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Brown Dwarfs

• Insufficient mass to sustain
hydrogen fusion
• Luminosity and effective 

temperature steadily decrease with 
time
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“Failed Stars”
Brown dwarfs are found in a variety of 

environments



Benchmark Brown Dwarfs
• Brown dwarfs with two fundamental parameters:  age and luminosity
• Helpful for mass determination using substellar evolutionary models
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Companions Moving Groups



There Are Only 5 Known Ultracool Companions in 
the 𝛽 Pictoris Moving Group
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Planets Brown Dwarfs



There Are Only 5 Known Ultracool Companions in 
the 𝛽 Pictoris Moving Group
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2MASS 0249 c

~11.6	M*



2M0443+3723 B
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7.6” (550 AU)

KECKII/NIRC2    H-band

Phillips et al., in 
prep



2M0443 B: 
an analog system to PZ Tel B
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2800± 100
<latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="c7RScePyA3s4AcI4FPe5EYCHwIw=">AAAB6HicbZBLSwMxFIXv1FetVatbN8EiuCqZbuxScOOygn1AZyiZNNOGJpmQZApl6N9w40IRf5E7/43pY6GtBwIf5yTcm5Nowa3D+Dso7e0fHB6Vjysn1dOz89pFtWuz3FDWoZnITD8hlgmuWMdxJ1hfG0ZkIlgvmT4s896MGcsz9ezmmsWSjBVPOSXOW1GzhTGKtEQhxsNaHTfwSmgXwg3UYaP2sPYVjTKaS6YcFcTaQYi1iwtiHKeCLSpRbpkmdErGbOBREclsXKx2XqAb74xQmhl/lEMr9/eLgkhr5zLxNyVxE7udLc3/skHu0lZccKVzxxRdD0pzgVyGlgWgETeMOjH3QKjhfldEJ8QQ6nxNFV9CuP3lXeg2G6HnJwxluIJruIUQ7uAeHqENHaCg4QXe4D3Ig9fgY11XKdj0dgl/FHz+AO46jmg=</latexit><latexit sha1_base64="NY0OkTWqapBTbX7TMwlo30KQyFg=">AAAB6HicdZBLSwMxFIXv1FetVatbN8EiuBqS8dG6E9y4rGAf0BlKJs20oZkHSUYoQ/+GGxeK+Ivc+W9MH4KKHgh8nJNwb06YSaENxh9OaW19Y3OrvF3Zqe7u7dcOqh2d5orxNktlqnoh1VyKhLeNMJL3MsVpHEreDSc387z7wJUWaXJvphkPYjpKRCQYNdbyvSbGyM9iRDAe1OrYxZfnxCMIuxeYND28hKvGGSIuXqgOK7UGtXd/mLI85olhkmrdJzgzQUGVEUzyWcXPNc8om9AR71tMaMx1UCx2nqET6wxRlCp7EoMW7vcXBY21nsahvRlTM9a/s7n5V9bPTdQMCpFkueEJWw6KcolMiuYFoKFQnBk5tUCZEnZXxMZUUWZsTRVbwtdP0f/Q8Vxi+Q5DGY7gGE6BQAOu4RZa0AYGGTzCM7w4ufPkvC7rKjmr3g7hh5y3Tzskjp8=</latexit><latexit sha1_base64="6aljpv7gi9ajk2eEDdA0aeT9aqI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQzI+WndFNy4r2Ad0hpJJM21okhmSjFBKf8ONC0Xc+jPu/BvTh6CiBy4czrmXe++JM8GNRejDW1peWV1bL2wUN7e2d3ZLe/tNk+aasgZNRarbMTFMcMUallvB2plmRMaCteLh9dRv3TNteKru7ChjkSR9xRNOiXVSGFQRgmEmIUaoWyojH12c4QBD5J8jXA3QnFxWTiH20QxlsEC9W3oPeynNJVOWCmJMB6PMRmOiLaeCTYphblhG6JD0WcdRRSQz0Xh28wQeO6UHk1S7UhbO1O8TYyKNGcnYdUpiB+a3NxX/8jq5TarRmKsst0zR+aIkF9CmcBoA7HHNqBUjRwjV3N0K6YBoQq2LqehC+PoU/k+agY8dv0Xl2tUijgI4BEfgBGBQATVwA+qgASjIwAN4As9e7j16L97rvHXJW8wcgB/w3j4BbZuP+Q==</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit><latexit sha1_base64="nytjh5B9glabNzerU8C3WqvY8nk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpKx2rorunFZwT6gM5RMmmlDM5khyQhl6G+4caGIW3/GnX9j+hBU9MCFwzn3cu89YSq4Ngh9OIWV1bX1jeJmaWt7Z3evvH/Q1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vp75nXumNE/knZmkLIjJUPKIU2Ks5Ht1hKCfxhAj1C9XkIsuqtjDELnnCNc9tCCXtTOIXTRHBSzR7Jff/UFCs5hJQwXRuodRaoKcKMOpYNOSn2mWEjomQ9azVJKY6SCf3zyFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//J6mYnqQc5lmhkm6WJRlAloEjgLAA64YtSIiSWEKm5vhXREFKHGxlSyIXx9Cv8nbc/Flt9WK42rZRxFcASOwSnAoAYa4AY0QQtQkIIH8ASencx5dF6c10VrwVnOHIIfcN4+AW7bj/0=</latexit>

