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Cauchy Horizons in Reissner Nordstrom/Kerr

ds2 = �f (r) dt2 +
dr2

f (r)
+ r2d⌦2

<latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit>

f (r) =
(r � r1) (r � r2)

r2
<latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit>

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

??

f (r) > 0
<latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit>

f (r) < 0
<latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit>

f (r) > 0
<latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit>

M, Q



Cauchy Horizons in Reissner Nordstrom/Kerr

ds2 = �f (r) dt2 +
dr2

f (r)
+ r2d⌦2

<latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit>

f (r) =
(r � r1) (r � r2)

r2
<latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit>

Can only be extended into a 
different universe

Subject to new boundary 
conditions, failure of 

predictivity

Large change to metric, no 
inner horizon

Fast, classical effect

Static Black Hole: Singularity 
at inner horizon?



Mass Inflation

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

Amplification, i.e. blue-shift, of perturbations: Er1 / E1

✓
r1

r � r1

◆

<latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit>

Significant local density, without changing external mass

External perturbations, really?

M, Q



External Perturbations

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

Regulate Divergence 

Singular Shell at r1: Mr1 ⇠ M3
plr

2
1 ⇠ M

✓
M

Mpl

◆
=) E1 ⇠ M

<latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit>

Recent Work: Red-shift from positive Λ softens divergence

M, Q

Er1 / E1 (Mplr1) ⇠ E1

✓
M

Mpl

◆

<latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit>



Why External?

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

M, Q

Repulsive Attractive

Push mass/charge from singularity to inner horizon

Blue-shift lead to large local mass, without change 
to external parameters?

Singularities in low curvature??



Outline
1. Known Knowns 

2. Known Unknowns 

3. Unknown Unknowns

4. Unknown Knowns?



The Inner Horizon of Reissner 
Nordstrom



Reissner Nordstrom Metric

Qi

r1i

r1o

εr1o

Qo-Qi

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>

gout : required external RN metric

Place thin shell just within inner horizon 

gin: internal RN metric,  
Free internal parameters  

Can this shell be singular?

Use junction conditions to match

Match possible with positive mass? 
Reasonable matter?



Reissner Nordstrom Metric

Qi

r1i

r1o

εr1o

Qo-Qi

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>

gin = �C2�i (r) dt
2 +

dr2

�i (r)
+ r2d⌦2

<latexit sha1_base64="RfzBdU3DGH3BYE3xQDFyjg5S7Ow="></latexit><latexit sha1_base64="RfzBdU3DGH3BYE3xQDFyjg5S7Ow="></latexit><latexit sha1_base64="RfzBdU3DGH3BYE3xQDFyjg5S7Ow="></latexit><latexit sha1_base64="RfzBdU3DGH3BYE3xQDFyjg5S7Ow="></latexit>

gout = ��o (r) dt
2 +

dr2

�o (r)
+ r2d⌦2

<latexit sha1_base64="cRdv4rG4KcmzTKw8Pt67ec7Nmug="></latexit><latexit sha1_base64="cRdv4rG4KcmzTKw8Pt67ec7Nmug="></latexit><latexit sha1_base64="cRdv4rG4KcmzTKw8Pt67ec7Nmug="></latexit><latexit sha1_base64="cRdv4rG4KcmzTKw8Pt67ec7Nmug="></latexit>

�i =
(r � r1i) (r � r2i)

r2
<latexit sha1_base64="opymWRbuIzBsJqtUw515mWuSKxI="></latexit><latexit sha1_base64="opymWRbuIzBsJqtUw515mWuSKxI="></latexit><latexit sha1_base64="opymWRbuIzBsJqtUw515mWuSKxI="></latexit><latexit sha1_base64="opymWRbuIzBsJqtUw515mWuSKxI="></latexit>

�o =
(r � r1o) (r � r2o)

r2
<latexit sha1_base64="boKRQtyT18pmz0ze1P0rw3hVrn0="></latexit><latexit sha1_base64="boKRQtyT18pmz0ze1P0rw3hVrn0="></latexit><latexit sha1_base64="boKRQtyT18pmz0ze1P0rw3hVrn0="></latexit><latexit sha1_base64="boKRQtyT18pmz0ze1P0rw3hVrn0="></latexit>

Pick global (t, r, θ, φ) to cover entire space-time

Match @ r = r0 < r1o

What are r1i, r2i for singular shell as r0-> r1o? Charge on this shell?



Reissner Nordstrom Metric

r0 = r1o (1� ✏)
<latexit sha1_base64="iy71HFJXdSnZ3lIlbg6KPkfFKqE=">AAACDnicdZBNSwMxEIazflu/qh69BIugB8uuKHoRRC8eK1gVumXJprNtMJssyaxQlv4CL/4VLx4U8erZm//GtK6goi8EXp6ZYTJvnElh0fffvbHxicmp6ZnZytz8wuJSdXnlwurccGhyLbW5ipkFKRQ0UaCEq8wAS2MJl/H1ybB+eQPGCq3OsZ9BO2VdJRLBGToUVTdM5NNDaqIi0INQQoKbAd2mIWRWSK1CI7o93IqqNb++5w9F/br/ZUoSlKRGSjWi6lvY0TxPQSGXzNpW4GfYLphBwSUMKmFuIWP8mnWh5axiKdh2MTpnQDcc6dBEG/cU0hH9PlGw1Np+GrvOlGHP/q4N4V+1Vo7JQbsQKssRFP9clOSSoqbDbGhHGOAo+84wboT7K+U9ZhhHl2DFhfB1Kf3fXOzUA+fPdmtHx2UcM2SNrJNNEpB9ckROSYM0CSe35J48kifvznvwnr2Xz9Yxr5xZJT/kvX4AACOa1A==</latexit><latexit sha1_base64="iy71HFJXdSnZ3lIlbg6KPkfFKqE=">AAACDnicdZBNSwMxEIazflu/qh69BIugB8uuKHoRRC8eK1gVumXJprNtMJssyaxQlv4CL/4VLx4U8erZm//GtK6goi8EXp6ZYTJvnElh0fffvbHxicmp6ZnZytz8wuJSdXnlwurccGhyLbW5ipkFKRQ0UaCEq8wAS2MJl/H1ybB+eQPGCq3OsZ9BO2VdJRLBGToUVTdM5NNDaqIi0INQQoKbAd2mIWRWSK1CI7o93IqqNb++5w9F/br/ZUoSlKRGSjWi6lvY0TxPQSGXzNpW4GfYLphBwSUMKmFuIWP8mnWh5axiKdh2MTpnQDcc6dBEG/cU0hH9PlGw1Np+GrvOlGHP/q4N4V+1Vo7JQbsQKssRFP9clOSSoqbDbGhHGOAo+84wboT7K+U9ZhhHl2DFhfB1Kf3fXOzUA+fPdmtHx2UcM2SNrJNNEpB9ckROSYM0CSe35J48kifvznvwnr2Xz9Yxr5xZJT/kvX4AACOa1A==</latexit><latexit sha1_base64="iy71HFJXdSnZ3lIlbg6KPkfFKqE=">AAACDnicdZBNSwMxEIazflu/qh69BIugB8uuKHoRRC8eK1gVumXJprNtMJssyaxQlv4CL/4VLx4U8erZm//GtK6goi8EXp6ZYTJvnElh0fffvbHxicmp6ZnZytz8wuJSdXnlwurccGhyLbW5ipkFKRQ0UaCEq8wAS2MJl/H1ybB+eQPGCq3OsZ9BO2VdJRLBGToUVTdM5NNDaqIi0INQQoKbAd2mIWRWSK1CI7o93IqqNb++5w9F/br/ZUoSlKRGSjWi6lvY0TxPQSGXzNpW4GfYLphBwSUMKmFuIWP8mnWh5axiKdh2MTpnQDcc6dBEG/cU0hH9PlGw1Np+GrvOlGHP/q4N4V+1Vo7JQbsQKssRFP9clOSSoqbDbGhHGOAo+84wboT7K+U9ZhhHl2DFhfB1Kf3fXOzUA+fPdmtHx2UcM2SNrJNNEpB9ckROSYM0CSe35J48kifvznvwnr2Xz9Yxr5xZJT/kvX4AACOa1A==</latexit><latexit sha1_base64="iy71HFJXdSnZ3lIlbg6KPkfFKqE=">AAACDnicdZBNSwMxEIazflu/qh69BIugB8uuKHoRRC8eK1gVumXJprNtMJssyaxQlv4CL/4VLx4U8erZm//GtK6goi8EXp6ZYTJvnElh0fffvbHxicmp6ZnZytz8wuJSdXnlwurccGhyLbW5ipkFKRQ0UaCEq8wAS2MJl/H1ybB+eQPGCq3OsZ9BO2VdJRLBGToUVTdM5NNDaqIi0INQQoKbAd2mIWRWSK1CI7o93IqqNb++5w9F/br/ZUoSlKRGSjWi6lvY0TxPQSGXzNpW4GfYLphBwSUMKmFuIWP8mnWh5axiKdh2MTpnQDcc6dBEG/cU0hH9PlGw1Np+GrvOlGHP/q4N4V+1Vo7JQbsQKssRFP9clOSSoqbDbGhHGOAo+84wboT7K+U9ZhhHl2DFhfB1Kf3fXOzUA+fPdmtHx2UcM2SNrJNNEpB9ckROSYM0CSe35J48kifvznvwnr2Xz9Yxr5xZJT/kvX4AACOa1A==</latexit>

