqhk0mYmQgl9CPcuFDErd/jzr9xkkZQ0QMDh3POZe49fsKZ0o7zYVXW1jc2t6rbtZ3dvf2D+uFRX8WpJLRHYh7LoY8V5UzQnmaa02EiKY58Tgf+/Dr3B/dUKhaLO71IqBfhqWAhI1gbaTDmJhrgSb3h2O0CaEVazZK0XeTaToEGlOhO6u/jICZpRIUmHCs1cp1EexmWmhFOl7VxqmiCyRxP6chQgSOqvKxYd4nOjRKgMJbmCY0K9ftEhiOlFpFvkhHWM/Xby8W/vFGqwysvYyJJNRVk9VGYcqRjlN+OAiYp0XxhCCaSmV0RmWGJiTYN1UwJX5ei/0n/0nYd271tNjpnZR1VOIFTuAAXWtCBG+hCDwjM4QGe4NlKrEfrxXpdRStWOXMMP2C9fQII+Y/y</latexit>

�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>



Generalization

!16

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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The Aretakis instability 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
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Open questions

Theorem ensures horizon instability for extremal horizons with compact topology 

No explicit example with non-compact horizon topology studied

Holographic signature to the horizon instability of asymptotically AdS black holes?

2 Non-overlapping techniques

Conserved quantity on extremal horizons

Initial data must extend to the horizon

`Discrete’ case only (eg. massless, axisymmetric scalar in Kerr)

Mode sum approach using matched asymptotics

Initial data is supported entirely outside the horizon

`Non-discrete’ case only generally (eg. non-axisymmetric scalar in Kerr)

Unify?

Aretakis, Lucietti, Murata, Reall, 
Tanahashi, Virmani…

Casals, Gralla, AR, A.Zimmerman, 
P.Zimmerman
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2 Non-overlapping Techniques
Aretakis’ method Matched asymptotics

Conserved charges on the horizon

Initial data extends to the horizon Initial data does not extend to the horizon

Discrete case only Non-discrete case only

Discrete & Non-discrete - conditions on mass and coupling charge of perturbing field

In the BTZ black hole, we can construct the full Green function allowing us to explore further

Near horizon geometry               .

BoundaryHorizon

FarOverlapNear

Each mode
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!20

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

Periodically identify along a Killing field - different global geometries

(ongoing)

Can build             from                (Method of Images)

(Steif 1993)
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Scalar field perturbation        Green function

Hadamard form Dirichlet boundary conditions `Bounce’ from boundary 

1/2 squared geodesic distance

=> Discrete => Non-Discrete
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Discrete

vanishes!

Not clear how to obtain a decay rate for arbitrary initial data
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Supplementary

Average slope indicates different decay rates on and off the horizon!

Indicates that the Aretakis instability exists!

Spikes -> Null geodesics
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Null Geodesics

Geodesics parameterised by 

 geodesics are trapped on the horizon

geodesics appear regularly in 

Cause the instability on the horizon!
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Initial data extending to horizon
Putting the field and source on the horizon doesn’t give any decay rates

Field - on, Source - near => Intermediate times will give us a hint as to what to expect in the 
case where both field and source points are on the horizon

Intermediate slope independent of mass of perturbing field!
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Outlook
The Aretakis instability persists in 
spacetime with non-compact 
horizon topology

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

Holographic meaning of the Aretakis 
instability remains a mystery

Tying up the two techniques 
isn’t too easy but we have a 
better understanding now

Null geodesics in the near horizon 
region seem to be important

near far

BoundaryHorizon