M6± 1
<latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="K2r+hCDtLykx5hTITIPXw/tSGuA=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVmXKhLwY0boYKthc5QMumdNjTJhCQjlNLXcONCEZ/InW9j+rPQ1gOBj3MS7s1JteDWheF3UNrY3NreKe9W9qr7B4e1o2rb5oVh2GK5yE0npRYFV9hy3AnsaINUpgKf0tHtLH96RmN5rh7dWGMi6UDxjDPqvBXHKPWQ3F/GWka9Wj1shHORdYiWUIelmr3aV9zPWSFROSaotd0o1C6ZUOM4EzitxIVFTdmIDrDrUVGJNpnMd56SM+/0SZYbf5Qjc/f3iwmV1o5l6m9K6oZ2NZuZ/2XdwmXXyYQrXThUbDEoKwRxOZkVQPrcIHNi7IEyw/2uhA2pocz5miq+hGj1y+vQvmhEnh9CKMMJnMI5RHAFN3AHTWgBAw0v8AbvQRG8Bh+LukrBsrdj+KPg8wfMSI+n</latexit><latexit sha1_base64="oV7wZ0F6p6EIv5ZdV/rX1ng4/BY=">AAAB6HicdZBLSwMxFIXv1FetVatbN8EiuCqZqm3dCW7cCBXsAzqlZNJMG5rMhCQjlKF/w40LRfxF7vw3pg9BRQ8EPs5JuDcnVIIbi/GHl1tb39jcym8Xdoq7e/ulg2LbJKmmrEUTkehuSAwTPGYty61gXaUZkaFgnXByPc87D0wbnsT3dqpYX5JRzCNOiXVWEDCpxui2FijpD0plXMG1c7/qI1y5wH6jipdwWT9DfgUvVIaVmoPSezBMaCpZbKkgxvR8rGw/I9pyKtisEKSGKUInZMR6DmMimelni51n6MQ5QxQl2p3YooX7/UVGpDFTGbqbktix+Z3Nzb+yXmqjRj/jsUoti+lyUJQKZBM0LwANuWbUiqkDQjV3uyI6JppQ62oquBK+for+h3a14ju+w5CHIziGU/ChDldwA01oAQUFj/AML17qPXmvy7py3qq3Q/gh7+0TGTKP3g==</latexit><latexit sha1_base64="tdQZo7a78/Io3l7tG5gOl/8SOEA=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1K1rbuiGzdCBfuAzlAyaaYNTWZCkhFK6W+4caGIW3/GnX9j+hBU9MCFwzn3cu89kRLcWIQ+vKXlldW19dxGfnNre2e3sLffNGmmKWvQVKS6HRHDBE9Yw3IrWFtpRmQkWCsaXk391j3ThqfJnR0pFkrST3jMKbFOCgIm1QDelAMlcbdQRD4qn+EShsg/R7haQnNyUTmF2EczFMEC9W7hPeilNJMssVQQYzoYKRuOibacCjbJB5lhitAh6bOOowmRzITj2c0TeOyUHoxT7SqxcKZ+nxgTacxIRq5TEjswv72p+JfXyWxcDcc8UZllCZ0vijMBbQqnAcAe14xaMXKEUM3drZAOiCbUupjyLoSvT+H/pFnyseO3qFi7XMSRA4fgCJwADCqgBq5BHTQABQo8gCfw7GXeo/fivc5bl7zFzAH4Ae/tE1lekTg=</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="K2r+hCDtLykx5hTITIPXw/tSGuA=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVmXKhLwY0boYKthc5QMumdNjTJhCQjlNLXcONCEZ/InW9j+rPQ1gOBj3MS7s1JteDWheF3UNrY3NreKe9W9qr7B4e1o2rb5oVh2GK5yE0npRYFV9hy3AnsaINUpgKf0tHtLH96RmN5rh7dWGMi6UDxjDPqvBXHKPWQ3F/GWka9Wj1shHORdYiWUIelmr3aV9zPWSFROSaotd0o1C6ZUOM4EzitxIVFTdmIDrDrUVGJNpnMd56SM+/0SZYbf5Qjc/f3iwmV1o5l6m9K6oZ2NZuZ/2XdwmXXyYQrXThUbDEoKwRxOZkVQPrcIHNi7IEyw/2uhA2pocz5miq+hGj1y+vQvmhEnh9CKMMJnMI5RHAFN3AHTWgBAw0v8AbvQRG8Bh+LukrBsrdj+KPg8wfMSI+n</latexit><latexit