✏ ! 0
<latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit>

⇢ !
M2

pl

4⇡r21o

p
(r1i � r1o) (r2i � r1o)

<latexit sha1_base64="IbgWsdde/o15oR7fNAe0WP6HH7k="></latexit><latexit sha1_base64="IbgWsdde/o15oR7fNAe0WP6HH7k="></latexit><latexit sha1_base64="IbgWsdde/o15oR7fNAe0WP6HH7k="></latexit><latexit sha1_base64="IbgWsdde/o15oR7fNAe0WP6HH7k="></latexit>

p =
M2

pl

16⇡r1o

✓
�
r

r2o � r1o
✏r1o

+ . . .

◆

<latexit sha1_base64="P4RGNJzHsz3B1xh9uUTI7p5Ztj4="></latexit><latexit sha1_base64="P4RGNJzHsz3B1xh9uUTI7p5Ztj4="></latexit><latexit sha1_base64="P4RGNJzHsz3B1xh9uUTI7p5Ztj4="></latexit><latexit sha1_base64="P4RGNJzHsz3B1xh9uUTI7p5Ztj4="></latexit>

Place shell at a physical distance ~ 1/Mpl from r1o

✏ ⇠ (r2o � r1o) /
�
M2

plr
3
1o

�
<latexit sha1_base64="OyB1LsqC6DwPr4+zLw9WjgLIud4="></latexit><latexit sha1_base64="OyB1LsqC6DwPr4+zLw9WjgLIud4="></latexit><latexit sha1_base64="OyB1LsqC6DwPr4+zLw9WjgLIud4="></latexit><latexit sha1_base64="OyB1LsqC6DwPr4+zLw9WjgLIud4="></latexit>

=) p ⇠ �M3
pl

<latexit sha1_base64="iyNXnWEjuNTYY4rJ2/rBRoK4sb8=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcGOZUUGXRTduhAr2Ap1xyKSZNjTJhCQjlKHgxldx40IRt76EO9/G9LLQ1h8CH/85h5Pzx5JRbTzv2yksLC4trxRXS2vrG5tb7vZOQ6eZwqSOU5aqVow0YVSQuqGGkZZUBPGYkWbcvxrVmw9EaZqKOzOQJOSoK2hCMTLWity9gHK7h2goYaAph8fwJsolG96fRm7Zq3hjwXnwp1AGU9Ui9yvopDjjRBjMkNZt35MmzJEyFDMyLAWZJhLhPuqStkWBONFhPr5hCA+t04FJquwTBo7d3xM54loPeGw7OTI9PVsbmf/V2plJLsKcCpkZIvBkUZIxaFI4CgR2qCLYsIEFhBW1f4W4hxTCxsZWsiH4syfPQ+Ok4lu+PStXL6dxFME+OABHwAfnoAquQQ3UAQaP4Bm8gjfnyXlx3p2PSWvBmc7sgj9yPn8Ak+KW0Q==</latexit><latexit sha1_base64="iyNXnWEjuNTYY4rJ2/rBRoK4sb8=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcGOZUUGXRTduhAr2Ap1xyKSZNjTJhCQjlKHgxldx40IRt76EO9/G9LLQ1h8CH/85h5Pzx5JRbTzv2yksLC4trxRXS2vrG5tb7vZOQ6eZwqSOU5aqVow0YVSQuqGGkZZUBPGYkWbcvxrVmw9EaZqKOzOQJOSoK2hCMTLWity9gHK7h2goYaAph8fwJsolG96fRm7Zq3hjwXnwp1AGU9Ui9yvopDjjRBjMkNZt35MmzJEyFDMyLAWZJhLhPuqStkWBONFhPr5hCA+t04FJquwTBo7d3xM54loPeGw7OTI9PVsbmf/V2plJLsKcCpkZIvBkUZIxaFI4CgR2qCLYsIEFhBW1f4W4hxTCxsZWsiH4syfPQ+Ok4lu+PStXL6dxFME+OABHwAfnoAquQQ3UAQaP4Bm8gjfnyXlx3p2PSWvBmc7sgj9yPn8Ak+KW0Q==</latexit><latexit sha1_base64="iyNXnWEjuNTYY4rJ2/rBRoK4sb8=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcGOZUUGXRTduhAr2Ap1xyKSZNjTJhCQjlKHgxldx40IRt76EO9/G9LLQ1h8CH/85h5Pzx5JRbTzv2yksLC4trxRXS2vrG5tb7vZOQ6eZwqSOU5aqVow0YVSQuqGGkZZUBPGYkWbcvxrVmw9EaZqKOzOQJOSoK2hCMTLWity9gHK7h2goYaAph8fwJsolG96fRm7Zq3hjwXnwp1AGU9Ui9yvopDjjRBjMkNZt35MmzJEyFDMyLAWZJhLhPuqStkWBONFhPr5hCA+t04FJquwTBo7d3xM54loPeGw7OTI9PVsbmf/V2plJLsKcCpkZIvBkUZIxaFI4CgR2qCLYsIEFhBW1f4W4hxTCxsZWsiH4syfPQ+Ok4lu+PStXL6dxFME+OABHwAfnoAquQQ3UAQaP4Bm8gjfnyXlx3p2PSWvBmc7sgj9yPn8Ak+KW0Q==</latexit><latexit sha1_base64="iyNXnWEjuNTYY4rJ2/rBRoK4sb8=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcGOZUUGXRTduhAr2Ap1xyKSZNjTJhCQjlKHgxldx40IRt76EO9/G9LLQ1h8CH/85h5Pzx5JRbTzv2yksLC4trxRXS2vrG5tb7vZOQ6eZwqSOU5aqVow0YVSQuqGGkZZUBPGYkWbcvxrVmw9EaZqKOzOQJOSoK2hCMTLWity9gHK7h2goYaAph8fwJsolG96fRm7Zq3hjwXnwp1AGU9Ui9yvopDjjRBjMkNZt35MmzJEyFDMyLAWZJhLhPuqStkWBONFhPr5hCA+t04FJquwTBo7d3xM54loPeGw7OTI9PVsbmf/V2plJLsKcCpkZIvBkUZIxaFI4CgR2qCLYsIEFhBW1f4W4hxTCxsZWsiH4syfPQ+Ok4lu+PStXL6dxFME+OABHwAfnoAquQQ3UAQaP4Bm8gjfnyXlx3p2PSWvBmc7sgj9yPn8Ak+KW0Q==</latexit>

r1i, r2i ⇠ Mplr
2
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<latexit sha1_base64="lgyi+ebsHYbvqrRC/cusgray464=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyii1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJBHcOOruHGhiFuX7nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvn0g/dWlWhdCrQsN1mkFPUQ5v/DRmWW65UXZf9+2KU3OmgovgFlABhZq+/eUNIpxwIjRmSKme68S6nyKpKWYkK3uJIjHCYzQkPYMCcaL66fSgDB4bZwDDSJonNJy6vydSxJWa8MB0cqRHar6Wm//VeokOL/opFXGiicCzRWHCoI5gng4cUEmwZhMDCEtq/grxCEmEtcmwbEJw509ehHa95hq+Pas0Los4SuAQHIFT4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHrHXJKmYOwB9Znz9c1ZuK</latexit><latexit sha1_base64="lgyi+ebsHYbvqrRC/cusgray464=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyii1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJBHcOOruHGhiFuX7nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvn0g/dWlWhdCrQsN1mkFPUQ5v/DRmWW65UXZf9+2KU3OmgovgFlABhZq+/eUNIpxwIjRmSKme68S6nyKpKWYkK3uJIjHCYzQkPYMCcaL66fSgDB4bZwDDSJonNJy6vydSxJWa8MB0cqRHar6Wm//VeokOL/opFXGiicCzRWHCoI5gng4cUEmwZhMDCEtq/grxCEmEtcmwbEJw509ehHa95hq+Pas0Los4SuAQHIFT4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHrHXJKmYOwB9Znz9c1ZuK</latexit><latexit sha1_base64="lgyi+ebsHYbvqrRC/cusgray464=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyii1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJBHcOOruHGhiFuX7nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvn0g/dWlWhdCrQsN1mkFPUQ5v/DRmWW65UXZf9+2KU3OmgovgFlABhZq+/eUNIpxwIjRmSKme68S6nyKpKWYkK3uJIjHCYzQkPYMCcaL66fSgDB4bZwDDSJonNJy6vydSxJWa8MB0cqRHar6Wm//VeokOL/opFXGiicCzRWHCoI5gng4cUEmwZhMDCEtq/grxCEmEtcmwbEJw509ehHa95hq+Pas0Los4SuAQHIFT4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHrHXJKmYOwB9Znz9c1ZuK</latexit><latexit sha1_base64="lgyi+ebsHYbvqrRC/cusgray464=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyii1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJBHcOOruHGhiFuX7nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvn0g/dWlWhdCrQsN1mkFPUQ5v/DRmWW65UXZf9+2KU3OmgovgFlABhZq+/eUNIpxwIjRmSKme68S6nyKpKWYkK3uJIjHCYzQkPYMCcaL66fSgDB4bZwDDSJonNJy6vydSxJWa8MB0cqRHar6Wm//VeokOL/opFXGiicCzRWHCoI5gng4cUEmwZhMDCEtq/grxCEmEtcmwbEJw509ehHa95hq+Pas0Los4SuAQHIFT4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHrHXJKmYOwB9Znz9c1ZuK</latexit>

=) ⇢ ⇠ M3
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<latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit>

Characteristics?



Reissner Nordstrom Metric

Qi

r1i

r1o

εr1o

Qo-Qi

Shell at a physical distance ~ 1/Mpl from r1o

r1i, r2i ⇠ Mplr
2
1o

<latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit>

Rµ⌫��R
µ⌫�� ' M4

pl for r / r1o
<latexit sha1_base64="UZ1BfoLGwlmQr1LZUs2fZ00FFzE="></latexit><latexit sha1_base64="UZ1BfoLGwlmQr1LZUs2fZ00FFzE="></latexit><latexit sha1_base64="UZ1BfoLGwlmQr1LZUs2fZ00FFzE="></latexit><latexit sha1_base64="UZ1BfoLGwlmQr1LZUs2fZ00FFzE="></latexit>

Physical distance from r1o to r = 0 is ~ 1/Mpl

Complete breakdown of General Relativity at inner horizon

Shell and singularity have large positive mass ~ M (M/Mpl), with ADM mass M 

Not due to external perturbations - but internal singular dynamics

Trust as a limit of non-singular solutions



Shell Characteristics

Qi

r1i

r1o

εr1o

Qo-Qi

Shell at a physical distance ~ 1/Mpl from r1o

r1i, r2i ⇠ Mplr
2
1o

<latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit><latexit sha1_base64="m2MPlUJjVHvMwRry83Ziu2Z7+rI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiGzdCBfuAdhwyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaWehrQdCDuecS3JPGDOqjet+O0vLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnHV7nfeSBKUynuzCQmPkdDQSOKkbFSUKmqIPVodgrtXacZ7GvK4U2QxizLJU9m93WbcmvuFHCReAWpggLNoPLVH0iccCIMZkjrnufGxk+RMhQzkpX7iSYxwmM0JD1LBeJE++l0mQweW2UAI6nsEQZO1d8TKeJaT3hokxyZkZ73cvE/r5eY6MJPqYgTQwSePRQlDBoJ82bggCqCDZtYgrCi9q8Qj5BC2Nj+yrYEb37lRdKu1zzLb8+qjcuijhI4BEfgBHjgHDTANWiCFsDgETyDV/DmPDkvzrvzMYsuOcXMAfgD5/MHd1eamg==</latexit>

Q = Mpl

r
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↵

<latexit sha1_base64="HuPKvoZmVcKy+HVceslVuEU/vyM="></latexit><latexit sha1_base64="HuPKvoZmVcKy+HVceslVuEU/vyM="></latexit><latexit sha1_base64="HuPKvoZmVcKy+HVceslVuEU/vyM="></latexit><latexit sha1_base64="HuPKvoZmVcKy+HVceslVuEU/vyM="></latexit>
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r
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' 1

<latexit sha1_base64="a0fQxSLHHU4KpAnvI2EuWaUw+ys="></latexit><latexit sha1_base64="a0fQxSLHHU4KpAnvI2EuWaUw+ys="></latexit><latexit sha1_base64="a0fQxSLHHU4KpAnvI2EuWaUw+ys="></latexit><latexit sha1_base64="a0fQxSLHHU4KpAnvI2EuWaUw+ys="></latexit>

Can this shell exist by itself, without inner singularity? 

No static solutions where shell has given mass, charge and surface area, with interior 
being Minkowski and RN exterior - binding energy of singularity necessary 

Do not know microphysics of shell - cannot analyze stability



Event Horizon of Schwarzschild
(also applicable to outer horizon of Reissner Nordstrom)



The Schwarzschild Metric

Q

r1

rs

εrs

-Q

gout : required external Schwarzschild metric

Place thin shell just outside event horizon 

gin: internal RN metric,  
Free internal parameters  

Can this shell be singular?

Use junction conditions to match

Match possible with positive mass? 
Reasonable matter?