sha1_base64="oV7wZ0F6p6EIv5ZdV/rX1ng4/BY=">AAAB6HicdZBLSwMxFIXv1FetVatbN8EiuCqZqm3dCW7cCBXsAzqlZNJMG5rMhCQjlKF/w40LRfxF7vw3pg9BRQ8EPs5JuDcnVIIbi/GHl1tb39jcym8Xdoq7e/ulg2LbJKmmrEUTkehuSAwTPGYty61gXaUZkaFgnXByPc87D0wbnsT3dqpYX5JRzCNOiXVWEDCpxui2FijpD0plXMG1c7/qI1y5wH6jipdwWT9DfgUvVIaVmoPSezBMaCpZbKkgxvR8rGw/I9pyKtisEKSGKUInZMR6DmMimelni51n6MQ5QxQl2p3YooX7/UVGpDFTGbqbktix+Z3Nzb+yXmqjRj/jsUoti+lyUJQKZBM0LwANuWbUiqkDQjV3uyI6JppQ62oquBK+for+h3a14ju+w5CHIziGU/ChDldwA01oAQUFj/AML17qPXmvy7py3qq3Q/gh7+0TGTKP3g==</latexit><latexit sha1_base64="tdQZo7a78/Io3l7tG5gOl/8SOEA=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1K1rbuiGzdCBfuAzlAyaaYNTWZCkhFK6W+4caGIW3/GnX9j+hBU9MCFwzn3cu89kRLcWIQ+vKXlldW19dxGfnNre2e3sLffNGmmKWvQVKS6HRHDBE9Yw3IrWFtpRmQkWCsaXk391j3ThqfJnR0pFkrST3jMKbFOCgIm1QDelAMlcbdQRD4qn+EShsg/R7haQnNyUTmF2EczFMEC9W7hPeilNJMssVQQYzoYKRuOibacCjbJB5lhitAh6bOOowmRzITj2c0TeOyUHoxT7SqxcKZ+nxgTacxIRq5TEjswv72p+JfXyWxcDcc8UZllCZ0vijMBbQqnAcAe14xaMXKEUM3drZAOiCbUupjyLoSvT+H/pFnyseO3qFi7XMSRA4fgCJwADCqgBq5BHTQABQo8gCfw7GXeo/fivc5bl7zFzAH4Ae/tE1lekTg=</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit><latexit sha1_base64="DpC1Yiy9fnUNab3uU/wBFb0JjwQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tnVXdONGqGAf0BlKJs20oclMSDJCGfobblwo4tafceffmD4EFT1w4XDOvdx7Tyg50wahDye3srq2vpHfLGxt7+zuFfcP2jpJFaEtkvBEdUOsKWcxbRlmOO1KRbEIOe2E46uZ37mnSrMkvjMTSQOBhzGLGMHGSr5PhRzBm6ovhdcvlpCLqhWv7EHkniOvXkYLclE7g56L5iiBJZr94rs/SEgqaGwIx1r3PCRNkGFlGOF0WvBTTSUmYzykPUtjLKgOsvnNU3hilQGMEmUrNnCufp/IsNB6IkLbKbAZ6d/eTPzL66UmqgcZi2VqaEwWi6KUQ5PAWQBwwBQlhk8swUQxeyskI6wwMTamgg3h61P4P2mXXc/y20qpcbmMIw+OwDE4BR6ogQa4Bk3QAgRI8ACewLOTOo/Oi/O6aM05y5lD8APO2ydanpE8</latexit>