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>



Q

r1

rs

εrs

-Q

Schwarzschild Metric
Pick global (t, r, θ, φ) to cover entire space-time

Match @ r = r0 > rs

What are r1, r2 for singular shell as r0-> rs? Charge on this shell?

gin = �C2fi (r) dt
2 +

dr2

fi (r)
+ r2d⌦2

<latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit>

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>

gout = �fo (r) dt
2 +

dr2

fo (r)
+ r2d⌦2

<latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit>

fo =
(r � rs)

r
<latexit sha1_base64="e5bx7XK4eDhcAyVwbygBouOqbpY=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCFSyJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDkZZ2J</latexit><latexit sha1_base64="e5bx7XK4eDhcAyVwbygBouOqbpY=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCFSyJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDkZZ2J</latexit><latexit sha1_base64="e5bx7XK4eDhcAyVwbygBouOqbpY=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCFSyJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDkZZ2J</latexit><latexit sha1_base64="e5bx7XK4eDhcAyVwbygBouOqbpY=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCFSyJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDkZZ2J</latexit>

fi =
(r � r1) (r � r2)

r2
<latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit>



Schwarzschild Metric
✏ ! 0

<latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit><latexit sha1_base64="93a1BW1Z1AdolZ/HhLsoKLTWot0=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYBFclI4oui25cVrAX6Awlk2ba0EwyJBmljF34Km5cKOLW13Dn25hpp6CiPwR+vnMO5+QPE860QejTKS0sLi2vlFcra+sbm1vu9k5Ly1QR2iSSS9UJsaacCdo0zHDaSRTFcchpOxxd5vX2LVWaSXFjxgkNYjwQLGIEG4t67p5PE824FNBXbDA0WCl5B1HPraLaKcoFUQ3NTUG8glRBoUbP/fD7kqQxFYZwrHXXQ4kJMqwMI5xOKn6qaYLJCA9o11qBY6qDbHr/BB5a0oeRVPYJA6f0+0SGY63HcWg7Y2yG+ncth3/VuqmJzoOMiSQ1VJDZoijl0EiYhwH7TFFi+NgaTBSzt0IyxAoTYyOr2BDmP4X/m9ZxzbP++qRavyjiKIN9cACOgAfOQB1cgQZoAgLuwSN4Bi/Og/PkvDpvs9aSU8zsgh9y3r8A3qGV/A==</latexit>

Place shell at a physical distance ~ 1/Mpl from rs

=) ⇢ ⇠ M3
pl

<latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit><latexit sha1_base64="8mPiNHwMeAz8eNm2JLSVzUvlKH4=">AAACBHicbZC7SgNBFIZnvcZ4W7VMMxgEq7CrgpZBGxshgrlAdl1mJ7PJkLksM7NCWFLY+Co2ForY+hB2vo2TZAtN/GHg4z/ncOb8ccqoNp737Swtr6yurZc2yptb2zu77t5+S8tMYdLEkknViZEmjArSNNQw0kkVQTxmpB0Pryb19gNRmkpxZ0YpCTnqC5pQjIy1IrcSUG73EA0DNZAw0JTDmyhP2fj+NHKrXs2bCi6CX0AVFGpE7lfQkzjjRBjMkNZd30tNmCNlKGZkXA4yTVKEh6hPuhYF4kSH+fSIMTyyTg8mUtknDJy6vydyxLUe8dh2cmQGer42Mf+rdTOTXIQ5FWlmiMCzRUnGoJFwkgjsUUWwYSMLCCtq/wrxACmEjc2tbEPw509ehNZJzbd8e1atXxZxlEAFHIJj4INzUAfXoAGaAINH8AxewZvz5Lw4787HrHXJKWYOwB85nz8oS5fD</latexit>

Characteristics very similar to that of the shell 
needed for Reissner Nordstrom

r0 = rs (1 + ✏)
<latexit sha1_base64="RWBAq4jaZ1U5S2o1mshGmemDKlk=">AAACDXicdZBNS8NAEIY3ftb6VfXoZbEKilASUfQiiF48KlgtNCVstpN26WYTdidCCf0DXvwrXjwo4tW7N/+NG42goi8svDwzw+y8YSqFQdd9c8bGJyanpisz1dm5+YXF2tLypUkyzaHJE5noVsgMSKGgiQIltFINLA4lXIWDk6J+dQ3aiERd4DCFTsx6SkSCM7QoqK3rwKWHVAe5GfkSItz06Db1ITVCJsrXotfHraBWdxt7biHqNtwvUxKvJHVS6iyovfrdhGcxKOSSGdP23BQ7OdMouIRR1c8MpIwPWA/a1ioWg+nkH9eM6IYlXRol2j6F9IN+n8hZbMwwDm1nzLBvftcK+FetnWF00MmFSjMExT8XRZmkmNAiGtoVGjjKoTWMa2H/SnmfacbRBli1IXxdSv83lzsNz/rz3frRcRlHhaySNbJJPLJPjsgpOSNNwskNuSMP5NG5de6dJ+f5s3XMKWdWyA85L++L4pqb</latexit><latexit sha1_base64="RWBAq4jaZ1U5S2o1mshGmemDKlk=">AAACDXicdZBNS8NAEIY3ftb6VfXoZbEKilASUfQiiF48KlgtNCVstpN26WYTdidCCf0DXvwrXjwo4tW7N/+NG42goi8svDwzw+y8YSqFQdd9c8bGJyanpisz1dm5+YXF2tLypUkyzaHJE5noVsgMSKGgiQIltFINLA4lXIWDk6J+dQ3aiERd4DCFTsx6SkSCM7QoqK3rwKWHVAe5GfkSItz06Db1ITVCJsrXotfHraBWdxt7biHqNtwvUxKvJHVS6iyovfrdhGcxKOSSGdP23BQ7OdMouIRR1c8MpIwPWA/a1ioWg+nkH9eM6IYlXRol2j6F9IN+n8hZbMwwDm1nzLBvftcK+FetnWF00MmFSjMExT8XRZmkmNAiGtoVGjjKoTWMa2H/SnmfacbRBli1IXxdSv83lzsNz/rz3frRcRlHhaySNbJJPLJPjsgpOSNNwskNuSMP5NG5de6dJ+f5s3XMKWdWyA85L++L4pqb</latexit><latexit sha1_base64="RWBAq4jaZ1U5S2o1mshGmemDKlk=">AAACDXicdZBNS8NAEIY3ftb6VfXoZbEKilASUfQiiF48KlgtNCVstpN26WYTdidCCf0DXvwrXjwo4tW7N/+NG42goi8svDwzw+y8YSqFQdd9c8bGJyanpisz1dm5+YXF2tLypUkyzaHJE5noVsgMSKGgiQIltFINLA4lXIWDk6J+dQ3aiERd4DCFTsx6SkSCM7QoqK3rwKWHVAe5GfkSItz06Db1ITVCJsrXotfHraBWdxt7biHqNtwvUxKvJHVS6iyovfrdhGcxKOSSGdP23BQ7OdMouIRR1c8MpIwPWA/a1ioWg+nkH9eM6IYlXRol2j6F9IN+n8hZbMwwDm1nzLBvftcK+FetnWF00MmFSjMExT8XRZmkmNAiGtoVGjjKoTWMa2H/SnmfacbRBli1IXxdSv83lzsNz/rz3frRcRlHhaySNbJJPLJPjsgpOSNNwskNuSMP5NG5de6dJ+f5s3XMKWdWyA85L++L4pqb</latexit><latexit sha1_base64="RWBAq4jaZ1U5S2o1mshGmemDKlk=">AAACDXicdZBNS8NAEIY3ftb6VfXoZbEKilASUfQiiF48KlgtNCVstpN26WYTdidCCf0DXvwrXjwo4tW7N/+NG42goi8svDwzw+y8YSqFQdd9c8bGJyanpisz1dm5+YXF2tLypUkyzaHJE5noVsgMSKGgiQIltFINLA4lXIWDk6J+dQ3aiERd4DCFTsx6SkSCM7QoqK3rwKWHVAe5GfkSItz06Db1ITVCJsrXotfHraBWdxt7biHqNtwvUxKvJHVS6iyovfrdhGcxKOSSGdP23BQ7OdMouIRR1c8MpIwPWA/a1ioWg+nkH9eM6IYlXRol2j6F9IN+n8hZbMwwDm1nzLBvftcK+FetnWF00MmFSjMExT8XRZmkmNAiGtoVGjjKoTWMa2H/SnmfacbRBli1IXxdSv83lzsNz/rz3frRcRlHhaySNbJJPLJPjsgpOSNNwskNuSMP5NG5de6dJ+f5s3XMKWdWyA85L++L4pqb</latexit>

⇢ !
M2

pl

4⇡r2s

p
(r1 � rs) (r2 � rs)

<latexit sha1_base64="6qqW0otwbdI47pCdlrq6ZW9kd8U="></latexit><latexit sha1_base64="6qqW0otwbdI47pCdlrq6ZW9kd8U="></latexit><latexit sha1_base64="6qqW0otwbdI47pCdlrq6ZW9kd8U="></latexit><latexit sha1_base64="6qqW0otwbdI47pCdlrq6ZW9kd8U="></latexit>

p =
M2

pl

16⇡rs
p
✏
+ . . .

<latexit sha1_base64="yzoetNl8UE3//Ke3n/ZTtAHnQJg=">AAACIXicbVDLSsQwFE19juOr6tJNcBAEQVoRdSOIbtwIIzgPmI4lzaQaTNOY3ApD6a+48VfcuFBkduLPmJnpQh0PBA7n3MPNPZES3IDnfTpT0zOzc/OVheri0vLKqru23jRppilr0FSkuh0RwwSXrAEcBGsrzUgSCdaK7s+HfuuRacNTeQ19xboJuZU85pSAlUL3WOETHMSa0PwyzJUobvaL3D/EgeJYhwYH5kFDHjBluEhlUWC8i4NeCiZ0a96eNwKeJH5JaqhEPXQHNkezhEmgghjT8T0F3Zxo4FSwohpkhilC78kt61gqScJMNx9dWOBtq/RwnGr7JOCR+jORk8SYfhLZyYTAnfnrDcX/vE4G8XE351JlwCQdL4ozgSHFw7pwj2tGQfQtIVRz+1dM74itC2ypVVuC//fkSdLc3/MtvzqonZ6VdVTQJtpCO8hHR+gUXaA6aiCKntALekPvzrPz6nw4g/HolFNmNtAvOF/fdIKjFQ==</latexit><latexit sha1_base64="yzoetNl8UE3//Ke3n/ZTtAHnQJg=">AAACIXicbVDLSsQwFE19juOr6tJNcBAEQVoRdSOIbtwIIzgPmI4lzaQaTNOY3ApD6a+48VfcuFBkduLPmJnpQh0PBA7n3MPNPZES3IDnfTpT0zOzc/OVheri0vLKqru23jRppilr0FSkuh0RwwSXrAEcBGsrzUgSCdaK7s+HfuuRacNTeQ19xboJuZU85pSAlUL3WOETHMSa0PwyzJUobvaL3D/EgeJYhwYH5kFDHjBluEhlUWC8i4NeCiZ0a96eNwKeJH5JaqhEPXQHNkezhEmgghjT8T0F3Zxo4FSwohpkhilC78kt61gqScJMNx9dWOBtq/RwnGr7JOCR+jORk8SYfhLZyYTAnfnrDcX/vE4G8XE351JlwCQdL4ozgSHFw7pwj2tGQfQtIVRz+1dM74itC2ypVVuC//fkSdLc3/MtvzqonZ6VdVTQJtpCO8hHR+gUXaA6aiCKntALekPvzrPz6nw4g/HolFNmNtAvOF/fdIKjFQ==</latexit><latexit sha1_base64="yzoetNl8UE3//Ke3n/ZTtAHnQJg=">AAACIXicbVDLSsQwFE19juOr6tJNcBAEQVoRdSOIbtwIIzgPmI4lzaQaTNOY3ApD6a+48VfcuFBkduLPmJnpQh0PBA7n3MPNPZES3IDnfTpT0zOzc/OVheri0vLKqru23jRppilr0FSkuh0RwwSXrAEcBGsrzUgSCdaK7s+HfuuRacNTeQ19xboJuZU85pSAlUL3WOETHMSa0PwyzJUobvaL3D/EgeJYhwYH5kFDHjBluEhlUWC8i4NeCiZ0a96eNwKeJH5JaqhEPXQHNkezhEmgghjT8T0F3Zxo4FSwohpkhilC78kt61gqScJMNx9dWOBtq/RwnGr7JOCR+jORk8SYfhLZyYTAnfnrDcX/vE4G8XE351JlwCQdL4ozgSHFw7pwj2tGQfQtIVRz+1dM74itC2ypVVuC//fkSdLc3/MtvzqonZ6VdVTQJtpCO8hHR+gUXaA6aiCKntALekPvzrPz6nw4g/HolFNmNtAvOF/fdIKjFQ==</latexit><latexit sha1_base64="yzoetNl8UE3//Ke3n/ZTtAHnQJg=">AAACIXicbVDLSsQwFE19juOr6tJNcBAEQVoRdSOIbtwIIzgPmI4lzaQaTNOY3ApD6a+48VfcuFBkduLPmJnpQh0PBA7n3MPNPZES3IDnfTpT0zOzc/OVheri0vLKqru23jRppilr0FSkuh0RwwSXrAEcBGsrzUgSCdaK7s+HfuuRacNTeQ19xboJuZU85pSAlUL3WOETHMSa0PwyzJUobvaL3D/EgeJYhwYH5kFDHjBluEhlUWC8i4NeCiZ0a96eNwKeJH5JaqhEPXQHNkezhEmgghjT8T0F3Zxo4FSwohpkhilC78kt61gqScJMNx9dWOBtq/RwnGr7JOCR+jORk8SYfhLZyYTAnfnrDcX/vE4G8XE351JlwCQdL4ozgSHFw7pwj2tGQfQtIVRz+1dM74itC2ypVVuC//fkSdLc3/MtvzqonZ6VdVTQJtpCO8hHR+gUXaA6aiCKntALekPvzrPz6nw4g/HolFNmNtAvOF/fdIKjFQ==</latexit>