M7± 1
<latexit sha1_base64="m7iSMh9BXvtH7x24GN/H3KJ3ZcY=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ1KrrbuiGzdCBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+hBU9MCFwzn3cu89YSK4sQh9eEvLK6tr67mN/ObW9s5uYW+/aeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upr6rXumDY/VnR0nLJBkoHjEKbFOasGbSjeRuFcoIh+dl3EJQ+SfIVwtoTm5qJxC7KMZimCBeq/w3u3HNJVMWSqIMR2MEhtkRFtOBZvku6lhCaEjMmAdRxWRzATZ7NwJPHZKH0axdqUsnKnfJzIijRnL0HVKYofmtzcV//I6qY2qQcZVklqm6HxRlApoYzj9Hfa5ZtSKsSOEau5uhXRINKHWJZR3IXx9Cv8nzZKPHb8tF2uXizhy4BAcgROAQQXUwDWogwagYAQewBN49hLv0XvxXuetS95i5gD8gPf2CX/7jwU=</latexit><latexit sha1_base64="m7iSMh9BXvtH7x24GN/H3KJ3ZcY=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ1KrrbuiGzdCBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+hBU9MCFwzn3cu89YSK4sQh9eEvLK6tr67mN/ObW9s5uYW+/aeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upr6rXumDY/VnR0nLJBkoHjEKbFOasGbSjeRuFcoIh+dl3EJQ+SfIVwtoTm5qJxC7KMZimCBeq/w3u3HNJVMWSqIMR2MEhtkRFtOBZvku6lhCaEjMmAdRxWRzATZ7NwJPHZKH0axdqUsnKnfJzIijRnL0HVKYofmtzcV//I6qY2qQcZVklqm6HxRlApoYzj9Hfa5ZtSKsSOEau5uhXRINKHWJZR3IXx9Cv8nzZKPHb8tF2uXizhy4BAcgROAQQXUwDWogwagYAQewBN49hLv0XvxXuetS95i5gD8gPf2CX/7jwU=</latexit><latexit sha1_base64="m7iSMh9BXvtH7x24GN/H3KJ3ZcY=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ1KrrbuiGzdCBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+hBU9MCFwzn3cu89YSK4sQh9eEvLK6tr67mN/ObW9s5uYW+/aeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upr6rXumDY/VnR0nLJBkoHjEKbFOasGbSjeRuFcoIh+dl3EJQ+SfIVwtoTm5qJxC7KMZimCBeq/w3u3HNJVMWSqIMR2MEhtkRFtOBZvku6lhCaEjMmAdRxWRzATZ7NwJPHZKH0axdqUsnKnfJzIijRnL0HVKYofmtzcV//I6qY2qQcZVklqm6HxRlApoYzj9Hfa5ZtSKsSOEau5uhXRINKHWJZR3IXx9Cv8nzZKPHb8tF2uXizhy4BAcgROAQQXUwDWogwagYAQewBN49hLv0XvxXuetS95i5gD8gPf2CX/7jwU=</latexit><latexit sha1_base64="m7iSMh9BXvtH7x24GN/H3KJ3ZcY=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ1KrrbuiGzdCBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9j+hBU9MCFwzn3cu89YSK4sQh9eEvLK6tr67mN/ObW9s5uYW+/aeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4upr6rXumDY/VnR0nLJBkoHjEKbFOasGbSjeRuFcoIh+dl3EJQ+SfIVwtoTm5qJxC7KMZimCBeq/w3u3HNJVMWSqIMR2MEhtkRFtOBZvku6lhCaEjMmAdRxWRzATZ7NwJPHZKH0axdqUsnKnfJzIijRnL0HVKYofmtzcV//I6qY2qQcZVklqm6HxRlApoYzj9Hfa5ZtSKsSOEau5uhXRINKHWJZR3IXx9Cv8nzZKPHb8tF2uXizhy4BAcgROAQQXUwDWogwagYAQewBN49hLv0XvxXuetS95i5gD8gPf2CX/7jwU=</latexit>
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<latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="vMCDUpvvQ6HpklZj5TxXSeAymRg=">AAAB3nicbZBLSwMxFIXv1FetVatbN8EiuCozBdGl4MZlFfuAdiiZ9E4bmskMyR2hlP4DNy4U8We589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/USTDMOED7WMpeDkrMf6Vb9S9Wv+QmwTghVUYaVGv/LVG6QiT1CTUNzabuBnFE65ISkUzkq93GLGxZgPsetQ8wRtOF1MOmMXzhmwODXuaGIL9/eLKU+snSSRu5lwGtn1bG7+l3Vzim/CqdRZTqjF8qM4V4xSNl+bDaRBQWrigAsj3axMjLjhglw5JVdCsL7yJrTqtcDxgw9FOINzuIQAruEW7qEBTRAQwwu8wbs39l69j2VdBW/V2yn8kff5A91ii6E=</latexit><latexit sha1_base64="JzuY8Lmn4WcM544UL+1z9SCQ0u8=">AAAB3nicdZBLSwMxFIXv1FetVatbN8EiuBoyo7V1J7hxWcU+oB1KJs20oZnMkGSEMvQfuHGhiD/Lnf/G9CGo6IHAxzkJufeEqeDaYPzhFNbWNza3itulnfLu3n7loNzWSaYoa9FEJKobEs0El6xluBGsmypG4lCwTji5nuedB6Y0T+S9maYsiMlI8ohTYqx159cGlSp28cW553sIuzXsNXy8hMv6GfJcvFAVVmoOKu/9YUKzmElDBdG65+HUBDlRhlPBZqV+pllK6ISMWM+iJDHTQb6YdIZOrDNEUaLskQYt3O8vchJrPY1DezMmZqx/Z3Pzr6yXmagR5FymmWGSLj+KMoFMguZroyFXjBoxtUCo4nZWRMdEEWpsOSVbwtem6H9o+65n+RZDEY7gGE7BgzpcwQ00oQUUIniEZ3hxJs6T87qsq+CsejuEH3LePgEqTIvY</latexit><latexit