✏ ⇠ 1

(Mplrs)
2

<latexit sha1_base64="tVQcCu+b3k5G+tS892s/K4os8JM=">AAACGXicbZBNS8NAEIY39bt+RT16WSxCvUhSBD2KXrwIFWwVmho220m7uNmE3YlQQv6GF/+KFw+KeNST/8Zt7UGrLyw8vDPD7LxRJoVBz/t0KjOzc/MLi0vV5ZXVtXV3Y7Nt0lxzaPFUpvo6YgakUNBCgRKuMw0siSRcRbeno/rVHWgjUnWJwwy6CesrEQvO0Fqh6wWQGSFTRQMjEhrEmvHCL4tAQoz187DIZKlDE2jRH+DeTaMM3Zq3741F/4I/gRqZqBm670Ev5XkCCrlkxnR8L8NuwTQKLqGsBrmBjPFb1oeORcUSMN1ifFlJd63To3Gq7VNIx+7PiYIlxgyTyHYmDAdmujYy/6t1coyPuoVQWY6g+PeiOJcUUzqKifaEBo5yaIFxLexfKR8wGw7aMKs2BH/65L/Qbuz7li8OascnkzgWyTbZIXXik0NyTM5Ik7QIJ/fkkTyTF+fBeXJenbfv1oozmdkiv+R8fAEwiKEF</latexit><latexit sha1_base64="tVQcCu+b3k5G+tS892s/K4os8JM=">AAACGXicbZBNS8NAEIY39bt+RT16WSxCvUhSBD2KXrwIFWwVmho220m7uNmE3YlQQv6GF/+KFw+KeNST/8Zt7UGrLyw8vDPD7LxRJoVBz/t0KjOzc/MLi0vV5ZXVtXV3Y7Nt0lxzaPFUpvo6YgakUNBCgRKuMw0siSRcRbeno/rVHWgjUnWJwwy6CesrEQvO0Fqh6wWQGSFTRQMjEhrEmvHCL4tAQoz187DIZKlDE2jRH+DeTaMM3Zq3741F/4I/gRqZqBm670Ev5XkCCrlkxnR8L8NuwTQKLqGsBrmBjPFb1oeORcUSMN1ifFlJd63To3Gq7VNIx+7PiYIlxgyTyHYmDAdmujYy/6t1coyPuoVQWY6g+PeiOJcUUzqKifaEBo5yaIFxLexfKR8wGw7aMKs2BH/65L/Qbuz7li8OascnkzgWyTbZIXXik0NyTM5Ik7QIJ/fkkTyTF+fBeXJenbfv1oozmdkiv+R8fAEwiKEF</latexit><latexit sha1_base64="tVQcCu+b3k5G+tS892s/K4os8JM=">AAACGXicbZBNS8NAEIY39bt+RT16WSxCvUhSBD2KXrwIFWwVmho220m7uNmE3YlQQv6GF/+KFw+KeNST/8Zt7UGrLyw8vDPD7LxRJoVBz/t0KjOzc/MLi0vV5ZXVtXV3Y7Nt0lxzaPFUpvo6YgakUNBCgRKuMw0siSRcRbeno/rVHWgjUnWJwwy6CesrEQvO0Fqh6wWQGSFTRQMjEhrEmvHCL4tAQoz187DIZKlDE2jRH+DeTaMM3Zq3741F/4I/gRqZqBm670Ev5XkCCrlkxnR8L8NuwTQKLqGsBrmBjPFb1oeORcUSMN1ifFlJd63To3Gq7VNIx+7PiYIlxgyTyHYmDAdmujYy/6t1coyPuoVQWY6g+PeiOJcUUzqKifaEBo5yaIFxLexfKR8wGw7aMKs2BH/65L/Qbuz7li8OascnkzgWyTbZIXXik0NyTM5Ik7QIJ/fkkTyTF+fBeXJenbfv1oozmdkiv+R8fAEwiKEF</latexit><latexit sha1_base64="tVQcCu+b3k5G+tS892s/K4os8JM=">AAACGXicbZBNS8NAEIY39bt+RT16WSxCvUhSBD2KXrwIFWwVmho220m7uNmE3YlQQv6GF/+KFw+KeNST/8Zt7UGrLyw8vDPD7LxRJoVBz/t0KjOzc/MLi0vV5ZXVtXV3Y7Nt0lxzaPFUpvo6YgakUNBCgRKuMw0siSRcRbeno/rVHWgjUnWJwwy6CesrEQvO0Fqh6wWQGSFTRQMjEhrEmvHCL4tAQoz187DIZKlDE2jRH+DeTaMM3Zq3741F/4I/gRqZqBm670Ev5XkCCrlkxnR8L8NuwTQKLqGsBrmBjPFb1oeORcUSMN1ifFlJd63To3Gq7VNIx+7PiYIlxgyTyHYmDAdmujYy/6t1coyPuoVQWY6g+PeiOJcUUzqKifaEBo5yaIFxLexfKR8wGw7aMKs2BH/65L/Qbuz7li8OascnkzgWyTbZIXXik0NyTM5Ik7QIJ/fkkTyTF+fBeXJenbfv1oozmdkiv+R8fAEwiKEF</latexit>

=) p ⇠ M3
pl

<latexit sha1_base64="B8+V84jASUS0+HY9RNYkuvafcbs=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuCozKuiy6MaNUMFeoDMOmTTThiaZkGSEMhQ3voobF4q49Snc+Tam7Sy09YfAx3/O4eT8sWRUG8/7dhYWl5ZXVktr5fWNza1td2e3qdNMYdLAKUtVO0aaMCpIw1DDSFsqgnjMSCseXI3rrQeiNE3FnRlKEnLUEzShGBlrRe5+QLndQzSUMNCUQ3gT5ZKN7k8jt+JVvYngPPgFVECheuR+Bd0UZ5wIgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxKBAnOswnJ4zgkXW6MEmVfcLAift7Ikdc6yGPbSdHpq9na2Pzv1onM8lFmFMhM0MEni5KMgZNCsd5wC5VBBs2tICwovavEPeRQtjY1Mo2BH/25HlonlR9y7dnldplEUcJHIBDcAx8cA5q4BrUQQNg8AiewSt4c56cF+fd+Zi2LjjFzB74I+fzByMilpo=</latexit><latexit sha1_base64="B8+V84jASUS0+HY9RNYkuvafcbs=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuCozKuiy6MaNUMFeoDMOmTTThiaZkGSEMhQ3voobF4q49Snc+Tam7Sy09YfAx3/O4eT8sWRUG8/7dhYWl5ZXVktr5fWNza1td2e3qdNMYdLAKUtVO0aaMCpIw1DDSFsqgnjMSCseXI3rrQeiNE3FnRlKEnLUEzShGBlrRe5+QLndQzSUMNCUQ3gT5ZKN7k8jt+JVvYngPPgFVECheuR+Bd0UZ5wIgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxKBAnOswnJ4zgkXW6MEmVfcLAift7Ikdc6yGPbSdHpq9na2Pzv1onM8lFmFMhM0MEni5KMgZNCsd5wC5VBBs2tICwovavEPeRQtjY1Mo2BH/25HlonlR9y7dnldplEUcJHIBDcAx8cA5q4BrUQQNg8AiewSt4c56cF+fd+Zi2LjjFzB74I+fzByMilpo=</latexit><latexit sha1_base64="B8+V84jASUS0+HY9RNYkuvafcbs=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuCozKuiy6MaNUMFeoDMOmTTThiaZkGSEMhQ3voobF4q49Snc+Tam7Sy09YfAx3/O4eT8sWRUG8/7dhYWl5ZXVktr5fWNza1td2e3qdNMYdLAKUtVO0aaMCpIw1DDSFsqgnjMSCseXI3rrQeiNE3FnRlKEnLUEzShGBlrRe5+QLndQzSUMNCUQ3gT5ZKN7k8jt+JVvYngPPgFVECheuR+Bd0UZ5wIgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxKBAnOswnJ4zgkXW6MEmVfcLAift7Ikdc6yGPbSdHpq9na2Pzv1onM8lFmFMhM0MEni5KMgZNCsd5wC5VBBs2tICwovavEPeRQtjY1Mo2BH/25HlonlR9y7dnldplEUcJHIBDcAx8cA5q4BrUQQNg8AiewSt4c56cF+fd+Zi2LjjFzB74I+fzByMilpo=</latexit><latexit sha1_base64="B8+V84jASUS0+HY9RNYkuvafcbs=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuCozKuiy6MaNUMFeoDMOmTTThiaZkGSEMhQ3voobF4q49Snc+Tam7Sy09YfAx3/O4eT8sWRUG8/7dhYWl5ZXVktr5fWNza1td2e3qdNMYdLAKUtVO0aaMCpIw1DDSFsqgnjMSCseXI3rrQeiNE3FnRlKEnLUEzShGBlrRe5+QLndQzSUMNCUQ3gT5ZKN7k8jt+JVvYngPPgFVECheuR+Bd0UZ5wIgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxKBAnOswnJ4zgkXW6MEmVfcLAift7Ikdc6yGPbSdHpq9na2Pzv1onM8lFmFMhM0MEni5KMgZNCsd5wC5VBBs2tICwovavEPeRQtjY1Mo2BH/25HlonlR9y7dnldplEUcJHIBDcAx8cA5q4BrUQQNg8AiewSt4c56cF+fd+Zi2LjjFzB74I+fzByMilpo=</latexit>

r1, r2 ⇠ Mplr
2
s

<latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit>



Black Hole Entropy

Q

r1

rs

εrs

-Q

Shell at a physical distance ~ 1/Mpl from rs

r1, r2 ⇠ Mplr
2
s

<latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit><latexit sha1_base64="qIgofM8bVbL7CPZYelHZFKyUdIM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCi1KSIuiy6MaNUMFeoKlhMp20Q2cmYWYilJAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+YOYUaUd59taWl5ZXVsvbZQ3t7Z3du29/baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfgqr3ceiFQ0End6EpM+R0NBQ4qRNpZvH0s/dbMqhF4VGqxn0FOUwxs/jVmWOyq7r/t2xak5U8FFcAuogEJN3/7yBhFOOBEaM6RUz3Vi3U+R1BQzkpW9RJEY4TEakp5BgThR/XR6TQZPjDOAYSTNExpO3d8TKeJKTXhgOjnSIzVfy83/ar1Ehxf9lIo40UTg2aIwYVBHMI8GDqgkWLOJAYQlNX+FeIQkwtoEWDYhuPMnL0K7XnMN355VGpdFHCVwCI7AKXDBOWiAa9AELYDBI3gGr+DNerJerHfrY9a6ZBUzB+CPrM8fQceabQ==</latexit>

Physical distance from rs to r = 0 is ~ 1/Mpl

Rµ⌫��R
µ⌫�� ' M4

pl for r / rs
<latexit sha1_base64="pblpPJJCP1Zs4oexmZEVCTGKMOc="></latexit><latexit sha1_base64="pblpPJJCP1Zs4oexmZEVCTGKMOc="></latexit><latexit sha1_base64="pblpPJJCP1Zs4oexmZEVCTGKMOc="></latexit><latexit sha1_base64="pblpPJJCP1Zs4oexmZEVCTGKMOc="></latexit>

Not much space inside horizon 
Simple singular object, complex shell?  

Entropy would scale like area

New kind of naked singularity



Formation



Firewall Formation

Many naked singularity solutions in General Relativity  
(fuzzballs, gravastars…)

A sufficiently large, low density cloud of matter can collapse to a black hole. 
How can this collapsing matter evolve to the required solution?

Key Distinction: Singular Shell not subject to General Relativity

EP  
Preserving

Lorentz Preserving,  
EP violating

Higher Order Corrections => new effective metric 
Causal, GR violating evolution of shell possible

S =

Z
d4x

p
g

 
gµ⌫ +

Rµ⌫

M2
pl

+ . . .

!
@µ�@⌫�

<latexit sha1_base64="cTA0dcWjURkbnhR/l6WV2KWF558="></latexit><latexit sha1_base64="cTA0dcWjURkbnhR/l6WV2KWF558="></latexit><latexit sha1_base64="cTA0dcWjURkbnhR/l6WV2KWF558="></latexit><latexit sha1_base64="cTA0dcWjURkbnhR/l6WV2KWF558="></latexit>



Firewall Formation

Collapsing Matter Form Singularity

Charge Separation from 
Singular Dynamics

+Q

-Q

+Q

-Q

Singular Shell moves to 
horizon

No proof, no collusion…..



Ultra-Violet Requirements

+Q

-Q

rs

Allow singular evolution along space-like path

Cancellation of internal mass and binding energy

Cancellation Plausible due to solution in GR

Similar Cancellation must occur in interior of Reissner Nordstrom

+Q1

-Q1 + Q

r1
In Reissner Nordstrom, shell evolution 

along time-like path



Negative Mass Schwarzschild



Negative Mass Schwarzschild

Q

r1

rs

εrs

-Q

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>

Solutions involve delicate cancellation of large 
positive masses and negative binding energy

Do not know microphysics of shell or core 
singularity

Could we cancel the positive mass too much, 
leading to negative mass solutions? 

Difference between objects needed for positive 
mass and negative mass solutions?

Potential restriction on the UV?



Negative Mass Schwarzschild
Pick global (t, r, θ, φ) to cover entire space-time

Key Difference: rs simply a parameter. Match at any possible r0

Parameters needed to get ρ ~ |p| ~ Mpl3

gin = �C2fi (r) dt
2 +

dr2

fi (r)
+ r2d⌦2

<latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit><latexit sha1_base64="/KZjNE7v8ayaZYDoxZ+5NAML2lo="></latexit>

gin
<latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit><latexit sha1_base64="T0aLDBtbdFmn/ujYRFekLZCcK+k=">AAAB7XicdVDLSgMxFL3js9ZX1aWbYBFclRlRdFl047KCfUA7lEyaaWPzGJKMUIb+gxsXirj1f9z5N2baKajogcDhnHvJPSdKODPW9z+9peWV1bX10kZ5c2t7Z7eyt98yKtWENoniSncibChnkjYts5x2Ek2xiDhtR+Pr3G8/UG2Yknd2ktBQ4KFkMSPYOqk17GdMTvuVql8793Mgv+YvSKEEhVKFAo1+5aM3UCQVVFrCsTHdwE9smGFtGeF0Wu6lhiaYjPGQdh2VWFATZrNrp+jYKQMUK+2etGimft/IsDBmIiI3KbAdmd9eLv7ldVMbX4YuT5JaKsn8ozjlyCqUR0cDpimxfOIIJpq5WxEZYY2JdQWVXQmLpOh/0jqtBY7fnlXrV0UdJTiEIziBAC6gDjfQgCYQuIdHeIYXT3lP3qv3Nh9d8oqdA/gB7/0L57WPVQ==</latexit>

gout
<latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit><latexit sha1_base64="68Lg2D6Mr6yR8vkSe12EJz8dFf0=">AAAB7nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LQpqOgLCy/PzLAzb5BIYdB1P53Syura+kZ5s7K1vbO7V90/aJs41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJjd5vfPAtRGxusdpwv2IjpQIBaNoUWc0yOIUZ4Nqza1fuLmIW3eXpiBeQWpQqDmofvSHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1pFI278bL7ujJxYMiRhrO1TSOb0+0RGI2OmUWA7I4pj87uWw79qvRTDKz8TKkmRK7b4KEwlwZjkt5Oh0JyhnFpDmRZ2V8LGVFOGNqGKDWF5KfnftM/qnvV357XGdRFHGY7gGE7Bg0towC00oQUMJvAIz/DiJM6T8+q8LVpLTjFzCD/kvH8B0uKP4A==</latexit>

gout = �fo (r) dt
2 +

dr2

fo (r)
+ r2d⌦2

<latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit><latexit sha1_base64="96uUwu7pkeVxHQ3CIzbsoKlyxp8="></latexit>

fi =
(r � r1) (r � r2)

r2
<latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit><latexit sha1_base64="KLMh7sHGNQ0xecYcQgRfxHa0Uvo="></latexit>

fo =
(r + rs)

r
<latexit sha1_base64="hu8+KKf90xSe37xhRTes0fkYvZ0=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCVSiJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDhN52H</latexit><latexit sha1_base64="hu8+KKf90xSe37xhRTes0fkYvZ0=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCVSiJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDhN52H</latexit><latexit sha1_base64="hu8+KKf90xSe37xhRTes0fkYvZ0=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCVSiJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDhN52H</latexit><latexit sha1_base64="hu8+KKf90xSe37xhRTes0fkYvZ0=">AAACE3icdZDLSsNAFIYnXmu9RV26GSxCVSiJKLoRim5cVrAXaEqYTCft0MmFmROhhLyDG1/FjQtF3Lpx59s4aVNQ0R8Gfr5zDmfO78WCK7CsT2NufmFxabm0Ul5dW9/YNLe2WypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o6u83r5jUvEovIVxzHoBGYTc55SARq556LtplOEL7PiS0NQRzIeqxEdYuqnKHMkHQzjAOEtl5poVq3Zq5cJWzZqZgtgFqaBCDdf8cPoRTQIWAhVEqa5txdBLiQROBcvKTqJYTOiIDFhX25AETPXSyU0Z3tekj/1I6hcCntDvEykJlBoHnu4MCAzV71oO/6p1E/DPeykP4wRYSKeL/ERgiHAeEO5zySiIsTaESq7/iumQ6HBAx1jWIcwuxf+b1nHN1v7mpFK/LOIooV20h6rIRmeojq5RAzURRffoET2jF+PBeDJejbdp65xRzOygHzLevwDhN52H</latexit>

Q
-Q

r0

r1



Negative Mass Schwarzschild

p =
M2

pl

16⇡r20
(rs�o + (r1 + r2) �i + 2r0 (�o � �i))