sha1_base64="1mGPPK5LBb8Pd7awOsXmBA204Gg=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8LbPRmHgLevEYxTwgWcLsZDYZMju7zMwKYckfePGgiFf/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui2Ve4UidvH5mVfyEHbL2KuW8JxcVE6R5+IZirBAvVd47/ZjmkZMGiqI1h0PJ8bPiDKcCjbJd1PNEkJHZMA6lkoSMe1ns0sn6NgqfRTGypY0aKZ+n8hIpPU4CmxnRMxQ//am4l9eJzVh1c+4TFLDJJ0vClOBTIymb6M+V4waMbaEUMXtrYgOiSLU2HDyNoSvT9H/pFlyPctvcLF2uYgjB4dwBCfgQQVqcA11aACFEB7gCZ6dkfPovDiv89YlZzFzAD/gvH0CP5SNKA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit><latexit sha1_base64="sBKWKvMXVhoI03nwraFAYLvnyyY=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GnrGxMRb0IvHKGaBZAg9nZ6kSc9Cd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqenwiuNMYfVm5ldW19I79Z2Nre2d0r7h+0VJxKypo0FrHs+EQxwSPW1FwL1kkkI6EvWNsfX8389j2TisfRnZ4kzAvJMOIBp0Qb6dat9IslbOPzsuM6CNsV7NRcvCAX1TPk2HiOEizR6Bffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl80un6MQoAxTE0lSk0Vz9PpGRUKlJ6JvOkOiR+u3NxL+8bqqDmpfxKEk1i+hiUZAKpGM0exsNuGRUi4khhEpubkV0RCSh2oRTMCF8fYr+Jy3Xdgy/KZfql8s48nAEx3AKDlShDtfQgCZQCOABnuDZGluP1ov1umjNWcuZQ/gB6+0TQNSNLA==</latexit>
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<latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="OgAUR38SMaW9XH9rY78L7/HWL0s=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVmRNGFC8GNywr2B9qhZNJMG5pkhuSOUIa+ghsXivhU7nwbM20X2nog8HFOQu49USqFRd//9kobm1vbO+Xdyl51/+CwdlRt2yQzjLdYIhPTjajlUmjeQoGSd1PDqYok70ST+yLvPHNjRaKfcJryUNGRFrFgFAvr9rJxNajV/YY/F1mHYAl1WKo5qH31hwnLFNfIJLW2F/gphjk1KJjks0o/szylbEJHvOdQU8VtmM9nnZEz5wxJnBh3NJK5+/tFTpW1UxW5m4ri2K5mhflf1sswvglzodMMuWaLj+JMEkxIsTgZCsMZyqkDyoxwsxI2poYydPVUXAnB6srr0L5oBI4ffSjDCZzCOQRwDXfwAE1oAYMxvMAbvHvKe/U+FnWVvGVvx/BH3ucPxuOMHw==</latexit><latexit sha1_base64="2YaZ8F+elOiHbRVR+rjoxx0N8qY=">AAAB4HicdZDNSgMxFIXv1L9aq1a3boJFcDVkamsruBDcuKxgbaEdSibNtKGZzJBkhDL0Fdy4UMSncufbmGkrqOiBwMc5Cbn3BIng2mD84RTW1jc2t4rbpZ3y7t5+5aB8r+NUUdahsYhVLyCaCS5Zx3AjWC9RjESBYN1gep3n3QemNI/lnZklzI/IWPKQU2Jy67LuNoaVKnbxed2reQi7Dey1angJF80z5Ll4oSqs1B5W3gejmKYRk4YKonXfw4nxM6IMp4LNS4NUs4TQKRmzvkVJIqb9bDHrHJ1YZ4TCWNkjDVq4319kJNJ6FgX2ZkTMRP/OcvOvrJ+asOVnXCapYZIuPwpTgUyM8sXRiCtGjZhZIFRxOyuiE6IINbaeki3ha1P0P9zXXM/yLYYiHMExnIIHTbiCG2hDByhM4BGe4cWJnCfndVlXwVn1dgg/5Lx9AhPNjFY=</latexit><latexit sha1_base64="KN0hNwjLzTwK8aGh6FiC+8iDFVc=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/yW1RqXC3jyIMjcAxOgQdqoAFuQBO0AAFj8ACewLMjnEfnxXldtOac5cwh+AHn7RMuOY2o</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit><latexit sha1_base64="KOwVp/6y2bApRqjvmsrnRFTrtQA=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tRVcFN24rGAf0A4lk2ba0CQzJBmhDP0FNy4UcesPufNvzLQVVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFxnfueeKs0ieWemMfUFHkkWMoJNJl1W3OqgWEIuOq94ZQ8it4q8ehktyEXtDHoumqMElmgOiu/9YUQSQaUhHGvd81Bs/BQrwwins0I/0TTGZIJHtGepxIJqP53fOoMnVhnCMFK2pIFz9ftEioXWUxHYToHNWP/2MvEvr5eYsO6nTMaJoZIsFoUJhyaC2eNwyBQlhk8twUQxeyskY6wwMTaegg3h61P4P2mXXc/y20qpcbWMIw+OwDE4BR6ogQa4AU3QAgSMwQN4As+OcB6dF+d10ZpzljOH4Aect08veY2s</latexit>

4.0
<latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="SbewABgHaQZR1AeCXNDnqv7JhjE=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmRNCl4MZlRVsL7VAy6Z02NJMZkjtCGfoIblwo4lu5821MfxbaeiDwcU5C7j1RpqQl3//2ShubW9s75d3KXnX/4LB2VG3bNDcCWyJVqelE3KKSGlskSWEnM8iTSOFTNL6d5U/PaKxM9SNNMgwTPtQyloKTsx4uG36/Vvcb/lxsHYIl1GGpZr/21RukIk9Qk1Dc2m7gZxQW3JAUCqeVXm4x42LMh9h1qHmCNizmo07ZmXMGLE6NO5rY3P39ouCJtZMkcjcTTiO7ms3M/7JuTvF1WEid5YRaLD6Kc8UoZbO92UAaFKQmDrgw0s3KxIgbLsi1U3ElBKsrr0P7ohE4vvehDCdwCucQwBXcwB00oQUChvACb/DuKe/V+1jUVfKWvR3DH3mfP0HOi9U=</latexit><latexit sha1_base64="WTQi4g0xzd/euVIF1+QY9IXFtBQ=">AAAB33icdZDNSgMxFIXv1L9aq1a3boJFcDVkarV1J7hxWdH+QDuUTJppQzOZIckIZegjuHGhiG/lzrcx01ZQ0QOBj3MScu8JEsG1wfjDKaytb2xuFbdLO+Xdvf3KQbmj41RR1qaxiFUvIJoJLlnbcCNYL1GMRIFg3WB6nefdB6Y0j+W9mSXMj8hY8pBTYqx1V3fxsFLFLr6oezUPYfcce80aXsJl4wx5Ll6oCiu1hpX3wSimacSkoYJo3fdwYvyMKMOpYPPSINUsIXRKxqxvUZKIaT9bjDpHJ9YZoTBW9kiDFu73FxmJtJ5Fgb0ZETPRv7Pc/CvrpyZs+hmXSWqYpMuPwlQgE6N8bzTiilEjZhYIVdzOiuiEKEKNbadkS/jaFP0PnZrrWb7FUIQjOIZT8KABV3ADLWgDhTE8wjO8OMJ5cl6XdRWcVW+H8EPO2yeOqYwM</latexit><latexit sha1_base64="FZCZoCGQvENiL0GFuO3jnJQB5jg=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8Bhdrl4s4cnAIR3ACHlSgBtdQhwZQGMADPMGzI5xH58V5nbcuOYuZA/gB5+0TpgqNXQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit><latexit sha1_base64="x7Nzmj+w8vhqRDKa8nD4mrJaVP8=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxmngLevEY0TwgWcLsZDYZMju7zMwKYcknePGgiFe/yJt/4+QhqGhBQ1HVTXdXkAiuDcYfztLyyuraem4jv7m1vbNb2Ntv6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXU391j1TmsfyzowT5kdkIHnIKTFWui27uFcoYhefl72Sh7B7hr1qCc/JReUUeS6eoQgL1HuF924/pmnEpKGCaN3xcGL8jCjDqWCTfDfVLCF0RAasY6kkEdN+Njt1go6t0kdhrGxJg2bq94mMRFqPo8B2RsQM9W9vKv7ldVITVv2MyyQ1TNL5ojAVyMRo+jfqc8WoEWNLCFXc3orokChCjU0nb0P4+hT9T5ol17P8plysXS7iyMEhHMEJeFCBGlxDHRpAYQAP8ATPjnAenRfndd665CxmDuAHnLdPp0qNYQ==</latexit>