<latexit sha1_base64="OlpsGn8WrQafvZD8lzZ+kv7SgjE="></latexit><latexit sha1_base64="OlpsGn8WrQafvZD8lzZ+kv7SgjE="></latexit><latexit sha1_base64="OlpsGn8WrQafvZD8lzZ+kv7SgjE="></latexit><latexit sha1_base64="OlpsGn8WrQafvZD8lzZ+kv7SgjE="></latexit>

�o =

r
r0

r0 + rs
<latexit sha1_base64="4Ohu4f9ZWopzrAFRE6+mgnFXuok=">AAACEHicbZBNS8MwGMdTX+d8q3r0EhyiIIxWBL0IQy8eJ7gXWEtJs3QLS5qapMIo/Qhe/CpePCji1aM3v43p1oNuPpDw4/9/HpLnHyaMKu0439bC4tLyymplrbq+sbm1be/stpVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTC0XXhdx6IVFTEd3qcEJ+jQUwjipE2UmAfeQPEOQoEvISeupc68yKJcCYDJy8ueAJloPI8sGtO3ZkUnAe3hBooqxnYX15f4JSTWGOGlOq5TqL9DElNMSN51UsVSRAeoQHpGYwRJ8rPJgvl8NAofRgJaU6s4UT9PZEhrtSYh6aTIz1Us14h/uf1Uh1d+BmNk1STGE8filIGtYBFOrBPJcGajQ0gLKn5K8RDZALRJsOqCcGdXXke2qd11/DtWa1xVcZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mrQtWObMH/pT1+QMJQpyS</latexit><latexit sha1_base64="4Ohu4f9ZWopzrAFRE6+mgnFXuok=">AAACEHicbZBNS8MwGMdTX+d8q3r0EhyiIIxWBL0IQy8eJ7gXWEtJs3QLS5qapMIo/Qhe/CpePCji1aM3v43p1oNuPpDw4/9/HpLnHyaMKu0439bC4tLyymplrbq+sbm1be/stpVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTC0XXhdx6IVFTEd3qcEJ+jQUwjipE2UmAfeQPEOQoEvISeupc68yKJcCYDJy8ueAJloPI8sGtO3ZkUnAe3hBooqxnYX15f4JSTWGOGlOq5TqL9DElNMSN51UsVSRAeoQHpGYwRJ8rPJgvl8NAofRgJaU6s4UT9PZEhrtSYh6aTIz1Us14h/uf1Uh1d+BmNk1STGE8filIGtYBFOrBPJcGajQ0gLKn5K8RDZALRJsOqCcGdXXke2qd11/DtWa1xVcZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mrQtWObMH/pT1+QMJQpyS</latexit><latexit sha1_base64="4Ohu4f9ZWopzrAFRE6+mgnFXuok=">AAACEHicbZBNS8MwGMdTX+d8q3r0EhyiIIxWBL0IQy8eJ7gXWEtJs3QLS5qapMIo/Qhe/CpePCji1aM3v43p1oNuPpDw4/9/HpLnHyaMKu0439bC4tLyymplrbq+sbm1be/stpVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTC0XXhdx6IVFTEd3qcEJ+jQUwjipE2UmAfeQPEOQoEvISeupc68yKJcCYDJy8ueAJloPI8sGtO3ZkUnAe3hBooqxnYX15f4JSTWGOGlOq5TqL9DElNMSN51UsVSRAeoQHpGYwRJ8rPJgvl8NAofRgJaU6s4UT9PZEhrtSYh6aTIz1Us14h/uf1Uh1d+BmNk1STGE8filIGtYBFOrBPJcGajQ0gLKn5K8RDZALRJsOqCcGdXXke2qd11/DtWa1xVcZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mrQtWObMH/pT1+QMJQpyS</latexit><latexit sha1_base64="4Ohu4f9ZWopzrAFRE6+mgnFXuok=">AAACEHicbZBNS8MwGMdTX+d8q3r0EhyiIIxWBL0IQy8eJ7gXWEtJs3QLS5qapMIo/Qhe/CpePCji1aM3v43p1oNuPpDw4/9/HpLnHyaMKu0439bC4tLyymplrbq+sbm1be/stpVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTC0XXhdx6IVFTEd3qcEJ+jQUwjipE2UmAfeQPEOQoEvISeupc68yKJcCYDJy8ueAJloPI8sGtO3ZkUnAe3hBooqxnYX15f4JSTWGOGlOq5TqL9DElNMSN51UsVSRAeoQHpGYwRJ8rPJgvl8NAofRgJaU6s4UT9PZEhrtSYh6aTIz1Us14h/uf1Uh1d+BmNk1STGE8filIGtYBFOrBPJcGajQ0gLKn5K8RDZALRJsOqCcGdXXke2qd11/DtWa1xVcZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mrQtWObMH/pT1+QMJQpyS</latexit>

�i =

s
r20

(r1 � r0) (r2 � r0)
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No natural horizons in the base geometry - non-singular pressure

Pick rs, r0, r2, r1 to get Mpl3 pressure

1. r0 < 1/Mpl 

2. r2 >> r1 

3. r2 ~ r1, rs ~ Mpl2 r03

GR breaks well 
outside shell

Different Branch 
UV restriction

 Bad



Negative Mass Schwarzschild
r2 ~ r1, rs ~ Mpl2 r03

Can get solutions with ρ ~ Mpl3, p ~ Mpl3

BUT

UV theory gives shell with specific equation of state

e.g. pick p = (1/4) ρ

With r2 ~ r1, what do we need to construct positive mass vs 
negative mass Schwarzschild?

Test for GR Breakdown: RμνλσRμνλσ > Mpl4

Positive Mass 
r < rs

Negative Mass 
r > r0

Not parametric, but strict numerical 



How Problematic?
Restrictions on UV e.g. r2 ~ r1, p ~ ρ/4 help avoid negative 

mass solutions while preserving desired solutions

Of course, cannot collapse normal matter to get negative mass solution

Spontaneous Vacuum Decay

+M -M

Γ = |Matrix Element|2 x (phase space) 

Exponentially 
Suppressed

Non Compact 
Lorentz Group 1
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No Lorentz invariant regulation possible

How much should we trust Lorentz?  
Simple Regulator: Finite universe



Experimental Signatures

with Savas Dimopoulos, Peter Graham, Roni Harnik and David E. Kaplan

(in progress)



Signatures of Firewalls
Caveat: Formation time unclear 

Instant Formation in the inner horizon of 
Reissner Nordstrom. But not visible outside 

For Schwarzschild, could wait till Page time 

But no reason not to expect instant formation 
 

Naked Singularity 

Deviations from No Hair Theorem (GR & EM)  
Event Horizon Telescope? 

Ringdown of Quasi-Normal Modes set by Firewall physics 
Testable in Black Hole Mergers @ LIGO? 

Reflectivity of the horizon to EM and GW 
LIGO? Radio?



Moral Turpitude



Light States?
Binding energy cancels large positive energies
Known Example in Particle Physics: Composite Axion

Break global symmetry through 
confinement at high scale F. 

 Get massless goldstone boson 

Light State ensured by symmetryFermions at energy F

No symmetry reason for cancellation in firewall solutions

New principle tied to Causality?

Vacuum Energy 
Regulation in 
Rotating BTZ 

Inner Horizons of 
RN/Kerr

Event Horizon of 
Schwarzschild



Particle Physics Implications

Firewall/Naked Singularity solution could mean that Black Holes 
do not actually evaporate

Global Symmetries may actually be preserved 
under quantum gravity

Weakens limits on new physics based on black hole 
evaporation (primordial black hole dark matter, LHC 

limits on extra-dimensions)

Gauge theory analog of firewall solutions? 

New light states in the gauge theory?


New Solutions to the Hierarchy Problem?

Black hole hair could destroy super radiant growth 
of light fields



Even black holes need firewalls…..



Firedwalls in General Relativity
with David E. Kaplan

arXiv:1812.00536