�2.12± 0.03
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Maire et al. 2015

7.6” (550 AU)

KECKII/NIRC2    H-band

~𝟗𝟗 ± 𝟓

550
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2M0443 B  is Comparable to Young and Field Ultracool Dwarfs

Young

Young

Old

Old

Phillips et al., in prep



Determining Spectral Type with Allers & Liu 2013

Caprice Phillips NSBP 2019

Allers & Liu 2013

Phillips et al., in prep

Main Results
• M6 spectral type

• Gravity score: VL-G

Allers & Liu 2013 Classification 
Scheme

• VL-G: ≤ 30 Myr
• INT-G: 50~200 Myr
• FLD: ≥ 200 Myr

SIGNATURE OF 
YOUTH



Atmospheric Model Comparison Show T455 = 2800 K 
and log g = 4.0 dex

Caprice Phillips NSBP 2019

Phillips et al., in prep

SIGNATURE OF 
YOUTH



Age + Luminosity

Caprice Phillips NSBP 2019

Low 
Mass 
Stars
Brown 
Dwarfs
Gas 
Giants

13MJ . MBD . 75MJ

Burrows 2001

Mass



Caprice Phillips NSBP 2019

13MJ . MBD . 75MJ

𝟗𝟗 ± 𝟓𝐌𝐉

Model Dependent Mass is > 75𝑀(

Phillips et al., in prep



Caprice Phillips NSBP 2019

Low Mass 
Stars

Brown 
Dwarfs
Gas 
Giants

Age Changes the Inferred Mass



2M0443 B Could Be an Unresolved Binary

Caprice Phillips NSBP 2019

HOST STAR: 2M0443 A 2M0443 B

Phillips et al., in prep



Assessing Membership with BANYAN Σ

Membership Probability

RV

Parallax

RA & 
DEC

Caprice Phillips NSBP 2019

Proper 
Motions

• 2M0443 B: 0 % for BPMG and 99.9% for field

• 2M0443 A: 0.4 % for BPMG and 99.6 % for field

Gagné et al. 
(2018a)

2M0433 AB kinematics are 
inconsistent with nearby 

young moving groups

Phillips et al., in prep



Conclusions

BPMG member

Kinematic 
outlier

Young field object

Indicators of 
youth
VL-G

Mass in range 30-110 M*

Single

M~99±5 M*

Unresolved 
binary

M~52 ± 3 M*

Caprice Phillips NSBP 2019


